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PREFACE 

Apf.olied Phan110l'Y.lfogy fi.,.. Vl'minary Tl'dtniti.11l~ . 

fourth cditiml, is designed ior b.,')(h the gmdwte 
t('Chnici.an and the $tudC'nt. As a teaching and refer• 
en<:e book, it<i pul'f".t~C i$ tO hdp vett.:rin~ry techn\• 
d:.lM beoom~ f:,mil'""t wilh 1he 11\."lfl)' \'th~nnMv 
phann;I!Co.)(ogic n~ents ;utd rhcir uses:. :b.lvertoe .sid" 
d kcu, andd~1f.'l' f<mns. We bc1K-vc it i:s very imrx\r. 
Clilnt for th~ techniciwl to undeNwnd the ll~ ol 
(!l,;lnll;~vl<:.gk :l£t:n($ tlnd (V h;tvt the! ability II) ()r<l• 

vide diem ~ucaltOO uoMr 1he suroen·l~ton oi the 
ancOOing veterinarian. A key feature of this publica· 
tion i,s a formtu intended to pnwidc CltS\' and quick 
t~<:c~( tO ..:h.1rter infvrm\•t i•JO. Ei~¢h cht•pter 10: mtr<J· 
duc-ed with le:unlnf:! f•l~tlves:, a cl\olj) ld <Judlne, 
and l:ey teml.'i "' ith simple definitions.. -Technici.an"s 
NO<cs" throughout the- t~·xt provide helpful hints and 
uupvrtant points l«:hnicituu slwukt ~ awt~rt.· Q( W· 

;w<n-d em}f::. :''~ ill<:re;t5e e(f'ic.enc~·. 

NEW TO THIS EDITION 

New feature!! have been ~1dJeJ tt"'- lhe four1h N hit>n 
h ') aid the student nnd rechnid~1n in the n udy ~10d 
application of pharmacology. Chapter l has new 
a.nd proctk al i.nfommti1m on perfvrming cakula• 
tkWIS fcor <:(10$1 :'''~" r:ue nll'u$\(ltl J)r<ll)lem~. C h:)plt:r 
16 has new and ur:J:u.:xl m:ucri:"ll re.lateJ ro tl&')pla· 
sia and antineoplnstic drugs. ChaptC'r IS hns n new 
$eCtion on ht"rbal medkin~ and Appendix D hlt!. 
u(XI;) t~l in {\>n'Mllw)n <m ''*IJI<ltie)ll$ t httt ;lpply 11.1 
Cdnttoi!OO ~u~mnct.>s. 

NEW TO THE EVOLVE SITE 

Ev~)IVe Srudem Uarnin.g Rcsourc~ offer the fol· 
lowing new fC'arureli to reinforce rcxtbook content 
a.nd hdp students tuastt>r key coocepts: 

• Drua Administr:.rion VideO!l-1 2 \' tdeOt> 
demonstrate d rug aJminimarion techniques 
(ond, injectabl~. inhal('()} 11.nd IV prep;u~tion 

(IJT 4J~$ (10(1 (;it~ 

• Drui[ Caleul:u o..s with Rel:ared Exercises- Six 
drug cak uL1tor~ with nccompanying word 
problt'ms hdp stu..-lt'ntli p~rfonn acc:urau: drug 
<:.-lcuhtti~'"~ 

• Oru~ Label Image Collectlon- 137 ph<olfJb •)f 
dru~ L'llb:-ls. divKIOO by chaprer anJ organi!ed 
alphabetkall~. help n udentli b~'Come familiar with 
dn•g infOnnatio-n uncl ~ck~ring cocountt>..W in 
1m~ke 

• Aol!nations-An lm.1uon!! of phanru.1cologle 
rmcess.:s, suc.h ns pa$-Sivc diffusion and rccepmr 
int~raction, hdp ~tudenu visualize a.nd 
t.mdcNt<md l:c~· (c.tnotrt$ 

• Oo!l,:lljle C:~~leuladon E:serel~Exe1cl~es; 

reinforce <t~kul:uion sic ills anJ provid" v~llu~1ble 
practice in thl· afloru; ()(: 
• Drug Ca.kul:ttion M.:-t~ 

• Or<~l J tltl E•uer.ll M.:Ji<::>tiN~ AdminiJ;tr;uivn 
• lnll'a\'ei\OUS (n(usJoo 
• Critical C:ttrc Calculations 

• Answ<'r& to R<'vicw Qut'&tion!I-Answcrs to 
¢1l;lpti! r l't\ 'itw ll vt:iti<m~ ttllvw $Mii:nt$ tv #<lltgc: 
<:•)mptd'ten~lon ,)( L:ey lt)J)ICS 

Our intent in writing this book has bl"t'n m com· 
hinc th~ oompt"~ht"nsh•cn~:; (>( <• vet~rimu·y rh~nmt~ 
<:vi(*). tt:.x 1~l: wilh t h.: <:over:~~e of ph:)rma<:,)l~i<: 
funJamemnls ncOOOO by \'e(J.'rln~ry rce:hnici:l.ns. No 
l,)ngcr will w tcrinary technician t'l.fucmors have to 
Jraw from two sourc~ for this type (I( cov~~~· The 
iiOOpe ;;lrM.I <Jrg;t.n i.:lttiiJfl <J( t he inflmH<ltiv n in thi~ 
hool: will m.1l:f' It a ~ful refel'\"ncc (N the pt:loC.tlc.~ 
ing rechnicinn as well. 

Boyce (l. Wan:a.m:a.kc.r, DVM, MS 
Kathy l.oc.keu M:.~)., LVMT 
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VET TECH THREADS 

\'(1~ ;.tl'(' u\:\u~ul'.lthl.£ a set o( feature~ ;.md dcs~n 
dcntcm~ that will he shared With ()(hct vet 11.'(h 
tit~ on th~ Mosb~· and Saumkr.s hstli. The ptll"f'OSC: 

of the "Vet T«;h Thre .. ds" i< tO maJ:e it c:~~ier for 
.s.1 ud~nts :md u\.S.ml(.l(lf'$ w utCOI"j''r.:ne muldple 

books into the fast·rac.::d ~tnd dcm.:mding v~t t«h 
curriculum. 

The $han-d features in AJ'11tkd P~:orlogy /Qr 
Veterinary T.xJm .• dmt.,, fwrd• ed•tk•n, indude du:. 
(o1Jowln~: 

• Co\'cr and intcmnl dt'$ign s imilarities: the 
O(l\•xful.l!tudent•friendly d~ign ~;:noourii#¢S 
re:•d•n,;t :~nJ le:ltnln): • .,(this et)te Ct)!lh~IH 

viii 

• Llsrs of Objecth' es be~tln ~:te-h chaptf'f 
• Te«hnidan's Notes boxes appear throo.gh\'>ut 

the- text to emphasize: information particularly 
rdt.,.-ant to.> the role v( veterinl:ll)' technK;iaru 

• Key Tern\S :'rein bt)kl the (,f':it dme t hey :tppe;)r 
in th e chapter 

• An cxt..-mivc Glossary of the kt•y terms i$ at the 
c:nd of th(' t('l(f 

Copyrighted material 



ACKNOWLEDGMENTS 

1 w,·)Uld t.k~ ro ;.lcL:nowl~c the cd1rors :tnd st:~ff ar 
Elsc\'icr including Tcri Mercham. Oavtd Stein. ~nd 
Shelly StriOJ.~T for the-ir suppo11 nnd as~i:~mnce in 
m..king thi$ i!dition j:'l.a..o;sablc:. 

I woukl ::tlS<lltke ro reCfl)(llt-:e vet~ri1l:lty rechn1· 
duns nod vctennar,• tccht\Oiotn' studcms every· 
"''lwrc whm.c dt.~ire (or knowlcdb'(' anJ dedication 
to qmdiry animal car(' huv(' madl" aniJrwl nUNing •• 
C'Tue r}rvfe..-.')ion. 

I :'lise. \~':'lm to recoanb.~ the h~Chl\kal surpon 
anJ cxretti:;c ofSu~w~m Mamon in the produ{[ion 
o( the vidro dips for the C[)..ROM. 

I W<'luld like w th:'lnl:: Boyce \Xf:ul .. "lflt."ll::f'r, DVM. 
Columbi~ State Community College; Mary Kirby. 
LVMT, Columbia Smtt' Community ColleJ,.~: Bill 
Htnwn, DVM. HerUcm Ani.mitl Clinic. COI'inth, 
M~~..SSipri: ju'tl j;lCkl!-nn, UVM, jad::>a)f) A•lun;ll 
Oinic. Corinth, Ml~ili'Sippi; Forresr Cudip. DVM. 
Milan Animal Ha5piml, Milan, Tcnn~$.Sl"e, C.F 
Loc:klu.r, Jr., DVM, Maury County Vetenn.<U)' Ho.ov 
pil:ll, Columhi(l, Tem~~; M~•r• h:ll.(X:H.lr, Cf,A, 
}.'Iaury County Ve:~crln:lry HO!iplt."'L Columbl.:l. 
Tcnn~Urt; Stc\'C Grubbs, DVM, PhD. Princeton. 
New Jc:~y; Robe-rt Myer:s, DVM, ~·Iaury County 
Vettnn:.ry HO:Sf>it~l. lAJiumh~;l, Ttnnes«<; Clmottl 
Can-wtljtht, LVMi, M:UU)' Coumy VererlnM\' H<'S.· 
pir-~1. C)lumbi::t. Tennessee. 

"' Copyrighted material 



Thi.s !Xtb~ inte-ntionally left b-lank 

Copyrighted material 



CONTENTS 

1 GENERAL PHARMACOLOGY, 1 
lntrodu.:rfon, 2 
Drug Soul'('~-s, 3 
ln~iv<: lo:,.'1c:dient.<, 3 
Ph.1nn:lPC••thcr.'I!*UtiC1.. J 
Ph.nrtnaculirn>tics,;, 

Rootts- of AdministrarioR, 6 
Dn.g Ab."'f><i<>n. 8 
~ lhsmbutic.m, I 0 
0Jc>tratb/fll'1'l1Ulil)lt, I l 
~ £.\X'rttioo, II 

Ph.annacoJynamk$, I} 
Dn•e ln u:11'1cti<,n.5. 15 
Druj! N:lmes, 16 
Orug bheh. 17 
Dc\•d opmetlt nnd Arpr..wal ol New Drugs, 19 

Rc-gu~(ory ~.:i:..s. 19 
Sup.s '" lht Tktll'JQfJmcnt (t/ a Nc'lt• Onq;, lJ 

Feder,,) l::!wJ R~l:ucJ M DruJi Dcv~IOJ•nl<•l\t 
nnd Use. 21 

Tht Animtd M«<ki11<1l Dno~g Usc ClcmJiau.icm 
A,r, 12 

Cmnpi11mdutt of Vt-tmnary l)nt&', 11 
'tlt,e Ve~~inary ftled Oir«r.iw, 13 
Tht Min<»' Use arJ Minor Sptdes Aniln<tf 

H('(IUh Acr, 1J 
Di~('l!tWi f\lt V~"*li' Pn.~ihi n!'! Dm~, 2 3 
M:hketifll: o( Drugi. 23 

2 ROUTES AJID 1tCHNIOUES OF DRUG 
ADMINISTRATION, Z7 
ln truJu...:t iun, 28 
Dosage f\)fms. 28 
Drug Prc$C'r.·:ui~·c:s anJ Soh·~·nts, 35 
Drue Admini$t~<~tion, }) 

Chat McditmiOI'l1, 36 
l'anomentl Med•l-atkms. J8 
lnrrant~•s~'1i/ar lnjecrians. 46 
Subt.:uwn.:ous Jnj«rions, 46 
fnftulali(ln Mt~6c:at~Qit~. 46 
1i:<p•.-al Medlrotic)Jt.,. 47 

MOOkatkltt OrJers, 48 
ConrroUcd Subm'ln<~'1. 49 
Clio.-n t Ed t•c.ati<m, SO 

3 PRACTICAL CALCULATIONS £N PHARMACOLOGY, 53 
lnmx!uc.tlon. 54 
Mathematics Fundamcnro)s, S4 
Sy~cm~ ol Mt><t~u.rcroem, S5 

Metric System. 55 
Gorw~niol'l Bt>1uoun Mtrric Vnl fS • .5.5 
A(Jefft«ary t~nd Ho1.so.'fto/d SJSI~u. 57 

l\:Jt;.lb"¢ Otkulntions, 58 
&•lutiun~. 59 
Pto~ent C.rn~mr.:.tium. 59 

CalruraOoos fm'<lf,ung COilmliYlltio•u. 60 
Millk•qoivalcnts, 61 
Cltl<.:ullltioru; Involv-ing IV Fluid 
A.lnuni~tr.ltit~n, 61 

t:alcufati.)lfiS {M t:oruldlu Rare I n/uJion 
Prof:lrnu, 6 J 

4 DRUGS USED IN NERVOUS SYSTEM DISORDERS. 69 
lnuodl.l\-'1ion. 70 
An~uoow ~"'J Physiology, 70 
Autonomic: Nervous System, 7S 

How Drugs A{(~ 1M AmQI1Qmil; Nc:rlYJUl 
.\]sum 78 

Cln~ ,-I. AuOOtti.XYllc Nerv.-luSSfl>ICtn J\h'I.':Ot!<. 78 
CIIOLINEI\GIC AGENTS, 18 

Dirw•A.:ting ChQiit'l(rgi.;s, , 78 
lnd.irct:r.-Ac:rint C~ (A11h::~tna1cl 

A#'flu. 78 
CIIOLINERGIC BLOCKING AGENTS 

(ANTICHOliNERGIC), 79 
ADRENERGIC ($VMPATHOMIMOTICI 

AGENTS, SO 
ADRENERGIC lllOCKING AGENTS. SO 

AllJh,'l Btock..•rs. 81 
8.;t.~t Blockas. 81 
Gcmt~Jt»•~ Bltd:m:, sr 

().~•Ur;tl NeNilul> SyMenl. 81 
TRANQUILIZERS. 81 

Ph.:norhicqinc Drri1.1(J4i1•cs, 81 
Rcn{lXii(!~JW Po-n'(ltlt'¢$, 82 
x,w~mo! H>Yln'X'Murltk. 83 
l..kwtnlditk' H}drodllonde. 8J 
Mrdrwmidi111.•. 84 
R(JII'Iijidil'l,;, 84 

xi 
Copyrighted material 



xii CoNTENTS 

IIARBITIJRATES. 84 
Lont•Acring &roilttrlf.lo.'S, 84 
SJu:m.-.'\cting 8urfNntrntQ, SS 
llltYtt.dlfJfi·Al'tbtt JJmt>irurr.ue.~. 85 

DISSOCIATIVE AGENTS. 86 
OPIOID AGONIST$. 86 

Nnwmlly Ckcumng N(lrCQnc.J, 87 
Synfkt•c NmMf-1c.i, 87 

0 1'1010 ANTAOONIS'TS. 88 
NEVROlEPTANALGESICS, 89 
DRUGS GIVEN TO PREVENT OR 
CONTROL SEIZURES. 89 

INHALANT /\~ESTHETICS. 90 
MISCELLAN£0US CEN'rRAL NERVOUS 

SYSTEM DRUGS, 9l 
P.!I><J{ol, 91 
Gl]c.:ryl G~~t~iaci~U ~·, Guaifene.~m 

(G•uall.nxin. G ... c,l&lceJ. 93 
CJ.Ioral H,drateli\(a.gnesium Sulf(lre , 9J 

CENTRAL NERVOUS SYSTEM 
STIMUt.,NTS, 93 

IJ.).m(.or<'lln, 94 
Penc~ient.letra~ {Metratd) . 94 
Colfcin~:, 94 
Amph.:umtine), 9i 

NEUROMUSCULAR BlOC'KING 
URUGS.94 

Bcluw1oral Phnrmacothernpy, 95 
Pflonn..,.rothri'I'IJ!Ct~(i.; ;\gl.:ntf, 95 

ANTIANXIETY MF.DIC..riONS. 91 
fkn~.zy(:l/fld, 95 
A~piYOI'k'.S. 96 

ANTIDEPRESSANTS. 96 
Tm1.:Ci.:$. 96 
Ser1Mflltirl Reuptak.. h1hibiwr.~, 96 
Monoomin~ Oxidrue·B tnhibiu!I'S. 96 
Synlheri.: flrog..."Sriru, 97 

EUTHANASIA AGENTS. 97 

5 DRUGS USED IH RESPlRATORY SYSTEM 
DISORDERS, 101 
bmoducrion, 102 
R~pir..UOI'}' A n;uomy 1md l'h}·~iol~·· 102 
R..spu:IIUI')' Dd'.:!nl<C Medl.:'mbnu.. 104 
l)rill(ipll>s of Re:.plr.uory Thet:'l~utlcs, 104 
lnhalatton Tlw:rtlp}· f01 Rl"$ptf"Jfot)' Chscnsc. lOS 
Cat~~-ori~$ (1/ Rt.::;rinn<'l)' Dn•e:~, 105 

EXPECTORANTS. 105 
Gutti{(Jl.:'sin (Gl>".:ryl Gt~roktrd, JOS 

MUCOl\'TICS' .•CETYLCYSTEINE. 106 
ANTITUSSI\IES: CENTRALLY ACTJNG 

AGENTS. IC6 
BuwrpMnof 'Thrwo'.:. 106 
H ydfY..IC<Idon.: 8iUtmYI"', I 06 
Cf.ld.:~. IOi 
/k.nn:onteflllll'plwi' r 08 
'femt~rif.P. 108 

BRONCHODILATORS, 106 
Cholin.·'l!it Rloc:k.:TJ, 109 

8ew·2-Adl'eneyti(' i\gonisu. 109 
Mcrh)'IXt~nd!inots. IC9 

DECONGESTANTS, 110 
ANTIHI~'TAMINES, 110 
C.URTICOSTEROIUS. 110 
MISCELl ANEOUS RESPIRATORY 

DRUGS, Ill 
Re~•u•tqry Stmutkmu, I r r 

6 DRUGS USEO IN RENAL AI<D URINARY TRACT 
DISORDEilS, 114 
lntrodvctil>n, II ) 
Ph)"SM)k•aic Principle:<, 116 
R~n:'ll F:~ilure. I 19 
Drugs Commonty Used for th-e Trl~.~tment 

cl R.t.:nn.l O\'$fvn<:tioo and As<ociated 
Hypcrt~'"i<JO, 110 

DIURETIC DRUGS. 110 
l..cop DI~II'Uric..s. J 20 
Osmonc l.m.relk..s, 120 
Thi.nu:k Diurctio, 110 
Poor.unun·Spmin.>: Dmu.tk.,, 110 
Car#.lotuY: .0\Mydr..ue JnhibirO'I'.s, I Z J 

CHOLINERGIC AGONISTS, 121 
ANTICHOLINERGIC DRUGS, Ill 
ADRENERGIC ANTAOONISTS. 121 

l\lpM·Adrenergu: Allfdli'.II'US.fS. Ill 
Bem-t\dret'k'l}.>i.: t\ntagooisu. I l1 

ANGIOTENSIN.CQNVERTING ENZYME 
INHIBITORS. 11) 

\IASOOIL/\TORS AND CALCIUM 
CHANNEL illOCKERS. Ill 

ANTIOIURIITIC IIORMONE, Ill 
URINARY ACIDIFIERS. 12.1 

Copyrighted material 



XANTIIINE OXIDASE 1NH181TORS. 1!4 
URINARY ALKALIZERS. 1l4 
Phnnn~04:h<"I1.1PY of RC"nnl F:tihm~ 
Cumplic:mon.~, 124 

l)lwrnlacoth~•~•rY o( Urlnarr lncol\lin~t\Ce, I ZS 
MISCELLANEOUS RENAL DRUGS. Ill 

U,.inary Tma Art<~~Jk.s. 1l5 
Tricydic Ant.itkpr~sanu, l 15 
Gl)m.<arn.il'lt;.B,m.u. 116 
Orf\eor t\gi'I1U, J26 

T~"Ch.nician'~Rok. l l7 

7 DRUGS USED IN CARDIOVASCULAR SYSTEM 
DISORDERS, 129 
lnnOOuction, I }0 
Anui<'OIY und Phyt~i-oi OJ.')' (..(the H,."-<llt, 130 
C'..<:-tn(li"::u:d<ny Mech."'lniuns uf dw C:'~nli.w:hculllr 

5-t~IOOl. I}.} 

&~ic Obj«tivcsm the Trcaunc:ot o( 

CIJJdkwn...;c;uiiiJ Oi.•e.ru;c. US 
C.• tc:~'t).Ti<!~ ,)1 Cnliov:.t-~GVI llr Drt.l,).'l$, I }5 
POSITIVE INOTRO PIC DRUGS. I J5 

Cardiac Ol)co.side.s (O(q'i~afis) . I JS 
Co(o!Cholctmines, f 36 
13iJryrid111C f)-:Yit\'Jcit'C$, IJ/ 
lnc>lro().!C. i'.t.xed IA1ilu11, 13 7 

ANTIARI{H\'THMIC URUGS. IJS 
Cla.u lA. 138 
C/a,s 18, IJ9 
C/a,s IC, IJ9 
Cla.u II . 139 
Ck• Ill. 140 
C~s lV, I-tO 
Chh.."f Clt,~s IV Amiarrhythrnk$, J.f J 

VASODILATOR DRUGS, 141 
H:;dtilla:tn .... 141 
Nirsogly.c;:n'n Oimme'Ju, J4l 
Pr(l<:~n, li 3 
Angiw)r..oruOa-Corwatll'lj! £11.z;.m.! lnltib•wn, 14.; 

DIURETICS. 143 
Furosemidt, I 44 
T~J, I 44 

Sp•rt~no;..lactQnC, 144 
Dkt:wr M::m."1~1,\e:ttt ul Hc:\rt Oisc:t•ae., I H 
Anc illnry Treatment ,"'I Heart f..allure, 14) 

llronchodilt~IO'YS. 145 
O.:Q*"" Th~:rt~P]. 14$ 

CoNTENTS xiii 

s • .Jorirm. 145 
A$Jlliin, J4 S 
Tho;m'll(.'(ll:o'l'l~i~~ (lnJ Abdomino.;.;nt(..l:~, HS 

8 DRUGS USED JN GASTROINTESTINAL SYSTf.M 
DISORDERS. 149 
lntroduttion, 150 
An;,~tt~eny e>rnl PhyS:i,}l•'I!Y· I SO 
R"Kulatiuo d t lw Oas.crOitue~tin.al Sr.;thn, 153 
v,xrudng. I S4 
EMETICS, I 14 

C:rntr(IUJ A•:tii'IJ; Emttit¥, IS4 
!.«ally Ac.thtt E'n\1'00, 155 

AN'IIEMETICS. 155 
Ph,·nothicu:il'k' Otm.l(tlices, I .S6 
~nmnik D<n't<gtit..;.$: 

),~t>to:di)f'll'l'tlfiU'Je, I $6 
l\mlhtstamblt$. IS 7 
Amichol~t'k'~til.-s. 157 
But~h,·no•'IC$, J 58 
$tr(of.(lnin R~111)1' A ntt~Jl!)ni~u, I 58 
NK-1 Recepu,..Anta:gt.~rtt).ts, 158 

AN'I1lfLCER MEDICATIONS. 158 
l 1: Rt'C•'f"'o'Jr Anwgonis1s, 158 
Prmon Pump lnhibif(W$, 160 
Amacld.~. 160 
0d:'rtl'l1ltt.ooslll Proterotllf.(, 160 
ProsJ<lg{alidin f·l Analogs, 161 

OiUJrill~. 161 
,,NTIOIARRHEAL MEDICATIONS. 161 

Nm00f1'c At~alg~b. 161 
Amio:hOOnt'rgks/AntistM~s•M.'Ii,s, I 62 
Pror,'((<mu/Admb.:nu, 161 

LAXATIVES. 16J 
Salm4HJf.'eri1.mlfilk AJ:tnu, 163 
8!1lk·Prodllcirtt l\geltt$, 16J 
Lubrirams. 164 
Surf.xwnr.:~/St()I'JI $(,ft.;n.;rs. 16-f 
lm'utnt~. 164 

G.,STROINTE.'>TINALI'ROKINETICS/ 
STIMULANTS. 164 

l>v]l(lmin.:rgic A111agcl\im:, 165 
S.:r.'Ju.m~· ~. 165 
Motiln'l-li~ !:>r-ugs. 165 
l.>ift!CI Ch.:~in,.,.fics. 165 
.A.c..:cykholin.:so.:rt~~ J-Mihirurs, 166 

l)(OESTIVE ENZYMES. 16Q 

Copyrighted material 



xiv CoNTENTS 

MISCElLANEOUS GASTROI~ESTINAL 
DRUGS. 166 

Anci(:i(Ku;s, 166 
AnUmjlammuwry Agrr1u, 167 
Amifoamirlg l\~·ms. 167 
Wei6lc·Los.s Prodc~eu, 167 
Pr.:lf.iotio, r 68 
AJif.oeti~ 5timu1a:nu, 168 

ORAL PROoucrs. 168 
Oenrifric.: d1ld Ct.:aruing PrOOucu. 168 
Ffu,·,ridr P.,odii('IS, 168 
Po:nvc.:uw; AJ,.'l:nts, 1(>9 
Po;.lishn\!1 Plill.:, lfN 
Oisd.osir~.g Sofutkll'l, 169 

9 DRUGS USED IH HORMONAl, ENDOCRINE, 
AND REPRODUCTIVE DISORDERS, 172 
lmroJuctiuo. 173 
An:uomy and Ph\--sfolo.;."t'• 113 

Pit~o~iltlry Gl.:md, 17 3 
('.(lnuqf Q{ W £~i11o· SJstmt, 175 

HtXOl\'''al Dru~to Aswci."'MJ Whh 
Rcpt-:lJ.u<:tlon. 177 

GONADOTROPINS AND GONADAL 
HOR.MONES. 177 

G(/IWJclffllpfru, li7 
J!nrvRc!Ju, 178 
Androg\•ns, 118 
PT.:l~tin$ , 179 

PROST.4GLANDINS. 100 
Dn)o;oprt»t Tn:.r~tethmrtlt\1'. 18 J 
Fo.'llj)ri>S~ttf~t. lSI 
Ffupr0$Ct'llol, ( 81 
C!Qirn:»t~OQI Wum, 181 

DRUGS THAT AFFECT t.rrERINE 
CONTRACfllln'. 182 

O>.Jtocin. 182 
<'P· J8J 
P7tl$~.\am.luu, JSJ 
<Afdoost.trot'ds, 183 

MISCElLANEOUS REPRODUCTIVE 
DRUGS. 183 

6n.1mOCTiJ~otine t 183 
ltupn~, 183 
Mt'&lcrmin. 18J 
N.:~<urscl. 18J 

PHEROMONES. 183 
Thy«)id H•'lnn.me~. 184 

DRUGS USED TO TREAT 
HYPOTHYROIDISM, 1&4 

La•vth)"<IXim~ $otbum (T~'· 184 
lJc>tftyrOniJlt' Si.J.-:wn , 185 
Thyn:.id..Stirrmlatitlg Horn\llfl.t, ISS 

DRUGS USED TO TREAT 
HYPERTHYROIDISM, 185 

Mcthima.,'T)k, 185 
Gafflitrta~ak. I 85 
lpcdt;u, 186 
Protryl!Ju'qurocil, J 86 
R~it~·f(~mc, 186 
Ptoprallllilal, 186 

AGbNTS fOR THE 'IRE!I'rMENT 
OF DIABETES MELliTUS, 186 

Jn$ulin, 186 
Or.-.!1 H)(xl$Cytemrc Ait:nts, 189 

HYI'ERCLYCEMIC AGENTS. 189 
l lormtlncs Thut Act .-\5 G('(W.'th Promot('r<S., 190 
SEX STEROIDS. SYNTHETIC STEROl!) 

ANALOGS, ANn NONSTER0 10 .4l 
ANALOGS. 190 

GI\OWlf I 1101\MONE: fJOVINE 
SOMATOTROPIN. BOVINE GROWTH 
HORMONI>. 191 

An:abo)li<: Ste:roi..b, 191 
SW1to:cllol, J9f 
8rM.mol'k' Und.:cylmou. 192 
N(Qldfflion.: 0.."COMOOC{". 19 2 

10 DRUGS USED IN OPHTHALMIC Af4D one 
DISORDERS, 195 
Ophthalmic Al;:~·nu, 196 
MYDRIATIC$ ANDCYCLOP~EGICS. 197 

PJ;my.kjllrrult' H)'1~rldc, 197 

l\l'l'opit'k' Sw.l/du, 197 
I loot.:~tropfflot I lydrobr(flltidot, 198 
CY<k'l><nwl<>« Hy.lo-. 198 
Trwr .. :amu-k, 198 
Eptt)tpht'b~. 198 

~IIOTICS. 19$ 
Pik<lrpin.;, J 98 
fNmo:miwn 6~V~t~ik, 199 

OTHER AGENTS THJ-\T REDUCE 
INTRAOCULAR l'I{ESSURE. 199 

Ct~rbonk Anhydras.: lnhtbifl.lt's. 199 
B.:t.a--Adrenc~ Anfn.!.'O"~u. 199 
$ymJ)I1tho;mt11lt'Jic.~, 100 

Copyrighted material 



Topil"'ll Prosraglrut.:fins. 200 
~k Diumin, 100 

TOPICAL ANESTIII;TICS, 201 
ProparolCilh~ Hyd~. 201 
'l'~croca.ine tmd T tfYtlCaitll.' 

H Jdroc.hkrrid~t. l{) I 
OPHTHALMICSTAINS,lOI 
COLLAGEN SHIELDS, 201 
TOPICAL OPHTHA LMIC 

ANTIINFECTIVES, 202 
Anri~irctl ~rs.10l 

Antif~~njJJ A~, 1()2 
Ancl&ai't.eT1a.l Age11U. 202 

TOPICAL OI)I ITHAlMIC 
ANTIINFLAMMATORl' AGENT'S, 20J 

NQn~tCT'o'J~l Ag-.'tlU, liJJ 
Topccal Crn-t~tc)l!rrtc,;d AJ:.:nts, 203 

AGENT'S FOR THE TREATMENT 
OF KERATOCONJUNCTIVITIS 
SICCA.204 

Cyc{ciS(.:rtinc, 104 
Att•fidrJI Tear l'ri.dm·u ctJtd Ocular 

lJtbrk<IIIU. 104 
MISCELLANEOUS OPHTHALMIC 

AGF.NTS. 204 
Antk~na.~c J\icnu, 204 
ViS(l()l.'(tUn&:- $ub.(ltlfiCI.'S. Z04 

Otic Drugs. UN 
TOPICAL OTIC ANTIINFECTIVE 

Gnuam•d,, Sulfme. 2{15 
Chloramphl.'nkol. 206 
Nl'Qmycin Sulfe~u: , 206 
Enrv!Jm~w;in, 106 

ANTIPARASITICS. 106 
Pyr ... !hrins. 107 
Roul\cmt>, 207 
lwrmcnif'\l?o..lirbcmy.;in, 2()7 

DRYINO AGENTS, 207 
CLEANING ACENTS. 201 
MISCElLANEOUS OTIC 

AGENTS. lOS 
TriYEDTA, 208 
SJ!,'tl S1t!{at.lia--,Jnt>, 1!l.SJ 

11 DRUGS USED IN SION DISORDERS, 210 
lmmducrion. 211 

CoNTENTS "\' 

TOI•ICAL ANTISEBORRIIEICS, l 13 
S•~lf\lr. 213 
Snlu:ylk Ac:cd , 113 
Coo/Tm. 215 
8'-'nWYf l'eroo.ic.k. liS 
Sd.:nilffl'l Suljidt>. 2f5 

TOPICAL MEDICATIONS MIXED WITH 
WATER, l iS 

Alummulll Aoe1are. 216 
M.agntsium St~lfare , 216 
8€uh Oils • .U 6 

TOPICA~ ANTIPRURITICS, 216 
M);lufen*fa! Arltrpmrltk.\. 1 I 6 
T apical Cor1irosuroids. 2 J 7 

ASTRINGENT'S, 211 
.~NTISF.PTICS FOR THE SKIN, 217 

AblMii, 2 I i 
Pn){.I).,.,.IW' Gt,uil. 21 i 
Chlm'ht>.'(idi•'k' , 217 
A\o:(i,; AC1i:l. 2 J 8 
loJrn<, ll$ 
B~rlzallwruutn Chlt,rkk. 118 

Woul\d lle~l\11\g, 218 
TOPICA~ WOUND Df\ESSINGS, l19 

Ht>~n.gStimulal(l'f$ . 119 
\\i'rnaul Ckarwr.,. 1 I 9 
Prma."'tdJUS. 210 

OTIIER DRUGS USED IN 
DERMATOLOOIC TH~RAPY.liO 

$y$1en'liC C(lrtu:l)$fen~. 110 
T()j':lk•al Ant100cterllll 1'\gc'nu. 220 
Topical A~trifsm.~.·dl A:O,'fllS. 121 
f<lnJ Add Suwkm.:nu:, lll 

COUNTERIRRIT.-\NTS, 221 
VcWo•mctllt, 111 

CAUSTICS.m 
MISCE~LANEOUS DRUGS, 223 
SELECTIVE IMMUNOSUPPRESSORS. Ill 

12 ANTIINFECTIVE DRUG~ 226 
JntwductiOI\. 227 
Ml'Ciumism of Anion, 227 
PF.NICIWNS. 229 

PJiftnnaookmrdc:t, 219 
Phannncodplamil'S, 229 

CEPIIALOSPORINS. 2Jl 
Phtmn(.l(.(lkin(ric,s-, 131 
Phttmlati~TIIllf'Uct, 1JJ 

Copyrighted material 



l!VI CoN 1 trNn 

T£TRAC\'CUNE!>. IJ4 
-co.m 
~d~·.lJ.f 

AMIN('CJL\'{l._"l~OES. ZJ6 

-"""""· l.l<> 
l'lo.~-•. 137 

FU.X'liiOQUI~ES. IIi 
,.,..._.,~. lJl 
, ... ln'"'~Jytwllolt.'.t. 137 

OTII£R ANTII,.FECTIVE!i, 2J8 
Ch'-omm(lh~n..,.,,(, .!J~ 
Ft"'frrll('l ~, 13/i 
MiAI.'n!l~·\ atiJ LtJio."'Jt<liYIIJd, 139 

\'t•••~·~"""':·lll .. NO 
S/)\•trll'llm,,ctn, 140 
f'•~)"'' \In U (llld Uue~nucm, 140 
S~ol/llllalnu.&tt,lifJ 

Num(ur.~m. 14 1 
Rl{Onl/'lrl, l41 

ANTIF\JNOAI [)RUGS. HI 
r,J,~ Ant,fam~ AJ,:.:nu, 141 
J mu.I.:.;:~Jt A~ J\etrtu. l'fl 
AttfHI'Id,""-·* /u1ufvtv;:tiJ ~. 143 
S~ A•Url•'V)Ji.\J:t""n,14J 
<W.. "'"""""" ~'. Ul 

Al'ro.'Tl\'IRAL llR~. Hl 

·"'-"''"'"·1-u 
,,.~ .. ~tA. ,....,.. R«~~.l+f 

lliSI'IftCTANl1</ANTISEI"TlC$. !H 
Akoi\.i,, l-H 
E~ ()dJ.. li5 
tfmllollJ.."h,~ • .!40 
Ol~lrin.tt llllJ l•l\l•lll'l, 146 
,.,.._,.1,(/o,.l ~Jit.r.lttxl r.,..,,.J, S.:mi..cynd~tic 

1>111'1\l..t.\, 1"16 
Qi•llftmltr't Auunv•uwJI Cumj'XJWlds: 

C111b •k IA-tct~U$,147 
llll:•~ml..l•• C•,.np· .. ~nd•.l.fl 
()tlt,r,- l)uJn(Awru;, 1.f1 

13 ANTII'IIIIASmC DRUGS, 250 
lnmxloch<>n, lSI 
Fod.~r·l'''""2SJ 
ANTI\:EMARlOAL ZSJ 

"""--""*'· l5J o.,~ ..... 161 
T~..,,,..., .. rw,, 101 

lnudarut,..-:uk), 16! 

"'""""ttn"•· lt.tl 
0."" ~ ... u.s 

ANTICESTOI'\AL l6J 
8~1~1.16.1 

E~ICn«u.u.J 
AtiTITREMATOI'AI.. l~l 

,, ... rJ.. f("WflllfftiJ. 16] 
AJ.nlli~.:l.&t (\.~). 164 
P'ru~pkmld (01'n•-..:nl 164 

TOriCAL S(.)LUTIO'IS, 164 
Em~Mk/11~~,kJI'td"tf~w;mtd ( Pm/~). ZM 

ANTil'Rf..lT07tlAL.1.M 
l>ri~J;i fow 'lr(uUilJ: <M.'l.'lJiol and Other 
Prt•r•~·~•. l6<1 

l)rlt,IIJ /ltr Tl'\•oJIJI\1: Oi.ml1o1,l64 
l.h'IJ:' (tw l'rc•~•uil\1: OLrJ,.,, 165 
Dr•t;:• {tw Tt .. •Jiif\1: B:lhts•a. 165 

l lcanwur1n 111'<1'>c", 26S 
AOUmCIIWl;>, loS 

M.rl,:.,.llfllrv J">J.~odl4-"* Omnutu:dd, 165 
MICR.OflL.ARitU'IES. 167 
I'RE\'I:.N1-I\'L' !67 
I~ +- Mo>uJ.xun 
(,Y,..., \t..r..). l6l 
~~~" fH~. Htct.,.J f'&d. 

H • ....,..J,..C.OI./67 
M~lh<.bJr.c fin~, 5.MwO,lb1 
MouJttocm (PJ.I#-I~mJ, lbi 
~¢l,;nnt'"" fRntJfa.llfllll' l~ 
!N!II,loJrll..o~to.~::uw Cm.ut (Cart-am. 

F • .tm,,, F4.mhu l'tu$]. 168 
&:•~'1'11'\.t\lt<:'-. lM 
Ari'I.ICATION SYSTEM~. Zfi8 

J'rdth<h'<f S(ll'ii)J, 168 
bn11l~1/i•1f*- (;Citl(CIItrdi"-J, 270 
l.. frm1hfv ffar (lnd lick Prodl(o;l$, 271 

INSECTICII'E$, Z7l 
J>-tt('llrml.t, 172 
S:-"ulll•fk f~(lhr(l .. h. 17J 
Clllt-,onw.-J tl,dlfKtlrf.t>ns./73 
CmN!Min,17.1 
0.,.-.opl!..\jWw.k .. _ 17J 
F~.!lf 

~· ... lllf>.i•- fC..:.,...). 114 s........,..z,. 
R41't'ht1, !7-t 



lnsotn Cr01...:ft R~guklcms (IIGRs/, rnsotcc 
o...,..,~lt HotmOI'II.>S). 174 

Chher lnl!«l~, 174 

14 DRUGS USED TO REliEVE PAIN 
AND INFlAMMATION, 277 
lmmduction. 278 
An:.wmy :·mJ f'l')~i(,I (•Jm 279 
NONSTIROIOAl ANTIINFLAMMATORY 

DRUGS, lSI 
£1(1\-,lar('J, 182 
Pyra~•IQII< D<:ntWit~, 282 
f~Jtln'n M&'.g~mir)l' (Bmwmh~). 183 
Oimottftyl Sulfw.idi, 283 
Bu.scoprol Composirum, 184 
Ac.-1/lminQphen, 284 
Proprk:weic .~ IJcri~uut..-s, 184 

OTHER NONSTEROIDAL 
ANTIINFLAMMATORl' DRUGS, zs; 

"'""'""· 185 nm,,Ji>, 185 
f •'rot!oo'b, 186 
1~poxalin. 186 
Mdoxicam, 286 
Pf.JJJulfated G~~«m (,.:\d.,-.qulln), 

186 
HY4ltmJoJU1U' Sodi1m1 (H1Gft'll'l'l). 186 
Ugl'r\tl, 186 
M~t'rwn.ic Aod (Arqltd CT<Jnul..~l. 286 
Sdenium mu.l Vitamin F. (,5tk.IQC) , 186 
K~wr.llaa:, 186 
<ft!'JCt'IM (Pafos.:in), 186 

OPIOID ANALGESICS, 2S6 
{}fll(.oid ~nl$.1$• 187 
Of,j,;.jJ A,I:Oni).(J•Arl~usu, 187 
Of..•oid Ptltrital !\g(II'IIS.IS. 28i 
Qkr Pain Conrrol Agtnrs. 288 

ANTIHISTAMINES, lS8 
H, Blidc.m, 189 
H1 fU.xkers-. 189 

MUSCLE RELAXANTS, 189 
Mc~hoc;flff.\1mol (#WOOx•n.V), 189 
Other Mu.,dc Rcfmmru~. 289 

CORTI~TERQia;, lS9 
h1J.:cwbks. 191 
o..t. 191 
T.,.,ia&~, 292 

CoNTENTS .'€vii 

Local. R~gloml and Topical Ane:tlhl>tk 
A~nts;, 29} 

Jnja;ut{k, 194 
T<lpk41, 195 

15 THERAPEUT!t fjUTRIIIONAL. R.UID, 
AND EL£CTRDLYTE REPLACEMENTS, 298 
lnt r<>duc.ti<•n , 299 
/\nato.l(l-')'. Phy.s:iu-lugy. :.00 Chi'misuy. 299 

Oistrif:t•OOn rf ooo, \~·C&k"' and El«m;.Q1o.'S. 199 
Comj'mit4on of Body and Tf.rr,tp\·urk Fluids. 

J().1 
Oi,.Wtll' Pre.hlm' und Tiiltkety of Ffuldi, 301 

Prlndple~ of FluiJ Thernp~·. 304 
lndicar«wls f(}r Fluid n~IIPJ· 30of 
Fluid &ltlr«, 305 
H IS:!(JI')', Pftpk.tll E wruiWWn, and 

Lab.lfdloJry Fmdie'lgs. 305 
D..>cmnining lhot Amoum 4 FMd w 

Adrninist.:r, 305 
Rvul<e$ (){Fluid Admin.istrm.iQin, 307 
Ra~ of AJmhliurt.tM:n, J<l8 
Moniroring F"lu.id /\d•niHisrrar;on, JO'J 
Prr~ring Fb.id Administrnlkm fquiplnt'm, 3 J(l 

Ty~ (lfSolt•tion• U~ i.n FloiJ Th~~<~py, .lll 
CRYSTALLOID SOlUTIONS, 313 

Phy!io~)flk S<tli:~~e. 3 r J 
Ltlcwud Rir1.f,'t'r'S Solurion. 313 
lA:xf'QK S% in \tlm.;r, 313 
Rintp'$ $c:lbtUQn, Jli 
1.5% IJ.:l'Jr~ h1 HaJf·Stf'fflR(ft (OASWo) 

Saline/Pow:a.ssiu.n Aei1a:d. 314 
M"kO<M<JN""""""·R. JH 
N(mTIQ.$1)/~M '" S% D.:-xm;o.w, 314 
Pla:mut-L;.u/Pirouna .. L;.·re M in 5% 

lkxtros.:,314 
COLLOID SOLUTIONS, J I ~ 
HYPERTONIC SOLUTIONS, )15 
FLUID .A.DDITIVES. l l S 

So~Uurn O.kmboi•\OU, 315 
Poed'Uium Chlori:lot, 316 
Calcium Suppltm.:nu, 316 
SD%0unw.:. JJ7 
Vlum.Jn S1tppk1tli'I'IU, 318 

Oral Eltclml ~·~~ l)rep:uMions. 318 
1\lr<'m~'fnl Nu1rition, 319 
P<'~nt~'fn.l Viuuom/Mir.eral Prcxtu(.t~ 319 

Copyrighted material 



xviU CoNTENTS 

\VAT£R-SOLliBLE VITAMINS. 310 
Vitomun 8 CQmf~t'X, 310 
Thimniru• H,~fQOde IVu•.anun 8,), 310 
Vrurmm BJI (C)an.l!:f.oba.lmnirll, 310 

FAT-SOLUBLE VITAMINS. 32 1 
Vic<tll'lrn A. 311 
Vitamrn D. 31 f 
Vrt~tmm £, 311 
Vrt«rrun K. Jll 

16 BLOOD-MODIFYING, ANTINEOPLASTIC, 
AND IMMUNOSUPPRESSANT DRUGS, 325 
lruruJu.::l iun, Jl6 
610o."lJ·Mod!(ying Or~~g.VAgents, >26 
HEMATINIC$, 316 

I ... ~"""'· J17 
£ry·Jlm';JI(/kurr. 318 
Arkit<lgii'IS, 3Z8 

6Jood Sulmino~cts, 318 
ANTICOAGULANTS, 319 

Hcp:uin . . H9 
.Eth,kf•,!dlamh'""tl'tt'IW'irk Add (EDT A), 331 
Courru~rin Cklit~~Uitoes, JJJ 
Ar~ Cirrrtu IRxrrost IACD) Soluritm 

and Crtrme Pft(r,pftme O<.xtn:»c Adm.lnc 
(CPDA·II , 331 

Anriplilct'll't Dn~D. JJ1 
IIEMOSTATICS/ANTICOAGULANT 

ANTAGONISTS, 331 
TI)Jlital AJ;.:nu, 331 
f>art>merdol ~nu. 332 

FIBRINOL\'TIC (TifROMBOL\'TICI 
DRUGS. 333 

Antin~op}IL.,ti.;; Dn.r~, 333 
Principle:< <>f 0\~mr')rhtr.:tpy, 334 

ALKYLATING AGENTS. JJ6 
ANTI IRACYCLINES, 336 
ANTIMETABOLITES. HO 
ANTITUBUliN AGENTS, 1'10 
MISCElLANEOUS ANTINEOI'LA~>TIC 

DRUGS, 34 1 
rftlrinum /)rug$. 34 J 
A~~"J,i,"114~•~. Ji J 
Gb~r"1rtie.otdi, 341 

BIOLOGIC RESPONSE MODIFIERS. 342 
Monodonal Antibodies, 341 
ln~cn;m, j<f.) 

Odeer Built)flc R~~oiiU.: Mt .. ·.L]i~'T.~, 343 

IMMUNOSUPJ>RE-"SIVE DRUGS. H4 
Attnhioprinc, 344 
Cydvsjl(lriw:, J44 
Ml'tn'lltida~~)/.e, 345 
C:-<"'PiwsphamKk. J4S 
Coni..:wct·roids. 345 
Odr.:r fmm&rnonr(ljlQ'a~ Agent$, 345 

11 lMMUNOLOGIC DRUGS, 348 
Principl('.$ of Vt\l::cinauot\, H9 
Coromon Vuccin~ Tyf¢! That r rodut:\' Ac.tivcc 

lrmmmrty, 35 1 
INACTJV.o\TEO. 3 51 
LIVE, 35 1 
MODIFIED liVE. lSI 
RECOMBINANT, l5l 
TOXOID, 352 
Coo\muo V:!Cclne TYJ"CS That l'ruJu.::e P:~:,w.>e 

lm.mumq•, 353 
ANTITOXIN. JS3 
ANTISERUM. J5,l 
0 Lhtr Tn"'~ ul V::tU'i.nl'!!. 3 53 
AUTOGENOUS VACCINE, 353 
MIXED VACCINE. lSl 
Admini~nrti.nn (I( V<4Co:.:ino,:..<., }5-1 

Btok,Jric C.1rt :•nd V:\Cdntt Filrlu~. 155 
/\d\'C1Se V;\C(.il\:'ltlon R.t~f'OilSh, }55 

VaccinatioN (or Prl'l.'t:tlli\'4: I lcahh 
rl\~rum~. 356 

Canrn.:, 356 
Eqwni. 356 
Felinot, 356 
Bo~in<. 358 
Orhcr$, .)64 

Jmmwl(•lhtr:tp~uhr.'. Druw<, 365 
IMMUNOSTIMULl\NTS. 366 
Complex Cnrbohlxfrntl'l:i, 366 
lmmuoomodubtor,· &c.tcrin~. }66 

18 MISCELLANEOUS THERAPEUTIC AGENTS, 369 
Ahc-rnt~ti\'C M.:-d.cincs, 370 
CHONDROPROTECTIVES.l70 

Pot,.sulj(nM Gl}wswminogi}XYJIU', JiO 
NUTRACEUTICALS. 370 

Olu.:OSillltinc and CMI\dmirirt 
SuJf.:~cot , 372 

F.:~try AM, 371 
S·Ad.:nr1$yJmcthM-lil~ (SAMe), Jil 

Copyrighted material 



S.qwrox;d.: Dis•nurose. 372 
C.O,.nzym.· Q, J7 2 

HJ;RRAI, MEOICINES, ll2 
Slllnmary f1{ H~'TMl M.ed,.-ute$, J74 

MISCElLAN£0US ANTIDOTES. 376 
Acrl~l'll.!d Chor~-oot, 376 
C'-<>kium EDTA, 376 
.~1~llt,kl•~ Bb~~e, Jii 
Acer:tl~-y.ueinl'. 377 
Oim.:rcoprd. 378 
rtt~fidoximc Chfo,itk, 378 
Po:nidllanum:, 378 
Sudi•tm TJuw~.~lfa~e, 379 
frhrolor. J79 
FOll'k'~~f.:. 379 
Ancit\:nin P~,-,~ (C,.{I(Irli:l.:~eJ/Ante t..:n.in 

(Micnont.( /ult~us) CfJI'Id Snake, .380 
ViMn'len K, (Ph)twtt~dic:<fl'"). JSO 
T/Uonu"" HCI, 380 

REVERSA~ AGENTS, JSO 
Acijll1mcv:k HCJ, Jfli) 
Ff~o~Jitd~i!lle'l. 380 
NaloxOM llCJ. 381 
ToLnolin.: liCl • .lSI 
YQhimf>ioo< HCl. >81 

LUBRICANTS. JSI 

19 INVENTORY: TilE VETEJUNARY TICHHICIAM'S 
ROLE, 38:5 
ln tntrlu<:linn, ~86 
lewee\lc)r)'. 387 

Ti lE T IME EQUATION, J88 
ruRNOVER, J90 

C'.akui.:Jting T ltmfJCtcr Rm.c, 390 
OmlrUIIinjl lnW!mury. 390 
PR-OACTIVE INVENTORY CONTROl 

SYSTEM, )91 
KEEPING ACCURATE RECORDS. )91 

CoNTENTS xi~ 

INVENTORY RECORDS. )91 
Rr()flk-r Quontety, 397 
Rabi~ Vi1t'tl1l~, 397 

ORGAN Il l NO INVENTORY. 397 
PhmmocJ .,d ICM Off.«, 397 
O~v~ fmocn~QTJ in Jhc Vct(:rinl.lry 

Hf~,.;p;wl, 399 
$wf{Meeru'l$, 399 
S~f Condirilms. 399 

PHYSICA~ INVENTORY, JoN 
M11nthly lnt-.:mvry V~$/.t$ Rouu~ 

I nt '(fltoil)', 399 
I'URCiiASING INFORMA110N. 4lll 

Jn~-omm, Frdglu, 401 
FOR R~ and Shi,!m~cnJ C(JnmtC~l'. 4\11 
Rl'l't!ll111lg FTd,i:lu. 401 
$mdmlg $htlws . .W J 
V.:ndors . 403 
C(Jmnumk<Jtil'lg Wirh &'" 

Repr..-senwttt>e$, 4114 
DE'A FfJ,rns. 404 
Sf>«iol O,de..,, 4C4 
Hum11n Ph.:lrmcacy, 404 

COMPUTERS AND INVENTORY, 404 
THE JOB OF ICM. 40S 

APPEtlDIX A COMMOII AOOREVIATIONS USED li 
VETEI!>IARY MEDICIIIE. 409 

APPENDIX 8 WEIGHTS AND f.IEASI.JI;ES, 411 
APPENDiX C ~SOtACE 114F<IRMAl10ll. 413 
APPENDIX 0 CONTROLI.EO SUBSTAIICES tlfORIM!ION 

St,P.IMAAV. 417 

BIBLIOGRAPHY, 421 

REVIEW QUESTIOtl AHSIVERS, 425 

GLOSSARY, 43'9 

Copyrighted material 



Thi.s !Xtb~ intentionally left b-lank 

Copyrighted material 



APPLIED PHARMACOLOGY 
for Veterinary Technicians 

Fourth Edition 

Copyrighted material 



This !Xtb~ intentionally kft b-lank 

Copyrighted material 



C>d -.. ._. -Onot-..... 
Onot~ -Dnotbat!ioo 
~ 

..... --..... .._ ........ 
Oudef•IFI_. A;tp:Mill ,_,..., toot<-._.. 

Tbe-F«JdAIWd~ -~ ..... ~ 
of a Hew~ 

1ttdt'llcd ~~ X*t,) (~ 
O<><d"""' 
s..~ of d New AtlliiiQ' On.r; -fllltll ~by tht IDA 

PrrHMI-1/wC,..,-
ftcl«ll Uws "tiltH tt Or11a 

Devtlopllltnt at~-' UH 
The Mim11l Me<hdiWI Drug Use 

Glrifla1ior1 Act 
C~ounding al vtteril\lry Orus:s 
The \~erinary ft.ed Oft«ive 
The! Mmr Use and Minor Spooes 

Milnlll He.lah AU 
Dispemifts Vflsus PrtsuieliRJ 

Orop 
M•rketllll& tf OrvJ" 

CHAPTER 1 
General Pharmacology 

l E&RiilltiC 0llJECI[VES 

l . l~hnc &cnnt A'bh·\1 to f"nt.-,..1 rn.w~~. 
l lio~ ~o;Hf\UW'k"ll'\ "-~f\:0 vf Jr"''!P uecJ In \tU:I'IOaC'} mcJiiCine. 

J <\uhnco the ~·••.: JlfU\oC~ Q( rh;um<K~lthtfai!'C'UUC._ 
.. l'\-ftA(' tt!co J.tt.:rt""'~ t.ct~n ~nruo:ll1 alll.l (.WtT•tiw"((lUUl(c-r 

\lfU.,, 
S t\. ...... nb\! che '"\'\'ntll dut (l(uu 11.tt~r ot Jrua ~ aJmmi.StetOO to a 

r .• rlc:nt. 
6 Lht tnJ ~("'~.;rl~ the- tl>ulC:"' u~J fvr lll.lnum.,trauon c( JNg:S. 
7. 1\:luw #ll<ln'dJUjunnuuOJil, •"'"lll~t c:vmmt~•' dtel~lt~,;;,l l ~~•.:u.m .. 

U)\'t~l\<cJ In thll l'f\~C!Je 

tt tl•t thl.' ruult!l u( ~lruw cxcrctt..:on. 
Q l)l''-1.1>;.' In b..••i< t«lm the nl('(h IOISilU by which drugs rroJuc~ 

thc•rt"lfnh lu the h11Jy. 
10. 1)1,.-.u ... ; the tntd\:~nhm11111 dlnkall~ lmpmt.uu Jma huer:K-IIO•lS. 
I I l)l~~.u~; chc .liRcrcnl 1\,IIUl'lllhm ·' r:enicular Jrug is gh·cn. 
12. Lht ehc lt('n' ~ lh.•t ~lwuiJ he indOOC\1 vn a <lrug lab..-1. 
I l Lht 1hc \ ll1'" • .n,l Jh\l•~ the rroc:c~~ invnh·~tl in gaining 

!1ppfi •VII1 (m ,1 IWW 1 l 111~. 

I~ Ll•t ehc ~w~rnnt.eiU ·•~ndcs uwnlvcJ In ehc rejl:\.ll:uu">n c-f 
unlm,•l hc11hh rcuJuu .... 

IS. I:'Je~~~,;nhc N:V"\m~ ft•r lli~pco~in~ nnh« tht~o pr(tlcrihing dru~s in 
"~-•"rln ,,r nM.-Ji( Inc;. 

16 1'>1~._,,, the f'l1lllolrv mcd"W~~.I ~ ,-/ d•u.: markuu1~.:. 



AP'PLIE'I) P'HART>(r\(,'OI.O<W fOR VETE'RINAJt.V TEt:HNICIA)'.:S 

EV TERMS 
ADVERSE DRUG REACT10H M undesirable response 

to a ctug by a ~tierll. H may vary in ~nty from 
mild to fatal 

AGONIST A drug that brings about a specific action 
by binding w«h the Gpp!OpriM:e ~or. 

A~lAGONISl A drug that Wlhibits a specific action by 
binding ~-vith a particular receptor. 

COMPOUNDING My manipulation (e.g... diluting. 
combining) petfotmed to produce a dosage-form 
drug, other than the manipulations desoibed fl the: 
directions for use on the labeling of an appro.<ed 
drug product 

DRuG A substance used to diagnose. prevent 01' 
treat diseqse. 

EFFICACY The t'Xtent to v.htch a drug Cli~..~Ses the 
intended effeas in a patient. 

ElCTAALA8EL US£ The use of a drug tha1 is not spe
ciOC.ally isted on the U.S. Food and Drug Adminis
tnlliOn (FDA}•ppro..'<d ~bel 

HALF-LIFE The amount of time (usually expressed in 
hours) that it takes for the qua~ of a drug in the 
body to be reduced by 50%. 

MANUF.ACTURtNG The bulk production of drugs for 
resale OVI$ide of the vecerinarian-dient..patient 
relationship. 

METABOUSM (810 TRANSFORJAAn ON} The bicx:hem• 
ical prOGess that alters a drug from an actNe form 
to a klrm that is inactive Of that can be eiminated 
from tho body. 

INTRODUCTION 

Vctctlnal)' tcch.n!cl:.ll\f> :l«' :m \'.S..<>tntbl wmpo.ncnr cl 
th..- cffi<i..-nl h .. ';!Jt-h care dcli~""'fY 1cam in Wll.'rirory 
ml-dkint'. 0 1\C <...( th..- imrorrnm tasks that \'l'll'rinary 
tc:l·hmd.-~ <;;ury '"'l i:o aJministrotioJn <..,f drug;os tv 

anun;Jb on 1lw: unkr u( :J ver..:rioan:tn. Bt:cau~ 1h1." 
t-.:tsl:- mav h.:.we St'fi<'~uf> con.~ .. -ql.ldlccs in tcrm~ of th~ 
out<.:tlme oi a case, it i.s mandatory that tcchnicial'\$ 
h<•\'t' a thoroug;h knU'i'o•led!,'t' tlf thl• type$ unJ actioru 
01l •ht•~ t1.<&t 1r1 \'et~rin:uy n'l'\licin~. llu~v dtuuld 
h:wc :m u•kkm:.mdu\lt o( the te::l)l(lft> t:)r ao>il\1.: dJUi,'>, 
C:!l\k.J india.uimu, and d\1.' te;IS~)I)S t(lr not u~ngJrug:s, 
call\'\! rontr(llrnbror«ms (phmnwcothernJ-"('\\ti~}. Th.._'Y 
a.l~· <houkl knuw who•t ht•J'f'l:ns tH dru~~ 110((: d\lW 

PAREHTUAL The route of administration of injectable 
drugs. 

PARTITION COEFFICIENT The ratio of the: d,t.lry of 
substances (e~, 81'S anesthetics) bet\'.~een two 
states in which they may be found (e.g,, blood and 
sas.sas and rubber goods). 

PAES<:RIPTIOH (LEGEND) DRUG A drug that is fm. 
ited to use under the Sl4>E!rvislon of a veterinarian 
because of potenlial danger, diffict..«y of administ· 
ratiOI\ or other considerations. The 'egend that 
designates a prescription Mig states the folcM~: 
•uution: Federal '-'w re:strias this drug to use by 
Of on tt'le order of a licensed \letetinarian~ 

REGIMEN A program fOt administra1ion of a drug that 
inclldes the route. ~dose (how much), ~ fre· 
quency (how often), and the duralion (for how 
long) of administration. 

RESIDUE An amount of a drug slill present in aninal 
tissue Of products (e.g. mem, milk, eggs) at a ~rti· 
OJiar pc:W\t (slaughter or collection). 

VETERINARlAN•CUENT•PATIENT RELAn OHSHIP 
The set of circumstances that must exist between 
the veteOOarian. the client. and the patient before 
the dispensing of presoipcion drugs is aPPfQP'iate. 

WITHOAAWAl n ME The length of time it tales for a 
drug to be elimin~Jted hom arwnal tissue or pro::t. 
vas after it is no longer used. 

c:nter th<-lxxly (pl-wrmttcokin('til:l!), h<.·•w dru~s c:xc:rt 
1hdr .;(!~&:t~ (pll;mm~ev.:..fV1t<umc:-:), :m.l huw , .. Jv.:r~ 
Jru~ re:ledu!\.~ manlf~t 1hcn\.~lv~s (r.:t)(lc,ty). Be
cause Vl.'tcrin::arians d~nsc n lnr&<c numb..-r of Jrugs.. 
u .. '<.:hnkiiU'Is al:;o must be ""'t'll Vl'md in th(' oompw 
nc:nt:o o/;;. \·:•lid vccc:rin;~ri:m.-c;lk:nt .. Jl'*ric:nt ,.l;uion .. 
$..hip, t ho:: nU(ltlU;)I\C~ uf J~t't •J't:r bbd1rl,l! , )j ~~~~J'odl.'\~~ 
products, ~u~ nl-\..'th,'\oJ~ of client educ:mon t)l\ the 
proJ('<'r use <.'i products to avoid toxic citi..'<.:ts or resi
dul'· Finally. tt'<.:hnici<•n~ .4-.{lliiJ h.wc: a bll.!>k un(kr .. 
:-ot~ntdmf! 01/ du~ l~·w~ 1h~t ~•n'l~· tv .!.u~ t•-i! 111 ~(~ri, 
O:l!)' n'W.-IIdne and 1ht wnccpt of rh,_... m:ukc1u~ o( 

vch·-rinill)' Jrug:s. In short, veterinary tl"Chnkians 
m~ hav<- n workin~ kn<~wlcdg<- of the ~icncc: of 
vc.:terin<tl)' ph:.rmacnllljzy. 



DRUG SOURCES 

Tr:\l.l•tivn:ll lK!vrc,.~ d dn~J!* ~n; r*'.nt.) (b\)!~n.ict~ l) 
ar11.-l mhttt:'ll~. Pl:u\IS h;.wc lona bi-en ;.1 soutce ol 
drug)~. The ncrivc C~')(nponc:nrs of planu 1ha1 :are 
u~ful as drugs ind ude alkaloids. ~<lycusKI.::s, gums, 
~in,, ;md ~1ils. l11e namd (I( .-lkt•l<>id< um.-llv 
end in ~ine. :u\\.1 d1e n:)mts (I( glf<:•"lbJ~Jes en.! in -en 
{Willi.'lms ::md &cr. 19'>0). E-'C1mrlcs \)f alkaloids 
include aucpill(', caffeine, aM nicotine. Digoxin 
and digitoxin a~ c:xampl..-~ (I( glyl"Q$idc~. B;l<.:leri;• 
.-nJ nl<.•kli (e.~ .• Pnlleel!.ium) 1'1\Kkt~X ntRil)' (I( t he 
amlblotlo."$ (pc:ntclllu\) anJ :'lnthelmuulC.i {1\'Crme.:· 
tin) in usc ooJay. Aninmls once were important as a 
.!o:)tl~ o( hormonc:s :tuch 11.$ insulin, and as a &JOrc.c 
of .:mtioo~ulants «h <lS ~rin. Todar. mll$t h<•r· 
nl•)f'lei are S)'l\lhbced in :'1 lai:N'It:'li<•J1'. Mlnt>r.ll 
sources of dru~ include electrolytes ( s..'Xlium. pctn.~ · 
sium, anJ chloride), iron, :;d enium. and <:others. 
~~h.-.r.nori'C'$ ~~~ (lneo( rhc m\JC!t irnportu.nt WUI'(~ ol 
cmn:nd)· u.~<l dn.~:- l'll'tC:.lu* .::1\e,ni.~l $ ~~n~ h1\Jil'l.{!: 
merhoJ..; o( repn)o:)udnQ dr!.W' pre\'lOU.ily ~~min~ 
through plam and aninwl .souret.-s. Advances in re· 
combi011nt deox}·ribonoclek acid (DNA) t«:hool· 
~Y him;: lll.<ld~; it p'J~•hle ( •. II anun\11 ~nd lu.unan 
products (e.g., lnf-l1lln) 11\ b:.cretl.l h) he produo::t-oJ In 
hr&~ quantities.. 

INAO!VE INGREDIENT$ 

Vererin~~l)' phantUiccutic pc-oduco; and supplements 
may conutin :;ubsmnc(';S m addition w octi\'e irq,'lt'• 
du:nt$. ln.;'I.Ctive mgr.edientl! <•Jt cla:~~illed <1.$ binder$, 
w:uin~ . .::olouna :lli:O'-nt!>, dis•m~wr.lms, cmulsllle.rs, 
611crs. 11a\'mings., flow ngents, humc(.lants, pr~l>C.r· 
variv~. :;weeteners, and thkkc-nen (Table I# I). 

PHARMACOTHERAPEUTICS 

Vctcrinariltnllllre (halle~'\Xi by the tll$k (.'/ a~(S~n.g ~· 
pill te•'t II> J(:tt!rmine .... Ji:~:::nV$b and :·•ITivt :lt :l i*JJ' 
of tremneor. I( the pLm of t h'!ltm.em lndOOcs the use 
of dru~. rhe vctcrinarinn must ch\'),1:i.: an arpn'lJ'finte 
drug and a drug rc:gimtt\. The drug is-selected through 
the Ui< Q( 1)01.! IJr n'IIJI't lm~lly ddined metJwd< 
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called diagn.osOC. I'mpiricaJ, Of 5ympromattc. The dia.g· 
nostk mcthOO ilwolves ~mC'nt of a ptlticnt, in .. 
oehu.lnt,g •- h~OI)', i'hr~l tst~mn~ni(m, (:;)bor;itOI)' 
lt-'!>rs, ~md orhet di:tjt'fll)e;lte procedures. w :ll'l'h·e nt a 
sp..·dfic di~"ffl'x>is, Once the di.1gnos~ h:as been dete-r· 
mined, the CIIUSIUi\'C' mic.roorgani$m or altered phy;lli# 
olq:it;; sti•tc h n;v<t~kd tO allow ~lc<:tio.m I)( the ;~p
prnf<tioue .. ltuJ!. The etnpinc:)llnelhod C:'IIIH•I\ 11\e use 
of pr:lCtic:tl cxpenenet- :mJ conunon sen~ when the 
J rus choke is m..'ld..-. In oth~·r instance.~. d~ are 
dlO:<.cn to tre:lt the: ~ymptom:! or ~i.b'Till (.'/ ~~ di:.:et~ i( a 
$ptoedic Ji:~gnv$i.~ c"'mvt l* Jtttnl,ined. In W:ttri .. 
nary meJic.ne. lhe comJXltmlve C<li4" of :t J rur: also 
IM~' be nn im.port::lnt coruidctnti,')n in sdc.'Cti\'m o( sn 
appropriate drug. Once the: drug to be u~ in ueat .. 
mtnt h .. ( hec-n dectc:le.J, the nl!x-t $t l;1) (cJr the vettri .. 
n::tri:u\ iS: "' Jesl)(n the !')ian (or :tdmlnl:.reunj! the 
Jru~. This pL1n, call('d :t regimen, iocludcs dct;lil~ 
nb:lu.t the: foll<:owing; 

• The rout..- ~')f nJm1nim::uion 
• The amount to be gin•n (dos~~;d 
• HIJ"' ~>Hen the drug i$ to h-=- g-iven (frequC'ncv) 
• H<•"·l110~ d\e tl tu8 w11l he Jth't'-1\ (dur:u inn) 

F.\•try druf!: I~$ t.ht r vttntltll f(J (<\U~ h~rtuh.ll 
~((tlC~:. If It tS $:wen to the wrona JXlliem ,..., :lCC:md
ing to the wrong regimen. S..1me medications have 
greater poll'ntialthan others for rroduci.n.g hannfut 
C..'Utcom~. According w the U.S. F.:IVJ aod Drug 
AJminil):l r;:ui•)n (FflA), whto <l <Jrug h:~ !)l)lel\ l i:)l 
•oxic e((ce:rs or must be ndmintStcre.-1 in a W'tl~· dun 
r .. -quir~ the ,s.crvkes of rmincd pers,')nncl. th:t[ drur; 
cannot he approved for animal u:.<> ex(ept when 
~1Vtn tinder tht 31JJ'i:rvil):i•.K' ()( <\ veterh,~•ri;m. In 
such ~l else, lhc drull tS cbsslti.ed ~h ~l prescription 
drug nnJ must be labd cd '.l.'ith th..- tOllowing sr:atc· 
ment: "Caution: f<oderallaw restrku the uli<: o( thi:; 
d~ to ul'< h)· (If on th-=- mder Q( a lio:-n~t'll vet..-ri .. 
n:)tl.1n." TI\il) .it:u ..:mem Sht'fkl imo IS refetru..l It> <l~ 
the f~lid, and fhe drug IS c.nlJ~ :cl kg.mJ (prescrip· 
tKm' dn.g. L~~bels thm salt~· "for \'et<.'finary usc 
only'" (If "S(IIJ to ' 'ecerinarians onlyn do 0(1( de:si.g# 
t\<\t(! l'ri::$CTiJ'Ckm dru~. T.:dmici .• 1n:. $hlMIId he 
m1,•are th.'lt prelVC-rtpdon dru~ vftcn h:we been ap.
PI\)Vl-d by the FDA fm us..- in sp<:d6c $f'CCil."~ 1) r (or 
pllrtkulnr disc:alic:$ or conditions. VetcriMrian:s ha\'e 
~omt di~ertti()n to u..~ t1 Jrog in w~~ OIJC: indil,:-ated 
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4 A PPLIEI) PHARMr\COI.O<W FOR V ETEIUNAJI.V TECHNICIANS 

Table 1·1 Inactive logre.diencs 

Inactive lnc;redient Function 

ll«<e• Holds ta~t togethet 

Examples 

Cellulose, lactose, methylcellulos.e, sorbitot 
starch, JCylitol and others 

Coating 

Coloring agents 

Procccts t.Db!ct from br~k.r!g. absor~ 
ing moisn.ue. and early ~tegration 

Prcwde cof01 and enhance appearance 

~w&x. e;,rob cxtn~ct. mcthylcellufose, 
cellulose acetate, acl)'lic resin, and others 

Yellow No. S, annatto, caramel color, 
tlt.'lruum oxide. FO&C Btut No. 1, FO&C Red 
No.. 3. and O«hers 

Emulsifiers 

Fi!lcrs/~nts 

Expand when e:-:posed to liquid, allow· 
ing tablets and capsules to dissolve 
and disperse their aaive iogledients 

/IJiow tat-soluble <tnd '<''3fer-soluble 
agents to miY, so they do not separate 

tncrt~asc bulk or voliJO"tt 

Cellulose p«Xfucts. ~rospo"OOne, sodium starch 
glycolate. and starch 

St~ric acid, xa:f'ltf'lan gvm 5ethi(in. and vegeta· 
ble oils 

Cabum ~rbonate, ca!OOm sulfate. cellulost 
laaose. rn.annitol. SOflxlol. stafd\ suuose. 
an<J \'eseta.ble oils 

C1catc & dt'sned t.'lste 01 mask an un· SH$w4x, e;,1ob exi.Tc3ct.. gly<:~;yl b'I.XCtiJte, and 
natuJal o1ange desired taste 

Pre~t !»A~ from sticking together CaQ!m state, ~1)'1 triacetate, polyethylene 
glvco~ silica, sodium benzoate, and tak 

Gtyccnn, gtycc•ol. g!yce•ol trw~~a.tc. and sodx1ol 
Citric acid,. g.l'((e'OI. potassium benzoate-. sodium 

benzoate, and others 

Hold molS!Urc '" a product Humectants 
PreseNatives Prevent deg,~tioll and ~end the 

shelf fife ol a product 
SwectCfllng c1grots Improve t.:Jstc 

Thickening a.g.enlS 

b\· tht" labd, if thc:y t<•kc: re..<f'OI\sibility for the: out• 
(x)me <l \I'~Jt . U>llt ,Ji a dn.~g m ~ w;ty nvt ~~fit~l by 
the l:tbtl ls l::'l l!ed extrabbel u!<e. 

h-dcra) law and sound mcdicnl prnctkcs d1ct~tc 
that pr~ription drugs .4lould not be J~nli<'d in· 
(Li:>e;rimin~tdy. Bdl)"" r r('li(;Tipt iiJR clnJgl!l (lr( •$Su~l 
'" extrnl:l.htJ u;:e i$ un.lerl:)ken, a ~·:tlid ' 'E:teril\:l.r· 
r.m·dit-nt·paucm rt-lat io tuhip muM e)(i.M. For thi:s 
rcJarioruhip to occur, St.'Vt'rnl conJition.s mu~t be 
met. Theff: indudc:, but ilfl:' not lirniud w. t.hc: 
follvwing: 

• Th.: ~<ctcrinarinn has assumed responsibility f01 
making dinkMI judsmenu about tht" h~1dth of 
t he i\n im~• l (.~) ttnd tht n .. cd f,J, trt.·u mcnt. tt.nd 

Aspartate. fruct~ gi'(C~I'I'\. S01b1tol sucrose. 
and ll)'lild 

Melhylcellvlose, pov;dono. 5<)11jtol, and •"""' 

the: client has agl't't'd ro foiJow the veterinarian's 
in*trv(;ti<m~. 

• T he vetem\:l.rkm h .. ·b sufhdem ko.:twl«<f(e of rh e 
anim:!ll{s) to issu.: 11 dingo06is.. The vctcrinsrinn 
must ha~·e ~t:t·n the nnimal rt'<:ently and mu.st lx
(I(:(Jl.mintc.:cl with its hushan~.l ry. 

• The vo::tt ril\:lri:,h\ mu~t bt! :.l,·::ul:)hte (c.r f1)llow-up 
~vn]u:.uion of t he ('flticm . 

Orug:s that do not lt<•vc: l'oovgh p(l(~ntial to bC' 
tvxic. (lr dt."'t d\• ltl.lt rti: Junt ;~~.:lnllm$U'(l1 )(1n in 3i'..:' 
C1al W':l.}'S d.:t 1\1)( r~qulr~ the Suf.l" rvlslon of a vct~fi, 
M rian ior admini.strati\)n, Thl'SC dr~ are c;;.\lcd 
01•rr•1h.:•roumer drugs b«:au~ thc:-y rna\· be pur .. 
<:h.-~(1 withoot .- prt:<<:ri.privn. DN!,~ t h;n h;wt th .. 
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potential for abus~· ,)1 J ependen<e lun-e been dll:S$i· 
6C'd ~ ronm:.ol/('(( $U#mtmct"J. Ca«"(ul r~ord.s (I( thC' 

in\·ent,uy tmd ll:;e vf t~e <.lw~ IUl•~• be m:lin• 
rainOO. :'lnJ Sl.)m~ o( the m muM be l:('pt In :l lo.::L:~ 

.Motngc area. 
When a drug and iu r~imen howe ~n .se• 

1«-t.:d, \ 'f:tennin)· te(:hni¢ttvll! iJ(ten are dir«t~l 
tflrous:h ver4):.1 .)t wt1Uetl •)tders II) :ldmin•~•et t h e 
drug. Tcch~tidaa\S have seveul imp\")I'Ulnt rc~ponsi· 
bihti t.~ in <:.nr)·i.ng out thC'M' orden;: 

I. M:lking~·re fh;)f 1he Cl:>rrec.t dw~ i.~ being ttd• 
mlnl!.tcrcd 

2. Adminiliterin.g the Jrug by the cmrect mute and 
ut the correct time 

}. (~refully ~.lbsc:n·,ng the \mim~l '$ r~m<t.t to 
the Jtu~ 

4. Q uestion in~ any meJic:u iol\ orders th :u a rc nm 
-cbu 

Root;ol 
~dminislralion 

1 
l lnt•S1lnes J 6k>OdJ~b'cam 

Pftl$tf'l8·kco dfg 

Chapter 1 General Pharmacology 

5. Crc:ning aod affi xing labels to medicat ion con· 
tainc:r.s. an:.urutc: l)' 

6. l;.xplainh~ ;ll.l•nini$tr~u •vn instrl•.::tivn.~ fO 
d!cl\f!> 

5 

1. Record ing nrproPfinte infomtmion in the mcdi· 
cal !'('COrd 

Technic ,~uushtwld be~w:lle th :ucvetl wh ... n the 
cmrtct dru)1 is admilli.~terOO in :'1 correct manner. :lit 
une xp .. 'Ctcd aJ\'erse rca<: tion might occur in a 
Pllt iC'I\1. A ll adv<:J$e l'eil'C.ti(lnS ~houlJ be rerort«l 
immed i;udy •v the ~·eterin:)rirm. 

PHARMACQKJNETICS 

l)h:.lrtn:lCi.l:int"tl<:!> ~~ the Ci)lnl)lex sequen~ <'( 

cvems that oc<urs after n Jrug: is :tdminis tcrcd to ;t 
patient {Figure: 1·1 ). Once a drug has been gi\'e n, 

! .. 

' 1 
.. 

MeWX~Iilos II ~~e~~u~ D.strb.ltton 

[~ - 8 io!r110$10rtn41101'1 

I 
!Feoe& I 

f iGURE 1·1 

! 
Klcrt~ (urine} 

LLW19i 

Mamtl'lar • ygi ... 
Swelrlglalldi 
Selivary glands 

OI.•Uilt(' of the poc;sable seooence tr1 t'YeniS t~"' <.hvg m~v lolcrt1 in 41n ~nim{lr$ body, 
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6 APPLIEI) PHARMr\CQI.O(W fQR VETEIUNAJt.V TE<:HNICIA),:S 

it ~ nvailablc (,.,, nbsorption in10 r.he bloodstream 
and Jeli\'C'f)' to tht' 5it<> whert' it will cxt'n iu 
<.Cii,m. After~ du.1t:: ~ ;,)b\~Jrhed, h 1$ J~•ributeJ •v 
\':.ltlcll.IS riulds :'lnJ tissues an Jhe b~)(j~·. lr Is om 
enough tOr the drug bimply h ') rcnch rhc debir.._'{! 
area. howevC'r. It al,so muSt accumulat<' in that 
Ouid or th$Ue at the requirc:(l (;o-n<:cntl<'tir>n tO be 
effe<:.1we. B~au>e 1he hod)· immOOi:uely ~Ins lfl 

bre:tk down :md cxcrerc the drug. rhc t~milutU 
ao;~lilablc to th.._• mr!,>et tis.suc b .. "'Comc:; (C$$ and less 
over time. The \'CtC'rln;nlan th('n mu~t admini~tC'r 
rhe drvg ~pt:lltilly ~md <)t lixc:J t ime in•er,·al$ IV 

ma1nt:1.ln t he drug at t he ~he,)( :'ICUOO In 1he Je. 
sired concentration. s,.,mc dru~ arc nJministcrcd 
at a high Jooe Ooading dose) until an appropriatC' 
bloud le\'d H: re.-'l<;he,L Th.:n th.: diJSt: i$ r~:dl)l';td tiJ 
:\ll :unow\t th:u repl:.ce~ th~ :unow\t J,~, d'H'(lut:h 

dimin:uion. 0o$t'S ol mher d~ arc nt the rc· 
placement levc:l throughout thl• regimen. The: 
point at which drug acc:.umulation (S.JU<lls d11.1g 
eJimin;ni(lf~ i$ C~IJeJ I h\~ Steady Stat~ . Ull ilt:rcJ,»ing 
IC:'IJs m less.th:tn·ef(ecth·c le\•tds In tissue. and 
overdosing may result in toxic levc:ls (Figure 1·2). 
Drug le\'d~ can be me-n.~ured in blood, urine. c<:re· 
bn>$pin<~l fhtid, .-.nd other tlppr<)prttltt t><'J,Iy ih•id~ 

to h~lp :l \'Cterln~1t1an determine \.\'h~lhcr :ln ~lp · 
proprimc level has been :.c.hie~·c:d . This pmccd-urc, 
which is calll"<< lherap..·tHk drug monitoring. is being 
u~ed in<.:re~•$ingly in v..-tennary practice. No.m~e· 
r(ltt-ll.ll :liHiinthmrn:tl(\ry .lru~ll) (NSI\10$). c:.nli-ac. 

A Toxic 

Porentlaty 
10>0: 

drugs, amiC\11\Vu l.s~mu., and th)'toid d~ arc com· 
monly monitored. 

11\e J'rim,.,~. (;w:lv r:i tl-..·u infl\,en<;e hlovd ¢lll\ • 

ccntral h)n leV(' Is of :l drua :tOJ a patient's tt.'!>ponsc 
h) it include the foUowing: 

I. R:.ue of drug absorp4:ion 
2. Amount i)f drug absorb~.-" 
3. Distribution of the: drug throughout the body 
4. Dn.g mettlbvli~m vr bivlr<~n$(•.~rmtlli\•n 
5. Rate ~lnd route o( ~lCc:rerk•fl 

11\C".M.: (;~~v-rs ;.\~ ~:<plvre.l ,.(,~, •he di'\IS! ;~lrnin, 

lstratkm route~ have b.,,..,, drscu...;!Vf>J. 

Routes of Administration 
A drug lS o( ov t.Me uni.::S$ it <;~n be delivered t() 
1he pah~nt In :lr\ lppr<•J\1'-l;u~ (otm at ;)r) appr<opr1· 
~ue site. The way in whic.h a drug is ~1dminiuered 

to an animnl patient is influenced by several 
f..<: ton: 

• Availn.ble pharmno:utic form o( t h..- drug 
• Ph}'~ic.-1 {If dl..-mi<:lll propcrt te.• (irrittltu:m) of 

the drut 
• I l o~~~o• quicl:ly onset of ~lcti<m shoold occur 
• u$(' o( rc:soaint or lx-hao;ioral charauc:ri$tics o( 

the pn.til"l\t 
• N~tvre <t( the oondlticm herug l~lltt:d 

The fCJUte! o( ..dminU>tmtio n Q( clru~':): w nnim~l 

J):rl lenr~ :tte dho::v~d n~xl . 

PoXV~IIially 
loxlc 

'.' B 
' ' 
' ' ' I ,•·' ·, ' 

Thcrapevdc 
I '~ I 

I , • • • ,·'· .. c ' I ,• ' • c ' . ·. ... .. 
Time 

f iGURE 1·2 

' 
: . . ... ' · ... ' .. ·.. ' ... . ... Sl.boptlmal 

The eff«t oi dose amounc:son the effecth-enessd a drug. (from Jenkins WL In Enioget SJ,. edhor: T.w.book of vaennaty intemal 
modita1c:-, d~ oltl'-e dog .,nc,~ ~ PtrJ~delphio. 1983. WB Soll!der$.) 
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ORAL 
In vete-rinary mc:clic:int', dntg::~ commonh· art' 11d• 
mini~•e~J tlu<Jvgh tht (lt;•l IV'•tc:. Me:Ji<::Ui<•n.l 
wh·cn by this route may be placed Jlrecdy In the 
m(mth 01 may be g iven vin a tube passed t hrough 
the nasnl vas:sa&~s (nasoglt:>t ric tubd or through the: 
mvud1 (iJrQgat;tnC tube:). The mU<.:(.\.~ ()( the d~'<:S· 
t ive l r.lCt Is :l l:uge ;l~fl.tJ'ICI\'e smf...oe :.lre:J wath :l 

rich h.lo..'ld sur ply. Drug:-; given by this mutt. how· 
.:ver, ar.: not ab&Orbl-.:1 as quickly as drugs OOmin is· 
cered b)· injection, and their c:fft'l'1S a re subject w 
~>~!des (e .2., rufll h\:-lnt$ \'$. ~n,in~•b with ~~ $11'nJ•I t. 
1-100\ :ld \) :~. nJ lndlvldw.l l differences. M:uty fa.c.tors 
may inRucn~ th<: sbsorption of drlJ&O$ from th<: Ji· 
gcstivc t rnct, including t he pH of the d rug, its $OIU· 
bilitv ((t•t v ... wa ter). tht! :;i:c tmd $11ttpc: o( lh t 
!Ut))ecu )e, £he p~Oct Or abf>e' llCt': ,.,(_ ftond U\ the 
digestiw lf',lct, th(' Jegrec o( gastmintestiMI {GI) 
motility, and the r rc.soence and IUlture of disc::.~se 
proc~~·s. Tiu$ rwte ~ nor swwbk /&r onimab chcu <rrc 
t'()ll'lidrtg (!1 hat.'t> di.an'Jtea. f)"~$ {:1\'t:l'l l)y 1 lu~ 1\'Uti! 

~n~r.1Uy produc~ a longcr-b'lstln~ effect dtan thclse 
gi ~'t"n by injcct],)n. 

PARENTERAL 

Dn1i(S dut :ue al\·en b~· 11\je<.hon are caii('J rarel'lo• 
l('ral drugs. A d rug c~1n b~ injected vin m.nny differ· 
ent routt.-s: 

• l nt~vcnous {IV) 
• lntram~cular (IM) 
• SuN:uttult()u$ ($C) 
• lmrJdermal (10 ) 
• lmr.lperir..meal OP) 
• lntraartt.•rial ()A) 
• lntr<'!articular 
• ltUr:lt:;:lnJi;lC 
• lntr.lm~dull:uy 

• Epidun:.lhubdurnl 

Drugs gin~l\ by th~ immvt>O\'lUS routt> produce 
the m~t rapid ons.et of action, accompanic..-d by the: 
~ort~t duration. Mc:dk~tions th<•t Rrc: irri tating to 
ci ~~1.tt gt:ntr;lll)· are li!l\'t!n hy thi$ 1\M.tt<;,: lx;c;lust .J 
the d1lulll\it effect of bl1,.xl. lmr.WNil")USc m~dka· 

timu shouiJ be ndminis.tc:rt-d slowly ro le-ssen the: 
possibility of a toxk or llllcrgk reac-tion. Unle!s a 
pr•xloct h ~peci6c;·•ll v bbt:led for introwtn~ use, it 
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should ne\'er b: si\'en by this route..•. Oil· bru;.._-J J ruw; 
and th~ "·ith SU$ptlld.:d panicle$ {i.e., those th.,t 
look ..:;hwJv vr thi~k) geno:ntlly , h\•vkl n lK he gi\'en 
lmr.wenously bccau~ ;J th~ ~.;,bJ)Iry o( :ll\ cmbo:t.
lism. Sp::ci:ll c;,m: sh\'lu.ld be taken ro en.sure dun 
irritatins drugs are injc:cted into the vein and not 
~f(Jund it. to.> ~\·Oit.l causing phlebttU!. 

TI\e im r:un use-u.l·u Mute n( :,dnlllll ~tl':'ll l;•n pr;,_,. 
J uccs n slo'ol:~r onr.ct o( ll.Ction than the intra\'CI\OUS 
route but u$unll~· rrovid~ a Jo.nscr durntion o( ac
tion. The onset of iK1Jon hy thi$ r(l\l t(' eM be: reW .. 
1 iveh· (;.):,1 w•th :\ 1\'<lter•lm~ed ktn ,·t (:l<(l.ttXlo*) ~md i$ 
slower ..... ,th <olfl~rd1lucms (vehicles) such :~oil or 
with other forms such as micmfine cryst;;.ls. When 
an inj«table drug is plac..-.<1 in a .su~nmcc: th1u de:" 
lays itll <• h.~npttiJil, thl$ fill))' he rel'ened t () <l S .- depo• 
preJ'IIlr~HM)O . Altetto~ the n-.olecule n( 1he dru~r: itself 
c:m inriuence tts onset or durmion of anion. OnSt>t 

of acri.on usua\1~· is i n\'e~d~· rdat~.-d to duration 
of octton. l rritatin~ dru~:s q,ould not be giw n by 
11-te hll r:mh.tseul;)r n.mre. ;md h:\Ck pre)~l.l!'e :ll w;-~$ 

shouiJ be ~1ppllcJ to the s~·rlnR"c plu.ng~r before in · 
tmmuscular nJmin"trmion o( a drug h ) ensure dun 
the injection i:s nor dirc:ctc:d into a blood vc:~el. 

In t;c)me text~, the.: .oe.u.bcut<llle\10-~ 1\)Utt lm:; l:<;c;:n 
c:tlk>J hJj)l):lenlwlcl:<.'k h pn'XIuces :t s),)"'Cl' OOM't <)f 
~1cti1)f\ but a slighdy l .. )nger dumti\'m th.·m the intm· 
muscular route. Irritating or hn-t.•rosmoric solutioo.s 
(i...-. , t hOt:!..- with u greener numh:r ..>( Sll''P('ndeJ 
J'articl~ 1 h::sn ::sre {,)uotl in hvdy lluid) ~h<~u l.lnm he 
gwen by this routt>. 

Quantities of mt-dications thm arc: nppropri:uc 
for the S('<ci(\'S or indi\'idu11l bc:ing treated should b..
~Wtd tO p revent (1\'~ihk di.'!~ilK\ vi lht $k m (11.1m 

u•Kierh·•nK tls!>uc, which « mid le:.1d t<o d(':lth and 
loss (sloughing) o( surfnce skin. Adding an CO:)'me 
calkd hJOlutvJnid<lse to a drug that is given w bcuta" 
nc:~~~ ly may ~~\XI its ah:P~Jrption. 
n\~ 11\l r:kJ~M"fl.o"l l tt)UI~ iOV<IIn'S in j~CI Ill8;) dtu)! 

into dw skin. This roUI~ is used in vetennary 
medicine primarily for u-sting for tuberculosis. and 
alJC"rgic condition.s. 

TI\t~ intr,l(:.'lf:ritvne:~l r0u1e ~ ~·f1ed t(l dtlivtr dnJg.~ 
lmo the .,.I:Jomlnal C:l\'1ty. The onscl ;u\d dur.ulol\ 
of ~cti\'m of drus~ giw n by this rou1e src \•o;.ri:lblc. 
Thi.s route: is u:sed to ndmini~er fl uids, bk'IOd, 11nd 
<>th<r mcdu.::at il.tn$ wh!!n n<Jnn.-'11 1\)Ute$ tu.t not 
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availnble or arc nm praCiical. Problems .su-ch as nd· 
he:sions and puncfuR: of ~bd(~mi.nal organs rna\· b.: 
(:<lvlled by th i.~ m~d·o•L 

T he lntl'aarterialn)ute lnv<'lh·c; lnjl'!uiolit :'1 J rU£ 
directly int\') an attcry. This route .seldom is used 
intentiona lly. but this mny happen by mi-stake. Ad· 
mini~tration o( (Lru~<: intO tht jugul.:u- v(:in •Jf a 
hnt':ie mm• be dt)lle w•d' c:lutlcm II) lv.-nd injec11i•n 
lllh) th~ undedving a~rotid .ut<:ry. Jmr:.1carond ill· 
jt.-<:tion into nn animal rcsulu in ddiVCI)' of a high 
C.QOCd"ltration of tlw drug dir~dy to the br-<~in. and 
*i:nrt$ (lr '~uh m:\y re&uh. 

T hrouah the lnlf',l:ll'lacular 1\)ute. a dn..Jl 6 It\· 
je<t~..J directly im\'> n joint. This method is used 
primarily to ucat inflammutOI)' conditions of the 
tsJint. F..)CtTt:nu: ~rt: mu~ ~ ex.erchcd tv en~rt th~t 
. s:tetile rechnlque li u:Oed when an IMr.l;)rricul:u 
mjection is g1vcn. Tt.>Chnicinns uStr.~.lly do not usc 
this route. 

Th~ intmcardiac root~ h ~<'d w injec:.1 dru~ 
dnou~h 1he chc::;:1 w;,tll Jlreclly huo •he dl:•ml'lt~ l.i 
th~ h~an:. Th1s provides lmmc-:har~ ao::ct"s.s h) the 
bloodm~m and cns~..rcs that the Jru.g i.! ddivercd 
quickly w all tis;ue in the body. This method i~ 

.Ju;n u sed in CO'I.~ ,.,( caJJiopulmvnary rt~l•!?e"i lt"l• 
tlon ~lnd In cuth:m~ub .. 

The inmtnk'Jull;try h)urc is another mute that is 
seldom usl-d in veterinary mt.-dkine. h im·olves in· 
,t~Xti(ln of the suhlt<li\Ct' dir«tly intQ th~ h(mt' nun• 
n)w. The bont>$ useJ fl\(1~1 <'ll'lc:n ~•rt 1he (en\ur M\tl 

th~ hum~rt.IS. The imrnn"k->dullal)' mut~ usually is 
us.t..J 10 rrovick• blood or fluids to animal:~ with very 
.l>mllll or d1tmnged veins, Of for trentment of animals 
w•th vc: ry l<>w hl.:x:•d ,,,e'!-,llft . 

When spln .. 'll anesthcs~ Is pt'(wl~d. druf:S may 
be injened inr~., the •.·pi-dural m subdural space. The 
t.-pidurnl spac.c is oobkle lht.• duro mat('r (mc:nin[.'e$) 
lx•t imide the ~pimll canal. Th<' ~lxlt.ual ~·ce l$ 

ifi.S••It" rhe dut:\ m:ucr. lnjec1i1m ,)( dru~ llll(l the: 
~bdu!'..ll Sf'UICC (arebh'lllipinal lluid) is t~ I!Kl 01Jicd 
the inrrarhlYtll roJ•tt>. A w:tt·-rinarian usually caniC$ 
out the:* m~th(ld$ of drug delivery. 

INHALATION 
McdM:stions may he delhwt.-d to a ~ricm in inspired 
air by oonvt.'fring a liquid fOfm inw a !;iJSCOUS form 
thr<.mgh the~,. v( .. v;.f<)ri:~;r or n~;huli;.;r. Exvmrlc:< 

of drugs that may be r;in"n by this route inci"Ude anes
thetics. ~mtihio·tics, 101d broncht:l(hb•to~. 

TOPICAL 
Drugs thnt :m: OOministcrcd topically arc plact.-d on 
the ~kin or on mucous membmne.s. Drugs gencmlly 
<lTC <Jb:!m~d rnQrt sk,wly thrvug.h the skm thtm 
1hrou~:h <•thc:r b•lo.1f tnt'mhrllh!$. The t;)lt' t)f :.lh
sorption may~ mcreascd or abiorption f:•cilitated 
by plncemem of the drug in a vehicle such ru; di· 
methyl .wl(oxid~ (DMSO). Medication ~llw may 
he :lpJ)Iied •v rht! m~l <of 1he <'I~• I ~VII}' <~•.•l>l in, 
wu-:~1) , th~ r.xtum (supp.~ltotlcs) . the ut~ru~. th~ 
vagina. the mammMy glands, the eyC$, and the 
ears. In hors:s, cnu~tk mat('rinl.s ma}· b(' <~Prlied 
t(lf'i(<l.lly t<) inhihit tht gr<)wth of exuber:mt grt-nu, 
latton t6Mlt (rn)ud llt>...;h) • 

Tronsdcrmal drug :ldministration is n (orm o( 
lopicnl aJministration that involves th(' usc of a 
plltt.•h urplied to th~ :~kin (Q deliver IJ. drug throur;h 
hu;~C-1 ~kin ;.lirel!lly •nt<'l rhe hlcxxt. Thi~ n'e•hvd i$ 

used mo:.r commooly w admlnlstt'r :\1\ anal~cstc u\ 
n slow, continuous manner ,)r to ndminister com· 
poundtd drugs to animals wh('n oml admini~tration 
may~ ,liffic:.uh (e.g .• c:<'lt~) . 

Drug Absorption 
lk•fore drugs can r..-ach their .sit~ of action, they 
must p(l>;:~ tl.:.·ross a ;!('ri¢S Q( <:dlular mc:mhmn..-~ du•t 
ul.'lke u p riK'- ;'hi!lnrpl ive ~urhlc-t>S 1./ 1he ))It<$ (I( :\d~ 
ministl:ltion. Th~ de~rec h') which a dtu~ i.s ~b· 
sorbed and rencht."S rhe scneral circuL-Jtion is calk-d 
~n'<tik1b11iry . 

11\e m ;anu f:actur-ing i'".ICe'!$ (<'In htl\'¢ ;~ ~it;..,ufi~ 
c~or c((ccc (Jl\ rhe physlc:.1l and cl\cmkal ch:l!'.l.-:t('r~ 
istics of drug molc:<uks dun inltuencc their bio· 
U\'ailabilicy. !X"<.:au:~..- o( manufacrurinr; diffi:r<"fiC('$.. 
the .t,'\"nc:ric fvrm (I( a Jrug ma.y di((<r ~'mewh<•t 
fr(atn :.l cr.)ti<!m:)tk forrn u\ (lvt:rall c{ficacy. Bn):w:ul~ 

~lbil ity often i:sdcmon:.tt:u~d with the usc o( n blood 
l('vd curve: ( Fir;un• 1·3 ). Fac tOfS thnt mn)' n((ecl !he 
ah(l·rl'(ion p«.\CC$S inc:IOOe the: following (Up:>(m, 
1988; f\l)l)tl\e, 2001): 

• Mechanism o( absmprion 
• pH 1tnd ioni:ation 5tatu:s ol the drug 
• Ahoorrti\•e ~urf.lcc ;.rC!<l 
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Time rcqt~ired fCK 
peak (')()fiOt!(llta!ion 

Tine; (hovn;) .:~.her drug adminl&~talion 
f lOOR£ •<S 
The blood level Qf ~ d~t.~g v.:.ie5 .... <th !he pmage ol lime. 

• Blovd :supply to th~ (ITW 
• S(llubilily of r.he t!rug 
• DoSlgc form 
• Sun-us ,')( 1h.: O J trnct (mmility. p.:nnc:.~bi lity, 

and thkkncs:o of th<: muco~l epithdiu.m) 
• l nter:~tivn with oth~r nu~.i•e;Ht~)n:> 

Drugs pa.ss ;•cr._~ e<Uul<~r meml-rant:~ thr~h 

du-e< '~vmn'll)l~ u\<lh(l~b.. ~s~in~~b..(o,_\rpl il)ll (u·:u~ll'· 

p<>rt} occurs by sunrl~ Jlffuslon o( :1 dru~ molecule 
fn.')m ;~~n area of hir;h concentration\')( drug on one 
si\k o( the mccmbnme to 1m aiX'a of lower com:en· 
tr~•tilm (Ill t.ht ot1u::r .~ i,lt. Th1tt nu::thoJ r~t• irti! tM.I 

expenditure df ent:l'):y by rht: cell. The dru~ may 
(MSS thtlltlf:h small pores in rhe cell membrane N 

may di$$Uive into the Gt"l.l membrum• on one sidl•, 
PQ"S through th.,. m<:mlw.me, <Jncl exit on the othC."r 
~ide. ~., ex-;unpl~. :. tJ ,~imeJ!r.n&.ll;)blet <•r c:.rsult:. 
re~ults in a h1gh conccntr:.ri~)l\ of drug in the Gf 
oact. This concemrntion r.hcn pM$e; through the 
cdlul;u m<:mbrun~ of inte:stin.;•l villi and <•djacent 
Cil''ill<~ ri e5, (lnd tht ,!rug then ('IJlpeilr$ in le!!!<r (()n• 
a-mratk,n In rhe blo.xisfream. Ahematlvely, ~\ 

drus may cn')S..; n membl"$ne ra..;si~·dy with the help 
of a carrier. 

Somt' ~n"ll drug owiC"OJl~ "''.K"h .-~ de(.trolytC."-$ 
may l)imr lv tfl<ove with lluitl thn:)uj!h piKl'S i1\ et:ll 
mcmbran~s. Aoiw uanspNt of Jru,e; :\Croso ttll 
membnme:~ m0\'4:$ molecules from an arfil of lower 
c.ooc.entration to an aft'a of h ight.•r conc.,.ntration 
.-mlr«&t"'~ d~1 1he cell ~...~ ent!1-')'. TI'i* i:; tht 
usual m.x.h .. ·mlsm (ru the abto-rpflon ol soJium. po· 
tl!lssium, nnd other decuoh•tes. In pinaqtruis, n 
third method of p<U$h•e cnuuport, cells cn~'U if drug 
nwlecul~ by mv<'lgin:.ung their ctU memh~nt: 11.1 

Chapter 1 General Pharmacal~ 9 

fonn a \'ettide that then breaks olf from the- mem· 
hrune in tht' interior of the c<ll. Th<: m ... thod ol 
~~~vrp.t«)n d~u <«IJ~ m :~ Jl<:•rti<:IJI."lr ~itv<\ti<m Jt~ 
pctld; on whether m~ dru)l Is fat soluble or water 
soluble. !:he size nnd .s.hapc of the drus molecule. 
and the de<~'Tt'C: of ioni.iation of the drug. 

~·lany (lrugs <:<m p~ through a ..:til mtmhrune 
(lnly ,( tht:)· are llOI\1(11\I!t:d (I.e., n;~• ptJMtively ilf 

nc~arivdy char~>d). M\')S.I dru~s c:<is.t in the b\'lJ~· i1\ 
n state that consisu ol both ionized and oonionizt.od 
fonn$. Th"" rH (1/ (I d~ ;md the r H of the area 
h~ whkh the Jrug i:.loc;:ICed ctm dt!tenr'h~t: du! Je, 
~tee m whM:-.h a druf: ~oomcs 101\l~d and thuSc Is 
nbiorlxd. Weakh• add ic drugs in n.n ac id ic t.•twi 1\'ln · 
motnt do not ionize IX'adil)· and thc:rdo~ ltre a~ 
t~orb.:d welL Tht ~hj:~Jrpti()n (lf ~~:;k. drug" i~ nwrc 
foW1'r.1hl~ u\ an ;\ll:::tln\e e n vlw·ntfh.'tlt. I( a drujt Is 
pblccd i:n an environment 10 whio:h it rcadih· i~'ln · 
izt."S such ns a mildly acidic Jrug in an alkaline t."fl· 
virorunt.•nt or a mildly ••lkaline d~ in an (lcidic 
e n viT(J-ntnem, 1t <lle4 nv1 d,f(u~e :\nd nl~y htlC<otne 
rrnpped II\ dlar enviroomcnt. 

As the ;~~b;orp,iw surf;Ke ,')f rhc area of drug 
pl:acl."ment inc~a...~s. ~ doc:s the nUl." (I( 1lhwrption. 
One ,.J the l(lrt;,'($t \lh:i<Jij'tivt <ovrftl&::t:! in tht h.:>~.ly i ~ 
f<•uod In 1hc ~mall•nrC>I int: hcc:.uSIC 1he efhden1 
Jes1gn of the \' ilh maximilC$ th(' surface area. 

At an)' sitt.• o( d~ administration, 3$ the blood 
:surply to (In (lr~ inaeo~. ~ d!Jes th<: nu ... of ak
l)Or(!CiMI o.>f rh~ drug. Drut:.ll) :.l re ~1)3.).-1;..:~,1 (1\,nl ;)1'1 

intr.lmus.:ul:.u ~he at a f:u.tcr r.n~ rhan from a ~ub· 
cutant.'\)US :site bt."(ausc of the pror;>n ionatcly 
gf(atotr blood :supp-1)· to th<: muscle. lniti<•ting the 
light•<~r·lli~ht ro::..<q'•Jn-st in¢~:~-1(:\: bi1)Vi.l llow t<) tl•e 
mu!\C.I~ b.rr dccre:.ues blooJ tlf,w ro the h\tCSiancs. 
ll e::~t and mas...;ngc also increase blood !low h') an 
a11:n. Poor circ.ulatioo, which rna}' cx<ur during 
:sh(l<:k or a-.rdiac fi• ilu~. 1-k<:rc:ase:~ hl001.l llow, <1.$ 

dno6 (;(~<)l in~!: lw .dc\·;:ttklll <)( ~ 1)\)(Jy part. These f:l!C., 

t~s thf' n c:tn rositiwly or ncg:.ui\·dy infl uence 
drug nb!;orption. 

Anotht.·r imponant (octor that detennilt~ tht' 
r:ltt! :~t which dnJ~$ paS$ :~rt.* JXIl m.:mhr;111e;, i$ 
1h~ solublliry o( rhe drujl. The lipid (fut) solublliry 
of a drug rends to be ditl"<tly pto()\)rtional h ) rhe 
de<.;rec: of drug oonionization. A~ WILS :stated pre~ri , 
ously, the:: n<miiJm:td fo11111$ tht one:: 1h~t u~u.ally i ~ 
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absorbed. The: degree cl lipid solubilit)' of a Jrug 
often is C'Xpr~ as i~ lipid p~rtition oodfit ic::n t . 
A h igh liJ•id p<lrt•til)n l~.Xfhl~M!nJ inJic:.:~U:$ en• 
hancOO dtu~ absorptiM. 

Drug nbs..>tftlion mtct often dercnd ,)n the fN· 
mutation of thC' drug. Various inen ingr«Jknts, 
$\loth as Qlrrkr< (vthidc:<), bindi~ <-,gent;.l;, <1nd 
ccoa 1 in~. :~re ,!Sed t1l r tep:Jre ~.Jos.1~e ffornlSc. Thef>t': 
w.bsr-.!1\ces have majof effects on the r:uc ou whi<:h 
formulations d~Jve. Depm nnd spansul.: ~m· 1erll1$ 
that are <t!:Kidllted with prolon~"~Cd• or sustained· 
~lea'!e fvrrnul:mon:. m vtterin:ll)' m~lich~t:. $ u l>et•• 
taneous Implants th:u c.onm•n itrOWih .s.tunul:~nts 
that break dm~11 slowly nnd release the ir products 
over prolonged periods ure Ulied in :K~me situations. 

When (Int.(!$ t•rt ~iw:n <•roll)·. t he c<mdit iv n t.i 
the Gl trJCt can h:we ':'! m olJilt' lnlluel\(_e nil the rJte 

anJ ex-1cot of d rug absocption. F:lctors such ns de· 
grtt of intestinal motility, l'mptying time of the: 
s\(lftl<lch. irritation or inf.Wnumn ion uf thc.- m~K.o~ 
(e.~ .• 2<L'<trius. enteritis). d:ln~;~~ t<'l <'lr IV$~ vf v illi 
(e.g., viral d~:uc~). compo!>lrl,)n atld amounr cl 
fo\'>J m..·nerial. and changes in intestinal micto..)r· 
ganismli can u.ffcct thC' nue 1md extent of 1ihor• 
lxhW:t vf m~(lk<lti<>nt.. Anvthtr &."vnsidtnlti<)n r~:• 
l(.ltdinw dntJti rh:lt :lre :tboorbed frM\ 1h~ Gl tr;)('.f is 
the 11rst·(\1SS cftt.'<t (see Fi&rurc 1-6). This refers to 
the fact that suh;mnc~"$ an: absorbed from thl• Gl 
tJtl'C1 mtQ the f'llrtill vc.-ooul! lllY$tem, which de liven 
dle d"'g ro tht: lwtr ht:f~ tf t>cl\11?1'1! tht: eener.ll 
drcul:n i<)l\. In some mstai\Ce$. :1 dru.: then is me· 
rnbolizcd in the liwr h> alten-d forms: thi:; pr.:xess 
may m1lh thC' drug inactive or lC'ss ll<tiv('. 

T h t (M•.IC-e$$llf ooml,inhl.g :l(>mt drltgs with vther 
dtulit" 0 1 wlrh cert~lln food" can OC2arh·dy ~1ffect 
drug ::~biorptktn. The avnilnbility ,)f tcn-:aqdinc is 
n:duc<:d if it ili admin istered with milk or milk prod· 
u.::u. Antacids m(ly m luc.:e t~ ah..-..>rrtion '-'f phen• 
ylhut.1znne <'lr it<lll pr<'ldiX:U .. Tt:<:hnki;ln$ ;llw:JyS 
should consult approrri:nc references nbout 1}\)J:Cll· 

tial interactions before aJministering new drub'$ 

Drug Distribution 
Oruf: d!S{ributlon is the p toetsSc by which :l J 1\Jjt Is 
cnrried from its .site \)f abeoorption to its .site \)f ac· 
tion. Dntg;S move from thC' ahwrptioo l!ite into the: 
pl .. ~tu~l (1/ the hJo<xl$ttl!(l111, tJUt Of the rl a.~m .. in to.~ 

•he intcmitinl fl uid that .s.mounds cells, and from 
thC' intC'T$titi<•l fl uid into the cd ls. whet(' they c.om• 
hin t wilh e-elluh•r r.:oe~pc:<Jr.! tO e~:ltt an ;~livn. 
l!qu•l•btlum S()(lll I$ ~tabhf'hed between 1hese 1hree 
C\')ntpanmcms while the drug moves \)Ut o( rhc 
blood into 1hC' t imiC' 1md then out of the: tis.sue bac-k 
into tht t-k\(Jd (Fi.l!;ure l ...f). H•:~w we11 a drug i ~ 

dLitrlbute~.l thtiiUJ!h<•ut the htxly depends <••' :.eo.•er.tl 
f,let\')r'S. 

The tnte of mtwement '-' f drug molecules from 
unc: o( thC' prc:viou.sl~· listed comp<~nmentl! t(• thc.
<'11 her ~~ fU(IJ'<•n•vn:lltv 1 he <li ff.: rt net:!:. btt\\·to:n 1 he 
amounts cl dru'= Ill all area~. The d1fference be
tween the amounts of drug in rwo rom~n:ntents is 
calkd the conc,"Yurtltion grttdi~"ttl . und as the ~;radi c:nt 

incrtn~s (di frt'rl!n<:e). S•.l does the t-endency t.li the 
dntj!: ((I 11\IWe frnm the ;'! tea of hl$_-her coocemr.uloo 
10th~ are-..1 of lowt'r concentration. 

A drug within the plasma comes into contact 
with v~riou:; rrotdru {e.g., ..Jbumin) and bind.s 
wilh 1hen1 (lr reJfl:tin.~ free. When :• drug i$ ht.Mo.uhl 
10 a protein, II b.xomes lnacrlvc atld .s un:wallable 
for binding with cell tl'Ceptors or f,)r met:iboli.sm. A 
bound drug may be rcgan:lc.-d as a ston!I,!,."Cc site of a 
diVg lxc.tl.l'<e ;'I b\~ur~l d rl•t: ev<:muttlly (rte:i it.sdf 
fwm d\c pr<•rcin.ldw levf'l:. of pl.um .. 'l prote.ln:. m:~y 

occur in malnuuiti,)n m in cen ain di.:scascs, and 
plruma binding rna~· b.: reduced. 

Ab$Qtp:lion 

! 
Plasma 

t .,,.,.";•' Ru;d 

C<tlh.1l.1r ·-in 6ssoo 

f iGVAE 1·4 

MG1aboli&m I 

! 
Drug d~Stt•bubon establl'.hes ~n eq.ui\b1•Uill belween the 
.:tno• . .nl of <tug at the site of ~P:IOI\ lhe <lMOI.f'tt ., the 
pl~:~:mlll, ¥Jd tl'-e <tmount 1:11 the ~~~.:!~• te<:CQtQJ :;il~ . 
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Drugs th:u arC' highly lipid so-lubl~· tC'nd m move: 
readily (1\Ll of the pi~<J and into the: intc:rstiti ;~l 

jlvid. On.t¢1 m tlte II(JIU(lm:tJ (('lnll f~lll('lw ;:. simtl;•r 
pancm. Onc-e a d•Wt 1S< r rcsenr In a tl.s!.uc, It may 
bC'oomc hounJ or storcJ there. Ti1>wc:s such ::~s f.n, 
li\'('r. kidm:y. and bon(' may act as storl4,'(' l!it($ for 
drug' 11u<h (l' h<trhitur-..t<:$, inh<Jfl:lti<:m an¢Sthcties, 
and t)thl"rs. \Vhen :.1 dru.e m•1~~s •>ut ,.,[ thl" s•oraj!t': 
tissue back into rhc blood. t~nd ~ldJiti<)ful l d,)SC$ ar<: 
giwn, an c:x.agsenn('d or prolon.g('d df~"Ct may rc· 
.wit because: of the <Jdditivc: df'cxts. 

H:•ruer!i d•:tl exi$t "' p{lrlk ul;lr ti$.St~ !eftd IV 

ret:trd the movement oi :lll Of ce:m.ltn cl:u.o:.es ol 
drugs into them. ThC' c:<ac:t n:uurl.' of these barriers 
hi\$ not been \l•ell (':<ploined in the litermurc. The: 
pl<ttc:nta OCt.l' (to~ a bl:trri~:r tV i;~Jm<e d.,:.<$ th~•t coukl 
be wxle It) a (t>.tus :.11\d pennhs the p:tss:lJ:e ,)(,...-he rs. 
Ane.sth('tics thou do not t>xcessivel~· depr('S...; a (ctus 
mu.st bl' chQS('n whl•n a ccsart.'3n sc.··ction ls per· 
(ormed. The: .;o•<.:alkd blood•bmin hQrrier i.s ~cner• 
~·lly minitn:•lly ('1\,nl\t:•ble t<• all d~, ;.\lthcough u 
beromc~ rdatlvt> l ~· pettno;':'lblt': r.,') many :uuiblottcs 
upon inllamms.tion. A defc.·ct in the p·gi~'Coprorcin 
drug transporter in the blood•brain barrier hn:; bt"c:n 
identified m in~;lividu<ll~ ol .sc;;: .. ·cnll diJI): bn;;«b in• 
dudii\W ooll! c~. Old F..owll~h ~heo::r.Jow:s.. Ausuall."ln 
shcphcrJs. Shl->tland shccpd .. )gs. nod English sher· 
hl•rd.s. The l"}'e also hru a barrier rhnt impede!i some 
drug.; from cliffu~ing into it:; til'Svo::. 

l>i$l'::l.~ !)r~Xe..'-~ <::.tn imedere with df't¢ tl il)tn
buuoo. Amibao1ie:s usu~1ll~· do t\t)f diffu fie ""'~11 into 
abscC's:;..'S Of C'xudares. Heart failure and :;hock can 
reduce oormnl blood flow to ti.ssut" and th~ im('<'de 
drt•e d•s•rihvrion. Kidney frult•rt (vrc:mia) <;tin alter 
d.e pl"lsma blnJlf)£ o( lVt'fl'le dnfWS such l:i ftm'Xi~ · 
midc anJ phcnylbutta!<tnc. Liver fuilur.: cs.n c:.1usc n 
f('ductioo in the amount of protein (albumin) 
av"ilabk fvr proc:dn l-lindi.ng. 

S<une elinu::iaM bl"li..:vo:: th::tt n:rt il~ h:we a rt:· 
nal·(")rtnl s~-stt>m dtnl am disuib.nc poc:emiallv 
toxic l~·vt•l.s of n drug to rhc kidney if the drug i$ 

inj«t«i into th't' posterior one third of the body. 

Biotransformation 
Biorrnruformati<)n, m metabolism, is the body's 
ability to chang(' a drug chemkllll)' from the fonn 
m wh.ieh it ,......,~ t1dmini~tc:red inw a (orm th~t l,.(l.n 

Chapter 1 Gt>neral Pharmacal~ II 

lx• diminatcd from thC' body. MoSt biorransf.;)rma· 
tton occuN in th< liver bc:<.:iiUSC o( the ~•nion ol 
mi(l'(l$1)"'''' emynl!4 (V\rnd in livtr t;ell~. n .. ~~e 
em.,.me~ Induce chcrok~ll 1X>aet100~ that render a 
Jrug warcr soluble. allowins itsS\Ibs.cqucnt dimina· 
tion in the urin('. Once 11 drug hM b('cn biotnm~ 
fonned, it 1S ~;a.llcd <J m.:udxJ.rr~ . Mct-ahJhtc$ iV"C 

u.S:u:'l lly Ul.."l<:ti .. ·e but in oome <.:.1M'S m:)V bl" :.let ive. A 
few h1ghly lipid-soluble d.ru~o11i :.1rc incotp\'lfarcd into 
hilt' and aT(' diminatcd through the biliary systC'm 
Some bior~<~rnlomwtion does <X~.ur in othc:r tissve:; 
Su<.:h ;t.i tl•< ~idrw:y, lu nJ;1, :nul l,~rv(MJ.'j ~YSidll . 

The tOIIowlnr: four chemical rea.cuoo~ :.1re In· 
J ucc:d b~· micn>SOmal cneymcs in thl.' liVt-'1 to bio· 
trnmform drugs: 

I. Oxid:nion-lo:ss of d t"Cuons 
2. R<cluction-g<~in of ele<trons 
}. Hydr~Ji y~i->-~l'ltuin,g <l 1he dn.•g nM)Itet•k with 

thl" :.ldJ.rion o( :'1 w:.ucr molecule ro e.1ch of the 
splil pon:i<'>ll.S 

4. Conju~oation-tht" addition o( gllK:uronic acid 
H• the: clru~ mol-e<.:ulo:;:; when J:lueumnie a<.:id ill 
:.ltl:.tehe .. l lt• :l tl tu8 llltJiecule, thl" druJ! ("c:Ci)1l\l'S 

much more wmcr .soluble 

M:'lny f:tell'ltt.S;, andudll\)1( spoc.lc~. :ll(C, nuttifM)O:tl 
StlltUS, tiS!oUe Sh )ffi:& ...... and h('~llth Sl ;lfUS, Clift aJtt>r 
drug merobolis.m. Cats ha\'C limited abilit)' to me· 
taholi;;e <•1l'p•rin. na.rootks, .,nd b..rh•turotes h('(~IVSc: 
o( tlll!lr r~duced :.lbilit)' It) ((lnl\ gluc.umr\IC. :tckl. 
Yout\g :tnltru~ ls usually have poor abili~· to biotrans· 
fonn Jrugli b::-cnuse their liver C'ru~·mC' systC'ms arc 
not full~· developc:J. Okl1mimah ha\'e a d.:c:rc:a"Cd 
C<lp<)City t(l hi(•lrl!n.~fvrnl ht<:<\lli;t: their <•.bility t(l 

symhesbe need~ liver C.IU~'nh'S 1S lmp;t~red. Mal~ 
n,'>urish~-d nnim~1 ls have fewer protein row materials 
awilable tOr use in manufacturing enzym($ f<tr bio
trom:;l'vnnallon. and animal~ wilh h''t"l' Ji:!c:tt~" :u'" 
nl)l ahll" 111 pr<•C~$ 1hl" t:'l.W m:tten:)ls a\·;)il~hl~ (M 

emyme ptoduc.rion. Dru~o1s prcscm in swmge com· 
partmems $uch ns fat or plwna proteins nrc not 
available to be lllet"<'!boli.o.:d. 

Drug Excretion 
Most drugli arc mct:!lb.)li:cd by the liver and then 
arc: diminatod from the body by the kidtl't')'S \'ia the 
urine. They <;;,~n be cxertta:d, hiJwcvcr, hy the Ji,•er 
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(bile}, mammary r;1ands, lun~. imc.~tinnl rrnn, 
.\IWC:at glands, ~li\'ary gland:s. and skin. An u.ndtr• 
~~~mdmg ,,(the r01.11 t: <'( .;xeretivn ,,( dn.~#$ h. \'el)' 
unporu o• b~C~use :thl'!r:ltiOt\.S or di~!leS of a par· 
t icuiM Ofgl:IO can e11usc a rcJuccJ C.tlf'o1City r.:) ex· 
crete the d rug, nnd toxic ac.cumulation ma\· rc.sult. 
For ex~:~mrk. the -anesd)cti<; tt~-em kc-tatnim: ron 
~use seri•11JS< ~nlr,ll lt t tvt)IJS; .sysrem (CNS) depres· 
!iion 10 cars with utin:uy ,)b.i.m.Kuon bcc.1usc the 
kidneys cxcrt.·tt• this drug. 

Kidncy:s C'X~r.:tc drug$ hy two prioc-ip111 mccha• 
m,.o.;. The hr.)l rneth<IJ i3 'alkd giQJnerultJr Jlltm• 
cion. A Jtlomerulus :u\d Its wrresronchn!l tubule 
make up the mdividual (unnional unit of th..- kid· 
nc·y, called ll nC'phr<m A glomeruii.J$1\C.ts liken ~icvc: 
t'' 61tt r drug nwlt<;ulcs (m~t<4bo:~litc-.~ ) <~ut 9( 1..he 
hl•)(xl inro 1he f!lt)metul:lt rilwue, which lS then 
dimiruncd :.lS utin~ (FiguJ~ 1·5). The second 
mccha.nism that l.:idne~-s us.c to excrete drugs i$ 

l<•llcd ruhukn $CC7C'rl(ln. Kidney tuhule cdb: .so<CI"\"te 
m .. ~f :.)t-<,Jil~ (lvf vf •he capill~ne$ $vrl\'unding the. 

wbule and into the: glomerular filu:ue, which be· 
come:s uriot ru it e)(itl!i the kidne~. In .some 
in$t:.lnCt$, <In¢ m•:decuk$ rn;,)· he r~h.. ... •rf.'I!J <•l• t <)( 

1he ~I.:Muerular 61U'ate :u\d b:td: Into the blood 
1hroush wb1dt1r retlbJOYpri<m. 

It is important that the nephrot1$ <slomo<rulu.s 
ami «:trn::.,'f'OOI.Iing tubul~) l:IR:' het1lthy and t.h.1t 
•he'{ h:we ;ln :tJequ:)le hJood wpl)lv. s.t\ 1hev C:'ln d(l 
~ln eff('(.[ivc jobo( cxcrenng met:lbolites. The 1,)\ft'J 
urinary tract (bladder and urethra) also m~t be 
furu:.tioning oorw11lly, ~ ~lteR:d or ~Jl'ted me .. 
l;lhvlitt$ ~u' 1;-e; elimin~te< l. I( ~nly p:ln o( thi$ 
srstcm from chc i.(lomerulu~ ro the utelhl':l ·~ oom· 
pmmiscd ,.,, disens .. -d, h">Xic levels of a drug mn)' 
accumulate. 

11le liv~r ~:xeretd drug:! hy ~l'$t incorpvr\lt ing 
th~m lnm b1l~. which lS elhnin..1red illf•) 1he :.~n::tll 
intestine. In rhc small intestine. the drug then m:l~' 
lxocoo)l.• a p-<trt of the feces and be eliminated from 
the body, Of it roay be re~•h.~d into the: blood .. 
$tr~;:ml (f igure I ·6). 

Glomerulus 

!ublle 

--· Afft't'"' <~tlqriQiq 

-..----•v~"leane~ 

- - -- ''' ' ' ""• .,;n 

--CoiiJ~ing dvct 

f iOORE 1·5 
The~ elimill"\e 01 (()llS(.'fl.t di'IJg lflt'ti:ll:xji1es by gi(IITit'fUI!It llb-"6~ ( 1). tobl;l!:11 r<:~:~boorwon (2). .and tobol{ll li'e(tt'6otl (J). 
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f iGURE 1·6 

Chapter 1 General Pharmacology 

Drug or tneWXltlle 
erimtnated in 1eces 

13 

DAJgS or lhar met.ilbofles tO ~he i'ltesMe ·~be elun!Med lf'llhe feces. Ot absotbed/reahsofbed £or a pass lhroufl the b.'E!t'. 

Some ~lrul}t (lr their nM!!I;\II'II.tlitt$ n\t(y r<'''i ~.l i.re<:dy 
ou1 o( the hk11xl and Into the m1lk vl:l lhe m:luun:.lrV 
gbnds. This is nn imp.)rt1lnt coosidoerntion bccaur.c 
o( the potential .:fft'<:t.S o( the drug on nursing off· 
~rnng or on pooplt' who dnnk the mill:. Qoa.ntiti~ 
•)( dru,U th<ll rernain u\ :.)1\un:liJu•xhte(~ w-hen 11\ey 
:tr ... COI\.SUffieJ :tre c.11lcd re.sidue.~ . Restdues tOund in 
milk, c:gr,:s, or m.:at pcoducrs arc rorcnti~llly danger· 
oul! to pwple for the following rea.<.Ons: 

. r ... -ople may be: allergic to the drug. 
• Prolon,gc:d ex~urc: w antibiotic rcsiduc:s cun re~ 

:Mil in ~.')~ta ll! :.lr.'tin$ <of b;\Cit:ri;l. 
• Residue o ( So.)I»C Jru~ m:ly cause canctt h\ 

humans. 

Drugs rhat convert re:Wily berwcen 11 liquid ~1nd 
a gaseous swtc: (gas ancsth.:tiC$) mny be diminatcd 
(roro the blood via the- lungs. Thc:st' gM- molo:C'ult'.$ 
move vut ui tht hlli(,J ~uul int(l 1he ~lvt<)l i of tht 
luo~ robe dlm1n:ucd In clCplreJ air. 

Drugs th:u arc g iven mally snd arc not absorOOd 
~adil}· out o( the intesrinl\l trnc-t ma~· P"~ through 
d1t tr:•et nnd t<: t limimnt:J throu~h (eces.. As wtt< 

m-tnttOf'ed PfCVt~JUl!l)'. .')l)fll-i.: ,1 ,~1#~ art es...:rtttd 
llll'<•u"h 1he bll(' lmo d\e IIU~IIO:l.( tr.\Ct, and~\ few 
Ol.1Y be actively secreted a<r~~ the intestinal mu· 
c~a into th...· intestine: (or d imination. 

Svm<: d.n.•~s ~r<: d imirwted thwugh ::~wo::a.t tmd 
l!;tlh·a, :lll l •()u£h th~ r(K.II t:.! USu;)lly <lre ll()l dini~ 

cally unportanr. The r.ue of drug loss fl\')tn the bod~· 
can b..- estinunt-d b~' <nkularins rhe drug'$ half-Li(e. 
Tht" h1M•Iife ill the: t ime rcquirc:d ((lr the amount o( 

drv.g pre..~nt U) tht lx.d~· t(l be rtd~t¢ed ~, vnt htM 
(Fiji;ure 1·7). 

PHARMACQDYNAM!CS 

Pharmao:x))' l\-ntnics i~ rhc .swJy o( the mechanisms 
by which drugs produce physk,logi< <haOJ,.~Ii in the 
hody. Dru~ mny c:nhaoce or dept'~S the ph~i(llot,;ic 
~¢tivit )' (I( (ll;ell l•r :\ t i~vt. l>r~•!i!: mvlee~•le5 oou'~ 
hlne with components eof the cdl memb1':.lf'IC Of 

with internal cmnponcm.s ,')(the cell to cause al· 
t~·ratioru in cdl (uoc.tion. The way in which dru~~ 
combint: wtth ~ruoeturt:~ (re«ptm«) •m vr in <1 cdl 
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14 APPLIEI> PHARMr\CQI.O<W fQR VETEIUNAJI.Y TECHNICIANS 

Ol\lg M ll·lile 
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f tGURE 1-7 
lh~ SJ"pt. nuw11t.es a dflJa hi!lf·We o11 hou•. 

l<•n b<- <:ompan:-d with a lock<1•nd-k~)' 1nodcl. The: 
£t:llffitHiC m:llch ,_)( :\ ohvg molec..'\•le ;ultl :\ c~llul;•r 
receptor must be t->:nct fot 1h~ awroprlate :'lcdon to 
occur (FIJ,"Urc 1-8). The tcnd-t.-ncy ,.,f n drug m com· 
bini.' " 'ith a ft"(c:rtor is cnllc:cl (lffin~ty, and tht' de· 
.gn:e tv which the drug t.inds with itl! ~tpto.>r h-elp.~ 

ro d('h!tmlnc dnta effica<-y. A dntll: wuh a hlwh lew} 
o( ~lffi nity and efficacy c.nuses a spedfic action ~md is 
nn agonist. A drur; wlth ll':SS affinity and efficacy 1$ 
a pmtifll a:,:onist. A drug thou blocl:$ ;mother drug 
(1\\IU C(lf'l:lhulin~ whh a ~Ct:J)h\r i$ a •\ :tn l:l:l{()ni$L 

The combining of t1 Jrug with its reccpwr c.nuses :1 

panicular drug action. and this interaction J-"1\')· 

due~ 11 pankular drug dfect. Exampl($ of' drug d· 
(tc($ include $tnuvh~twn. ~.ltpre..'-')t~Jil, init;)tton, ~nd 
c.-11 dl":l lh . SM-telul\1.$, ~l Jrujl: repl:.1ccs :'l >t.~bst:u'tee 
thnt is miJ>s-ins or is in sh .. ')n supph• in the boJy. 

A dOtSC"•rcsponsr curve displnys the: rebnioruhip 
lx-t W¢1:'0 the do~ Q( a drug ;md th..- body'$ r~ron~. 
Tit.e dtle)e'rt~I'I(IO~ C.urvo: ~1\(lwS th:)l :,'1.~ ;) d,)6e irl· 

cre:t~cs. 1.10 incrc3!iiC in response occun umil3 malei· 
mum responSt' Of pLm.-au is achiev.._-d, No dmg pro~ 
duc:..:s <J:lingk c-Jf\"r.:t. Low dose:$ ol a nart(l(k may lx 
u:;ed rv c:r~u ()<'ltitot$ with di;lrrhe-.:~. Hi~htr (I(~~ 

may be used for pain relief, :11\d f'\'f'O h~hcr dooo.".S 
may depress the respirmory system. Th..- potency of n 
dn~g i,s d('s.;:riW ru th(' amount of a drug nC!edc:d to 
pwc:lu<:e <1 desirt:\1 rC'IIf'<)n.1e <1nd lS rtf'Jt'~~ntc:d b}· ;~ 

pt'JCttdl")n :llt)O£ 11\t do$t'n':>f<ll'l.~e C\11"\'('. 

Th(' d6t4ltY of' a drug T('prt:>('nt$ th(' degre< w 
which;\ dmg f)f(ll.lut::e! it$ (~u-eJ l'(>._'t)(ln~ in :'l r<•
ltel\l. Once rhe effi~cy lc\•d of :1 druQ has ~ell 
rc.:.chcd. increasing the d,")S(' doe; not imprO\•e rhc 
df'ect • 

11u~ dtetv!f*-utic index i$ the re~lltQn.$hip hetwec;:n 
~l J rufs :'lbllll)' m :te-hleve the dcsltcJ eftCct :lnJ Its 
tendency to proJuce r..')lCIC eftCcts. The- rhcroreuric 
indl'x, which is exprcj;scd ru; t he ratio bt.'tWl"Cn rhe 
LO;.,.,<Uld the EDw. qwmtit<Jt('l:l the drug'$ m~in Q( 

1!;\(e.)·. The LO .... ~ t~ the: <10$e IJ( :) ~.lru~ 1h:.1 i$le1 h:~l 
to SO% of th\1' anlm.nls in 3 doiie·re l~ted trial. The 
EOXI is rhe Jos~· ~')(a drug that produce.~ rlle desirc.-d 
df'ec:-1 in 50% of the ltni.m.;•ts in t• dosr•rdatccl trial. 
The i.n.ltx i.s <;t,k:.t•~•te<.l ~'S (()!low~: Ther~tJ'tt•tk. iJ'~ 
Jex = LD,JED, . 

The larger the number rhat is proJuc .. od by di
vidinr; t~ LD~ by the ED;.., the greater is the lc:\·d 
Q( $afety. Drul?S with.- nurww margin.;( $af<tY (k1w 
•her.)pturic uldex) mu~• I~ :\dminist.:r~ with C:Ju
uon to prevent tolei<. or f:nn l cffcas. The d~ 
used to treat cancer often have a low th~·nlpeutic 
in\kx. 

An adverse drug rtac-tit)n is ~n 1mdt$ir<:•ble re, 
Spl"lfl!itC (J,) :'l dr~Jit £h~t C:ll\ l':lO)l'e from trukJ TO life 
threatening. Adverse r~crions can tt rdatcJ to rhe 
chamtc:ristiC4 ol th(' druJ:: i~Lf, the quality or purity 
of the drug, or the a.rnount 9( ~Jrug ~~~- Pheovhll'bi, 
l:ll ts l>t"ICet~tl:)lly tox:te. (•-. the li"er, an .. l amph(ICetldn 
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[)US tnOIO(J.IIes must Q(ll1"t!ir.e wrth speo6c: Qelluldl receptors 10 eo:er1 their .. $. 

6 m~y •l."ll"ll<~ •"* k.dnt.y<. Dn~:\ (;;)n h~wt. Cl\rri~ 
M ~'thll:l e!~ th:u :ue toxic h ) some lndl\•lduals. Sl'~me 
adverse re-~crions arc aUcrgK nnd c.10 cause a nuv,~ 
o( r('actioru from dcmuniti$ to nnaphylactic ~hoc-k. 
Drug.~ <:an c:<tut<. t.:httn~'e'!i in the ~ thon nt.l4ke it 
very l)lt:Ot~-ill\'e tO .>ln)li~lu. Tht~ IYt'C d rea.ct1C11l IS 

c.nJleJ pMilM'IUitit.izy. 
Other rypc~t of adwrsc rcspons-c~t include :.lbor· 

tjon, liv.:r or k.id.ne~· Janutg(', infertilit)', \'Oiniting or 
dl:lnhe~. and ctu,cer. An tmt•iit•:ll (lr vne"p« tc:<l 
re:lC.llon is called at\ bd.iiMyn~"Yatit dYt~t reaction. All 
adverse rcnctions should be reponed to the Jrug: 
manufacturer or rhc FDA. If rhc n:-port is made to 
the dru~ <:o>m~ny. the: compti.Tl)' i~ obligated w r~;:• 
fltlft 1l-.e lncJdent 10 •he FOA. 

DRUG INTERAOIONS 

An al[ercd rhnrm.-cologic rcsponsl." to:. drug dun is 
caused by the- Pfe$l'O<<" of o SC'oond drug is calll-d a 
dn¢ intoa(;wm. The noro\.11 r~-pt;~nt< to the:: drug 
1'1\.'ly he h\Cll'::'l.~ed •)r decrt:.lSc:d :u :.1 C•)lt~equel\oC.: (t( 

this imcr..lcti .. )n. Thc int(':tac.uoo trul}' be beneficial 
or harmful to the p~lticnt, 

Drug intcnKtion,s <~n b: d.'l.llsifiW a:s phann<J.co
ldneuc, ph:.lnn<.ICo,.xlyuannc, Of J'hannt~eet•tic. A 
ph:wnacoklnetlc lmer.l(.ttOO is,mell\ whlc.h pL1sma 
or tissue levels of n drug arr nJtcr ... -<1 b)' the- presence 
of anoth"«· Thi~ ahemrion trulY be- Juc- to <:han&~:S 
in ah,.(l()rptivn. dmril>ution, m<.:whJI\.sm, •Jf ~;>:ere ... 
tlnn (J( the •'!Che r dl'IJSt. Mt:•oclopt:.lmldt hastens 
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16 APPLIEI> PHARMr\COI.O<W FOR VETERINARY TECHNICIANS 

J.>asoic t.'mptyinr; and promotes rhe deli\'ery of n 
drug to the mnall intestine for ~bc;oqxion. \Vh('n 
C<lldl•fll ;.\nd ll:ut•.q-tline ;:ue t~Jnnni.~u~red :.tt lht 
~m~ run~ orally, c~lldum bu\J11 the h"II':H'-}'dlnc 
anJ th.: complex is not absorbed. Displacement of 
albumin •bouod dru~ ~· othC"r drugs w-ith a !.,'TC<ncr 
bind in~ affmity mpy r~uh in ;In Ul(:lta.l!C in the (rrt. 
tlru~, leadin~ tO an incre:l.<:e•l r~ponse. t-.bny dru~ 
:uc mctaboliz<xl by tht c~·[o,xhromc P·4SO cmymc 
.system found in the li v~·r, and sev~·ral drug.s c:m al· 
ter the actlvit)' (increa..«oe or ~~w~) of the P·4SO 
~)'~l t!rn, C:nJ.~in~ dr~ hue-r:~e• ion. 

l\ f'hann;Ko.;Jyna:mk lm~r:lCllon Is on~ In whte:h 
the acrion or cffi.'(t of ~me drus i.:s altered by another. 
These: I'<'OCtionsuccurut thC'$itC"ofd~ action. Th~ 
t.::tiiJn~ may he <'nn~.gllni<.tic (rever.«~.! o( an <'lpha $'J• 
nlst whh )'f*hlmblne), :-...lJhh-•e <CNS Jepresslon 
with C()mbinjQons of prc:mesthctics). or synctgistic 
(.sulfona.m ide· triml•thoprim combinations). 

A pharma-ceutic intcr.•<.:tion (I<.:CUF~ when rh}'5i• 
~I vr t:h~ J nic:.;:.l r~:lt:l ivn$ t:.~e f~I;)Ct :1$ J resuh l.i 
mJxln~ ol drug,., in a syringe or othtr COI\[aincr. 
:'\mphoreridn B llUlY form a pr~o-cipit:ue when 
mix<:d with d<ctrolyte lKllutioos ()(her thllll 5% 
dc;xti'O:!e. Di~!<('(lfll may pr«.ipit<'ltt i( mlxed with 
C('tf:lin dntJti. Ampi.::lllln :lftd furoscmld(' m:1y be 

chemically inaclivnteJ if mixcxl with an nc;d me
dium (Ahre~. 1996). 

Orug mttr~•cti(Ml$ ;•rt dts(riht..t ~:; inwlvin.g lln 
objc-c-1 d•Wt (!h~ ont btlnit :lCt('J upon) :md a pr(' ~ 
cipiumr Jrug {the on.: thru influences the other) 
(Mcal('\'.2002). T~bl<: l·l li$U$el("(tl'\J J~ combi .. 
O<ltioO!i that m<JY havt unde:!ired <:(m'<(IU<n..:~. 

T~vN~ 
rt generally is re<ommended that miJCing ~drugs 
in the S¥ne syringe or Rttid adminisrration sys
tem should be a•o"Oided unless the drugs are 
known to lx! comp(lllble. 

2. \~ rv-.o drugs metabolized by the liver are 
gwen, one should antcipate a drug interaction. 

3. Cet\C.Ulcnt usc of drugs. from thr ~M111or modi· 
fying" categoryc:an c~ SE!ious J)I'Oblerns such as 
serotonil s.,n<tome or h;•penens;.oe reactions. 

DRUG NAMES 

01.1.ring the cour$4.' of i~ t~tin.g, de\•dopm<:'nt, 1md 
markttin~ ;-. dn...g may~ ~l"!lt;:ntll ,ol(\'<:r<ll (li.A'trtflt 
n:lmc~. Thcs~ mulrlplt n .. "ln\('S c:m ~ a S()urce <)( 

Table 1•2 Drug Combin.1tions That May Have Undesiffd Consequences 

Precipitant Drug 

Antacids 
Ketocon,nore 
Sucraltate 
Ruoroquindone:s 
Omep!' azole 
Phenobil1bi1al 

Cimebdine 

MAO lflhi)ifots 

Object Drug 

Tctrllcychnc 
Oiplf\ ()'<losporine. tricydic antidepressan1s 
Fluoroqumolones 
Theophylline 
~onazole/ittaconazole 
Theophylline, doxycydine. bet<~ bloc:.ters 

Oiazep&tO and theophyiline 

Amitraz, selective serotonin reuptake inhit. 
tors, tricycle at~bdepr~nts. other MAOs 

Consequenc~ 

Rcdue«< abso!pbon of t<.otrl!C)'Chnc 
Oecre<tSed metabolism of obiea dflJgs 
Decreased metabolism of ftootoquinobnes 
Dcac~ metaboliSm of tht:ophylliM 
Decreased Ofa1 absotptioo of obje<t drugs 
Increased meklboism of object drugs 

(cytochrome P·450 induction) 
Decreased metabolism of objea drugs 

(cytcxtuome P·.t~SO inhibition) 
Dangerous accumulatiOn of biogenic 

amincs !cOOing to ~otontn syndrotnt 
()( h)1)el1~ state 

Teuacyclines slow belcterial growth and in· 
hlblc pco.c•lhns that are most ~«b\.'4: 
against rapi<l,· groo"\og bdcteflil 
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confu~ion. For prActknl purposes, J~<S arc given 
the fvllvwin~ t'VJ-'n of n.-.mM: 

t . Ov:mK.~~I-ct.. n.~omc dut Jc:Knl:'('to d~ 1001«· 
ultlf "'"~of" dnta:. The«' n<tn1C'" ::.~ Kl('n 

1 iliL.•lh• ''~I)' ~ut;th', hut the.,. <• h~ um)t'lex :l't\<.1 
art! II II(Y:tUI<:.l) (or U~ In cllnlc:.ll !ol:HIOQS. 

l . ~(II' b.h.-mnocy- rhc: n3mt" giu·n co a drug 
k· tk f'nC"<!Kh anJ Jc.,y~l tm~ton. 
h I' u'>tJ ""' O;•n)O)uon~o;.IUOO he(-,~C'Il f'C"<<U'(h 
LCAm ... 1nd C•)1bl.~l~ • •I :.1,br(!via11Ufh .1nJ c•>de 
numl'l('h, 

3. c-mrcnJ.al-thc n.1n~ listcJ m the llnu..d 
s..o """""""" ... tl'SPJ . The ~;sr ,, th< 
lll!.~llv .\4;.4~.,.J '~·•nr~-n.l1um dut h~h JI'U)!!' 
anJ 11l:lt\>brds for thdr qualirr :mJ J'Urtl) '. 

4. Offi.,;iltl-wually the \:.lmc as the c~)mpendial or 
~c:rlc: natnt"-

5. Pn"C"ktN'f' .:- tr:..k -dw t'loOltM ,t-.-<n .,.,. the 
nunuf.I!C.tuuns c,••ur.my. \tlhen n ,,_ rq:•:.t.:""'-"· 
it II> the exd us.ivc r h!OJ\Cfty ,..,r the (umJXlOf. A 
l'umc th-nt is $hort uml can be ct4•ilv r<:callc:-d 
t" u.•u 11ly wok:ctetltnr th(' Pf\.'rm:t~o~rv n<~ow:. 
f'-.J.:r.•l Luf~t.,:hc .mJ tr.kknutl b~"' pn-~Uet 
th1111Ume. On Jru.: c~•nLlinct bb.:l•, 1n pocll;i,.'\" 

itU('r1lo, :lnd in dru~ rtfl'ren<c&, tht: 1\1\-.ptict~U)' 
ll.llll< c1m be d•~t ttll:lll!>hcd by a .. upc:rsnir t R 
""'tCh .1 lirck:.n1unJ l!,1lter rtw n.lftt<-

6. G\.-t'k:fK-tM WIMMI\ n.30W <:hoorM-'1\ b, the 
Cl\mrun~. It ·~ nf>C the cxduMH" riltht of the 
<<•mr,my. It may t"C 1he same"' the (l(iid a l 
t lf I.Htnpc:nditll nvmc. T he:,;e t~ re t.lru),.~ '11.-i th 
l'"'tdlh cha.r h;a\·t' .-.\pue.J. Of t.h-tY \h"!1ot ne~~r 

JW-cftiN 

11tC' l,liiOWIO!l; tiJu~l r.t iiOO Jll~u.UC"i UW': (J( Lh~ 
variou~ nt~mc c::ttt.'$t\\ll~- Kerasc(, Kemject. K~m· 
vet • .-n~.l Vcolar n re r rt'pt'ictary OdtnCI f.;_-,r kctamme-. 
whKtl '' 1hc: J!"'llnn -11111.1 C:tlmf<nJ"'' N!mC' - .. 
2 ·( o·< hh •wrhen, I) -l•tn~th ~ 1-.:tmt Oil(:. l·t.~)he u · 
nane (che-mical n;tm~· ). Codoe ur bl'tctr.uory natn\.'il 
for thiJ J nn; inch.td(' CI-SSI and 0 ·169 (Webb and 
A(''(hhKhc-r, 1993) 

In lc,tN"lk,.; •• nJ ,,dwr ....:;t._-l.,.tly .,.,"b. ~nt!fk 
n.lnlo ~tn 'luth ;a lu,.erC;;be kn~, .. .1nd f'C'OC'I"" 
L.Uf n:.m('jj begm \nlh a capu:allcucr. Th.s rn-:· 
tict' 111 fttllctwcd thr\-<ou~hnut thi5 t~XI (e ·R·• kcta mint 
(Kchl"':tl). 
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DRUG LABELS 

T'he (Amt" l•llf Vorte:rU\ollrY M~t~;lOC ((."VM) ell the 
R)A n.."qWit."' da dnJK OlniMI\er bbd. tnl.al bt th._.. 

(()llowin~ unn~ (Wt-bh anJ Aeschbachcr, 199}): 

• Drug n.1mCli (both J:dl~rk ancJ tr:lJI! n .I0\1."1) 

• Drug cl.)nccnmrioon anJ 1.1'1antity 
• Nilm(' iM...l Wd~ (I( dw- m.-..rwbcturcr 
• C..~ntrull «"l ou1~<en« .. ,.mr; 
• M:~.nuf.l c.wrt•r'i cootml ~ ·r l111 numbu 
• Drug'l> eXI'Ir:tlll)l\ d.m: 

TI-lle Lfillf\i iS ab..:t f~llfnl f-() lkool llblrUd~ 
b USt" oi the J:rug and •·.na~ of ~~We a.l\·('f'SI(' 
cffocu <:If the drug. E«au"< t l~ labd l'l1 d1or con~ 
Hlincr u~tl ltll '( h.,,\ lmlltl-J "I'IIC¢, m;,~ny m.,nu(Jl(.tur, 
en lbtlhl; a.l.k.J tt\IOrm.IIIHn h\ an hl;\'M. An in · 
..en is :1 "-m.lll f..-.IJn dw l!o rbced ~ eN! box 
9iith dw- Jruc cootarncr Clf "('Nfl.idc-d "~a tear <if 
}'Oftion L-,f the" bbrl. 

11w u ... l.: n:ome ~'*''lly 1 ~ f)l;)ced fi 1~t <lll ;t t lru~t: 
b be.l anJ ili JtLrirrcJ In h1lol leno:-rs (FilL"«' l·9). 
Tlw ~ncnc n.-.mt" qrK.tlh f,-.,u,,.)'l}.·s the- craJc- namc
m !malleT rrtnt· Th<- bl-d m\1.'5t d~t., the" con, 
ccntr.ttl"n ( '-lft"tll.'th } ~,( 11 .lru~ <1.nd t•n· hll"l quilfl• 
my In tlw C<t!U:.lin•~r. Dtu.~e Mtc.n1r11h ,, j,.::n b 
exprcl>SI.'J ,11o mtlligronu •'* units per Jnli.l~<e un it 
(mglml. ~c;~rsuiC', anJ ''forth). 5om<" ~lrugs an: 
R'IJ m drtkwnt oon«ntnt~ •;tb •1m1br 1"'1:-d~ 
;)nd und~nl'"'"~ '"' '" ~.:nli."'"lJ! C3t\ n.:-.uh~ Wht:l\ 
the sam~ , lrut: is marlct~d 10 d if(l'l'(nl I!HCngth~ 
with s•mil.1r la~ds, some (o;)mronics u~ J•fTcrn u 
11~ of ~-.ttk1 for the- J,tt~n:nt $U(nt:th' -.nJ dit'!-' 

rbv the C•JOC('ntr.tt•••· '" hoi.J ~"' Atn:ll{'l~ 
•• nJ X'\·la:.ln.• ;lre t-x..~mpl..:• d drup thAt .u~ mar
keted i.n \l1fft'r<:nt corw:~nlmtions for lnr~c and 
$mallamnMI'>. 

'The- J;aN-1 mi.N: n'l(lu.k the l"'tttnC' an-1-..!Jrlt'c vi 
1he ~b,.tUt\!'1' t-1 tho.: Jr~. nus I) iiiiJ''tfl.lll\t _,.,, 

th:u one ~..m Lnow whc-m I I} cc..nc:acr tf ,,J., cro.c dwg 
reaction~ , ,cwr, or if tl-thc r rrobkm~ \nth the d rug 
nrLoc:. 

l)n.t..,. th.IC ~\"e t"'.Cn'IIIA( il_,.- <l~IN.' .,., humo.n'l" 
Mot C\'lfllhllkd unJ....., dK· Con\rrd\c-o..a'~ ~ 
Abuse ru;n~nr.ion anJ a.~ntToli'\Ct o( 19i0. The 
Drug EnrMccment Adu,imhl11Uiun rlncc~ druglJ 
intQ c;,t h'~•mn '"' ~lwdul c-s t~C<on.lul lt h ' th;:lr 

-- d 



18 APPUE'I> rHARMr\COUXW FOR VETI:RINAR.V TECHNICIA)'.:S 

~ Jl' 

\JN.~t-ZEN® ·l·J 
(albendazole) 

Broad-Spectrum Oewormer 
Oral Suspension for Uss jn Cattle and Sheep 
Controls: 
Stomach Worms I inclulli119 4-!h slllg~ inhibilc6111V•c of Osrvng.<. asr~gf 
lnrestjnal Worms 
Lungworms 
Tapeworms 
Mature l.iver Fluke 

1 L/33.8 II oz (1 qt1.8 II oz) 
NAOA 1110<048. AWtC1YUd twFOA 

f iGURE 1·9 
A label s.howing the cornponents of G drug a~ requted bv lhe u.S. rood and Drug Ach'lflistrc\1:100 (FDA). {Cwrtesy Phzer Mimal 
He"l!h, ~ Pt~ ,) 

(M.llt"nti:~l fvr ~~~ ;;m,l rc:~f\111'\!~ tl101t ch~ h1hd ul ~· 
wm~lu)cr ti)r a CdmmllcJ !>ub~ranc~ musr be l..fi'Ofl· 
tied with a capit;.'ll C . t(l\lowcd by n Rl)Ht.'ln num<'rol 
thnt id~nti6es which of th(' fiv<' <<tt~ori<'.s is nrprx.\• 
pt'iat('. Thill' lo1h::Jing lllU~t 1'1( r i<IC('() iJO the urpcr 
ri):hl J;t>l~ n( Ilk C•lf'lt:lintr L'lhtd. 

Dru~ lab.-ls an.' tl->quire..t h) l i~t nn ('xr u".lt it)l\ ..t~uc 
for tlw rroJuct This is W t.'fiSUf(' that J ispC'n-scd 
dn~~ hiwl" thl" intended ~-.fetr <tnd c:fliCil(}'· l)ru!,* 
:m~ u:~t~~l <.kmn.g devd1Jptu~IU U) ..kle-nuinl" the 
cl1Ccti\'C shelf l.fc M J J'n'l{\tf 'S-Tflta~oto: conJII1llC'IS. 
&lmC' J rugs mu:;t b<: swrcd in r('(ris<'ratit)n, nod 
uthc:rs must be storc:d in light·r~$istont (amber) <.on· 
t<liOI!T$ tv ('.n ~ure tht1t ch~ ~hd( lift •~ nut :shnrlo::AI.!d. 

Stt)'r~ ht•tTUCtiiJII..~ (JI) !h.; tahd $htJttld b¢ fo!U,u>¢1 cure-
full) t l) t:a.lidare thl' l'l:piration dtu,;. 

A ll dru~ must hl'lve a lot \lr h:n<h number on 
ThC' lalxl. Th(' pu~l" of the lot number is to olio"'' 
the manu(;t~turl"T tv l:n<.JW the <>WCt tim~ <an.;l d:uc 
(,f r.ro.lucuun (of d't: r nxfuct nn.l• h~ •lualil)' a'"' 
quanti£)' o.f tho;: in . .grl-.Jienrs. The lm number is ..fe· 
ll.'rtnincd by thC' manufa<tu1l"r ~md may consist o ( 

numbc:N. or numh:rs and ll"Uel'$. 
A ll()tiler (;::uvr;: 1 h:~t i3 ('ft~n fvlnt«.l vn a drll~ 

hlbel buf Is 1'\<lt tcquucJ by the F'DA I$ the lt.'l ftc)Oal 

Jrug code (KOC) numlx-r. The NOC is a 10-Jigit 
numb('r that id<'ntifi.~ th< manuf:.cturl"r or disuibu~ 
t(•r. tho: dru): fcJrtnultlti<.~n, <101.l the p<•<:ktl~ $1:e. 



Drug~ ime-nJed (or ~1njm~11~ rh:u m~1y be c-on· 
9Jmcd by h umans m~t haw the appropriate with· 
dnn'll~l t ime li.stc:d. (Ill the in5e:rl or l1lbtl. 

DEVELOPMENT AND APPROVAL 
OF NEW DRUGS 

11l.e ft:der,ll ~lM:tnment n::quirelt d':n l'll':fc.re :J•W 
rw:w nnimjl he1lth proJuct can be marl:eted. its 

&'lfc.'W and efficacy mu~t be proved through ril,'OI'OU$ 

twing. Thi:! t~ting !\"quires the <xpendiwn: of 
mu~h cim.e ~nd nl(lrtey. ltllt"'ii ~n t,:():l im:lted rh."'t vn 
:wtf~c. to f:et :l oe"' animal d tua on the m:ll'ket, 
7 to I 0 years of testing is r<quircJ at n COS( o( 

S 15 million to$20 million to the manufncturer. Th<: 
Sti.:J-1'1 in thi:; prOC~'$ are r)(ltliJ'Ie(l m F"-'Un: 1 ~ 10. 

Chapter 1 General Pharmacal~ 19 

The Jcvelopmcm of new annual health prod· 
ucu begins in thl." res..•.tJtch and d..-~·dopmcm dc
p!lTtrnem (I( the manufactu ring cornp~tn)l. The com~ 

J't!Jlf w~nt4 tO <•~.m~ tllt"'l cht dn.~t: •wt lmly ir,: ~(e 
~1nd cffocti\'C (tJt :mlm:.1l~ bu1 al.~1) Is .s:.1fe (,lt 1he en.
vir..)nment :and for the people who will consume 
prx,x.luca (rom animal$ tl'('ated with the drug. The 
company w~ntl! to be e<rtain thou~ u1ari:.<:t ill a\'a.il,. 
:.lble (ollt 1he 1'1\)clu<:t, th .. "'t ir wilt he l'n)Ciu<:ecl ''' :.\ 
CI'X-lt that is h~:\:SI)O:.lble (or CI)I\SU0\\'1'$, and thjt the 
product will be- pro6mblc (or the company. 

Regulatory Agencies 
The three :lttendc~ o( the U.S. f:OWmmcm that 
r~'Ularc animal hcahh r roducts nr<' th<' FO . .I\. the 
fuwironmentnl Protection AJ.~ncy (EPA), and the 
U.S.l'>trwtm~nt o( A~ricultur~: (USDA}. Tht FDA 

Copyrighted material 
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f iOORE H O 

I 
I 

y 

y 

~ y 

Pt!armaceuclc ~- BloiOgk 
y L---~y~--~ 

Su!:>:TIIIINAO to FDA. 

y 

y 
SIJ!)(rlil 

NAOA toFOA 

y 

l FOA llnal dala review I 
y 

Contact AFitiiS (USDA} 

y 

Clinicallril'lll; {c:f1icac:y) 

y 
SUbmil pr-eliCense 

$te181$ k> NVSl.I,USOA) 

y 

Fle«llrtals (safety} 

y 

I 

y 

I S-EUPtoEPA I 
y 

I Clinical trials 

y 

I Sobm!l 
PPAIOEPA 

y 

I EPA ltnal data re'o'i&w I 
y 

License awaroed Apply iO APHiS for lloense 

y 
I I ~~&e awarded 

y y 

oroc:IJ~ monitorYI~r ~HIS lint~l daltl tMw I I Prodvet rtl(Wli~ing· l 
y 

·~I!Q<II•Ii>"'io'!Oell ~~ U~!le SWS(CH!d 
., ~uct ·~ mOtttoAKI 

boy lll<t II'\SIIV~f!r ~ y 
~tt• ~tl!tp'll!lnmert 

l'tl(lf'IC1\0(III~"• I PtOCiuct mori!Otlng· 
II$~ Wilily - ...;._..J 

A 1\oN e,:h.:,rt cllhe ~fl\!1 hell ttl PIOOOO «l~ PIOC.X:'5$: he:>~ New o\"lm,..l D\lg (INAO): US. food 1111d Dn.'S Adn"i~ 
(l"!Y\1. Anfma1 i!I'Xl ~!'( Heal!h hSpe<.tlofl ~ (PPHfl); NMol'lill \t:teri!'lill'( So:!r\1c.es L.aba-a-!Cc'( (NV2.); U.S. OEpartfl'll:'!l! of ~l!!.re 
(USI)f\); bperimt'rt.d Us-e ~t (B.IP); fm;10nmemat f\<lote.~ Agerq (EM); Pes6:ide Perm( ~tkn (PA!.), (from €1Choon K: 
Tb: ~ lXI ~1: 11QW~I(hd$1xlvelie$b«t.lrne ~¥hc:ensed ~ T(C)\~ Med 4111·13, 1993.) 

rc&"Ulatcs rhc dc\•dopmcnt and ~~prroval ol animal 
drug:s and («d additiv~ through its CC'ntl"'r (.;w Vet.• 
enuary MtJi<:nw:. The EPA re~.t~w:$ the devekYI'' 
mem anJ :'lpprov:~.l of :munal 1oplcal ()l-'SridJes, and 
the USDA rc_~,'Ul-ncs £he de.,.·d \')pment and :.rpmvtal 
o( biologics (vl\(cines, Sl'Tum.s, antitoxins, and simi• 
la.r pi\JduCt$). 

THE FOOD ANIMAL RESIDUE AVOIDANCE 
0AlA8ANK 

T ht FOI.Kt Anitn:.ll Re:;idl•e A~·viJM¢t l>.mth<l.l'k 
(FARAD). :l projeu !.ponsored by the USDA Ex
lc-'ui\'m Service, serves ::~s a r<:J)\">Sitory of residue 
avoidan<:c: infonnati-on and Wucattooal matc:rial:s. 
FARAD priJvide$ ~:N(l(rt ~dvi cc: ¢1Jnc.:mmg th~: 



n~·oidanct• of drug residucs in an dYon to achicvc its 
~'Oal of produd.ng ·~a(~ food:; of animul origin." 
FA RAO pn>Juw a ¢VIupt:••dnJm d fi)A,~ppr<I\.'C:d 
du.~Jit~ :'lnJ pmnde..~ lnform:u!on :'lbou1 "'hhh1)IJini,; 
times (or milk nnd prcslaughtCr wirhdr$wal times 
for meat. The: infonnation in this com(X'odium 1$ 
~vt1il~ble 'Jnlme (www.f;;n<Jd .v~), t~nd diR:Ct td~;• 

phnne access IS pr1w&ded fnt S1tu:\ti1)1\S u) whicl' 
online intOrnwnon is not suffidetlt. 

Steps in the Development of a New Drug 
PRELIMI NARY TRIALS 

\'(lh cn a new druf: or prodwtt .sho"-s the poteml:~l 
for devek•pmcm b\· a Cl)mpany, it is hrst subjcncd 
to a series ol prdiminruy niah. Thoc: c.ompan\· wnnu 
•~~ know whtth-tr th-t pr<xlu<;t will ~etut~lly p.:rfvnn 
as exre.::ted, whether h h:lS J)l)teml .. ·llly h:u·mful :lJ· 
verse cftt-'<'ts. and whether it will be r rofi.tablc to 
marl.:et. If th~o~..- cooc.:ms aroc: 6ati$fact0fily an· 
'wered, testin~ hc:giJU. Fi~. the pwdoct i$ te!ted i.n 
;t blx)r:th)l)' (II'\ $imple l)fJr;:mil)m~ $uch <)~ Wct~ria, 

feasrs, ~lr molds. C'..ompurer models may be used to 
simulate animal models m this time. 

PRECLINICAL {ANIMAL SAFETY) TRIALS 

I( prclunlo:1ry nl::tl finJin~l> pr•l\'C l>:'ll lsf~lCt<,ry. the 
next stcr involv~s ('C'edinical oi:lls. These tri:ds 
usually nrc cani<:J out with th1• u.st• of labor.nory 
ru1imc•b to g~thc:r infonmuion <•hout ~prwopri~te 

d·)(!)~ vf the drug. A (ew 1;)'1-ftl (huendeJ l)pt:l:teS) 

animnls m•'Y lx- us..xl a~ "'-ell. If the result!! of the 
prt·dinical tri~lls nrc: ,satisfnctory, the company then 
notihc:;s the <•ppropri:i•tc government aJ.>t-ncy tht•t t• 
n~· drl•g is llll,ltr nw~~rgi•tivn. It Jl~ thi* by 6.J, 
U\jl: an l.wesd{tulonal New Anm1:d Druw (INAD) 
application with th.: FDA. I( r:hc produ<.t is a p1.-sti· 
cick, th<: wm{'lln)' file! (or an E.xr«imentsl Usc: 
Permit (E.UP} fr(Htt the EPA. I( ~ h.ologi¢ i~ in• 
vnh•eJ, 1he C<nntx~O)' C<•l)(:.ll:tl) the Anim:~ l :.l1~d 
Pbnt llcahh Jn.~~ct:iM Sen'K1' ,)f the USDA. 

CLINICAL TRIALS 
By chi$ tintoe, the ru~uwf..)ctur~r h,'I*OOrnpikJ ~nVl~h 
mtimna110il m dectdc whNhC:f 1he proJuct .should 
be te-sted in the t::~rget .spcci1"S. These tc.m muST 
pr<w<: that the Jru.g &$ Je and dfecti ... oc:. Potential 
tOXIC t\nd ~dver<:e eR'~ts mu.~t b~; idtnti6oJ. Ti!iwt 

Chapte r 1 General Phartnacol~ Zl 

residue.' nnd withdrawal time inf1'>nnation m~t be 
accumulated if the product will b< used in food, 
pr(l;.iuclni:: :.u1im.::•b . P(li-.1-il>lt t(lsi<; ef(e(.t~ (ln (m!::g~ 
nam :lnlm.'lls :ll'<' t>)(plored, :'liOili,; "'hh lnformmlol\ 
nOOut the rotcntialtOr birth defects (t.:rntogencsi.s). 
Shdf life Mudies also must be conducted to estab
lish ~;xp~ti(ln d<1te J.:.u.. Rc..(Uh~ v( the.~ ~tudie~ 
olre v:11id:ued t:ht(MJ{:h the use of s.:uistical :ln:.ll)-sh. 

SUBMISSION OF A NEW ANI"tAl 0RUG 

APPLICATION 

If •he •Mnu(~(:«•rh't# et:unrx-,ny J~dJe$ w m;tr4:et 
the drut:, it then must lilc with the F'D:'\ :l Ne"· 
Animal Drug Applicati,'>n (NADA). Pr.:xcdures for 
pesticid<"$ nnJ biol01.;ics are similar. 

FINAL REVIEW BY THE FDA 

Volumc.s of rcscnrch :uc submiucJ to the FDA. 
EPA. or USDA for a•vi1'"'· Approval and a lkt'IUC' 

for manuf<t~:t\Jn- aT'\' gr.mtc:d if the <•ppropriatc 
<)ge•l<:.y \':lhd:ttt$ 1he ulf(lrn\~ livn. 

PROOUCT MONITORING 
1\$ long as a product i.s marketed. it i.s monitmed 
¢1>~t~rontly h)· 1ht OOni{XITW and the g.fJ\.'trnm-tnt t(l 
cn~ure 11S .::omlnmng sal~r~· :~oJ effi.c.:l..:y. 

THE GREEN BOOK 
T~ Grc(11 Book is <1 list iJ( ~II rutim~l dn~g pRJduct:s 
1h.'lt h.:lve hc:e•t :•t'l,I'I)VtXI hv •he FDA ff•r s:Jft:ty :t•"-.i 
effecr:ivcnc..'\i. This !t.St was tirs.t published in t9S9as a 
COOf'CNltivc, nonprolit cftOn lxtwt•cn the USDA and 
Virginia Polytechnic ln.st:iMc aod S..•1c: Uni\'t'l$lt)'· 
It i$ fvrld~l dn('ll.ri!ll ~r) uuer;'t!en<;~· ~l(;:~ui,:nt IJC:, 
rwcctl the USDA :lfld the A'>A. M1)tllhly updates arc 
m ..... dc ro the lisl. :md the t'Otirc list is ruhli.'\hed each 
JanU3ry. The Gn:l'11 BooJ. b 11.vailable dc.'Cuookally at 
th<: FOA·CVM W~lii'IJ Wide \Veh site (htt!Y.//v.'Ww. 
f,b, .s;•w/c\·m/ $!fl:~fl.honk/we~:mh;~~. • . hrm I). 

FEDERAL LAWS RELATED TO DRUG 
DEVELOPMENT AND USE 

In 1906. Congress passed thc 6rst lcgislati,')n de:· 
6i.gnc:J to fl!'<.,'U iatc: the mnnufacwre. u17c:, and ~ale of 
drvJ!.$. T~ble 1·3 pr..w·idts .-li~t v( 1h~; m~jiJf aoe.:.t< o( 
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Table l •l federal l aws Ref,:ul:u:ing the Use o( Pharam:.ceutic~ 

Date 

1958 

196l 

1968 
191<) 

Legislation 

Food ad6tives amendrner.t 

Kefauver·H.arris ¥nendmeru 

Ar11m.al drug amtndmcnt 
Comprehensive drug abuse (lnd oontrol ac.t 

kgislarioo JXl~cd ~(~»e the 1990s and dc.saibc.s 
the significance of each. 

The Animal Medicinal Drug 
use Clarification Act 
In 1994. Congress p:t$scd the Animal Mcdicin..11 
Drug u~ Clarillcmion Act (A.MDUCA). Thi:! lcgi ~· 

bt)l)l) ftl(l(l t I.!X tr<l l<\htl ll ~l! I){ (l J'li'H\lVeJ \ 1Cterin.<1rV 
drujCS ltV:tl un..kr ~ptlCific. well.-dc6ned ronJifu)C)S. 
This au cnme ab.')Ut becnusc ol the t~'lbb)·in!-1 cftOru 
o( the Aflk•rican Veterinat;' Mt-dkal ASS<.~C iation 

(AV~Vd ~tnd oth..-r grou~ in resf'(lflff; tcJ th..- FDA, 
wh!C.h h:.J tit:..f1ttneJ il ~ tvlkleiM~ txt r..ll:~hel u~e ,,f 
vctetin;uy dtuJlS. Prc\•lattil)·. vetcrit'\:l.nat'IS had !x"CJ'l 
pcnnined h ') use nny drug as long as if could be lc· 
~'<Llh· obtained. was u~d acc.ordi.ng to wund profc:5• 
.~i<n,~l practi<.:e, ~nc.l !edt nv r~•lv-c: in (I)I.,J prOt.II.IC.t.:l 
(C.:,piXX. 2003). Howe\·et. public c.<~nc.erns ovet· 
tO..'JJ sa(ery iJ>sucs rdned lO residues ~)f .M.abstn.nccs 
&a<h as dieth)'IS(il~uo), chloramphenicol. and an· 
tihioti~ caus..xl th..- FDA w i.;su..- <.:ompli;l.nc..- pvltc.:v 
,(!uidelin~tt <CI':o()s) th::u ll\.'ltk d tt:lhlho::l \~')e tll~)l. 
E\·cn thlqlh th~ FDA would om routinely prose· 
cute vc-tc.'.rioarians (or exrmlabd uSt: after i.ssuancc of 
th..- CPOs, practitionc:l! nonethd ess were pltlced 
in the [ll..l$1tiv n cJ bre::lk.inJ;1 feder.ll (;.)w (\' rneet 
their obll):-at ions to :lnlmals and Lhd r 0\1.'1\tf!>. T he 
AMOUCA all~)W'S veterinarians to legally .sclc.-.ct the 
most c:fficaciousdrug:s (or thc:ir patients. The AVMA 
i.s::;uod im AMDUCA Gu~ Br(;.cJum: m 1998. 

Summary 

RegulallOn of substances added to food tor human 
consumptton. Delaney clause provided that no addi· 
rwe ma~· be added If 1t causes c.anc~r .n hur'J'Wn$ os 
.800\biS. 

ProW::Sed for ~lety and effectiveness ot dnrgs by s.trict 
control of manufacturing for new animal drugs. 
~ rc.gt.j!lttons fo1 new illl"'lm~ drugs.. 
Placed oontrolled subsw"es into schedules according 

to their potential 101 abuse. Called fot registration of 
vctenrwmans. 

This brochure ~')Uthncs rcquircments ,.,( the :Kt and 
provides an nl&>orithm dun can be: u.ic.'\:1 to J l•tcnninc 
whc:n extr.•lahc:l u~ h apr tt'f'natc:. 

A $t(t:k\Jl vf the AMDUCA ~tt:l! th:lt rhe FOA 
m.'ly prohibtt nn extr.lbb€'1 ~e ul anlm.-.Js If the 
agency finds tOOt such use Pf\'St"nu a ri:ik h ) the pub
lic hc:ahh. The followin~ dntgs and suNt1m~ 1u-e 
prohibited for exu<•lahd ll~ i.n all flx)d•pnxJuei.ng 
~)1\tmals: 

• Chlvraml'henkx•l 
• Clcnbutcrol 
• Dicrhyl~tilbcsrrol 
• Dimetridn:ole 
• lpwnh.l<:mJie 
• 0 Lher nltroimKI :l~•lts 
• Furo!olidone 
• Sulfonnmidc drUS$ in lactating dairy c.ottlc 
• SulfudimC'thoxine~ ~"tllf;•brornometh.;.;iOC', and 

l)u lf:\et hvx pyrit!am'le 
• Fluoroquu\Oioncs 
• Glycopc:rriJcs 
• Phenylbuuuone in dairy c.tutle 20 months of agr 

,m,l vkler 

Compounding of Veterinary Drugs 
FDA·:lPf'l"l.WcJ J ru'='s :lre l:lheled for spc._"<'Jfic. dlCt:l• 
pcttt ic uses in dc6ncd sp<:cic.-s. Because vcr..-:rina.rinns 
must u e.at o ''aric:ty of animal $p<:C~ that may vary 
~rtntly in ~i;e, it il5 nl)t o:-lway$ ptJ~ible w u~c: ;m 
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npprow:d drug ior every dini<:al situation; the re· 
fmc., \'C't<:rin.;U"iltn;S may have to dilute or combine 
(OOmJ'<""~l•nJ) ~xi~thl# nHxli~~ttivn*· Rlr ex(lmJ'It', tt 
may be In th~ bes-1 lmcrc;r ol a horse I C. combine 
mme than one drug in a single syringe to minimi:e 
th<: number of injt'<:tiom. It also ITWY be ('~Cntial to 

dilute on injtcr.tble tt~t'nt tv "-'hwin ttn <~prn.~ri<ttt 
C.<ot)Centr.)tkot\ j(,r :.1 hln.l ()r tn<•tt$\'., ilol' (() prt':f':Ue :'Ill 
nntidmc {e.g .. JW>dium sulfare) thar is n\)f comme.r· 
c inll)· available None oi thl"$C' nctiviticli would be: 
pC'nnittc:d u ndcH :>tTkt intcrprctlltion of" FDA n:g• 
~t l:ll i(U\').. whidt n:\!"Jiti<'ln~lly h;"lvt: nl)l d~u~'\tbhecl 
m~ ;w'.l oi dllurln~ or comblnln)l' dru)tS from th e :lct 

o( m~nuf~cturing. Any ~Iteration ol a drug by n 
\'eteritUJrian or his Of her cmplo}'ee that ch.,ngC'$ 
t he Wf\etntrotiiJn ,.tf tht ~ctivc.: mgn:die;:nt, tht 
preserv:lhves., <)I' the vehu-:les tbuh$ in :l t\ew :U\1· 

m~l Jnc that is subject w the FDA npproval pr...,. 
cc" (l~vidgon, 1997). Rccor;ni::inr; thl•difficultiC$ 
im~ed by the.;c: ncgulatioru;, the FDA is>ucd '' 
CP(i {608.400) in 1996 {(I l~uer dehne the 
c.ondltlonSc for >A'hlc.h C\)fllj)\)ut"Miing Is pemtitt~J. 
TOOe cmtJirimti include b.n m;)y not be limit~.-J to 
(I) identification of a l egiti~•te vcteriOIU)' medical 
need; {2) the need fvr t~n <lprrvpri.<\te rc.:#nll<:n (,_If ;'I 
patlitular !'.ped.:s. sl!c., lt('O..kr. <)f medical co•td•· 
ri,.,n; (3) l:tek of an ;tprroved anim~l or human Jrug 
that wh~,•n uSt.-d as labeled will tn•.nt the condition; 
••nd {4) too long a ume inten·~l for :>ocuring the:: 
drug h ) 1rc::U 1he C(lndtfi<'lll. 

The Veterinary Feed Directive 
Con.!,.'T~:> <::it<t.bli.shl'ld th<: Veterin~ry N-ed Directive 
(VFO} "'·* pMt .:~f the A nilnttll)n.tg A\';hl;:thilit y A~t 
o( 1996. The VF"D c~1ablbhed a new cat~~ory \11. 
drugs y~lS nn altcrnnti\'e to prescription n~ru~- fN 

certain amimi.:robial animal (et'"\1 additi\•cs. Bdore 
thi.$ di~«ti\•e, .-11 C~Jmmer<:i"lly availiilble a.nim.o1.l 
tlrugSc fl•t use 10 medical~ fc:~..l.') w"'i:rt'" :.\vatl:l.hle i•n 
an over·the·C\)ul\ler basis. The VFD therefore PI\")· 
vides the FDA CVM greater control over the usc: ol 
~mC' n<w animal fel'ld ttdditi\'(",s. U$(" ofVFD dru~ 
n:•l\11~ :\ \';'lliJ \'l;!t~ntt~lli~ut~i'<ltiem-dient rd:.\• 
tlottshtp :1.0d the lssuan«' of a VF"O (\"~m b)' a vet· 
crinarian. The anin1al producer must secure th<: 
VFD form from the \'Cterinarian and mu:;t pr~nt 
It tv~ fte~l mill tl) r«dve the mo:llic~te(l fee~.l. 

Chapter 1 Genern.l Pharmacal~ 23 

The Minor Use and Minor Spe<ies Animal 
Health Act 
Th~r;: i$ :\ .).h\>rt~e m the Uniled $wtc:$ l.l :lp

provOO -:'l nlm-:'11 druw,s tnrcndcd (M u!i£' '" lcilSc cdm~ 
mon anim~l spcc.ies \)r 1hosc with less common 
condition:;. The druw; tlutt do <:Xi;St ma\· not bl: ulied 
legi•ll}' in the <tnimitb th<tt need the trt<:~tmtnt. The 
Mn\nt U:.e at'KI Mu\fn $recies (MUM$) At)uU:ll 
lle~llth Act \)i 2001 is inrended ~ls a moch~lnism to 
prO\•tde FDA.-nuthoritt·d druS$ (or th<."~SC I~ com· 
mon :>pC'cic::> and indication:-;, :;imilarly to the hu
ul(n) Ow,~lla•' l)ru~ A<.:r vf 1983. MUMS :o;pteili<.::·tlly 
Jdi.1\t"S the rmvJsiM oi bJ:.e.JcJ dtu)I'S (or minor Spt"· 
cies. incluJing sheep. goot.s. g~mc birds. emus. 
ranc:hed deer, alpac.ru;, llam~Mo, deer, elk, rabbit$. 
~uine~ pig$. pet hnxl$. rtrril(:.!;, mntunent~l l•nd 
,,ther fish, shellti.(,h. wtktll(e, !0•), and :'l'luarlum 
~lnim~lk MUMS is nJso designed to proviJe maJOr 
:ip<:Ck":i {e.g .• cats, Jor,:s, horsc."S. c.ntdc, ~wine, tur· 
kq•:;, <:hkkeru) with ne-eded drugs ((If uncQftlrtlon 
indic:.ltkll\:. (nht\(lr use~). 

DISPENSING VERSUS PRESCRIBING 
DRUGS 

Although m~t physicians rc-cscrib<: J rugs, mo~t 

Vt"11.'rinariaru Pfi."K-Tibe and di~"OSI.' them. Thl.' pri· 
m.;~ry l"{'<tWn whv veto::rin:ui:tM m<tint<~in .- phann:l<;y 
in tht:.h howil:~b i~ 1har .!rug $:1le5 re1,~nt :ln im~ 
port;u\t sout« ol inconw. FooJ animal pt:ltC.(iliooers 
in particular US<' pmfit iroot drug sa)~ ro.supplcment 
their in~ome hc:cause it m<l \' be d if6cult for them to 
<:ht~~ wfhc:itmly f(Jf t h tir time. Arwd1;:r rl:"<lt;;)n 
why \"l"terlnarlans dlspen.ie dn~" fr.:.u their hospl~ 
rals is dl:lt humnn phatm;K.ies usually Jo nor stock 
Vt"1l'rinary drus:s- A few Jrur;s ate available only from 
human rhanna<:t~. and other.t <ue l~ed . .,.., infre ... 
~uet\11)· th.'ll w:teru\:l.rt:Ut$lillJ il more pr,lCIIC:tl :.lttd 
economical to wrire n ptcscriplion for them. 

MARKETING OF DRUGS 

Ph~rmaceutic products nrc purchased by ~·ctcrin.'lr· 
ians from varioo.~ souJC<'$, &me products are pur• 
<:h~~(l \hrtctl}' (n)m the.: nHmufacturer bv td..ph.me 
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or by mail; oth.:rs at.: obtained from sales repr~.-~n· 
tatiVl'S (dc:wil po:rwru) who <:~:~11 on v.:tc:rimuy clio• 
~- IJ~•ril.mtc)l"$ (wlwl.;t~\ller$) ;)r..~ Cqmp;.-rrlU:$ lh\11 

b.ry products (1\">m m:~ny diH"erem n\:'lnut'lcturets 
and then resell the products ro veterinarians 
through stlle~ rc:rr~nt:min.';S or by phone. Gwc:rk 
drug <.:QIII(Xlni~~ ;~ell generic pM~U<.:ts unJt.:r th.:ir 
own l:"thel, u5u:llly hy m:·ul <Jrder. 

Moe;t o( the rh .. ·~rm;let!·utk nt."lnuf..lcturcrs arc 
la~ge comptmics thnt hnve $Cpattlt.: divisions. One 
diviliion sdls products to vc:t~:rin.-ri<~m only, and 
tht" Qtber *II$ <w<:r·•he.co)'IJni¢J J'roducts... II ~hould 

be nored 1ha1 rhe St:.ltemem "lKlld m ftt".ldu:"tte vet· 
erinarians only,. on tt drug lttbcl dOC$ not mean thar 
the product is a prclicripc:ion drug. h only indicate$ 
<' S<'k~ PQlicy of th~ cvmpany. l.n ;r (o,;;w ln.'>f<lrt«:~. 
dh! st~me Jlrodoct ~~ So.)kf umler differt1U l:"thels 10 
vctcriruuittns onh• and to O\"t"r·thc-countcr m:l.f· 
k.:cs. Some (Ct'd StOTt'$ and coopcnnin·:s arc- able to 
sell 0\'C:r•the-<.:oontcr products himil.-r to products 
~ld by ve•erin;)ri:_ln~) tO oon~~unen; \II priee.t lower 
th::~n \'Cterilt:'l!ittns C:ln ch .. "lr"-e fx>cause of the quan· 
tit\' purchasing power o( the .scores. This can be n 
I'OUI"<:t' o( tt'n!'ion be-tw«n vc-tl"'rinarians and "'tail 
m~rl:~t.s. 

In 1\."t"'etn \'e:lfll, Internet J)l\armolCk'S howe 
emerged on the tn:lrkcting scene. Mttny clients at· 
tempt ro usc: these resourc~ lx-cnwc o( the n.-duced 
cost o( :~om~ protluc~ The primal)· oon<;("rn in the 
veu:rin.;rr)· <:ummunil)' is lh<lt ~.-,.me l1\1ernec (!lt;or· 
mades ttre .stappl ~~ing presuiption drug.~ to consum· 
ers without the authoriuuion o( a veterinarian with 
a veterinarian•dient#patiem•rdacion.ship. The prt'• 
$1CriJ't ion m;.\y be Cm~t!\,J 1,.,. an oot-<',(•stat~ ,.(~ten
nauan who responds h"> diem que>-t.onllah-e lnf\)1'· 
m3rion, rather rhan through anura) patient and 
client contact. Solving thc:sc problems may be di(· 
6cult ix~u:.e the FDA n.:gul<1tc:s th~ dl'\1$,! prtxluca 
rhcm~elves, n01 the Jltacd<:e \)i the ph:mn:\Cy. "l1h! 
ln'lrd of phamt."lq' in th e individt~J swtes where 
the lmerrwt phannncy is located nnd rcgi!itet('d 
l'{'gul.-tc:~ th< pt<Jcticc: o( phllmwcy. The lxuud ol 

phnnnacy in Stliltt'$ where consumeN arc gi\'Cn pre· 
::~crirtions cn(orc;.e~ tequiremwts (m out•of.-stlltc 
rl t."'nm'ICit-::~. The AVMA (ld,·t)(:atti a 1'1\>gf\\111 
called "VIPPS" ro vaiiJate the leaarlm:\cy of online 
phnnn~ldcs . VJPPS (Anonymous, 2007) is a volun· 
t:tl)' ccrtilicntion program that was created b\· the 
N<~tion.-1 A$W<.:i.-tion o( Boor&; o( Ph.,lfmt~ty. TI1e 
VIPI>.S 11<!:11 o( apJlrov:"tl vt~ li.late.s d"u the vnline 
r lurmacy is appropriately licensed and is conduct· 
ing ~ine~ l.:gitimutel)'· A rclat«l issue is the &lie 
o( "ethical products,. by thC$C.' lntc:met «:ompanie:s. 
Tht$e ;;are rnxfuc',; (~,_K whieh the tu:mul'ta~t11ri'r has 
voluntarily II mated rhelr s:-l lc to ''erctlnmr.'lns :.s a 
marketing dcci~ion. Some ile3 and tick control 
producu arc .:thical producu r¢gi.st.:red with the 
EPA vr th~ FDA m the 0\'~r-the-.;otlnter ctltc:gory. 
lmpn)J)er sale oi •he~ e1hkal ptoduc.ts lll:l)' then he 
an cthkttl rather lhan ~ le~1l issue. 
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Chapter 1 General Pharmacal~ 25 

REVIEW QUESTIONS 

I. Defirw th~· followlnr; tcrnw 

... Agmklt -::---------
1>. Cc:.ntr:liftd k."':'llt(Jon ---------

c. Efficacy-;.~~~:g=:=:=:=: ____ _ d. Ovcr·thc-<ounte r drug 
e. PreKription clnrg ----------
f. Receptvr -.,.-.,,--------------

2· Th~l~l~ultC Index---------
h. \Vithdr:.wrol time ---,----;-,--

7 
__ _ 

i. V('terinarian-'C'Iient•pati('nt rdation$hip 

2. list (nur ~·urce:; (I( drugs- wed 10 \'t:letu\:\r)' 
medicine. :-------:-:--

3. \VIuu arc tOur componentS of n drug regimen? 

4. OiS(v$~ the ~vndit iv1\$ rh .. "'t mu*t be: rnet he(ore 
a valid vctetlttarlatt·dte:nl ·p:uicl\t re.latk,nshlp 
can be shown to exist . 

5. Di.'!<:u~ the: ~J-'IJmihili ties c)( a vt"tl!nn.."'~rr t«h· 
1\.CI:.1r~ in rhe ;ldmlnbrt:'luOr\ o( dtuJ! ( •1\-l tts.. 

6. l"'k'Kribc the s~'qvcnce of evcnu that a Jrug 
undff!o"Q~ from admink!tTation to excrdi(lfl, 

1. ltst I I J)O!'Sihl e. mutes fot ~mlni~tcrln~ a drull 
to a patient. anJ discuss rhc ad\'anrngc:; and/or 
disltd\'antag('.s of c:ac.h. --,----,;----,,----

5. LlSt KJmc: vi t.he (~tor<: th(lt mAvt.n<:c: dn.g 
:tl)!'.(.lrptlon. -;----,---;

7 
____ __ 

9. Most bi\')trons(ormation ,if dru:gs occurs in 
which of the following? 
;1. Kidney 
b. lwer 
c. Spleen 
d. Pancr~-as 

I 0. ~·lost drug ('X(T('tion occurs via which of th(' 
fvlkrwing! 
:l. Kldncyi 
b. li\·er 

c. Spl1.~n 

d. lnte\it.inc: 
I I. Or..~lll u~u:llly p«,du~ their e((eco~ ~· Cl)JI\hining 

with sp«ihc cellular .,--,---:-.,----;--
12 Th1.· drug name dun is ch,i5Cn by the manvfuc· 

uucr and tltt•t " the c:xdwi"e propc:rty of tl-wt 
U'•mp;;)ny i.~ <:t• ll e~l --,----.,-.,--,-

7
,.---

13. What me six atenu th .. "'l must be lncluJeJ Ot\ a 
drug lobtll ______ ...,.--;-

14. \Vha1 arc: three ~'l.wemmenl agmcks that rc:gu· 
la.t< the clc.:,·dopmc:nt, a.rpi\MIJ, <md u<c: of tmi• 

fl);ll he-Jhh pn"~o.luc-1s! ---;:-7 --;:-----
1 S. Why d,i m:llly wte1inary clinics J~se 

ruther rhan prescribe most of the drur,:s t hat 

the)· use!.,------,---.,----,---,---,-,--
16. Ot_.;;cribe the! m:\rkt l ir.g o( a••i•ual h<:<thh 

produc.ts. ---.,----.,---;--
17. All FDA-npprovcd veterinary drup are lisrcd 

in th(' publication c:ntitl«< --.,.------· 
18. Wh~t i~ th< pt.nrQ~ ol FARADr 

19. E:xoablh.el veterinary drug use was made legJI 
(under preKribcd circumstances) by ">luu net 
o(~nb~~sr---,---------------

20. l)efi,,e C(nnl)(lvnding. ,-.,,----,.---;---,--
21 . What Me the pmemn l dangers o( res .dues in 

animal rroducts? -;-;--.,.-----.,-------
22. Li.st 1hrc:e dus5c:S o( drug inteructions. 

1. ______ _ 

2. -----
3. 

B . Drur; interaction can be antidJX.ued when rwo 
d~ ~rc: given th~t ~re k1th met<•hvl i~ccl h~· 

oh< ----,--,---.,-_,----
H. Oetinc "cthk:tl produc.t." --....,.----,..,.-.,--
25 Once~ drug h.1s been biotrJnsformed, i1 ill 

(ailed a ______________ _ 

26. An( a) i$ a rea~vo tv u~e <1 dru~;:. 
:l. oom r.'llndkatllll\ 
b. inJic.nion 



Z6 

27. The di:q,.on<mic nwLhod of chOO!iing a drug is 
based on ~tll of the following except ---· 
... ptiletl t;<ll t~xpE"· rtence 

b. assessmem of the p:mem 
<.obtaining ~l histoty 
d. perfonning 1abonnol)' tests 

28. Extr<•l~bd U::il: mc.:~ns --,=,--~ 
~. !1(1!d over thl! oou.uer (OiC) 
b. ushta: ;.l drug in a w''a)' n-ot s~d6cd by the 

label 
<: . U$ing <1 drug ac:con.ling to the l"mpirical 

l flt;fho d 

d. deo::~>.-:hn~ ho\\• lon~ the dru~ .should~ given 
29. All the following nrc trot." about a vcrcrinar· 

ian•dient'Paticnt rd atiomhip <"XC<:pt: 

<'· Tl-..; v~terirwi<•n h<•s ,;;en and trea.u:J <tlt t.he 
diem~ l'lel3 except a •ioJ! for wh.c.h rhe 0\\'ller 
would like co bur hramvoml ptcvcnt;tdvc. 

b. The \'Ctcri.narian has a~um .. -d responsibility 
for making dinic1tl judgment:~ aboot the 
h~hh <J( the :.lnlm.-1(,) ;:~nd the need f11r 

trcannent, and the clieiH has ol{tr~ to fol· 
low the vcrcrinarian'$ insnuctions.. 

c. Thl" v~tc-rinarian has suffidl"nt knCYW lcd~ of 
the ;&.1\ intal(s) to i~ <1 dkigJl~~. Th~ v¢t~r~ 

11\MY.Jn tnu5l howe recen111l0e(>0 rhc nnlmoll 
and must b.:: ncqunimed t.\'hh hs h~ndry. 

d. The \'Ctcrinarian must be antilublc for follow· 
up e\·allt<ltioo o( thc-IJ(Uient. 

30. i£> 11\e C(Milplex ~1venoe uf e.....enrs th:u 
occurs nfcer :l di'USl i~ ;\dmini.ifered fO n raricm. 
a. I lali·lifc 
b. Metabolism (biotransformation) 

c. Ph.arma-cokincrics 
d. R.Cliidu-e 

3 (. Ptm:m•~mt dwg$ ;.lri' ,,,hrl in isu'red 

a. ornll~· 
b. b\· injection 
c. sc 
d. ID 

32. is the body's .ability LO chang:<: a 
drug chemically from the: form in which it was 
administl•rcd into a fonn that c1m be elimi ~ 

l ~'lted front th<! body. 
a. Half-hfe 
b. Mcwboli.sn1 (biotmn.d"ormmion) 
c. Pharmacokinetics 
d. R._~idu~ 

.n. The __ of a dtuJ! h!lmsenr.s rhc dcJ!ree h) 

whk h a drug produces itsdcsitcd rcs;poo~ in a 
patient. 
... rha.nn<~oodymmics 
b. Jlh,'lnn:.lecll:ineci<:$ 
c. efficno::y 
d. mctt~bolism 

H. An ad\'cNe drug rcactton h alwaf.ilifc tht('at~ 
ening. 
;l. itue. 
b. False. 

35. All the fo llowing :lJ.'tOciC$ r-egulate animal 
hel!tlth pMiucts except -----
n. FOA 
b. EPA 
c.AVMA 
d. USDA 
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lll!ramuscular lnjeaions 
Subcutlneoos l~ions 
lnh*ion JMclcation$ 
101li<" Medi<a<lool• 
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CHAPTER 2 
Routes and Techniques 
of Drug Administration 

LEARNING OBJECTIVES 

I. l)i~ull~ th ~; ln:"lt'>)' lyt'le:.4. o( a~·ai lahlt drug fornl.l. 
2. ltst anJ explain the live r~tsol admmiu.::rln~ lnt.-d.catJon. 
3. N~mc avaiL"'blc tVJ"C'li of syringes nnd nccdJC$, nnd dcscribt: their 

comrnon uses. 
4. C....r<:C:II)' ro:<".l dn$t"S t11 ~l.l>)'rln,gt:. 
5. E)(rlain th (· techniques :l\':lJbhle f~)r a.-fmlna~h~rin);: medtcafu)OS, 

the routes commonly used, and how the r.rc..umcnt should be docu· 
nlC'ntcd. 

6. L~ribe:: wh~t tli im v h·"•d m rreparil~ a ('JeS(ription l'nd expknn 
h 11W d1e f)t~~ri Jlf i~l i~ J~'~•~l•o 1I1C medical reoonl. 

i . l tH rhc U.S. 0~ Enforccmcm A,lmmts.tt:.ltiOR (OEA) require· 
mcm.s for la.-cping inwmory and Jispcruing controliN subsranccs. 

27 
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28 APPLIE'I> PHARMr\COI.OCW fQR VETERINARY TECHNICIA)'.:S 

EY TERMS 
CERUMEN A waxy secretion of the glands of the ex· 

temal ear canal. 
COUNTtRIRRITANT An agecll thai produGes super· 

ficial irritation that is intended to relieve some other 
irritation. 

CREAM A semisolid pteparation of oi\ WGter. and a 
medic;il"kll ageru. 

EUXtR A hydroalcoholic liq.Jid that contains sweeten
eJS. flavoring. and a medicinal agens. 

EMULSION A medic;inal agent thatiXlOSists of cit( 
substances dispersed in an aqueous medium 'hith 
<'In <'ld<itivt to SUJbilize tht disperSion. 

INTRODUCTION 

In a busy \'Ctcrinal)' practice, t1 \'Cterinary tcchni· 
d;~n Qften <•dminister~ trc:~uuenu ordl•red by tlw 
\'et~ru)arh)n. l'r<o(IC!r a.;lmini~tr:,tkol) tt:clmi1p11!:S 

~hould be usOO alonR wldl :tc.cur.ue doctunenwuoo 
on the: hll'llical record. AdJi[j~')nall y, a vct~.•rin~ry 
technicilm must be knowlc:dgcable about d~"-b"< 
forms, :;yrin~e <:~m~tiVCt i~m, tmd h;~t(;h marh and 
must be :lhle It) Jmw .::n.trcct :lnwum.s. f•f mOOica· 
t i\)1\ within a s~·rin~o1e. kn\'w th~ 6ve rishts ~')f drug 
admini.stnnion, be ca('lllbll• of admin i:m.'fing ml-di· 
l<lt•vn hy ~II ;wail~tblc routt:$, ht' knvwledgwble in 
t:he ;)n•.o'l ft( chel\ t t:d t.K.•·:u ion r<~al\lh\g dru~ :)ntl 
kn~)"' ho111.• h') properly hatldlc conuolleJ sub· 
stan<e.s. Propc:r d~xum.:nunion ol admini!tt'Tl'<i 
trel•lmc:nts 1$. o( utmost importance and en.surC'$ 
t.ht~t th~ :;<lnM,! t~(llnl~nt ~~ nvt ~~'...:~ttd b}' vth-:r 

\'eteunal)• rersonnel. KnowlOOwe of .-.dYI."I'l>e re:lC· 
ti~')I\S th:n animals may ha\'e w particular ml-dica· 
tions is also c rucial. The \'Cterinal)' t<:chnician is 
t.h~ \'~terinttri<m~ mo.st im(X)rt:mt c:mrloyec:: in a 
buiy J)l';lCike. Thr\")ueh (•hs.t:rv:ukul ()f the ~llll"r)l 

durins treatmcms, the rechnici:tn is able to pi\')· 

\•ide the wtcrinarian with information re-garding 
the patient'$ resporu..-. The doctor, th ul> infonned, 
c:;:n\ ..-~~~·~· ~~dt deci,.it)n:; rtg:.)rdin~ :\Jju3tment (I( 
the ue:umem re~tlmen. The t«hnldal\ wh(l rewa· 
ni!<'s th..- imporc.mc.: of admini.st.:ring proper ue-~t· 
ment to the: patient and "'-'ho US<$ obser\'ation skills 

LINIMENT A medicine in an oily, soapy, or akohcic 
vehicle to be rubbed on the skin to relieve pain or 
to act as a t;OUOterirritanl 

OtNTMENl A semisolid preparation that contains 
medicinal agents for application to the skin or eyes, 

PARENTERAL Administration by a tOUte other than 
the iirnentary canal (e.g,, intramuswlar, subcuta· 
neous. intrcJVenous}. 

SPECULUM An instrument for dilaling a body orifice 
Of cavity to ai:1N visual i"lspection. 

SUSPENSION A preparation of solid pacticles dispersed 
in a JicP::' but nO( dissol\lecl in it. 

In oh..e~slnt: p:went resp(~o~lM! w thnr treatmenr Is 
~)fl invnluable olSS('t to t he rr~lCtiCC, 

DOSAGE FORMS 

Ph:mnaccutic companies manufacture drugs in \'tit· 
ious fonns. Some drugs,,,._. !lvailahle in a \'ariet~· o( 

((Inns; ~"oth.:oo may he: :wail:ahl4! (,J, tt~.lmini$tr\tti.;m m 
only 1)ne form. Mo;.t ph:mna«:uhc Cl"l«"1)panle;. en
Je:.wor to provide comfmt 10 the patient and to 

ensure ca.sc of administmtion wh.:n fonnularinr; 
thd,- dn.tg .... Svme ootumQn drug rr('J."arotkiM may 
he :.Jminb•ereJ o r:dly, IXIN!IUt>.r;•lly, thr(M.I~·h h\ht~~ 

lation, intr.lrccr~lll~·. :md topically. The m~1 com· 
mon rypc ~')f pr.:parntion i ~ an ornl Ok-.dictnion Orul 
preparations MC Ul>-u<•lly t'~I..SY to <•dmini.ster, ha\·c 
~xterldecl ~:x-pir:H•IJn tl<lt<.'l<, and an;: m:mtlf:l!Cwred 
unlfMmly with respec.t to the C(lntenr (,f the druJit. 

Tablets arc the mru.t C~')mtn~')nly use-d oral form 
(Figur..- l·l). A tablet may be $COTl-d or urucor.:-d. 
A :roorc:J tahlc:t h~ indentions th.-1t h;•ve hc:cn 
maJe inh• 1I.S. ;.utf:l~. :~ ll(lwit\~ il w h~ hrfokc:n uH<I 
halv~s or quarters. TherctOri'. n sc.ored t:~bkt pro· 
vidcs a wa~· of admin il!ltt.'fing a sm~lll.:r d~..- to rhc 
p!trit'nt. A Utbll·t 1 hat is un:;c>{lrc:d m~y he cut into 
~ "<m:tll.,. r ~hr. with t h e: IJSt! (I( a Jl' ll Q.Hi t r J(;:\'i((;:. 
However. scored tablets breal: n~ore re:~JIIy at..d :-~re 
less likcl)· to (rnsmem. Some tablet> whruc drus 
trpc mlty be irritl!lt ing to tlw gil$trointcstina1 tract 
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'-~e 
8 

Scoted lab/(lts Tabi&!S C;wsv!o 
f iCURE 2-1 
TW!t'ts .:md C<IIXU!ts ~"" the most common 'otms ol Of,j 
11'ledle<lh0tl$. 

tn:\y bt: enleriC•CO;\ttd. C;l~ule$ ~re (;(lntr.inen 
thm h1)use mOO !cation. The caps.ule llself mav be 
made of gelatin and glycerin. The con1ents of n 
caprul(' may b..- in po~>der or liquid form. Capsub 
m<ty he a;.h·;mwg.:V\1~ t () u~ be<:~u iit: the)' :,11l0w ;~ 

I'Xltlent h ) be lre::tteJ WIIIHMif :ln unJXl l:u.:lble t.:l:.te 
coming into comacr with the (lf11.1 muc~'>Sa. Unfm· 
tunatdy. ca{'SUit.~ c.an.not b..- broken down the: way 
a K.or<d tablc:t c..·un w provide a m~:~llcr do:oe. Bo· 
luiitt> ~,re 1 ~' '1-~ rec-1 :\n~ul:~r 1 ;\blet.~ 1h ;u n~;)}' 1)1! 
!OCon.xl or unscoreJ. Boluses MC u!Oed In the treat· 
ment of large nnimnls (e.g, cattle, homs, sheep). 
Bolu~ usunlly arc: udministerc:d to bovin~ with 
the'''-' of a $(l'tCttll i r~'trument ((ll!e,l <l bafli11g gun. 

Liquid prtpa.r:ulooJ< ti1r f•t:'ll ~lJnhnl"11":l1u)n m.av 
~ purc.h.nsed in s.cvcr.ll different (\)ffilS (e.g .. mix· 
t urcs, emulsions, ~yrups, elixirs}. Mixtur<:6 coruist 
ol <'I((UI!(..IU'S .wlutiOf\$ (i.e., watc:r} and 'SuSp('n.siom 
(<" (l~( :'ldmini$u:\tio..\ll. A suspension usuall)' $eJ':t.• 
mtes after long p!!rlod~ of shelf life atld must be 
shnh-n wdl bcfor..- it is used, hl provide n unifOfm 
d~. Syrups oftt"n 1u-e u:!ed as <.ough remeclk~> they 
(X)nt-;'lin the dmg and (I fl.·worirl.{! in~ Cx)n~entr::ue._l 
!l<llu tioo ,)f ~uJit:lt "'a.ter dr a.thCI' :lqueOUi liquid. In 
''etcrinal)' medicine. an am ituJ>sivc (e.g., T\'>rhuge· 
sk) rna~· lx- mixed with a liquid ~·itnmin (t".g., 
Lixotinic) t(> <:mw(' a mor(' ralo,tabl(' ta.l!te fvr the 
f)<lti.:m. 1-:lixirs u!<u:l-lly C\)llSi~r (I( :J h)xlr<,:.\IOOh\)lic. 
liquid rhat conrains swcetenct"S, tlav\')rins, <lnJ 1.1 
medicinal a.~,*c.'nt . Ernul11ions consisl of oily sub· 
.stan<c::s cli~pc:r!i<d in an aqu<ou:s medium with an 
.-..kliu"t th~•t :ftr.bilhe~ the mi.xt'\1~. Allli<ll'iJ (lr;,1l 
m~dkari1'0S sh\)u)d be :klmlniS{crOO slowly ro al· 
&ow the patient to .swsllow bef\)rc more liquid is 
gh'l.'n. Rapid iw;lmini.stration of oral m~k-tltion <(In 

Tl.'$\llt in aspinui\)n inh) the )ungli. thereby <nu:sins 
pulmomu-y prOOiem.s. 

T~vNoaw 
l{apid ddministratioo of oral medication GM <.ause 
the liquid to be aspirated into the lungs, therebot 
causing pulmonary problems. 

lVa'O forms of parenteral •n1oo•on &re &'\'<l114ble: 
injections and .-oplants. 

Two fmms of parenteral inj«.tion dt.'l t are nvnil· 
able: Mrc in}r<tions and implants. lnjcctioru are 
<JV<Jil<4hlc: ail -l'in~ lt:•(I<J~ vi(ll$, ruultid•J~ vial$, am, 
pules;, f•r la11:.e-volumt>: tx··td&S, which may No: uiOed 
to administer intravcnOU$ infusions (F~'\Irc 2-2). A 
vitll is t1 bottle that is .scaled with a rubber Jia· 
phragm. A ''ial may contain a sin_glc: d~e or nmJ, 
1iple dl)$e$. A sin~le-d..._'5C \'~;tl mu$1 be Jlsc:~rtkJ 
~l(tu on~ u!\le (Jo:.e). Muldd,~e \'lal!< uoually roman\ 
preservatives that c..--nable them 10 h::.ve a lonJ,'(: r 
shdf life:: thW! they may be: u.sed for more than ooe 
do~ AmpuiC$ etmhlnt a ~h'#lc tkc~~;: ,J mtdi~;(ltiiJn 
In :'1 s-m.'l ll jtl:lss (.')nmlner whh ~' 1h1n neck, which 
is usually .scmed .S..') that it e:nn b<- .s.naPf'l'J ,)ff c;ts:ily. 
Some.• drugs may 1::< unstable in solution and may 
rtXJuire re<1..1rutit1.1t ion with st('rile W<J l('r or aawthrr 
(llluen1 ; 1!11::* nl<'ly I~ U.'j~) imnH:di:'ltely ft)r nlJet• 

non (ProceJure 2·1). 

T~vNoaw 
It is a good idea to pl.xe a paper tcw.'el 0\'el the 
ned of an ampule- brio.-e breaking lt. to protect !he 
OOgets from glass OJtS. 

Syringes anJ nt"cJkos are wOO for parenteral nd· 
minisu-,mon Q( <~ (Bo,x Z·l ). Thill <qUi:pf'O('Jit lnll~ 
1...: $(<rile. DnJ~ sh•Jukl ne\·er 1-o.e $WreJ in $ynr~e! fvr 
a lo1)1l llllW': ~tOre :tdmu\lirt'.Ub.")!l oocuts lx"<-a~ 
soml." drugs nwr be ahso.)tbc..\.1 into the pi::.Mic mal:c..'Up 
of the .syri~oe. ~w.l tiltf: i.n nn inad('((uat(' \be. 
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P.wen!ef.ti ;'Jtedcaboos lilt! supplied 1n single-dose "als (A). mthxl~ ,,als (I ), ampule$ (C •• and lal&e-voiult)E' Willes 01 b.ls:> 
t.tSed for int:avenous adlrinisuatiofl (D), 

Table 2-1 

Animal 

s· ... tne 
C.t11e 
Hases 
Dogs 
C.ts 
Smal exotics 

An.iro::d an.d Commonly U1M!d 
Ne:edle Gauge$ 

Needle <iauge 

16, 18 
16, 18 
16, l$. 20 
20, 21, 22, 25 
n. 2s 
23, 25, 2? 
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Reconstitution of 11 Medication 

Mater-ials Needed 
Sytinge of t~dequate sire fo. the amount of diluent 
with a needle attached 
70% isopropyl alcohol 
Cotton !'.wt~b 

Diluent 

l'rvt.:~•lurt: 
I. Oe.an the rubber diaphragm of the mediCcltion 

vial and the- diluent vial v.l1h an akohol swab 
(Figure 2-5, A) 

2. RemoYe the needle c:;ap and pufl back on the 
plunger to fill the barrel with air equal to the d~ 
sired amount of diluent. Inject the air into the vial 
of diluent to <.:reate positive pressure i!nd to e~e 
Wtthdrav..al (Figure 2·3, 8). Invert the diluent vial 
and ...,;thd,aw the desired amount of diluent 

.s, Inject the diluent into the medication vial and 
Wtthdra~.v the syringe and needle. Shake the vial 
to mix well (Figure 2·3. C). 

4. Positive pressure may be created in the freshly 
mixed mec:fiCation vial before the desired amount 
of medication has been vAthclrawn. On<.:e the 
med!Cabon has been withdrawn (Figure 2-3, 0}. 
label the svringe if needed. or administer the 
drug to the patient. After withdrav.ing the patient's 
med~Catton, dispose of the vsal, or store rt a<.:<:ord· 
ing to the label. 

Copyrighted material 



BOX 2 -1 Syringes and Needl 
S~rin~o~ 
Synnges are avalable in variolrs sires and &yles, The 
me$ commonly used size$ are .$ ml, 6 ml, 12 ~ 
20 ~ 35 m~ and 60 ml S>,nnges may be ordered from 
the manufaavrer vlith or withoul an attac:ned needle. 
The tip ot the ~nge. where !he needle ~dte$", C<)n 
be one of four types: luer-lok tip (figure 2-4, A), sltp tip 
(Figure 2-4, 8). ecctotnc tlp (F\gurc 2•4, q, Of c-"lheter 
t;p (Fig\Jte H, 0). Eocll ~1>0 of tip has its own a<J,..,. 
tages and d$adl!antages and is o.'ten chosen becal.1se 
of per.;onbl preference. A complett synl'lglt o:msistsof a 
plunge1, baffe\ hub, needle-, a•1d deOO space (Figure 
2-S). The area in vdlich. fluid remains when the plunger 
1s complete.t,- depressed is ailed dead space. 

Gopynghted rr1 age 

Noodle Hub BMI"ee 

[\=~~~~;"~OI•••;u~.:.....a. 
I 

o. ... ....,. 

Copynqht8d 1m age 
litbm:ufin .ryl'illlf" 
A tubecwkn sy11ngc (F~gurc 2•6) holds up to I mf of 
medication. lt vsua!ly is a\taiilble with a 2::.-gauge or 
smaller attached needle. Th•s synnge is commOfltt' 
used f01 1njett10ns of lc:ss thl.m 1 mt Some tuber'Cukl 
sy~es have a dead space. Although the patient re· 
ceNes the proper amOt.rtl of medicine, SQfl"'e liqutd 
remains in this de.xl space, thus w.1shng the drug and 
<O!>tiog the j)(iC6ce money. O'IIS is also importam to 
temE:mber when a l:tA>efCIJiin syringe is used to dr.r.v 
up controlled substances. The dead space will cause 
the controlled sobst<'lnc:e log book to reflea more of 
the ccouolled substai'Ke ~han is ilCt\Ja!ly in the vial 
Thus, lhe deild spac;e should be considered v.hP.n 

0 

Plunget 

I -

fiGURE 2·4 
S>(flnges are .vr.til.i>le l'tith dlffer
eonl lip$, S\Jt:h ~ Wcr-fol: lip (A), 
sip tip (1), eccenlrte liP (C), ood 
c.athctcr tis (D._ (Co~sy Shcr· 
\\QQ<! Medl¢41, St. I.C,ll.lf\ Mo.} 

fiGUR£ '1·5 
the pans of a needle and iYrif'€1!. 
(Courtesy SheMood Vledcal St l.oucs. 
Me)} 

- -- y -- ....__ FIGURE 2·6 

Copyrighted 1n1age A 1lberrulfl s-,mge IMth needle att.xhed 
(CO~Stes>/ Sllcmood Mechcdl, ~- l.(lwS. 
Mo.) 

Copynghr""' 1n1 •nal 
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BOX 2 -1 Syringes and Needl 
omounts used ore OOCumen.ted. Some tuberculin sy
ringes ate manutactured with lcrw dead space or no 
dead space at all. In the case of syringes with no dead 

• --

" ' 

FtCURE '2·7 
A rr~ullldos.e synoge.. 

c 0 

• 
1 1 

0--lSml ~ 

space. the needle scr~\S into the 1'8 S)'ringe inSiead 
of attaching to the tip. 

,M;(Id:lost J)ll~ 
A mu!tidose syringe (Figufe 2· 7) is commont)· uSEd for 
large Mnmals when se'o'E'tal animals reqUire the same 
mjecbon. ll 411ows th~ user to set the d~ and to gwe 
repeated inje<tions u:otillhe bdrrel is empty of medico· 
tion. Thi$ type ot syringe may be disassembled and 
disinfected for reuse. 

rn.~1din s)rinto-
An insuhn synnge (Figure 2·8) usually 5 supplied with 
a 25·gauge ntedle and. dtfferenl from other syrin~, 
11 hds no dead sp~e. rhe S)'tin~ is divided into units 
instead ot milliliters and should be used onty for lf'ISU· 
kl injeaion. 

Agure 2-9 ilustrates the IYlportance of being Camiliar 
v.ilh the different !)pes of syringe$ and ll'le unils of me.l· 

suremem found on e.xh. This 1s neressa~y to ensue that 
ore can dr&u up an oKCO~ amount of mt.'dcction. 

FIGURE 2·8 
AA iflSl.lln S)Yingoe \'i!h necdre.,tt..xhed. 
(COI.I'te$'( Shernood MeCtCa~ St Lov.s, 
Mo.) 

t,.tmt • 3·5 ... ' • A 
2.5ml ' 

• 
• 
~ 

•--3 
j 
" f iGURE 2~9 

&amples of how to rood arno!Sits <ll 
I~Ciii!Otl. OOflt.ln'le<J ~~~a Sy!U'Ige. 
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BOX 2 -1 Syringes and Net·dl 
Ne-:J/<!j 
Needles are <N~ble in \'arious sizes and styles,. but all 
needles have lhe follcwJingltlree parts: hub, shaft. and 
beotel (Figure 2·10}. Needle sizes V<ll)' b)• gauge and bv 
length (fable 2· 1). I he gauge refe.-s to the inside diam
eter oi 1he shah; the L:trger the gau.ge number, ltle 
smaller the diameter. The length oi the needre is mea
sured from the tip of the hub 10 the end of the shaft. 
L~s looger than 1 inch usually <tre used in \.'lrge 
animal; and oc<.asionally f.or biopsy. The be\oel is ltle 
&~of If~ opening &l tt~ needle tip. tl6 often hf$ful 

H 

18U 

8 
7 6.8 ml 

8 

'll'hEn venipooctufe is PEriormed 10 hil">'e the l:>e\teSed 
side of lhe needle ta<:ing up betore the needle is in· 
~1ed into If~ patitnl 

Bleeding needles ( I igure 2·1 1} may be trp to 
:S inches long. are large gauge ( 14 to 16 gauge), and 
usuaty <1re used for obtaining blood hom cattle 
and swR. nlese needles are made or st~nnless sttel 
and are reusable afier proper cleaning ar.d disinfecting. 
Biopsy needles {Ng.ure 2·12) are used for obta1ning 
bone marrow os sofl tissue and Otgan speontcenS. 
lhese needles vary in size and style, 

• 13ml 

•• •• 
" 12 

20 

MIA) 51'11:1!. ~~ 

cr-L~::=-...... 1 ~\ 
•• 

FIGURE 2·10 
A nec:de c;onsists <t ;b-ee p;,f1S; h~rl>, :*t~ft ""d bevel 

FIGURE 2·11 

'~== f 
A l·l'lch s•a,rfess steel bleedllg needle. 

FtGURE 2·12 
A. WJlles:. ~teel biQPi>)' needle. 
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T~~Notlw 
A!l used needles should be discarded ptcpef!y into 
a sharps contame1. 

lmpb ms ~ul! w ry hurd steril~ rtllets dun COil · 

min a chemical or a h..xmonal ng~·nt. lmplanoo arc: 
n~ert«< suh.:utan«>usly aod are a~rbed b}· the: 
bvd)· (m~r ;tn ex1ended 1 imt. (ir(lwl h h(lrnlvne!i :lrt 
CC)mmC~nly manufactut\'d 10 this form for u!iiC In 
C11ttlc and arc imp lamed in the: subcUlancous dorst~l 

ltS~Ct of the au. 
T'Jpi<:al •m::dieati1.m$ <~rt av\til -:t hl~; tn $t:\·~;:ra.l 

fMms. Llnlmen ts :~re medicinal rre~lr:l.r ••ms for 
us~ on the skin ;lS a count~rirritant or to r~ licvc 

p0in. Lotions art• liquid su~pcnsions or solutioM 
with ollO<I'thing subst:~.n<:c:s dwt mo•y be: applied t<• 
tht ;~okin. A n ointment ~ :' ..;emi~oli~.l f'rep.l~•l lvn (}( 
oil and warcr. plus a mcdkin~ll ~em. The "':lt<:r In 
an oinoncm cvnpofatcs after applicari\'>n and 
~~"~ the- drug b<ohind on the skin's .w.rfacc:. ('lu;s,. 

mg ~~wJtrs kg., A .... a powdtr) -:to: mixwrc:i I)( 
dtu~ In pl"}•.wlcr fmtn fM topical ~lppllc:ui,)n. AJ · 
ditionally. p1)"'dcrs lll"aY h~wc nJsorh.e.m (com 
sum::h) or lubricant (talcum} pc-opc:rti\-s. Al•rosols 
itR' dru~~ th~t hav~ been im;l)rporatod inti) ll suit• 
.-hie $(1lvt:nl :)1'\{) p::M!ka~rt:d under prt:l)Sure wil h -:t 
prO("(' Ibm. Ow(illg powdc:rs anJ aemsols ~rc com· 
mon forms (,')r .S..')me torical irucctic idt.~ and w,')und 
dr.::s~in~. 

Mi<:r<)em::apSt•l t~ti• . .n i.s f• dru~ form 1ht\t ~WI>i • 
lt!es su~t:utccs u,mmon)~· oonsldcreJ unst:lble. 
Microcncap;ulmion ~lso may be us~>d (or drub-s 
intendt'd to b<o rd cast'd ~lowly over a pc:riod o( 

t im..- (e.g., rn1.1xidcctin (PrvHti~Jt injt<:tiiJn)). 
(Nt.-le: PwH~rt h:l$ 1)-tc::n t.:lke1\ <•(f d\e uurket.) 
\Vht n rho:: drug's acti ~·~ ingreJiem s are micn')<:tl· 
c.1psulatcd, a protccti\'C t-nvironmcnt is forme-d 
~oain:n h.<U"mful.sub$t<mc:<.s 110d the: :~tahility of the: 
J•rlKh•<:( i$ imJ~r(wt,l. MiCI\Joi: JU!~•p.w l ~• • io• • C:t•m· 
plctely m:~sks the llav,lr of a dtu)l :~nd ~1 1lo"·s ol':'ll 
treatments to be admini.s.tcrcd with greater ea~ 
b<ocause the patient is unable: to taste: or $md l the: 
mgre(lit niS. 

DRUC PRESERVATIVES 
AND SOLVENJS 

In ~1ddldon to the :~cth·e ln"rf'dlcnt, many dm~.; 
CCoJHain org;:.nic or inorganic agc:ms ns additives or 
plmnnac.c:utk aids. Thclie inacti\'e (or inert) ingre.
ditntl: f<~<:iliwte t:thlet ~lminUitri'tt io>n . impr<we :~ol ~ 
uhihty, ilr incre:.~ ~l :,hi hr'{. Ahhi~t~J!h 1he q u olOHI)' 

of in.-:r1 mgrcdicms is usually sm:~.ll . these ingrcdi· 
cnu c;m cause: ad\'cr.;.: ~·O'cct.s-, or a patient may be 
$l'n~tiv.: to o r nwy mtell the: ingredient!. 

l'art n rer:lll )· :\1Jro.ni$•ert:d dn.~ l,(~e•\ O(u\1-ain 
chemiC'll ~rv:uh·o:s rhar arc usod to prcwm d~ 
srructil'm nnd I,N of J"')tc:ncy throosh ol\idarion m 
h}-drolr:s~. Th.: amount of pr('$tfVtlti\'C in the fonnu..
ltlUvn of (Y<\I'(nter.l.l\y a.dminil!tc-r«:ll~ i~ Qn OS"':illl<\l 
<:iMt)C(:I\IrJIM)I\ and rhe reoonsruuted medl(.;)t!I)O 

shouiJ be used imnle..-liardy to ptt\"Cm the ~ibilU-)' 
of fuJWll or bacterial growth. Dilution ol the J rug ,... .. 
due:<"$ the: o:1'f'c:c:tiVt:I"'K'$$ of thc: p~vathte.;. MM 
dm~ ;ue 1\<)h~r $1)luhl~. :.lhhouJ!h $('11\le ""-l¥ need -:t~,t .. 
Jitl~'\'s to lnue~ 10luhiUty. Glrcols :tte one c.x:unp.Jc 
o( adJitives u9Cd to increase solubility. Gcncrnll)'• pi\')· 
pykne glycol and rolrcth}tlent' gi}'Cols are prd"cm:d. 

T~~Nonw 
Some vaccines ~Y cootain antibiotic preseNatives. 
Care should be taken by personnel during reconsti
tvbOn of these vllcones bec4use hqutd that tse.apes 
ftorn the l\lt>bet seal of the vial <ou!d be sptayed 
inadverten~· into an allerg.c person's eye (e.g .. 
those persons v.;th h)pers.ensiti'M)' to pen.c:il!in}. 

DRUG ADMINISTRATION 

A \'(t~rinarian ini ti:.lt\·.s a.dminiAA•tion of drug; for 
l l~r:)J'Ie\lh<:. putpC~SeJ. {h i$ unl:w.ful f.)r:. ve1erut:~ry 
technician m prcscnbe drugs fo r 1.10 animal pimcnt.) 
Th.: rol~· <.,f (he technician is to ndmini:stcr dntgS oothc 
p.1til'nt on tho: o rdo:r o( a \'('t('rinaril•n. When doing 
1hi$, ~· t«hni<:r.:.n nll~ :.llw:.\)'J! fi:,Uow • ~~t Jint t'lf!}1t.t: 

I. Right pat ient 
2. Right drug-chec.:k label t hrc(' times before 

a,Lmini~ttring the drug 

Copyrighled material 



3. Right d05e 
1. Right route 
;. Righi thn~ an1.l ir~Ul'nl,.l' 

By follt>wlng these ruh. a rcch.nidm will ("ffi· 
<ic.'mly and dfecth'd\• nl<'dkate a patic:nc. 

Oral Medications 
The m~ common fonn.li u( drug therarv arc t~ 
lt:t" ,mJ ..:al'~~l• l~:~. Tl. ~::te ;u'tl c.:a~ily 11\lmuu!il<.:r;:-.t 
(PI\"'>Cedure 2·2) t1.1\J me sometimes us~.->d In con· 
junction ..,.·ith other drug forms. 

Oral Administration of Tablets or C411psules for Dogs and cats 

M<ltcriab NeeJed 
Medication 1n t3blet or capsule fonn 
Pilling gun (optional) (Figure 2·13) 

l'"-lt.:cdurc 
1. Hold the animal's uppes jaw with one hand and 

apply pressure against lhe upper pcemolars to 
cause the mou1h to open. 

2. Push the medicatiOn over the tongue of the am· 
mal with the other hand or with the pillin.g_ gun 
(Figure 2·14). 

3. Oose the animal's mouth. 
4. lnitiate s-w<'ltlowmg by bla.v1ng tnto the ammal's 

nose and/or rubbing its thtoat (Ftgure 2·1 S) 

Copynr:~hted 1m age 

fiC.URE 2·13 
Uornple of" sm411 ,y~im~l PIIng 8'-"· 

Copynghted 1m age 
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IIJ ;.t;WG!J!H! E 2-2 
Oral Administration of Tablets or Capsules for Doss 11nd cats-conr d 

Copyrighted if11age 

Copynghteo 1magr 

FIG\JR£ 2 ·16 
A baiSng gun osed to adrruntSter a bolus 10 la~ge anmals. 

In b.rj!~ ;lnn"ll:'lls. l- h:lllhl); xun (fl~ure 1~ 16} 1$ 

ur.ed to adminls:tcr bo1\lse5. \Vid\ proper rcs:rraim. 
this i.s usually not 100 difficult. 

Liqutd or.1l lnl'\lkation:s m;•y be <Kfmim$en:.J tu 
~1\<)11 anhl\:1ls lhrtlllgh :1 ~'(nn~ ·wirh th~ n~I.XIk r~· 
moved (PrfiC~o-'XIu tt> 2·1 ~•nd Fis:ure 2- 17} o.t, 111 S.."Jale 
ansmnco;, through an orognstric or n~lsog_lsttk ruhc. 
MO$t liqukl medkalion,s al\" mad<" PQlattlble ro t'aSo(" 

adm•ui..'l4r<tli<lJl. Ornl liqt• id nl«hct~tions: t~re u~l 

r~~Nottw 
Coating the titblet or e<~psule 't\ith a ~latable sob
stance such as Cat Lax, pean01 buner, or canned 
food may hefp •n pi!hng d1fficu!t animals. 

Copynghted 1rnago 

FIGVA£ 7.·17 
A S)ttnge wdlo1.11 <l needle may be used lO admir.ster oral 
fiQUid medOOOn. 

commonly in cxmio; and may bl.' admmt.<.tl.'tl'd 
thn:.,ugh th<: drinking WlUo:r or an on:~anric rube. ln 
ll-'ltg.;: (mint<• Is, il ~(Qill<K1l Wl't tl)U~IIy ~ 1.1-.~tl tl) <ld~ 
mlnlstct oral l!<juid m~l!c:u.uo..; (PI~ute 2~1t;) . In 
cattl(', the stomach rubr is passed through n f-rick 
.spoculum (figure 2·19). 

T~~Nottw 
Oral Medications 
I . Remember when adm~n.stering Ol'<.ll mediCallons,. 

thaltt Mk.es Ionge• fo1 b d1ug to be ~bsolbed •tto 
the bloods.11eam by 1his toute as compared wcth 
pacen<erallnjection. 

2. Do not use ocal.xlminiS<ration in amrnals that are 
\IOmiting 

Copy nghteo r n •nal 



Copynght<.'<llm age 

fiGU R£ l · IB 
A li!l'ge-.)(umal stomach rube may be used ~-illinfl•s.ttr I~Ct~Jid 
medications >0 came Of hcne!t. 

~ J.l JW!.E.!J!JJH 2-3 

Copynghtod imag 

fiGURE 2·19 
A rtdt ~~~1.1'1'1 Cdn be used eo lac.lltare pa~o~~ge ot lhe $1()(1')

ach tl.be through 1he moo!hs of c.an!e. 

Oral Administration of Oral Liquid Medication With a Syringe for Dogs and Cats 

Materials Nct"dcd 
Syringe with the needle removed Of Otal dose 
synnge 
Drill medication 10 hqutd fDml 

Prm:.c,lure 
1. Fill syringe with the calcula!ed amount of 

medication. 
2. Tilt the animal's head up stightty. 
3. ln!.iert the tip of the syringe 111to the animars 

chee< pooch (rtgore 2-20). 
4. Administer the medication slo-Niy. 

T~.~<N~ 
Anachmeru of a J·l2: TE)lt Infusion Cannula 
(Jorgensen taboratones, l.o\'eland. Colorndo) IS 

htlndy fos t~dmllltStcring ordlliquid medications.. 

Porenterol Medicoti ons 
l):ntnl~r.al :·.-Jmini.~tr<t l ll}n (I.¢., mjo;'(.(l(!l'l) ,')f liqmd 
mcdic:u j,)Os mar })l> us.."t-1 alone Of in conjm\Cru~n 

with other forlll$ of medication. Somt." conditions 
arc unfavornbl~ fm Qral OOminisuation {e.g .• in 
\ 'VIluti llg p~tknt$)• <md tiC,UI~ drug~ ill'(! av;~il:'lhl~ 
(lf\ly f11r pareorer;,) atlmini.~ltMk71l. 

-

Copynghted 1m age 

AJ1proxim01rd y 10 N4.11es v~ U$l.-d oomm<mly for 
l'il1t:ll~o¢r<ll <t~.hninl~t~ rttlml' uf JnJ~; the ni(ISI 00111 ~ 
n\<lnly uJOeJ arc the lm1'3mu:scuklt, subcut.mcous. 
and imruvcnous rout~ {Figures 2-2 I m 1-23). :\ 
veterinary technician m Ul>"t be 3\V:tfe of the p rO('<'T 

Jl!VIO: vf <•Ju,ini::.tr~llioo (()r \"'<ldt tlwg. For thvso: m 
Juuhl, 1he ruuh! tl :~dmu\l~u:uiOil usu:~lly l<; li.let·d 

Gopy ngh ., r 1 nal 
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FtGu• E 2· 21 
~~ ~t.oOM ~ - ~ in'b ~be pen .. M\ 6't4 fut .Wd\ ~ ..... Y..wik f'lc"fvt. Wdecf <B Jl 
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FIGURE 2 · '22 
Subcut:~neous 10jectloo. 

fln t h..: .in• .I! l::thd ••r tlw 1':-tCk:.l$!<! m~rl. Son\etnnt;~. 
oomplicarimu ma~' result ~\her l'ar.::nrernl ;ildminis· 
mnion of a drug. Common compli<mions include 
initatkln, nc:crosis. and infoc:.ti(lfl of me injection 

~·t~. Somct•uu:t', tlll".l(l<.: c~.moe.:.uvn~ '~' Utt'Jkt\tk••'-'! 
may occu1. Cl,nic:•I MJtfl.i" ,)(an :dlcr~lc teactlon af· 
ter a parcnu~al drug has lx-co administered indudc 
swdJin~ around tht' fa<c: or cxu"<'mit~, mi5cd 
bump~ elf S"~Uings em the :d.: in 'lS .!>1.lrfo1ce. c:d1.'mt~.imd 
slla\':)tlon. If any cntu j\IIC.;UI<ttt-" lift' oh~Jn~l. th~$1! 
should be rep<~rted immediately to the \'etcrlrunan. 
Gin.• should be cxcrdSo~.-d when an intramuscular 
tnj((tiOn is admini;scered, 1<1 that ntrve ,l..••rw.ge ,,r 
(t(;Cid~nt~l inj«ti(ln hUCJ 1'1 \'¢in <Jf (Ut~Y <::ttl h; 
avoldi'J. NeJtHt\'C r•e~utc :.houiJ be :~rplled 10 the 
ptun~cr ~-)(the sytingc before an imromuscular (or 
5Ubcutaneou.1) i.njecrion i'5. pcdonncd. Sht,uld any 
l;ll(lod be ,,b.;ttve<l in tht: hub ul the n~rtlle, the 
Ot..->t:.lle should be! redi~~Ch::d or remo,·e.:J. C"1rc 
should ;.l(so be excrclseJ v.flcn intT;l~~rltoncal ht· 
}t'(tioos u.rc pro,•iJcd, so thar rcritonitk docs. not 
dcvehlfl aod dtuu~< teo the <Jbdominal ,.,~cr•• 

1l\*$ ll(ll (IC¢trr. l'ro~r ::.dmini$1mllt,)n lnv(•ln,~, 
kn,)Wins: (I) what equipment is ncOO~.--d. {2) ll<lw 
the dose shoold be wlculatcd, and (.3) the proper 
method for v.•ithdmwing and adminiJSt«ing meJica· 
tk•n (F'I\-x.:~:du.re 2..-f). 

Copynghted 1m age 

Fl(jURE 2~:23 
l~r.wtnous ll"'jection, 

lnl t;l \'~l'o~K,tl (IV) :-.dn,inh!rati(lll ::-.1\iow:~ the 111().,'1 
mptd and e(foctive druR" :Wmml.m:u il')ll (Procedure: 
2-S). IV thcrnpy is used moot rummonly to maintain 
and rl':Storc fluid a•\J elt:cUol)'t<' OObm:e, to admin~ 

i~t...:r dru.b.~• ,rm.l tv tr.rn~f~·~ bkloCJd. IV <•dminhtrtr" 
tion al~) i.> ••i:tJ when the medic:ul•m lsromrnlndi 4 

'aced for othCf 10\IICS of administr:mon. S1ccs for 
IV adminisu:uioo include the ccrhalic v<'in, the 
ju~'\ll:ar \'ci.n, the L•ter~l $.1J*.eoou~ v<:m, ;:md Mtu .... 
tune$ 1he ft'rnrnal \'~'"~ l..t)fl~der1u JV lher:ll})' is 
bt-st .-.chic\•cJ Wlth the cephalic or jlij,.'\tlar veins. 

In som(' casc.s, nn animal may need rcpcat .. -d 
IV injection~. nu: Vt'tl'rinari<m may ()nl<r t11(' placr: .. 
nle.m (I( ;)n u".iwdlint.: IV cathl!t<!r in :m ~:ff,lrt tfl 
lc:....;en vein cbma~ :liK.I ~xun f.·w the animal (Proce:
J ures 2.-6and 2-7). 

T~.!-NO'te.!r 
M IV catheter must be «!mOYed .after 72 hours and 
'epla<:ed wtth a new one. Time can be acc~t.ed 
for by "'riting (e.g .. use a permanent marker) ploce
men1 time on the adhe:si..-e bandage that serures 
the IV c.athetet 1n the animal's vein. Add!tiOn;)lty, 
IV tubing should be d'langed after a 2+ to 46-hw• 
period 

Copy nghteo r ntenal 
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Parenteral Administration of Medications-Intramuscular or Subcutaneous 

Mater-ials Needed 
S'(fiflge ar'td nee-dle (Figure 2·24) 
Parenteral medicaoon 
Cotton s·Nabs 
70Qb isopropyl alcohol 

PJ'()Cedur< 
I. If the synnge is not supplied ceady-to-use, finnty 

attach the needle to the syringe. 
2. 5-..v.ab the bottle's rubber diaphragm wrth cotton 

that IS saturated with alcohol. 
3. RemoYC: the needle cap, insert the needle at an 

angte into the rubber diaphragm. and ~raw 
the calculated amount o1 the drt•g. 

4. Hold the synnge 'M1h the needle pointing up. 
ward and remove the large air bubbles by briskty 
capping the OO.rrel of the syringe. 

5. Release the a11 bubbles by slightly pushing on the 
S)'ringe pkJI'IgC1. Clrclully 1tpla<:e the needle <:ap 
if the medication is not to be gj\'en immediately. 
Avotd cont<Jminanon. 

6. Swab the in,ooiOt'l srte with J:I'\O(M• cotton swab 
that is saturated with alcohol. 

r 
f.CURE 2•24 
(CoUitesy Sl'lerwood Medical, Sl Loois. Mo.) 

7. lnsen the needle into the <IPPfOPfiate site and 
pull s5ght!y on the plunger. If no blood IS seen, 
injea the medication and rem~ the needle 
from the site. Stood indicates th.ilt a vessel has 
been entered. Withdraw the needle and continue 
with the stune procedure at a different site. 

6. Massage the injection site to aid distribution and 
de<rease pain. 

9. Property dispose of the synnge and needle. 

Gu.idd incs for P<'!N:ntc-r<ll Dos~li 
• Round up to the nearest tenth rf the amount tS 

greater than 1 ml, and measure in a 3·11'11 syringe. 
• Measure amounts less than 1 ml in a tuberculin 

(TB) syrmge. 
• In cats vtetghing less than 9 lb, 0.5 to 1.0 mi lS 

an appropriate amount fo• intramuscular (IM) 
injection. 

• In cats vtetghing mOte than 9 lb, 1 to 1.5 ml is an 
aps::,.opriat~ amount fOtlM injection. 

• In dogs weighing up to 10 lb. 0.5 to 1 ml is an 
appropriate ilmount for 1M injection. 

• In dogs we1gh1ng 10 to 30 lb, 1 to 2 ml•s an 
appropriate amount for IM injection. 

• In dogs weighing more than 30 1>. 2 to 4 ml is an 
appropnate amount for 1M •nJeebon. 

T~~Naeey 
l~bng muttidose vials .,._;th ai1 sometimes ai::JM 
easier "Wldt~'dl ol meOOtion. 
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Parentel'al Administration of Medication-Intravenous Dired Bolus 

Mau.> r-lals N4:eded 
Sytiflge <:ontaining calculated dose with needl~ tit· 
t<O<hed 
Cotton s•Nabs 
70Qb isopropyl alcohol 01 surg.cal S(rub 
Bunerfiy <atheter (scalp vein needle. Figure 2·25) 
-~tion<~l 
Syn.nge containmg 3 ml of ffushmg solution (e.g., 
heparinized saline. 500 IU sodium heparin in 
250 ml of normal saline} 
Tope (opbOnal) 

Proct.-durc Without CathNcr 
I. d ip the ilrea cwer the venc>uncture site. ri desired. 
2. Prc:jMre lhe arc-a wid~ aloohol swabs or surgical 

scrub. 
3. Have the restraint person hold pressure on the 

~~ein or use a tourniquet. 
4. Perform venipuncture wid1 the mcdiC'lHion 

syringe and needle. lf blood enters the hub o-f the 
needle, the ~~en~punaure is suci:eSsful. 

5. RC!Iease pressure from d1C! vein and proceC!d 10 
inject the medication C'Nef the reoommended 
time inteNal. 

FIGURE 2·25 
Bonerfty cad'le~er. 

I 

6. Remove the needle and apply pressure to the 
Site to stop bleeding. 

7. A bandage made of tape and conon mav b~ ap. 
plied. ~ needed. 

Proc('duN> With a Butl('rfly Catheter 
Proceed oMth steps 1 through 3 i!S described in the 
pre-.•ioos seaion (M<:Curnin and Bassett. 2006). 

1. RemO\!e the C!IP rrom the cathc:te' tubing and 
needle (0\ler. 

2. Perform venipuncture wrth the ccHheter.lf thcs IS 
su<:CC!S.Sful, blood Will 1Cturn into lhe cathctCI 
tubing. 

3. Release pres5'Jre from the \•ein. and allow the 
blood to fill the catheter tubing. 

4. Ratr~O\!C! the ne~lc from lhe m~ication sy· 
nnge and att3ch the syringe hub to the Gatheter 
tubing. 

5. AdministC!r the m~ication at the recommC!nd~ 
time intervi!l 

6. Remove the needle from the syringe oontairung 
the flushing soluton. RemO\-e the med1cation 
syringe from the Ciltheter i!nd anach the syringe 
containing the flushmg solu'tion. 

7. flush the cathe;er with 1 to 2 ml of soluton to 
ensurC! administration of all medication. 

8. Rem0\1e the catheter and apply txessure to the 
site to stop the bleeding. 

9. A bandage may be appliC!d as described earlier. 
10. Properly dispose of i!D syringes and needles in 

an apprzy.oed sharps container. 

T~lfN~ 
Watch lor swelltng at the in!ECfion Slle. Swelling 
m4y 5igNI extravascular 10}00Jon. Nocify the vtoten· 
notiao immediately d this should occur. 
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Administration by Bolus With an Indwelling Intravenous Catheter 

Mater-Ials NtOOed 
Sytinge cool!ining Rushing solution (t~boot 3 ml} 
70% isopropyt alcohol 
Cotton s•Nabs 
Syringe 'M'Ih medication IHld atUichOO I'I('Cdlc 

Pwc;cdur~ 
1. Clean the cap of the ind\veftrng cathete1 wrth an 

alcohol SWdb. 

2 . Insert into the catheter cap the needle of the 
synnge cont.llfling the ftushmg schroon. (Use 
the smallast·g.auge nac<Jic possible to help pra.. 
vent a leak in the catheter cap.) 

3. Gendy aspirate to determine correct pl.:Jcement 
of the C!ltheter (blood cotcring the hub shows 
proper placement}. 

4, ln]ea half the flushing solution into the catheter. 
Observe the area 0\-er the vem for sv~eUrng. 

5. Rem~ the syrir'l8C and neOOic. and carclu1ty 
replace the cap to prevent cootamination. 

6. Insert •nto the catheter cap the needle of the 
syringe containing the mcdicatioo, and inject 
the medication 0\t(!r the recommended time 
interVaL 

7. Remove the synnge and neecDe from the 
cathe1Cr. 

8. Flush the catheter with the remaining ftushing 
solution. 

9. Ob5erve the area fOf sv.oelling and look for signs 
of diScomfort. Report any abnormal observa· 
tions to the vete1inarial\. 

10. Properly dispose of syringei and needlei. 

r~~N~ 
Some hospdals may require that with llushing solo
bOn, two s'jringes should be used instead of the 
samt S'f1'in~ and needlt fo1 both flushes. Keep~ 
ditional mate edaptet plugs (catheter c:aps) (figure 
2·26) in stoc:X to replace a 'eaky cap. 

FIGURE 2·26 
£t.i)lllple$ of a male adapler plug. (~NJfacMed b)• Abbot'! 
l.abor~>es, Altlo!t P.!!lk, ll.) 



Administration of Intravenous Fluids 

Mau.> r-lals Nt:OOed 
lr'ldwe!!ing cathetes (Fig.ure 2·27) 
Tape 
70% isopropyl alcohol or surgwc:al scrub 
tnrusion set 
IV fluids 
(l;ppe!S 

Procedure: 
1. Remove the N t\1b.ng from the c::ont<Jiner and 

the procecbW covering from the medication 
botdo or bag. 

2. Remove the covering of the diaphragm of the 
mediCAtion bag ()( bottle. 

3. Close the damp on lhc IV tubing. Rci'I'\OYC: lhc 
cap of the IV tubing spike and insert it into the 
diaphragm of the medication bag or bottle. 

4. Squeeze the dnp chambet to allow fluid to col· 
k:ct in the chambc-1. HI! to the designated line or 
about half full. 

5. Remove the protectve cap from the end of the 
IV tubing t:nd slowly open the roller damp to 
allow d-.e fluid to ctear the tubing of air. Replace 
the JXOtective cap and hang the mediCAtion bag 
or bottle on the W pole near the pat-ent. 

6. Clip and scrub the dloscn site fOt cathC!tC!r 
placement 

7. After successful catheter placement. cap the 
cathC1Cf, wipe ?II.Vtfy any blood, and qu.ckty tapC! 

fiGURE '2·'2] 

m place. The tme of placement shou:kl be re· 
ccwded on the iKihesiYe ~ape with a permanent 
marke-t 

8. Remove the catheter cap and the protective cap 
of the IV tUbing and insert the end of the tvblng 
directfy into the end or the catheter. Of. i f de· 
sired,. a needle rnay be placed on the end of the 
tubing and inserted into the catheter cap 

9. Open the damp to begu'l a slow d"' and lower 
the medication bag or bottl~ to below th~ IV site: 
to oonfinn correct placement. 

10. Retum the bottle or bag to the IV pole and set 
at dcsitcd flow rate. 

t t. Tape the tubing lo the l)dtient at the catheter 
site. 

r~~Note4-
'· M.ark the Auid level and time on tape placed on 

tht b.::tg wcth ., ptrmanent marker (lilpt can ~ 
used on bottles). Use thi$ procedure each time 
the patient is ched:ed. 

2. If any mcd•CtJIIOns M~ .1ddOO to th~ flu1ds. vmt~ 
the meditation. time, and amount on the medi· 
cation bag or tape. 

3. Tape the catheter cap to the bag or bottfe so that 
it v.ilt be reddy vd'l<M needed. 

A 14-ga~ r~dwel!irlg c.atheter. (ABSOCATH is a registeted lfad~att ol ;)bbon UibolccOOes. Abbott P.:.rk.. Ill.) 
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Administration by Bolus Using the Y-lnjedion Site 

Mater-Ials NeOOed 
Sytiflge 'M'Ih medication and th~ ne-ed1~ attached 
Conon s~bs 
70% isopropyl alcohol 

Pt'O(t-durc: 
I. Oose the damp on the infusion set. 
2. Oean the Y·IOJection s.rte (f'~&Ure 2·28} w1th an 

alcohol swab. 

f iGURE 2·28 
lnltcwenoLJS se1 wilh ~r da~ aM y..ji'IJEl"(IOf'l site. 

If the p.1tlcm tS •~lvln~ IV llul.ti, ~ Y·lllJ~doo 
s:it<: (see Fisur<: 2·28}-loc:~t~o-d on the IV tubing
may b: used to admini:ner medkatioos b~·difi.'Ct bolltS 
(~ Pro;:edure l-8). \Vh..-n m<XIia•tk'nl' an: to be 
;.ll.lmi ni~•«e~l cnllllllUI)u.,ly ow.d ((lr long J')d1f..k. 1l1< 
IV tubi:ng must be chan.k"-'1.1 aftl.'f a 24· h') 48--hour 
p<:"riod. Once the mcdictuion bottle or bag hru; b<:-<-n 
l'1T\ptil'd, rcpb•cement i.s ne(~.,...ry to f:•dlit<•te ca~ ol 
che p:ll lt'1t t. An in.Jw~llin~ e:u:h..:ter mtt.'( be n.:rnvv~l 
:iter 12 hours al'd rcpl'1<'00 with :l llC'>'' one In :.l 

diffcrcm vein locati~')n {McCurnin. 2006). If the 
IV cathtt« is 0()( ~ continuou~l y, it should be 
0\l$hed with ho::ptuln~ salme l!vtf}' 8tv 12 h(M.IJ~ 

3. lnsen the needle of the medication syringe into 
the Y-tnjeebon site. 

4. Inject the tnedic.ation over th~ recommended 
time inteNal. 

5. Remove the mediGation syringe and needle. 
6.. Open lhe damp on the infusion reL Allow 

enough fluid to flow through the infusion set to 
ensu,e that all medication is received. Then re
tum to the desired flooN rate. 

7. Ptoperty dispose of the syringe and needle:. 
6. Note: No flushing solution is required for this 

ptocedure. 

T~~Nat!w 
To ched fOf' prol)4ef placement of the IV catheter. 
remoo.-e the bag of fluids from the IV po1e and hold 
the bag and tubing beb.v the le\oel of the catheter 
(do not close lh(' clamp on th(' infusiOn set). If 
blood •etums into the tubing. the catheter is prop· 
erly placed. Return the bag to 1he N pole .:tnd 
continue fluid administratton. 

A Sln!J'Icx (1.c., t:r.Wi()' M>t) IV set ·~ ~d Jfi ad~ 
minister m<:dk:uimtS or ltuids intriwcnou;h• to l:ugc 
animals (Figure l·29). Thi.s administr:uion Sl't rna)' 
he di~infcctc:'d and ~u~...J. Oi.spo.x~~h l..- IV ~tlli and 
l :l~~·vt)hune fhml ~'25- are ~v:l.ibbl~ (ctt l ;lrtt~ Mi• 
mals th:.lt ro:x:tuite continu .. .,us IV thcmpy. 

In rcdi.ntric p~ltienu and small exotics, IV mcdi· 
c~tion.:> JTW}' ht udmini~ero.-1 bv intru~~u.s (~•n• 

n uhlllllll. Tili:- r<)l i U: <~ l~v lll;l). he v~txl in l~rg.:r 
pattems when rnpld admlnl~u:uion c)( flutd$ or 
Jrugs is nec~o';SSary and a vein is not r.:.;~Jily nvnil· 
able:. If needed, la,gc \•olum('s of ltuid may be: ad~ 
miniitercd m this manner. 

Copyrighted material 
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FIGURE 2·29 
A l.:ltgC>~nimill <ntr<Y\'<!I'IOUS Sort 

In some \'Ct<.'finary hospitals., usc of an infwion 
pump m<1y (,.;ili tute CQntinUQU:S IV admini:str<ltkm. 
On.::-e 1he neCts!r.JT)' ti()W r:ue i1> kni>WI\ (1h.e 1-:)le 1.5 

ord.::red by the \'Crcrlruui:tn), rh.:: tcchnicl:ln c;m s.::r 
the in(usion pump to ddiwr n constant amount ol 
.solution per minute or hour. To detennine the 
p.1mp JS.:ttn•~. tht ttdmici<" ' COJ,~ttl~r$ the UJt~l 
:unoum ;,{ St)luliil<fl h) be ;:.lvcn ~'''d the rim(' Inter· 
wl f\'w infusion. The oper:uing instrucrions (or the 
infusion pump should be followed bl'Cau.st· each 
moxld muy ()pemtc in u :slightly di((..-r..-nt nmnn.,.r. 

T~J-Noi%-
n should be remeoi:>ered that any patienl on 
N fluid therapy shoofd be monitored every I!> to 
30 mmutes. 

M•llllhntul~ u·w<ll\·l'$ ~\·:Jiu:,ting tlnp r.ue; ens.ur· 
mg th:u the IV .::atheter is prorerly placed in the 
\•ein: maki.ngsure the p~nicnt has not mowd around 
in the cage tQ such an extt.•nt thllt the IV tubing hiM. 
~OOnl~ kmktxl; and, ltllll't ltllJX•n:·uu , .:n:-trring th:~t 
the patlem h:t~ not chewed the IV c:uhctct out. 
Anim;;.ls ct~n dosurrrising rhings.. and it i! up w the 
tt'chnidan tQ provide an ('Xcellent le\'el of nun;ing 
to en~ure that n(• htmn ~om.;;• w the: (l0ti<nt. 

T~~Not%-
Porenterol Medications 
I. Some liquid medications for parente1<1l <1dn'W'IIS· 

11ation may "settle out~ 01 l)(eOI)ftdte (e.g .. peni
dllin, Vet(llog}. Therefore fhese medications 
should be shaken gendy to mut the solutiOn be· 
fOre it is inje<ted in1o the p.!llte'lll 

2 Drugs that m~ cause tissue irritdoon are adll'MO
isfered by the intr<l\lenoos route (e.g.,. pentothal,. 
vinaistme}. Therefore, one should be sun.> to 
check. the drug's package .nserl to tde-lltrly lh~ 
correct way to administer the drug. 

Intramuscular lnjedlon.s 
I. Kctn.~ct c:m be administerOO by inmlmuscular 

injection. K..-tas.t.'t hru; a tendency to bum uron 
injection. ;md coardUI ~stro•int method~. al(ln~ 

wilh r:lpkl injecrivn <tf 1 hil'l <ln.~.g, llhoukl he u~d 
In c:us. 

2. Upon inS<' n:i~')n of the nt-'<'dle into th(' choSt:n 
muscle, aJ..,•al'S awly negati\'e pressure tQ the sy· 
"r\b~\ plullt;:er ro bt cxrttlin tht'lt th..- n~.;,ll.; h.-i.~ 
nor cmcrcd :1 blood vessel I( blot'IJ Is seen u\ 
the hub ol th~ Sfrini)IC. remove and redifl.'(t the 
n('l-dll·· 

Subcutaneous Injections 
I. Most vn.::dnes c~m be :klminlsrcred subc1.1mnc· 

\)usly. However, the intnlK~pulnr arcnsOOuiJ 
alwa)·~ be: twoid<d when subcutaneous injec• 
tMJn~ ~Te ~iv~n. 

Inhalation Medications 
In Vl't('rinaJl' m('dicin<. inhalation i:> used primar .. 
ily tv pro,Jue< <~n~thc:sia . Th¢ inh;•l<mt ga.s i:s 
pbct:.l ulr•' the :llle:.tht:hC m:,chu\t" u\ hq1.ud forn\ 
~1nd then is \':lP\)ri!OO thtough the m:1chinc and 
dt.•livercd w th~· patient vin an endotrocheal tube. 
an alloC$thetic g<I.S mask. or an indu<:tion chamh:r 
(Figl•re1 1 .. }0 IV 2, }2). MeJi~1101'~ <'C~~illn:llly 
may be nebul1!eJ to tro."at :ln uppo."r resplr:UOI')' tt:lC.t 
(URT} probl('m, and oxygen may be ~li.vcr<:d to a 
pati('nt with dy.qlnw wlth the u~ o( in halation 
te<:hni<\U~~. 
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FIGUNE l<SO 
Enckx::.~cheill ~lbe \\<th wll. 

FIGURE 2 •31 
A smal-a~ anes!helic mast. 

Toplcol Medicati on$ 
Torical adminisn:uion of medicine itW\')h'l.'$ ;.trpli.· 
c.ni.on o{ drugs (ch-;ams. oinunems, and JI\)J-'S) 10 

the b(ldy'5 surftKe. Topic:al prcp<•nmon:; USU<t.lly pro• 
\'11.11: lo<::tl ~;;((e(;1::. im(e:\d of $)'1/>lt!m ie (lilt'S. Ctiptlinj! 

hair fmm the :1ffee1cd :ltt:l pro\·rdc..<. beucr \'lSu:lllta· 
ti~')n Juring treauncot nnd ntnkes nppliauion easier 
and absorption faster. The ll"<·hnician should ob· 
~rv._ th._ ~fl,!~ ttft<.:r tf((ltnu:nl ~nd ~hould Tli!)'IJrt 

------------~~~ 

FIGURE 2·32 
A sn~a!t.anrnaltnduCIIM dlatttlet. 

~dve~ re:~•Ctivn.~ lV t he: \'~;;tennari~n. TI1e te<:lm i• 
dm :.houiJ f.\1\)\•tde d!\'m OOuc:ulon Tt1:;1n.lutg d.:u\ 
meJk:.tions, indudin~ mlormari~')n on frcque:ncy 
and numbl·T of applications. Many cli<"lHS apply too 
much m¢dkation, wht<.:h nsJt ~mly i ~ \lllll¢Ce.ss•tl)' 
hut <:;ln he quile <:o.)itl'/ wilh s.t'me •ntdic:ut•m~. 

OphihaJmio: drugs ~1r~ ~uppltt-.J ~b :m oulml\'m ot 
n :;olution. The eyC$ ht~~\'e the abilir~· to removC' (or· 
ci.gn ~ubstam:e-4r<•riJ i y. Thc:re(Ok, the~ pre~mtioru 
not\lallv are applu•d ~ev.:ntll im~~ '' d •'Y· Apt'lic;utc)n 
ftcqul'!llo."'t' de~1lili \"JJI the d.s.."a.it ,)f diSOrder, the 
Jrus. nnd the type (l( (ormulati(JO. \Vhcn ~'l('hthalmic 

preparations are applied. the lumd th.,t i.s holding the 
mo.:dic~ttcm l!hl)llld r~t 9n the ~nimal~~ head ahJv._ 
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the nff .. "Ctt.-d <'l't' {Figure: l-33) Dropt; should be: 
plil<:ed <•t the: inner e<•nthU$ ol the e)'l"· If 1•rplic:atlon 
li oinnntnt '' n~.~;tl)·, a $ H,;tll :-1rip ~\lM.dd be ''1'' 
pl.ed alooa the loo.rcr p!.)lpebml bor&!r. whh co.<.ur· 
ancc that 11-K- applicamr tip docs not com.: i.mo 
001\tl\Ct with the e~-c: or cc..-mjuncti~'il. W hen you ar<' 
dem1Jm1n1ting tv a <;bent lww tO apply tye medi<: .. , 
titJll$, P.'im (lut th:u •he awllc:unts h.·we hlmu 11j'IS. 

Therefore.. bh\',,,JIJ 1~ applicntor tip inadvcnendy 
touch the t.')'l". no hnrm should <.:ICcur. 

Drugs may be applic:d topically to the C:ill"$ fOr 
loeal e((~ rv :ocltt:n cemmen :lnd t:~)l)'{! 1r.1 re'"''Y:ll, 
or ro rrc:.u a supttftctal Infection or ear nurcs. 
Cleaning.._)( the cars hdorc 01ic medication is ar· 
plied aids the l'ffc:ctivencs.s of tTt'~1tment. The vet• 
erin~ry t«.hni¢1\I.Jl ... houM pr9\'ide in~tru¢tilm 11.1 

f iGURE 2·33 
Oir.t,.,ent 6 <wlied to !he <klg's ~e en tlle letNef palpeb1i!l 
botde1. 

the dil.-1\1 regarding th~· corrC'< r "'ilYS co dean ears 
and to apply c:ar medication. B}· e)(plainin.g the: ear'$ 
~n:~t\lm)·, th~;: 1eehni¢1;m ~n ~.~~~~ the dit'nt ch.tu 
II I!< difficult to re1ch the ~mun:ll's eanJrum whet\ 
one is ~w-:~bbi.ng the car clean. 

MEDICATION ORDERS 

Inn \'eteriiUlry h~pirnl. most m~-Ji<ati<m ord<"rs are 
written or verbal. A writcc:n order may he providOO 
in flfc:~'nption fvlfu ur tMy ht n(Med in tf,~ mt!Ji~:.ll 
rocord. Verbal otd~t!< .uc s:h·co du·ccd~· ro the ~c.h· 
nician by the veterinarian. When 6lli.ng s pre;erip· 
tion, the technician mll$t be: fiLmiliar with abbre\'ill"" 
ttiJI)il fri!qu.,..ntly ;;tprlied to the m<:di¢<41 r«:OTd t<J 
descn~ J1u~ thetapy. APi*oJix A ll:.t:. abhte\·i:v 
nons commonh· used in vctcrin:.uy mcJicine. The 
t•.''Chnicinn must know the patit'nt being uc.m-d, the 
route of admi.ni:>trilti(ln u:<d, and the frtqu~Cncy ol 
~nlulilli$fr;)l t(tn.llli;. infonn;Uil)l' ~~ tlt'~...::rihc:<l in th~ 
meJk:ui\)ll order. After the meJic.ntlon h:H been 
administered w the pnient, n nmation should be 
nwdt in the medical rec.orJ dc::scribing when, what. 
h.;~w, ~nd b}· w~M)tn t.h t llle\li.,:itllt.Kl wit.t ;idnunw 
1~rOO. Obicr\'~ltlons (,(the p:u.em's pl\)i:.R>S!'> _sh,-,.,(d 
be noted in the m('dical re-cord (FiJ,.oure 2·34 ). 1( thc 
medication order is a prcS(ription (figurl' 2-35) to 

he 61Jed, th¢ (lrder ~h(l\l ld h: dated ;md noted in th~C 
u\t:dic::tl tli:Cf•nl (f.igure 1· 36}. If dk t)W'l\t!r J)IC.ks up 

the rccscripuon ~u the wtt•tinary ho:,rital, the 
meJica\ TI."'C(>rd sh\1uld be retrieved and pr~med to 
the vcteritlltJi<•n for llppro\'al of the rchll. The ~me 
J'IVCt:d•,nt: :~ de!!t::riN;~I ec'IJiit!:r :4tfJu l~l be ((JIIowed fvr 
Jlsf!\~oslo~ llk->dtc:ul<'"· 

6-1B·95 9:30AM paUen~ B&A 
T-102' 

_____ .. h,e_p.arir jzed &aljn~. contjn·Je IV I.R Pt 

J5~tt/min C .~' !.UM T __ _ 

FIGURE 2·34 
Af\et medit:.11ion ll::l l:lc:trmiS!Ielt'd to;, P-'!ienl. <t not~:~boo sho\kl b(' rrii!Ce'" the Mient's medic.~:~l rec:ord 
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PET CARE ANIMAL HOSPITAL 

1554 Straight Road 
Anytown, USA 12345 

455-555-1222 
Patia~t .:I;,fh'#9-th:O.•'---

sr ....... ~ 
t ~ .. & ,- twt .-: ~ ... 4.-

,o-oHd. fo·" 

s;.,.,t, Q,..,.., -D.V.M • • 

______ D.V.M. 
$l)!tflnvrt0Ji ""--WW 

_g_ Refills 

FIGURE 2·35 
Saflllle prescriplion Otder. 

6111Q!<iUIQ mal~ kid x 10 day 
Bute 100 m~ 2 'tab: po v i4 x 3 daye 

---0· K. !.I![Y'I,., __ 
f iGURE 2 4 36 
Ptescriplions should be written in the p;~ttenr's nledical •ecocd 

CONTROLLED SUBSTANCES 

Sul:n!t~ th"t have the <~t-ility tl.l betom~ h .. bit• 
(<,m\h\jt (,)r hum;\1\S" :)k I:Jhtkd :l$ Ctil'llroUed sub· 
S'lalll~. The Drug l!n(orct-m<:nt A~q· (OEA) h> 

quir~~ that the upper rir;ht comer ol the origin.nl 
C.Qntainff ~hould :tho"A' a ood< <:ont<1inin.g a l<Jpitttl C 
(OOnuoUeJ}, fvllvw,:d by:-\ l~orn:tn m.tnl('sttl ind~t· 
II\£ one oi the tive schedules ddil\t-d b)' the Code <l[ 
Federal Rl'.g1l.larioru . &'i'ausc S(lnlC of these drugs may 
be mi.sulitd, the OEA requia-:s that thty ~ kc:pt in 
tUl unmr.w(lbll;' lo<:k~>tl ~n::~. <Jml that 001 irwtn tcJry 

l,'>g be l:.crt to report amounts used and on hand 
(Fi.b'Urc 2-37). Each timC' a oonuo\JN drug i,s admin• 
i$tcrcd or dl..'):'e'l1..."<d to a p~tknt. th i ~ mu~ be rc;: .. 

J)(lr!ed ul !he <:ilntn)ll~ .Su~I :Jtlee uh·trU iM"'{ 11)-g,. :l~ 
well in the r-.uient's medical record. Thas docu· 
mcnrotion shou1d indud< the following; ( I) date, 
(2) ownl•r'.s naroe. 0} patient's name. (4) <lrug 
r\:-lme, (5) :lm(l'lllll <\l,l ministe~l ,,r di$per~.~cxl . a 11d 
(6) Ll'tt names o( \'etcrlna11• perSOI\1\e) who drv 
pcns~.J the Jrug. Lf the Jrug is to be dispcnscJ, the 
lab:-1 must beilt the following warning: "Citution: 
F~rl lt•w prohibits the tr;.ru;(er of thi.~ <lr~ tv any 
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Cll'ug; diaxtpoam 

Patlan! Owne< Beginnhg Administered On """" Initials 
fo;y Smith ~ m: 0.:2 ml ------ 4.& m. 5D/JC 

_ ..f'_~ -- _r-Q~ _ <!~ '!II .. _J~~.~~.!!!L ~~-!!'L J.Wliil'! 
Gll~n. Ptt"-"> ~.65111 Q.~ ml 4 .15 L'llfltN 

T,L_ Wrt.0 <!..1511'11 .Q ..... Z_:r. - ~s.L- OD/,!C 

FICVA:E 2·37 
£;.:.ample of a conltolled substance inventor( log, 

pt:lit)n (llher t h:m 1he p~1C1t!1U ((lr wh(lm 11 w;~ 
pre:.c_ubOO" (\Vebb :'lnd Ae!ieht:ocher. 1993). A list 
of thl.' coouollcJ rubstomccs tn•'l!St comm,)nl ~· used in 
veterinary mc:·dicioc is <t\'Nilllhlc: in As:rmdix D. 

T~J-Notiw 
Drug Storoge 
I . The manutacturer's instructions should be tol· 

lol/led dosety to faci!iune safe storage. 
2. Some drugs are sensi~ to ligt'lt and humidity. 
S. The bcation ot lhe pharrn.acy in a veterinal)' hos· 

pital should not be accessible to the public. 

CLIENT EDUCATION 

Vt:H:rin:)ry 1echnichn$ .i;.h,)ul.l rnal:-e lht:m~lvt>$ (;~. 

miltar "' ith 111l admini~1cred :1.1\J diSJ'('nr.td drug~. 
(){ten, it is t he u:chnician 's dut~· to eJucatl.' clients 

al't)u t ht)w ;.) meJil::u k•n .d\()l_,ld I.e l\l l mh\i$ft:r~t 

M'll.-1 " ' IW lr h:H ~CI\ prescribed, and ab,'>Ur :'In~· ad· 
verse fc~cti~')ns rhat may occ.ur. The technician 
:~hould consult t h e: vet('rinarinn to gather infonna .. 
ttsJf) ~lx:wt ruw WJeStivn$ that he or she <;;;mn•x .,,,, 
swer. If nee~led , writh!O il'\(n.tmatlon :ll'ltMif rt.e 
meJicnion should be n.VIlilnble for the client's ref· 
crcn.::c purpo!cs. 

REFE R ENCES 
~kCurnin OM, B;·lj6o.on JM, o.'ditu!l: Clini~;·•l to:-.-:tl......,l; f(lt 

•"<:t<"'it'llll)' tcchnl(:illnf.. ,.J (), l'hibdt-lrhil,, l(.\')(). Ebl·vicr 
S:oun..I<'O. 

W~bb ,•\I, Acl>Chb~~thcr G: Anr11.al drug cvrolailli:f b l'(-\;; :• 
L'•.dde t•' the re:..l~. JAVMA !02, 10, 1993. 
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REVIEW QUESTIONS 

2. &l01K~ arc us~'\1 in the trc:3tmcnt of 
--,--,--,---,---,-:;----aniroab and are 
,_dmini*tt:n:(l whh •-

3. N;;.mc two t)'J'Il'S o( p;;.rcmcral injection forrru.. 

4. Vi~ls may 1:<: cithc.:r ------,-----
J,-.se iw tliiSe. 

5. AU used n~Jlt.-s should be disCilrdcd in;' 

6. Name the five ri.ght~ of drug administrution. 

1. C>c:~.l d~ .should ne\•et be ~1dmlnlncrcd m :lll· 

imals that arc --:--:----:---;-;---;:--· 
8. lntniVcnous ad.mini~tration of drug5 alloW$ the 
t~ ~nd t««tivt 
drui: ;....!minhtr:'ll it\11. 

9. An indwdlins cath\:ter ~hould be replaced 
wlth a new one l'V\'1)' 

.,----,---;:---,---:h(M.Jr,i. 
I Co. A :;unplex (i.e., gr.)llh)' set) IV "Y~•e•n h ~I 

to administer flu ids £o.') 

~------:--:-:--:-.anima~ 
I I. Name .si.x itt'ms that $hoold be 1'ee1:1rdl'ld in the 

~lK)(TI)IIo::,l l)llb.W!n<:e k)g. 
12. Whv shcluiJ dru)Ci )ltlven by Injection n(,t b€

S£o.)rcd in syrin&oes fN sny length t)f time be(rue 
admin istration!,-----,-----,-

13. Ll$t foor tyf",!tt of ~nn~'< t ip$ that ar< avallt~hlc 

f•)tt u~e. -,~-:;--,c-;-;----
14. /\ tu~rc1.1lin syringe holds up to 

--,,-----,-----ml of m~'\lication . 
I;. Wtwt t-y~ o( :~yringe- i:; div-ided into unit~ 

r~• thtr th(ln millilit<r:;! 
16. A(n) Is an :l~em 

th.'lt prodi.Kes .w.perlicial irritiltion that is in· 
t<tldtJ to rdic:\'(' some other initotion. 
a. di.xir 
h. emubu'IO 

c. lini.tnt'lll 
d. counterirritant 

17 A{n) will usually separate aftt'r long 
fX'riod~ of $hdf life and must be .shaken wdl 
before 1J$t: h.I J'm~·,dt: ;t umfJJrnl d(Jelt:. 
a . e lixir 
b. nmimim')bial 
c. $Wp<'nsion 
d . amhdminti~ 

18. i h.s r~pe d s~·rlnJO:t: li conMrucred In such :l 
"':IY thot the nl't'Jie screws ,)nh) the tip t)f the 
S)'Cinge. 
a . :~lip tip 
b. eccemric tiJ' 
e. cath~t~r rip 
d. L.uc:r· k·k tir 

19. All the lullowing li«' ~itc..s for IV administrtt• 
ti~m in $m\•ll a ninmls, es<:tpt: 
;l . jujj:ular vein 
b. carotid nnerv 
c. laceml 6aphenous ' 't'in 
d . ph;~ lie vo:;:in 

20. A1\ u\dwelhng c;~l ht:ter mu$t be repl~tl 1':\•.:ry 
hours . 

•. 48 
b. 24 
¢ . 60 
d . i2 

21 . If an IV c~ltheter is not used continuously. ir 
~oold lx- floshcd with heparinized so line l'Vt'l'}' 
_ t(• _ h.:•u~X. 

a. 6; I Z 
b. 4; 18 
c. 8; 12 
d. S; 10 

22. Ctrvu'l~n ts a St•biit:.ln(;t th~u l$ ~l)mnuJnly 
found In what Matomk part of the bo,)jjy? 

l'l, urinary bb1dder 
b. o::ar 
<:. rectum 
d . c.ro ..... •n ,)(the "")lh 



23. Any pcniem on IV tluid theropy sh01.1ld b~ 
monitored l'\·cry _to_ minut<:!· 
,l.l; l 
b.JS; JO 
<. 90; 110 
d. 60; 110 

24. IV tuhing ~hould be <.:han.g<..'(l <l(tc.:r a_, to 
_·hour J'let ilxJ. 

•· I 2; 24 
b.ll;~8 

c. 11:36 
d. 14; 48 

25. Wh~n ::\11 intrmrn..L..-euhlr injt~ction i$ tzivcn in 
£he flt~I\·IC limb ('Jf a dl)jl.l)l' Cal. 1he ilfl'>ll ne;lr 
lhc _ ncn·~ should be :n·oidcd. 
a. radial 
b. !K:itlt ic 
c. ischi.:ulc 
d. bo<h b and c 
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Sotutioos 
Pmc:nt Con<mcmions 
Co:~lculadOtls ltWOiving Cooctntr8tions 
Mil6equivalen.ts 
Cak11S.Lions ln'f0f¥1r~g rv Flulcl 

Alfmlnhtr.ltJCNI 
Calcul~ions for Constanl Rate Infusion 

Problems 

Copynghted 1mage 

CHAPTER 3 
Practical Calculations 
in Pharmacology 

LEARNING OBJECTIVES 

I. El<hlhil an unde;rst:mdmg of tb.e ~·stems df mf.':t.iutemem. 
2. Explain how co perform COO\'Cnions while using the metric S)"Stem 

tmd other ~)'Stems of mea~l\"m<.·nt. 

}. l kme.m.~• r<~t~t h.>w tu p..:ri(mt) dl.~•f;~t <;ttlcul:.tfi~)T't~· 
4. Explain I\1)W percent O::l"!Ocenlt:monr. nrt pn''f'an."ll. 
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APPLIEI> PHARMr\COI.O<W FOR VETERINARY TECHNICIANS 

EV TERMS 
EQUIVALENT WBGKT 1 g mckulal weight (from 

periodic chart) divi~ by the total positive wtlence 
of the material. 

INTRODUCTION 

Vc:tt:rin:ll)· lt<.:tiJ,i<:l1ln:. vlrc:n ~.rt C':llleJ ''" t<) prtte(lrt! 
and ;:\I:Jmullster m~dJC;:'ld~"JotlJI 10 anJmal fXldCntl!. A 
''Cteriruuian 's orJcrs m~ call (()J adminism'ltion of a 
srtdli.c number of milligrams or unia of medication 
(dvi;t). Th~: tt..:hnician then mu<.t dtttnuine tht 
qu:mllty (In m.tlll,ten., mbkts. :.1nd Sa) fMih) <'f rhi': 
ptt(Mmtion th:u coor~iru the :lppropriatc dose. In 
other iru;tanc.._"S, th..- technician mav lx ca!J.._'\1. on to 
rukulatt' the d~ (In thc-~o( ad~·~.: r~t(' ((Qund 
in rho: in~n (w in ref .. ~n~ll(;e bovh) ;lnJ 1he :mim~l', 
\1:d:;:h1. In either C!l.il.':. an error in cakul:ul<m can scri· 
ously affcct the health of a p.uicm. This chapter 
provi\k$ the hlriwQund infortnation and applka· 
til.lf~ 1'etded hy tht ' '<:terinarv t«:hnic::i;;'m t<J ;'l<:Cu• 
r.uelv c~lrty iMII ;1 vererin:ltkln':. medlc:ulon ~~~ 

MAIHEMAI!CS EUNQAMENJALS 

It is ~l~umed thai the sudcm who uses this II':Xt h~ 

a OOsk unJersr.mdinr; ,..; fr.~rions and dt.'Cimnls. 
With th(':l(' fundamcnt~~l.s ~1$ a blld.ground, the (On• 
O.:''tS v( (.-tr«nt, r(lt i<), ;h~ pi'(I(XJTti(m ~h{MJid be 
revlew~d be(M~ rh~ pr:'l('l!<'-e 1:-oroblem.~ are !\(11\'<ld. 

Perca>m i~ defined ns pa~ per hundred. Percent is 
a fr.-ction with the: pc:rc.c:nt ru; the numerntorand 100 
th..- d..-nc..mun.·'ltor (<:.g., 5% • 5/100). P<:n;c;:nt5 may 
he 1\'rirttn:):) doc.m:)ls., fr:)C.ti•)I'IS, or whcole oumb::rs. 

b:ample 1: Decimal: 0.3% 
(thn.~·tc:ntlu rcr(eOt IJ/10 ... JOO}) 
frt~ctkm: 1/)% 
(oo~·fifth ~rcem 11/5 + I 00)) 
\'{'hole number: S% 
(five: rercc:m 15 .;. 1001) 

Percent mi•y be cll<U\b~l ro fr;~.c::ti..:ms ()r tle<:imaJ,. 

M il liEQUIVALENT 1{1000 of an eq~!ent weight A 
term used to express the concentnrtiOn of e1ectn> 
lytes in a solution. 

Example 1: Chan.~oc m :1. frac.uoo: 
l% = 5/100= 1/20 
Cha.ngc- to 11. de-.;:imal: 

S% = 5/UXl = 0.05 

Note thl•t ;1 p..:r<:ent (<'In b~: c::h.1n#~:~.l tv~ dec::imt'l 
'luiddy b)• J tC:Oil'flUl $: the pereem sltn ::mJ ffi0\'10"' 

1he dec inull t>A'O pk1ccs to the left . 

Example :S: 5% • 0.0) 
A tau() is :\ w:w o( t.xpr~*Sing the rt:.l:.)tic•r\S.hip <•( 

~l number. qw.uulcy. subir~ncc, or deg:r~ ben. .. •eel\ 
tW\) romrooems. In rcnliry, rntios arc fmcti,;ru. 
with th.: 6rst numb.-r in the: ratio the num('mtor 
~ml the ~~md number the (l<:nvmin~t<Jr. n~c 

numbets m~l~· ~placed .s:IJe by srde, sep..lt:u.J hy a 
c .. 1lon, or they nt:ly ~ So(>l up as a oumcrntor/ 
dt."llominator (e.g., 1:5, 1/5). In mathematics, a 
ratio rna.v be ('l(r""~$00 .-.;" ~tuoticnt . a ITacti(ln, or 
'' .lt:eun:ll, J)l'.T 1 h...: foll1)wul~: 

uamplo" 1 + 5. 111. 5~ = 0.2 
A j7f(l('Ortlon .shows the: relati(ln.ship between 

1w(1 r<tti~. Whtn :1 pr<lp<)rti<m i~ :.tt l•J'. the tw<) 

ratios usually are se.par:ucd by an = (equals) 
sign. 

Example S: 8: t6 8 I 
1::201' -·-16 2 

The pmpMti\)llS above read "8 is to 16 as I is 
to l." The two inner numbers in th~·li.rM .:xamplc 
(16 tmd I) ;me called the: m.ec.ms, and the two 
(llll l':J numhtr$ (8 :lnJ 2} ~uo;: e:•lled the ~xt~e$. 
In a 1rue pm•pMuon, the product of the me;lns 
equ;;.ls the product of the extremes { 16 X 1 = 16: 
8 X 2 • 16). This fact makc::s the rroporrion a 
ustful m<lth!!mutical tvvl. When ~ ~rt ~~( th~: 
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problcm i.s unkn-own, "'X .. can be substituteJ fN 
the unknown part 10 the proponion and the 
equ<:.l iO:•n $vlveJ (vr "'X." C.re tu ~•lft he ~l:en IV 
CI\S-IlfC that r:he (lr<>porti (IO iS -Set Uf' ((lti('Ctlr. and 
thm th.: .snmc umt of m~surc is used ~)n bmh 
.liides -of the equation. 

Er.imple6: 8 I 
8:16-=I: Xor 

16 
=x 

8X= I () 
X• 2 

Wmple7: To eonvcn 0.2 tl 10 mllll.l.'farns, caku· 
l..1tc thc following;: 

I(:(X)mg:l g= Xmg.Olg~ H:X:X)mg = ~ 
lg Q.2g 

X=200(1COOxQ2} 

s ymMS Of MEASUREMENT 

The 6tst stcp in thc successful calculation ,')( d~'l!SCS 
is to de\'eJOf' an understanding of the unit:; of mea· 
R!~ u$00 t<) Ci~rry ()\If th.,.. C(lkt•l<lti<)n'!- Thi:':!e unit.( 
are « •mponl!tlu 1"1l the ft,ll;)\\'lt\jt three separ:ue 
sysrcms: 

1. Metric S)'$h"m 

1. Af!\)rhcc:ary .s~·Mcm 
3. Hou.:sehold .system 

All thrCt' systems are cxprC!oSCd in th.: fund~~mcn· 

tal unit~ of we·ight, volume,;, llnd le~"fh. Technicians 

should t:< able: to convcn valut.~ within ca.ch .s~•.stcm 
and bc:tween the three .S)'.litc'lm. 

Metric System 
The fundamental uni~ of !Udlsurcmcnt in thc mct · 
ric ~>)'Hem rue the !.'Tllm ( v.'('ight), the liter ( \'Oiume), 
<1w.l til< lltl!ter (kn1:,tth). Gnuu is tlhhn;\'it4tl0'\l g'.lr gm, 
lttt't i$ :~hhrevl:ned L ,)It I, :~nd me1er il :~bbrevia•OO 
II'!. Thor uscfuhwss o( the mt>tric ~ySTc.m is thou nil 
units arc p()';l.•crs of the fundam~·mal units. Prefix~~ 
are u~ in C'.Qmbin~•tion with fuodam.:-ntul units to 
,knvu; $maller vr htJ)..~r 'lu::t.n til tell. T:lbk: } ~ I 1IIUY 
tl"..ltcs the units 1-J mca.iurement useJ m the biolo~k 
sciences, 

The uniu that nrc uti<d mo:s-t commonly in dos~ 
age <:al<:ultttitJO$ in<:lude the J;r<lfn, the k.iltJgr<llll 
(kli:; 1000 K). tht' milll$:mtn (roJi!; 1/1000 $:), :lnd 
the milliliter (ml: 1/1000 L). It should be noted 
that a millilin•r i.s equiV11.l~·m to the quantity 
of wat.:-r cont<•ined in J cubic: centimeter (cl'). 
which i$ :t l~v e<p.n":tle.u I () I g 1>f weigh• . There, 
fore, fN Pl"..lCtical purposes, tt m:l}' be s~1IJ th.:u 
I ml = I cc = I g. 

On occ~l!Sion, the microgram (JJ.g) may be uscxl. 
(It iih•)(lld he tWtO:::I tht4t thils urnt al~) tll<IY h.,. <tl>
hrevl:lted :lS meg.) Care sht'lt1ld be taken h' differ~ 
emintc this abbrcvimioo from mg, "'hich )~')Oks 

WI)' similar when written ordcn al'(' us-ed. 

Conversion Between Metric Units 
The !nos{ funda•ncntal \\".l l' Ill oonwn bctwc•en met· 
ric unitS is to multiply th.: units givcn by rh.: cotWt'f· 

sion factor invoh'ing the unir.; d~l\'d. I( the dcsirro 

Table 3·1 Unitt! of Mea.sun: for the Biologic Sciences 

Weight Volume length Multiple Power of 10 

C.•m (&) I.JtCI (l) Mct<.>r (m) I 
l(jlog<•m (kg) Kiloller (U) Kilomelet (km) 1000 
Oecig<•m (dg) Oecilit"' (dl) l)e(imeter {dm) 1/10 
Centtgram (cg) Centili1er (cl} Centrneter (em) 1/100 
M1lhgtc1m (mg) M>-r (ml) M1111mctt1 (mm) 1/1000 
Mioogr<~m (..,g) Microliter (.,J) Micrometer (p.m) 1/1,000.000 
Nanogram ( ng) Nanoli1er (nl} Nanometer ( nm) 1/1,000,000,000 
Ploogram (p&) P1ool1cr (pi) Picomtct~ (pm) 1/1,000,000,000,000 
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c,;nversi\'m is fr<:om millir;mm.s (mr;) to grams (g), the: 
numb« of milligl'\tJTI$ giv('n ~hoo.ld h- muhiplkd by 
the (Xf(Jr I ~ICCO nlJ! 1-t~uilt I g = lOCO nlJ!. Tht. 
ft,II,'Wrll\jt S(t"pt. would ~ II\\'OI\·cJ ul this CJ:ll\\'ti'S.:>n: 

I. Wrile d(lwn 1he 1h.1rnber (t( '"lll~r:lrn$ h) I,.: 
convened hi S,.'1:uns. 

2. To the: risht of dun number, write: down th..- num· 
bc:r o( miUigr.un,s in I g, with the milligrams Its 
rhe i.kO(JU\In:tt(Jr. (l11t n unM;T.I tl)r :;h.;-..ld ,,\...,.,.)'$ 
com:lln 1he uru• to wh1ch ~Y·u w!:..h w cnovert.) 

3. Mulriply the two numbers togcrhcr. 

Eumple 1: Convert 3COO mg m b'lams. 

1. :!lCOmg 

23000mg ~g 
I mg 

l.3(X'X) mg x lg -38 
1CXX) mg 

Mitrogramr 
r'I'IICIOII!et 

(III,OCQ,<IOQX. 

f iGURE 3 •1 

INiigr;uW 
'flillllt!l 

(111000)() 

Cefl4tlramr 
centlf19t 
(11100)() 

Figure J.\ ilhtstrntes the :>rn im~·p m..-thoJ o( 

conv~ning (rom 0 1\C' unh to <Ulother within me 
n~..; l riC <;yiilt:nl. When ¢•JfWtrling ~~~~~~·rtm.;JU .S 111 

1he mt"tr!c sy«em vb the su.hsrep methoJ, dh•kle 
by I 0 (01 cnch Mcp ur h ') thl.' dcs.ir~-J measurement, 
and multiply by 10 (or eu<h .step down to the de: .. 
111n:d m~uremtnt. 

Yc)u :.ll~ m:)'( 1hu'k ;.,{ CMIVE:ftin]i: me:tsuremems 
with this method by remembering tl\nt (or e.lch 
step up. the: decimal point is moved <.lilt' place to 
thc lc(t. For euch .st~·p down, the decimal point i,s 
m(•vc:J \.11\< pl:.ce t(• the riglu . 

Example 2: 500 ml = _ l 
Cotwc:nion o( milliliters to liten rc:quires thrc:e 

iltcp.s upward. Tl\(re(<Jn:, divide 500 hy 10 ~~ tiLl~ 
(o. 500 + 1000). ihl~ m•weS; th~ der:::im:\1 pnuu three 
plxcs ro the left, nnd thf.' :m . .;"'~r is 500 ml = 0.5 L 

Example :S: 2 ,g • __ ong 

l).ijkagramf 
dok."Rat 

!10X 

Oocr,Jt ilfltf ,----' 

d:it:i~· 
t 1110X) 

XIO 

HOOI()o.Jiill'l\ 
tlCCIOiiter 
(100)() 

Kilc.lgt-..m• 
kiiOiil~ 

(1000)() 

The staitst:ep method fot corwertin.g 'Aithin !he metric system. FOJ each st~ up lheYMS. 6\lide the gi\-en amour.t by 10 kx" each 
z.~ do'tm ltle swir:;, mlibpl)• the gwen omotnl by 10 
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To convert grams h') milligrams, ~;o down thn.'c: 
MC'ps. Multip-1)· 2 by 10 thrC( timc:s (or 2 X 1000). 
Thi~ nu)\·t-~ •he •kcim:,)l p<)in• three pl~•ct-~ u) the 
rl):ht. and the :uuvlf'r Is 2).: = 2().):) m~. 

A $C'C\'md method fm pc.rfonning corwers:i~')ns in 
t:hc mc::trk systC'm can be: called the: (ll"''tl'W ml"thod.. 
Whc-n thi:~ n-w:th.:l() l.!i ~.~:~cd, it i" p.'l.r.IJnOUnt t() R:mc::tn• 
her wtuch Ulllb ,,( meo~sure :u~ L"lll:et. C·uh'd':iM)~ 

bctwct"n the comm,.,n)y u~d units (y{ kil(>gront.'>, 
g:rrun.s. mi\ligr._lms, and micrograms arc illustrntcd in 
the folk~Wing ~Nt. 

A bi!J(.:rt~m i$ lOCO tun~ brgtr d~;u1 a ~r;:.nt (g), 
:'l £ram Is 1000 tim~ l:uller th:tn a millli:f:un (mg), 
and a milligram is 1000 times larger than n mic· 
l'O!,'nlm (meg). Thi~ relationship cMn bC' abbfe· 
\·i<4t<d 01.~ fvUvw.~ with the U$1! <)(the "grt<lter dnm .. 
symb.-,1 (> ): 

kg>g>mg>mcg 

r...bny 1une-$, th~ I~I'Hlici<ln will h;tvt I() ~·lcul:•te 

the amoullt of druQ to lx Rh'tn when 1he supply ,-m 
Mnd is not mcasun-d in the: same unirs :u the order 
call$ for. For example, the: ordc:f is for O.J go( d~ A, 
tt~ul d 1c; H1pply 1.»' h<lnd i$ I )O.m~ mblc;t$. Be(vre. i t 
c:m bed~l~nnu\~J how ln:\Of mbk-'1$ sh1)uiJ be jtlven, 
0.3 s must be convcrll.>d to milligroms. &"Cause it is 
known that I g = I 000 mr;, 0.3 g cMn be <ha~'l.'\lto 

milligr~mo; hy multiplying 0.3 g hy HXXl mg/g (O.J X 
JCOO = }00 m~). llu~ Joc.im;J.I J)I)ull ~ m..,.,ed 11\ree 
pl:l.(es 10 the right (03 ~ 3,0, 0,). 

' ' l 

The: conv«.sion <ould ha\'e been made ''cry 
qvickly h)· 3i111J)ly nwvm# tht •k.::imt•I J'()mt du et. 
pbcc!> r1) th~ rlwlu . Ul know which dlrectl1)1l to 
mm•c the decimal, onc.shoold determine which 'ol.'lly 
the arrow is pointing (e,g., kg > g > mg > meg). 

Any time the <:onvl!nion il! made hetwcc::n t.,.,'<l 
adp~nt uoiu in the rt:l:'ll li•n~hq) <'!(kg > f! > m~ 
> meg, the dtocimal poim will ~ nwwf'd three 
pl~~c:s. 

The: ~l'i'J-'IS (or con\'erting g~<~ms to milli~om1ru 

w1{h t he. use l,f t hi t med•Oc.l :~n: ;\) IVIIOw$: 

I. Wrire down 1he onl<' r 6rM. w.ins the units 
<ailed (o< (0.3 g). 

2. Write d(lwn the equivt~knt unit• (~m h<lml) 
.wede.l next t<) the 11tder unil.s (O.Jg = _ m,;;). 

3. Plac<' an allOW bctwt~n the: two units, with the 
d~ part of thC' arrow pointi.ng toward the 
$tn:~ller l•nh (g > mg) 

4. Mow the decunal point thrct pb ccs ln thf' dl· 
r.."Ction the: arrow roints (OJ g ~ 3r0T Ot). 

' ' l 

In the pn;viVU~ f'T1Jb4elll . it \\'QUid t<1ke tw(l l50•mg 
t::lhloi'ts; t.~ fill 1he J()()..n\$! •)1\ler. 

If thf' ruder had ht-"ffi for 300.000 meg o ( Jrug A. 
nnd the supply on h.anJ hOO consi,su·J. o( 150..mg 
tablets, mkrOf.T.I.U'l$ would lu•vc: to he rottvl•rtc:d to 
millipt~n» dtn:>u~h 1h~ (ollvwing .)It")'*: 

1. Writ< t~ order (300.000 mc.g). 
2. Wnt~ ;.l<lwo rhe ~uiv:'ll~t\1 Ul\11~ nee.l~d n~xt h ) 

the otdt'r units {300,(100 meg = _ mg). 
3. Plac<' an allOW bctwl.~ll the: two units, with the 

dosed part of thC' arrow pointi.ng tO'ol.'ard the 
$tn:~ller l•nh~ (meg < mg}. 

4. Mow thf' decunal du~ pb cei in rhe dlreoc.ltOO 
'"" arr..., .... · poim.s (300 mg +- 300t Oro, 0. meg). 

~ ~ I 

In thi.s probkm, it ""'"'uiJ take: t\1.'0 150-mg 
( 150,000 meg) tabk·u w fi ll the 300,C\.\1•mcg order. 

Additi<mal pr<,hfc-m:i (()r cvnvertin~ within tl\e 
nwttlc system al"f' pRWidi'd :'1.1 th~ end ol dl ls 
chaptet. 

Apothecary and Household Sy:stems 
The ;J.fl(lthe<::~ry ;tnd h<'lu$eho.>ld sy~h!n\~ , )( ult'<l$un:~ 
mf'm are oldf'r syuems than the metrk sy.s.tem. The 
Uf'')thec;ny ~tern is sd Jom us.t.-d, bu t the house· 
hold syt~tc:m i~ used (or givin,e dients instructions 
~h)l• t ~.v.;;~e. 

The units mo.;: d(ren Ct)(()UI\tcred In the :'l{)llth~ 

ecary system nrl.' the minim, nhbre\•iated 111 or ntin: 
th(' dmm, al:bre,·iat«< dr; the: ouncC', abbrc\'iated <n:: 
<1nd the ~roin, abbeviated gr. A minim i-!i equal to 
I .11\)J), ;\ dr:'m ..s ~lu;)l h ) 4 mi. ::ln IM.mce h ~,}l.l:l.l t(l 
30 mi. ~lnd a groin is UJwllw 65 mg (64.8. somt· 
times roundt.-d o(( to 65). When quantitiC'$ n.'Lnc.-d to 

f.'l<~iru: me WTitt('n, the ~mbol !,'1 .should be: pWced 
l...;forl! cht number, w,J oouunvn (n\Ch(ln$ ;trl! v$ed 
when 3ppmprlatc (<'·'=·• ~r 1/50). T he apofhCCal)' 
pound ( 11~>:!) is 00( uscJ when dosC'$ nrc e11kulated. 
ln5twd, the avoirdupois pound ( 16 oc) i:! u~c:d. 

Unit' (;(»nmonly U:;((l in t ht h~·u~lwld li)".St.:m 
lnclu.~ th~ J f(,,)., :Jhbr~vi<tted g;u; 1he tablesptf•nn, 
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abbrevUucd T Of Tbsp: and rhe l~'tiSp\'>.')n, abbrc:vi· 
atcd ' or up. On<' drop is cqui, '<llent w I min. I 
~r i$ f:i,JI.Ih·;•ltnt II.> I; ml, ~r~l I t.$J) i$ l:(&l•iv:-\lent 
to S mi. The pint. quart. :lnd i:;llloo arc a.thl'f units 
that arc .s.,')metimes encountered. &xes 3·1 nod 3-! 
illustrntC' equivalent \'alucs thm ntC' u.sC'ful in <IO!a&~ 
cal<:ultlti~.Jns. Pr-.:)hletl\!i ~m (;~mvertin~ within <1nd 
ht:t"~."'ee•\ the :\fls'l4h~:JI'Y :J1\d ht)lliel\nltl S)'Sld'ltsc :)te 
founJ m the end ol this chnrter. 

DOSAGE CALCULATIONS 

The quantity of drug m be <ldivs:rcd to a patient i:s 
call«! the Msr. A .:b ... cage rat<' <'Xprc's~d in milli· 
g~m$ peT J:ik:oert'tn (l)r •nilligroml! p<:r PJl~nd) i.~ 

mult•rlied hy the animal's \.\'eili:ht in klk)J(I"J•M (or 
pounds) to determine the dO!i('. The Jose then is 
dividt..J by the amount (concentration) of the: Jrug 
in thc ph<Jnna~eutk form (~· hlc:t, solution, und 
~ (.._\nh} •v Jt:tennine 1he <)Cit.•al :)tn<.'n.ll'll ~~ the 

BOX 3 -1 \Veight h 1uivalent 
1 kg = 1000 g = 2.2 lb 
1 g - 1000mg 
I mg - 1000 ll8 - 0.001 g 
65mg= I g 
1 ..,_g = 0001 mg = 0.000001 g 
I lb • 45~.6 8 • 0.4036 kg • 16 Ol 
I oz- 28.35 g 

BOX 3-2 \ 'olunw Equiv;~knt 

1 l = 1000 n'cl = I qt {946,4 1'1\l) 
500 ml • 1 pt (47;} ml) • 2 (Up$ (eqvi\~1-ent to 
1 lb of walcr) 
15ml= llbsp 
!)ml • ltsP 
30""-102 
240 ml = I cup/glass 
4 ml = 1 d1em 
I ml - ISgn/min• 

•nw: nl.ffi\hcr ,,( ()n,prlmtnim in I ml ,-lc"""'1' .~n tht: $b,': 
r.l the JroJll'!r. With ;J :~r.-nJ;mJ?i!o.' Jmp.-.,.'1'. I rn1 t\.IU:tl.5 
I;Jn~. 

ph.nnn;.lcc:utic fmm m be administcn-d. The tOrmula 
for doSC~gc ~akulation, which Would lx: committ«l 
II.) Rh;nl(lry, i<: ll'S {(IIJI)w$: 

Oc:6e = Mma's "e'i! )( c~os.age rile 

C"""'•aticoof d<ue 

Example 1: If:) 10-k!!!: ~.-Wg is''' he S!,two :'lll\(•:o.:klllin 
~lt the rare ,)f 10 mg/kg, nnd inj-cctllble nmoxicillil\ 
tu a ~onccotr..ltion o( 100 mg/ml 1$ n"ailablc, the 
~ago: ,u.Jculation \\'Quid b..- <I.S foll(l~: 

Oose•Xlkgx10ms.:k§ . 2CO"J • 2ml 
100 mgjml 100 ITlg,fml 

N•Jte th-:tt in tht lir.u St<p vf the cal<:uh•ti•m, 
'bll')of!1::uns c:mc~l ou• u1 lea\'e (}Ill'/ mtlll~t:uM tt\ 

the numermm. In thl' second 5tep, milligr:tms 
cancel out to ll•ao;e milliliw~. If 100-mg amo.'Ci· 
cillin tabl..-t$ <JI"(' "'''<•il:•blc, thC' f(lrmula be.:on:u::s 
<)$ f,>llvwt: 

Bcc:tu~e mtv.>t sc:tlt->:> uSo:ld ro we~h :'loim~ll~ (,), 
Jru.g J..')$:lse calculnuon proviJe the we1ght in 
pounds. a wnvcr.sion mu.st be made from pounds to 
kilugJUTnJ$. Tu du thi$, divKI..- the wcij;ht in (X)und~ 
hy 2.2. 

Examplt 1: The dog in the prt.-vious problem 
weighed 4"1 lb, nnd H divided by Z .z <'quais 20 kg. 
T~· oo•wi::rt k.il~ram;; t01~)u1W~ (i{ tht: &m i$ prv• 
vidcd In m•llljtr:un~ per po..u\d), mul11p.l ~· 1he .,,:djtht 
in kilograms by 2.2 <e.s .. 10 ks X 2.2 = 441b). 

If th..- order to th.: tt'Chnician is tO u~oi\'c a Jog 
JOO m~ u( umu:-cidllin,'"thcn th..- urdtr...xl wuuunt i$ 

l)imr ly .. J.nded hv 1 he Cl~t:\Ce•umr«u\ i)f lhe dtu):: t<t 
Jetermine tlw amount to be administered. 

U&:mple 3: If the ordl•r i.s to gi\'l' u d(lg J.OO tug o( 

~m<)Jde&llin (oonc~nmlti<)n 100 n~ml), 1he ~~~~v, 
kulol\ ":ouiJ be :'IS (o).)J,)WS: 

300mg =3ml 
100mg/ml 
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It WooiJ be noted rhar the Jose ,11 most drugs 
u~l to tr<"<'lt nropl~~.:~ms 1$ cak.ul:~ted llccording to
the t<)l:ll hvdy ~l• rft~ee ~rt:.l vf 1.ht ~titnt. B·:XI)' w r• 
bee areal~ rorrtlared whh th~ weJr.hr o( the animaL 
A table is a\'ailablc in Ch.nprcr 16 (sec Table 16·2) 
for conve-rrins an animal'~ weight to wrfncc are<~ in 
1qu:111: met~;~ (t~~.J M or m !). In th¢..;;e <:<t~~. the fvr• 
mul~) f<1r ~k.s.)~e <:;)kul:nk•n bectxne~ 1-he f.)II (IWU\Sl: 

Dose = mg/m2 (from •Mert) x rnl (frOm l8ble) 

Ot:t;:lJ<:e: l:ak-ul:.non problt!u'$ ~•rt JliVvMied <lt du:. 
~nJ o( this eh .. 'lph~r. 

SOLUTIONS 

To undl>fst:md dru:lgt C:tlcul:mon r h)blems ~lnd 
how to prepan.- dilutklns of ~ubstanccs (e.g., forma· 
lin •~ncl dC"xtrosd, a technidan mu~t h;.v(' a ~~ic: 
unJer~t:mdin.g: of $(I lui ivn$. $(J(ud(lll~ are mix11.1~ l.i 
!\UbHal\ces dun usuall~· are no1 chcmtcally com· 
bin .. -d wi1h each other. Solution~ arc nwde up o( n 
diswlving $Ubstance, callccl th(' sfJ!t'(n,, and a dis• 
.;o;•lv«< iil• hit~n<:tt, ca ll~l the !K>Iut~ . N.:)t .,n .suh· 
stai\C.CS form wlutllll\!'i "'hh cad' other. T hose ahar 
form $()1uti,)ns nrc calleJ miscible, and 1hoo.: thttt Jo 
n-ot are c:.lll .. -d immi.s-cibk. A solution is rc..ferrc-<1 to 3$ 

~(ltlln'lU'<l if it <.:ontuiJu the nw.ximum amov.nt ~~ 
.>l)l~.ue :u l.l ~" ieul:lr lt:m,x:r:.ture :.nd prt:~me. 
Und~r .some cil\':umst:tnc~. ;.l soluuoo can become 
$Up..-rsatutatcd. Mixtures ,')( su~mnccs in which the 
w lutt' is made ur of very lar<.;t' p1ucides arc: ((I lied 
~'U.5'(JCJUI.(IJI$ . The p:lrttcltii in :;l•~venJ)aon~ ~ttlt upvn 
sundu\jl:, :lnd the mb<t1.1re muot be aahared betilte at 
~ nJmini~t..-red. True solutions do not senlc out :lnd 
l'('main mixed without agitation. All pam o( $0h.a• 
tion~ t:Qnr.tin ...XIua.l ('<lrts of tht' solute. 

When w<~tku'J! wilh X>luti<)f\i.. h iS; hnpiKt:.lnt HI 
know the ~1mount of solure in rhe wlwm or to be 
nbk to measure it. The amount of solute dissolve-d 
in thC' liOh·ent is rckrl\"d to as the ronrenrrmion ol 
tht .$tlb$t:-lnCi'- ('.Q•M!tmr.:tti<>•~ m:-1)' be <-x-[lftl!:<J in 
a number o( "-:~.vs, lnd uJina the follo\l.'lna: 

I. Par~ 

2. Weight per volume {w/v) for liqui-d$ 

3. Volum..- pc.•r \•ol·ume (v/v} for liquids 
4. Weight (X'T "''('ight (14·/w) (o-r ~lids 

Solurlon.~ can be d..-scr!Nd In terms ,)( j'tlrtS 

without nny reference f\') units ,11 mcasurcmcnr. 
The paru $imply l'('(('r to th<' rdation.ship between 
the j:IJivcnt and the ~:~lute. For example, in"Stru~ 
11nnii may call for a 1-cc:,,JQ ( I:JO) dllulliiO t)f :' 
Jtsinf\'<.mnt. 

One unit thnt dc..>scribcs the relationship of 
p11rts is call«! ll(lff$ per m..Uion (ppm). Part:s r~·r mil• 
li<m i3 ~ti l&.:• I tv 1 "'# vf ;t l!O:•Iute h' a kalvgr;un or 
Iller o( soi\'Cnt. One p<IH per million 1S ;.lise. equlv· 
nlcm to I ..,.gin a gram or milliliter. Upson (1988) 
repons th.nt I ppm is cqui\'alent to I minute: in 
appr~Jx im~tdy 2 ~-e.,rs or I v= <l "<'!ml in t•prroxi, 
marel~· 31 tons o( cemem. Patt.i per h\11\o,) IS a 
unit rhac is used .. xcasionally. It is CQUIV~llcnt w 
I IJ-S in a kilogram or liter, or I nanogram in a 
gram or millihh·r. 

11'e uu~1 cvanmvn w~y ('I( exrr~$$11\2 olrvg eve, , 
ccnu:uion when the solute Is a solid nod ch~ sol· 
wn1 i~ a liquid i~ weight JX'f v,')lum..- (wf\'). For ex· 
ample, the c.onc.c:ntration of most pharmaceutic 
pr¢p0t<ltt0f'lil i:; exp~<.'i...:d a~ mill~rtnn~ per millilit~ r 
(mKfml); the Wtl<'Ct'ltt:ltlon for Kemsct ls 100 mw/ 
mi. The wcight·~r·wcight (w/w) nnJ the volume· 
JX'T·volumc (v/o;) $olutions arc not usc..-.:1 as often in 
vet.('rinary ph.;mn<~ceuti<.: p~fJ<Il'<•tioru:; as the w/v 
J)f~P.lt:l llnn~. 

PERCENT CONCENJRAIIONS 

T he tf'fm perc~u t'OIICL'1HTarion ma~· be us.:!d when 
w/\'. w/v.·. or v/v conc..-ntrations art': J cscrihed. 
Percent (pc:rcema.gc:) m('an!i parts of $Oiut~· pc:r 
100 p.1rts ~)( tht' lS~lluuon. Per<:ent w/\' me~ns tht' 
number ilf ~tam$ of $(ohue u\ 100 ml nf l)>Oiurion; 
pel\':ent w/w dcr.c_rihes rhe 1\um~r ,')( grams \)( 
solut.: in 100 go( solution: and \•/v exprcMe!i the 
numb('r Q( millilitcl'$ of $OIUt(' in 100 ml of the 
l!VItmvn. 

A 1009.', solution (w/v) comaln.~ 100 ~ oi solu1e 
per 100 nd o( $o.')luti,')n. Another way m say rhis is 
that it contain.:s I g ( 1000 mg) of solut.: per I ml of 
l:iOi uti~m (1000 mg/ml>. Tv ~JO\'c;rt fmm ~ ptr~;tnt 
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So.')lution to msfm), multiply th-e- pen:cmaJ.'<' by 10 
(l".g .• a 5% l...ruix oolution <:ontain:; 50 mg/ml). To
CX,twen tui llit;.'T~IIl\.l per millililer l () " p<:n.:ent, ,fl, 
\<ide lh~ mlll iVo~mS p~r tn111ilircr b)' I 0 ( e .)}., :l l:'lsix 
s.,')lution C~)ntai.ning 50 mg/ml is a 5% S~)lurion) , 

Sometillll"$., the term milllglams jli.'T(~"tll (mg%) i;S 

en<;Ount~:rtd . Tht$ term 1$ U$ed to re-(tr tO:) the nuuv 
her <t( tnlii1~1".Jffi$ u) 100 ml t)f S•)lurinn. lr ban ex· 
(l(cssion o ( conct-ntr:ttion but not ~.,( rcrcem col\· 
cemr.ni<m (g/100 ml). A more accurate description 
of rog% would hl" mitlignun$ p..-r deciliter (mg/dl), 
be~'~~ ,ltcilittr is ~~1 '1\! l w 100 mi. 

l\ 100% solunoo (w/w) oom:lln.<~ 100 )l of solute 
in 100 g ol .rolution. A 5% .solution ( w/w) o( sodium 
chloride "''Ould conroin 5 g of .!Odium in 100 g o( 

$1()hJHOO. Tv mal:t th~ pr<:p;:WriiJn, wtigh Out 5 ~ tJ 
.sodnnn c.hk~.de ;)nd mix 11 wtth 9-5 J! • .,( W:lter. 

A 100% solution ( v/v) \\'Ould .simply be pure d rug: 
or chemical. A 10% solution would conmin 10 ml o( 

the (hero kat in 100 rol..i :solution. \Vhcn a wjv liOiu• 
tivn <tr <l \'/\' St)(u li.,'Ul l$ prep.lreJ, d1e (kl):irt,( ;tnUoUr'll 

of solute Is Mdal to 11 comalncr. and ~nough So.)lvenr 
i:; addl:d to crcar.: the dcsiro:l volum..-. This process i.s 
called <fiJuring u~. or it may be $~tid that }'Ou q.s. to th-c:
d~r«< \•<•hJntoe. TIM:. ;~blnt:Yi(ltio)n <f.$. n)C$n.~ w <Xkl ;t 

"qu:utllf)' >ufficlenr" h) :ltri\'~ :u the Jc>ircd ~·l'\lum~. 

For ~xample. t'J.') make 100 ml of 11 10% formalin s.olu· 
tioo, plnce 10 rol o( fonnakll•h}ode (I 00% (orm.,Ji.n) in 
•• eonwiner and q.s. (qU<~nttty <(1/ficknt) to 100 ml 
( 10 ml (onu:~lin, 90 ml dht,tle.:i w:\let). 

Colculations Involving Concentrations 
To determine th<: amount (I( ~lute: needed to mak-c:
<1 d~:;ired :'l!tlOunt (){ ~)ll•ti<m, ~·(ll• ll)ay ll:;t th~ {<)I• 
towlnlit t'otmul:.l: 

Gmms of solut.: h ) q.s. to dcsir~d volume 

b:ample 1: How many gta.rm of ~dium chloride 
ar.: nc:edc:d to- mal;,e l L of 0.9% mtum chloridd 

r _ ----'-' 0,9 X 1 CXX:hl'll g 
Ul<lfnS I .. ~1: : g 

100 

Nine grams (I( $odium chloride are added to a 
..xmnuncr wu.l is d1luttd up w 1000 mL 

\Vhl"'l t he amount of solure and t he volume of 
m lution llre known, the pen:ent $oll.ltio-n may b..
C:-llet•l<Hed :\$ (.;)ll<)w~: 

Pucem soluti::tl = ~ns of sdute x 1 00 
,<iJme of sdvtion 

Example 2: \VIl:l t petcent:\{:e Is :.1 S.)lutlon th.·u c;JO, 
tains 9 g of sodium chloride! 

, 9Xl00 <))) 
1\.'rtcnt solllbOil = ---• -- = 0~ to:x> lOCO 

To $o.')k.: probl<'ms involving a change in c~'lfl· 
<:enuation of the w lution, the: following fonnula 
m:.y t-e u~ed: 

Volume one X Concenbclton one 
= Voklme two x COI'Icentration two 

bample J: How w<tuld yw J~rt'J~<u-e I 00 uti o( ;l 5% 
..kxtl\'ll'f!' ;oluoon (rom "' 50% dexrro;~ !OOiudoor 

A~t~W" VI X Cl = V2 X C2 
100 X S • Vl X 50 

500- S0\/2 
10 = V2 

Thi'$ fonnuh• dewvrut.mt~ thon )'00 w~>UIJ t<tkl" 
10 ml <of the ;o% d..:xtl\;.se $Oiuti<1n :~•\J ;)d.! q.s. t<t 
100 ml to pr~J)I.l«" t he 51,'b sol u1i~'l«l. 

Anolher t'onnul~l thar mny b~· usl-J to soiV(' prob
lems in \l:hich it change in concentration i.s in .. 
v(ll\'t:'l i$ <L'i ft.t iiV,I'* 

Desired streng!h = amcutt 10t5e 

Av"i\tlle strength M'lOUnl to make 

ExaftiC)Ie 4: "' :)!liVing 1he (,,.."~:nin~ pn)bl~l. 1he 
Jesux~d ureng1h is 5%. 1h~ :l\'ail11ble urengdl is 
50%, th.: amount to mal.:<:- is 100 ml, anJ the amount 
to u:>e is the unkno\\'n. 

Aaswer 5 = X 
50 . 100 

50X= 500 
X= IOml 
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MILLIEQUIVALENT$ 

\Vllen eleet!VIyt~ ~n,: invvlved, d1e o;m<;emr,,l M)n v( 
a solution Is often e!Cpresse..l In ternu (/ miiJi.equiva
knts (mEq}. O ne miJlicquiv:i~knt is equal m 1/ 1000 
o( M ~uimlent. An t"qu.ivaknt weight is c:qu:~~l to 
(((Jr pra<:ti...-...1 ~:~ppli<:~:~rion.;) I ~ mo-lccul~:~r w-::it;ht 
dMded ~·the C('olal po~hive ~lence <•f the mau!·ria.l 
in q01.>soon (Bbmkenship aald O.lmpb<-IL. 1976). T h" 
concentration ol an d cctrolyrc solution is ('XJlres..«<< 
ll.$ roillieqlll\'lllen~ rcr litl."r (mEq/L), which <an \."(" 
c~•kA•Illte<l when rhe (()m~ea,tr;ul(ln (I{ 1he l!CJiu• ivn !oi 

known by usln)l d'W followln~ k·)fmuh : 

mEq/l • mg/dl x 10 
eqvA 

Wmple 1: I low many millicquiv~llcnrs rcr liter is 
found in a soJium chl-ofid.: solution that contains 
700 mg/dH 

mEq/l = 700 x 10 = 119.66 
sas 

The numhc:r of milliwams per de<:ilit« abo can 
be: c;~ l<;ult'lted when the ntmll':-tr Q( milliCXI lliVtllem.~ 
JX:r Iller 1:. kM~io'l'l by nunlpu1:nln~~: the rre\'it'Mli 
formula;~ follt')WS: 

/
dl • mE~~ xeq»< 

~ 10 

b:lmple 1: How many milligrnms ('t'r dcciliter i.:s 
conwined in 11 $Oiution tl-wt hM- 119.66 mEqfL! 

mg{d: 11966 X 5/lS: 700Q: 70Qmg/d 
\0 10 

CALCULATIONS INVOLVING 
IV FLUID ADMINISTRATION 

a~kulation~ for detennining the \'Oiume of Au.id to
;-..fu,init~l~r ~re cvvercxl in Ch~Jll~r 15. The t;~tt ;lt 
-.1.•hleh h ) n.u\ antmVCI\OUS flu wh (In J rops per mh\· 
ut(') can b:: dctcnnincJ by di\riJ ing rhc ~·olum(' ol 
fluids to be: gh·<-n b}' the time in minutC$ during 
tldminiStr;• tt~Jn, and then multi phi~ th<lt nwnhc-r 

by the drop~ pt'r milliliter ddh'cr<-J by rhe adminis
U<•tion .!oCt· 

VWne of rMon ( ml) ( n-1) 
romeolillos<r>(mn) x d.oplaclo< ~f 
= dcps per mnute 

The J rip rote in Jrops p<>r minure cal\ be diviJed 
by ((I to J~·tcrmine the rate in Jrops pt'r .second-a 
number that is ('aS)tr to w(lfk with wtk'n one: is oc..
IU:)Ih· :.djn~• ine 1he ilow. 

Example 1: Give 480 ml of lactated Ringer's solu· 
t ion to Dog A O\'er a<t1•hoor pc:riod using a standard 
IS gl't/ml adrniltim;•t•on i;tt. 

48lml =~xl!E=~X~=2L 
240min min m1 min 60 sec 2sec 

Oivnl~ ()1\e d rvp e~·ery 1 $1:Cvnd;j will deliver 
30 dtors u\ :1. minute. 

Colwlotions for Constant Rote Infusion 
Problems 
Somerlmes, medications r lve:r.I'Yt· lm l':l.vc.noll$c infu~ 
stOn have to~ adminisrcrt.>d n1 a d,')Se delivered m 
a constant rat.: over a ~~-c ilicd period <J( t i.ml'· The 
~''#"" l$ (>ftt'll ordelt'd in mi<:rognun<> per k.il~'1illn 
J)l'.T minu1e. 

This dof;;l'lgc can be coo(u;slng bt..>causc mo~t 

dnJ.b~ arc a\'ailablc in a concentration expressed as 
miltiJ,.-ram:s/milliliter (mg/ml) and ~tt(' ddi\'ered 
rhr(IU#h infu.~ i.;m pump$ ~~~ <' ril te e)(f'~"!ed <~.~ 
m•lllllrcrs/hour (ml/hr). T he followhlj: cx."lmple 
r(\')blem illusttares a mcthoJ fN ,s,')lv ing these 
problems without the we of an infusion pump. 

Example 1: A 44·1b dng in ;JCute he:l.n f:)ilure h 
ol\lercJ to 1\.."i:dve 10 meg/kg/mill of dt)pamin" . )\')u 

will adJ a lOO·mg vial <-:.r doraminc to a J.L bag of 
0~\'(1 (d<-XtJ«< ) '!I) ill Wllt('r) $Oillti()ll (0.2 rog/ml). 
Al wh;lt rille in <ir('llS ptr rninute will )'VU admini:y 
1er thl~ solu1lon h' ddh·~r the cou'<'Ct dos:ajle! 

Step I: Con\'en to the same unit$. The do:;c i$ 
t.:Xpt'~~·l in m~ i'IJ th~: P.-'~ttt!llt'~ weight 
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m~t be conn•ned from pounds co kilogr:uns, 
and the drug con<:entrntion must be expl't'ti..<('l.) 
in meg/nil. 

44 lbs X ....!.!L • !!..!:£ • 20 kg 
221bs 22 

02 mg x I (X)) meg • 200 meg 
lml 111'1& lml 

Step 2: Deccrmin..- the number ol meg/min. 

20 
J:g x 10 meg = 20:J meg 

kg(min mr'l 

Step 3: Ott e-rmine th..: number of ml per minu te:, 

XQmcg 1 ml 1ml =:''::::"' X • --1 min 200mq: I mh 

St~ 4: LH:tt.•rmine the: numhl:r of drops rx•r 
mim.ue uslnj! ;:~ miui.,lnp (60 ~• r/ml) ~.!minis· 
t1~1ti0n s.ec. 

Formul.as and recipes have been devised to $im· 
plif)• th-r conntml r•uc infuliion (CRI) ca\culatiol\$ 
(M.-dntirt tmd Tckru.l, 2004). The following for• 
mula com he u:.ed to determine the n~.unbtr of nlil
ligmms o( dru:: th.:u musr be :cldded hl a b:lQ' of tluids 
to dd in.'r a predete-rmined dOSiiSC nne to a paricnt. 
A volume of the deliver\' fluid eqw.l to the volume 
of the <lwg addtJ ~hould he n:mon .. '(l l:wdore 
the dru): Is ndded. 10 L:eeJl the dose Md \'Oiume 
:Kcur.uc. 

M = (0) {W) (V) 
(R) (16.6?) 

M = number of ms o( drug to add w ddi\'ery 11uid 
0 • do~ge of drug in mq:lkg/min 
W = J'tun~n• hody wt-ight m 1¢ 
V = vnlume in ml of dellvt'l)' Autd 
R = rotc of delivery in ml/hr 
L6.67 = conven•ion factor 

The next formula can be used to adju!it the dos
~:~gl' (mcg/k.glmin) in ~:~coordance with the r~porue 
of •h~ tmitML 

R = (D) (W) (V) 
(M) (16.6?) 

Another fmmula all ow!'~ r;lJ)id C..'llculru ll)ll of 
the amount of drua to be added co a sundard vol· 
umc of 250 ml of fluid at a standard ddivcry nne 
of I; m1/hr. 

Drug dosage (mcslks/m;n) X Body weghl (kg) -
mg of drug to add to 250 ml fluid ;,nd run 

at 15 mVhr 

Sorne CRI dru¢' are dooed in nulltj!l~llll~ (mu)/ 
kg/hr mther thn.n meg/kg/min. T he follo"'•ing for· 
mula determines the amouru of drug (mg) to be 
.-.d.J<.d to 250 ml o( lluid for .. ddiv~ rute of 
10 wl/lu. 

Dose (mglkg/h•)xlloc!(""lt< (9N) (kg)x 25 h• 
Drugooncentr<liln (mrfml) = 

NtJ'ri:ler of m1 d drug to add to 250 ml detvery 
l\lid and actn:n~ c1i I 0 mVIT 

A combination o( morphine and ketaminc (MK) 
::~om~tim~ b ddiver.:d a:; a CRJ (Of puin <:ontrol in 
'~' ~••lCI co.us. A recipe (()nel, 1006) fo.>• th i~ oom# 
bination <al1s (m :clddil\g ro :cl single SOO·ml l:aa1 of 
ftuids rhc following: 

60 mgofketn.millC ( IOO mg/ml) 
60 mg of morphine ( I; mg/ml) 

When the nvo drugs n.rc added, the patient's 
weight in kilogmms lx<omet the infu~ion rate in 
mVhr thut i$ ::~et on th~ infu~ion pump. 11u: delivery 
'~ ill I ml/l:j:,..r (It 2 mcJU'Iqu'mln h~l :lmine and 
2 mq:ft:afmin ll)Qrphine. 

For dogs, lidocaine (500 mg of a 20 mgfml con· 
C<'OtJIUion) can be- aJdt'd to the MK r<"CiJX' alx>vl• to 
11\..1ke th(' MLK mil<tur<:. 11)~ MLI< n\buure :.llsu is 
ruJl :u a delivery rate of 1 ml/l:JZ!hr. dellverin~ 
17 mcg/ks/min of lidocaine, in addition co the kct· 
amine and morphine. 
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REVIEW QUESTIONS 

I'R08lEMS USING RATIOS 
AND PROPORTIONS 
Rorios 
1. Exprt.~s 1/4 M a ratio and as a J~'<: imol. 
2. ~pr<S$ 0. 75 a:~ a nrtio tUld a,;; a fraclion. 
J. ~;.x ,,,e$S 0.004 ~) :• t:"•l tl) :'nd :~ :~ fr.,cri•>"· 
4. Exprc~ I :SO as :1 fr.1ctlon :md :.H n dec una\. 
5. Express 9/10\X) as;) r.ni~., and ru; n dc<illUll 
6. Expr~s I :Jl 1\1 a fmction and asa decimal. 

Prorxmio,u ( Sofw f,.,.. "X.) 
J. Zs,x = s,JO 

4 X 
1·s=w 
>. 111, 1<10 = x,;oo 
4. li 4 - 20 

X 400 
5. Con\'CI1 0.2 g to mill~'lluns u:;ing a proportio n. 

1000 1ng. X mg 
l g O.!g 

6. If a drus concentration is label~"() S ml 
• 250 mg, how many mg arc in three fourths 
vf ,, rn illill(t!r r 

150mg X 
5 ml Jj ml 

:4 

1. Jt~')W much bleach W~')uld you usc to prC{'oue 
1000 ml of n l:Jl solutionr 

8. I low muc.h ble1ch wou\J you usc ro prC(Xl~ 
I gallon (37&1 m)) of a 1:32 :;olurion? 

9 If you were to give a hm-sc I ml per 250 lb of 
body weight of an anthelmintic~ how man}· 
1mll•litcr.s w~>~.~ld )·vu gi\'¢ t<J a lwn;e that 
.... -elwh~ tzso lb! 

I X - · --z;o 1l5() 

I 0. I( a I 0-lb dot:; gct.i <.llle fourth of ~l rablct o( an 
MtibiotiC, h..')W tn:ll\}' tablets will a 50.{b Jog j,.'<:t! 

PROBLEMS USING THE METRIC SYSTEM 
I. 150 mg =- 0 

0 

!.!L - ml 
J. 22.50 mg = ll 
4. s. = "'" S 3000 ml - L 
6.!kg • g 
7.0.)k~ = g 
S. StXX:l tni = k• 
9. 1.25 mg = g 

10. (1.(104 g • mg 



64 

I 1.2050 1'-& = mg 
12. Ho"· many grarrl$ woukl you ~dmintstcr if th(' 

\ '('U'-nrlt'lll\\rl ( )rdf..-rt:~ l )Q mg (1( ~('f)H)IU.<'I OiJI I'! 

13. If 1hc mcdK::1I order i.s for 0.5 l of sodium 
chlorick 0.9%, how many milliliters would 1x 
tttlm in i~tt:red? ----,,------,--

14. Hl) W m:lnf li1er!\ w<Juld yl)U jj:ive II) the p:u le111 
1f the order calkd ior 750 ml lObe adminis· 

tcrC'd~ ------...,-,-,---
1 5. Jf the \'Ctcrirunian ordcn~ 300 14g of ' ' itamin 

1)11, htJW n\uch is this u' nulh,J.~m~! 

16. If •he order is for 2.5 •ns of viwmin 8 11, ho"' 
many mitrowtum arc administcr«<? 

PROBLEMS USING THE APOTHECARY 
AND HOUSEHOLD SYSTEMS 
1. 1.5«.11 pt 
l. l lpl = ~I 
3.3 •sp= Tbsp 
4. 3qt = cups 
5. 12cu~ • P< 
6.Zo: = ,, ... , 
7. l jt;.ll= C)! 

S. tpc= "' 9. 6pt= qt 

I' ROBLEMS OOMBININC T H E TWO 
SYSTEMS 

I . I pl = 
l . lThp -
J.J)n\1= 
4. 2 Cu p!. = 
5. 6.5 ml = 
6. 1l5m1 = 
7.1.5<. ... -
8. 15k~ = 
9. 250 ml = 

10. 5o:: = 
I J. 35 lb • 

PROBLEMS MEASURING ORAL 
MEDICATIONS 

ml 
ml 

<:( 

"' pt 

"P 
ml 
lh 

pt 
ml 
kg 

I, The order is for 500 mg of amoxicillin, and 
wNel$ on l"t<md <•re 250 mg,. How mtmy tablets 

will'"* ~iminl~•ere,H ---------

2. Thl• order i:s for 15 rng of prednisone, and 
IO•mg (scoro:xJ) tu.biNs ~:~n• on h;md. How 
many whle•s wi.lll'W: :.dnHni.:-teri;!(H 

3. The order is for 960 ms ofSMZ-TMP. Tablets 
on h1md nrc 240 mg. How many tablets will be 
adminl$:ert'l.l~ ----,-----,----

... i he l)rder is for enmdt)xin tO~ gh·en <JI\ce 
daily at S mg{kg to :'1 JO.\b cat for 1 days. How 
many 22. 7·mg tablets Woold be dispcrucd to 
the diem? 

5. The \'t.lt rinnrl:,lu '~e$C.ril'l!S I 5 tug (tf pn..,1ni*')f-.t 
e\'ery other day io•• lO d;ws. The t~lblers oo h.'II'KI 
arc 10 mg. How many mblcu \\'ill be adminis· 
tcnxH How many tablea will be dispen~l 

6. The veterin:1rill1'k 1)fesC1Ibes 100 m2 <Jf oeplt.'l• 
lexin twice a day (b.i.d.) ior 10 da)'S. You have 
lOO·mg tablets on hand. How many will bt 
disp~"'UUI.XH -----,---,--.,--

7. The ve terlntlri ~n'k l'l.re&erlbes Al~n iOr CO«'idia. 
Your pauem is a puppy tl\at weighs Slh a1'KI 
needs tre.llment for 21 days, The dose for AI· 
bon is 25 mgnb loading dose and 12.5 m.g/lb 
mait\h!f\tlnC.e d~ to..> I'll: giv~n on<:c daily 
(s.t.d.).ihl! d•u~ lS ~upplleJ at 250 m):/5 mL 
I low many millignlms docs your paticm 
n-t•cd for a loading dose! 

I low m.qny mgfml are there in Albon? 

H~.W>• m:my millilnt~ d~ N VT p<ltit-nt n<·~~ ~ 

for a loadu)j[ drud -,--------
A maintenance doscr --,-::-:--~--::--
How many milliliters will be dispensedr 

8. The vtterlnaril)T) l)tc\ers _. .4 m):/L:): uf carprui.:n 
for r:~ in control di\·ided imll two equ~ll daih• 
dos.::s (Of a 50·1b dog. On htu'ld arc 100-mg 
.!<:orN tablet.s. How many ta.Ncu is/arc admin• 
~en .. "il cach mornul.# aml :.)f1ernOo>n! 

9. The order is for 0.5 mglkg cnalapril twke dtaily 
for a 20.kg dog for 30 da)'$· On hand arc IO~mg 
~on.:d to.~bk·ts. How nw.ny tablctil' .$hould be 
dl~ni>e~.lt _____ _ 
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I 0. The vctcriMti:un r rcscribe.s 2.5 mg of 
al~f-"TTtml.iin(' t.i.J. for 3 Jays, and tablets 
vn h:.ln<.l :lrc; 5 n¢ hoMtJ). How •n:ltw r:lbletl! 
will be OOmlnisrcrcJ! --.,-----
J.f\'>W many will be disp<'nscJ! 

I I. The vctc-riniu1im r~.«:ri l-t:s ;~01i.nophyllinc tv 
he gl~·en three h rnes d:,•l'{ ft1r 14 d:'l)'S 10 a I S-Ib 
dog. The dose for t~m inorhyUirlt is 10 mg/k~. 
How mM)' kilor;rnm:s docs your patient weigh? 

Hvw ul;lny milli#nms h;h•e rv be :.dnnm){ered 

to your parlcm! ---,--;---,::c;;-
Bccausc the tablers on hand an: I 00 m.g 
(sc.o~d), how m.·my mblc:t.s wiU you giw: to th<: 

(Xltiem r --..,;--:;:-,:-:----: 
How marw ~bleb will be dtipMsOO! 

12. The \'Ct<"riMrinn has ord'l'fl-d S mgll;g rona· 
;uril on<.:C" daily for a I ZOO·lb hor~ fo-r 25 d:•}'li· 
Tul>~!$ oi 121 go( pvn:):uril pa'!tt ,,~ ;l,·;;ul;,rhle; 
thei>t C~)ntaln I SO m~: ponazuril per i:t:'lffi. How 
m<'~ny rubes oi th<" mc:dianioo arc O'l'<'d<"d f..')r 
the 28-<by trel\uncnt! 

13. A f<lrnw:r h::t.t 10 cah•ts; tht~t weigh ;~rp«nd· 
m:uely 100 lb each. A mlcros<:l")fM fel::'l l cx~,m~ 
iootri\'m h"\'CJtls C«ddia. Th<" vcterioatian 
choOOl'$ to tre.llt all 10 cah'l~ wlth Corid pow• 
der (20% amprvlium) by dr('n<;hing daily for 
10 J;ty$. 1(, .nolke a ,1~1\Ch $(lluri•)n, tn1x l (1: 

of (;Oftd f'')"'der in I qr of wme.T (1 o: ~)( 
po-.~.xlcr = 3.5 Tbsp). The do$<: ofCorid for 
d.r('nching 1$. I oz of :~olution J'("T 100 lb olOOd)' 
weight. Hvw fii\•Ch iivll.l't i(m $~«)~1ld be mu:ed 
to dr~ch the~~e 10 c::\lvt->s (ot 10 d.,. ~·s! 

14. Dox)'cydine has bc:en chOS<"n as a tn-atmc-nt for 
a 1-~ Ammon ~rrot Ut thc- l'<lt¢ of z; rudkg 
b.ul. ((lr 7 ~l:.ws. The mhletlt t)ll hanoi ::tre SO mg 
(liCoreJ). I Jov.· m~ln~· tablets 'ol!ill be given (or 
c.11ch treaunent? --,--,---,--
How many t<•bkt~ will b(' d~.:d~ 

15. The vcrcrlnmbn ~)rdets den.buterol l>yrup (or a 

lOO·Ib foal. The d~'>S$SC' is 0.8 micrograms/kg 
rwk<: dail}· for 3 da~'$ . The :!}'NP <:ontains 
7l.5 tnterOgram#'ml. How m.:-nv millilitcN i< 
!!!wen :u l';'lch doser 

PROBLEMS MEASURING PARENTERAL 
MEDICATIONS 

I. The veterir~ni:ln vn.l¢1"$ pre<lnii;i)ne, 10 tu~ 
intramuscularly (IM). The vi:tlls labdOO 
SO mg/ml. How many millilirc~ will be 
ladminist<"rc:d? --,-----,-----,-

2. The vttc-rinl:lritan rx\lcni an inj«ri(m of 
PetC~)rl t"l\· v ((It ~ zo.lh dn)! at the ~k·~)Ji:t" r:ne 
o( 2.2 mg/kg. T he m nccmr.uion ~)f PcrcMten· 
V ili 25 m.g/ml. How much o( the drug should 
be- injC'cted! -.,---..,-...,.--::---

}. Tl1.: v.:1erin:lri::m vrd~r$ phenylhu~:vne t(l ht" 
:WmmH>terOO to a I SOO-Ib horse ~t :t doM" o( 

S mg/kg intravenously. The \' ial is labd .. -d 
200 m.g/ml. How many millilitcni will b<" 
adrmn\.."ter¢.1! --.,..---,--;::--;::---

4. i he vetetln;ltiM Mdt"rs penlc.llin 0 pn)Caine 
for '' 25·1b d~~ to be :tdmi.nisrcred at a dool." ,')f 
40,000 U/kg IM. The vial is k•bckd JOO.OOO U/ 
mi. Ho"· many millilit..-r:s will bC' admini.;t..-~d! 

S. T he vetcrln~rbn orders cdato\11\ (o.') gwen to :t 

23-lb dog at n dos:ilge of 20 mgJ\;g IV f..')r surgi· 
(<II (:f'ophylaxis. The ooncC'fltrution of cdaz.olin 
on ~l.'lnd i~ 100 mll:fml. Hvw much <i the tlrll{! 
sh11t1ld I~ Kh·en! ,--~~-.,--,-,---,:-
I low m.:.1n ~' mi1hliten will be o.dminisrcreJ 11t 

\'ach tT\'almcnt! --,-------:,-
6. A 78-lb dog i:1 to b... <~dtu.ini~1c-red ampicillin 

trihydro\t.: :Jt:) dl)Se: (l( ) m~lb l)uhtui:JO~•u $1'{. 
T he antiblodc ha~ been recl'lC'IStituteJ, ~1nd the 
c,')n«:ntrati~')n is 200 mg/ml How rnnny milli· 
liter:s "'ill be-ndministc-red to th<: patiC'nt! 

7. A rrucrol~Coplc ti...'<."al e:<amuutlon tewals :t 
Giardia inf .. "<tion in a 500-g African gr.ty porrot. 
The: vetcrini\Til\n ch(I()SCS to uc:at th<" in_f«tion 
with utetrvnicl<UOk injectabl(' at a l~•ge vf 
30 m!dkJ! .l<1ilv (()., l days. H.,w m:)•W milh~fTMl'IS 
" 'ill th~ parror rece-ive at each tl\"iiunent t 

8. A +;·lb dog i.s to bC' tl'(atc:d for lympho~r<.otua 

with ,.iJ,<:ri~int :;tMato::, I m~ml. The do~ ill 
O.S mafml. H~'\1.' many sq~•e m·crers o( body 
5lrrf..ce are<'~ dO<'s rhis patient havd 

Hr>w man}' m•lhg~rn$ will he givt n tv the 

paflent! ----------
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9. Th~ n:~• erinmwn onl('rS lmcc)roycin HCI k,r '' 
SOO~Ib Yo1•l:sture boar. The d\)S:lJ$ tO bt aJ. 
ministered is 5 mg/lb/.hy IM (or 5 days.. The 
medication on hand is 100 mglml in II. so~ml 
U'U.lhid<.\SIC vi~). Hl)'o>J nt<my milligr.nn~ witl be 
~lmini ilh:re,J h) 11\e ho:lr .:~h day I 

Ho"' m:my milliliters will be OOmini!itcrcd w 
the boor .._o.ach dayr -,--,--,--,---,-
How m;~ny lx•n lcs vf nu~.li¢)ti c)n ti•)('S 1he 
owner h .. we to ptu-.:h:.se to l te:lt rhe l'II."'Klt ior 
5 days!-,---,-,--,--,---

tO. A cat W<'ighing S lb that has a !'mall lace-ration 
vn i~ k (t hip i ~ t<.' be admnu~tCI\."tl k~r.unin-e 
HCI to produc.: anesth.:~b . The ~·eletill:ltla ll 
orders 15 mg/kg IM. The \'i:d is t1bded 100 
msfml. How mttny milligrum:s will be ttdmin is· 
cen.-d to the cat?----,-,.,--,-----,,.
H,)w m~uy milliliter)' will he tu.lm~ni.'!<tere~:lr 

11. The vcrcrinariun ordcu 7 mEq of potassium 
chk.lrick to be added to the IV Auids.. The ,·ial 
1'6 l.'II:'II:I~X~ 20 m&t in 10 mi. How m<•ny nnlhli· 
ters will t..... adJed 10 ehe ituldsr 

I l. The \'etcrinarian ordcu 4 U o( regular insulin 
to Ire administ-=n:d h> <' di<tlreti<.: a •t. The fl.'.b'\l• 

lt\r lmulu\ to ll;lbeled 40 U/ml. H tWifll::my ll\tl• 
1ilitcrs will be :\dmi.nisti>:red? 

J), The \'Ctcrinarian OrdCr$ t~t0~1erone rropio
O(It(; for •' 475-lb J..;mdrn¢e h~lr. The (i(l..ct u·· 
be admlnistereJ Is 1 ms:/10 lh. T hi> l:lbel oo 

the vial i$ 25 mg./mi. How m aO\' milllgrams 
will be ~:~dmi.nistc-r«H -,-,-,----,-
How trull\}' nullihtvr~ will h,.-. ;\lhnini$1<·rt~l? 

14. T he veterinarian orders dexamethnsone 60 mg 
IV to be given to a patient. The vial islabdl!'d 
2 mg{ml. How lllWW millihu:r.s will bt; <~drni.lt • 

~t~ed~-c--c---~-c~--~~. 
15. The \'Cierin:lrian orders 15 maohiwmin K1• 

The vinl is labeled 10 mgfml. How many milli· 
liter:s will be administered! 

16. T he order~ fl">r meloxkam at 0.2 m!Uk~ 10 

conuol posuursiall poin in a 4.5-t:g c:n. The 
<on<:entrntion of the drug i:s 5 mg/ml. What 
\'Oh.&tne o( the dw g $hvukl ~ gh·en ! 

17, A mbbit wciJilin.g 12 lb is to be ir..jycn O.i>2 1ng/kg 
of bupreoorphine subcumn<:Ol•slr for pain control. 
The OOOC:t.-"lltr.ltion of the drut: is OJ mg/m\. How 
rnueh d the dt\.1{: sh<Nkl be (_:1\'(:n! 

18. Atropine (0.5 rng/ml} is ordered nt 0 .01 •ng/lb 
to control brad~ardit1 in a 75·1b dog. Ho"· 
mv¢h 1)/ th~ dn•g ~hot•lJ he gtv~nr 

19. The \'Cterinarian orders cmcdoxin at 5 mg/kg 
IM for a 7 •kg python with respiratory dis<-ase. 
The prOOu<.:t contain-s 100 rng/ml. Hov.• much 
Ju--.,.ld be u\,octed? ----:---c----

20. The order is fm :m injection of meroclo· 
pramide at 0.4 mslks for a IS· kg dog. The 
ooncent~tion of a,·ailable product is 5 mg/m). 
Huw tnu•.:h ::~hot.•ld l.x: ul jt<:.ceJ! 
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INJECTION PROBLEMS 

Or.:le r G ive Sc(!d: 

I . O.Se:IM HOmw'ml 
1. 20 mE.q IV 4C mEqiiO onl 
3 075 ll'lfdM 050 nW11ll 

•• 150 1'0.!! IM Q.l g/5 mJ 
I. 2S me: IM IOOmw'ml .,_ O.S 1112 IM O.S me/1 ml 
1. OJ rng IV 0.4 •ng/ml 
5 JOO.OOOUSC 40.@ U{l~tl 
9. O.J~ IM (1.5 mg{mJ 

10. SS me: SC 150 mdml 

I'REPARING SOI.UTIOKS 
I. Order: 100 ml \)( 10% (c)f'lnalln solution 

On hand: formaldehyde 37% (<.:omidcrcd as 
100% formnlin) and wat('T 

A.rn(J~mt nteded: .,-,--,.-::,...---,-.,-, 
2. Order: 1000 ml 0.9% NaCI and 51};, d('XftoSC 

On hand, 1000 ml 0.9% NoCionJ 500 ml 
50% dc:xtr06t' 

Amount~( ('(r<.:h oeecl<:d: ----
) . Onler: 100 ml 50% dextn)(!)e 

On h:md: 500 ml So<Ji, duiTose :md 250 ml 
s-terile water for injecti\'m 

Amount needed:.,------:-,----,-.,.-,--,--
4. Order: 500 rnl 0.4)% Nt~CI ~nd 5% dtxUI):;t 

On hand: 500 ml 0.9% N:~l ~lnd 500 ml 5% 
dextrose 

Amount of ('<J.;:h llt"t'dcd: ,---., __ 
7 

___ _ 

; . Ord..-r: 2000 ml lu<:wtcJ RiOJ..>f:T~ wlutivn and 
2.5% .lt:(lr<lk 

On hand: 2 conroincrs of I COO ml b.::e.ueJ 
Rin~~r·:o .sohu:ion and 250 mi S&X. dextrose 

Amount of ('<ro;:h O«dcd: -----
6. Order: 50 ml5% d~xln)Sot 

On hand: ltXX:l ml sterile .,..,:ncr for lnjcct l\)1\ 
anJ 150 ml SO% Jcxttosc 

Amount of ('<r.::h oecdcd: ------

7. Order: 500 ml 2.5% dextn'Xie and 0 .45% N~CI 
On Mnd~ IC\Xl ml OAS% N:C I a•\d 500 ml 

SO% dc:xtros.c 
Amount of c<rc:h •lcedc:d:_---, __ ...,--

8. O rder: I COJ tnl vf 10% ~lyc:er)·l ~.._r,r i~•aJhltt~ 
S()lutlon 
On hand: r.1ckcts comnining 50 g guaifcncsin 

(GO) powder and 1000 ml.sterilc water for 
injtc;;ti<)ll 

Am•)unr ,)(each needed:--:---
9. Order~ 8% thiamyl:ll soJium soluuon 

On hand: One: 5-g o;ial of powder and .sterile: 
wo•t('r (or inj<"<.:tion 

Amvun1 d l)tenle w.lter nec:,le.:.l: 

10. OrJer: S ml ~"~ 2% cyd o$p0rinc: c•phrhalmic 
8Jiution 
On hand: 50 ml S\1.ndimm\ntoe On\1 SolutM) 

(c.ydt)!;l)clune) I 00 msz/ml :md 16 t'lot ni extr:l 
virgin olive ~)il 

Amount of each needed: -~-,--
11. Ord('r: 50 ml or 2% fvrmtllin for Kno;tt'$ h~~~~~ 

o,l.'()fll\ [t!.~l 

On h:tnd: 37% formaldehyd~ :.11\d .,..,ater 
Amount of each needed: ------

PRORtEMS CALCULATING 
IV DRIP RATES 

I. What drip rnte will ~\)U use to ndntinis.ter 500 ml 
of loc.rou:·d Ri~<er$$0lution O"=C a J-hoor period 
with~ ~wndan.l ( 15 b'ttfru1) ru.lmini~tion $..-tr 

2. Wh:~l .lnJl r,lte \1/1.11Jid )'()u u:,e w ddwer 110 •nl 
0.9% NaCI over ~l 2-hour penod us.ing ~l miCr\)· 
drip (60 gtt/ml) administrntion sc:t? 

}. What J rip r,nc would )'Ou \l~<: to ddiv('r 1.2 L 
I)( No;rm,'-WI <)\·er a I 0-hwr r~ri<'J ~ine ~ 
sunJ:ud {IS )i(tt/ml) iklmlnlsnauon scli' 

4. What J rip mtc W~)Uid ~'Ou we h) ddiwr 
8 meg/kg/min Q( drus C (500 mg/250 ml) to 



an 83·1b dog w.ins a microdrip (60 snJml) 
administllltion tu:d 

) . \Vhm 1.lrir rnu' w-ool.! )~.lu u5e l l) cldiv¢r 10 tnc;J 
L:f:/min of <:klfXImu\t: (0.2 msdml) h) a 22 -lb dott 
using the microdrip (60 gnJml} administt:nion 
sed 

6. U:sin.g the fonnul;c M = (0) eN) ty) lww lllU<.:h 

R (1&67) 
nitn"lprusside (25 mg/ml) would '{\)U add to 
1000 ml of 5% dcxtm!C' to ddiw r 2 mcsJkg/ 
min of nitropru~ide IH a ddivcry rau: of 
12 n11/hr w ~ l .S .. k,J! dt.~r 

1. Usmg rhe f01nwla R = (0} (W) M calcul:uc 
M(1&67) 

the new Ouid delivery rotc needed to increase 

the d~ab<e of nitroprusside in problem 6 to 
3 mcg/kg/mi.n. 

8. u~ing 1hl' {(>rululu M= (0) fYI) M ·~w 11l11Ch 
R (1667) 

doburominc ( 12.5 mglml} would ~·ou add ro 
100 ml of aS% dcxt~ rolution to admini.uc:r 
15 m<.:g/kg{min to a ZS·kg dog <•t It ddi"ery 
r.nt: \)f 10 mlthr! 

9. How muc.h furosemide (10 msfml) would )'Otl 

ndd to a 2.50-ml fl uld OOg to ddi\'CT 3 mcsflq;/ 
min to u 5·kt: po'<ltknt with the fluil.l pump ~l'l 
M 15 nN hr? 

10. How much morphille (I 5 mll}k~) "'Ould '{lllt ndd 
to a !50-ml tluid b..1g to deliver 0.1 mi.o/kgJhr to :l 
10..\g 1mimal with the pump $C't on 10 mVhr! 
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CHAPTER 4 
Drugs Used in Nervous 
System Disorders 

LEARNING OBJECTIVES 

I. l)din l.! ltnn~ rebhi(l II) ~h~ ,~h::.rm~kl~Y ,)( the n er\'()IL) 1>~1?1n . 
2. Oe\o'ei•">P :\ ha!ik undersro.nding ci the anahim)' a.nJ ph)'Siol,'fn' ol 

the nervous S)'Stcm. 
). l'>eocribe dw ~bdin~KI~ functions. and primal)' nc:urotnlnsmitu:rs 

,,.!( the <fl.lt(ml)fui¢ n ..:I'VOUSl>)'o:!(t:UI {ANS). 
i . Oescnbe hnw dn~szs :~{feet th e t\NS. 
S. li.st the diffcr.::nt classes uf ANS drujt> 
6. Lis.t the two major da~ification scht'mn; of lxubirurmt:$. 
1. liM: indtc<•tion;s anJ p~ca.ution.s fvr the t•~ o( b:ui:'litunn~. 
8. l:><::icnbe dL,.~I:-.rive :lne;,th('.,:.i;'l, .-.n.l l•.•t chr~ d iMOCI:Itivt ~nl'll. 
9. Li$t the opiate r~.-xcptOfS and th.e- kts.c fut\Cuon of cac.h. 

lO. Li.st the indications for thl.' usc of narcotics.. 
L 1. Li~ pCltetHi"l siJc eff«.ts of ruucotic use or rn:l·rliO$C. 
12. 1)~:~-nJ-M.:: lt~.WI ('J'U.Ikl :lnt<lt;!Ull i~l~ I!X~t th~lr ~{(f._"<;\$, "nd h~ d111:t.! 

ex:~mplei of t hi~ c:M~nty <~( drua. 
1.3. Defin e ncurolcprona~ic and gtvc an ~x.•mplc. 
l4. Li.sr ~xampll'$ of dru.w; u.scd lO control ~irur<s. 
l S.L~ «•mtn<mly \1;.."\'1.1 inhalant .mc:".sth..-tic t~J.,~nu and COUlJ'i•re 

I ht::•r <:h:-tr.lCkri~tlc.~. 
l6. Dcscnbc the primal)' uses of central nervous systt'm (CNS) 

stunubms. 
17. list dru!;! US('(f m bd 1avioral r haimocotherary. 
18. 0tk'T1b~;,; ~h;,; .;:h;lr..el.eri ~~i~ o( ·• j:IJ;>tl o;:ud\.'ln~~i t~ ••J..~I'II. 
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EY TERMS 
ACETYlCHOLI.NE A neurotransmitter that allows a 

nerve im~ to crOSS the synaptic junalon (SliP) 
betWeen two nerve fibers or between a nerve fi>er 
and an organ (e.g.. musde, gland). 

ACETYLCHOLINESTERASE An tru:yme th,n brings <'JbOUt 
the bre~ of acetylcholine in the synaptic gap. 

ADRENERGIC A term used to desoibe an aaion ()(a 
receptor that is activated by epinephrine or norepi
nephrine. 

ANALGESIA Loss of pain sensation (other sensaOOns 
may be present). 

ANESTHESIA The loss of llll sensation M.ay ~ <it• 
scribed as local (affecting a smal area). regional. or 
surgical (aGCQil'IPolnied by unconsOovsness). 

AUTONOMK: NERVOUS SYSTEM That portion of the 
neNous system that controls invott..'ltary IX'Ii...Wes. 

CATALEPSY A state of involootary muscle rigidity thai 
is accompanied by immobility, amnesia,. and wri
<'Jb&e <'!mOUnts of <'Jnalgesia. S~ reflexes moy be 
presel\'ed. 

CATECHOLAMINE The dass ol neurotransmitters that 
indudes dopll!mine, epinephrine. ;mel norepineph· 
me v.tlen given therapeutically, catecholamines 
mimic the effec;t$ of stimulating the sympathetic 
nerwus system. 

CHOLI NERGIC A term used to descrbe <'In <'Jaion Or 
receptor that is ac;tivated by aGetylcholine. 

EFfECTOR A gland, organ. or tissue that responds to 
nerve stmulation v.ith a specific llebon. 

INTRODUCTION 

T he O<:r\'01.6 sysr~m IS rhc Wy's J'funary <'-l)llli'OUill· 

~ti~;n and c~;mrol Ct'ntN. It function~ in h:ilmtony 
with th(' \'n.kx:rine S)'Sil'm to alto"'' an aninwJ w re· 
'f'Oild <WK.I <•d<lrt w it' nwirunm('nt <md l<.) m~intain 
a l'~l:lti~ly c.~lM:)I)I nlr~mal t'lWif'(,l)ffh''llt (h('nl~l· 

$UISis) t h r<'MJgh w ml\il o( the m:tny uuernal or~:tn 
S)'Sl\"tn.S In l:t-oaJ t('nn~. the nervous :system St."f\'C'S 

thf'(.'l" function!>: (I ) :;c:ruory, {2) intl"gf!llh-'l" (a.no~ly• 
"i\l), ~llll.l ( }) lllVI.•w (:'tc.llf•n ) . It *''""l"-!-c;h:uli!l'S witl1in 
th~ Cll\'m'mmcm :tnJ \l.+ithln rhc body. lotctpreb t he 
rnformarion. nnd fl'Sp\'mds hi the intcrprct::)ti~;n by 
bringi~ aOOut un ~ppro:.,priate acri<m. Th<: lll'"'OUS. 

!")''t'-"111 <~rnt~ uut thi( <:~1ompk!o: <•Ctwity .,~rv r.~piJiv 

G.ANGUONlC S\'NAPSE The site of the synapse be· 
M'tlefl neu•on One and neuron two of the auto
ncmic nervous system 

MUSCARINIC RECEPTORS Receptors activated by 
acetylcholine Md musmrne that are four'K1 in 
glands. the heart and smooth muscle. All acronym 
for remembering muscarinic eftects is "St.U 0"': 
S • salivation; L • laaimaoon; U • urination; 
0 = def~tion. 

NtcOTINIC RECEPTORS ReceptOf$ activaled by ace
tylchoine and nicocine found at the neuromuscul.v 
jurdion of the sb-letlll musdt Md <'It the gangli· 
onic synapses. 

PARASYMPATHETIC NERVOUS SYSTEM That portion 
of the autonomic nervous system that Ms6 from 
the cranio~ral portion of the spt\al cord,. is medi· 
ated by !he neurotransmitter acetylcholine, and is 
concerned primarily with conserving and restorrtg a 
steadi state 1n the body. 

PARASYMPATHOMIMfllC A drug that mimics the ef· 
feels of stim~ the parasympathetic nervous 
system. 

5YMPATHETlC NERVOUS SYSTEM That portion of !tie 
avtonomic nei\'Ous system thai arises from the 
thoracolumbar spinal coed, is mediated by ca!edlol
ll!mines, lind is concerned with the fight>or.fligfrt re
sponse, 

SYMPATHOMIMETIC A drug that mimics the effects 
of stmulating the sympathric neNOus system. 

hy ~ndin.g dt'ctric.-Jik(' m<:S~'('s 0\'<'f a netw~Jrk Q( 

ll<;:IVI;' ~ ~'ltf'- n.l! ~ndv1,:rine ~)''1<;:"111 \\'()tl:l\ I! I I.)C:), 11\(ln! 

slowly by ~~ndlo" ch~mkal m~W..O)!(d$ (horn~ll\~~) 
thmus:h the bb :xl1>trcam ll) t::)l'gl.'t .structurl"S. The 
t\\'0 :s~·&ems t'lrt' very ck~dy intcrrd otcd functioMIIy 
<atll.l <m~tvmicall y. Th(' n('"''~ :~y<t<m eKer~ C'mtrol 
(wer- 1he end.x:tine ~v~re1n chruut,4'1 th~ infl tki\Ct! 11f 
dw hyp.1th0lbmus. (brain) on the r ituit.uy gl:md. 

4NAIOMX AND PHYSIOLOGY 

The ncrvflu~ systt.•m Ms tw~i main Jivt~ions. the 
centnd nc:f\'OU~ s~~tcm (CNS) 1tnJ the ('('ripheral 
nc.:rvuus !")':;tc.:m. :l.t' w~: ll a~ t hen n::lt•t!KI .. -..h.livi~inn~ 
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( f ir;urc ;f. I), The CNS i:s compos..-d oi the brain 
1~nd the spinal co-rd and S('n:es as the control centC'r 
t)f the o::ntire n t n'llt.l.' .S)'~I t:nl. A ll ~1\)fl)ry mf..,..m;'' 
tiOI\ muM b~ rd:l.'{~d hl th~ CNS bet(,,~ 1t c:\ll be 
imcrprctcJ and act~d on, M,N imrulscs that :;rimu· 
lu~ glands to act and mu~dC$ to c.ontrnct miginate 
in thcCNS. 

The 1lerw proce:.se~ 1h:l.T C01\0to:::! 1he CNS w1th 
dle vari\'lUS glnnd...;, mu~~C}cs, t~nd rec~ptors in the 
body make up the pcriphl•r..ll nervous ~}'stem. Func· 
rion.:~ll y, the ~riph('ral nervow sy~('m is divided 
iruv ~·«tre.u :-lnd t:(fertnt I"!Vrti<m.s. Tiu:: ;l(fereru 
portlol\ tS comp\"~00 ,)( 1\ erw .::d is thm c:trry ln(,)r· 
mation from recertms in th..- periphery \)f th..- bod)' 

Cen1ra1 
nervous 
sySie-m 

=. 

FIGURE 4 · 1 

to the CNS. The efferent S)'Mt.'m con~i:sts of nerve 
cells that c~~rry irol"lb('..s from th(' CNS to mu~lc:s 

~nJ ~l.·md$. An:\t<Jnlie(llly, 1he ~riJ'her;d nerv(lv$ 
srsccm a!< Co.)nlPI)(io:xl of U:\1\l:..l l ncrws and spinal 
ncn·~. 

Th(' ~riph('l'al nervous S)'M(f(l i:s abo sub..-lividcd 
intO a ~Jmtttil.: nc-n.'(»J'! ~)1'-tCm anJ it.n autonomic 
ner\'OUllll'(Sie.n {A NS). The ~)In:\'! .C. Mf'V()U!)~Iem 

consiru of efft>ftnt f\~M"~ th:l.t carry impulses from 
the CNS to sl:dl.'tal mtt;ele tl$ul.'. It i.s un.:k'l con
sc:-ioo~ CQfltrol and is th....,cfort' c:odlecl toobcnklry. The 
AN$ C~..Xl:;i$1 $ t)f t:f(en:nt l)t:n •e et:IL, rh:\t c(m)· infvr, 
m.'ltion (1\"JJm the CNS to cardiac mus.dt. ttl;ub.ti, a1ld 
smooc:h muscle. It is unJI.'f unconsci~'lW control nnd is 

Spin~! cord 

I 
m 

I 

• 

A t rQ<.11'$ in:.i~;<~.t• 
cli1ection ()I imp!Ase 

O~il<'!ion Ql ttte net\'OVs S)':i\em, 
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called int!OIIIIlt(IJ')'. The ANS hM two ~ub.:livlsions, 
the $~'mpt&thetk nervout1 ~·$tern and tlw pomas~·mpil<' 

rhetit: nervous s-ystem. M~l$l a~"'~ mneno:-lted bv 
meANS rece.lv~ bmh .s~·mrxnhe1k :tnd ror.l!io~'tnflll· 
dlcric fibers.. In scncr.d, one divi~on stimu~tcs an 
ttCri\'iry t:.y a r«epcor and the other inhibits the: activ• 
ity w ~"''"as <• method~( <:ht<:ks Wld h.1.1AA<:!!<f. 

The fuod:.lment:.ll un11 ni :~ II ht:tnches :lll•l•ll~·•· 
$ions of the 1\t'f\'\'ms sy~>•cm is the l'k-'UI\)1\ (nerve 
cell), Ncurons ha\'C the n.m:u:ing ability to transmit 
inform11tion frottl point to point. The .sec.ood point 
m:\y be n~ub~· ~· :U <l grt:<lt <l i$1:\n~. $m,il:.lr IV :.II 
c.t'lls It\ •he b,'lJf, neurons )\.'I\'(" a nuclo."us sur· 
h')undcd by cytoplasm. Oiffcrcm from other cells, 
however, neurons ha""<' c.d lulat extensions or 
pmc~~s <:<111«1 dX(JI'l$ ami 4;,1(111!~$. Axons c;~rry 
elecuic-llke nhss:...s...es aw:..~ (1\,ll\ 1he nerve cell, :.ll"'d 
dcndrircs cnrry cle<-ttic-likc me~ages towarJ the 
•wrve cdl (Figure <4-l). Trarumiss.ion of thesc: 
WI."-SHIJ,.,>t:S .-long nerve 6bc~ (l<:nu~ through a W<IVC: 

(J( eht~r£e rt!ver.)al 1h:lt mew.:-~ d(IW1' tht! fiber 
(Fij;:utc 4-.l}. The r~tlng (pol:ultOO) 6ber h:.u poe;i· 
t ivc chnt&teS lin .. -d up on rhc oursidc of iu nwm· 
bmnc and negative ch111'ge4 1in«l up on the in:!id<: 
iJ( iiS mtmh~ne. \Vh4:n \1 Stimulus of su(fieitnl 
ma~tnhud(' re:lCh(':. 1he 6ber, dcpo:~l:ul'!:.ltlon or 
c.h~ugoe reversal (p~')Sitiw in. ncg:ative oul) occurs in 
n prosn..~sive wave Jown the fiber towtJ.Td the a~·n· 
••P-"<· Rcp(IWriiiltio;n Us t ho:: movement of ch~~ 
h;.ck w tht:1r •>n(;tn\al f'(l)loitlvn$. 

AX\)1\S may be $.hOrt or long (up tet 4 feet in hu· 
mans), and the~· enJ, or terminare, in as nmny as 
10,000 nerve dldings c~•lled tc-bfc:ndnt (Sn~·<kr, 

1986). Tht l:inji:t ntnn\-..tr (J( nerve tn~.li n~:: ~~~~~l\1.~ 
for ~teat V:'ltlel')' In til (' I\ umber :'11\J type (I( Cl'mncc
tions mndc with or:her neurons. The bynaptic end 
bulbs of thc tdoJendra pa~ ncrv~ impulses wan 

Exb'aco!ll.lar A.lld 

• • • • • • • • ., .. 
• + + • • + 

F'lGURf 4 ·3 

nJjn.:em structure {~moth~·r neuron. gland, 1'>r mus
cle) b\· emjtting 11 ch~mical m~*n~ter cutl('d a 
nc:un)I1Ylfb'miun inlv tht g;_lp (Jr ltJn<:tion {!iyn~p'.$e) 
herwcen rhc Mrvc endi•'£ :lnd lhc adj:~ce.m 
strunur~ (Figure 4~4). Neur()(rnnsmitters then 
combine with rec.c:ptors on the d<:ndritic side of the 
li)'R-:tp~e ami (:atJ<c: <~nimull:ltory 'Jr inhibitory tlf'cct. 
CkOOtlh?S; m:w re~pnn.t ro nt:utotr:m..>tnil tt!rS; hy 
ger~e.r.!ting a n.-:n•.: imrul!ole. which IS conducted 

FIGURE 4 ·2 
n.polse transmisSlOn thfovgt'l d·.e flew-on. 

• • • 
• ----

+ • • 

E~ctll ""GJ\IIs¢ tr"rt~SI(Irt "lOng" rtetve ftler 
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vi~• the axon to the adjacent $trUcture (ne-uron, 
gl:md, or musdc}. Neurotran$mltti:N can be mim• 
ided <'r hlvch;d ht· rht ll ~e vf :•ppn.~t,ri:•r..: drl•~ 
(fl~i:utc 4·5}. 

Ncrv..- fibers (ncrvcs) may h.1we a Ia~ diameter 
{A fibcr.s), a medium diamcrd (B fibe-r.>), or a sm1LII 
~oliim~et.:r (C fihtn;) ( lkJOthe, ZOOt). Fihtr~ with li•Q..>t 
di:une:h•·rs IX•nd ucl nen·e unpulse~ (;)S.Cd 11\:ltl •h·~ 
"''ilh small di:unch"JS. Fibers th:u nrc ~rrour.::kd hv 
the insulating subsmncc 01ll~'\l myeb'n al:;o uansmit 
uupubc$ (;~:>ter thtUl nomn)-c:linated 6b..-N. Tyf'(' A 
.-nJ f) liber:o. :·•n: ,l..'i!ner;lll )· Ul)"t:lin~utll lil'ltTS. 

The ffi(.lS{ bu.k impulseronJocrlon 5ystcm rhtouirh 
thl." OI.' JV()US $)"Stem is the reflex ~I'C (r;f.&'UTC .f.6), The 
rdk'l: arc i:! compo~ of the following: 

I. A rt.::ept<•r 
2. A st-nsory neuron 
3. A et"ntl"r in the CNS tOr a synapse 

4, A motor neuron 
;. An <>««tor 

The recc:pror of the rdk.x :l«'- may ~ locar...'XI In :t 
pcrir hcrJI site-such as rh..- ski~r in a cenu':!ll 
a~~such ru; a mu$Cie, tendon, or \'isceral organ. 
The ~n..-.lfy ncUI\.'11 <<mil;'~ the irnpube frum the n:, 
<:ep(lll' fl) the CN$. In 1he CNS, the sensory neuron 
syn:lp!O:$ with mren'k-'\lrOI\S in dw spin~11 O.)ld. Th~ 
imem..-urons send the im('Jisc to thl." brain for intt.'f· 
prt'tation or ~nd the itu("l.bc to a motor nc:uron. The 
m<•h.lf neun,xn C:::•rrte$ 1ht! met~,···~~ tv ;ll\ el1t\.'1i.lf Vf' 

wan .. If the unpolr.e rr:wds an1und the arc "''td\out 
going ro the b~in (or nnalysis, the S~'qUl'fiC<" of events 
is called a spined Tf/h (~e F'f.b'UT< 4·6). A ~pinal ~tle)( 
(:t\11 I)IXUJ (;\'(11 ,(the ~p111<1f ¢01\1 i-t ..Xm.1pktd}' :;~,!\'' 
ered. F<or ex:unr le, :1 henHI!>f:l'l :~pplled (i• the ffle' ,)( a 
Jog wuh a SI.'Vet1.>d cord om cause th~ dO£ to with· 
Jmw i~ leg by means of thl• ~o-pinal rdtex. 

Oendrtte 

Heulotra.n$1Tlllel 
FIGURE 4·4 
Nei!I'Otransm~ ~\ease. 

Syraplic 
etld.f>ulb 

1. Notmal neurottansminer 
2. Neuro11ansm.ner blockacte 
3. Neurolrar\SI'Mtel mlmiay 

• N(lurotraru;mit* 
~ ()rug ~hat l:ik>d<$ I'IGWOI18N>mi!Wt 
t Orug that mimiCS rooul()(ransmltter 

FIGURE 4•5 
Neurotfonsmittc:• ~~·. 
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Connecti'lg 
(~~tion) 

1, Sensor (sk.,) 
2 . Effector (sk$1e~ii! m!J$1Clt) 

ne~n 

FIGURE 4 ·7 

FIGURE 4·6 
The teilelc arc_ 

Ph.atmarobgiea~ impof!dll! areas or !he blain. 

Areas of tht' brain that have impon ance to an 
understanding vf the: ph.-nn<l<:ok'!-"Y Q( the: CNS <'re 
1llu~• r:ued u'l ~i{:\1te 4~7. The Ct!fehn.un ~~ r\!~l'illl$1· 
bl~ for higher fUIKtion!i o( the h:~.in. such n.~ k1lrn· 
ing, memory. and intcrprc:tation d S<'OSOJY input 
{vi,si(ln, puin r.x~rnition, omd sv fonh). The thala• 
mu.~ ~1\:FVti ~$ t1 ~hw <:ent~r for 3t!r~'l)' inl[!\11$~ 
(rom me spltul c_,,rd, brain stem. :lnJ cerebellum ro 
the ccn:brum. The th..'IIJ mus :.lso may be invoh•cd 
in pain inte~n::mtion. The hypothalamus $CrYC':S tt$ 

d1e prillltll)' m«<ii• to r lxtwecn thl.! nervoo~ ~)'Stc.:m 

and chc: endocrine $\"Mcm throur;h its control of the 
pituitary gl;,;md. The: hrpt;14:h.1.1<Jmu~ ~•bt> oontwls 
''''-' r~ul:ues t:he AN$. The m~ull;l c:lrtieJ; ho.)lh 
sensory ~1nd motor impul~s bcro~rccl\ the spinal 
cord ~md the brain. It contains centers rhat control 
vital phy.siologk activities, such as breathing, hwrt .. 
l~t, biVOI.I J'rt..'-'l(lre, vonnting, ~-w~•llowiu#.> ¢lMI)d~ , 

lnf:, b..,Jy temperarurc, hun)le:r, thu'l>t, and others. 
The r..·ticular formati~'lO is a netwOrk ol nerve cells 
scaw:red through bundlc::s of fibers that b.:gln in the 
mtdull~ ~nd t>: tend upw<4rJ thl\)~h the: hn.•n 
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stem. The re-ticular activaring ~tern i~ a parr of thc
retk.ular fonnution. whic:h t'uoctioms to arou~ the: 
Oe:rehr.~l (,;(tn ;:.x ~nd i.1 r~l".lnll'ihle ((u cvn.~dOt.l $ntl!$, 
sleep. :lfld 'ol>':'ll:efulness (Cklahunm, 1983). 

In .summ:tl)', ncrv<' ani~·it)' is usually dcscribed as 
the generation ol nerve im{Xll!ic::s th1u occun in o 
dendrite vr ..:tU ho•ly <~ml then t r.Wd!i down ;;m ;:tx(m 
~· eleettae.-hke :~cll~·il)'. whae.h i$ similar tft the ~~· 
~ o( an d"cmc cuncm dowl\ ;l wit('. When this 
CUITl'nt rencht.~ a $}'Raps<:, a chc-mkal "bridge" or 
nt'Urotrun~nittc:r ~~llow~ the l~"<lge to be pit!!i<'d w 
l)fle o..•r ;l.i .n-any ;).~ I ho1J.1;)nd~ ~·{ udu;r Ot!Uff•ns. Ntn• 
1\)tl':lnsmltttt subit:lflets include accrykhollt\e.. nor· 
t.'J-"inerhrinc, do{lliminc, SCh')tonin, anJ ~oamnm-ami· 
nobutrric ucid (GAB.A.). The.$C.' other neurons thc:n 
..:aJf)' the rue..'$tl#te tV an interprtt<lti'Jn !Xt)ttr •.w 01 
.s:tNCiu re d\:lt t.:lke:. <l!'lpf(lpliate .:lCtion. CNS Jtu2i 

ac:t by mimicking or bl\'x:lc in~ the- cffc<ts of neu· 
rotransmittc.'fs, 

AUTONOMIC NERVOUS SYSTEM 

Jh.c, ANS is that portion of the nc:r\'005 ~)'l>1t"ru that 
oontn>b lnlOOn"<.i(m" J.,.Jdv ~<:tivhi~. ANS 6~r.~ 
u\n tr\':lt(' Son\flllth muscle, h ean musck, S:.lll\':lry 

glnnds. and other viscera. Thi! system \'lf'Cr;ucs nu· 
tomatically nnJ involuntarily to control \'is.;:eral 
function!i, $u.;:h .-.; ~tr(»nt~tinul (GI) motility, 
r.:ue :lfl·d ((Ire< <•( I he:: h !!Mit-.1::\t, SC:Crtt\(lr\ h)· ~~;~t)(._b, 

sl!cs o( the- puptls. nnd V:.ltious other tnv~)lul\f:Uy 
(uncti,.,n:; nnd d t."'tacteristics. In contrast h') thc
~matic nC'rvous ~)'Stem. the ANS h.;!$ tv."Q subdivi• 
si(ln~ pin1~)'mpt•thttic (dtolinergic} ~n.l symp:\• 
d\ctlc (adrenel"):k). The sympadlctk dl\'l~ion tt':jtU· 

lure~ Cnt.-'fgy-cxpcnding ncti\'ities (right-or-llight 
responlic:$), t'lod the parru;~·mpathc:tic di\'ision rt.'!,'U• 

I at('~ ..-net¥Y•Co-mt:l\'inJ: Olcti\' itie~. 
The AN$ h:l$ tw<• ncur(ln~ d\;)t a:::\11')' itnl)u)$l'l) HI 

r:.ugcr snucrurcs (it\ contrast to the somatic n~rvous 
$)'stem, which has only one) The cell body of the 
bnt neuron ur~ in th~ CNS-in the: thor<~oolu.m• 
h;lr cvrt.l fvr th;;: ~}'Ril,tuhelic u.:rv<:fl» $~"3(.:m ~·nJ in 
me Cr:lll\~CI':l l COC'd (()( the jX'II':lS'(mpathctk 
nervous s~-stem (Fi~"Ur<: <I -8). The axon of the firST 
neuron l<:ll\'C$ the: CNS anJ travels to "ganglion, 
whe~ it (}'n<l~ w1th •lendntd 9( 1hc :sct:4md 

neuron. This $C'COod neuron th<'n travels ro me 
tafl;!et ~ru<:turc: (Figure 4·9). Axon:; o( t~ 6rst ncu" 
rvn are ¢:tiled p7i'gtmgt.M,;n,·c. ~nd th<« (I( the $e<;l1ud 
l.l!e called {JI'J.Ugt)JII!Jitm.ic. The S')'napsc berv.wn me 
preganglionic n<"Uh)n and the 1}\">S(_g;~mglionic neu· 
ron is called the ga.oglionk &rn<~psc-. 

Preg-~n~lionic.: 6~r.< of d~c l!')'lll{'(lthet...: ncrv'Ju~ 
s~tern :'Ire shc)1t. They end in Jt.lnJitl•a ;tdJ;tc:-em t(l 
the- ~i1tt1 l cord. The- only exception is rhe p.reJ.>an· 
gtionic fib~·r tO the adrennl mt.-dulla. Tht.• adrenal 
mc:dulla it~df i:s imOcJOb'OliS tO <I {'Q~g;l.llglion ic 6lx-r 
ht<;lluf#! it releaiit$ epin.:,,hrine ;mJ tt~.lr~)irtoet)luin~ 
Jlreetl ~· 1nto the blo.xbtre:un when sdmul:ued by 
preganglionic fibers. r~')S(~~nglionic sympathetic 
li.bc~ nre long. 

Pr¢g<•ngli1Jfuc 6bc:~ .J( the p.1.rru.)'tnp<~th..:tic ner.
VI:luuf:~tem :'Ire ):"ener.)lly l0:112. ' l'hey tr.wel M '=:lnl(ll:l 
l\'x:a1cJ in the- wnll ,.,{the tlll~.'Ct orgnn. Po.st~angli~')nic 

fibt.'fs an.• cCinst.-quemly .shoo. 
Nonnally. t<IJ~<t ~i tt"~ of the ANS have hoth 

$yn~p..lthenc :ll\11 p:lr.wrn~p:llhetic: ull'li!f\';lti(ll'l. n,~ 

plwsiologlc hu\C.ItOns ~">f th~ rw~') s~"Stems llSU:llly op· 
pose- <.-ach \)lher and thereby bring about a ST·.ne of 
hlllanccc. \Vhc:n thil! bal~t.nce 1:! di:~ruptc:d, drug ther.
~py m~y b: indictcted t~.1 rtiit<>re t il t OOI<ln.x. n~c 
~1Jre1t:ll medulla, -"llo't;ll Jtl:.tnds, and ha1r (olhcles 
h3V€ onl~· sympathetic fibers. 

Stimulation Q( the S}'ntpatht.•tic nervous S\'stc.•m 
C<'u~~ ~m in<.:r~t.:;e in hcilM rate ~nd ~"Pir<ltvl)' r~te, 
;\ .l e:crt:l~ in Gl ;.CIIvity, d ihu i..,o •>f 1he pupils, 
c\'msmction o( blood vc.s..o;els in Sffi()Oth muiOC.Ie. dl· 
Inti on,~ blo.."XI vc.-ssds in skeletal musck•, Jib.rion o( 

hrom:hioles, und an im:r~l!ie in blood gluc(X:Ie lc''" 
d$. The't ~.::tivn., Prti)O'l!t ~m <lnim<tl tO li.!!ht <>r t(l 
11~. ()n 1he other hand, -"rlmulmlon ,)( 1he porn~ 

sympoth<'tk nervous s~-st~m csust.~ a decrcMC in 
hean nne and r~pinuory rate, M i.ncrc:asc: in 0 1 
<~Cti \'ity, <.:omsukti~m of the pupil!i, ~nd t:orutri<.:tiiJR 
(I( the hro.\ehioles. 

R..xer-:Cirs o( the- sympadwtie (:klrcnetgic} 1\Cf· 
vous systcm arc sub.:liviJ<.-d a$ (oiJow!i (Fi~'UTC 4-10): 

I. Alph;t.- I 
2. Alpha·2 
3. Be ... I 
'1. lk·ta·2 
; . Dvpnminergic 
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-
Ciliary mwcllt 
Sotlincter pu~ee 
Ollotor PVPIIIae 

l.ac1imal gland 
_ -;( Nttsal mvco&a 

i~~§ij~ s ......... ,, ..... 
SIAJIIngual gland 

-gl .... 

~-....1~? , .... 

tO 
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12 

Lt:J~'~=r=7=- _,.-----'==----1 
2 
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Fte\lltE 4·8 

To t nt.rlo1 IM'Ii 
Oll~r MCI 
sacral norvo1 tor 
""""'• ot 1og1 

S<t-.tm.oc ci &.e <'JlltOnC:ITitC r.tl'w'0\6 sys~em (from lh•bode•u t.A.: An.Momy and ~lofy. S1. Lovll.. 1967. Mosby) 
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FtGU~E 4·9 

Effector orgon s 
• He<)rt 
• 8rQI"'Chitlll $mOQ\h 

"'""' • 9100<1~· 
• GastroJntG6final 

'''"' • u rinal)' &'iSIM'I 
• Eyu 
• Gl&i'ldS (SWOOL 
pa~reas . salivary) 

fffcdor orgons 
• Heart 
• Bronchial amootr. 

mu>cle 
• 8Jood vessels 
• Gutroin1estinlll 

'""'' • U1ir:ary Symm 
• E)'" 
• Gf<lnds (&weal, 

pa.ncr$01$. saiMlfY• 

P1ega • .-.c and IXI~~a • .-.c fibe1s. ot ttte cJo.IIO~ 1\elvOUs. s~m. A.. Sympa11~b(. a, PatcJ~Sympa1hehc. 

FIGURE 4•10 
Adrenergic receptor t'(pes. 

G.::nerolly, nJJ'}la recc-ptNS nre stimul:uory ~1nd 
bct:.l rect.-ptors are inhibitOI)' <Table <1·1 ), The para· 
~yrorathc:tk kholinergic) nl."nrous S}'~11."lU h~ 
nic;()rink ~11\d mu!iC-:n·inic n:ct:pt.()r s;. EUect.()r' (ltg:ln.~ 

h .. 'l'l(' ooe or ~l o:'mblnadl')ll o( th..-se r~pwr.;. A 
drug's eff<'ct is detcnnincd by t:hc number of re~· 
tors in the <'ffc•c-tor and the drug'$ !ipt'Cilicity for thc: 
r«trtor (W illiam< QnJ ~r. I 99:)). 

The prim.:.ll)' nwrotr.u\iminers fm adrenergic 
sitC$ arc n<.,repi.n<'f:hrinc. cpin~-phrine, and dopa· 
mine. Epm-erhrinc: «r<~ull)· stimulates alr h., und bl."ta 
recept<)Q. (mJ i* then.:fort ;\ (M.;Ju Mimllhii i.K' (I( the 
heart anJ an ~qu~llly ~w.erful dllawt of btm-.chlolo.'$. 
Acccykh\')lioc i:s the neurotmnsmincr ar syrnpa· 
th<:tk po:;tg1mglionic fi.b.:rs to sweat glands 101d the 
~n.woth mu«;le o( t'-l..:.x:xl \'1."~$tl( (mm¢iuini¢ ~itt$). 
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Table 4oo1 AdrenerJek Rcctpmr Res:,,ons.cll 

Re<:epiOf Tfttd O!JM RtsponH 

A/ptoo-1 .,...,... 
~ 

u ....... Increased rone 

l\lpl\a· 2 
Eye 
Sk.eletal mtJ!iCit 

Oi.:Jt10n of pupil 
ConstooJon -· ...... lnaeawd ra1e. 

cond..,._ 
and<~ 

~ Rerwl tetf.l~ 
Beta-2 Skeletal blood Dianon 

\<ess~ls 

Srooch•oles Oiiition 
~·s-: ~ Diat>on ol blood 

"""" """' Dia<"" .. """""' ..... ~ 
Mesentene Diation 

blood Y<Ssc!s 

Th~ nnarotrarumltrcr htt cholinergiC JtiC'~ " 

o.cetykhoUnc. Ac-ct)·kh.,li•w (umbi~ with lxlth 
ni<:Nlnk !tn1l lllli~Tinic ll'(~l).\~~-~'"· 

Olulhwf)tk .s.hts II-~<~ lnunJ In both dw "\'111f';t· 

chetic anJ ('WL~·Inplth.c!k nc::n~S)·Stttft' N•ro
oruc tt'Cq'IU(' JIK' bKtJ In IIIIMnononuc J:.~h~. 
tn t~ ,,Jn-n<~l nK"Jull;., anti ~t the OC'uf\•mu~ut~r 
l tn'u!t•un ~~die ~)•n;aut..: n~r\'uu; "}'~I em. Mu-<: •• rlnlc 
rcccpt<"•hi ore founJ at th e .o)'ni'P-"" of p.l!\lj;::U\ll;l l,mk 
6bers of the r.lfinytllJ'IIthet k 1\ef\'OUS lt)'StC'm ,,nJ Ill 
il kw olthc "'mrethnic f"'-.c,:~bonic •~~ 

How Drugs AH~d the Autonomic Nervous 
System 
Auton\lmK' J"'!!' bring atx...u thdr dfcn~ ~ inOu• 
t"TlCin&: the- ~nc,:C' ni ~t'IU~ l~t in\'oi\'C' llt'U• 
ruu:an.m•th:"'- M.~ :Jut,W'k.lmK Jn~ hnr'tll ~h»uc 
d\is uher.n .. lf'l o( t"\enu h\o· J.,..,s: me fo.ll.·~•nt: 

I. Mimiddn~ m•urot11Ulscnltt..:r-. 
2. lnt~rltrin~ "''th neunltf;tn,.tnltt~:T n;lc";~ 
l. 8Ld1~ tht" ~t&11C.hmt'f\l nflll-'ui'Olt'albmlll~lt> 

to rtt'q'llun 

4 lnt'!'tknn~ wtth the h~a~J.,--n or rcurtalu~ H( 

n~un;ltti•n~"'lttCr:! tat th~ "Y"·•~e 

Choltncq.,-.c ~ts 11rc J~ that u tmul•tc rte('('tor 

1ille' m-t1.l r~te\l h)• ncc:cyk.holtne. They \lt..:hi~,·e thC!..."C' 

t"((~,.•;.:tl! hy mimldir~t: tlw :.•cttnn d .•ccty l~..hcollne 
{J•n'\-L Atrat\g) or hy mhtbLUnat ib h-L~.llW~~o n hndi· 
R« IC~). ~ .al.'mt! m-at<.-, c&UN pan
:t)'lllpuhumimt:tic bn.:•lt'C" thcu dfa.:t' ~lc 
thow rt•11.luced h'f ''lmul•~·~ p;• n,~tti(';•th~r.~.; 
llCIVo.'~. 

CUn&c-ol U&« 
O..tltnrfDC' ~" dtlthc- u~.; .. .,rc: 

1. At~l m th<' d'ag""""''" ,,( my:uthcni;-J t:ntvt:"J 
2. RtlhfC\: tht:. in tF.III(;ll),,r pt\:ssm~ Ol( ~tl.•ttwm:l 
3. Stimub tc 01 motility 
~. Trc-.~t urin31)' fL'1er"'tk"n 

5 C>ntml \'OIIlin~ 
6. An*" M.mt.J.:'tt' "" nt'un~mu...;ul• M"";lC'fl 

Direct-Acting Chollnergics 

I. Au·f'.·khOOne. Aet-c) k001ine '" ~l..lctn1 u"t'd 
~;lwu, .. n, ~'"'"" "l>tcll,en .._,., ... , ~· r..,...lh. 
h., :ar.;('t) kholineurr .. "'. 

2. Carhmtykholine. T htj product hat h:cn u!>C\1 
t• l t rtnt Qtony o( the O l tract and tu ~t imuLitc 
utcrh\C' ~lf'ltr<ttHnn" "' •wme. 

J. U...•eh.o~~~ (Lh'(.h,,luw). Be!tun«.h.,ol tS ~J 
hl Uc,at Gl anJ !Jtl\.ll'l tuct at0fl1·-

4. rtk'CIIIJ'IIl(" (lsopco C.npme, Akarrmc-, rtlocar) 
P1l1litttrptnt' r.:oduCC"'I intf<'ti(UJar p~~UIC "'~ICi • 
at~·•l whh l!la,tec\nl;l, 

5. 1·1•'1•:J~.:IorramJJ.c {RC"~hn), Mth.ll.lt1f'I.UnlJe as 

u.'C\1 t.1 conuol \'(te1ntu1( and to prurn .. ICC' ,tt.ISUic 
tr:l<C nnrt)'ltlg:. 

lndlrect·Mtlng Chollnorglc 
(Ant/(holinesteros•) Agents 

I. EJ,\,.,~Wllum (Ten~tl.~n)_ EJrorhunti.im U used 
10 Ja.~ ln)"'3Siht:ma pvis.. 

1. Nc~u•ttpmnc (Pr-O!triJ,'mm<'. St1gl~--n) Thr:!l< 
rrndut..:t" l'n: u~..xt hi t rl·,•t urin<: retcntlt)'' l'!nd 
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0 1 aton~· and as an antidote: to neuromuscular 
blocking ~'('n~. 

3. Ph~J$tigmine (Amilirium, E.'!enne). U3es o( 
ml~ prodocf ar~ .slmlklt (() lho!te (I( 1\tl~f~mlt\e . 

4. 0rWtnorho$f'lun~ Cl">O\f")uods. The-se arc com· 
monl)' u~ 1\$ ins<"ctkidc di{'!> and roa\· l't'sult in 
tOxtdt)' i( u~cl in(IJlll\.>prit~tdy. Set Pralido~Jx imt 
ht:,ow. 

5. Ckm~carium (llumorsol). This drug is uiON il\ 
the prc:vc:nti\'C mana.&'\:'mcnt of glaucoma. 

6. PvridOSt~o:min~ {"•lffi:inon). Thi:s drug~ u:s«< 
(Qr 1he l ft;.\C tllt lll Of my<l~lfltni~l gr~IVi.$. 

A.dt.'t'rse Sidi! Effects 
Adver.;c:- .side- cff«t.s of the cholirwrgic dnQ."$ mllY 
md~l .. brt~dy¢<\rJi:l, h}•po:•ten•k)ll, he11n bl.;xlc, l~c· 
rltn•'lfM)I), diarthl';.l, ~·(»nhu)£, lncrea~d lntestln .. "ll 
activity, inr~stinal ruprur~ . :lod incr~ascd bronchiul 
K'CrCtiOOS, 

Ch<,linttgi<:. bklci:h'l# ~(:111:$ (lrtt (In~::> t~l.-'l t h!.)(:k, 
m~ :u:ril)ll d :~ervlcho)llne ar mui\C:lrlnk t~pwrs 
of the p:.uasympmhetK nervous system. 

Clinil;al UliC:ll 
C linic.-1 u!le$ ~)( t:he$1: ;.lru~l$ :.ut: :..-, (oi!(IY!l): 

I. Tn:~ttmtnt iJ( di~trrhe.1 <Uld v<Jmitin~ by (ltcre~ 
in.Jl: Gl motility 

2. As"' rrcaneslfl~tic to dry se<: r~ri\)ns and prcvem 
bradycarJ iu 

3. To dilat~ th~ pupils for ophthalmic ..-xamin;uion 
4. T(l rc:lie"e ci li~ry $!)<'!!-11\ ()(the eye 
5. To treat sin us br:ki ~'C.'::trdla 

The )).::ll:.dtll'ln:) :.llk:.lltJi•b c.f 1he .le;l.lly nijttlt· 
st.~,d~ fumily of plams h3ve bl.'\.'n uscJ ~lS Jrug,~ h1r 
ccnturit.~ and rcrr~M:nt th~ prowty~ (or this cute· 
!.'Ory ol agents. 

DoscqriL" Fo-nn.t 
I. Atropine. Numcrou$ s~ncrK nnd tr:~Je nam~ 

prodoc.ts arc tJ\'ailable for p!lremcrnl or 
i.!phth:.lmk.adminin~tion. At1'4Jpin~; i.;; u:1..xl..s 

a prc:ancs-theric to dry ~~'Cn:tions and h) prC\'Cnt 
hradyc.llrd.ia; a.:; IUl antido<e- to org1mophosphate 
J)l)l...;()nin.g; tO dil.-te the pup1ls f.;1r VJ'hth:\lmie 
cx~lmhl:ltlol\; 10 cootn)l dh:tl'\' .s.pa.sms o( the 
eye; to trent sil\l6 bradyc:~rdia; snd to slow a 
hypcrmotile- gut. 

2. SC(If'(Jitlmioe. Th•s iJS u~cJ m tlnttl.liarrh((ll 
1\ledkmkol\i.. 

3. Mcthscopol :lmin~ is :1n ingrcd.e1u ol Biosoi·M. 
M~·thsc<.'t-'O iamin~ Ls u:;OO to Wl\uo-1 
d~u-rh~a. 

4. (ilyi!OJ•ynol ~ue {1\ol,h\ui.V). (ilyl!()p}'rtOitu e 

Is :.l q_u:.uern:uy ammoolum oomroul\d with 
actions similar w lll!\')pinc. It provides longer 
anion than atrorillC' and i:; u~d priml\rily a:s 
a prt~ne:<tht:t i<:.. 

5. t\11\II'M)pteot~mlde (Centm)e). Aminnpent:t.m.de 
is ustJ h') C\)ntrol vomiting nnd di:tiThea il\ d~~ 
and cats. 

6. Pr-.>ptmth~lin~ (Pro•Banth inc: ). Propanthc: lin~ 

i ~ u.~ecl 1.;) u e:u ~lhu-rhea, urhl;)ry II'IC(KUII'It:t\Ce, 

~1od br:.dr~rdln. :lnd ro reduc~ col~)l\k peri· 
stt~ ls is in hmscs 10 a llow r~-ctal cxaminntion. 
Plopl\nthelin<:, similar to gl)·cop}'rrolat<:. is ll 
(IU<\ttnl~ry amm.;mitnll (.(llllp(llmd. 

;, r>r:.IIJmdme (Prfl(•~m. z~PAM) .. 4. c.hohnes· 
ter~ r~~lctivutor ustJ h ) treat \">rsanoph\'>Sf'h~lt~ 
intoxication. 

Advnse S.dl! £flc:,:u 
Advcrs~ ~iJe effects ol the c.h\)lil\ergk Nodccrs ar~ 
Jose- rcl:ucd. OwrJos.c can caus~ drowsint.'SS, diso.">ri· 
t"ntl•tion, tac:hycarcli;•. photophobia, constir<•tion. 
(lr\Xkty, t~nd t-l•mmg :'It tht lll)ectivn ~ite. 

T~vN~ 
Atropine aclmiflis.tered as a preaoeslhetic <.auses 
dilation of the pupils. lt dries secretions and p•e
vents bradycardra. 

2. Atropine is p~kagtod r. smak nimal and largt 
a!Wnal c;oncentrarions. Cate should be taken not 
to confuse the two preparations. 
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Adrenc~lc (S)'mpat bontimetie) a)ltnts brlnJit :lbout 
action tat n··ccptors mOOi:ucd b-t· epinephrine or nN· 
epinq"hrint. Adrenergic ~'('Ots may be" da!o5i6ed tt$ 

C:<lttc:ht.ll:amine$ (•r nvnctttcchol~.mines, and cithcr 
~lt>gM)' can alsc) be d;'IS~iftt'l.l :U::Cf1rdu\j! tft 1he spe· 

c.iJic. recepr..">r t)'PCS activated (:tlpha·l. t~lpha-2, 
bct:.l·l, bcm-2). Jn mO$( c.a~s. alpha r«otf'IOT nnio;. 
ity c•w~ an ex~itatory ~pon5e (cx<:cpt in the Gl 
1 ra«). :lnd l*'r,.' ~llulul:-lt ivn CO\u~ :m inl.ihhvry rt:• 
sro•~ {except In th(: heart). AdrcnCI'ii'IC. :'lcrlvir)' IS 

a C\">mplcx whjcct, anJ m..xc ndvo.ncc..-J tcxu should 
be ~on.suhc:d for a thorough c:xpl!mation. 

Clinical U!d 

Adrenergic n~ts ~1re used for the f\)Uowiog: pu.roscs 

I. To .stimul:ne th(' heart to beat during c~11dia( 
~l r-n!${ 

2. To reve~ th~ hyjh")tCf\.slon and bl'l.)OC.hoc-l"ln· 
.suiction of annphylanic .5-h\"x:l: 

}. To .str<:ngthc:n the: hc:~1.rt during cong('4ti\"(' heart 
~ilune 

4. 1() comet hypolef\.itOO throu~h v:troel'~'l~ttletloo 

5. To reJucc ~aptiL.lf1' bl\'cdu"lg thr..">U&h \':tSOCOO· 
«ric-tion 

6. To tteat urirwry in<.:ontioen<.:c 
i. T(l n:duoe mut<•u$ membra.nc: C(lngesti<on 

(var.oc.Otl$trktion) m :tll~rgk condllionSc 
8. To prolong the cffc.·cu \")( local an1.'".1thelic aj,'-l."tHS 

by ~au:sin.g v<~on.strictiolt of blood \'es:~eb at 
the inje<;lia)n ~ite, the reby prolongm#: cheir 
:tbfo.)fpl iO.O 

9. To treat slnocoma (alpha stimu1ati\)n incrc~s.t.-s 
the outflow of and beta stimulation decrc:asc::s 
the prC)(IUCii~m ~1f aqueous hum~1r) 

Dosage Fom•s 
1. Epinc..-phrinc (Adrcnalin). Epinephrine- stimu· 

la.t('$ all I'C"C(f)tO~ to cau* an inC"fl:'itS(' in heart 
n"ltt ;lnd c:an.li."'IC: (IIJ I(."\.11, 0)11-.(ri(;(il)n (I( tht 
bll">.~ vc~ek In the sk,n. d•lallon \)f the blood 
... ..-sscb in muscle:, dilation of the bronchiol('s, 
nnd an incrc:tuoe in meb"lbolic nne. 

2. Non."pinephrinc- {LeVCophl.'\"1., Nomdrcnalin). No.-
epinerhrinc: is mostly 110 <a.lrhtl :stimulator with 
~)me 1-..:ttl '(im\ll~ti(lln. h$ prun::ary mlt\1enc.:e i:; 
11\."'lt of a V.'I~'Pt'~'illl' (h) 1".11~ blcXld pre~urc ). 

}. ~OU"'rcfl\)1 (lsurtcl), Jsopmtcrcnol is~ rul\" b::t~ 
:stimultttor. Its pri.m."'lry use is for brondl<.-...-iilarion. 

4. Phcnylerhnne (Nev.-SynephriJlt). Phenylcph• 
tine is :tn :.llph;) !>I imul:tlfM 1f'l:n is u~e..l :'IS :1. ll:)$:\1 
V':l~OCOOSO"ic.h)T. 

S. Dopamine (lntropin). Dopami.nc is a pn.'Cursor cl 
epinephrine and norep.-ncphrin('. lu ac:1io1t is do:x;c 
dt(.-emktll. It i.~ u ... -ed 1v tn:;u _,hoc~ ~1nd C(lt~ 
tl~'t'. h~an failure :t.nd fi) incre~e reo:• I perfuOOn. 

6. Phcn~·lpl\)paoolamine (OmQde. PmiQminc. 
Dcxatrim). Plwnylpropanolaminc: is used to 
tne~t •.uinttll' ina:c.antim:nce in d<J,b'll· 

i . Ont..r:mlule u.x,buttl!:<). On0ui:11YUI\t" ts; a bern-I 
~1gonist dut is used tOr shmt·tenn treatment of 
h..-an failure..•. 

8. Ephedrint {V.nrono.>l). tcrhotali.nc: (Bn:thinc) .. 
:.1nd :'llbuteTQI (I'TQ~·entil) . The;e 1noJuctS <U"t. bt:m 
~l~ltiSl!~ :uul their main uJ>t .s bronc.hodll:ulo•t. 

Adt.'tm' Side Eff\~~u 
Th~ mtty indude t<lchv<~rdia, hypert<:t~i<Jn, ner• 
Vtlt.ISI)e>~, and c.ardt:lc. atthythmla~ HypenensiMI. 
~Urh)·thmin. and rulm\)nMy tJtm..., may occur wilh 
an owrdosc. 

T~vN~ 
EpinephMe Is normally pacMged as a 1:1000 dlJ. 
tion. ~ny dinicians l)fefer a 1.10.000 dilution for 
treabog cardiac arrest Mix I ml ol the ortgin.al diu
bon with 9 ml of sterile water to prepare a I: 10,000 
dilution. Ep."~tphrint is stored under refrigeration. A 
note should be placed in the emergency aash can 
noting 1tle location Qf thi$ drug. 

Adreocl)lk bll'x-kln~ l.lji:etm are U§00 r..) disrupt the 
acriviryo( the sympathetic nen'\">US.S)'.stcm. They arc 
dassibed according to the :site of their action u.s an 
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nlph.n block~·r, betn blocker, or ganghonic blocker. 
Drug~ ~uall)· bloc:k only one wtq;ory o( re<tp(or. 

Alpha Blockers 
.Alrhn blockers ha"c had l1miteJ usc in ~·e1crin~ry 
medicint. Phenox)·benromine h11$ been advocl\t«< 
bot· .Wme dini<:iim~ (,J, th<: t:re.1tm<:nt o( laminitl-( in 
hnt':ies; :.n.l urelhr.)l •>hi>! ruction 1ll c:us.. y,,him hine 
IS us~d (\'lit X}'lazjn~ :tntag..')nism. 

Clinic;al U1c:1 
Se-t f)o~~e f(mn$. 

DosQgt. Fonn.s 
1. Phenox}·bt-n~•minc (Oibl:m)'line}. Phenoxy~ 
hcn:<~min4! h t1 hn'~.tttn•h•e (va.;)l.lil<4t<>r) ;~,gent. 

2. imnqulll:er.. (:.ce(lC'Mil:'l:•l\oe.. dtfl{'<et!di•l). The.>e 
o:mquili!ers ~let as ... trh~l bl~x.l:t'rs ~1nd coluse 
vamilation. 

3. ffl'l'A~in (Minip~). ProzOliin i:s u hvrotemivc 
~g\~1'1[. 

4. Yohimbin~ (Yobln~). Yohlmbln~ is u.ied asc an 
nm td,)tC' for xyL1!i.ne toxicity. 

S. Atipam~ol c: (Antisc:dan). Atipamcwlc: is 1• rc• 
vcr$al (l#<:llt (•>r mcxl<:t<Jnmlin~¢. 

i\.dt't'rse Side E/fecrs 
:\dwrsc: .sidl• dfl-cts ma)' include hrpotl•n.sion 
(phc:ooxyheruu.mine. tnmquilizen;, pfl'l'A~in), t<l<:hy• 
.:.:ardi:l (l)ht:noxvl>t:n:.'ln'm'le), tnu!iCie ueml)r~ ('{l)• 
himbin~). :tnJ sdwr~s (accproma:ine). 

Beta Blockers 
!Xw blocl: t.r$ ''rt ll$td II> t re;H gbu<;(m\~1, ~u-rhyd1• 

mi:lS. and h'J'l)erm)()hlc cardlonwop:uhy. 

Clinic«! U$<'-3 

See l11J~..- Fonus. 

Dosage FCimls 

1. Propranolol (lndera.l). Propranolol is us.«! to 
treat ~~rdiac anhythmi:u tU'Id hyt'(rtftll'hk 
~rdi(lllll y<•p;llhy. 

2. 11moiC1l (Tim,)ptlc). Timololl~ a 1\ ophfh:tlmk 
pn.·r:uati~-m that is used to ncar slaucom~. 

3. Atenolol. Used in a :~imilar way to propranolol. 

Ad.:t:r$t: Side E/fecu 
Th(:$o( include bradycardi.,, hypotension. \l.'O~Wning 
<.,( lu:~rl (;.)1h1re, b•\..ndwe~.•niitnel i(lll\, he~nf Mo..:;\:, 
;.)nd SfllCo.)pe. 

Canglionic Blockers 
Ga.n~h(mi¢ hlv<:k<:r.~ are seldom u~cd in \'C:tenni'U)' 

nw<l.dne. 

CENJBAL NERVOUS SYSTEM 

CNS druJ:i have \':tnous uses in vctcrin:u~· mcdl· 
cine. Depressant drugs an: uS<'J m oanquilizc or 
sedate animl\ls to fndlitatc: restraint or anesthetic 
pn.l¢edllrt:s. Thty tnc -:.I~J ui;~ tV oontrol pain. t<J 

lnd~ ane!lthe!!Ja, :1nd w prevent N com rol 
s~i!utt>S. CNS drugs are also nvnj):lbk to anragoni:~ 
(n:ven;e) the eff~"Cts o( some.' depre~nt drugs. An· 
other gr..,ur of CNS a~nt:!- i:s u~ to stimul<•te th..
CNS h .\ u~;u C<)rdi;)c (IJ ~1lir.'1Wry d.~rr~~i(m ..,, 
;.lrres.t. £urhana;1:1 dtu~ allow \'tttdrultbns to pro· 
vide n quick and painless cod to hopeless mt.-dical 
$ituatioru.. 

Drug( t hat a(fect the: CN$ .b"tn t rt1lly <:<'lu~e 
Jepres.w'n Of' srlmulmn).l). They are th•)UJi:ht to 

g~n~mt~ 1h~~ chanses bv ;drenng nerve tmpuls~ 
transmissions bctwel'R th~· S{'linal cord nnJ the 
hmin or withm the brom lt~d(. Altering tmpull!..
•r::u\Smisl!i•>US wilhin the th:ll:lulu$ C~)u ld !)rC\'.:IU 

mes.~:\gt'S rcJ:llrding painful sumul1 (rom rea~hmg 
imcrprer.:ttion centers within the cerebrum. )mcr
fc: ring with impulses within the rc:ticula' octi• 
v(l ting ll)'iitem Cl)uld ttlter l.;velt <l <;.;ms<;iO:)lJ$ntl\.~ 
(Jr W':ll::efulnc~ {Canon),:, 2003). The ch:tl\jt('S thm 
oc<.ur in the tran"Snussi,')n \'>f nen•c impulses ns 
a result o f admininnnion o( CNS Jru~~ a re proW 
ablv brought f!bout by <iltere:d ne:urottf!nsmitter 
:.lCtl\· ity. 

Th~ catcgmics ol CNS J~s that are covcl\.xllll 
this chapter include the foUowinrr 

I. Tr;m,ltlili-:el'$ 
2. &.~rbltul':ltts 
3. Dis.sodnti\·~s 
of. Opioid/anta~nistli 
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5, Nwl\.,(c.'fll:.lM~>csks/Mtag.;misu 
6. Drug4 to prC'vent o-r control ~dour~ 
7. lnhal<~n~ 

8. Mucdbneoo~ CNS dru~-s 
9. CNS stimulants 

10. Euthana.sia Ubtent:s 

ranquili1ers 

Phenothiazine Derivatives 
T he mechanism ,)( aeuoo oi the ph~l\othb!lne 
dcrivnri,'<:-s on the CNS i.! not ~·dl understood. 
Ho,~«. it hn.:s bttn pr()f'OS('d that the\' are dopa• 
n\ine hlo<:k<:l'll <Muir <md Hvbbdl, 200'7}. n,e c-f· 
(~rSc on 1he canlkwa!iCul:.lt syst~m are :1 result ;.j 
alpha·;lldrencrgic bl\'xknde. 

Phenothituine dcrivoti\'C tnmquiliZl'I"S produc(' 
"Cd<nion and all<ay fear and <Jru>kty withQut produc• 
il'l.g: ~igrutic:W11 ana lgeti::'l . Su\kten l~llr,(ul "imvli 
:lf\)U~ t he anunal. Phcnothla-tinc dcrlv:utvc tral\· 
quili2ers pr.:xlucc nn antiemetic effect by depressing 
tht' <hcmo~C\'Ptor tr~-er zone in th< brain and 
h;:.ve a mild :'l nt rp.-u ri t i~ e((e<;.t. T~ ~~,t~ al~> 
reduce m~ ten..kncy l)f eplnephtlne ft) lnJuo::e C:\t· 

diac ~urhythmitls . 

Clinil;al UliC:ll 
l'hen()lhl:r..in..: dc:rh·ar ive$ are u~ (vr l}re~·entlon 

or ~re::ttml"nr o( Vl">mltlng. relief of mild pruritu~. 

anJ sedation/oanquiJiunion. 

I)QSt.tJte F(tnns 
1. Acepwm:ulnc m.'ll~:ue (Ao::eproma::lne.. 

Promace) 
2. Chlorrmmtt.iine hydrochlOfid~ (Thoouine} 
3. Pn:.lUii\:.inc." HCI (Spt~~ind 
4. Pn)c.hl·n~r:~:ir\e/i ~()fl'l\lfi':l.n'llde (fJ.·uh::~:ine. 
Comro~inc) 

Ark-.:r1e Side Effect$ 
l'ht:~l(Uiu:r..ine d(:rio,.·;uive tr:tnquili:er$ CWl ~alr:;t 

h~'()Oft1bloo :uW hypm:hctnm fhl\)ujlh their vaso· 
dilator effects (nlrhn b11'xb.k). Th .. 1' alsl'>enn in· 
duce ~iourcs (by IO'Ol•eri.ng the S<iwre threshold) in 
eptl!!ptic Q.nimt~15-

T~~Noow 
I. Phenothiazine derivatives should not be used 

'M1hin I moruh of worrrung with iln o~g.anophos

phate anthelmintic. 
2.. The tranquilizing effect mav be reduced in Qll 

exerted animal. 

PhC'nothia..inC' deri\';ativ~ c:mnquili:..-rs arc ap
pl\lvto.:l (()I ,_,e in~ wide ''<\ritay of :num:ll~ Wld fvr 
;.ldmlnlstt:mon by alm011t MY 1\)ure. They ~enet:~ lly 

nrc relntivd y safe druss to usc when administered 
appropriately. They should be gio,.'l'l\ with CIUC' when 
~d wid\ •Jt.htr CNS <k·prtS!WltS btci•lr..(,t I)( th~; ad, 
d1twe dTec1. MoM phen<orhia'!lne denvadve tt:'l ll· 
quililcrs rue metnboliwd by the liver anJ excreted 
by the kidney$. 

Benzodiazepine Derivatives 
The mechanism of ac111'ln of diarep.1m oe<.urs 
through depr~$-Sion 1')f the thalamic nnd hypotlw· 
Iamie 11~-11.:1 of the brain. This drug producC'.s .sc:cla .. 
ttiJil, m1rt;elt rdth:atklll, l\(:f't11te ::tunulati•m (~ .. 
cIa II yin C:\h }, a.nJ ~lntk•)llVuls:.lot act .vlfy. Oi:uepa.m 
~1 ls.o proJuccs minimnl ..k'(\rC!i.iion of the c:l.ldioYaS· 
culnr and n•.spinnory S\'MI.'ms wlwn C.(lmpat<"d with 
1..1ther CNS derre..~AAts. It !fomot:(iltiC'.s i!f u.;,ccl in 
<:l)lnb•nar i•>U with ket:~minc: h> 1rniu<:e $1\(lrf, l<:!rm 
~1nes.tl~a. Di:l!Cp.lm is very uSo:'(ul for ttt-;ltlng !te:l· 
zure:o in progre-Ss 

Several po<ential drug imC'n:tc:rions can occur 
when di:'r;ep;•m iii: ;•dminifi:ttre.:l :;im,. lt';'l nt~ly with 
(,rl\cr drup. and 3P{II\)I)tlme re(erences sh(lu)d b~ 
CCoJl SUh1..J. 

CUniwl U~SC$ 
Cli1l1C<'ll u.")es- 11ldudc: se.lmic•n, relief •>f ;_tnxtety arW 
beh-"lVil'>r.ll dlso:m.iers. rremmcm of ~i!ures, and 
tlf'rt'rite ~trimularion. Diazepam can be us.t..J as an 
injectable anesthetic~ 

Oc.5age f~~rtn$ 
I. ();aze(>l!lm {Vnliunt, Va.zep0m) 
2. Midarolnm (V«~d) 
J. Alpnnvli1m {X<lna.x) 
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Adt.-eTs~ Side Effecu 
T~c a~ limitl'ld when u.s.:d as dir<:ctc:cl. Dogs l<l.n 
tJthibtt ex~it~m~nc. 0\'t:rd~ rn:-))" e;'''~ exc.t,.;,live 
CNS d~ptesskm. 

T~¥Notiw 
1. CMlepam should be sto1ed at room temperature 

and poxected from !igtlt 
2. O.lilzepam should not be stoted in plastic syringes 

or in solution bags ~uSJe tt can be /llbsolbed 
into the plastic. 

3. Manufaaurers recommend that if not be mixed 
with othe1 medic:atons or solutions. 

4. CMlepam is m~aboll~ed by !he-live• and ellmi· 
nated by the kidneys. 

5. Alprazolam IS also used as an appe(ite stimulant 

Xylazine Hydrochloride 
X~·lao•nc: is an alpha,.z ~'Qni.$.1: with .s..-dativ<, anal• 
£'l!~ie, -.m~.l f'tll'-~le rel:•x:nu r rVJ'>ertie$. II i.~ :•ppr<•"ed 
(Of' u!ie In dog,.;. c:us. horso."S. deer. and dl:. T hi:s 
agent c~uSC$ \'Omicing in a Lnth'<' f'C' TCent~c ol 
cat4 and in ~mt' dogs. X}·ln.iiOt' i.s IUlt~'Oni>ed by 
)"<Jhimblne. It pr<J~.I vct:;: e((ecH\'¢ (lll.<ll~l;) in h<JI1c.~ 
anJ b o(ren uiled (,), trearln~ 1he pall) :u.:oo.::u.uxl 
~'ith c<tlic n.nJ tOr se..lnrion (or minor procedures. It 
is also u:st-d in combination with ketaminc (or 
~(.lrt•tt'Tm 6dd f'roc.:t"dU~ i.n hof~, $U<.:h U$ Ca$tr.-• 
t:i•)•\ :)nd ""h.rrin~ ,)( e>: lt~nsl"e ~,)un<k l'!e<!au.~e 1his 
combin~1tion u~lly produces 15 1010 minu1c..<~ cl 
recumbency. Extml:..bt-1 usc o( xyfazinc (or ccsar .. ~an 
$eCti011$ in cattle- 1-nd othe-r surgk<ll proc:c:du~s i$ 

oomrn(m. X}•l;dne l$ \l'¢1.1 in ¢:'l t $ ~,,,,! di)g$ ~$ :'1 

traflqulll!tr and ln oombln.'luon "'ilh 01her •njcct· 
abk nscnts for surgical proceJurcs. 

Ctini.cul U$eJ 
Clinic:.ll u$l'l) include :;eJ:w om. :ut.'llged;i, _sh,,,,. 
term nne~lhi."Sia ("'hen c.ombincd with mher 
3;b'Cnt.s), anJ induction o( \'omirinr;. 

OCI$~e fttnns 
I. Rompun 
l . An.SCJ 
3. Gemini 
4. Stdt!l•ne 

Acltrerse Side Bffecu 
Thc:.sc iodt.tdc brndycardin. hyrorcnsi,·m, rcspiro· 
tory dt"pre$Sion, and inc~asc:d .scnsiti\'icy t<• epi .. 
ncrhrmt., r.eiit• ltin~ in ¢<•rdi:'l<; a.rrhythm•<"ti-- An 
O\'erJose lnuc:\!loeS 1he po.ren••al £1)r these eftC.::rs. 

T~.I'Notiw 
Because of the pcxenual of ~zine to <.ause bfa
dycat<ia or heart block in dogs. attopine shoold 
be used as a premedicant J"' th•!. speoes. 

2. Xyf.azirte is used in C8ttle at one ttnth of 1M 
equine dose. 

J . Hooes may appear hecl\iily sedated vJith xylaline 
!nd still tespond to Plll•nful sb~h by kicking. 

4 Small-animal (20 mglml) and large·alllima.l 
( 100 mglml) concenuations ate available. Cate 
should be ti!l:en not to confuse them when 
!drtWiis:tering a drug dose to an !nm al. 

Detomidlne Hydrochloride 
Ckto.mtldll\e, ~milar h') xyla::ine, Is :\1'1 alpha·2 ngo· 
nist. It i.$ tJf~prowJ as a St..J.1tiw/nnafboesk tOr hors .. -s. 
and dinicilms often rc:ron excellent 1Ut.,_4,-csic prop
erti~ m thtir patient<: when u~•ng t.hi~ pn:x.tu<:t. lt i~ 
1t.so:ld (nt pr<oe.cdurl!i in horses when St--darh"!O and 
~1na~'\$b arc needed nod reponcdly r roduroo better 
ana~"C.sin o( the rear limb; than Joc.s xyl:uilll'. 

CUnicaJ Utes 
Ckh)midlne is used (or sedation al\d analgoesia u\ 
hm.,;~--.; . 

l.>6.1«,1e~ Fon:n 
l).)lflll)\';00:1n 

Adeem•. Side E/ft:<U 
Th<:li( ma)· inc.:ht~.l..- $W«<t ing, mu.sdt ueo~o~Jr~. rt" 
nil.: pu*l:.•p:;e.,l)r:ld)'C:)t\l.:.l, :Jnd heart hind:. 

T~.I'Notiw 
The ~factu•e• Wbrt1S that detom.adine should be 
used -..ery (0;\fefu!ly with other sedative drugs. and 
that If should not be used with potentiated sulia 
drugs such as trmethopnm/sulfa. 
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Medetomidine 
Modctomidine 15. an alpha•Z-adtwergk lii,!,.'Oili.st Ia· 
bdtJ ((lr ll:< ~:-a ~l;llh·e ;.)nd ~·~lg~te Ill d~$ older 
thai\ 12 w~ks of :'IJii'C. At•pame!ole (AI\rl!'!"d:lt\} is 
the 1\'\o"l.".t.sal 11~1 for this d.rus. 

Clinkul U3ell 
Use~ Include (;)tilh:Uul)! cli'nK':'ll txllllu\:l.linn. fl\1· 

not surgicill procedures, and mil\or demnl f'«'OCe· 
dures thm do not rc:quirt' intuOOtion. 

OQ$~e F'tmra 
Dotnih)( 

Ad\'('r$(' Sid"' Effccu 
Side e((«:t$ •ACiud4! br\dy<:<4nli~ (Pf~.~Ju<:t ill.'<rt i;ti'ltC'.~ 
that hemodyn:)n\k.i :lte malmalned}, :urloventtu::u· 
l:u (AV) he.ln block. de<re;.wd respimtions. hyro· 
thcrmia, uriiUltion, vomiting. hyperglyc .. '1tlia, and 
~in at the injel.1ion ~k· 

T~¥N~ 
I. Treatment of medetofmdme-induced bradyc.ardra 

with aruicholinerg•C: d~ (attop.le 01 gfyeopyr· 
relate) i& not recommended because of the po
terrti.al for more serious arrhythmias. 

2. Antisedan is recommended for tJeiJtment of 
medetomidine-ioc:luoed effect$. 

:S. Bef~Xe the use of medet()C"'bdine in combinatiOn 
with other sedcuives is attempted, references 
shoukl bt consulted fo• pot~ntial sid~ effects and 
d06<lges 

Romifidine 
R(1miJidin"' i" a.n <*lrha·l-:<ldnm<:~ic.: a~oni$t lubekxl 
(<~ u~ in he·~. 

Clinical Uses 
RomiJi.dinC' 1$ ~ed us <• .sodarive to (ac;ilitate han• 
dling, tx;lnhn\l l ivn , ~nJ tTt.::lllllt:nf, ~IJ,J :\5 ;t pre• 
mOO!C:l.tloo pnor ro !tCner.ll atu-sthcsi:t. 

!J Barbiturates 

T he b.ltb•tur.ucs :ue ooe of rhe oldest ca~KMI~ <'f 
CNS dept<'l>~nts used in vcterin-:uy mcdidn<'. The)' 
ar<: deriw:d (rom the J-'llllt'nt compound blubiwric 
acid lind <:<~u~ va.ril.lll.$ ~"'f'IJr\~c;'~ ranging from i;I!Ja .. 
11nn ((·, de.llh, de~nding •)t\ 1he ,,o~ :md the dt· 
cunut:.lnces of use. Batbtrur.nes ~ltc USI."<! in vcreri· 
nary medi-cine as ~~-datives., amkonvubams, !,"t'flcral 
ane.W,etic::;, t01d eut.lwna..<oia a!o'('tl~ They ttrc easy 
;:.nfl d~)Jl •v :\~,l nlh\ii;ler. 11h!)' h .. "l~ gre:tt l'lt)ten(i:-\1 
h)r rompllc:\Uons ~cause of th eir ,x>rcm depressln)l 
e((~'Cts on rhc arrJi:lc anJ pulmonary systems <csrc· 
dally in cats), 11.nd b«au:;e th...}' art' oonrcver.sible 
<1.01.1 mu:.t be ll.et\•h.Jli:ell h~· the: lwer hd'(Jfle ditnin\1 .. 
r~on to11\ fii.":C\If. lndl~·.du:)l padems wllh potu liver 
function, little bod~· f~ll. or preexisting illnesses that 
c:au!< addoois mny be at ri:;k when Tl'Ceiving barbi· 
turo•te:s. &c.uu.'•C' of th('ir alkalinit\·, the u]ua~h.;rt• 
<lCiing b:~rbit\•rAtt!.'- CJn C\IU.')t net.'T~i-' (I( 11\e ti.~:.ue 1( 
~ldmlnlstered ,)urside the vean il\ the subcumneous 
:;J"*C<'. &rbitumr.:.s arc mcrnb.;liz~'\J br the liver and 
ar<' (X)tC'nt depl't:SSO~ ()(the I"C$£'inuo-ry :;~~tem. 

B.1Jb•tt.Jr(lte$ art ela~illed <'I«:~.Xdmg t\~ t.ht•r duJa ... 
lion (I( :~o::taon :t~ lon.sz.-:~o::rloK. sh01t-1Ctlnw. and 
uhrnl'hmt-anins. Or rhcf :.1re ckass.i6cd :Kcotding to 
the ctu:mkal side chain on tht' barbituri-c acid mol· 
ecuk ru; <Ul oxyh.rhitorate or a thi'*"'rhiturate (T(IbiC' 
4-Z). The l<lng. :m.l ~hl)rt,acting ha.rl)itur:ue,. h."lve :\ 

side chain th:u Is c:ooncc:.ted hv ,)xy~: they are 
then.f,')te caii~-J ox,~xrrm.ura~eS. The thiobarhiwmt~o"-;; 
hav(' 11. side chain connoc.ted by a .sulfur. The" thiolw• 
J,iwr:Htii ''~highly ~lul,lt in (;\t :;lnd u;nd tv m(we 
l:lpldlyout (I( the C:NS l.mo the f:n StN~ l)f the body. 
thus :KCOWlling for their ulrr..shon activit)'. 

CUniwl U~SC$ 
Clilllc.'ll u.~es u\dudl! 1he p~veotion :~n.l l~:ltO\t"' I 
o( Joe.i!uJ~, :H wdl as lVI!' .. l.lnon, :.lncs.thesra. :mJ eu· 
thaiUlsia. 

Long-Acting Barbiturates {Oxyborbiturates ... 
8 to 12 Hours) 
Phcoob.,tbitnl. Numerous rro.'>Prictary and generic 
prx.xlocu 11.~ available. Ph('n()barbital &$ u~ pri• 
manly a.~ Q.n omtit::i.lnv\lb<4nt w pr~\'~nt tpiler11c 
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Table 4-2 Barbiturate C lassifications 

Generic Name Proprietary Name Clas.sification Duration of Action 

Phenobarbital 
Pentobarbital 
Th10pcnt~ 

LumNI 
Nembutal 
~ntoth~l 

LOng-ilcting <»Yb~rate 
Short-acting OX'{barbiturcHe 
Ultrli'ShorNICbng thtobarb«urmc 

4 to 8 hours 
1h to 2 hours 
1 0 to 30 minu1cs 

~eirure:~. It Cs admini$ter.:d by the oral roote. Ph.:no• 
h;lrh•r<ll h :\ Cl~$.5 IV C(•r)l r(IUtd ~uh~r:\m!<. 

Short~Acting Barbiturates (Oxybarbiturates, 
45 Minutes to 1.5 Hours) 
Pem~.,t,.,,hiu l (()l.lium (Nen•hural t~nd m.nnell)(l~ 

li:f:oerk prnJucb }. l'eowbarbil:d Is JMen hy intr:l· 
vcnou:> mj«tion (the intr:lpcritoocal rourc nlso 
may b: uSt:d) and provides I to 2 houn; of J,.'t'nernl 
itne$th~i <• · Jn the C'<Uiy di')"$ of vetC'ri.n<Jry •~ne:~the• 

.:-i<l, il w;u the ~en~r;,tl lJI'Iestheuc rh;u w:"&S rouul'lotly 
u:.ed It\ ~s.. ToJay. pcntoOOrbiral.s used primarily 
h"> control seizures in progress. and ns n euthnnasin 
Q:b<ent. lntfilVl'I\Ous admin is1J11tion of glucose: or 
OOiw:-UITi!"nt u~ <•( c::hi1Jra.mphenico:>l n~y prolong 
the reoovcry period. ('cnwi'Nll'b,r:ll ls :l CL'1S!'> II 001\· 
uollcd subit~ln~, 

Ultroshorl-Ading Barbiturates 
(Thioborbiturates~ 5 to JO Minutes) 
ThioOOrbirur:.ues are wryt~lbl!nc (espccinJiy m the 
higher concemr.nion-s.) nnd must be gi\'en inmave· 
nou:;ly to IIVOid necrosi$ and .sub$.:-quent .ljloughing 
vf t •:i•ue. llli()ht~rbiwftl t¢) ~•re re,:di~ribt•tt~l mto.) tht 
t'ar Sh'lores 1'lof the Wy wlthll\ S w 30 mlnurc~. 

&uemc care sh'"'uiJ be taken when a thioOOrbi· 
ruratl" isadministl"fl-d t<.' a thin anima) bee awe of th<" 
lad: of fi1t ~ton:~. ThicJ~rhitun• t<:$ are Pn"P<'""-1 .-s a 
.S.Ienl.: P''""xler in \'i:)ls f,...- dlluu<u\ ur (h 1he d~u'liltl 
oonccl\tmtil)l\.. Th~y rue .Mabl~ for l1"lng pcri .. -xk in 
undiluted form. Sterile watt.'1 for injection should be: 
used as thC' dilul"Jlt because ~lutioru ""'ith d ectro• 
1~'11:$11:\K<n 1u«.ipirott: fom,<)tivn. SvlvliOrl$ $II<Juld 
oot be aJmlnlster~d lf pr.xlrlt:ltt.i :lre rrcsem. 

Thiolwarbinu~t<:s can causl" a peri,-xJ of npoca 
wlwn thl"y are rapidly administcmxl inuavenously. 
ll<.ptmt<lnCiJU~ ~i~tion.~ dv rwt r~ume in .- slwrt 

time, c::ontroll«l rl"~pi.rationl! ~ould be st<~rted. &r .. 
hilvr:~l~$ c;m <"~l'() l:;lu~ ;,t ptn(ul vi CNS ~x.::irt: .. 
ffi(:nt ~~o'hen :tdmlnhtertd lntr.wenous.ly If th(:y arc 
given mo sl.-,wh·. It is ,)ft<:n rcoommc:ndcd to give 
on<" third to one ha lf ol the calculated Jose: rapidly 
tO <lVOid t.ht tXC::1ttltltnt ph.-~. TI.t: l'<:nl<IIOd<:r ()( 
11\e Jose iS ;ldmil\lile.red Ul in<:rttn<ntS Until rf'le 
Jesm•d cffcer til ~lchie\'ed. 

Do$agc: Form$ 
I. 11\ii)J)I:I'It<ll (Pentvrh;,tl). ThiVf1t~m:•l1~ u~l ~~ :ll'l 

lntfil\'Cfl(~l$ :lgCI\I h) Induce acr~m) :lfiCSth(:Si!'l. 
l. Methohexital (Brcvnnc ). Mcth,-,hexiral i~ an 

uhrn.short•actirq; bi~rbitur!ltl" that produc::c::s 5 to 
10 minutes v( <ln..-~hdt£1. It l~$ l~n rtc::om• 
tn(:1\.kJ fot t!Se u1 slwht hound!\ lx-<-:lusc d irs 
rapkl rt..Jistribution nnd metabolism by 
thl• liwr. 

Advnse SCdt! Bfle,:u 
These include exccs..~ive CN'S:depl'l.'S..(Ion, pa~:dl!<ical 
CNS excitcmt.'flt, severe respimtory ..k"{'ln'ssion. and 
cardi(l\'mculllT doepn-s;ion. li.s:sue irritation may oc::~ur 
when h,)rb itlll"tl:te.: t~re irtpi,:Ctt>J J'i!Ti\·~·.~l:~liy. 

T~~Noow 
Recovery from pen.tobdrbital is often prolonged. 
and dogs exhibit padding limb m()l.<ements during 
thi$time. 

2 lhiobarbiturales should not be use<.1 in sight 
hound$ or in arry ~ry thin animal. 

3. Giq additional doses of ttuobarbd:urates may 
prolong recovery. 

4 BafbiiUfates are potE'flt deptessots c>t the respira
tocysystem 
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> !J Dissociative Agen 

The d\s..;l)('tatlve 3Ji:l'1lf.Sc bd1ln1t 10 the <-ydohe:<yl· 
amine iam•h·. which indudc.s ~cocydidinc. l:ct· 
amine, and til<"mminc. lnvoluntlilry musc-1<" rigidity 
(c;at:a.lepsv) .• amnc$ia, <~nd a.n..~>t::>iit ch;nact.:rnt 
diS>OC-il.lth·e ane~thesl:~. l)h:~t)·n~lllat)·n~oll rt:· 
fl~xcs :uc m:~.intain~d. :tnd mu:.:l~ tone is increased. 
Bccau.sc dCt•p abdominal pain is not diminatcd 
{~urgicttl ~tl!l.!.>e Ill i$ not u;,...,.::,lly ""~• <:he-d) with di1>• 
~j;.)th·e <ll't:*thc-..si t~, n ~ rec.:•mult!ndr.d ()nly l~•r 
restt:'lhH, dta:fll"lcitk proc.cdur~~. :md minor surg~ry. 
Dissoci:nivc ngents often arc combined with mhcr 
1\b'enU for abdominal ~ur_~,.'ery, howe\'('r. Dis.sociativ<: 
~olrug( pn:l(lt•ce tnilliJr <:<~rdt\1(. Stimulatitm. ttnd rt$• 
l)ir:ttflt'{ depre~!<lon <-an •"X::Cur w1th hi10:h er doses. 

These ~l~cms ~lCt by nhcrin~ neurmmnsmincr 
octivicy, cau:;ing dtpr<':!Sion of th..- thnlamu:; and 
l~<rcbml (-Ort<x. aod ac;tivating tlw limbk ~1·~t<:m 
(l'lumh,lOO'.i). 

Som~ sp~de~ are o(r~n at:'lxk anJ hrperrcspol\· 
sivc during inducti,')n and rcCOV('T)" "'ith dissocia· 
tivc 11{.-ent~ (Muir and Huli-<:11, 2007). Tremon;, 
~'l.ni<:.ity, <1nd c(mvubio"~ ct'ln (X:Cllr t~t hi#her 
dt"Xi~ H:lltuctn:tli\)llS h:'l\'e bee.n rept)fttd In h u· 
mans and ar\' rusp«tcd in ens. 

Clinil;al UliC:ll 
l'>i.')....;(l(iattn: :lgt!nb a.r~ u$e!i ft)r _,oo:~t:il)n, res.tr..lmt, 
anJ 110csrhcsia. 

Oo.s«gc Fonn.5 
I. Ke.unume HCI (Ket::t.~t, Vtt~IM, Kewlt'n). Ket• 

:untrte is appt'<l\'f'J (or usc tn humans, prunates-, 
and c:us but has exu:.bbd US<'S in various 
$.p«:i('..S, including do<.,~. hoN<"S, birds, .small ru• 
mimmt~. and repc:ilt'~· Tmnquili-:crs, 11och as 
:'IC~pr<•m:.nn~. xyl:'l:inc:, a nd .. !.a~p:un. :)l~ (,(. 
tt-n us~d concurr~ndy with k~tamine to en· 
hance mu~d..- relaxation and to dt.'<'pcn the 
lc\·el Qf atw.sthC'.Sitl. Oral, oc;ul:tT, and laryngeal 
rtflexe$ are rrwh,l:\ined wht•' ket.-mint ia t•$td 
:'llooc {except at hi'=h dos.es). CXe:ulonal 
$.pasrk j<'rl:ing mov<'mcnrs can ~xcur in cats 
thtn arc admini:;tc:rcd k<"tamin<". K<"tomine pro• 
dl}(;t~ ~'Ood ~l)lll<'tic ~n .. tge$ia but p!JOr viscerol 
:'ln:'l ljtesi:J. 

lnuC'a;;cd snlivation may accompany adminis· 
nation o( thils drug and (an be oontrolled or 
J)fi:\'C::nttd with the:: u$e <Jf aiT<Jpine (IT ~~ ~·cx)p}'t~ 
rolarc. An opluhalm•c lubd<-~lnt should be u~~ed 
because ca~· eyes rcmnin oren after nJmini~tm· 
tion oHctamin<:. K<"tamin<: is a Cltl$S Ill oon~ 
trolled :;u~tt~.n<;c. 

2. 11letamii\C HCI (Tel:t:(ll-tiletamu\e plu£< :(lla:· 
C(Xlffi IICI). Tehl!ol is an in}e'C-uble nncsthctic 
that consi.st:~ o( a combination o( til<'wmine 
(<:hemic ally rdat<d to ketamioC') u.nd ooi<Jrep:un 
(:. t r:-1nl)uili:er). TeL"':lli i:. :)J'J~r\we<l (Vf uk in 
Joas and e:m . The ph:lrm.."'coklt'W':tta :lt\d rhar· 
nt."'cothcrapcutics o( til<'taminc ar~: similar to 
those: of htaminc. Because of the rola.icpam in 
thi~ product, ""ldition<tl a,;.'\::ntll ar.e ntJt neC~.I¢(1 
f..)r muscle rr.la.l(:tl i•)!l. CX:ular lubrkatkoo .sh~1ld 
be used in Cll.ts re<civin~ Tcbl!ol. Tela:!Ol is a 
CIMS Ill controll<'d .substan<:<", 

J. Pht'nl')'dtdint' (Slom}·lan). This di~octarivc 
:.w:e.u is n.._\ k11lj!ler :.v;-1il::.ble. It w~s l)rl.i!int~lly 
u~d a~ :.ln tmmobih!lng :lg.tnt (ot n,)liliumal\ 
primates. Its St1l~t name is "PCP" m "nngd 
dun" (Up50n, 1988). 

Adt<-eue SCd~ Ef{eeu 
Thes-e ar\' usually ~lSSo:x:iatcd with high doses and 
include .!{lll:!tk jt.'1kinr; mO\'Cm<'nt, convulsions, Tl"So 
pinttory dt'pr~ion, bumin~ ••t th<: intramu.;cul<tr 
inject il)n $ttC, :'lnd drvint:: (tf l h e Clln\C;'I. 

r~~Noow 
1. Both keklmine and tileWnW\e may <Me bvming 

at the injection site. Adequate restrain! should be 
used to ensure illJC(tion of ~II mc.>ckation. 

2. Metabolites o.t the dissociatNe agents are ex· 
creted through the bdneys. These drugs may be 
contr~lndcated 10 anmals v.1th comprom'scd 
~ney functioo. 

An C•pioid is sny compound deri\•cd from opium 
poppy alkaloids and ~yntheric drugs wiclt simil.-..r 
ph.1ntl<lCiJir~ic pn~rtic;:s. Thes.: drug.~ pMiu<;e 
oln:d,:..e~'"" :.t•\d sed:.ttl•)l\ (hy(>llOSIS) while reduc..n~o: 
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anxiety anJ fear. Narcmic c:((ects are produced in 
combination with t'{'iate roceptt~rs at deep levd~ of 
th~ t-.r;tin (e.g., dt\llt'lfllttt-. h~·pvrh;:alt'lllltt!-. lnubic:. 
syHem). Opiotd r..x4"p101~ :ue aroop<x.l Into tht f<'l· 
lowing four d:asscs (Pnd.ilciOrJ, 1999): 

I. Mu-(o..md in p3in.-rcgulndng :.ue:cu o( the 
brnin: conttibute h) nnaiJ,"Csia, euph,')ria, reSJlira· 
tory depr~sion,phy:;ical dt:J'Cmlcnce, and hypo
thermic:. ru:ti(lrt.'S 

2. K:tpp:t-founJ In the .::e:rebul Wt'tt)( anJ ~pln;..ll 
cmd; contribute to analgcsi.:t. sedation, and miosis 

J. S igma-rna\· be respoosihll• for ~uugglin.g, whin· 
i"* httllocination.;, and mydr1tttk dTc::ct:~ 

4. O:: l t."l-l'll(~:llf)· rnu re<:t:fl·Hit ;lCdvtty 

Opitlid.; (\l't u~ed (L'! pr...nnesthetiC$ ()r r'()j("-;Ult$• 

chetlc:. bec:1u~e •')f their :.00:-t.ttve :lnJ :ul:'ll£esk 
properties. Scdmion is mort" pronounced nt higher 
doses. They an• soml•timcs used alone or in com hi· 
nation with tmnquili;c:l'$ .-~ ~nestheti~ for ~ic:~ll 

l''(l~lur~, for ~lief of colic p;,it\ in h.cJr.$l'>.lo, ;md (t)r 
rc!ltt:'lint/C:lrrure of w1kl/!o..") ~mimak l\1 t~· doses, 
r.hc ()piotds haw nntitu~ivc (cough supprcs.sion) 
pr()(l(>l'ties owmg to depr~ion o( the c.ough center 
in tht. br.tln itnd ~nti<li <'IJrh.e~l ~ctiVn h«<tulSe they 
C.."lu.ie :l t'f'ducti1)1l In petl~r:llsls or StjttnCm:tl oon· 
uacti~>ns. Sever~! pmenti;d adverse 6idi> effccu 
nrc asS<:~c.iatcd with narcotics. Opioids ;.lr<: pot~·nt 

1'{-:>pirotory dept"~:sant~. lkc<J~<.> they ttA"<:<.:l the 
t lletn)(lft'.~f\l lm(lf'f centt:r.s. in 1he (),;)in (lh~ Nltly'$ 
d\ct~oolir:.u). they may cau!i(' fXlnlill!:. dd"t->e:uion, 
ltatulc:nce, aod vomiting Souod sensitivity may 
<*l.w occur. Excitement m<•y occur in dogs if the: 
n;)JC•.ttic:. 1$ ~pid ly gh·en inm•vtnVtl:>l}'· Cm.s and 
h oNes are N'porl<!d m be :.tf1S1tlve fl") the ,)plolds 
anJ may exhibit cxmntorv dft•(u at high doses. 
Becaus-e opioids cross the plac.c:nta (airly slowly and 
thc:~r dl"t'l:t:S <.:<•n t< anwg<~nix(l, they can he u..-<(ul 
when ~$:'l.re:ln ~~ inn is pe:r(nrmed. The livt!r me· 
raboli:c~ \)pioids, and rcsult:uu merab.')lite~ arc 
diminat~-d in the urine. Most opklid prt.•par.nioM 
<*re Clas:~ II controlled :sub:.1ance:>, and n.;uc.otic: 
;). nl;lgoni~t.i <;;m ... nt'J#Vni;e 1hern. 

Cl1~t1kal u~es 

Opioid agonistli Mr<: wed for ana~~iM, :sedation, 
rc$tr.tint, <tnesth~il:l, trC'<ltmcnt 9( (;iJU~hmg, <•01.l 
tte:ument <'If d1:t.rtht;\. 

Noturolly Occurring Norc.otics 

I. O pium (lnu.Janum-10% opium), rar~.·gmic. 

Opium i.s deriv1.-d from the seed capsule: of the 
(.1pium poppy. r~«goric: ' alo.o ~ailed camph!)l'(lt~d 

1intt:u-rt ()/ <){>ium. "'*'" N:et\ uM:J for !t)nger 1h;u\ 
100 yc:u~ for th4" treatm"m o( di:uri\e:l. It haSc 
lx-cn us~~ in veterinary medicine for tt~"tlting 
diarrhea, r rim.;uily in C11lve4 and foal~t. 

1. M<JfJlhin~ iilt l(i•tt (IAuittu<,~\) . M*Jf11hine i~ tl)l 

optum deri\':lth•c u..ed w 1rea1 SC\·ere pain. Occ:t · 
sionally, it is used as n prc~ncsthetic or aneSih.ctic 
aJ,.:t( . .-ot (e.g., cc~tarc-.-.n .scc.tion in dogs).lt i.s aiJO:.l 
~.~::~od to n.:lievc;: <lnxietv <l'-SQCi<lt<d with ~te <.:tin• 
~estive ht>;lrl Gilun:. It eser~ II$ ..:((t!CI$ pritn:lrll)· 
on mu receptOr~. M~'ll!phint' IS a a~<~ II COil · 

ll\')lled .subsronce dun ~h,')ukl be wed uode.r Mricr 
:suretvi:sion btcau.~ ol its potenti<1l (or abuse. It i.s 
1ltt: ~1a.ndtt1d <Jpi1.1i1.l with which \til ~JC.~Wrs ~1e 
coolp:trt..-1 In rcm'l.~ o( :lna(£~e f!ffcct. 

Synthetic Narcotics 

I McpcriJinc (De.nwro-1). Meperidine is a mu 
a:goni.st tlt11t i.s Mpproximatcl~· once c:ighth Ito 

p<)tc:nt ;)n ani•l!:.~i.; \I.'~ murphmt. It i.~ u~ for 
N"hef ,;f :lCuh'-(XltO, such :'1:. 1har •'<:eurrinx :1frer 
o.n:t.()pcJic procedures. It ats~) m."l~' be C~)mbi[\\_.J 

with a uanquilizer fOf usc as an an~"Sthctk 
~<nt (ncurokpwnttl~c:~i<.:). No wepc:ridin..
!>«'duct~ c:ury :' ve1erin:u)· t'tbd. Hvwf!\'C:r, 
hurn:.10 products olttn ha\'C cxtralabd USC." In 
animals. Na},)xone is the prcic:rrcd anrnJ,.>onist. 

2. Ox-ylTKirphone (Numorpl-uln). Oxymorph(lne is 
;\ ~<:mh:ynthtt•¢ ot'i\1id th~t i~ ;\ n111 :\~ni~l. It 
~~ ~lpproxlmatt' l ~· 10 Innes O\ON' J'(ltt'ot :m :lt\· 
al&-csic than morphine. Thi~ Jrug is used pri· 
marily in dogs for restraint, for diagnostic pro· 
ceJure:~, cmd for minor :;u~i<:al p('()l;c;:dure:s. It 
m:Jy he O.)rnhmt!d with (r:lnqu11i::ets I(• l)tlll.lu~ 

ncurolcpt~lnal~o...-..sia : nalo)(onc is the nm~ootli..st. 

) Butorphanol rnnmtc {Torbutrol. Torbur;esic). 
&torphaool 1$ a :s~·nthetic, rartial opioid ago· 
Ill"-'. It$ ''l)rC(II k: <J.(;t ivi t y i$ txetfe:J .;vn ktti'J)\1 
anJ sl~ma r..xt'pWN. It Is :'1 Cb.• •. o;; IV COOU\)IIcd 
subsrance. Butorrhanol has 4 to 7 times the nn· 
al.&.~5ic propeni~ of morphine aod si~oni6cant 
a.ntitu..\';ivc d'(oet~ (Piumh, zoo;). Turhutml iS a 
producr d\:)t tt> :.1ppnwt>tl :'IS :ln :tnun~h·e :.l~e.u 
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in d<~· It is also uS~ed in d\'lgS and catS as an 
<Jnalgesic and pre;m-esth('tic. Torh.J~'t'~ic i$ ap
J'I\wed (or ch t tr<"~unen• l,( ~'in ~.~i:lt~d 
"'ith colic m horses. It Is ;.l i!IO uf.l"d In .::omhln:l· 
rion "'irh mhcr $C'dJtives,hronquili:crs in h..xscs, 
dogs. and cau ru; a pr('~1ncsthetic or for minor 
surgic11l pr('<:c:i.lvs~. 

4. Pemolnyl (Suhlhn:t:e ). h~1U:JO)<I tS; :.n opko1d 
tllo10nin th:.t is (oond i.n the neutolept~ln:tlg.:· 

sic lnnO\'at·Vet. It hasapproxim:ndy 100 
timc:s (h(' an<~ lgesk prorc:ni~ o( lliOIJ'hiO<. 
Fenl tmyl i* '' Cl\1$$ II t:v•u rollt:J ~h$t<ln~e. 
FctlD.liWI tr.lnsdcrmal p:ueh~ me .s.omeumcs 
uS<'d in anim~ls to control chronic (Xlin 
(~ee Ch11ptc:r 14 ). 

;. Hvdr<'C~>~.Ivne t'oitit.rtn'te (Hvcodan, TIIS4i~l)n) . 

H~-Jrocodon~ iS; :ln •"lplokl ::t):(mi.q th::tt Is u~ed 
ns nn ;mtitussive :~gem in dos;s. lr is tt Cl:tS..; Ill 
controllt-d .substance. 

6. Etvrrhin< (M-99). Ewrphine i..; om op-ioid 'hat 
J\r'<IIIUCet> :\n:llgesie e((t:CIS 1000 limt:~ lh<\.~ 
o( mt)rphmc. his remlctcd to use by VNeri· 
ruuians in zoo t'>r exotic animal practice 
(Up;on, 1988). 1t i~ lethal to people who<JC" 
d(len1<\lly mje.::t thern~eh•e:i! (it <\It-e) .;;tm he 
:.Norhed thr<•uMh Intact skin) I( th-e :.ma~P 
nist (diprenorphinc) is nm adminisrcrt.>d tm· 
mt.o.diatdy. Etorphint' i$ a Cia~ II conuollt-d 
$Uhst<tnce. 

7. Pent;'l:(l(n\e ("f.llwin. T:'l lwin· V). l'et)(<l:!()Cule 
is a partin l opiold t~goniH thm ls approveJ (or 
p.1in rdicl in horses and Jogs. h is a Clnss IV 
controlled 6U~an<c. 

8. l>iphenvx-ylt'lt< (l.()mliC:il}. l>iphenvx-yl."'t< i* :'1 

symh~tlc opl(ltd :litOn!j( that Is combined whh 
tlfl't')pinc for usc as nn amidianhe:~.l ~~nt. This 
drug is n Cltu$ V controlled wbstance. 

9. Ap()morphinc:- ge,:ne:ric.: la~lin.g. Arvmor .. 
J)lluH~ i$ :.n •)JWM.I wilh d'l! J)tlllCiJ:(II ef'rec-1 nf 
i.nducin.g vomiting by stimul:uing 1hc c.hcmo· 
n."CertOf triS~,>cr zone in rhe brain, This Jrug itO 
o(ten u.dministcred hy pb•,·ing •• portion of a 
•ablet in th~ C\lnjun.::tiv(l l .,:~ for :lbiiOrptiOn 
(~e C:hapt"er 8) 

10. Methadone (Ooli)J-"hinc). MethaJon..- is uyn· 
rh..-ric opioid that wtl$ de\'dored ru; a tr<at• 
lt\otnt for O)IJrphme ;'lJul hermn ;~ddiction in 
hum:uu. hSc pMmMy , .. ~e "' \'etethl.'lt'/ mtdtdne 

is in tht' treatmc.'nt o( colic pain in hof'Sol.os. 
Methadone is a Cia~ II comrollc:d subl.umcc. 

I I .l'Axltine-t.er•i:rlC l~·heling •)J 111 c~)mbin;lti~•n. 
Codeine Is an oploid th:u Is :l.\'albbl~ In 
human l:~lxl products for usc us an nmitUSSi\'t' 
in dor.;s. 

12. C.-..rfemAAil (\XMdnil). C.v(entimil i ~ used ro 
ind,x:e w.ldh(e ane~• hesl:l. 11 h.'ls 10,000 cimes 
the rotency o( lnotphir~e. 

I} Buprt'n<.uphine (Bu(.Yt'nex). Bur~t•norphint' ili 
a human ll•lxl, partial rou agoni$t•ll.nt~>oni$t. 

II ~~ :1 (>'<)ttnt :.n;l~<i!l)ie 1h;u i~ u .. ~J h' ~ver;ll 

small anamal sped~. 

Ad\.'tm' Side E/fe<t.s 
The..~ Ctm incl\•Je r~in4t~'l)' dcpr~i()n, excite .. 
m.em (c.u_s, and hor.it:S;), nausea, V(lmitinj!. J lattht>:l. 
Jefeca1i1)0, pantin~, :lnd <onvulstons. Ovcrdl'ltSC 
caulil~ (.Yofound respiratory de-pression. 

Opioid llntl~'Oni$t:S block the dfecu ol opioids by 
him.lin,g w11h <'Pltlte re<:eptvr~. llhp~.;:in~ nt'lrOOt •.:: 
molocult->s alrc:ld~· present, :md prevcmln~ further 
n3rcotic binding ;u the s1rcs. These 3ntnsonisrs arc 
classi6t:d -as pure antagonists Of M ('llrrial anmr;o

n.isu. Th<' partie• I <mtagoni$ts m<~}' he"'< Wtn(' <•g~>" 
ni$t ac-twit'/ (:ln:'llg~i.;: an.! rt::,op ir:'li(•~"Y dept~'!-"uu 
eff.xrs). 

These drug-; usually are administen-d by rhc in· 
tr<l\'<:nous route and exert thdr d(«.ts \'t'l)' mpidly 
(I') tO (10 ~),!(($}. 

CUnical Us~s 
Opioid anta.&<oni.s~ are used to lllltaJ,'Onize the c:f .. 
fe:<:U of ~lpi iJil.l (l!,!IJRl~$. 

Dosage Fontu 
L Naloxone (naloxone HCI injl"<:tion. Narcan). 

N;•loxone ~a putt' Qrioid •ml<l.!.'Qnht that is 
~1-ltnliC., II y ~imil~1r (<) (IX}'m<)rp h( lllt'., W1Ch hi#h 
a(finlry for mu rcceptOI'S. It has no :ljlonlsr 
activity. 

2. Nalorphine (Nalline). Nalorphine is a partial 
<ln~r>ni$t th:~t ru~y prOduce: unww~rd ;~n(lfgtste 
:.ll'ld tbplt:'lror)' Jeprts~uu t>(fe.::l$. 
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Adt.-eTs~ Side Effecu 
Nalorphine m:1y indue(' r('~i.mtory dC'prc:ssion. 
N:lll)x<)ne IJ~l~<lily h<l$ (.;w a.:lve~e tfl't:elfj; if gwen in 
the Cdtr~t dose. 

!,j Neuroleptanalgesics 

A neurol~pt~lna~'"(';ic :tgtm C..')nsists of no ~'l[\ioid 
and a unnquili~r. ,A,nima1s that r«eivc ncurolcpt· 
rumlg(';Si~ mtly o r nwy n01. rcJn:lin corudous (~·1uir 

.-ml Hubl*U, 1007). TI\t)· ufrc:n dt:fec:.-h': ;lnd :lrt. 
h\:hly respomh·e to sound swnull. The oplotd e(. 

f«u ~')( th.: ncumlcptan'tllg..-sics can be antaJ,oonitcd 
with the opioid anu~onists. 

Clinical U!d 

Neurolepumalgt>Sics tu~ used for 51."<l:ttion :tnd re· 
stmint, and w produce an~~thc:sia. 

Ollf.I'JSC! F'Onrl$ 

I. Fcnwnyl and dtvp<:ri(lol Onnvvru-•Vc:t). In• 
ll<l\'<lt• Vet li. the <)Ill '{ C•)('l:llnen:::.ally :)\''''laMe 
neurolept:tnalge;ic. It may bt> used (,')r restraint. 
for Jingnostic rroccdurcs., a;s tl preanC$lht'tic, 
und for minor surgi<:al procc:durc:s. 

2. Olh e:J nt\uX>IC:Jli<U~-all:~i~ lllay 1-e l'rt:p:lrtJ by :l 
dlnlc•an Md Include the followma: 
A~prt')mazinc ~nd morphine 
Aceproma::ine and oxymorphone 
Xylruint :.md but(lrrhan.:)l 

Adt-.:T.1< Side EHec~ 
The:.e can u)Ciud"- pal\lll\jl:. ll:uulence, personality 
chaJl.b'('.S, increascd5o.11.10d Sl.-"'lSitiviry, nnd bfnJyCfl1dia. 
Ovcn:k~e JtW)' cause lit'VCrt' dt.-prc~ion ol the CNS, 
~pinltiJf'V $)':1tC'O\, ;md C<'rdiO\'tl:::!CUI<Ir 1!)~tc:ru. 

' 

Sebur~ «eut In :lolmal~ (o}( \'anous rea.ioo~. wh.ch 
inc Jude: but ~re Mt limited h) unknown (idio~rhic), 

infc:ctious (rutdistemprr). trnuml\tic (head injury), 
tOxicity (.«-l)~lmint po.)bcmin~). :.uld u-.etabJiic;. 
(ht><lbuoke) f:lC.WI"S. J)r,)lnnged 9ti!utesc In j)J'<'S,.fTt'SS 

require cmerf,'l'ncy nni\m with inunvt.-now; thernry 
Periodk~ rocurrin.g sc:izures ~1o.i n: prc\•cntivc: oral 
n~o~;Ji¢<lltl)n. Oral prtvtntivt ther,\py (Jfu::n iniJ!ft be: 
tlrr:utd to the lndlvldu:ll paoem :'l.nd revle""W r~u~ 
larl ~· for the ~rpr.-:orriatc Jose ndjustn)Cflt thtn c~')n· 
troll! 1!('i!u11: ac-tivity. 

CUnicaJ Vie$ 
ThelOC dru~ are used ll.') prevent lOei!Ures ,)1 to C(lfl· 

trol scirurcs in progrt.';SS. 

f)).,asc: f"(lnl\.~ 
I. O.a!tp<~m (Valium). Ot:cep<~m 15 a tr:mqulli-:cr 

with rotent anriscitur..- prOJ"('rtit.-s. It is ndmin· 
i1!tCt'cd intra\•c:nously and has ll J. to 4 •hour 
dur;t t ion <)( ~<:.til)n . 

2. l'emob;uoNml~enel':lc ptoJuct$. J>entob:uhltal 
is a short·:tcting barbiturm~ th:u is effective fm 
controlling ~t.·izur\'$.lt i:s administcn-d intrave· 
nou~ly ;md ht~ .- 1~ to J•hoor clur.1tion. 

l . f1henob:lrh•tal (Luu\u\<:~ 1. $(11(,)1(11'1, gen.~ric:. 
formulauons). Phenoba.bit.alls an c((ealve 
nmiscizure drug that is nvnilnbll.' in oral and 
p11rentcral fonnulations. Tht' oral routt' is the 
U:W\11 me\u~ vf l\dmini-!itering thh ,lnt,g t\) 

Jc1~.t1 :lnd cars. The IOJ&t:lble fotm Is usOO In 
hm-ses (fools} by som~ clin.cians. Drowsin~$S 
i11 a potential side dYt."Ct of phcnobarbitnl. 
Phcno;~rhnt~l i$ <• CI<'S$ IV (iJntrollod 
l)ul~t :li\Ce. 

4. Primi..lot'W! (Mylepsin). P'ri.midone l!i similar 
chemically £t') r hcoob.ubilal. and a ponion of the 
primidon(' dose: ~ metabolizc:d to phenobarbital 
hy the livtr. It i$ tt~.lmhw.tertd <Jmlly t<• 00!1* ~.nd 
caL'>, alti'X'uKh Its uiOI" u\ cats Is cnotr.:wctst:tl. Ad· 
VCf'SI.' side cfft."(ts may ind uJc agit::nion, anxiety. 
)XIIyuria, polrdipsia, aod dt.·rroatitis. 

; . PhC'nywin :P~Jdium (Dllantin). The: U~C' Q( (t.f:• 
ll )'t<lu\ h;l~ decline.! Ct)nl)kl~r.)Ny t hrt)u)!h 1he 
years be<ause o( irs \':lrhlblc pharmacol::itwucs 
in do~ and cuts (Plumb, 2005), It ma~· occ~· 

11t00ally hi.' used in (ombim1tion with other an• 
l tStti:vre mc;d i~atil)ll.,. 

6. Brorrudc tSc ~lll ,:,ld :.lntlrotwulsam t:hat has 
s~rl::t.'l.l ren..-~~o'Cd inrerest, mainly as ~n adjunct 
tO phenobarbitl\1 or rtimiJOO(' thentP'I'• 

7. al)r;!;e~te 
$. FeiiX~nt.'l l t: 
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Adt.-eTs~ Side Effecu 
~c m<l)' i.nd ude drow:.i.ne~. CNS depression, 
<lll..Xie•y. :.lj!it:lti\111, po.:•lyun:\, (:<'.lly.:hp~i~. ~J\J hep:\t\•• 
tOlCad[)• (ph('nob;ubllal :md prlmldone}. Con~>ult 
producr irucru 019Pf'r~-:orriate references for spc< ific 
effect$. 

T~~N~ 
1. IMdequate chtnl c:ompli~mee IS c. frequent cause 

of f.ailure of <1nticorrvulsant Jnerapy. Clients should 
be advised about the import.lnce of follCl'IJing 
med"l((ltion instruaions careful~·. 

2. Resetpine and phenO(hiazine dNgs should n()( 
be given to epileptic .animals. 

lnhu.lant a...-$t~k ~1gmts <In:' USl-d to rroduce ~~n· 
era I ~nt-..lrhffli<t. ll\ey ~1 re IX'l\~Mt:J (l'(ml " ltqmd I I) ~~ 
~M'Ou." ph:'lse by an an~thct1c vl.l!)l'lltl!ct :md ~1rc de· 
live-red to the lull:gl> with the us..- of an ()Xfi,X'fl.S0.1u.rtt 
o:nd a ('lltient breathing circuit. From the al\'coli o( 

th!! lun,;;s, th<:)' art aboortcxl into the hl<)(xlstn;orun ;md 
d~llvereJ co th~ CNS. wht>te they pro.Juce uno.Xul· 
sciousncs..,, an:.1lgescia, nnd muscl-e rcl:llCarion through 
ml"<hanism.s n<.'t fully undc.•r&ood, 

lnh .. h~nt$ !."CnemiJy T('O..IUire littl(' hiotnuuf(lrma• 
tk'•l f<:~r eli1nn\;u iv1\ from th~ h.'tly. Th~y e1\h~r :\ntl 
elm the bod~· throu:;:h the lun~. nod thl~ fadlit:'li\'.S 
a mpid induction nnd rt."<~)\o'CI)' from the effects ol 
the ~ent compared with i.njectable lltlesthetic 
(~'(lit$. It <\1~ rernn~ <\ ~;p.Ji.cker alttt(ltu)n ()( t.ht 
depth ,)( :'lnesthe~>kl . 

The .-.mount (parrial presrur<:) of inhaklnt anes
thetic in the bruin is proponionate to thl• ah'l'Oiar 
ooncentrotiQn ~i th<' <~g('nt. Alvwt.u <.:om:entrution 
tlcpi:r\J~ 110 th~ ;:.m<)unt .,,( ~erll delh·ere..-J w the 
lunJlSc compnred wi1h the amoum rem\wcd from the 
lungs. Delivery o( the ngent m th..• lungs can be 
in<:Tt'~...scd by incr('ll.:ling the Vllpori-.er sc:tting, in• 
e~a.,in_g the fr~.h ~'"' (vx)·,(,~n) (J(,w, in<;rt;;;hin.,e: 
minute YCntit:ulon, \)t docreasinw meeh:lnu:::'l( ~md 
phy$i\1logic deaJ spoK~ . f-nctors thM influence re· 
moval o( the ngent (rom th~ hJ~'lO indudc the 

solubility (blood-gas pan ition <:o~fficiem) of the 
ag('nt. the molecular weight of the agent. th(' ~, .. 
11al pre..~vrt Jiifert::n<;e l-.:1wetn d10: ;:~rent in lhe 
;.llveoluSc :md the :.lJtCflt In the blooJ, the .-.mC~unt <'f 
alveolnr surl:!lcc avt~ilable for exchan~"<' (nhscnce o i 
lung patholQGy), anJ carditlc outrut. 

Urwl:c: by ti~rue of an 1meWletit <'l#l!nt dc:pc:nd~ 
nt.'llnly \~n the tle2ree t)f t issue ~tfusi\)1\ ::u\tl 1he 
solubility of rhe Jl&<ent in the tiJ~.SUe. Vessel-rich tis· 
sue (brnin, hean, lurw;. liwr, kidneys, intl"Stinc, 

and endoc-rine gltmili) ~cdv~ the b"l'-Utl'~ rc:r .. 
<;erml(::t (>( <;;\rJi~IC i,M,IIptll ;md 1.5 (:l,ll)*(fut:l\1 ()' 1flt: 
li.rst to tc:'lch equ!Uhrlum dutu\Jl upt.-.l::e of :'II\ anes.· 
lhl'tic sa$ and the firs' toJownlood an a~"<'nt.lipid· 
rk h cells, $imilar to brnin cells, aNorb moo:' aJ,<tt~t 
thim dv lrpid•('<)!Jr <;elltt. 

Ch.-.r,lctetl:•d.::S lnlfltltl:lflt m tht: unJetl>t;)l\dlnli: o( 
inhalant llg1..'"l\ ts mdudc MAC (minimum n.lv<:ol:u 
cooccntrotion). partitKm coefficient, anJ varor pres
$Un:' (T;1ble 4• 3 ). The MAC \'aluc (I( •~n an~ctic 
<l~IU i.~ :.1 1 no::~re <of IX>I~nt:y <"lr'NI i$ tit< :1 l.,.~h1r C(nl .. 
cemratlol\ that prcvcnts grou purposo:oful tn\')\'Cmenl 
in 50% of ~tienu in raponsc ton stl'lnJardi.zl-d p0in· 
fu l .stimulliS. Lower numb:rs indic~1 tc: morl' pot~nt 
ag.tnts, (lm.l wh1e$ n\ay \'\t.JY $lighth· t:<:tw('(!f) ~i¢..."
The [Xlttllaon I'.Oe(fi.::lent l~ the r.u.o <of rhe number o( 

moleculcsofnn anesthetic ~that exi!o€ in f"''O phases 
(bkxxl,lgas). It indkatcs the $Oiubiliw of an a;c.nt in a 
ti~-.v< like blood <~00 corrd:ltc:$ with the ~peW...,( i,n .. 

<luc.ri\:-.1 :.ll\tl 'I!L'(o\·ery. L,wer nunl~r$ 11\dic:,th'. f.""U.h'.T 
~l~nts. Vapor pressure \.,( an agent indlcntes how 
volmiJ~ ir is nnd 1hc ~ru~x.imum <~)llC<.-nrnuion 1hat 
can be achieved. Higher numbc-~ indicat(' gn:nter 
v<·l~til lt)' ;;lnd tht tW.:e..l fi:,r (I pn:.::i~i<m \ '<"lpt.wl:i.:f. 

Exposure h) anesthetic w:u.te ~a..~es can pOe>e a 
health hmard to the v<:tetin-:uy technicinn if im· 
propc.•r Ka\'engin.g o( waste is nm carried out. Re .. 
rn.xlu<.:tivc, h~(l'<l,tic;.. ~00 Tl!11 .. 1 dl«:t~ h(l\'e b¢~n 
n<)ltS.i . l()xr.::••)• is M:dy .tue 111 1fle bt<•lr.)r\J\~mt.'l~ 
non \)f by-products of rhe :tgClltS. lnh:'lk\nt 11gems 
nrc bioder;m\kd wvari~Jcgre<e.s (methoxrll.uranc, 
50%; halothane. l5%; i.softuranc, <0.2%; ~\'oflu .. 
r:\nt. 3%; niuOv$ vxide, O.Cl'J4%). 

CUnical Vsl."s 
lnhnlant aOC":Ith<:tk$ me used co induce and main .. 
tain .t;tt::nl!ntl a.n<:$th~i <l in it.ni1TH1I p.1tk nts. 
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Dos«gt. Fonns 
The inhahmt U!.>ents di.sc:-ussed in thi.s :!l"Ction in• 
dvJe i~llllt•r;IJle, ~~-<JOur,)rM!, h~•l c'!th:~ne, meth.:,xy• 

t1uranc. at\d nitrous l">XIJe. 

1. lsoflunmc (Fontnc:, l.sollo). lsollomnc WI\$ syn• 
thesi;e~.l m 1968 ~.ml wtt• u~C~.I dinic.-.lly in pc:o• 
pie h~· 1970. lsco0ul':)l\oe is a C..)korle~ hqutd with 
11 pungent odor. It is Sl:lblc :md doc~ nN reqwre 
n prc!<r\•ativc:. A halog~·Mtt-d l'thl•r, it is one: of 
the \('<J..St S(lluhlc of' the inlmlant agents. It is le:ss 
pv1em tl•(ln h:l\.l)tll:me ;u'd metho.>xyilur~m~ but 
h .. "ls \'Cty l':'lpkJ lt\ducrlon and recovery tunes. 
fsoflun:.nc nllows a stable hcan rhythm and d .. ~s 
not <.kcr~ cardi.tlc output at dinic11.lly u...«<< 
level~. It i< rntt<ll:>tJh:td at 01 vt~y low nne 
( <0.2%) ThiS; <l):em 1!'> u..>eo:lln a wtde \'atiet~ of 
.srccics.. 

2. Scvofluranc (ScvoAo). 5<-\'oflurnnc: is a ha\os~· 
rwt..xi~Ciher with littk odor, whkh makell it ;1 

~f()(ld c.hvice (or m;t:ok inJucl i(m. Thi) :•gen1 i) 
c.h~lt':'lcttri-red by \'try l'..lpid inJucrl,)l\ .md rc· 
c<:w~ry times. Its cardiO\':'ISCular nnJ TC$f~irJtory 
dlecu an; -!-imilar to th{« of i~umne. Scvoflu· 
rtlne i$ often used ln tuf!:h•ri.J:, :;m;)ll4nuu~l r<'
rlcms l"x:c:lu~ ,..;. 1U s:~fcty ~111d r:'lp.d. s.ffi()l)(h In~ 

dunion. Only J% of scv,)durnn<: is nw1aboli!cd. 
The di~dVW1Ul.&,'(' o( t he we of t his ll.&.'('nt is it$ 

oo~ oom~red with du•t of iwiJurttne. 
J. H:tlcteh:me (H:Jiv•hand. H~loch:l•h! ~ :l h;,~.\(lge~ 

1t.·ucd twdroc~ltbon that was tirst used dlnk:.llly 
in hum~m nne.srh~sia in 19.56 Halodmn~ d~· 
c.omp<:~S<":t whc:n CXJX'I!ed w ultraviolet light and 
for 1h1~ re<'i.~l)ft ht~ dtynw)l ~.Jc.k,\ ;;l:; ;;nl :tnti.:>xt• 
dant. H:doth.'ln<: sensh t!l-'S th<: h<::~rt 10th(' car<:· 
<.hoWminc:s; thi.s mny f("Sult in cardinc dysrhyth· 
mias. Similar to i.q;,lluranc: and :tc:..-oflumne, 
h.al..,thtme h(l$ a high vapm pt'~sur< and mu.st 
he u~~l nl precis••m 'l:'lfX)ti:ers. "Hal<lth:.lth! her· 
ll.litis'" has been reroned it\ hum:1ns but is a \ 'CT)' 

ntre occurrenc~o•. This ag~m is m~r~~boliz~o-d ar 
thC' rotc: of Z5%. ll con:sidl·rably high~r rot~ th.un 
l h:l[ (If tit~ prtviQll$ tWll ~t!rt($. 

4. Methoxyflurane (Mcmfanc). Mem,)xvflurane h:1s 
b~o'-n used since 19S9. 1t is n m~rhyl-c~hyl-<(hcr 
that is highly :soluble in blood u.nd othc:r tis:sues. 
h con:;(qvemly ha.$ <1 V~CI)' ~(W.· induc1ion and 

fi."(()V("ry time Mcthoxylturnnc is th~ mOM ro· 

tent (MAC • O.ZJ% to 0.11%) of th< "!:'"" 
CVf\)idereJ in thiS ~.::tivn. h ht\'1 •- rtl:lti\•eh· lvw 
Y':'lp<'lr p«soure. m:U:Ini: .)% the m:.n:lmum le\'<:1 
th.m can be ''apoti!~o.J. Also, because of this low 
vap<:~r pressun:. it can be \lS(l\;) in nonpr«:ison, in .. 
cncuit V<lpo:.lri~~ or pr«:i.~ilJO, c..•ut"\\f•cu...::uit ''<~' 
rx.,n:~rs. Me4lwxyllul":'ln~ untkr,0)h 1he ~re:uest 
h.imrnrufl'liJ'm;moo (50%) ol nn~· o( the inhabtm. 
It hns lx~n nssociatcd "'ith 1\'.M) toxkky in hu· 
m;m patiC'n~ 

5. Nil rt)u * (I side. Nil !'(In) <•:•:tJt i) ~ l:tJ ivrfei.'! ht<•r .. 
'=ank 10:~. h wasc dlscovcrcJ h) howe an~theu(. 
prop~tti t-s in rhc \au• 170..'\s. Nitrous oxide may 
be used as an lldjunct to mol'(" potent agents 
durin~ mMk inducti<m to :sre~:d tht indvcli(»l (•f 
:.ll'l~thesi:l. Oet~et:'ll :u~dle~t:'l c:.~n•Wt be pro· 
JuceJ "'ith nith)U~ ,)xtdc alone. h is mmpressed 
to (orm a liquid nnd is wpplied in blue: qlin· 
OO.s. It h~ th~ IO\\'eit ::h.>lubility t·oeflicil•nt of 
:.lr\)' <of 1 he n'lh-;~l:.lntS.. which nleln~ lht\1 h enter$ 
~md exits the blooJ :tnd OSSU(' rnpiJiy. £k"C:.lU.Se 
nith)US \)X ide is 30 timt.'$ m,)rc .s.,')luble than ni· 
tro~"c:n, it di:spl01c~ nitrog~·n from th..- t•.lvwli, 
hkJ•xl, <'Inti {!\I.YfiiiQ(I ei•vities of the; btxly. 11ti~ 
ln('~ll\$ lh:tt it will Jlffulll': low and pt>lenrlally 
c:tuse dis.temion of the intestines nnd other g;.1s· 
fi.llt-d an-as (1.-.r; •• tht' pneumothorax}. Nitrous 
Ol<idc ~ delivesed thro\lgh .- 1:11)\VIIll."ter <lnd must 
:.llw:l)~ be give11 wtth lY!'V#~'' II) prevc:m hy .. 
pox Ia. Ox~·~n should nl w:.l~'S br :.ldministered 
f,)r scwral minutes aft~r the nitrous oxide is 
turned o(( to pr~v~nt diffusion hyp(IJtia. (The: 
rtlptd esh <l nitn)\1.~ •)xide frvm the hll.)(l(l w•ll 
Jllut<: t hf' I)X)'~I) Ill fh~ :1.\Voo(l.) 

Propofol 
Pwpo(ol ils 1• shon•ac:ting hypn()(i<: that 1$ unrdtu.:d 
IV(Id\t!J Ji:<fl~l".l) ~n~lu:tiC. ~t"lll~· h~ me<;h;Uti.~tll (I( 
actkm is om "·ell undersmoJ. Chrotk:dly. It 1S :lll 

nlkylphcnol derivative. The product 1hat " com· 
mc:rdall~· available i:! an emulsion thut contains 
:s~·be1111 iJil,glyctnJI .. and egg lecnhin. Stct~use vf ~~ 
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while color, somc clinicians haw ct~llcd thi.spmdun 
.. milk of runn~ia." Propo(ol produces a n•pid and 
~U()I)(h <lt~thtti(; indw:;ti<)n in .,!~ whtn given 
slmvly lmr:'lVet'I\~ISif. It produc~ !i€'d:ltlo!m, restr.lint, 
or unoomdousncss, Jcrcndins on thcdo:;c.. A s ingle 
bohl$ lasts 2 to 5 minut~. making it particular!)' ~e· 
ful when r;.pid ftW\·ery is tmponam. 

Clitlicaf U:(es 
Propofol is useful for am~thetic induction before 
udministr.•tion of an inhaltmt anesthcti<:, (or ourpa• 
1 i.:nt JmJ(':t!diJrt:;., :H :.\ l!IJ I~Iit UI.: fcJr barbitur..\f<$ in 
sif:ht hounds. :md h)r pul-tnt!< whh preexisting c:tr· 
diac nrrhythmia. h is nlso useful ns an anesthetic 
ll.htc:nt for d~ undl'Jb'Oing a c~arc:an section since 
it ,1()1!.• not cn:*s the pla.c;enta.l k!rri<:r. 

DosQ~~ Fonns 
1. Rapino\'et 
l. PoopoFio 
}. Oipri~m {lwn\;tn b(>el) 

Adt,.<TSt' Sid~ Effects 
Apn<:a may occur i( prorolol is gi\•<:n too mpidly 
intrtlvtn(llt$ly. Oc<:~i<)n~ l *ei:.u~· l il:t l!ign.~ may be 
seen. PI\)(On!l('J te<:twery :md/N H elm body pro· 
duction may be seen in cn1s ~·ith ft'J't.'<ltt.>d U!io(>. 

T~yNc:rtiw 
Ptopofol is on ~pensr..e agent that conklins no 
preserva!A<es. Opened borde$ should be stored 
under •efriger<1t10n. 

Clyceryl Cuaiacofate or Cuaifenesin 
(Cuailaxin, Cecolate) 
Gu:~ifel\ol'Su) i$ :~ ~kekl:)l mwde rti:Jx:Jnt d \;)t e:<ercs 
ns cff~Xts o-n 1h.: connec.ting neurons of the .srinal 
corJ and brain stem (Plumb, 2005), It is USC'd pri· 
maril)· in equine m<:dic:ine to- induce gt'ncral all<:$• 
fh~i~ .;•r rv .,-.xlt:nd 1he ;'lnt::;theti(; ;tel l\'it)' of vther 
mjcct:~.blc ridd :~ncsLhetlesc (I.e., kcmmlne :~nJ xyla· 
!inc). h may lx used ns aS% m 10% solul i~)n inS% 
dextrose. Som<: clinicians addlln ultrru;hort-ucting 
~rhit\H\4te t<) th~; ~)luci.;m ht{<)rc: -admini~tering it 

intnn•enously Relnti\'cly large amounuare rt.oquin-d 
to induce gt'ne·ml anc:-..stht'<Sia. and small incrt'mc:-nu 
:In: given t<.• mail\~ in 1)f ex1t.nd t he ;\n t*thc;:cic J, 
fects oi ~'14"her a~nt.s. 

Clinical U~Ses 
The..~ indud.: illl.lu<:tivn or pmiQnJ;<nion of ~oener<-l 
:.lftellhesi:l 10 L'lrJi:e anlm .• 'lb :.\1hi nce:~~u)ft;,( u>e :IS :)ll 

Clq)l-">(.tof'1Ult. 

l.Josagc: Form$ 
I. (in.-il,axin 

2. Gccolme 

Adt.'tm' Side Ef(ecu 
Ad\'en;e side d'k:<:t$ <'te lim1tetl. HtmQi y~i.:s ha$ been 
rt-pntred wht-n )trtafer d\:ln 5% s.t•luti,)I\S are used. 

T~vNotiw 
1. Guaifenesin ~ l)dCkdged as .a soluble pct.\tdet. It 

may be diffioA to dissolve ,_hen lhe diluent i5 
added Warming S<lb de.\uose betore mixing may 
.-,,d so!ubOn prepil14ll0n. It should be miXed only 
immedia-tely before use because a pre<:ipitilte 
forms r1 the solrtion is alkM'I;')d to stand for severa1 
hours. 

2.. v.t.eo .-.crements of guaiferesi1l afe admanis· 
tered to maintain 01 t"A.lend ilnesthesia. one 
should communicate thoroughly 'hilh the veteti
l'lafian 10 understand the quGntity of this <tug thot 
should be .ac)ninistered. 

Chloral Hydrate/ Magnesium Sulfate 
This eombin..'ll tOO ha..~ lx"ffl u!<l"d :IS an 111tt:wcnous 

"'scnr m r roduce ancsthesin in l:ilrgc animals. Be· 
causc:- of thl• po1ential fur Sl'\'Cn: irri tation of tis$ue 
i( adnnmstert'd 'JUt•idt of the vc:-m, and b<:<:au:< of 
1he :.l.IVe.1U d IW»'e e(fic:k'!i<•uS :.l2eJU,>;, thi~ C..)mhi
natiOI) i:s r.cldom us.._·,,:J. 

Central Nervous System Stimulants 

The primmy medical usc of the CNS stimulants is 
for treatment of respiratory depre~ion or arrest. 
Mi•nv ,..tf the •Jthtr u..~ v( CNS stmlUiant.• iut 

Copyrighted material 
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ill'l1,.'31 or uOI.·thical (e,g,, m cnhnnce athletic 
pcorfonmmcc-). 

Doxopram 
Dmcaprom ttetivatcs the rcspi~tory system by stint· 
ulating rt'spin'ltOI)' c.dltc:rs in the medulla. It is Ia• 
bded ((If utle in .. k~~. ((lUI, and ho~~ h~ m~in 
indic:u k!oO$ are tf• Sl imul:ue res.p.r,ltiNI.i dut il\j! or 
afrer gcaleral ancsrhcsia: it is uscJ m 1)1.!'\Yborn.s ~10d 
in ClLliCS o( cardiopulmooal)' arrest, It is labck-d for 
mtn1vc:nous us..-, but it U\tly be administerl"d undC'r 
rh~ l(u'lgtlo: (I h.l 2 J r('IJ.1) Uf huo the umbilk:ll vein 
of the ncwbom. 

Clini.w l Uses 
These: in<;h~<Je u~ tO st imul~•t~; rt$pir;. tion in n~·· 
h.)u\S; :lnd tt>e d urinJi: f•r ~fte1 :'lnesrhesl:). 

DosQgt. Forms 
I. Doproun • V 
Z. rx_,pr:ml. A J'fiC'(I\'eJ f<:lf u.~e in lh.un;uu. 

Adt.>t>T$4' Side- Effects 
AdvC'r.>c: side eff«t4 arc: rn.re and ul!ually 11~ !\$SOd• 
l•tcxl with vvtrJ~c. Hypefftn.i!i<m, 3etwr.es. <1r~l 

h~'J)et\'Cnt!l.:uloo m:ly ()C:C\Ir. 

T~~N&tiw 
One 10 1'/1'0 drops of doxaptam may be placed un· 
der the tongue o r in,ected into the umbilical vein of 
the newborn to stimlkte respirations. 

Pentylenetetrazol (Metrazol) 
l'em)•knet~ I~!OI i.i ;) itener.)h:..::.l :;riu\uh•n• ni t:he 
CNS th:n ltns ~cn uwJ to stimulnte r\$pir.u ior\.s 
and w hasten rc..ocov~·ry from a.nt.'$thcsia, It has lim· 
itcd u..-co in \'l'tcrinary m«lkine. 

Caffeine 
U.ffcinc is a b"C:n<:r::~l CNS stimulnnt t hat prommcs 
wl\kcfuloe!s. 

Amphetamines 
Amphetami.nes, which <II(' pot«nt :ltimulants o( me 
ce~l>r;tl C:•)rte,;, are ~irn i l.•u c:hemiC .. II)· tO tl•iner4~ ~ 
111\\'. They have 1\1) l~lthnare medteal mdlcati1'lfiS 
in veterinary mcdicine. 

• 
Neuromuscular Blocking Drug 

N~·uromuscular blockins d rugs, sometim~'$ cttltc..-d 
musdc rd(lxcmts, interfC'rc- with neuromuscular 
l ran.,mi$.'!.ivr~ (I( inlp..rl~ ~\nd :lrt n~ ''* ;UI 

adjunct to jtt'neral ancsrhcsta. Thc~tt dru~ provldc 
no snalJ,>cS i<'~ o r $Cdatim\. f(,)wcvcr. t hey do stop 
ventilation, and this makes ventilation 1\nd con~ 
t~ttlnt ~tic;:nt numitl)ring n«e$S:H)' (Muir ;~nd 

Huh bell. 2007). 
NcummuSoCub r blocking Jne; ::~rc d n.ssiricd ns 

.:k"P()Iarizing 14,."C:nt$ o r noodepolnrizing ascnts. De· 
polari;;i~ at.>c:nh act in t1 W<ty that is ~ imilar t(• clu•t 
(I( ;«::-~cy lc:holine ;u 1he I'M!\•IX)mu$eular l!)'l~:)rse, bu• 
rhc eftCcrs la!ot looRCr, leadinR to muscle par.li~'Sis 
(PhaSoe I block). Thc.."S.: druss are nm brokcn down 
by acet\·kho lincsterasc- and hl\ve no antagonist . 
N<Jrto~.lc;:pOI ;~~i:iJl# a.b'ef)tl! prevent (cvtupetttive in hi~ 
hlli,)n) ~\cerykhollne (rom l'Modlnw ro re<cptot sites 

(Phnf,o(> II block). The$<: Jru~ fHC nm dC,!,'ladOO b~· 
cholinesterase:, but thl·y can be antaf,'OniR-d by 
cdwrhonium o.>r n..vsrigtuinc-. 

CJi,licaJ Use.t 
N eun:>muscuL1r blocking agents are used as an ad· 
junc.t to ~encral ane:sthc~ilt (C'.~ .• Ofihthalmic/ortho
i'b:.lic) 01nd tv (;;)cilit;ttt endl)t~Ch~l inwb<tti<•n . 

Dos~e F'onn.s 
Ocpobrl:i.J\s 
I. 54J..:C:in)·k )wli.rte chliJridc (Suoo~trin, 

J\nectine) 
2. IAxnmethoniunt (Syncurine) 
Noodevolari.: ing 
I. J•Tubocur.uinc chloride (Cunud 
2. (i;.•lhMine ( Fla,;eJil) 
3. Pancumnlum bmmldc ( ~vulon) 

4. Vccuronium bromide (N\'ncuron) 
5. A trncurium (Trncrium) 
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BEHAVIORAL 
PHARMACOTHERAPY 

The u . .;e of d ruJii.S t<l lre:n behaYIOC":'l l problems In 
animnls is a relatively new but rnpid\f growing nrcn 
ol Vt>tcrinnry medicine. Bdwvior problems-such 
t~ ~c:('W;l tir>n a.n.xic:t)', k<t~ and ph,Jbi~. unruliness, 
hnx~·r:lCi iVh)', C•lmpuls•ve di.S(on.krs., co~l\ll lVe 

d~·$timcnon in t)lder d~, anJ irwppropri:uc dimi· 
nation in cal$-Qrt' bt'inr; diagn()S!Cd in incrc::.lsing 
numlx'f.s. M :l.lly animal~ with bdwviorul di$orclc:n 
.-rt: Wkc:n in c\~~1\t!r,lti\•O I() ~ln ifll~ll l511c:her:-, bur ~ 
llmwlnf: number t)f clients arc wlllin)l to :mcmpt 
h'> corn.'<:t these conditions with cnvironmenttal 
man~cmcnt, behavior modification, and/or 
ph;:.nu;~cothen'PY· 

lnf(»"!Utld cnn~m sht)uld l-oe obr::uned (rom ~;he 

diem befo-re these Jrug; :lt<" used (Shull. 1998) 
bcca~ many of the.- dru,!Pi usc.-d in bcha,rioral phar· 
mlK.{Ilhc:r.•py ''"" hum1~n f.'*1'Chituric: dru,~;> thtlt lwv< 
1\(1( been <\J)flt'(lvtd fCor u~ ill J llinl;,ll$. The 1eCh1\1• 
d :m t)r vctttll\:'lrian shouiJ ..-.xplam to.'> 1h..-. :'lnlm.nl 
O'oJJncr rhc dCtmltthd sttnus of the drug, its possible 
side cffecu or pre<auti'(lns, 1md th< m1.-dical cft(.cu 
t~• he ex-pectOO m tJ,t ("(t. Owntl$ iihtJIJid ;.l$1J be 
:'1\\':'l.re .:h:'lt ph:lrmacolhel".lP}' mt~y nor he :'1 eure·:'lll 
for rr,.,blem~ t)f behaNi,)r, anJ rhat thes-e r robl.cms 
may ll.'tum after thernpy is Jiscootinu~.--d . 

All dro.g;s \1.."<'(1 in psy~·hQth<'lllJ'Y ll~ thooght to
!)t'Niucc: [heir effect~ thn)ugh :lltc:r:ut(.n 1,/ r\a.l• 
rmt:tnsmlner actlvil)' in th(: brain {Simpson ~md 
Simp;on. 19900. 1996b). Th< n ...... r'H.'Uh')Uansmit· 
ter~of clinicnl importan<e in beha\'ioral pharmll~O· 
d ltr<'li'Y <lre ~•C-t:lyl cll(llint, d~)),~tmmc: , nvrq,me,,~'' 
rln~. $1.'!1'\)mnln. and OABA. 

Dopamine, nNcpincphrinc. and serotonin arc 
call<:d mornoomin.:- n('ltro(Ttl1Mmttt.:r5 becau5e tht·y 
h11vc: :oimiliu- ~·hc:mk.,_l ~ructur~. Moo~)l(unin('!J' .,_,e 
f<•u nd in l;ltgt! tJlt:IOtil 1eS> in are:.u •>f 1he br.1in <•ftt:n 
a:s!>Oci:'ltcd with txpres~i,)n anJ C\'lOtrol of Cfl)l)(ions. 
11w primal)' m<thod by which monoamine.'$ ~uc 
irmcti\'atcd is through t.hc:ir rcupwkc m:.m the ~yn• 
"1'-.;t ha~l inlV ~)·n;\pck. ~·e$-;le$ ill utrn~ endin~~ 

(r.ec F'i~ure 4~4) . Dru'=-" 1hat blocl: N ioh1blt 1hdr 
rcuptakc incrc&C their !lCtivity. Acccykho1io.: i:s 
the moot widdy diMributed neurotrnru.miner in the 

body. It is aSliodatcd with a variety of beh~wiorul 
eff'«tS IUld i$ inacriv<•ted by cholin('Mer~ at ri'l(' 
l!yn-;q,~. S..•me ,)f tile m(~:~t <:;~munvn ~ide e«e:.::~ <>( 
Jruiti ,.sOO In bch .. ·wlol":''} p..~ychoc-h.ct:lpy arc rd:'l tcd 
10 1hcir :'lntich,.,(incrgic cf(cc.ts, .such as dr~· mourh. 
in.::rensc:d hcnrt rate, urine retcf\l ion, nnd con~ti• 
pauon. GABA i-!i c~.~nsidt:r""-1 t() ~ <tn inhihitvry 
neum«r.lOSI\\Irter a•\d is .,ndely .listM~red in 1he 
br.llO. 

Pharmacotherapeutic Agents 
Drl)ti m(ll!l( C(Jtnnt~.mly 1.1:<J in tn",.tll ing bc:h:.Wi\lr,ll 
probl..-.m!< In veterinary meo.:hdnc ll\dOO..-. anrlamd· 
cry m~.oJicmtons, :'lmidq:>r<SS.lnt.S. anJ mis«llao..-ous 
agent:o-such as synthetic pro<~'<'flii\S. All dru~~ 
liSted in tht follcJwing l!cCti(m C~ITY ;~lu.nntl.n label, 
ex<:epr rhoe;e that ;lre mherwlse lnr.Jk:ued. 

Benzodiazepines 
The benwdiazepines most commonly ~cd in vet" 
<:rin(lry m.edi.:;u-.e indOOte di<utram, ~·lpr<~Jhun, and 
k·ra:1'p:~m . All rhe h::m<odi:l:eplne~ are simlbr u\ 
structure nnd mcch~1nism of action. They arc 
thought to bind with and promO<l" OABA activity 
in the (crehrol oortex <•nd in ::ulx:Qrtin•l <•.~ta.s. :ouch 
;l$ 1he limbic ~~l)•em. 

C!iniool Ust".s 
B('hll\'iOr!ll u~s of henwdhl.icpitw.$ include th(' 
u~~tment v( f<<lr(, :Hld J,hul)l;\(,, ~ep;lr.•ti<m 
~lnxlcry, :tVJcrcs~loo. ~lnx.cry·lnJuced Hereor~·pes. 
urine marking in C:fHS. and :ilrpctite .s.timulation. 

Do,-uge Fon11$ 
I. Oi:t:E:fKtm {V;llium) 
2. Alpra!olam (Xa11ax) 
3, lor..lZ<eJW!m (Ativ'M) 

Ad trer$C: Sfde F.flectfJ 
Ther-e tn:'l)' 11\dud..-. lcth.'lrft}'. :'lf:lsia, JXllyurla and 
po1yd i~ia CPUPD). hyp<:rcxcitabilit)'. and h .. "Paric 
nccf\.'!ois (cats). 
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Azopirones 
Bospi.rollt' is t.lw aropirone <J~nt that is u~ in ~hav • 
.,,r,ll pharmaoother;.)}'· In &."'Onm~r t(l lhc: btm(~o:li.'l:t• 
pmts. It paAAI"!'.St-'S Ofill\~tielc rl"'ax:uu. :ll\tiCOn\'ulsam, 
or S<'d~ti\'1." cffcru.. Its :mtin.nxicty eft«.t is thought ro 
be e<~usc:d lv,· blocking wotooin rccqxon;. 

Clfnlcul u,d 
Veterinary u!ICS include the c.omrol \'){urine spr~ying/ 

marking and the conuol of fc:arful~-&i and anxiet)\ 

OQ$~e F'tmra 

Busplro:me (fiuS~-o'ilr) 

Ad\'('rS(' Sid"' Effccu 
Few <e'i 'J~~~ oliid<.: c:««.t$ <lppt.1.1' t~> <.:x i .~. 

Tricyclics 
Trkydks usOO cornn\\)1\ly In vetcnnary me<hdne 
inclltdc amittiptylinc. imiprnmine, and domip· 
l'l!lmine. The~ drugs arc tltou~,'ht to exert their 
dlt<:t$ b}· prtvtfltmg rt\lptW.e v( non::piJ1cph.rint 
anJ serotonin. Clomlrmmlne Is ap!)l.lt~d~· :l !>tlee· 
tive inhibitor of f,o(>fO((ll\in reuprake. The tricyclic 
group i~ often usl-d on a lons·twn b!L!is and may 
wk<: ~('\'('ro l wec::l:s Q( \JS(' to he(QIUC cffecti\'(', Some 
of the w cydks _..rt :.lv:. il:\ble in tlw ~.:neric (,)rm 
anJ tHe rd :uiveh• mexpcttslw w usc. 

Clinical U3e3 
U~ indt•d<:: I~W: U~llment ()( ~{~.r.'lt ivn (ln>:itty, 
~es..~l\'~ Jl~Nders (e.fl'., ltd~ ~l":'lnuloma, f:\11 ch.'l$· 
rng), fearful aggression, hyrcrnnivity, hy~rvocal· 

iwtion, and urin~ malting. 

O,u (Qte Fcmta.t 
I. Amitripl)'lllle (EI:wil. gt>ncric fmms) 
2. Imipramine (TofTanil) 
}. C lonupmmine (Anufranil, C&omjcahn 

(\·~tc:rin~ry h)h;IJ) 

r\.dt't'1'$e Side Effects 
Sid~ eff«ts mny ioclode $C!dation, tachycardil\, 
h~rt t'-k-ck, myd.n~•h, dxy m•Juth. rt:du<:«< tc:~r 
(lfOdUCII(.n, u tul t reiCnllOil, :.lfld C.)l\~l ip::ttkol"', 

Serotonin Reuptoke Inhibitors 
S<rotoni.n rcuptnke i.n.hibitof.S i.ndude (hwxcti.ne. 
l!trt.raline, J'::troxefine, ~nJ il••~·vx~mme. A$ tht ir 
1\:'lme lnd!care~. these drui,:S tncreaJOe the :llU<'unt 
of :;crmonin in the synnpsc b)· inhibitins its rcup· 
take back into the ncrv<: t<: rmin nl. Serotonin 
rcuptal:t inhiNror.s have (ewer pr>tential oliidc 
e(fecu 1 h:)n the 1t1Cydlcs hut :)te u~u:~ lly mfue 
cxpcnsi\'C. 

CUni® V.scs 
Ut~ed fvr ;t v<Jriety lJl't!ha\'ivr;d ~yndrorne$, inducJ, 
hlf: ~c.sswc d a!i(lrders, phobias, :lf:llresdon. and 
separation nnxiety. 

0o.1UJI'C: Fon!\$ 
I. Flui>Xt'-hl\e (f>wl:X-, hufllolt~ lab~l) (Rewi)CIIe, 

b bciOO for us.e in do~) 
2. Scrtrolinc <Zoloft) 
J. Parox('tinc (Paxil) 
4. Hu\•o.,\:<;) tlune (L ..... t\'Vx} 

Adwrse Side E{fecc.s 
Side cf'f«.ts are relatively(('~' but include 1morcxia. 
nt'lu.~"'l . lt:thtl~')·, a.uciety, <'m~,l dia,rh¢;t. 

Monoamine Oxidose·B Inhibitors 
The Ol'urotran5JT\itter dopamine is bwken down 
hy th(' <:n;yme mon~,_• lmn(' QXidfi~·B (MAO·B). 
Subst;u'ICl'S .wch :.l$ $t:lt:!i!lline (:\ MAO·R inhi· 
bitor) Nod: .or ~nhibit MAO·B 110d allow dop.n· 
mine levels to increase, O.."'CrcaSt..J dopnminc 
levds 11\llY h: al>W(illt('d with certain types o( 

dern.:nu;l that (lrt .iten in <•ldc:r ~.I O(:$ (c(tmne 
coanltlw dyl>fUI\C.t lon). Cantne CO!i(l)ttl\'e J'(.Y 
function is charoctcri!<'d b~· di.soricn~ti\)1\, de· 
crea~d anivity (c,·cl. abnormal sleep-v.rakc c-yclt;S.. 
lo~ Q( hou~c t raining, d~r ..... a"<d Qr alt<:r.._..d r< .. 
lll'<llll)W<::OC:$~. and decrC:<l$ed (lr :tlte.re.l gre.:tulg 
beh:wi\)r. 

CUni® V:scs 
U3e$ indltJ< rreatmtm o( (lki..J~ de.rnc:ntit~ amt 
1re:un~lll oi canine Cushlnf~ Jl.seasc. 

Dosage Form 
Sdegilim: (Eidcpryl, At:~pl)'l. Anipryl (\·etl!nniU)' 
loh<l)l 
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Am,._-,-s~ Side Effecu 
Sidt- cffix.u include vomiting, diarth('<J, l~non:xill, ~"t· 
lt~nt..'"• le:th;lrjey, ::ct~ l iV~II i(m, $l"t<'lku'#o :lnd Jo::;ine~t. 

Synthetic Proge.stins 
Synt~tlc pro~tin:s ur(' ro!lk'timcs used to neat 
bchtl\'i iJrtll pl\.•hlctns thrvugh mcchani~tm i1.1."-'X:l• 
:ued wilh ch:lngin~ hlltfOc)O:d levels (reduced J!O· 
n:Wou\11pitu) ~)l through S~)mt dir('(.t effect \) 0 the 
cerebra) cortex, 

ClfnU:al U!tt:l' 

Uses 1ndude the treatment oi urln~ $J'r:l)' ln.g/ 
marking. imc:rm..'l lc agsrcssi,)n, anJ Jominaoce 
~ression. 

VQS.«ge F<mtti 

I . Mcgesool J.CCI:UC (Mcgacc. ov~lb.ln 
1\•etcriruuy lab< I)) 

2. r...t..·droxypr~c&C'rone (D.,.pv-ProvC'ra) 

A.k>et'se Side Effecu 
Tmnsicm diabetes me-llitus (cats), PUPD. incre.ascd 
\\-.:ight gain, peoonality chan~(';S. l'lulomC'tritis. endo• 
metri\.J hn•!~:rrkt'!ia , nliumn.1ry hyf":rtnJphy, mtln\11\~11)' 
t111'1W, ~ldren..'ll :ltrophy. :ltld l:lct:ltlon :ue .s:lde c~i!w. 

Euth:lna$i:.l ~-tots should h~we tvev~r:d propemo.":S 
that make tht•m effective medically anJ lk'".ltheti· 
cally for this emotion•ladC'n procedure. These: dru~ 
~\(ltlld rapidly pr;)c.lvct l.m¢(m$dOll~l lt$$ with~.M•t 

!-.tru~ llnlit, VOC:lli!:l l ions, M e.x<-essl"f' •nw~lumMV 
m,)vement. Death should follow quid:ly owing to 
the C('~:uion of all vitul functions. such us rt'::!pira• 
tory and ~,;ardiac fum.:.titJns. 

The ll\.'l in Ctlll\pi.nt:nt ,>( lnf~t <tf the t:u l l\.'ll)<l~i:l 

~~nts is remob.ubiwL Pt>ntob.ubiml nul~' also be 
combined with other agent$, $uch ns propylene: 
glycol and akohol. P<-n tobn.rbita l alonc: i.s •• Clu.:ss II 
CX'nt fl.)lled $v l~n~e. aud J~ntolx!rh•t:-) 1 ~()mbin;\• 
tlons usu31l)' me CJa;.,i Il l C\)IUtolleJ substa i\C.t-S. 

Clinic<~l U$C:$ 
The:!..: n~~nt$ (Ul;: u«:(l to rwJuce .. r\•p•d,lu.nnime 
dt::uh. 

Dos<Q:t F.onJ'&$ 
I. Pentobarbital wdium (Slecpaway, PC'Iltob.vbitul 
~ertoene). 11\.:$1:: J'nxlln::ct ;lre Cl~.$.$ II ~vntn)tltd 
subttmnc~ fo. u\travCI\,luS ur.e. 

2. Pcnmbarbit~l.s..'Xiium (lkuthanM~·D). This 
J rug is n Clasli Ill comrollc:d .subMancc for intra~ 
ven(•U$ u<c:. Thi< pmduc.::t is different fTcJill the 
penlf~thit:l l $!11.-J ium de.,c.11hed Crt'vitx~o~Jy U\ 

that it C~)ntains rhod:.lminc B. a bluish-rcJ dyt> 
that hdps to distinguish it from ott1er f'tHl'fl· 

t.:r.tl pC'ntobarl:oital w lution.s, 11.$ wdl <l!' ph ... nvt~ 
(lin :lnd J)l\"~-..c:n·:u ivf:ll. 

3. ~uthan.,'1Sta·6. Th1s prodiJ(.t 001\f:lu'\S pcntob:lr
bit~l only. 

<1. T-61. T·61 is o nonnar<:otk., n-onbarbiturt~t(' 
ng.t:nt th\•t c;:cmt<~mo: \1 ,b-.enc-r\41 an~:-ttht1ic, -:. 1\JoC~I 

:.11\t'Sthedc. :l.nd :.l m~~oo>el e P,lr.lly:er. If iS: 01)l a 
conth)lled subsunce. It mus.t be ~1dministcred 
accord ins to nwnufacturer instroctioM (first two 
third:; ~l~Jwly) to uvoid upp~~nt anxiC'ty or P<~in. 

S. ~;) l ;tl · l'tu$. Cvnl;tut~ poent<•~•rhtml ~dhm\ ~~ntl 
Is availnble aS: a ~terllc jl()\lo-dcr (,)rdlluuon or as 
a prepared solution. The so-lution comains n. sw· 
bili.o:C'r, a ~h·ent, and a p~~\'1:1t i v('. 

6. F.t.lth~o~o;·I·C Ill. 

Adt.'l!f'Si! Side £/feces 
TheSoc: may includl• muS<: le twltc.hinr;> death may be 
Jei<Jy..-d 1f th.,. drug i!:! inje<tC'd OUt$idc: the \'C'in. 
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REVIEW QUESTIONS 

I. Deline 1he J,f(e.rence between :u\ ~g'fM)I~t ::tntl 
;m opi,)id am;~oni5(. ---------

2. Deti.rw neurotmnsmiuer. 

J . The -an>:-a <'I( 1 he br;.in (hl)l soe;n·e$ tO n:by 
m(arm:ul,)l\ fram 1hc spin~) Clltd anJ bt:'lln 
s-tem to the interpretation center in the 
cen::brum is the 
a. Ctr!!b..::lhml 
h. Thal:unu~ 
c. I h'polh;ll:tmus 
d. Hippocampus 

4. ~·1o~1 CNS dru!.'"'S ac-t by ----,--,.---,-
V' ---...,------the e(fec•:s t>f 
neurotrarwni n~T$c. 

5. \'(lhm arc the primal)' o..·ut~.;oan.smincr~ 
£01 1\dr<:ncrgic re<cpto~~ 

6. liM the (1-.lt pt'llllMV w:l~'S In which dnt~ a(· 

(ca the ANS. --:---,--..,-,--,--
7. List 6vc: indk ation.s for the uSl' o( cholin<.'fgic 

~"(ll(~ ---,-.,--,,---
s. Ati\'Pi•'e, $00()(>1:.ltnin~. gi~C(Ip)'rml:ue, ;;tr\otl 

aminortm:tmidc arc examples l'>f wh.ou .sreci6c 
drug d :u;s! --:-:----,.----

9. Wl-u•t l<ltl':gOI)' <1f drug is used to tn'~ll Cllrdiac 

''"~ a,,.l <m<lphyl-a~ic .,tw<:ld 

I 0. Propran,;lo1ss an e.'Camplc of what catcgmy ,)f 
drug? 
a. Alph<1 ...,_,mht 
b. Bera ~Ji:il0 1~1 
c. l\lp h.n blocl::er 
d. Beta blocker 

II. Wl-u1t tU\:' ~me <~.Jven~e $ide l'«ect:! cl xyla~inc:. 
;•nd wh;~l dr1.1g u'l t~y be ll:;td II> ~nw~vni:e hs 

effects! -,-,----,------,--;--
12. \Vhy would you be C~)nccrncd about using a 

thiobarbitumt(' to induce an<:sth~ia in ll v<ri 

t.hin d>Jg! ---------

IJ. Wh:u :.1re l1c'lm~ of the <:h:~r:lo.::tet .. ittcs nl a c.·u 
anesthcti!ed with htamitlel 

16. Why shoold glycc:l)'l guaiacolate not be 
nnxtJ unul ju~t btfore u•d 

I 7. You arc ns.,.;i:sting in the d\'Jiver~· of n liner of 
pupptl"$ aod ~·ou .:klivc:r one that is not breath· 
ing .-dequ;1tdy. \Vh<1t drug 'A.'Quld the." \'<:teri• 
l'l:lf!;tn inl)t n1C:1 II) {:t\'e, :onJ by wh~t 1\)ute? 

18 Why arc l"Uthanas.ia s.,;lutions that contain 
on I)· pentobi~rbiutl cla~i6ed as Cia..~ II c.on· 
tf(Jiled sulxi:tttnct$, whtrt:.1,i; th~e th<tt <;o,mtain 
penll'~barhlfal :lnd (Jrhcr suhstan<:c.i ~lrt <:l:u.il · 
6cd as Class Ill cootmlled substnnccsr 

l9. All p:;v•:hothe~rnlrug.s tu< thought tCJ 

!)f(l(lu..::e thdr effect$ by :. lt~ring 
;--:--------acuvily In 1hc 
brain. 

20. Ois50Ciative ltgents, .such 1\1 kemmin<: and til<:" 
t:lmine, tu ~1 y ca\lS!t ---------
:u the •njoctton ~It e. 

21 . A h~l'OOtic (:aneSthetic} knl')\~TI (or its very 
~ort durotioo and it.s whit<: color is 

22. An u\hiblh)t)· 1\eUI'\)It:tnsmin..:r 1h:n 11) widely 
dimibutal in the br..1in ts 

B. A bC'noodiatcpine that 1$ 1.1$00 '"an ;~n tiiU\.'I:i• 
et)· n~teatwn ;ul(! <\.5 :~n ~IJ'petite ~dll\~ll:•nt in 

c:.U$ Is --,--;--:---;:--,.,.-
24. An example o( a ui<ydk :.lntid.._"J-"C<'S~nt u~d 

in veterinal)' medicine for $C:pannion anxiet~· 

in do.~o: i$ ----------



25 . .,..--..,--,.------ is u!<'d to treat o ld
dog de-mentia. 

26. Th~ uer\'t)U$t~)'(!W·n\ (:.lrrie$ '"'' t~Ctivity \•<·ry 

rnpkll~· b~· sendinll t: lecltlc-M:c mess~ O\'Ct n 
ncrnurt of nerve fibers. The _ system 
wolts much mo~ $lowly by ~nding chemical 
m<::$...«:£\.b~f-1> throtl.gh the blood:M~<nn tO tt~ r!;'Ct 
~t tucturei. 

.-.. hemaropoictic 
b. endocrine 
c . exocrine 
d. cy~o,&.: i nt-

27. The __ nervous s~·stem is under voluncu~· 
control. 
a. K~matk 
b. <IUWfklflli<; 

28. The ts the iund~menml unh ()( rhe 
nervous S)'ill<:m. 
a. h .. -patocyu: 
b. n~hron 
c. ~-er.'l cell 
d. neuron 

29. Axom carry dccuic-likc mC$$l.WS __ (from) 
the nerve edt, and dcndritc:f amy dectric .. like 
mew•~>e:s __ (frvu•) th¢ t)f..-r\'~ ceiL 
:l. away; tO\I.>:~rd 
b. to\\'ard: away 

30. Ncurotnmsmitters cann()( be mimicked or 
blocked by the u* of i~P'Proprit~ h! dn,w. and 
t ha t !.,. why l); .. titnfll whh nern"'>l.l' i'>)~ttnl dl~)r .. 
dcrs &,., t\oOt have :l n~ry g<)l"Xi progno!>is. 
a. Tru~· 
b. Fal~ 

Jl . Thl' ANS i:s that portion of the nl'r."'us :sys· 
tern that controls __ bod}• acth•itie:s. 
-~ . con.sCN)US 
b. ut)Conscioui 

32. The Murotn\ru;mincr (or cholinergic sire!> is 

~. <J(roptne 
h. liCO(lOI:unint: 
c. pmlido:<ime 
d. ac..-t}•kholin..-

33. Epin~phrine (adr.:nttli!W) i:s r<::sporu;ible (or aU 
1i the (~)llowing exeept ---. 
a. cnn C:llli<: an Increase In mct!'lbol!c r.uc 
b. can Oli..I$C an increase in heart rare tutd car· 

diac: OUtpUt 

¢ . <.:omn.mlti<.:<'tion whh :~t~m cdb in tho;; bone 

m:lrrow 
d. em constrict blood \'Csscls in the skin 

H . Xybuin(: is anw~:oni.z~-d by __ _ 
<"· hemp 
b. detnmldnle HCI 
c. Vnhum 
d. yohimbine 

);. All the following Iii"<.' 1-J.cnzodiaz('pin('S cx«:('pt 

:l. yohimbine 
b. diatcpom 
c. alprnzohun 
d. lor.tZCJ'<~m 
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Disuse 
Catqorilts of Respir.Ltory DruJS 
EXPtCTOIIAHTS 
Gtuai6entSin (~ Guai.xolale) 
MU(OlVTICS: AC£TY'lCVST£lNE 
ANTITUSSJVlS: ClNnAUY 

ACTING AG£NTS 
8utorpl\anollartra1e 
Hydrocodone Bitartrate 
Codeine 
l.leAlrom~horphan 
TemarU 
IIIONCHODILATORS 
Cholinergic Blo<~ers 
.1\Milislamines 
8et.2-Adrenergic: Agonists 
Meltlylxantlwl~ 

D£COMG£$1AHTS 
ANllltlStAMJ N £$ 
CORTICOmROIDS 
MISC£LlAH£0US R£SPIRATOitV 

DRUGS 
Respiratory stimulants 

{)<;"""""' , __ 

"""""" ,.;.., 
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CHAPTER 5 
Drugs Used in 
Respiratory System 
Disorders 

LEARNING OBJECTIVES 

I. 0C"SCrihc the basic amuomy :md phystolog')' of the re.sriratol)' 
sy&cm. 

l . List tJt(' prot~cth·e m<.'dl<l.ttt Slll ~ o( the t\"!:lpim.tory ~\'~em. 
1. l~crlhe the (un.l,)mtnt.•l ('l'ntoeirl~ C'l( tr~umi!t\t of the ,-e_ ... pu;-.u•ry 

st-stem. 
4, tisL the diff~·rcnc<:S between the actiOM oi <:Xpt-~tor:um., an titus. 

sh·C$. ill'ld mu~'Ol)'ttCl>. 
; . l)e-*ril'l; tht <.~~(tl)n CJi bwndl<)(hi:)IC'II"t'. 

6. Describe the use l>i arulhi:.r:lmines a1hl dcconree~•:lnts In ''-'Sfl'ir:lh) f)' 

disl.":l$~. 

7. Ust pmcnrial uses fm I"'('Spirotory srjmui.Mus. 
S. Lisl the atk<'nt<Jb>¢1 ami Ji:s<t<lvrutr.~~ v( inhal<mt the:rupy. 

10 1 
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EV TERMS 
AEROSOUZATION The conversion of a liquid into a 

fine mist or colloidal suspen$ion in ail. 
ANTrrussw t A df\18 that inhibits or suppresses the 

cough reBex. 
8 RONCHOCONSTRICTION Narrowing of the brond'li 

and broncNoles. ~ich results in increased aifWay 
resistance and deoeased airflow. 

8 RONCHODII.AllON Widening lumen of bronchi and 
bronchioJes. \\t.ich results from rdaxatioo of 
sm(l(l(h miJ5(1e in the walls of the bforlt:hi and 
bronchi:>les. Airway resistance is deaeased, and 
airflow is inaeta!ioed. 

0EC0to~GESTANT A substance that reduces the 
St\~ of mucous membranes. 

ExPECTORANT A drug that enhances the expulsion of 
secretions f10m tt'le respiratOJY tract 

H UMIDIFICATION Addition of moisture tO the ai'. 
IGA Class of antbody produced on mucous mem

brane surfaces_ such as those of the resl)ira1ory tn1ct. 

INDODUOION 

Veterinary rdCrcn<.cJ> list a wid~ \'aricry of diseases 
of th1.• rl>$piratory system. A prarrial listins tf general 
{lfi.l!;ins im:.luJC$ th~ (o;lk•wme: 

I. Aller~')' 
2. A-pi.r~tion 
-J. S:'IIC.rt-n:l 
4. Cmgcnir:ll dcl .. ·ns 
5. Fungi 
6. lmmull{ll~ic fo•<.:tQN-
7. Nt:~•pl:~h·, 
S. Ncun)\OJlk coodhtons 
9. Parasites 

10. Trauma 
I I. Vim~~ 

The l(:!pi.m to r ( $)'~tl'm 1-ui.S •• $l'ril'.s o( Jd"ensc: 
ll)t!'Ch tm i:;m:o b}' whid l h pnlt~o;(;tl! it.~ if frvm ~,li s~si!. 
T hese n~uura l defenses Clfl be dama;u\'d by man:-~rt:c · 
mcnt practices such as those that cause a buiiJ ur ol 
ammonia in enclosed, poorly vc:ntil.mxt housing. 
~v c .. n ~l.w b.. $Upprc...~ b}• in<~prn.>pri .. U.! 

INSPtSSATED Thickened or dried out 
M UCOLYTIC Hc'lq the ability to break down muM. 
NEBULIZATION The pi"'Ce$$ of converting iqvid 

me<i::ations into a spray that can be carried into 
the rcspi111tory system by inhaled • · 

NONPRODUCTIVE COUGH A~ that does notre
St.JI1 in coughing w of murus.. secretions. or debris 
(a dry cough). 

PROOUCTIVE COUGH A cough that reSllts in cou~ 
ing up of ~TM.JCus. secretions, Ot debris. 

REVERSE SNEEZE Aspiration reflex-short periods of 
noisy inspiratOry effort in dogs. 

SURFACTANT A mixture of phospholipids secreted by 
type II al\oeolar cds, that redlxe surtace tension in 
P<*nonory fl<>ds. 

VtSCI D Sticky. 

thlo!n:lp}\ .~h <\:> th~ li t<<,{ <:~•ugh l!Upp a':IS:IIH.S f<JT ;,\ 

prOOucflve rouwh. fk><-:lusc It l~ ~SC.IHT.l.lrh:n 1h~c 
Jcfcnsc 0\('(hanisnti (unction opt im:llly tOr prompt 
Tl'CO\'C'I)' from rc$f1innory disc.oasc, it is very impor· 
umt th(lt tl."<:-hnkitlns h.avc: "h;~k undl'rJt(lnding Q( 

r~j'lh:"•'f)' :\ll:'ll(l()l y :11\IJ rh~:-i l l l(l~y, l !.!~pir:lt<•ry .I t:~ 

fen~ mechanisms, and tcspir:'ltOI)' dlcrortuticll:. 

RESPIRATORY ANATOMY 
AND PHYSIOLOGY 

The respiratory system wruists of th..·lungs and the 
rtt:s"'ii~('W~I VI' th<lt C~rr)· C~il i.nW (10\t (MJt ~)(the lun1.~ 
(1-=•,;;ure 5~ 1 }. Thes.e p:'IS~~w:))'l< inclmk thot lli)S.. 

trils, l):lial ClVity, pharynx. tlryn:x. tmchea. bmn· 
chi. nnd bwnchiob. 

The pa~I$W<I)'S that lead to th <' h.uw ll~ re .. 

fc:rnxl •v a.' 1h~ up(,~r t~t-'fl•·rau.'lry .)~r.:m. T he vp,-er 

fC$plmtol'y system beltlfiS t,~.•1th th~ l)~tnls, whkh 
open int(> thl' nasal c:avi r~·. The nas.1l Ca\'ity C(lfl· 

tail\$ turbinate'$ that are <O\'CreJ with mut<'IUJ> 
m~;;mhra.n~. Th( -<1< turl:-in~tc:~ intret~e the :;~•dace 
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FIGURE 5 ·1 

Tqnninl!! 
bronchio'es 

AAatotr~ ol the respA'tol'( ~~. 

t~;'l vi the n<l$al cavit}' to;~ l low humidifi cation ;'lr\1.1 
warmlnf: o( ln:>plted :'lir. r\lr dl~U pasM!s out 1)f du•, 
nasal cnvity moves in rum 1hmush the phar)'nx ~md 
the la.I)'OX into the tradll.•.n. The trachea bi(urcotcs 
mto.> nght ;md left bww::hi, which 1.:::.-d tQ riJ:ht and 
leJ1 lun~ rt:,Pet.l i\'t:l)·· F..:.ch hn'ftc.h""' then divide;, 
11\U) a lVe ri~ o( fXlS~lJlC'·'''llYS of docre:t~1ng ~i!e, en II~ 
bmnchioleJ. Smooth muscle fi.bers tu.: found in the 
Wlttl.s of the bronchio\o($, Contrltction of $mooth 
nu,1.~de hl~rsdeere<"t~e$ d l<:: di;'lnteler ()(the brt.lf\(;hl• 
oi\'.S., and relax:ulon of hber.; allows the daiul~t('r to 
retum to normal si:e (Figure 5·1). 

The unx·r Te$J)iratof)' troct is lined with c:iliatcJ, 
~ud~nt:ra.rilied CQIIunntlJ cpithdial cdls. Inter• 
$('l'-rt<•l l'!e1 wo::erl th~ eprth.:li:d cell$ :.re ~r<·hlel cells 
cnJXlble of ~creting mucus. Mucus is se\"rct.:d onto 
the ~urf'ace o ( the c.'{'lithdi.tr l cells tmd i.s moved tO· 

Wl.\1\l the rharynx hy ffiO\'l"lliCnl of the cilia (m~.JC:O• 
c:i lit'lry :.ln~u:ltu~). 

Svmpalh('tlc sdmulatlol\ r~h~ In d.xr\'as«< 
PfOduuion of mocus b~· th<' ~bkt cells and rdax· 
at ion of smooth muscle in the walls of the: bronchi· 
(lit:$. l«~di.ng tv brQnchodil:uion. 

- 810nehlota 

;. 

( 
l ) 

FIGURE 5 •2 
Smooth IT'Usde Ibm n the wall~ d !he tronctto~ relax 11:1 
§k).y bn.lt'ICfloditliOI'l and <XM'Ill'da 10 t.AI.I~ btCI'IchO«lr'ISiriChOI\ 

Pa.ras)'mv<rth<tk $limulatiolt cau:;c::~ iru:n:ascd :;c:• 
(r.;(i<JU (l( mtM!.t., ~nd (Vr\*1 ri«i<)n ,,( $mw •h mt• tl¢ le 
(broncbocol'l.St rlclion) (F~r\' S-3). 

The bronchioles rcrmin.·ue in small. sac·like 
:ltl\lctures called <1hwll. The: olveoli are ttiTII.n!,'t'd in 
~r.lp!!~likc: d1~ttrs tmd <IT!! lin«! with ;~ chetni<:.:-l 
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S)•mp:tti'IIXic 
stilnui:J~on 

Pata&'(IT'9athenc 
s.tlmula.Uon 

Oi!l!!led Conslrie:ted 
flfonehiolcl biC(Ieh~ 

F!CURE S-3 
Efi«:es of biAOflfmiC S1•miJ~ on bronc;tud~ 

s-•bM:mce \!:\lied surfa~tant, wtuch reduces 1he sm· 
fncc tensi~'ln o( th~ alvooli :md helps w k~ep them 
from collapsing. The ah•eoli are .surrounded by car· 
1llcuies. thi$ trt.ak~ it po~iblc: for the: ~lood to un• 
lcJ:~J i~ ca•-lx'•' dioxide inll) th~ :ll"evli :lnd lO p-k k 
up oxygen (mm the alveoli. 

Functi,.,n.s that the re-Spiratory syHem .serves in· 
du,.-Je the following~ 

1. Oxyf,'l'n-oubon dioxide: exchange 
2. R.:-boul.,tion of :;u:id~ba:>.:- balunc.:-
3. S..:"Jy tt!Ul{-'-C:r<uvre regvlat ivn 
4. Voice p roJuct iOI\ 

The w(lck I)( che ·~1Hr.)t(lry sy.m~m c:·u\ be J,, 
vided imo the (~)llowu\g four parts: 

I, Vcntihltion- mov('m('nt o( air into and out of 
the hull}'-· The in_,,~ir~ttvry pvrt i<m <J( ventil<ltk>n 
Is u.iu~llly :'I ll acrlve pnxes.i, "'hete:b expll":'l l tiln 
is usunlly a ra~iw pmcess. Fmet..J. in.spirark•n 
may bt associated with upper airway ob:ltruc
rion, <md ocli\'C: I:'Xpirati01l 1m•y be rdatc::d tiJ 

i1\l r:u hnt:«::1C ai•w:.\)' (l~rtucti<''' (Tilley :JI\d 
Sm1th. 2000). 

2. Distribution-distribut ing o( inspired ga:>es 
throughoot the l ung~. 

3. l>i ffu.~i .. m-m~wement vf g;~ ~.(;1\~'!; dlt ;llveo, 
l:u m~mhm1\e.. 

4. Pcrfusion-suppl ~· o( blood to the alveoli. The 
ratio o( perfusion. to vcntilution of th(' alveoli i$ 
n<JrUittlly (;lcr,;t tr> J: I. 

RESPIRATORY DEFENSE 
MECHANISMS 

The resp1t:uacy !>~"Stein has !if'veral e((euwe m~th~ 

ods of de(en.se ag»iost disease rmcesscs, including 
the foiiO'ol-•ing: 

I. N as.'ll c~wity: The rurb-inat~ o{ the naSitl cMity 
provide 1• large: ~jurfuce ar~ (or wtmning and tuJ• 
midr(yin~ in:;pir¢d <ln. Httir m the nit.S<\1 pt\~~<e':'i 
~lloo may help,,, fi her C"M;It latjter partkul:ue 
m..-mN. 

l. Prmcctiw reflexes: TJ,e cough, th~· $O~·~·ze. and 
perhu~ the reve~ ~nc.::c: rc:~p~md t~> $timula• 
1k1n ·~ ,ec_ept(lt'S ;)n the J;urb~~ <' ( :lir 1):\~ot.l-~' 
wn~·s 10 (\'ll!cefully cxrel fN~ign m..'l tcri:ll. l.:.1ryn· 
g06(»1Sm anJ bron.ch,')$f111Sm also.') help h) r revent 
introduction of matc:rinl.s into the lung tissue. 

}. Mvt.'\lCIIi .. l)' dear;nlQ:: 11\e l::l)~' (./ nlU(;ltS :-t• 
cretcd l)nfl.) th~ surf~,,( II)(> ~lrhelaal llnlnAtnl 

the: rcsrirntory tr.Kt helps h') trap fmcign Jebfis 
that enters the ~pirntory ~~· Wn~·l ike PC· 
tion:s .,.( the: dh11 then ITIQ\'(; tht" debT~ up tht" pru>• 

$:lges (•t:$C:.1L'lt<)r'' acti•JO) t•) the pl'~<lT)'IlX, whete •t 
c:U\ b:- s.,.,>:tiJ.:w.rcd or expelled. M~lcropha&'l.'S :md 
irrummoglobulin ()gA) also coouibute to the de· 
femi\'(' qu.-~lit i(';S of the: muc-oc-ih11ry appamtU$ by 
irnm..,•hili:ine ( II t'l~t(:•)(:yti.l:h\# fvrei#n m~tt:,i :ll. 

PRINCIPLES OF RESPIRATORY 
IHERAPEUDCS 

It h: impvrt;;)nt th~tt a speeif.c ,liagnl.liilt be nl;\Je 
rh«JU"h r:~u))OJn'. q>l1ll~·. or appr01)rlare culrur~ 
before neaunem ol respiratory di~J>C is initintcd 
bccau17C rhl• correct treatment tOr one typt of dis.
<:1:1'< tn<ty h: wntr.-m1.11C.1tc:s.l for arMJthc,. On<:(; thl:' 
dl:l{.'lli~l$ h~ been m:KI~. tre:um~nt (,-,.1 respir:)h)ry 
Ji.s~as~ is divided inm the (~.,!lowing thre~ i.~ncral 
gools (McKiernan, 1988): 

I. C~liUml <I( ~~-:~ti(ln$: $ec.re1 ivn$ nl<W he re• 
J uc\..J b~· deae:lilOJl lhdr proJuctlon or lncre:u · 
ing their elimination. Removing the c:au:;.: o( 

the .se< ~tion$ b}' menn.s oi antibimk, antifun• 
go:-1, <mtipan~itic, llT t.IC:ht r itppr•Jrriitte the'"PV h 
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o( ' ' itnl conn·m Methods nrc also aimed at 
making the ~n.tioru le..s:s vit~c:id through me 
ll$1:. .;•( <Xl'ec-tvr<nu~ .;•r th f\>1.1~11 nt:buli:ati.on 1..l 
muoolylics (:'letor.ol thcr.lpy). 

2. C.">nnol of r.,_-ltc.xcs: Coughing mny be .wp· 
prc:s~d throu~h the usc: of amitu!l~ive.s or bron• 
..:hodil~tvli i( the oough i ~ nonproductive. 
Snee:ln~ 1$ C..\!U tfolled h)· remMal.)f the ;Joffe,\d
ing: agent o-r duough the usc of V;tsoconsuicmrs. 
Bronclws-plkSm.s may be controi\.._-J with bron· 
chodilatol'$ llnd <:onkc.:~c:eroids. 

}. M;\iru<linirt.g ''"'nil~• I airllow (0 the! ;\lveoU: A•r• 
llow tc. the ah·c,)li m:l~' ~ mamraln.:x.l b~· rewrs· 
ing hhmchocl'msnicril'>n, by rcmo\•ing .. ~-rna or 
mucus from 11.lveo1i 1md uir pass~"Cs, and by rro
vidin~ vxy~o:n tho:~py. lntenllitttm p0$ttivt• 
ptes~u-e ventil:ltion anJ oc:het \'I"IHIIatl,)n str:u
egiC$ ~ue l'>ftcn useJ in h umans and ma)' have 
nppliC11.tion in S~:lected animal case.'!!. 

INHALATION THERAPY 
FOR RESPIRATORY DISEASE 

Although diV~ l•iltd t~· t1~t n:::-rirtltOI)' d~1::.,: art 
,.,£ten :Wrrunl.«eR.J by dte t)t;'l l M paremet:ll rnute, 
mlu!Jam thcmry ma)· also be useful. Ae.rosoUtation 
(Ot'bulimtion) of drugs allows tht'i.r ddin '.r)' at high 
oono:.:cntruuon:~ d.irec.:tly into- th<" <J.irwo• r~ while: mini• 
mi!ing th.::u bi«N-1 l..:vc:b--ot (~rure 1h:u m:.w re~luce 
the dwnce of w:c:ic reaction. The effiC:lC)' o{ an 11\· 

hnlcd drug depeods on the dose anJ on how wdl it 
isd istrihutt'cl in tht' lu~. D~tribution o( an aerosol 
depend-t .;m 31!\·t:r.\l f'.l<;t<J~ .wc-h ;\~ rhe $r:t •. ~h:lpt, 
and ~mern of the alrwa)'S ~lnd the bte:.lthln" p.mem 
of the aninwl. The site ol the inhnled rorrid c r ln)'S 
a $ignificant role i.n its distribution. The optimum 
~nkl<" 11ix for ootry int1.1 the !X"rirh<:n•l airway:~ is I 
w 5 mkrot\.S" (L.w~o)te , 1001). t>:.lr1•dessm:lller lh:ln 
O.S mktoo Me likely to be t!)(h:tled. nnd those l:.1rgcr 
than S microns could be deposited in the upper air· 
wa}'S· Airway pathoiO!.'}' (l".g., l"XCc:$!iV<: mu<:us or 
ext•d t~tc:) ~·n mlerfe~ wtth di~• riht•t i<ll• v( d•t. drlti!, 
C'luslna !tOme dlnicbn$ tc. as.'ltft thm lnhal:uu ther· 
apy 6hl')Uld always be ncoomponicd by S)'s.tcmic 
O't'<ltment {Boothe, 2001). Concum:nt use of n 
br•Jn<.h<xlibtm aJUI/or ~ mut.XJh·t•c mi•y be: ol hdpil•l 

adjunct to inhalnm ther..~py, Rdntiwh• i01.•.xpensivc 
infant units for inhnlation tht'mpy ar<: llVII.i lable 
((lr t~e m $1u~ll :tnill)<tl~ (O(,li.(l,:lmbc.:r, Aerv• 
Chambcl') :mJ hdrses (Aeto·M:~...;k ) . 

CATECORIES OF RESPIRATORY 
DRUCS 

• !J Expectorants 

Exp::ctoranl$ :lrt: d~ ~h:.t llqttt:fy :'nd d ilu1e vi!!Cil.t 
SOCICUOO$d( dte rc:spiT:ltO-I)' l t:'lCt, fhttt!bf he.Jpin)\' Ill 

e\•aeuati~m oi those Sl"Cfc-tions.. M05t c>:pcctornnts 
arc: admini1t1ert'd omlly. although ll few ll.rl" gi~o•c:n ~· 
inh\t~lti-IJO Or paJento:n.lly. E.xp«tora.nt.s a1e t.hvught 
h • :let J.ire.::tly ')1\ 1he mu.::u!'>·-Soe\:letln.: )!l:tnd!< or hy 
r .. -ducing: 1hc adhesivcncs!'> o( nuKus. Expenoranr..; 
are indicated when a productive cough is prt.'$~'nt 

<&nd 11.0: often <;(lmbmt'cl with other wb:stan<:~. 1!U<:h 
<l::o ~·mm(ln iun' c.hlvnile, :mtihi$mmin~. iJf < ll~Xti\Y 

med\drplwn. 

Cuaifenes;n (Ciyceryl Cuaiacolate) 
<.'imlift.nt$in iS fvun<.l in <\ ftw v<:ttnn~ry ltlJ-..el pr(ld• 
t.CIS :'lnJ ul many hum:1n labd OV'f't·dle-rouotet 

Cl')ttgh preparations. Guaifencsin ~~ ml'H<' commonly 
wed in equine prnctke to indue~· Of maintain !."i.'f"l· 
<:r.ol <tnt'!lth~ia. 

CJi,licaJ Use.t 
The-Se include rdil"f of cough :S)'mptotm related to 
upper n:-..1o-piratory c-rt'IC:t conditions. 

Oo.t((,lle F~mn' 
These arc primarily liqwd {syrur) nnd t::~blct 

prcp0rations. 

I. J\nl itUS..')IV< ~)'tup 
2. Cough syrup 
J. Coogh tobkts 
4. Robitu.~in•AC 

; . Tr~nuinic ~I'IC:CtOr.uu 

Adt~rse Slde £/feces 
Adverse -!>ide effec-ts o( guaifenesin arc: rare, 11.lthough 
miiJ drO.,..':Sine&> Or n~u~<t may ll¢Cur. 
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> !J Mucolytlcs: Acetylcysteine 

Mucolytic~. such :tS :'lccrylc~"!>r~lne, decre~ rhc vis· 
o.'»it)' of re,;pinuory $(•ctctions by altering the chcmi· 
cal oompot;ition of the mucus through t l\(o breakdown 
of cllctni<:.tl (di ~ulhde) hvnd"- At(t)'k)•-.teioe is the 
noly mucftlytk .. .; di,,teal $lgl,ll~;)'~ in vererii\MV 

meJicme.. h is :W:min.istereJ b}' oe:bulimion ior pul· 
monary uses. This drug is also administ\'1't.-d orJIIy 3$ 

iU1 antidote for ••cC'tu.minorh'-"" tOl(ic:i l}'· 

Clinical u~e~ 
:\ei>r}kystcin..- i:; us~.-..:1 m brc<!k doo,~.'n thick or in· 
&pi»-att'd TC'~irntory mucus and to tn:at ucemmi.no• 
phen tOxicity. 

DosQ~t> Fonns 
l)ruar;c.' forms with a humun lab<:l induJc. o 10% 
'Qiurion and a ZO% ~lution in 4•ml, IO.ml. und 
JQ.ml vi~b. A \'t'h':rin~rv hlbel.::<l pn:xJvcr ((lr h cor.;e; 
tS :W~l1bbl~ In powdt:r form for or..1l admlnJso:uion. 

1. Mucom~"$t 
Z. Mu<:~•l- 1 0 

3. Mu«xill·20 
4. rRmbrcxinc (Spurlooin)-vc[crin~uy bbc1 

Ad~"'4:T$4: Side EH«-~ 
Ad\·er* si.l~ t:ffecl!l' ;ue few when ;)Ct.l)'ky.s•eu\e u 
nebuh!td. f lowewr. the drug nwy cause nausea or 
\'Omi6nr; when ndmi.ni.stt-'1\-d orally. 

Antitu» ivctl an:-d~ that mhih.it or t!UPf't~~ cvugh• 
in.~. Antitu~wl'l) :\~ cl:l .. ~ifi~.t :'1$ cenlr:)lly ac1u\j! <•r 
p.:"nphc~lly ncring (Figure S-4}. OnrniJy ac1utg 

~"C"n[SSUf'P~ w~..~gh by Jcrrc:ssing the cough center 
in the bruin, whC'~<~S pcrirh~.·rally ucting Ubtents d~·· 
(!ft..~ Ol)vgl• rec!ept<)fli: h' 111.;-. :-lnw:\)"$. l'~ripht!r.tlly 

xtlna;: amlru!>l>l\'t-'S :'Ire 5C'ldom used In \'eterln:.uv 
mcdi<-in..- because th~.-y nrc usually prcp~red as <~1Ugh 
drop~ or knc:OJ,.>cS, which are not ('JMC(icll.l to admin• 
t.Sttr tr> imimvl piltient.~ 

Butorphanol Tartrate 
Butorphanol is a ~}·nthc:tk opiate, partill.l Q.!.'Onist 
with ~ipufi~;tnt antilll~h·c,: ~~;tivity. II j( ~ Cla.':l$ IV 
conrmiiOO !'>ublirancc. ([ Is :llw uSt->d :u a prt~ln~ 
thctic MJ ns an Malgcsic. 

Clini(;ld U!i!C$ 

Buwrplunol tattrJtt' is !.lied ffl( th.:: relief iJ chn·,oic 
n\'mpmdU(.(ivc cough in Jo,::s and (m annlgesia and 
preant.~[hesi.., in dogs and ems. 

f)(..1d.,!Ct! f'(lnl\.~ 
Do.s:lgc (~)rm.s lndudt: I"J~t:'lbl._.. a1td tablet 
forms. 

I. Butvrph\I.Jl()l (TIJrhutrol) injt<;ti()n (05 mg/ml. 
10-ml vial}; :.lppr<wed fnt u!Oe in dojt> 

2. Butorphanol (Torbug~.sic) inj«tion ( 10 •ng/ml. 
50 m)): approved (or use in hors~.~ 

J. Butorphanol (Torhutrol) wbl..-~ (I mg, 5 mg. 
:.1nd 10 mg; 1 \JOfl~·ul~} 

Adwrse Stk E{fecc.s 
Adv~.·ne sid..- clT«.ts mllY include' $«1ation and 
~t<'-~•a. 

Hydrocodone Bitartrate 
H~-drooodonl" is a sche-dule Ill opiotl" ~'<mist usc.'-d 
for tht< trecltmo:::nt o( nonprodu<.:tn•c coog.h in ~s. 

CJi,ticaJ Use.t 
HyJI\x~'XIonc is us.cd primarily as an anrirussi\'C (or 
har~. nonproduc-tive oough. 

Oo.t((,lle F~mn~ 
Oos~c forms induJe seve~) hurn.'ln labd combi· 
nation produ<ts in syrup anJ tablet form. 

I . H '{Ci!\.b!l ( h y.lnlCi!\.l.·ooe and h<t~U:)tril'J')ult' ) 
tabk[S 

2, T~i~·<m (hydi\.">Codone and homatropine) 
tabkts 

}. H y<:o..xbn (l•yJrvco..xl.)ne ~ml h<)rn;.)tn.>pint ) $~'1\1 1~ 

4. Hydropane (h~<dto.·>c.o:xJorw :tnd hom:nroplne) 
syrup 

5. Cod11.n s~·rup (h~-drocodone atod homotropiOC') 
6. Gtn<:ri< hyJr>J~JdOnt $)'!\IP 
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FIGURE 5·4 
AntitUssive's act pefipheral¥ on sensofY ne~Ve endilgs Of ceJitta!l)• on coogh Wl(ers. 

Alk'4:r.f(! Sid€' Effect$ 
ll~e in<:ll•tk pl)li:r!li;ll $hbu~m. ¢VI\~tiJ'(Itu;n. ~nd 
!(.lStrolmestln~ll upset. 

Code;ne 
Qxlcine h a ~h'l!d\lle V '-'piatc ~"mi~t that i ~ ~ .,.~ 
:):1) :)ntilu*h-.: in hutnoln bl'11."1 ocomhtn.·ni,-.n t«~ducr~. 

Clinical V$e$ 
Cli.nkal \r:IC'..s ol ~odeint afl: ~milar to th~e ol 
hytfr(ll!l)dVIh;. 

DosQgt. Fomt.s 
~e indude ~ombination human labd prx.xlucu 
pt"imitril)' in ~}'NP (orm. 

I. COOeillC' pho~att' oml tablC'ts, 30 mg and 60 mg 
2. C~.XIeine i-'l•l(a~e (lr~tl ~thJets, I ) mg, 10 mg, ~uW 

60 m10: 
3. Ca..kinc ph,')SJ'hnte wilh aspinn (Empirin ~A'ith 

coddnc:) 

Aduerse Sfde IZffecu 
Advt-rr.e stde effects indt.tdc s...Jation and 
constipation. 

T~!'Nottw 
I. Codtint-Only products are Class I! (C·Il). 
2. Codeine with aspirin or ac;etaminophen is C·.Ul 
3. Codeine syrups are C-m or C·V {by state). 
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Oextromethorphan 
DexnorocthorphtUt is a nonmm::otic; a nti tu$$h•c: 
th~u i.s .;:bemic~llv :;imil t~ r l<l cvddn~. il ha., nv 
:malJtCSk or :ktdlcrh·~ propcttle...;. It acts Cl"lltmlly 
and devst.:.s lh.: cough thresh\'>ld. Simila r to rhc 
cv.·o drugs prc,·ioulily mentioned, it i$ avRilablc: 
prirnt~ri ly in hurnt~n l~bd COOibini•tiOn p ro(lu.;:u. 

Clitlicaf U:(es 

DtxuomcthoiJ'hnn is ulicd to suppress a nonpro· 
du<:tivc.- ~ough. 

0o.Mg!L" Fonn.t 
The primary Josa&oc iorm is the syrup producL 

I. PhencrWln "''th duiTomcthorplt:tn 
2. Oimetapp OM (J~·xuomcthorphan, phcn)•lpro· 

paoolaroinc, and brompheniram10c) 
3. ~(tbitu*~in I)M (JextTllfntd•<J'l)h;)n <)nd 

Atualfcne3ln) 

Alk>e't'se Side Effecr~ 
:'\dversc .!oi.k· eff~-ct.!o nre rare when this drug i.s given 
in the: cmr<:ct dose: but c-1m inc Jude dro.,.,.5in~ and 
g<l.iitriJin ttiltin<1.1 up.~c::r. 

T~vNotiw 
Te<:hniciw who !dmlniste. combination prOductS 
tO cats should ~k.e special l)(ecautions tO ensure 
that the ptoduct does not c;onUiin acetami'lophen.. 

Temorli· P 
Temari].p is.-. combin:nion product rh;~r comains n 
cc:ntrall~· accing antitussive: (tri.ml-pra:inc: tartrate) 
and a C~Jrti<.:OSten:»d (pn:dnitlo lonc;:). 

Clitlicaf U$e$ 
T~·mariJ.r is us~-..1 as ~m antir1.1$Sive and as an anti· 
pruritiC· 

DoscqriL" Fo-rm.t 
Dos3sc forms include t;~blers. Tcmarii·P r.-.blcu 
(5 mg trimc:rrazine tartmte, l mg predni.solo nc:). 

Adc-t:r$t: Sid.t E/f.tcU 
Th~ indude :u:datio n , Jerre.~ion, hnXItc:n.sio-n. 
~nd min<1r .;:en1 r.•l n~;:rv•)IJ3 ~y$t~m $ign.,. 

CtJmr,l Ctil)l\ of the S.tllfll)!h muscle libel'l) th:u sut• 
round the bmnchioles r~hs ill bronchoconmic· 
tion and o ften corn~ponJing dyspnea. Contraction 

of th~c.- :>tU<.10th m'""le- libl'l'$ <:an rcs.~h from 
.t~ fvll ... lWU\g ch~ IX~,~IC m.:t:hal\i.~ln$ mm. 20(;()) 
(Fi!lure 5·5): 

I. Rek;.l5< ,\( :\CE:t)'lcl\t>l il~ ;u par:t~ymj'(ltheuc nt:r'\'t: 

endi.~s (lf! inhibiu(m oi :.cc~·kholinesu.•rase. ltt · 
crea:st..-..1 acerykholirw kovds also rend to in.:I'C"a.st 
:>«:retions o( the- r~pimtory tr.•ct, thus reducing 
~n1L:)YI ;lnJ ~~.Wing t<) •ht kvtl ()( dy~l'nt:\. 

2. Rde:¥>1.'. 1..,( hlst.:unlll~ rhi'O\¢h .-.Ue~k. ot u\lbmnu· 
tory m«hllnism.s. II001mine combines with 111 

rt'GC{'lton> on $roooth mu.sck 6bcn; to <:RUSC' bfon· 
ch,x:on~rit;tion. Hi$ta.mine <d."') inl':f("<l...,..,s the • ..
ll .. ·lmm:)lllt')' l'e,f\111~ in 1he :unv:w:;. futtht:t le.1 .. l.
ing h"> increast...J lc\"Tis of secrcoo!l anJ vi.'ICO!'iity. 

3. Blockade o( b<ta·l~drcf\l.•rgic rt"Ceptors by 
JI\IJ,.>:~ ~oe:h ~ propranolol ro.~lt$ in bronoe:ho
cvn*trtet i;m. Sthn~•l;u il)n .._,( het:\•l-;~l n: J'~~ic 
rocepiO<rS. h.owevct. produc.cs brortc.h<>;:hl:uion. 

Drug~ d':n c_..u~ hn')llci'W\dll:~tlnn ::on: ,'I( (nut ~~ic 
catCJ.>Orics. Tho~ c:ucgOfies ind ud.:- the cholinergic 
blocL:ers, tht antihistamines. rh~· bcm-2 aJren<.'fgics. 
and the m('thyl.xanthin~ (Booth('., 2001 ). 

FIGURE 5"5 
St<lnthQCXI!l.SII\ctio m~y reslll hom ( t) !)cecyk:holinc: re:c:me <!! 
~IM)'I'l'lp.!chtt.e ~ MdllgS. (2) S!itrldi!liOI'I of H1 h6hli'I'IU'If! 

n~ceptOO.. <md (:S) blockade ol betc'l·2..attene~ n>el'J)tOI!.. 
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Cholinergic Blockers 
Cholinergic bloc:ke~ rroducc hrom:hodilation by 
cx'mhiniJ~g w1(h :-ll;ewleh\•line rt.et:p·lllf'S vn l!rnv<.,th 
muscle 6Nts and pre\'Cntlnrr: th~ hronchocoostnc· 
tivc effects ol accrykholi.ne. CholincrgK blockers 
.w<:h as atropine, aminopcntamide (Ccnuind. and 
glv<:opyrrolate (R~lhinuiN) have limit~l uilc' in 
ue:uu\J! bron<:hOCI)IlStttCt•on, excevr •n ~ses • .; 
Ot'g>lnophos:ph:u~ or carb.lnt:.lt~ toxtciry. lpmtl\)· 
pium bromiJe, n synthetic nmicholinergk, may be: 
of ~tUe \•<due in treating .:quinc pvlmonary 00· 
~ll"'.tCh\'t; Jika$e (Ho(fflltm. 1001 ). 

Antihistamines 
Antihi.staminesnrc di.s(:u~d later in this <haptl'r. 

Beto-2-Ad~nergic Agonlsts 
~w-1-c.ldrcne.r~ic agoniru C(lC\tbine. with npprop1i· 
ate r~'CeptOfson the smooth muscle fib..-~ and dkct 
rdaxation o( t~c ~beN. They •~bo stabihzc: ma:st 
Ot:ll$ :tnd re.h.MX 1he am<lum vf h l.'lau\u\e n:lt::L.•t:d 
(Bill. 20C6}. It is pt~(errcd that t:hc ~tC druR5 h~we 
limitt-.0 bN:t~·l acti\'-ity because bcw-1 stimuhuion 
can produce tiK.hyc<udia. 

Clinical u,e, 
~ro-1-c.ldrcne.r~ic :~'(>ni:sts arc us«! as bronchl'>· 
dilators. 

O,l$uge Ftmra.t 
I. fp10qthrinc. This drug IS ~l potent hmnch~'>dib· 

rm dun is used l'mly in lifc·thll:.ur.:ning situa· 
tion.s (e.g .• anaphyl<lc:.tic ;Shock) because- it <• l.~o 
pr<!di.M!t$ signi6~~mt w<:h~·c.-.r.:lia . 

2. lsopl'\)(e!CrMll (ls.1prtl). Al1011 c:lu5e!i beta· I stlm· 
ulation ::~nd has limircd usc ns a bronc.hodilarm 
in veterinary medicine. 

3. A lbut~rol (V~!ntvlin. Prvv~nul}. <.:k·nbutcn..'l 
(Ve.ntipulmu\ S)'TUJ) :.l1\d cleilbut~r(ll HCintal 
s~•rup). t~rbutalint- (Brethine). and m~wpmH'JC· 

nul (l\lup.:nt), Th..-sc bcm-2 agonists have littl~· 
MitUulatory influence Qn the hl"~nt. Clt.'nbuterol 
i.s \'t(trinal)• <li'PTOV<J ((lr lwr*$ a.nd i.' 1\1)1 in• 
rcnded (,)r food. No.ne ol the mhcr proJucts 
carry a wrcriMry label. 

-1. Salmctcrol (Sc:revcnt). 

Acltrerse Sid~ Eff~cu 
Thc.sc include ta<:hy<.nrdia anJ hypt.--rtcnsion. 

Methylxonthines 
Meth~·h:anlfllnc d(!ti\·:lrl\-es th:'lr :u~ uso:x.l thempcu~ 

rH:nlly ind uJe aminophylline n.nJ th(>l.'>ph~·ll ine . 

Th<:$C.' two prx.xluc:u ar\' wry similar in their <:hem~ 
i ~tr)' arn.l rhartUacologi<:. dfccu. Both inhibit an 
~~,:vm~ u) -:r.l'fl(lt)lh musde <:ells called phi)S·piN:Jks~ 

teras-e. \Vhen bctn·2 receptors :\rc srimul:lt~d. a 
chemical !lk--.;scng.:r callt.-d cyclic a.:fl>nO~ine mono
l'hrutJh..'l.(o: (cyc-lic AAIJlJ that is rde~ in thc 
$m(x)th lllll$1!.1~ ~ell (\>mpl<:ttii che relax:,)ti<m rt• 
spo•ue 10 allow dilation. Phruphodleste!'.l!ll" lnhlblrs 
cyclic AMP in the ceiL thereby rending to prommc 
bron<:hoc:on.suiction. By illhibiting the inhibitor 
(phvsphrxli~tera.~c) and (lllllwing cyclic AMP tQ 

:,l<:cumul;lh'-• the methylx:uuhines h"'".-j ti• l'tOnli)lt: 
bronchodilat i~10. 

Mc:th\·l.xanthin~'1 also cauSl" mild stimulation 
o( the he:~rt and rc..!>-pir<~tory mu:sc:le:t and tUinor 
diurt$i$. 

Caffeln~ and thcohromtne (found II\ chooobte) 
nrc: mcthylxanthmcs. 

Aminophylline is an cthyl.:neclinmine wit of 
tht:vphylliAe. It ~~ <W<~i1<4hlc: in vari•.~t.~.< human 1<4bt.::l 
()1\-xlu<:ts. Ont>: hun .. lrOO milltj!rmns of amll'lt)J)hyl· 
line coma ins approximmdy 79 mg of thcophyWnc 
(Plumb. 2005). lnj~'<:.tabtc fonM arc available, ru1 

<In' inun.:diatc• und :;u ~taincd•-ndw~ or<~l fonm. 

CU,tJcaJ Uses 
M.:rh)'l:<andlincs arc used for bronchoJilntion in 
T(';Spimtory 1md cardioc conditions 1~nd for mild 
h¢~rt ~tunul."lti<m ((1<\'itivc in()tn)pi¢. effect}. 

Do$age Fomu 
I. Thco- Dur 
z. Sl~>·bid 

l. Choledyl SA 
4. Amu\ophylline (generic) 

Ach:trst Side E/fc<:u 
The.,O;C: IH<))' in<:lude ~Mtruintfi!(ir~;:"•l liJ)i<:t. «mr.d 
nervous syitem sdmulatll)ll. tachycardia. :u.:nd:l. 
~1nd arrh)' thmi:l. 
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T~J-Notlw 
Because theophylline may intetaa ad\-ersely •nith 
many drugs. •ncluding phenobatbt.tal.. Clmebc:hne, 
erythromycin, ~bendazck. dindamycn\ 4nd lin· 
comyrin,. ~ppropriate precautions should be tal:en 
befoce this drvg is lldministeted. 

Detonjlt!>HUHS are d~ mat reduce me 001'£f'S· 
ti~')n of nasal mcmbmn..-.s b~' r...-ducing associated 
.swdJing. 0..-cong~stancs may be 1\dministel'<'d as o 
t{>n'IY Or <'( 01)$1: d~ VT m~y be ~i\'<:O ()ra)(y <JS ;I 

l•ql1id fit :ti :1 t.:lhlet. 'l'he~e- druJCi :tCI dlrecd.,· nt in· 
directly (\'Villiams t~nd &cr. 1990) to reduce con· 
&'<'~tion through \';.lS(.'COnMriction <J( nasal blood 
''ess..-b. Th('ff" products hcwt" lintitc:d u~ in \'eterl• 
1\:.U)' medk:hH: 1)1_11 O\:•Y ~ u$ed t<~ u~u ~lee1e<l (e. 

lh\C upper re..1'ir.lWI)' tract dise:"~se. 
Many hunwn labd deconS~-'liWnts arc avt~ ilable. 

Those: thin a~ gi\'('0 ondly and act :>}'$temkally 
md...Je ephedrine (Prim.1ten.e). ("!!eu~.t.:-::rhed,int 
(Sud~1fed}, ~md phcn'{lptnp..lMiamine- (Om:.Je). 
Topicnll ~' nppli.eJ Jecongesr.mts include o>:ymct:.l!O· 
line (Allin) ond ('hen}·lerhrinc (Neo-Srnephrine). 

Antihi:namine$ 11re .sub:>tanc($ that a~ u::!ed to
blvd: the ~((ea~ o(hi~;wmln..;. Hi*tl\mine 1S r~:lea.'«l 
(rom m:u.t « lis by the :'l.llcrjtlc respt)llSC :'l.nd com· 
bin.:.s with 11 1 receptors on bronchiole smoorh 
mu,sd(" co t-tl~(' bronc.hoconstri<:tion. Anrihista• 
mint"-$ may h: usc:(ul m trc.:~tin~ ~irotory (.hlie~:<. 

~~ dH~)· (lfe~·e-•u m:)~l .::e-11 d~t:tnul:u itJn :.1nd 
bl(x:k 111 receptors on unooth muscle. Anrihista· 
minC$ arc thought to be more cff~'Ctivc when used 
pt("v('nth'eh· h:c.IIUS<: tlwv ~appa""ntly do not n-• 
pi:\Cc.: hhwmin~ d•~t h-a., <'llrt:~l y e..~~:nhin~;d with 
reccpt,,rs (Bill. 2006 ). 

R<.~pitntory conditions th.;u may b..- ncstcJ wirh 
antihistamin.::s ind u\k .. hcaw:,s" in hor.;c$, pneumo• 
ni:l in t.::i•ttlt, (di,-.e <~<:thm~. and in$«.t b.tti;. 

Generic names for antihisrAminC$ ,')ften arc 
easi.ly T'(<:Of,;ni;xd bec~• IJ.!e m<.~ ('nd in tht" :~u f'fix 

"'•:lu'line" (e.g., I'Y'i~miuc.: , di,~h~nl\)-drarnin i;, 
c hlo.rphel\ 11':.lm lne ). 

Veterinary ltabcl nntihiunmincs (m treating rc· 
,spirtuory conditions arc nvnilnbl(' in inj('(tab)(' 11.nd 
orol prq:o:nt'ti<m~. 

CAillical Uses 
AntihisrAmine.s OH' uSt.-J in the ueatment o( a1lcrgic 
and re:>p-ir.o•tory conditions. Th('y ttlso rna}· be: uffd 
(,)r thtir -;I Ill ienlel ie eO'e:e~. 

Dosage Fonns 
1. r\·riJamin(' ( Hh1a\'('t ·P) 
l. Tripe.l~:nntutnn.: (Re-()J\'t) 
3. Prf•b:.~hlsr $'{TUJ) 

4. Antihistamine Injection 
5 Diphenh~-Jrnmin-c (lknndl)·l). Human approvt.-d 
6. Doxyltunint" (A•H, inj<:'\·tion or ttlhl(·t~) 
7. H)'llnJX}':U\'1! (AI:)r.'lx} 
8. T~rfen:b.lit\C (&ldane). Human aproroved 
9 Clc-mustinc (T:wist) 

10. Cyproheptadine (Periactin). May bt' Uli<:d in 
~t$ tv b i<Jt.::k br<.~nt.::hvootNri<:tl(ltl t1.nd tal$(> <'I~ 
an :lppttlte stlmulanr_ 

Adll't:r~t. Si(k Effects 
The.sc: include. ~OI.Iation omd, occ~iono..Uy. ga.stwin~ 
IC!Stu \:'1.1 e(fet-·1~. 

Cmtlcosteroldi are usOO pumarlly in the freatm.ent 
of ~llcrgic respirntory C~')nditions. They ~rc C~)nsid· 
('T'(d th(' mo~t dfecli\'(' dru~;~ in tht' tr('(Jtment of 
equi~ chronic.: ob,su-ucth·.,. r uhnona.ry di ~t'll':lt' 

(l:.w<lie, ZOO I). C<)Ml~h~l\)ids- ('lrt:J);)re.l fi>r u\h.:l
lation thempy have snong ;.lntii•\rianunah')l)' .:tlects 
locally in the lungs and arc ropidly biodt.-gradt.-d 
when <1hsorh:d into the generol cin:.u!.•tion. Or.tl 
CVJficVlJ(t.rvi~ {J'ri:JJ*;)ne V.J p-redni<.(lkme) ;ue 
consldereJ the dtuKS' of choke tn the freatmu.t 
of chronic sirwny inllammation in d\')g'S onJ cats 
(Dowling, 2001). Conkostt.·roid therapy control,s 
th.: :>i~n< o( re..<pil(1t(lry ~~ i$~1se, n.:.•t the <:l)uilt: ~~.1(1(! 
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shmt-t~·rm cffcct.s often ensue with fc:w rc:sidWJl 
dfcc~ that may Tl'quirc lon.g•term u:sc. 

Clinical U!e! 

Conioos-1cmids arc w;~-d in the ucntmcnt ,)f equine: 
hcave$, fdine asthma. acute ~spinnor}' dist~s.s 

~ymlrr.»ue , itnd allergiC pnclli11Qnia. 

DI)Sage FOTJns 
1. Prednisolone sodium .su-cdn:uc (Solu-lH.-ha· 

Cortcf', Ddta•Co-rte() 
Z. Predni$Oivnt! (l)eh;\ Alb<lp-l~x. Ttm(ml·l~ 

Jtt"Oerlc fotms} 
3. Dcxnmc:d\nsonc (Dc.xnsonc. Dcx::.mcth.;1sonc 

Solution, Az.-ium) 
4. Be.::lo:Jmet.lm~ml! dlpn>Pk'n<'ltl! (Van<:!!ril) 

(F'M .nl\:'l i;U~<JO) 

S. FlutiC.lSOOC propion.:ne (Flo Vent) (For 
inlwlation) 

6. Triamcioolo-n(' (V('ta~. Ari.storort) 

Alk>et'se Side Effecr! 
Few ::.dver.sc side effects arc not~-J if these: pn:xlucts 
are u~ according to 1ecommendation:s. 

Mtmy oth('r drug:s one m«<to tn:at re$pir~tol)' di..OQr• 
dt:r$. These indude :.ntimia(!l)i:lb., rn:..n cell $1;ll)l• 

lUers. :tnd dlurcncs. i\ntlmKtOOials :uc usN in caso.':S 
of lxK terial ink(.[ion o( rhc re$J'iO'IW')' uact and 

may be administ~,;red (Y<l1'tnt«!lll}' Of l:v,· nebuliia• 
ti(m. Ma.~t etll i;t~b-ih!ltr3, ~h :'l.i! C!Vni(Jh·n. an: 
m~)!.r eAectlvc If u:.ed befot'f' ln.tb.mm:'ltl).f)' :tC.ftva· 

rion. Diureti-cs are used to treat TC$f>imoorydisc:asc in 
which pulmonal)· Wdtla is a major problem. 

Re$piratory Stimulants 
OOXAPRAM HYOROCHLORIOE 
DolCaprom is n {,'t'nerol Ct'ntrol ner\'ous- S)'Stt.'ll\ ~trim· 

ulant thut is used primusily a:s 11 stimulant fOr the 
n:i!pir;.u)ry i!)-:$t<m. 

cr.~nkal u~es 

DolCapmm is u:sed for .stimulation of r~pimtion du.r• 
mg Q.nd aftl!r a.nti!th~ia and tr> ~p«d "wi\kcnin.g 

and restoration of reflexes after nncnhcsia. In nco
natl~l animals, do.xapram is u:H:d to stimulate r~pi• 
r;\l iO:m :-)fttr d)·~tll(:l;l <Jr <;~n:~m *(;ti(ln. 

Dot~t' Fonn 
An injectab}(' fonn is Oopmm.V for injc:c:tion 
(20 11\W'ml. ZQ..ml vi.-I) 

Aclwrse Side IZffuu 
Th('sc: includ~· hnx·n~·nsion, arrhythmia, h~·pcrvc:n
tihltion, C('ntnll nerv<1.1S ~\\!>11."'m elCciwti-on. and 
l)eiu_~rt,.s. ,,~i!t t:fftCl$ :lrt OM)~I lil:tly II) (1(:(.-lr :u 

high dOS!es (Plumb. 2005). The s:lfcrv of doxapTam 
in r rcgiUlnt nnimnls hns not h«n established. 

NALOXONE 

N:'liOlWne 1S used h• :.tlmul:ue re~pir:Uu)OS In ll;lt· 

cm1c ovcrd~. 

YOBINE 

Yvhil'loe i~ u .. ~J •.:• 5.t im ul;)te ~l~•r.• ti(l•'~ h' xyl;'t:ine 
O\'eNo!Ve. 

REFERENCES 
l\lll R: l"'ln.i~ aff~'(tit\1: rlu:- l<'~f'oll:'lt~ WsttO'l· lfl 6111 It 

editor: Ph:.n~r.~eilkogr ((It \'l.'"'o.'!Jio:ot}· t«hnid~n,, 00 }, 
Sl Lwi~ 2006, r.k'tl!v. 

l\o'(ll;ho: l)~t . Oru!!f. l'liicctl.ne the t('$f'(tll1Qrf W~tciJ'l. In 
Sm:.ll :..n.i1n:ol dmi(!ll ,-tta.tru.:ao;ll()t.'Y ;md thcr.opt-'111101, 
l'hobddph~ lCOI. W6 Saw-.l~>o. 

1\.,..•lltli! I'M: l~o;$1"ltAI(}f)' d tuet. l>r.x.,~l~ ()( th•· Annool 
Mcclit~<Jf l.lloe' Auwric;·•n Vclctiltarr M...dkal ,<\,.;cl;oti<.m, 
B<ottt'O\. M~~~~h~Wt~ 2001. 

llo,(fnun AM: ~$new Wllh lleR)I:o.'l mc;..1i~IJ(llt.)IU m the 
h.:mo.•, ~in~vf dw A•••'~•:tl Mccti.t\g 11f dw Aot'k'ri~;••• 
Vtl<'lln~ry M<Jt.:aJ Aif..o<:~AAtloJn, llo.o;tOII, MIISsochu<ctiJ>, 
2001. 

L:.h·.:oit JP. l nJ~abt.on th;;r:.p)· fv, \'lf.•iM h.,...~;>·c,, c.-...·lfl 
Comm Edw: Pro~; Vet 2}(;)>4;).477, ZOOl. 

MdGem:on fJ: fkspU.ll<lf'{ tm.t"f'eUiiO.. l'wce~-dinp of •he 
l1d' SCII'Iit!ar (« \'ciCrit~· T;;~hit.ki.:l.n';. TI..e- W<·JICn' 
Vc1crl~ry C:..onfttt~. ~ Vci:IIS. Nt\00~, 191;3. 

1\lumh DC: V~t~tin:u-y dnq: h:.n...Jb.'!Ok. ed S, Ame-~. 200$, 
lo:;wa Scire Uoi''('t1it)' Pr~·~ 

Tiller u~ Smuh WK; Th.t- S·tntlllJtC \'rfi);tinury COAAJh: 
c:oml\oe' and (di~. cd 2. &•l•im.:otc, U\ .. "10, lrrPinron 
Willi:.nu & Wtlkifu..-

Wtllinrn,; A.Jt. B~~er C:: l'~n•i:1l~ ''' ;;hmQ.~I Jlh lttrni":''I''I.'Y 10 

nur:sing. Springhou:<.. Pu., 1990, ~ringh.:ll.l'le Pubti...bins 
(Mp. 



REVIEW QUESTIONS 

I. Wh:u !o!NCh l1ei woukl a nltJiecule n( nxy{:et\ 
JXlRS \'Wet or through :liS it ~:n~vcls (rom t h<: 

cnvironm.:nt to the alveoli? 

Z. Wh.;:u ;ue t he fw r J>'t'hn;lry (unt.ri<~n; vf I ~W:: 

rt~pJt:liM~' S)'~tem f ---;-;---;---;--:--:--:-
3. Describe the function ol the thr<:<: basic <1<:· 

(ense m« hanisms of the ~!ipiratory sy:su:m. 

4. Wh.:u are thr~ impotr:.mt pt h)caplts ('/ re>plra· 

tory the:rapcutics~ --;--:--;--;--:-:----
5. E:\:pt·ctoranu are indicated \vh('n "''hat cypt· of 

((1\lgh i$ p~nt r --,------,----
6. Moo)l)·fic'.s lkC.::n:<l* the vi;5C'-""'')' vi reipir;uvry 

mocus by wh:.n mechanism! 

7. Acctylcystdne is ad.mini,ste n:d by whitt 
meth()d (~n pt.~ l nl1.»l~ry U~f::!! 

S. \'Vh:u is the me<:hani:sm of taction <J( m\'>St nmi· 
cus:sivc.s u!<'d in vctl'rinary medicine! 

9. Codeine b clas.-;thed in wh::u c:ue~r<•f)' (I( cu-n· 
tmlled suMt:lflc~! --.,.-------;-

10. Lis-r thn."C mt.'i:hanism.s that can c.nu.sc smooth 
mu:sclc contraction in the broochiol~. 

I I. lu.t twl'~ hmnchodllators that arc bcr:l·2-

adr~ncrgic agonists.. -,..,---:---;---;--:-:--
12. The ml•th)'lxam-h incs bring about bronchodi· 

l~tion hy inhibiting who•t c.:<llolou eruymer 

1.1. l1H n~o'o j}\)h~llrial u~>s (or nmihist:unitws m 
vct~rinal)' m«<ici.n~, ----,-...,.-----

14. Wl-wt .1>-uflix is (ound <Jt the .:nJ o( m~R)' anti• 

h1$t:lmme n~•utllr ---::-::------
15. l•s' rwo j}\)tCI\tlal uses (ot Dopl':'lm. 

16. Use your telCtbook anJ (ormulal)' to IU1.swer 
the fo...•llowin.g quC"~tiolm<:. 

Ma.xl J•)ll ell:l be.11\j! t te;)lal fc,r canu'le lt~(ect i(luS. 

lr.K.hoobl\'lfiChiris. Dr. l:.1dd h.1s instructed you 
to dispense- Hy,oda.n mblc.'t:S M 0.22 mw\:s 
b.i.d. fOr 1 claY$. Ma;'(i wei.gh.s 50 lb. 

W h:lf ~ • .)( Hyelxt;m ,flxo..s M;\)(t l'<:tluird 

f low many roblccs will )'Ou dispcnsci 

17. l ist t W() uses o( nccrylc\'Steinc in \'Cterinary 
mo...-Jicinc. 1. ----------
2. ,---,---,-,.....-,...,-----

18. Which o( the (llll<lwh~ i$ n()l ~m ex:)mple! •>( :• 
mclh)' IXatlth inc! 
a. Aminophylline 
b. Thcoph)·llinc 
<;. Ctl«eint 
d . Theobr<•mn·h.~ 

c . Thest> nre ::~11 ClC:tmples o( mccllylxanthincs. 
19. P-anicles o( whm $ire: art' capabl..- o( reaching 

the" "'"~Qii r 

20. G1vc no example o( :1 btw·2~drencrglc 

agonisr bronch,'XIib.ror 

21. All ...,(the fvll\1wing. llrt fvn<;ti<)l)~ <l 1ht ~~111' 
rat<'l1' -"Y:otem. elCce-pt ~:---: 
a. OlCYb't'fl-<:.ltbon diolCidc l.'lCchangc 
b. regulat ion o ( <Jcid•bllS(' OOlanc(' 
<;. pl\.'l.lu<.:tion Q( l'IJtlium bi<:arlxmatC" to <•id in 

regula1 in-n I)( :;~o;:kJ,h:.~ h..ll:u\Ce 
d. body tcmpcmrurt- re~'\l.l:.ltion 

22 tift' J~ that liqudY and dilut(' \' isciJ 
s:<l'TC"tiOn$ of th"C" r.:~pir~tol)' trnet and thereby 
he lp in c:v~e~•;lting tJ, o,c: $<t<:rtdon:.. 
:.l . Amltusslves 
b. Dcoon&~t::lnu 
c. Bronchodilator.s 
d. Exp.:ctvMH$ 
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23. __ are drugs rhat inhibit or supples$ 
cooghing. 
t~ . Antitt~ives 

b. Decon~~~ram!l 
c, Broochodilnto~ 
d. E.xpecwronu 

24. i~ u~cd fr>r the: rtlic( IJf 
Chl\)!lic Oi»lptoJt•Cth •e Cl)U)!h In ,if,Jt) :Jild ffK 

;m:tlgcsia and premcf;th\'s.i;l in ~s ;.lnd c;us. 
-a. Hydrocodon.: bimrtrate 
b. Butorrh<mol tilrtl<ltc 

e . Tem;uil l' 
d. Dol<apram HCI 

15. Drug rhxlucts with codeine stone ar..- in whm 
Khedolc of controll<"\1 .wbstanccs! 
a. Cla$!1 1 
h. CL'lss Ill 
c. Clnss V 
d. Clrus II 

26. T('roarii·P i$ a c.ombination prodoct that 
e(IC\t"•in$ :1 cen1 rally ;)I! I ing :uuuw.')tve 
(tr!mepra!lnc mm:uc) and __ _ 

n. prcdnis..'>lon.: 
b. aminophylline 
t;.. ftiTIJiiel'llidtt 

d. then·phylllnc 

27 Aminophylline anJ r.heophyllin..- nr.: __ _ 
d('rivath·t'!-
''· t~drenergic 
b. cn~)llncrttk 
c. melh)·bcanr.hine 
d. a.::('t)•lcy;stcine 

28. iuc drul}< that n:clute th-t <;oog(':S(iun 
co( n:~Sal tnemhrane~ hy reduC-tOJO: ;ti$(1C.:lted 
.swdllllg. 
a, Antihismmines 
b. Dec.QO,b~ta.n~ 
.::. Rroru::hodil;lf<'lr$ 
d . E.xpccrorams 

29. src subsmne<.-s that Me used 10 block 
the effects (.)( histamine. 
<'· Antihii!t<'mir)CS 
h. Oecon)i:t':ot;ltlts-
c. Bronchodituors 
d. Expectorants 

JO. Solo·Odr.•..Q.-.nd i$ a br.U'Id name (m 

a . prednliit}lone 
b. Je:<amer.hs~')ne 
c. prednisolone Na suc<inatc 
d. lh•tioca:<(me pr<,pivn<'!u: 
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CHAPTER 6 
D rugs Used in Renal 
and Urinary Tract 
Disorders 

LE6RN!NI<_0BJf.Cl!VES 

l l,l(nUI) che l:lfl;4tumK k~tt\1"~ ~_..r tM Urtrw}' 'l"Cetn. 
l . lll-.cu'~ dw f~*"·'' k•n c•l unne thn.m~h ,:kmM:'rvl<tr hl<r .. tk.ll'l. tubu.

br ~.l~t>tfl1t~•n. ~n~.l tubul.lt wo-~1 '~"'). 
l Cu«l(l,lh' 1h~ J 1tt..:r..:nc cl.•~ ~..'{ Jru.:~ and Jesctib~ the indications 

(,•r roch ~t, .. 
~. F'<rl,•in huw ~'"'' Jr.fum:t«.ln (<m ••ff~~ the mcta.,,llbm anJ 

\'X\.'1'\'tl••n t l( m:.n, tlfu~~ :ut..ll h~u mt:t:thvl•t~:~. 
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EY TERMS 
AGONIST A drus that competes for the same recep

tOf s&e as ~nothef ~ Or natural Sltmance ~nd 
that enhances or stimulates the receptots func
tional properties. 

ANTAGONIST A dru,g th~t compe«es for the same feoo 

<eptor site as another drug or natural substa(l(e 
but does no1 produce a physdogic effect bv itself. 

ATONY The abseoce or lack of normal tooe or 
s-trength. 

CATECHOLAMINE A group of sympathomime.6c 
amines, inducing dopamine, norepinephrine, and 
epinephri~. 

DETRUSOR The smooth O'KISCie of the urinary 
bladder that is mainly responsible: tor ~t)i"lg 
the bladc:k>r during urination. 

DETRUSOR AREFUXIA The absence of detrusor 
contractions. 

ERYTHROPOIESIS The fotmati:>n of erythrocytes. 
ERYTHROPOIETIN A ~Oprotein hOrmOne seoeted 

mainly by the kidney: it acts on stem cells of 
the bone marrow to stim~te red blood cell 
production. 

H EMATURIA 8Jood in the ufioe. 
HYPERTENSION Persistentfy high blood pressure. 
HYPERTONUS The state characterized bv an in-

creased ttncity or tens.on. 
HYPOKALEMIA Abnormallv low potassium ooncentnl

tion in the blocxi 

INTRODUCTION 

11~ tlrimlry •y~to."m {th~ rt;n.tl l l')'-!-tt"m) i:- t,;_( m1(l(t'<'.l 
of tw,) l:IJtK--yl>, r"'YI urctc.rs, a uunary hbJdcr, and ~l 
urc1hm (Fisurcs 6- I 10 6-4 ). The m~..Jical srudy ol 
the r('Oal :>\'Stem is known as nephrology, because 
Uu: h<t$iC (unction.1.1 unit o( the: ki.;lnc:;y i~ the: n'-'Ph· 
n)n. Th~ ku.lnot)'S ac• 10 ch~ h)d~· rl\~ w:\)' :l t'iht:r 
octs in ~llish aqu::~rium. A ll wah~r in the :k:(u:.uium i:s 
sent through the filter to c~~pturc W;iiSIC products 
11t the "''atcr to k<:cp it c lean. Th~. the kidneys til• 
n;r a ll watt!!" pro,lu¢t:- (lVI uf 1l1r blo•Jdstn>:•m ht•l 
all,)'-'' those demems OC"~cd by the hody ro uay 
in the blro..btrcam. The kidneys are lx~n-"Sha(>\---d 
and lie on <:ach :>ide Q( the spine. The~· ar(' ol:>o 
n::t~riume.-'1.1. 

l owtR MOTOR N EURONS Peripheral neurons whose 
o:ll bodies lie a the central ffl!Y columns of the spi· 
nai oord ~nd whose terminations lie in skeletJI~TM.~S-
de. A sufficient number of lesions of btrer mota 

neurons CZil.lse muscles suppied by the neNe to m.· 
rophy, resulting in weak refbes and flac<:id parat(sis. 

NEPHROLOGY The study of the urinary (renal) 
system. 

NEPHRON The basic functional unit of the kidney. 
PolYDIPSIA F.Kcessive thirst manifested by increased 

water consumption. 
PolYURIA Excessive urinatton. 
UPPER MOTOR NEURONS Neurons in the cerebral 

cortex that conduct impulses from the motor cortex 
to the motor nudet of th~ ~I n~rves Or to the 
ventral fli!'f cobnns of the spinal <olui'M. A sufft
dent nl.lllber of lesions of upper motor neurons 
interrupt the inhibitory effea that upper motor 
na.ons h3Ye on ICWter motor na.oos, resulting in 
exaggerated or h'(l)er"active re~ 

UREMIA Aboo~ high concerrttations of urea, 
cremirwlt. ~nd otht:1 nitrogenous end products of 
procein and amino add metabolism in the blood. 

URINARY INCOPmNENCE l.ack of voluntary control 
ewe: the normal excretion of urine. 

URINARY TRACT INFECTION .-rfection of the Lrinary 
tr~ct. Infection m;sy be~ or miJV affect the 
entire urinary tracl 

Rigl~ antS !ell Urete( 

~~~~~~~ 

FIGURE 6-1 

\V!l9it101 

U(6lhra ancJ 
ur~mral 

Otilice 

S!&e ..,E:Y., of 1he urogenna! s~r. ol<t fl!l"'\iile do.lg. 



FIGURE 6·2 
Side ..;c,~ of the u10gcni~al svswn of a mille dog 

OucNs r 
<!eferell$ lestld~ 

I 
FIGURE 6 ·3 
Sode view ol the I)Jc:>gef1t.OI :s)'Ste:ltl ol " tn..'k ~ 

The job of the nephron i:s tv R".!,'UI<•te wat('r und 
-Sa.)lul'lle m:mer (~~1'\te.1:dly eleclf()l'{h'S) in 1he ho:,d'{. 
N\'phrl.')fiS rilt~r the blood under prc.s:.ure anJ then 
reabsorb n<.'(C$$al)' fl uiJ and mol•.·•culc-s bock into the 
blood, wh.ik. si!'Crcting ocher Ultne.:ded molocules. 
n.e kidnt)'l! ~hll$ el(eret~ (I \·;lriel}' (l( w;'t~e pr(l(luct.; 
produc.cd bf nu-1aboh!'.m such :u wc:a. uric add, and 
water. The kidn .. -ys ar.:: involved in t:.crm-s o( ho· 
meo~1as.is :."'K-h ItS ndd•base b.1.lan-c-<:. rc<

0
oulation of 

de.::trvh·te t;On(c;:ntri•tilmo:_. t>J..:xxl \'Oiume «mtrol. 

FtGUR£ 6 ·4 
Side view ol h uroge~l :;ystt:m ol " blA. 

~lnd t('i.'ll l:nlon of bllll.'lo.l presw.r.::. The kidneys com· 
muni<::.te with mht.'f org-Jn~ in •he body r.hroush 
honnones that 1ue $4._"(.retcd imo thoe blood.strt."am. 

V<:t<:ri.lltlry tt.dmidt~•\.S 3l)I)I.1W edu¢::ne di<:ntil 
tes:;1rJin~ the lmpllttai)Ct' of 1\Urtlfit).O, esroec,:'I JI}' II\ 
those Jog breeds predisposed to devel\'~ing bbdJer 
.stones (e.g .• &lmatians_. miniatun· sc:hnau:er.s). 
Fre..4l w;~t('T .shouW be <'\'<'li.•blc for <l.fl.imals at WI 
l im~ Co-ulp:mio n anhn."l l$ •>l~rved :,HOlini1)J! to 
urin;n.:: or "''ith bloody uru\e (i.e .. he.n:aturi.a) shoold 
lx· brought to the veterinary ho-Jpiml immediardy_. 

PHYSIOLOGIC PRINCIPLES 

The fonnation o( urine i$ a rather complex proce~ 
that irwolv~ glomerulru- lihr.•tion, tubul<u ~tah~ 
11nn. ;)lld 1uhul;lr ~cret'~' (F'i)!ur~ 6-.)). Thot gl;..
merular rilmn.:: is compo!Vf'd l''>f "'';ncr anJ J issolvOO 
suhimnct.~. which pBSli from the plas.ma into the 
glomc:rulru- <:apsule. Thoe formution of glomcruhlr 
lilu~ue i.i C(lntn)lted t-}· e«ective lihr~• tl(ln ptl:$$ln~ 
(HP = :ll'lerlal bl,-xxl pressure - [pl:k-im:l ostnorle 
pressure ..1. <apsul.: pressure)). The amount of glomcr· 
ulru filtrate: is dirc:nly proportional to the dfe<.ti\'e 
lih mtion pre..-.:sure (Figlut 6·6). CI'Uml.>es in bt..!Vd 



E'ler.,;nt 
arter:ole 

f iGURE 6~5 

G1omertAls 

OJstal oonvolu~ec 
tuoule 

--Ct>lenng ducl 

Shl'm/\ a..-e-1he ch'ecbOn and loc:.lt.:tn d glomerular fll!t.!OOI'I: I, !ubular c~: 1, rubular seaenon; af'ld J., as !hey wodd 
occur in the glomeruiU$ and the pt®malll.lbule. 

FtGURE &-6 

P:o11ima1 convolt.iecl 
ttb.Jte 

Filtrate l'l 
capgular 9~u 

Q Pressure cppcnif19 lil!•lrlioo 

Q Pressu•e tli\toong tl!lrat.OI'I 

Rtr«i~T~ o.:t\li'S t,hii')J,gl\ lie glomell.l"' ~ne vi(hr. Bo.\~n's ~ The ;)ITOUI'I! d. li1:1mlt pnxltnd is clettrmned by the 
dff~ bet,.-eel'l ~ ~I(!S. fa.<~nrt, !lt:r.ahon 811d ~ ~8 fib'~ lht d.fl'l Sho',.4 rl'.at fib"a!l()n IXO.IIS beeiluse 
60- (32 • 18) - 10 mm Hg. vakles gre.:r.er Nnor less 11\ln 10 mm11gW'Jt/JJ COt"relor.e 1vith moce «less lihraliol\ fe5Pe(~Nely. Pre!.-
9-ITe\\"'ues. (60. .:$2. 16) ;)It~ r:. mrn Hg, BP. 8kxxl ~l:ei~ (;)pstkl ~IC P~eSWTC';POP. pioolf'll:l osmotx; pres9.ne 
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flow through r.hc glomerulus, glomerular blood pres· 
.w~. pl&m.'l o~omotic p~un:, ••nd c<•psult' rre..~urt' 
.-lltc:l ~l l)m<:n.•l ~•J hhr~•u<m. 

The kkll)('y tubuleS; ~lrc re.'(!Onslhle b 1he reab· 
S..'nprion, or the .S..'<f<'t:ion, ol .sr«i6c subs-tances. Sub· 
~tances ncro.:d lft· the lxxly II.T<' rt"~rbed from the 
filtr<1tc:, p:t$< tl-ullYgh the whultar ctll wt•U, tmd r«nter 
the f)L'lsma.. llus J)rc~es.._ tihetl) needed sul~1:anc.es- a.nd 
rerums dwm ro dw bod~·· Rcahiorbcd m:nerials 
include: WM<'r, glucose, runino addi, ul't"n, and iOC'\.$ 
~\.:h a:s Na ' , K~. Q ,h , Cl·, HOOJ-. u.nd HPO/·. 
Any ~~i <•( d'eo.e suh)(:-,nc:~ <.If of ~~•<"ll'•:o:* d"u 
a:re no1 ulOE'(ul remain.~ In the rihr.n~ and l.; excreted l.n 
the urine. 

Tubular $CCfl:tion oc<.un; '>l'h<'n -Whuanc<'S art" car• 
ri«:l to the tulx•l<lr lumt:n. Thi~ iiW\•Ivts tht Ol<:tivt 
u:amJ:II)I'f n( Ctftain f:odt)$:1':1\<lUi suhsmnce; :lod many 
exog.enooo; subst:lnccs.. These St.Xrett.>d subir:mcc.s 
inc ludc potas.sium and hydrogt.-n ioos, ammonia, 

A 

-· 
. . . . . . . 

creatinine, and .some Jrus~ The main effects of tubu· 
lar :>IXn:tion IU<' to rid th<' bod}· (I( c~rt'din mlll<'ril~b 

~nd t<• help c:~mtn.1l i.>JlW:>d J'H (Figt•~ 6· 7). n,.: kid~ 
nc~'S :'Ire :\Ctlve u\ the n~taboUsm anJ ~lCcredo.n o( 

m..-my drugs find their mctnOOiit~'$. Thcrd'orc, it is 
V<'tY im~'Onam to rt"m<'mbcr thm th('sc actions rna~· 
he inh•bited in Cit:SC'..'S o( n.:n..·d (~ilun; (IT (I}·Ju.n<:ti..xn. 
Drug therapy in :'ln 1m:'l~ whh l'e1¥ll d'{:,ful\<.h(lll h:'l:l 
increasaf risks. Renal b.ilure can impair a drug~ ~lb· 
sorption from an administrntion .site or can aff«t a 
drug's di:;(ribJtion in du: body. 

If t ho: h:Jney$' (un(.ll(lnalily ~ d4'T~$«1, eryth, 
ropoie10is tn."ly nm occur C(l(r..Xdf. £1)•thtojh)lesls Is 
the formmion of <'tythmcy[(:-s. Erythropoietin is a 
honnonc S<'CT<'tcd by th<' health~· kidnc}' thut com~ 
muni<:<nes with the lxme mt~rn:w.• t'J ml•k~: O)!Jrt: red 
blonJ celk In Jl~~1sed kidnev~. 1hl.i h(ll'n\flne l.; se· 
cret"-.J in r.:xJu.:cd ~lnt.Ounts •ir not :U fi ll. ~1nd £h~ 
animal may de,rd op a nonr<'gcnermi\·e anemia lti a 

. 
... . . . . ...... 

~i!ubulaf 

=~~~~=~m G;1pl11'( 
:.9. 

a~~· 0 

- a - C> 

0 0 0 

B 
0 

FIGURE 6--7 
Tob\11(11 tt'<)~ion ;,nQ S~l\ A, (IOW<$~n of ne~f'QI"' tvb\l!es ~nd perill.lbol!ll c;,pif«ies. .-ctersti!i;,l Boid OWJP<tS the 
ofl(tl':)llbal space. Reeb$orpb0n •S Jf!PI(!S(!nled br ~b$.ta(l(~ X goor« &om 11.1bule 10 C~~P<!I.1•y, and 5eel(!b0ot'l 1$ reptesented by sub
s-;ance Y gong from capillaty to tub&.4e. a. I.OilgiiU<Inal waoo ol nepfuon ll.lbtlle. Shown is !he rofatt.ol'6h1> iiiY'IOflg lhe t-ubu1at 
lome11. o:;Mit'!eliol eel. ~nd «Pilbry 
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rc-sulr. Injections ol human rccombinanr crytht()JX'Ii· 
C'lin may be g ivC'n to animal$ to tft'~• t this ancmi<•. 

Uremi;. ~:hl u.cre;,J,.'!e t he $enJhtiv•t)' (rf 3(mlt t i$• 

!lUes ro c~t1:1ln dn•~:J>. F<.r example. SCO$h 1VIry ro 
«nt~l nervous S)'Mcm Jcrrc.ss:uus is increased. and 
therefor(' th(' dose o( opiates, borbiturnt('S, nnJ tmn• 
(!\lili;cri .4loold be: n;:(lu«d. in urt.:mic.: p<lttl!nts. 
X)'L'l:ine (Rtln\l)un) an<l \:t: l :ll'flu \oe hydi\)Chl()tll.lt>: 
( Kehlr.t t) tu~ O.)ntroindic:ttt>d in ur~mK rnnems. 
Jmpair('d renal excretion or biotmns:forma.tion 
o1u:ses clda)'Cd elimination o( many drugs and C'n• 
ha .. ~ces •heir t<lxiC:II }' ;md clur:lli(ln ()( ttC(i<•n. 

&x 6-1 \i!>(S dtu~ th:u oommooly requin.~ do~l~ 
modification in Tl:-nal insufficiency . . Modillcati,)n can 
be madC' by mC'~uurin.g the plnsmll <:ooccntTution:s o( 

\~'$and <11.Uustmg the doJt;e a .. "<X>n.ling.ly. Be<:..._~ thi( 
ti lmpr:.lC!•<-:tl in mo.;.a cllntc:.ll st:n:h\~, :l vtterlo:ut:'ln 

D~ Th;,l Ro:qu.ite i:Xl!l:~¥" Modibt:.tion or 11uu 
in Rtnal h1~uJ6citn,~y 

(increased dose) 

ltUIY uS<' th.: nonnal dl)t;l.• but leQ&'lhcn the tiAA· intt·-r· 
vats a.t whkh it 1$ <tdmini$ter«<. Of give a :smullcr do..'<' 
<lt rl>:)ml~l tiJnt int<:~Y.~ls.. Techni<;i::ln$ 11'1;\y bt rt..-tXm~ 
slbl~ tOr :'ldmln6tC:Jinrr: ~l~~~thesb. and It ·~ •mp1'\lftam 
to r~m<:mber that p:~ti<:nts with renal fnilur<: arc nt 

~'«'IUC'T uncsth('tiC Nk and n:quire c\'('0 d~r moni.
tcJring th<m p.1ti<:ntS with n4mnal ren<1l functtvn. 

RENAL FAILURE 

l~t:n;ll {:l •lurt ·~ :lmVng 1he n\~lj('lf C'<ll~ei vi n(ln;.c, 
CJdent:ll de.lth In Jo~ anJ cat~. :'\lrh,)u!lh du!> drs.· 
case is mOISt comm(m in okJcr nnimals, it may be 
diagnosc:d in youf'tb~r 1mimaJs. Renal dam~(' rna)' 
$tt.-n from tMIW I.'<IU!c:t. including in(e<;ti()U$1.li~::t. 
ds:lhttes melhoc>, [<):>:u\S., noof)l:ul:t, rons:.etuml 

{)Ja~in 
Penicillins 
Phenazopyridi~ 
Pr~mide 
Spironolactone 
Streptomyon 
Su!(Cr\bn-.des 
leuacydines 
Teuaethy!-ammonrum 
Tubocurannt. gallatrune 
vanc:om)'dn 

Orup T hat Ou N.,. R«Jui~ o~~e MOOi6t".uioo ur 
TIGt A~ Nm: C\lntraindi~ati'd io Rt:uaJ lnsuffid('u.:y 
Acetami'lophen 
Ch&ot<lmphenicol 
Oiatepam 
NarooOC ~l\:llgesics 
Ncwobiodn 
PEnlObarbit~ 
Phenobarbital 
Phenothiazine 
Pheny1oin 
Procaane 
Prop1anolol 
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disord<'a, immunol\'>gic problems, and nmyloid..~is. 

Die~ with (')(l~:>~ive prot<'in. ph~horu$. and 
~>d•l•m ~n: <>tiler ft~Cl(lrs •h<'l rnt~y ~~~e n;;:nal dam• 
~~. Renal damaft(' may be ('.Uf')lCt'i100 :'IS prel'('nal, 
ren:ll. m pom<'n:d. Renal (ailur<' may be ditlcrcmi· 
att'ld as oc:ute. chronic, or end·:!b'IJ,.>(', aG<.orJing to 
pi:lftlnlC:t¢r$ w nnn<m tcJ e:u::h .«3#e· 

DRUGS COMMONLY USED 
FOR THE TREATMENT OF RENAL 
DYSFUNCTION AND ASSOCIATED 
HYPERTENSION 

rJiuretlc:. :lte 11$00 [<) l'efO(I>/e ~lCCtsS exlr:'IC~IIular 

fluiJ by incre~1sing utin~ tlow and so:xlium excrerioo 
and reducing hyp<'rtcn&ion. A numb<:r of conJi· 
tiOil$ rmay indicat<' the n«d ((lr 11 dlur<tk dru.g. 
C I<)J!!.·Hic:Ui<)I\S of et)n~mvnly u~J Jiuret:ic~ indudt:. 

lo.:>p diuretics. o.s.mork dluredcs. ttua:IJc ~1nd th1a· 
ti.:k-like diuretics, !)O(as:Sium~$p.uing diur..-rics, and 
carbonic anhydl't'lsc: inhibiton.. 

Loop Dlur@tit:S 
Lo..')(" Jiurc1ics ar<: hi1,.-hly poten• diuretics thar in· 
hibit the rubulnr reabsorption o( sodium. Once: nJ. 
mini.,.tcl'\"d, thd1 ..cli(lrus a.r<' b'eTI<'t<ill}' r;~pid. Addi· 
ti.,WI.o'llly, ((1\)p dhu~{ic~ j)r(U)\t)le t:h~ C~Crt:tiM'I •i 
chlorldt-. pot:.lssium, :tnJ lll!ater. Some pauems l)n 
ktng· tc:nn loop Jiutctic therapy may have ro be 
plac:<d on potltSsium suppi<'IDC"ntation. 

DosQge Fcmn.t 
I. fu rOSt"midc (LU$i>:, Disal. Oiuride) 
2. Ethatl)'nk acid ( Ed<'crin-hultUin label} 

Ad~o<IT.J~ Side £He~L<s 
These include h~·pokalen,ia because of tilt in· 
creased excr<'tion o( pot:.l~ium. 

T~vNotiw 
To f>le'\•ellt hypoJ:.alec'oo. a pot3Ssium supplemem 
~y be given to patients who are receiving long· 
term potassium-depleting diuretic thetapy. 

Osmotic t>iuretics 
C">$n)(ltic d.iun:tk:s c:<m be: adminil:!tt'l'<d intraV('nously 
h) p fVIll(ll i:: JiiJ~-i~ by ~tniJ'I{: high !Jt,lii() I ,C ~~VIi: 

In lhe lddt\oe.'t' rub.tles ~md Llmlt:ul& tubuloll' reahtoi'J'
•ion. Water is drn.ll.'O int(> the gk'lfn<'rular fi.hmtc, rc· 
ducin.g its mtbctorpcion and inc.Tt".:lsin.g th<' cx<:l'\"tion of 
\\<ttc:r. Th~ dru~ 111<1)' ~ u<cxl KJ tm'lt vh.£.,wi<; -acute 
renal t':lllure :)t)(.i 10 re.loc.e intr,lcranJaiJ'\reiSurl.'.. 

Dos~e Fonm 
1. Mmnitvl ZO% 
2. (ilvOO:-t! 

Adt~rse- Side Effe<'C.S 
ThcS< arc: uncommon. 

T~¥N~ 
These! drugs 4~ ~dmin~Stelt!d 0\'tf ll H)· GO 1 S.•m1nute 
penod 

Thiazide Diuretics 
Thim;id(' diur<'tk$ reduce edema by inhibiting r<"ab
$1>rpc.ivn (I( ~xlium, chl\'ride. ~'"'' w~•ter. Tht ir d tn'<l' 
non o)f ~l.:t:l1)1l Is ltlo)ler rh:'lo rh .. "'t o( lo~p diuredc!l. 

Dos<q:r Fonm 
1. Chlowthio•;;id(' ( Oiuril- human 1.-bd) 
2. Hydn,c.h lvrl)thta.:: i.l~ ( HydroDIURJL-hunl<'ln 

l•bel) 

Ach:trst Side Ef(~<:U 
The..'"t mdOOe hyp<•l:altmi:~ i( 1htr:~py i* pr<Jion~otd . 

T~'lf¥N~ 
1. $imilar to loop di\lretiGs, thiazide diuretics c<tuse 

an increase in potassium excrebon. A potas
Sium supplement m")' be necess~uy to prevent 

hypoklllem~ 
2. These drugs O'OSS the placental bOfder. 

Potossium~Sparing t>iuretics 
Potas.sium-;S{'aring diuretic$ hav~ wcak('r diur<'tic 
ami -antlh)·pcrtcrn;iw dTe<:tl! th i111 vtht r (liurettc;:s,. 
but rhev h.:l\'e the :1bllity t<l C•)llS~rve p<~ros.sh.un. 
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Thcs.e agents arc also referred ro as ald.osuronc an· 
f~'VtliM$ , The}· ".-ork by unta!,>oni;ing a ldostcronC', 
tm ~tfrtn:\1 lllin.:rakll!<lrl i¢vid. Thi.s ~etion en• 
ha1\C.CS th~ excrerlol\ of sodium and w:uer and 
reduces the excrcri,;n of 1)\)tassium. Ald\'>Stcmnc 
M:Crction rna)' be u factor in edema as-sociated with 
he.-1.rt l'ailur.:. 

01)$1lgl! fOTJtl$ 

1. Spironolactone {Aid.actonl"-humt~n lab:)) 
2. Trian:t tC'TCnt: (Dimicle, Dyrcnium- human lubd) 

Adw1"st! Side £ffecu 
These nrc unc,;mmon, but hyrcrkalcmia m.."')' resulr 
if th~e drugs Ul't' ad.mini.stcrcd concurl't'ntly with 
pvtlJ..~ium l!\•rPictlu:nt$ •Jf a.ngiotf!n.<in•<:()nvc-rting 
enzyme (J\C£) uthlbltfll'll, suc.h :'IS c.:.~pwp.rd or 
~n.:.1t1pril. 

T~¥N~~U>-
These drugs m;,y be used alone or With other 
diuretic .ageniS. 

Carbonic Anhydrase Inhibitors 
A c:uixu1ic anhyJI"J~ lnh iN tor is :'l sul~tance th:'lr 
decreas-es the ratt> of cnrbonic ncid ;md II' prodt.K· 
tion in the kiJne~·. thereby promoting the excrl·· 
tion (I( w lute$ and inc:rt".asing thC' ratC' Q( winary 
I)(II JM (M~hy, 199$). Tht-~ dm)!l! :\I~ ri!Juce in · 
t:raot."'uiM preswre by reducing th~ pmducuon of 
aqu<:\')US humor and may be u~d in 1he trearmcm 
o( glaucomll· 

DI)SCQre Fcmt•s 
I . Acera:,;lamid~ (Oiam\;x-human Label) 
2. Oichlorphenamide CDa.mnidt."-humnn label) 

,<\dl.-cr.f~ Side £/fe.:.b 
T hese indr.d~ the :'lbllit)' to cause hypokalemia. 

T~¥Not!ur-
carbonic anhydrase inhibitors have the least etTICacy 
wh(.>n compa1ed 'Mth the othc1 tub.Mr •nhibltors 
and are not CO«W'''lOnly used to treat ede.ma 

Cholinergic Agonis 

Chollnert.oie :'l'=l'!ms .,.ct Jireul~· or lndlre<.llf 10. proP 
mote rh<: funcrion of acCt)kholinc. Cholinergic 
agC'nt:; 1\l.so may be refcrrl"d to as JXlrruympmhomi .. 
m(lic ~I.S be<:l:lu::t their tA'c<:~ m•mi<: M:imt.•lati•m 
()f the par:.~)'lllf<l!he• ic nerv<•u$ 5~1t(em. Chf1linergic 
agonists mimic the ;Krion o( natural .-cetylchohne 
by directly n imulating cholinc..'fgk r«eptors. Once 
the c:hoJinergk t~oni:st hinc;b with l'eCq'lOI'$ on tht" 
CeJin,t1nbrtlnt: (j( $U)I)()th 11)\,l.'~d<!$, (J.e J.:~rnletlhiJily 
o( the ce.JI membrane ehank"f:S, pe-rmmln~ t."'aklu.m 
and sodium h') enrcr into thc cells. Ocp,)lnrimtion 
of the cC'II membrane occur.;, and muKie contr!41c;.i 
tts.lf) i( adnc-vl'd. 

CU•1kal Uses 
Cholinergic llJ,'(: Il ts art.• usc.....:l to help void the urinary 
hl::1dder. Tlwir actkm 1£\( ""~'$~ th ... tone." of the cl~· 
lru:-Vr mu$CI!! o( 1he t;.h)Jder :.)nJ <leere~ I)J:'NIJi:r 
capadt~·· 

Dosage Fonn 
Beth<\lt«h()l (Ur(¢h<Jim..-.h1Jn\im l<lbel) 

Adt.'l!f'Si! Side Effeccs 
Thest.• include the poa•ntial for cholinergic 
toxidty. 

T~¥Notiur-
l. Obser.-e the paiient for sign6 of cholinergic toJCicity 

(e.gv vomit111g. defecirtion. dfspnea, tremors). 
2.. Atropine is anbdot.al. 

The :clCri\) 1\ o( anrkMllncl'l:k drug.>~ is d'W! oppo~>lte 
of tlun of cholinergic ngc.ms, Thc:y block the action 
of IICctylcholinC' at rec~tor sites in tlw p1t.ra5ympa• 
thetu; nt.rv<Jli~ S)'~h·m. Th<~ dn.t!:* u\<\y i•bv l:-t ,It• 
scrlbtd :u par:u~·mp:'lLhoJ~·rk l>t->e.ause of th~lr :lblllly 
ro block rhc J'lSS:~Se o( impulses through the (X'II'<l· 

$\'m{nlthetic ncrvC":S. Their action p!X.x.luces muscle 
rda.xatit;lfl. 
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O inical U$e$ 
Anticholinergic drugs can bC' u!ied for treating Ufb"(" 
nl(.()ntinenC< II)' pt";)m,,ting ~he rt:h:ntil)n (J( l• rin t. 
U\ me url fl:.lr~' bbJder. 

Dos«gt. Form.s 
I. Pn:.~it.n thdine (Prr>-B<mdline· hum<Ul 1-al-el) 
2. llut)•l hV(lici11e (Bus~:.~ln) 

Moers~ Side Effecu 
~e indudl" dcxtt'~~oo g..1ltrk l)l(l(ilit\' und dC'· 
byeJ ~Htric emj:.'(yh\g_. whkh 1nay decr~$e du:. 
abf<lrplkm ,)f <'Idler n)(-dK'::'lllons. 

• 
Adrenergic Antagonists 

Adrenergic blocking a~ntsdisrupt the sympathetic 
m•n•ous s~~tcm by blocking impulse tronsmiss.ion at 
adrenergic neunm.s, <M:In:nerg.ic tt"C~:ptor ~it~. or 
;tJn:nergie gMtgli:\. Th,~ :•#ellt$ ;tis> m:w ~ de
!ll:tlbcd as symp;uholytlc agents bccau10e o( rheir 

ahilit)' to block symparhetk nervous S)'S.tcm Slimu· 
l~~tion. The c l3$$i6c11tion of adrl"ne-rgk antagoni~t& 
i.s tm~rx.t t.~n c.hti.J J~ite <)( a<;ti<m (t . .;:., ;~ lrlm blockecy, 
b~r.:'l blocl:e.rs, o)t autonomic W':U\S:_Iit).(llc hlorlN.sc). 

Alpha-Adrenergic Antagonists 
A 1ph<J•<I(Ift"nl"f1!:te <t.nt<~'Onil!~ rc: las vol.l!cuhu :mwoth 
mu.-,cll'., t:nh:lt\Oe J'lt:riphl'-r<tl ~~~ndil:)ll<•tl, ;~t)(J <Je, 
crc:tSe blood ptcs.-."'Urt- by imerruptin.g t he acri\)O.i cl 
S)'mf1.1thomi!lk'lic a.&~num alpha-adrenc.'tgk r<:<cp· 
tor sit(:IS. 

Olni~al U~t~' 
In the uri.ruuv system. th~ dru~ reduce intemal 
.l{lhioctc:r tOOl' when the u~thml ~hinct« is in h)·· 
perh.mu.s. Thi:; action ~ ~ul in thC' tr~tmt'nt r.1 
urinary ~1emwn hec:h.,..,t: c,( detrU$0r areOexia <•r 
funni~)tUI urethral cJ~uuc.1iotl. Pr.noe.in is cl'f.x(iVc 
in connollins IUOI.kratc to sevcrc hyp..•neruKm, 
which may b... a complicatin.g factor in chronic remtl 
ltuhn-t. 

DosQgt. Fom•.s 
1. Phenox)•b:-nzamine (Dibcnzyline-hunmn labd) 
2. Nicer~Jhnc (Stm.lion) 

3. Mmdsylyt~· (Carlytene) 
4. Pnlom•n (Mini('l'l".S~-human l.,l)(l) 

Adverse Side Ef{uu 
These induJe rnpiJ decrease in blooJ pressure. rc· 
:~ulting in wcakne~ or sync~ llftcr the 6r::;t doSte of 
rro:o~in. Thi( i~ usu~lly sd{~limitin_g. 

T~~N~ 
1. Prawsin may be used alone or combined with a 

diuretic to produce the dte~ed effect. 
2. Because- 81phiHdteMrglC 8nl4i(ll'hS1S 3u~ m~ 

tabofized by the liver, dosage mo<!Tficalion is not 
necessary m patients vJith renal dysfunction. 

Beta-Adrenergic Antagonists 
Bew•adr..-ne~k antagoni~t$ inhibit the: ~actio-n of 
c:.t~hol:lmines :.)nd (1(1\er .-,)·fllp:Jihl)mimcl ic 
~)Rents at h~ra-adrellt-fjliC r~c~pto.r.slre~:lnJ th~r~by 
inhibit Mimulati\10 o( thc S)'m('.1thctic ncrv,-,us 
:!}'stem. 

CUntcaJ Use.t 
Thes.c include control \)( miiJ (o.) modcrnto.• hyper· 
tension associated with chronic renal failure. 

I)u.1«Jtt: f"m•fl'l 
Prorr:u\Oiol (lndcr-.11-human label) 

Ach:trst Side Ef(c<:u 
The...;;e indudt tk.;r.:~t..-¢<1 (;;)r(.hae (lotp~tt M el the 
protnof!Oil of bronehospr:~srn. Th~r~fote, caution 
shoo.IJ be exercised with rheir usc in patients with 
cardi.ac or pulmonal)' diSWlie (Cowgill, 1991) . 

T~~N~ 
COmbinaboo wt!h 8 <iur(!(ic is commoo because ()f 
the tendeocy of ~a~reoergic antagonists to ~use 
sat! and ftuid tetention. 
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ACE inhibitors bl"x:k the convers-ion ol angimen· 
.sin I to angiot~nsin II, dt"Crc.asc ald~t~ronc se<:re• 
tion, r«<u<:e J-'l!riphc;:r;..l l'rteri .. l resi.,r.m<:c:, ami (lite• 

''i:ne v:.l~OOMtlcttllfl. 

Clinical Uses 
ACE inhibitoN a«: u:~cd to tfc(lt oon«:~ponding 

h)l)t!rt< t\$t~)n v r tn~.Kkr:ue f<l3f:vt:re h)'(:.'t:rlt:n.ii•:>n. 

DosQgt. Fonn.s 
1. fkna::epril 

a. Fmtd :<)r (v~erint'ry 1\tbd } 
b. l~oa~ept1l L.ofen~ln (human L'lbel) 

2. Clpr..~ril {Capoum-hwnnn bbd) 
3. Enalapril (EnacarJ} 

• <\dl.-er.f.: Side £fleer., 
T hese ind!.dc complkadOI\s m padcnrs Wtth rcn .• "ll 
insufficiency caus~.--.:1 by excr.::tion by rhe kidne)'s .. 

A \'(IKJdi.latof or calcium ~·hannd bl(l(k<"r tmt'f be 
.wh~ututed l~)r •)r u$e<i In CXotnb in;ltillll wuh o.)lht:r 
mOOic:~.tlons lf previ~.,~~~ drug thcrapv to control 
h'IJX•rtension fails 

Clfnka ( U.~ell 
Thc!ile d~!< ar~ ttiOO 10 rreat t\01\thplli'Kih~ hy~r· 
tcruj.on, Qoromine n\ay be us•.·d to rromtXe diuresis 
in ~tien~ unre.ipoosivc to kX'Ip or osmotic diuretics. 

Oou (Qte Fcmtt.t 
I. VusoJilmors 

a. Hydrolazine {Apresolin~.-"-hunum klbd) 
b. Dopamine- (lntropin-human l:t.h:l) 

Z. O)IC:•tnll <;h;lnnel loi C~Cker$ 
~l. Dllda:zcm (Canll!em-human L:lbtl) 
b. Vrrapamil Osortin-human b.bd ) 
c. Amlodipine (Non:asc: and lk.s}·ltltc-humu.n 

I" hell 

Ad.:t:r$t: Sid.t Effects 
Th~e i.ndude h~·potension, OO('ma. c:ondoction 
diiih lrb:•nc:e$, h;:~nc (.-iiiJre_. ;•nd hrttdyl;;,n:l.:' 
(C)w2111, 1991). H)-drala-:lnc t!< exaetcd b~· th~ 

kidneys and requires d .. ~lSC moJificstion "'hen 
uS«J to trc.tu h~·pert~n.sion in patients with renal 
fa ilure. 

?J Antidiuretic Hormone 

An• IJiuretiei-1\o)nl'l<)n i! (AOH} l} n<)nn.all}' ~n:(t;J~.t 
by 1he po.;ttrtOr pltuU:l!f gl:lod. This sco:redol\ 
r~.--guL1tCS lluid balnncc in the body. In some oondi· 
tions, such as pituitary diabct~s insipidus, this hor .. 
ltl<me (ttil$ t<J lx: S;ynth~ntd iJr tJ<en.:ted rroperly, 
olnd polyuria and pol\·dipsia •'loCCut. 

C~nia•l U$t-s 
ADH i.s tut:d to tT('<It ditlbctcs i!Uip-idus . 

Do.ttlgt' Form 
Vasopressin (Pitrcs.sin-human labd) 

Adtrerl'e Side Effects 
The!'.~': :lre unc .. )tnm..-m. 

T~~Notlw 
Chlorpropamide {Oiabc'tese., Gloc:amlde) 5 a hu
man product that IS used to control type II diabetes 
mellitus. ll po4entia1es the action of ADH and ma·r 
be used to treat mild diabetes insipidus, 

Unn:)r)' :~cidili .::r.i :lrt: u.~OO It) prfo.l t~c.~ olc"l urine, 
which a~iHs 10 di.~wlving and preventing fonrw· 
tion of .struvite urolirhs. Sincoc: rhe introduction of 
urinary ••c:idjfying diets. urinary ac:idilic:rs huv(' not 
l'ttn r<>lt tindy (:.'f~ril».l. 

Dosage Fonns 
I. Me-thionine (Methi~-el, Mcthio-Tabs) 
2. AtnmO:miutn .;:hloridt: (Ur<>t.:e} 
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Adt.-eTs~ Side Effecu 
~c include- g<~..Stroint($tinal di~turb.anc<:!· The5e: 
(l'Odnc~..:- ,h,,t•ld not ht admini:.oten:J tV (K•ritnn 
o,~.••th !'evere 11\'ct,l:ldi)-Cv, or p.lt .. :.,rt:uk d1~:l~~e ot to 
those .,,,ho exhibit nc idos:is. 

T~¥Noto%-
IIIS \lefY impottant to inform dients who may cha~e 
from USing an i!Odrficr to one of the iw.1Jillbk- bedrfy· 
ir'lg die1s that ~f'We the- diet is being administered. 1'10 

acidifuers, sail. ~tamin or minetal wpplements. or arry 
other food items-other than \\hat is alb't\>ed in the 
ciet-should be gwen to the patoenc. 

-
Xanthine O:Jddase Inhibitors 

X.•nthi~ oxid<~.So: inhibiton> dccl'\":ll::t the- production 
of uri!! :~ttl ;tn~l :lre useJ in Cl)lnbinau<!ll wirh a ur.ttt. 
Clkulolytk J iet for d-w Ji~utloo l'll :unmonlum 
add urot< urulidu. O ne..- dlsf..;lutio:m occurs, a urine· 
alkalizing, low.-proc:ein.IO'o\••purine, low-ox<tlate diet i:! 
t•~lly pre~~.,.'Til...;:(l {() Pft\•tnt r«t•rrtrlet <ltiJ(lli th$. 

DosQg~ Fonn 
Allopurinol (Zyloprim-human label) 

.o\dt.-cr.f~ Side £/fe.:.L'I 
These ;;.re uncommon, but bec;;.use excretiOI\ l'lCCurs 
''ia th<' kidneys, the doS11f;l.' may be alt<r...-J in pa· 
tic:n~ with ren.:•l insufficiency. 

T~¥N<X'ey 
In ~scs of rccuncnce. ~llopurinol may onoo bg_am 
be prescribed. 

Urinary allalitl.'rs may be uSt.-d in the manag<'mcm 
o( ammonium add urate, calcium oxalate.nnd cys• 
tim: tmJhthi<'l$i:s-. 

Dos<Q:t F-onm 
I. Pota~mm cimnc (Urocit•K-human labe-l) 
2. S.;l()nJtn hi~rbvmue. ;«,,rnini:.Ol<:rtd (lr.JII)· 
3. 'nopronm r:lbl<'rs (Thlak1-hum:m b.bd) 

Adeem•; Si(k. E/ft><U 
The.~ inclutlc- J'()..'::nblc: lluid and cl«trolyte imh.1 l ~ 

:.1oce whh the use o( s..'XImm bk-c:uhl'm;ue. 

PHARMACOlHERAPY OF RENAL 
FAILURE COMPLICATIONS 

Bccnu~ rh<' renal cart<X pl\idttees cryrhrop.;ietin. 
chronic ~nal fl\ilu~ can cm~e an ab:rolut< or rda• 
twoe d.::h<:icncv in itll pr<'J(Iucti\m. The: ~t..'-'.lfront 
complicatl,,n .sc notmilCftk, nMmochtl'~l'f'IIC ant
mill dun is cbs .. ..;i6<'d :tS noon>genermi\'C. J'arentt'ml 
androgens, such M nandrolone (Durabohn) nnd 
te..~ootero-ne <mmtlu•tc. arc <<~rable of ~tirouluting 
11\t flt(lduc:ti(ln vi reel hloo.xl cell prec:.w'l)i)r~ Md 
may lnc.r..·~ the level o( erythropolcun. lnjcctions 
of recombinant human l.'l)'thr.->pOi<'ti.n (E()\;gen. 
Procrit) hlt\'c been :~hown to cor~·ct anemia as.soci• 
~teJ with duonu; n::n<ll ~ilure (Etthl#cr, 2000). 
When a rf'$:1men 1)f crvthtopl)leun Is :k'lmlnlsrerOO. 
p:tclct'J cell volunw (PCV) values should be moni· 
tor~-..:1 on a "'l"t.-l.ly basis until improvement is 
retl.::hed <~ml until ~ft<r th<:: do~ h~ b«n de• 
<:ft.\$ed. It :lfStt) •nav bt :.d ... i$;\bl..: li) ,)l:)<:e :lnim;l l ~ 
011 supplemcnrol iron :tS :.1\ :.ldjunct In supporring 
RBC r r.'XIuction (MNd:, 2006). Vif:'lmin D .sup· 
plement:; m1ty be ~d in the control of rennl ll<C• 
(lrl(i;l'l' hype~nlth)'r<)u.li*m . Roealtrol (c~•leitri()l) 
~1nd Jlhydt'(lt~ld\)'St~n)l (Hyrakewl) m:.w b\' uSt...J 
for this purrosc. Serum c:.llcJUm, <'reatininc. t~~td 
phosphate tc ... els should be monitored in p<nients 
r«<:iving thi$ rherl,p)· he<.:~use hy('(rct~kemia. hy• 
perrh<'IS.ph:uemi;l, <)r delent.)r.)tillj! ten;ll functi<''' 
c;;.n occur (Ettin~er, 2000). 

EPOETIN ALPHA (EPOGEN, PROCRIT) 
Aducm~e Sfde F./fecu 
The~ lndud\'. loc;;.l or sv:.remlc alle:~lc reaction u\ 
animals and {lllin occurring a1 d\(' injt'i'tion sit<. 
Headnc~ along with ~·izur«. ha"e t\C.::ur~d in 
human.os. 
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PHARMACOTHERAPY OF URINARY 
INCONIINENCE 

Enll\jttt (2000) $1:'1~~: ~Ph:umarolo"lc agellts :lre 
sd .. "<tl.-d fOf manng.::mo::nt ,)( urinary in-continence 
whtn urinar~· t l'ilct inf~tion, morpholOGic abnor• 
ml:llitks. l:l . .ml m~ch.'l.n.ici•l w~ o( ~x<e..o<si\'~ (1\ltlct 
teSI.il:'lll<:e have heen exd~ed :.li pi)SSihlt <::lukS tJ( 

the problem." Utinnry itl<()tu inence may be de
Krib~.-d ns a neuro&>enic disorder or a nonneuror;~·nic 

di~rder. A m:urogeni< di:;ol\kr is <'vid('m:ed by <• 
m':tll'(ll.:l~ic ksJ,,m th:-lt ;l((e<;l.) 1 he upper mot(lr nl"u• 
ron se)lmem~ ,)r the lower motor neuron sc"mem~. 
\'(/hen upper momr neuron .s<'gments arc affected, 
the result is a .spru;tk neuropathic bladder. 

O!!tru$01' mu:;clc I,':I(Jntr;.ction.~ t•n: normi•l, t-Jt 
hl:ldder :'lnd utelhral fut~ctl,,ns are :'lhllf •tltl;ll. There· 
fore. ;~ the blnddcr 61Js with urine. contr:'lCtions 
occur mol\' frequently (hypl•rcontractility) and 
bl..dd('r <.:~pocitv cl..-crea..«s. Also, contmction cl th..
tl\~t ru~r musde :.lr\11 rel:b::lt:k\11 1>f the urethr<•l 
!f'hlt~.:r~r often :u~ n,), .:o..)n:l!n:'l~d. Thas r\'Sult!< In 
intetTup<~o.J, incomrlere, and inv,)lllnfl'll)' urinntion. 

Function .. -.! urinary obstruction 1md urinal)' n:· 
tc:nti(Jn n\O'•y al~o l:>e.: prl;".._'(nt. \'Vh tf) l1.1w¢r Tll(JtO:~r 

ne-ut()n l>~tnems :'Ire ~lffllCrOO. thl." result Is :.n 
atonic. nct~mpathic bladder. Wirh this diJ>Order, 
detrusor muscle contractions are abnonnal and the 
"<.'nso•li(lf) (.If fulln~s is <lbs(nt when th~ bl.-ddtr lilb 
(h)1li)C1)'1Ur.)CI iluy). Thi$ c:n.,;e~ tht: bl;ltiJet t(l tli ~· 
rend. and evetuu~llly. bladdet .:apadt)• incre~s. 
Bladdt•f dis•enti,)n mny cmue dam~~ to rhe tight 
junctioru betwc:c:n mtOO(h mu:;d c: 6bt~. Urinlltion 
e~·t"Jllu~• lly v<:Ctn~ when prl.'!l:illft in$itle tht hl<1dder 
e>:cc«<s urelhl':'l) oorlet r~shmnce. 

Nooneurogl"ffic disord..-rs lXCur ns a result ol 
some cypc: of anatomic anomaly of th<" lo~w urinary 
ua-ct. In the yoo~ dt:~. this i .~ IJ'!u<illy a oo~emta.l 
:)ll(un;d)'· A cnogenil:)l :.lnl)ln:'l ly S.::t:l\ h\ yii\II\S! fe· 
male dogs is ectopic ureler. "'hich C11U.Ses c-ooSt:uu 
dribbling of urine. This occur-6 when the urete~ end 
in ubnorm.t•l pi<•<:('..S rather d\lm at nomwl :;phinc• 
n:r.S.. In the <)k!~r J(lg, ~<!(illln:J :~n;:uvmic. ;lii(IIWlh~ 
arc l!Su:'I JI ~· rcsronsihle for nooncur~enk d1wrder~. 
Cond1tioM that commonly cnuse such r roblcnt'S 
ind OOe chronic cystitis, chronic urethritis. n«>pla· 
sia, t1rolithi<l~i 1. and J'IJStsurgic~l aJht$t(JOS. O ther 

n,')nneUWGCnic disorders include funn ional abnor· 
nwljti(';S such as urc:-thwJ incomp('tence •~nd partial 
\•rttln:'l <)~trtn::t i.:~u. One tHJc;: of r«)nntt• n:~~"<n•.:: 
urethral h\<'.dmpetc.nce cs oft~n !\oCen In spa~~d (e~ 
m..-. lc dogl> nnd is usunU~· responsive w hormonal 
th('rapy. Once the cau.s(" of the uri.n.'l.ry inconti• 
nenct htl.!i b«n id~nti6cd. mtdic.:nl iJf ::;ur,i!;ical m.o·m~ 
:.l$:emem he~u'l.i. If ;l morph,~ktKIC ;lh'l<'tm:'ll •r~ is 
causing urin.nry incontinMce, .surgknl conection of 
th~· pwblem is necnsnry. 

Medin'll man~'I:Oli.Tit ln.t•Y indude treutlnt'nt fOr 
in(e\:t)(ln, 1f prtllt"n t, ;ll\J l~lt ii"W.III fiJr tht! (~IU:C: Of 

the urinary looomlncnce k.r:.. urethr:d lnoom~· 
ten«. bladdc._-r hn'lt.'f<'onrroctiliry or hypoconuxtil· 
icy). Drugs U'>l'd in the m..-dical man~~ffil'flt of urinal)' 
in«>mim:nce induJe the prt.:\'iiJusly mt:nliO:-.no:::l ch.; .... 
li~K': ;l£1'1C\t31S, :'lntlchl)liot11!k.", :'l (~a..-:Wreoerelo:: 
~lOI:ligl.'l«\ists, Ul\(Xnh nttJSde rclax:nnts, .skd~c1l muscle 
rt'laxants, tmnqui l t.~·rs. alr'la-adn.•nergi.: IIGOOi.sts, and 
honnon~'$SU('h ase::!lro~n tUld t<:Sto!'oteron('. T~ble 6-1 
(lui lines dle;t tin.~$ (1)1' t-.:•$Y n-,(cr.:•l<:e. 

Urinary Troct Anolg~sics 
PHENAlOPYRIDINE 
Phenazop~·rid ine is u.s~.-d in humans as a urinary 
tr<~ct <~rtel4:('-5i('. It um h( ~ught over~th<"--<.:ounter. 

1, <:;ln be _,ed ;,~.k.ne (lr with :;ulf:) t.II'IJ.J!S. Its u$e i$ 
c\'mtr:.llndka.ted In fdin~~ because they are quite 
susceptible to dose-related methemoglobinemia, 
ancl o):id11th•(' cha~~ in hemoglohin may be: irre• 
versihle, ~u:~mg (onn<ltiQn .;1( Ht1m t:\>1.1•~ ;).nd 
~1nemla (Osborn~. 2001 ). 

Tricyclic Antidepressants 
AMITRIPTYUNE 
l){,$Cig€ f'()nll 

Amimptylino:: (Eia.\' il) 

Amitript)•lin<' has many properties ll.lld has bcc:o u...<cd 
in cn:at ing inter.'it •ti:ll q-:;uti$ in l·,,no:'ol$. It~ mc:ch~ 
anl~m Is 1\l")t fully undcn.rl'xxJ .. 1\mmlpt)'llne ll> :t 

tricyclic amidcrrcsSilnt and M):ioh'llC J rug ~'ith an· 
tkholiru.-rgic., amihistnminic., l\mi-o lpha4adi\'1\Cfgk~ 

anti•nll:a.tlUU<ItQry, and ant~ lg~ie. {lf(Yptftie!. It htb' 
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Table 6-1 Ph:tnn:aeothe.rapy ol Urin:try Incontinence. 

Drug Action E.xamples of Indications 

Beth(lnechol (Vrecholine) 
Propanthelne (Pro.Santhne) 
BuM hyo.""' (Buscopan) 
Ph~·benzamine 

Cholinergic agonist 
AAtichohngeric agent 
Antichohngt'flC .o~nt 
/llpN·&drenergic: aruagonist 

B~dder~pooonY~ 
Urge incontinence, bi<Mtder hypercontractility 
Urge ~noontnencc. bladder hypercontu~cti!Tty 
U(ethral hyperreflexia 

(Oib•nl'tfine) 
N'"x:ergoline (Serrnioo) 
W.O;~~is)<lyte (C8rlytene) 
Anwtopropa?ine (Jenotooe) 
Oanuolene (Oantrium) 
DMzc~m (VaiiUITI) 
Phenylpropanolamine 
Dieth,l$tilbesttol (DES) 
T~tos1eronc cypionllt~ 
Testoste(one propionate 

Alpha-adrenergK: antagcnst 
lllpN·&drenergic aruagonist 
Smooth mvscle rela10nt 

Urethral hyperreflexia 
U(ethral hyperreflexia 
Urge incontinence, bladder hyperoontr<'lcti!ify 
Urethral hyperreflexia Skeletal muscle relaxant 

Twnqu11iztr/~l muse~ relaxant 
AJpN--&drenergic: agonist 
M~c. e$trogen (horrncne) 
HotmOnc 

Urcth1al hypcndlcxi& 
Ul'ethral ~ompete•lre 
Hormone-responsive ufethtal incompetence 
Honnone·rcspon9~ urriltal incompetence 
Hormone-responsi.·..e urett'ltal ineotnpete«e HotrnOne 

bct.-n uscJ <'X(<'OS.ivd y tOr lhc: trcalment of interstitial 
C)'.stit~ in h uman.:s. Although it ~a pop.~lar drug. it! 
oc<l.Ct mt.::h<'nil)m ol <•CttiJn ;"nv.l tl~f<'l~ll ti<; \'~lvt in 
man~lwiow: 1)11tie.m with 1nttmitkll O::~'l>rni:. remain 
unknown. Thisdnc ha~ lx~n used r.xcndy tOr symp· 
tonunk trt'ntml'nt ol idiopalhic fdinl' m'l'r urioory 
tr.•ct di~u:se (LUTI)) {Oshom('. 2001). 

Adt>et'st! Side Effuls 
Man~· siJ.: effects :~uch as dry m\)Uth, rapid hcan 
r.ne., and :~.:dation (i.e:., ltntihinJUninc dfc:c~) are 
,_,:;;x;i;:tt(!(.l whh 1hii! dn.~g. Hig.h d~ ~an <;;)ll$t 
he:..ltr to)(klr~·. S<lmctlmes tt may cau)O(' c~us to be 
less imercslC'd in sroomins themsch•es. Addition
ally, weight !."din nwy occur (Papkh, 2002). 

Glycosaminoglycans 
GI~'C\'l!iamin\'lghx-a•\'i (GA~) :.lrt- fl'lunJ CMCI'II\g 

the uaru;itional l-pithdium of tlw urinary tr.te(. 

~ urotheljal GAO$ ha\'e th(' llhili ty to ke<:p 
mien.•vrg:mi.sm* ~nd (;1)'$1~•1:> ln)u' adlu:Jing tV the. 
bl:ldder wall and lhrut the tl':'lo~pirhcllal mowmet\t 
of urine proteins and s,)lutcs (ionic Of O(lflionic). 
Dc·f«-" in $Urfuce GAG$ and :~uhicqu('m uro(hclial 
pt:rrm:o:-hility ;·lfl! bditv~l tv he~ (;:.c.wr in t.he J'<ltho• 
~nt-sls ,)(feline l .. llt)J~:lthtC.LUlf) (~1tne. 2001 ). 

PENTOSAN POlYSULFATE SODIUM (ELMIRON) 
Clink.al Use.s 
Oftc:::n t.J.'!ed t(J man~rt htnn~n inu:.r~t•ti."'.. qstitil!. 
Used ro rtinft)ree urothell!:l l GAG:. :lnJ 10 redu~ 

transitional ttll injury. 

Adllt'r$e Sid.: f{f.:c;U 
The l(.lf..:ry :m~.l efh<::.lC'{ (I( !)t:l\lt)t):\1\ wly~ulf;\1~ IJT 

other GAGs for the trcaun em of fd.nc lUTD haw 
nN b..•t•n r<'{'')n~.--J. This trcarmcnt rt.'11Ulins a logical 
choke, hut it i.s not po:;siblc: (0 make rec.ommcnda .. 
ltl)ll'S ;'II thi$ timt ((lilx"Jmt, 2001 ). 

Other Agents 
EPAKITIN 
Ep.'l.k.itin i:~ <• t.:h itv~n .. I;:Q~d nutrit"mal $Upplc:nl00t 
tfl..'lde fn)m a I~IJi y-S;'lCCh :l.t•tlt: extr:)CI«< fwro <:t:'lh 
~1nd shrimp shdls. 

CUniw! Use.s 
l'rllJVCI mfOrnl;tti(m li~tt$ t h:\t Ei'(ll.: il in h ind$ 
phosphocuSc In the imcsdl\e. c:ausin~ ph\'lciphorus to 

be diminall.-d through rhc intdtin.'ll oact. Reduc
ing the: amount o( phosphorus absOfbcxl thc:-n hclp:s 
tO J(JW¢f the tJ<.:\'l;lttd 1<.:\ •d$ ()( phiJ~p~«JfUS n()t<:~.lln 
rt-nal f::ulure. 
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AlODYL 
A;odyl prodoc:t infonnation claims thut this prod• 
uer h-a.') tht. pvtent i:-'1 tl) red~·~e t he tl;l)(t.mi;) (I( re• 
nal fatlure thl'<luk:h "emerlc dl:llrsk"' 

TECHNICIAN'S ROLE 

VctcrinoH)' t~chnicinns hnve a vim I role in th.: care 
o( patienu wirh problcm.s rhat affl."'CI the urinary 
:.)'Stem. This rok indudl'$ pro\'idin~ dil•nt surport 
.-ml ~duC~)ti<•n, C<\rrying •.'lit J~)tktU n ur$h\g ~1re, 

~·formlnf: noceso:u·y lab ... lf:Uo.)l)' or radtO}c,;:Jc ex· 
aminnrions, giving $\lrgicnl assistnn.:c, anJ under· 
sumding the variou:s drug:; and Jicts avnilable for 
d1t u-catmtnt <J( n.:ni•l di.se\'-(,t· 
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REVIEW QUESTIONS 

I. Wh:u stn.cnues 1.":1'10>1 itu te the urinal)• !>fMCm~ 

2. Name two drur,:s that an: oonttaindicat .. -d in 
w..-mk pltticn~. -,-------,---

) . Rc:n;•l <~J-u\~e m:t)· l'!t.'. e::.tegvr,::e.l ::.~ =====or 
5. \Vhm supplement mtty be adminisrercJ in 

conjunction with loop diurerkst 

6 . ACE "'hihitf•l'l) hlii>Cl: the C..\lh·er~«•ll nf :mj!.i<)· 

tcnsin I to -,.,,..----:----:--· 
7. Urinary actdifiers are uSt.-d to pwdu.:c add 

wine, v.t..ich a5:>Uts itt Ji:s9:>1ving :and ~vwring 
d11¢ (oml<)tkm v( 

::;:--.,----.,-- urolith.~. 
S. The r.::nal cortex produces 

.,..-,.---------,--'' thu:s chronic n:na) 
(~ihm.: (:tin t.:<tlliie an tt~Jittte or rdOitiv~ 
----------10 ll.i ('WI)I.)l)CI 1(»l. 

10. \Vhere is ADH sccn:ted? -------
11. The u""tc.:rs __ . 

;). ()rigin:~t t: l'rf!ll'l t he: unn;tty bl;~hltr :~n~.l l t:){l 

to the outsid~ l)f the OOd:y 
b. origlnare from rhc kiJnt."}'S and connect with 

thl' uri tutty hladder 
e. ~r.:: ((,tmd iniiiJe 1he n<J'hl\m~ 
d . :u~ ((mnd lnslde the ,~tlomerulu~ 

12. Pt.'f.Sistently high blo..'XI pJcssurc is kn..-w.rn as 

--· 
(1. hypcrtonus 
h. h}'~tk:Jlen'u:t 
c. hyrencnsion 
d. atony 

I }. Oiureti~ u.rl' used to r.:mOO\'e __ fluid. 

''· int ta(;elllll;u 
b. ~Xlr:lcdlular 

14. AnriJiureti< honnonc (ADII) is nmmally se· 
(.rcted by thC" pituita!)' gland. 
(1 . (l.ntt:Tll)T 

h. ps-..stetlor 



15. \Vhnt supplement may be administered in con· 
jun<:tion with loop diuro::tia? 
... Clllciv•n 
b. Phosphorus 
c. Aluminum h)'drochloride 
d. f'oui$Sium 

16. Urirn•f)· ii<.:Jdi.fit r~ <Ire US¢1.1 tv produ~ <•viti 
m ule, which :'l."~il\tll n\ di:&'Jivh\(1: ;lntl fHi!\'0::1\1 .. 

ms •he form:uion of _ . 
a. calcium 
b. uro1iths 
c.. urin .. ·wy (<l$1$ 

d. tx\O::tetkl 

17, _ is a mcdicnl term for bloody urine. 
a. Hematuria 
b. H.:.:mol~\..S 
<-. Hem:uop .. .,iesii 
d. Url'mia 

18. \Vh:n part of the kidney i.s rc:sponsiblc for rhe 
n::llb...;orption, or the sec«.'tion. u( C«:rtlilin sub.o 
~nc.:.s! 
;l. Nephrons 
b. Tubules 
c. Glomerular lihNte 
d. Extr;~<,;ellulu lluid 

19. P:uie1US wilh ren:'ll f"l'lil111-e :.re :'II :\ les..~r 111\e.v 

rhctk risk than p.11icm s wilh normal renal 
function. 
lil· Tru<.· 
h. False 

20. lo.."lp dMetu.-s inhibit rhc ntbubt• renbrorprtOO 
of -,--
a. calcium 
b. pho~phvn•s 

c. J>o..tium 
d. J)O(MSium 
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.... -···-··'""·----Catesories of ClrdlovtiCII'Iat oru,s
POSITIVE INOTROPIC DRUGS 
ConiiDc C.,<tosi~ (DiPIIII$) 
Cat«ho&amio~ 

~ -_, 
!XJthtrtxtJ.tN: 

BipyTidint Otriv.,tivtS 
lnocmpi(,. Mit.ed Oilal()( 
~em 

ANTlAIRHYTHMIC DRUGS 
Clas~ lA 

G\.ini!Me -Cia$$ IS 
Lid!Koine 
"'"""'411dMt.o\'Me 

ClassIC 
Class U ,.,.,.,.,., 

AIMOlll 
Other ~ra B.bders 

Classtu 
Class rJ 

"""'"'"" "'-0.....,.., 
Other Class IV Antiantrydlmics 
VAS001l.ATOI DIUGS 
l'tydralazine 
Nitroglycerin Ointrnelll 
Prazosin 
Angiocensi~COM'eftiAg £nryme 

Inhibitors 
DIURETKS 
futostrnide
Thiazid6 
SpirOfl*-tooe 
Dlmry Maoaremtnt Df Heart 

Disease 
Mciii¥Y Trtlllmts~t of Htart falllltt 
Brnndlodil~ 
Oxygen Therapy 
Sedalion 
AsJ!irin 
Thofa<ocentesi~ and Abdominocentes~ 

Copynghted 1mage 

CHAPTER 7 
Drugs U sed 
in Cardiovascular 
System Disorders 

LEARNING 0BJECT!YES 

I Describe the Nsic anatomy and r hy:o;inlogy Clf the c:trdiO\'ascular 
SYl>l('m, 

l. List (Qur tQmpen~<• ttlf~· ntc<.:hi~RL<ftl~ tit~ <.:arJiuv;,l:;(;"lar ~)'Sil'fll. 
l. Ll:-lliW bt.~ic ( oh;ecti~s ()f 1h~ ut!.'lt fi'W!1U .,f <:ard lo~-:l:>cAII;)r •lli>t!~:<.C. 

.J. DlffcremL-. rc lx:twt'cn no inmropic and a chron.ofmpK drug. 
S. list nnd d..-s.;ribc th(' indications, physiologic e((.:cts, and wxic 

si..k effons of the- a~~diac ~rl)wsiOO. 

6. l~t tht: (o)I.IT c<lt~ri~ <)f antHI.rrhytltnu¢ JnJg~ and ~in: ,11\ 

exnmplc f1'0m l.":lch categ,>ry. 
1. list por.-ntial adv~rse side ~ffcca; of th~ {lntiarrhythmt<- drug-;. 
8. OeK.Jllx- the !Klions nnd potential ~ide: ef(«cs of th~ vas,1dihucor 

drug.:s. 
9. 0dchl'11.: Lhe :t(.lu">lll< anJ l~')tcn t l::tl slJe eff«.u (>f 1he :.ng•r.tensu\~ 

COI\\'Crlillg cn!~'tnc (ACE) inhihirors. 
LO. Desaibc the aCiions and potential side cfit'Ct6 of the- diuretics 

ulled tO treat carJicJ\'<I~ul<lr di~. 
ll. Oci~Cnhe the 1)\!llJol.l:-<.: vf diet;lty $<..>dtun) ~•ri~tlon u~ 1 h.: th<:t<'II'Y 

l){ cardkwascul:u diSea;o::. 
12. List ancillaf)' drugs. or procedures th:u may be used in the treat· 

lnl'llt of cardiova~ular di&t"".J:;e~ 

1Z9 
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EV TERMS 
AFTERLOAD The resistance (pressure) in arteries 

thm must be overcome to tmpty blood frOm the 
ventricle. 

ARRHYTHMIA {DvsRHYTl'IMIA) A variation from the 
normal rhythm. 

AUTOMAOC:ITY The ability of cardiac muscle to gen· 
erate impulses. 

8RADVARRHYTHMIA Bcadycardia associated with an 
irregularity of heart rhythm. 

BRADYCARDIA A sloweHhan-normal heart rate. 
CHRONOTROPIC Aff~ the heart rate. 
DEPOLARIZATION Ne-utralizing of the polarity of a car• 

diaiC <ell by an inflow of sodium ions. Oepolariza· 
tion result$ il contraction of the c;.ardiac cell and 
renders it Q:apable of further contraction unti reo 
polarizotion O<Xurs. 

INUOQUOION 

Hem di::.<'~SC hru; a rd<'lti vcl~· high incidence in Vl.'t· 

l'rilt.1JY mcdkinl.'. Stud it·$ hav~." found that approll:i• 
m~tdy J I 'lf. of ;•lllkot:ll rre..~ntc:d w v~;:tt:nn;n)' dm• 
.cs extul'ltted .>o:nne deJ:.n_~ f•fh<::~rr dt>.e:l."C (R,)I.:kbus.h 
Cl al. 1000).11can Ji.~~.~se nm~· ~ c-,')ngenit;d or ::~c:
quircd. Ho"'l'"'"'f, the ocquirt.'\1. f-orm accountS for 
tni)I:St c<•:s~. The: inddem:-e <Jnd c~".ax- toav v;~rv frvm 
li~C:lli()ll 1\' Ji·IC;'ltknl. H t>:lMW(Irn\ dbt:a!<;;! :\OC("uu.~ (c.r 

a larRC pt.'rcc.ntnRC ,,( he:m dl~e;be m liOtne ('.lft.<i: cl 
the country, wh.:rc:u; acquir~.J disease oi the anio· 
\'entrkular vah•es or myocardium hn:s a more uni• 
(;Jn n lh~lril-.•lt~Jn. AIXjtlirtd di~c;::t~..- .. ~ tnC(ItmU.:n:d 
mMe <'frcn In oklc1 :lnunals, :"ln..-1 Cl"llflk"-..-fllt:~ l Jl:...-:.lr.c 
•~ mmc rr.:valcnt in youns:.:r on~'S. 

Wharew:r th~· cause:. tre-.:ltml'nt (.)( h~an d isc:asc: 
•~ CJfttn i n.;liv t~.l u<~li:c:d tc..l t he plutic.:ula.r p.·'ltient ac• 
C(orJult! l,l) l::'lu!<, .ll!t::rel! t)f j)tl•l!~lt)li, :)1~d <.IWI)t:r 

OOO('C~Itt)O . The re$poniie to nearmcnt m usr be 
monitort.-d carefullr and adj~t~.J while the disc~~se 

prog~~es. cau:;in.g roor li\'er or kidney fun<tio-n. or 
whitt' u.nd(: :;ide effect~ ~l e:vel<•p. S<.lnle <;:ln:liv\'<hCt•• 
b.r Jr~.; ha\'e :t nal'fow mai)O:u\ oi sa(cry (I.e., rhev 
arc P"».:nrially toxk ~r I<)W dos~'S), anJ i0i1ins (i,•er 
and ldd~Wy functi<m moy nxluc~ the body$ ability 
to.> me:t~boli:c vr tlimin<Jtt th~ dru~. 

INOTROPIC Affecting the foo:e of cardiac muscle 
Olnlrocbon. 

PRELOAD The \'Qil.I'Jle of blood il the ventrides at 
the end of ciastole. 

PREMATURE VEtmUCUl AR CoNTRACTION (PVC) 
Contraction of the ventricles without a <orrespond· 
ing CQOuaction of the atria. PVCs arise from an 
irritable focus or foci i'l the ventride:s. 

REPOt.ARtZATION The return of the <ell membrane 
to its. resting polarity after depolari1.ation. 

STROKE VOLUME The amOU"It of bbxl ejected by 
the left ventrida with each bam. 

TACHYARRHYTHMIA Tachycardia associated -Mth an 
irr~rity in nocmal heart rhythm. 

TACHYCARDIA A fa~r-thtm•nonnlll heart ~. 

fl.c:cau ~t· \'eh~rh':'rV teehnk1:m.~ :lre vfh•n 1h~ 
pc.t!"<<t\S ~~ho l'nl)nhor the rlt)j::ft-'S!> of h0$ptt:lli!t--d 

p:11ients, th~-y muSt be aware,'){ the signs ,;f cnrdio
..,lt~Cular di~se and of nonmtl and abnorn~·l !"<: " 

.spons~ 10 .;l rw:~ IJ-.tll w tO:lll thi~ clh~• st: . 

ANATOMY AND PHYSIOLOGY 
QF THE HEART 

The ho.':;'ln i$ a four-ch:unbcred pumr dm Is ~n· 
sibl~ for m<wing blood thn:mgh the vru;cular system 
The twodonnl chamb('l's<Jre called Clm(t., and the tYlQ 
~·c:ntr.l l dlam~Jt>cy are ¢11lecl t'C7U7Ji;b {Rt:vre ( .. I). 
f:xh <i d\~ ch~lmbctli lr. c.:.,mpt~ pumauly of Slrl'lf'llt: 

muscle tiS$UC c~llcd myocardit•m. which Clmtmcts to 
~jl"Ct th~ blood. Even though thl· heart is coosklen....J 
one QI'J:Itn, il t'Un<.:tio.mli ru; tW(I pumps (Spind li and 
En•~. 1978). 

The tight atrium 31\d \'el\tnde C(mstitute the 
"right-side rump ... nnd the l~(t atrium :md wmriclc 
ITt;ll;e 1.1r thl• "kft•~d<: p.Lmp." Bl.ooJ from th<- ~'l.'I\Crd( 
(:u\;lll::lli<m lt:l lln'~ h)· W<l)' li rh~ ven,."l con11 tO th~ 
rij:ht attlu1n, emcr!> the ri,;:IH wmrlde throu;(:h the 
right ~tril'W<.'llrricu l~r ,,~1"-e {nicuspiJ valve). ~nJ is 
pumped through the pullT\('In..,l)' onel)' to th~ lungs. 
In dlc lu~. the.: hk,.xl gav\"':1 vp t:<lfhm dioxid~:: <md 



Chapter 7 D rus:s Used in CaNI~vasc::ula.r System Olsordt.s 13 I 

S11oetrial .... 

Right 
auloventricular 

valve (b1wspldl 

FtCUR:E 7 ·1 

Purk!nje 
libel'S 

Sdlem11~ ~ the h~ ;,fl(l ii:S <.X.lfldwion s~'ltm 

pk~ upQX~l·n. The QXVJ:.:nat..-d blood rt'turru to the: 
hc::Ht \'i<l rile pulm.._,n:H)· \'dn.~, wht!te it hlb thoe le(l 
atrium. pi~$-~ throu~h the left atrlovcn£J'kul:u "alve 
(mitral \•alvc ), nnd em ~o-n rhc lc::(t \'Cntridc::. The mi· 
trnland triclb])id vah'l"<S swing O(X'n wh.:n the: at1i.t• 
..Xmt~ t)nd iit\<1P i;hot when the ventncles <:(•nt~. 
n\(' dt1eil.n~ o( the Wll~s :U lfle ~nuick>s COnti".)Cr 
pttvcnts blooJ from t1..-wJJng bK.k inh') the atria. Th\' 
k(t \'C::ntridc:: then contracts anJ c::jt•cu; the OX)'&~n· 
at..-d biOiJd thrc;~ugh tho:: owrt<• 1)4Jt into tht' b1<1nchm~ 
;trCl:ries. 11'ese <Jrlet-tC$ dh'idt: 11'11() :lrt.:rk'lt:5. ::.nd end 
tn the thin, ..... ':liJed cnrill:ules throughout the OOdf, 
.... •here carb:m dioxt.:k· i$ loaded 10 thr blood nnd oxy· 
&>en i.s unlo.-.dcd to the ti.swc:. Becnuse the: kft v('n• 
tride m~ w<)r\: h.:ml.;:r t<) pt•m,-.. hi (IOI.I thn)t•gh(,tlt 
the lxx!v than the rij:ht vemMde must "''•)fk 10 pump 
blood to the lungs, thel~.--fi vcnoicuJar "'nil is thicker 
than the ng.t vc::nukular wall. 

The pururin~ <Kiio>n o( th.: h~rt i11 (.h\'icl<:d into
IW<I ph;~~~~tfole :.o.l d•:.swle. $y.!.llll~ is 1he pe· 
riod of conaxnon of the ch:.mbers, and di<lSh')le 
rcprcscnu; the rcla:<ation phaSt' when the chambca 
ar.: fi Jijn~ with blood. B«au$(' ""~•<:h <:t'JI in th.: h~rt 
i.$ ~~p;lhle <\( w•ur.-<:tin~ $i'*)n~ne~J4Ji,ly, the inter• 
xtloo o( th~ t'ti.•O ph;.U('~ mus1 be cardull ~· CJ.)Mdl· 
nat~.-"<1 to create nn cf6cu'-nt rumping acti,.,n. Dia· 
stolic time mU$t be adc::qunt.: to allow the auia to 611 
«:>mr lttely, Q.nd ~trii•l ~)"~tole m""' r.l(:cur :d)l)ttly 

hdon: \ '<:ntricular $)~o1.: to ~a llow tilt' \'<:ntridt$ to 
fill m:h:im:,llr. Cwcdin:ll k'•' (I( •he!.:: tWO J'h:•$1!$ i$ 
~lCblevcd rrimatiiV tf.tough a "':l.VC of tJeCWC 0\ett\'· 

ity thnt ntises in a spcdnl iz~.--d group • .,( cells in tt.c 
right atrium and th1.•n i$ conducted throughout dle 
my(~~ui.htnu h)' :'1 i!pe<:i."ll ~Ofl(I \ICtJIJfl ily$ttm . 

The structure~ th:u m:lke up lht c:udiac Wl)duc~ 
non system (sec figure 1-1) include tt.c $iO,'Xltri:d 
node, the ~nrio~·~·mrkulnJ n<.xJ..-. the bundJc o ( Hi.s 
and its hr~nch<:$, and the f\ni:inj<: :;~tern . Under 
;)bnfonn:•l C1)ndi1ivn$, p:ln~ 111' t he u\'{()C:mhuu\ a•"-.i 
C\)l)ducti~)l\ S)'Stcm :ue capable ,)f s-pont~lMOus Jjs. 
charge. NmmaUy, however. the: .!oin\'>.'ltrinl node 
di$cha~.::s mmt rapidl\· and ~rc:ads a W<l"<' of <kpo
l."lri:;_lti~•n vver n;:m;)inin.g ~lfe(L'! •)( 1he he\11'1 l-tf~ut: 
1hey c:lll depola.n~ s~)IH:\1\00uslv. The r:~.tc ol Jts.
chargc of rhis node thcrd'orc:: Cl')tltrol~ the heart r:uc 
and i:; called the: mrdktt: P«cl'~l'T, lmpols~ f.'l'll<:r .. 

atc:J by the: sinoatri<l.1 n01.lt' tr~\·d Q\'t'r tht' atria w 
1he alriO\'t:l)tricuhu 1W11:I~, (':I.e~;\ l)r;e( dday (:lboul 
0. 1 se<ond) in lhe auu:wemri<ubr n,'lde, uavd 
down the bundl~·o(Hi~ m iulcft and right branches.. 
and p~s int(l th<- \'t'ntrkuilu mu~l<: \'i:• m(' 
l'uri:h\j~ liber'$. My(lC~rd•;ll ~ell~ ~ue joined lo)J!tcher 
by !>trueture.s C:llled intercalated disk.~ a1-.d by fuslnf: ,,( 
cdl membranes into $0 interconnected mass of 
cells <all«! a s,ncyriwm. The syncytium o( c.db 
in the atri .. i$ ~c:p<trote iUld i$ in~u1<4tc:•l from the 

Copyrighted material 
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.S)'OC'{tium in the wnuidcs {G an\'mg. 2003}, :'\n 
d c:cmc sti.mulu.:s from the: sinoatJi<•l node: is tro•ns• 
•nh•ed vvtr 1he l"ntirt :\tn;•l m~~s by 1l1l" :<yn¢-}'tit•l 
ar~a;:<:mem o( cells. The lmpul~<: ·~ 1\0t, h('WC\'Cr, 
uan.smitted dir~.-"'Ctly into the \'Cntricu13r s~'ncyr ium. 
Tnt impub<- first must be: picked up and transmitted 
ly,· tht atriovcntticuhn node thrvugh its ¢vnd~.teU(m 
.synem tfo th~ venuicul:'r .S)'I'IO:yl •um. $rimul:t110il ti 
a s1nglt ;)trt:l.l or ~ntricul;~r muscle 6btr c~lUSC$ the 
entire atrial Of \'enuicular mus..:le mass to contract 
itS •• unit. \Vhen ~ituarion:~ Ct'IU$l" spontu•leoo~ depo• 
bn~titJn (rf (ar.:lh&C um:;e.le vr almvrrn;llhie:; of du:. 
ccmducdon s-ystem. arrhythmias: may ,')C('ur. 

When a c::~rd iac cdl is stimular~.--d by c!.."Ctric 
octi\'icy that ari$C's in the .liinontrial node, it under• 
t;,'CJ"" derJI~ri;\•tion a nd oontT\I(.t$. ()cp(ll:•ri::uion i.( 
<:h:.lt:'ICte.meJ lv,• the t:lpad infl ux i,.( S(lJ10m I,,,)S 
ltlh ) the cell throu~h channels or ygates," the 
slowl'T influx o( cakium ions, and the ourtlow o( 

pota~ium ions (Figure ; ,z). Until th(> sodium. po• 
t~~iuu\, :md c:tk imn ivn$ h:•ve rl,IUNlt'd tfl 1he (k)· 

slnon~ they had before ..k·polarl:atkm. the a: II i!< In 
a re(ractory period ( Fi&oure 1-3). A cdl in an abso.)· 
lute refmctOI)' state C.Mtnot normally depoblli><"· In 
\t ~littiv~ n:.fr<teto.>ry perk~!. howt\•~r. ;I c.a.rtli,ttC. .;til 
c:lO depobri:e :lx:lln. I'M1r rhe Hltnulu!< mu~t be 
s.troOJ,tt>r than normal (8il1.1006). A rcfr:Ktory pc· 
rkxl is essenrial ior a cardiac c.dl to prcvc..'nt it (rom 
l'{'m(lining i.n a <.:onsnmt ~iltt' (>( <.:vntr<•ction Olli the 
te:ou lt d ,.tlmul:.tl(lr\ by re<:)'l!lill$: impu ll't'$. Th~ re• 
rum of the ions to their original ~ltion~ is brou~ht 
abOtn in part by the sodium·potnlisium pump and is 
an e~st'ntial r<•rt of' tht' repolari.lil tion pro~s. 
Slunm~d elt¢tri¢ •lCt i\'ity :·tn:;hll,l fwm th< ¢(1ntrtl¢• 
tl01\ ('>i all heart cdl!< represcnts r:hc cleurocardlo· 
gram {Fis;urc 1·4). with t':!lch of ir..; \lo'r!V1..,; si::;mf'ying 
ncti\'icy in a pankular al'('a, 

Even thou~h the h~ar1 <:$tahli~h~s it!; vwn mher• 
e.1U r.u e t)f bl";'llu\j!, 1hli mr..: h :,oubject H• flutS••Ie 
i1\1lucnces thmu~h the auwnomic ncwou~ system. 
Tlw sympathetic (Xlrtion of the autonomic nervous 
~)'Stem, throus,.oh h:w·l rt":eptor~. prod~.Jees p(lsirive 
c.hn>notr(lpic.: ;tud inOtropic: e(i~<:t'll t)n t he hl".::u~. 
T he (XU~')'tnpcuhe t tC bmnch of t he autonomic t'tt.r· 
vou~ system causes o..-gative chroomropic efft"'Cts 
through cho]inergk n.•<<:ptOI'.li· 

Outside eel 
Na· Na· ca~ 

• + •• + • ( -- ---- ( -- --- ++ _. ... 

j I. ----y .. ~ ................ .,....,. ..... ....... ,.. -r · -- 1--
. ' K ' 

Cardia<: oell 

Depolarization 

Na' K' : ~: : :: jl H + H j r-( .:.._+ ;:.;• •:..::..:.: ~ ~ 
Na' c~. 

Can:iac 0011 '. 

Repolarilatloo 

FIGURE 7·2 
Depolanzation i!t)d tepolariza'!lon of a cardiac c.el Repolariu
tion: The soduP'I-potJS1ium-A1Pase PUfT9 res.:<lfes electro
lytes {(> tht11 reshr.g Slle$. 

Refractory ~:iOd 

FIGURE 7·3 
Sdlemobc; of 1ht r~r.x;tory yeriOO Ql (I <:<1td;x c:el. Ahtr depo
f.!rllilll<ln (C01\!1actiot'), e<ud~ musde <:ells are ~S~able tl.l 

oow.ract again until thO')' ~'t! t.r~ckcgont> f~polan:tabon. Thc:l 
tome dvra-~g voiT.c;h che)• ;:.re ut~oble 1.0 (Q,.,.,ct i$1he rtfrt~ttory 
pMod. 

The he<lfl pump$ bl1'od thmuKh .-. ~rles o( arter
ies (arterial t:ri.'C) m ddiver it m the ris.su~.-'S. The 
la~<:r of tht'lic art<.:Tit'li have d!llltk propcrtk-.li, which 
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VM!tleiAal 
repoltUill'lllon 

C<lfdiac everG ., depicted on an eloc!IQ(Oitdi!JFm. 

alia. them to Mtttc.h aM ro.:lll'd ~-ta.-n ~JJ ~ 
pumpoj lOt\) thc~thetd") K'fVing 33 a f4:ConJ 

pu.mp (U("'t~n. 1988). T1' c ~m.tller unc:rlo.::~ . IK 

l,.';l~tt-1~ t\f dltU~..~tinl! ~heir dtl•lrlt'l.;r (<;~"~ ~•·rk1i n,1.! ( tt 

dti:\111\Jc) rhwu.,:h ll"~~e ::w":lillu ,/ !A)(')(Jth mu..r. lc In 
chttr W31llt, fA.lllk.J\'aSot « Jccrc.a.•., the r~mcr lhal 
me. Man muM pumpa.gatn.'l:. 'umuboonttl•frha·l 
R:'("Cf't\>r' l- tul<"' ~>'n.."'eb t .. , Ctlf'I'Otnct, <md :Miml!l.tt ltm 

vi hcm-2 ' "'u:rturs .::;n,~~, ""')Cb tt t tM:u¢. 
Th~ :\11\t)Unt oi blooJ rh 11 d w.- hcan is car:thk 1'1( 

rumri"Jf r« mmurc i.s n llcJ r.:Jrdi&: owt/'l.t, tJu.s 
,.._JUt' r; cakuLt1cd l:rv muJu,rhu~ the- h.,-,.n ntrC' l-oy 
tf'w ~"tlt v..tlun~. Th(' "'ruke nJfume t1 ~kier· 
l'l:UOeJ II~ f'irt by I~ "'mmuu o( bJooJ rhar ftlli t he 
vcnnKie durmg Jinswle, cnlkoJ 1hc preload, .tnd 
th<" anc-rbl mi.-stance rhMl dle n:nuk le mml pump 
~tn..-t. ('aiW tM .ll ftttto.d. 

COMPENSATORY MECHANISMS 
Of THE CARDIOVASCULAR SYSTEM 

1'he orJ.,ll\.bl.ular .if'lt'tl'l hM a bt.nk·u':l rt.-..cR~C 
Clf\kl(), "-h-.:h a~ n to U'Kf'C"aaSC' itsoutl'\11 J..&r. 
1ng time~ u4 necJ (c:.g., a1hlctJc ~rformanc<) 1nJ 

10 CCJIJ'If'-M.Mt: for C...tJI.k J~. Th..o fwt bas.:: 
f:tcrur) ut cardiac ~n·c: or c..xnpcn .. atll.)n <~re d~C· 
lfcrihtJ in the rotk:.w•n.: <811J, l99i). 

I. lnerc-u•ng hearr r.1u:. lnneru;ing 1hc mtc ol coo· 
11"<1CII"It tnCR'ald ( lfthiiiC OOtpJI ur W tlw f'('i.nt 

-• •ltk.h r~ r.w: 1' "'' f.A."4 rhM rht-n- t' anJrJe~ 
qu.u~ ume fot '"nut.,;uJ.tr lilhna,. 

2. lncrcl\'img the .s.m,kc volume:. Ur hl .1 J')inl , 

:m httre.IJScd force: uf C(~ntructi<m rc:,uhlf in 
~n m~.-,e.~~ Ul the :~mount u( blu'-xllltilt ~.~ 
flil~m,..N. 

J_ lntrn&rne the dicemc:" d W ht...n m!lklt. 
4. rh)':il~~lc hcan cnbr;s .. ~mmc. The hc-.1rt is 

\:ll1t1P'-"ed tJi mll~ciC' thllt f~r'o-U\d) tu Wllri: hy 
inc~.,,ln~ 1C:. ,j;~ ,,nJ hl"l.l 'l~t irlg SU\llll:l 'r. 

).hn\' Jt"'nk" can tC"'Vh in c-11nll-.: J~"<il'<· 
H."*<' d. ft'IIN th::lr '"""'>AJ t<J rfurm.;lh*~ ther~ 
:lM f>1U mh>Of'K"ofth..: toiLwi•ngcm•tuuo: 

I. Vrtl\•ulur Ji~;uc. V11h·ul,,r in.su.fllC'Icncy, 11 ba~:-k~ 
~~~ ..... 111 lt-;lkal!'e of hi,";J 1\...ci:w;wJ 1hmuJ!h dae 
v.JI!ic. i; a rebrl\'t'l" ...:t:~tnrnoo :acquu~ IW":Art 
Jt.....ru.n- oi Jogs.. I( d~ trteu:Spid '.the ,_, af. 
kerN. '-''<ltC$ m.1y nccur. If th(" mm11t ''llh'(" 

ted "la ill 
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i! involved, pulmonary •. ·•dcma may re$uh. 
V:•lvular disc:w(' may f t'..l>"Uit frc•m prog~»ivcc 

b:~to:.:ri~•l o:.:ndot~nJili$. ln:\deqo;;:ue t)pening vf 
vah·cS; may :'lll>O ,xcul' and cause da!ie;lse. lruuffi. 
<-icncr Of stcoosi! nmy be accompanied b~· a 
mun nur. 

2. C.·udi-ac.: arrhythmias. I( a (•J(;u-< Q( c;,~rd iac 
tissue deJMLarize~ •)ut 1al sequoi'11ce w11h the 
:s.ino;nria l ~toJe, tUl nnh)' thmia ntay result. 
Various lypcs of an h)'thmias. includins 
tol<:hprrhytb miou (tuTh)'lhmias with a rapid 
r:ut} anJ bndy•urhylhmi:l~ ("<! rrhythm.;\~ wu h 
a slow mu'), may l'l«"ur. Arrhythmias may OC· 
cur in lhc atria (supra\•entricular} ,., .. in the 
ventricl~ (\'enuicular). s('\'eral cat.,.;ori~ of 
d ru_;.'$ (c~tl!'th•JI<ltuin~. thi\•b<ubitiH<lt(!:r; , JC )'hl• 

: lne, d!JO:i•x:in. anJ <lthel':i) ptedi>JWIS-e 1he he:ltt 
to arrhy1hmias. 

3. Myocard i t~ l di.se.n.sc. Cardiomyop<nhy, a disc.."aSC 
of the mp.x:ardium. p~imarily affe<.:t:! dogs •md 
C:.."'l$. II m ;\)' he d;l~1fied ;)$ c..:-n;:..~"' ive (the 

Faiing heart 

mycx:nrdium lx-<:omes thin nnd incfft'<:liw in itS 
pumr ing art ion) or hypC"rtrophic (the mpx:ar• 
dhnn 1:-.:Cllfth;$ thicko:.:rw.:d t~mt ~lfi(h ve:.ntric~,~ ... 
b t ti.lll tl£). E:tC-h t'(J>C Is air en ~lC«~mp.lniOO by 
various a.nhythmias. 

4. Oth('r potential c-m~es of canl.i t~c di~eltS(' in• 
cluclt cvn~<:mta.l ddect.~ (nght ·w·le(t shun t:s). 
ahn•nm:.llitll"S ,>( <.:.1t d1:)C inner\':.l tton. \':):>.e.ubr 
disease (hypcrrcnsiotl). :mJ heartworm 
di$Cli,;;C, 

C;tnli<'I\':\SC,;ul:.lr di$e:'li!e$ with rht gre:lft!$f 1~n:~1 · 

leoce lnd ud(' mitral J ise:l.So." U\ d(li:s, h~·~moptuc 
carJiomyopathy in c~ts. di1:ned cardiomy,.,parhy in 
Jogs, "Boxer,. card iomyopathy, nnJ heartworm.s 
(Htunlin, Z003). 

C.-lfl.:~Sti\'e he:ltt (:),Jute CCHF) (A2ure 7·5) 
occurs when the rumping ability o( the henn is 
impaired to th\• \"Xtcnt that sodium and wate r 
<IT( J('tain<d in an dl'o0rt h) <:omf'('n.~at<: fo, in<W<:• 
qu:lloi" C:lr.:.k1c OUI I)UI . It is :~~:u.":i J l e-< 1 wil h exetci.~e 

Increased heart ra1e Decreased C8fdlac ou!pUt Increased prelo~ 

I Decreased tii~Wlg tine 1~ I Reduced blood suppty to «gaM I I Streld'llngot cardiac lt>ersl 

! - v....,.,",.,'"' - I "''•""'• -! 
ftenlf'Klngiotensfn sys1em I Cardiac e!'llargernent 

a~ated tn ldtt'leY! 

t 
I Aldo61erone reteased (adrenal gland) I 

+ 

Edema andfor ascites 

FtGURE 7 •5 
P~thopl'tf$iology of oongC$6ve he~tl f~il..-e. 
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Table 7·1 Stagoes and Treaonent of Cardiac 
Dis..-.ue 

Sta&e Signs Treatment 
I None/mutmul None 
II Cough ~net«:! sodnJtn d•ct 

O.Uretic 
Bronchoc;lil.;ttor 

Ill Cough Sodium restriaion 
Reduced ex.ercise C>gilalis 

tolerance OioreUc 
Vasodila1ors 

IV l>)lspnca al rest o,gon 
O.Uretics 
SedatiYeS 
Vasocltla1ors 
Others 

inll)l u;,~ner. rui'' 'OI'<)ry edl~1n;:a, ::a•\J 11!9Cile$. The 
hem usually b.xome:s enlarged II\ dlis conditi\)1\. 

Cardiac disc~s..- has bc.'t'n divided into four 
phaSC$ acc.ording to dl'grel' o( $eVeriry. Tt1hlcc 7 .. 1 
li~s tl,e,_~ ph.o1.~es with c::orrt:lof'C)tM.Ii n~J: dinic;-.1 $1t;:n~ 
and ueaon~rs. 

BASIC OBJEtnVES IN THE 
TREATMENT OF CARDIOVASCULAR 
DISEASE 

Basic: objective$ in t he tr<tHTiltn t of eardiov;~.Scular 
l h i;t;:)$1:: iJ'.::h1\lt the f(,U(Jwmg (Eitin~'l;:r, 2000): 

I. C:>nnol rhythm disrurbonces 
2. Maintain or incrwli(' cardiac out-put 

<~· lnc::n:a~ the strC'n~th Q( wntrac.:.tiQn 
h. l)::cr.::a.S< chi! :)ftttl(•:\d 

(I ) Arteriolar dil.:uor 
c. Occr<as.c the r rdoOO 

(I) Vcnodii<Jtor 
3. ~eli .:v.: fhnd <l!Xt.l llllllllti<)nS 

~). Dlure:t lcs 
b. Oict11ry salt rc.-stricti\)1\ 

-1. lncr<a!< the OX'(~'('Oation o f the blood 
0;1 . Brun.::hodi l~tiOn 

5. AnciJiary treltlmcnt 
a. N<Jt(.Otic:4scdativ<'$ 
h. Ox)-gtn 

CATEGORIES OF CARDIOVASCULAR 
DRUGS 

Positive Inotropic Drugs 

The b~n('l'lll princ:iple involved in the- \tiC' o( dru.g;s 
1 l 1~t mlpr<IVi! 1ltt ~~~ngth (I( OOnlr.~i<)n is l ~t.<:• t th~ 
hc:ur. C:\'Cfl In rhe pre~nce of d1seae>e, has r\!icrvc 
capacity fm contracti\)n that CtJn be called en h '> im· 
prove cardi.nc ootpt.~t. Some d inidam -advise: cautious 
~ IJ( p<)!iHvl! in(lti'Opk. ,l ru~ ~u::< tl'lt* can in, 
crease tht OX)l~ J~n);lnd ;.,{ l::'ln.li.'lo:: mu..cle.. <::)1\ 

rotenti:lJiyJ:ml:.lgt' the 001\U'.)ctilc :lpJ'Ilr.Uu!i, :loJ C'.)O 

incrcas.c th~· tcndl."ncy (Of anhythmill$. Proof o( dini· 
cal cfficu~-y of PQSitivc IOQtropic: (~ il; Lucking, and 
1hdr u .. ~ i:l con•r<)v~<\1 (H(II)(he. 2001 ). Their J'I(II'MJ' 
l:lrity ha..; 'tl.':l.Xt'd and wanOO rhmu~h the years :l~ 

n<:Wc."f, morl' cffcctiw products have come into usc. 

Cardiac Glycosides (Digitalis) 
The di):lt:lli~ cnmp~uu.l!i (dtjtOxln and d•KirMin) 
~uc obtained from the drieJ 1..-nves l)f the plnnt 
Oigi(alis tmrp~tr.m. The lx£k•6cinl <ffe<:bi o( th~~e 

compound.; h.-\'C' ht-en knQwn for huncl""d:l' Q( y<:ilni 

:.ln.! u\C.Iude ( I) lfll J)I\Wed c~rd~;te. 0.)1\ l r:.c.hlh)'. 
(2) d.x.rC'ilsOO hc:m rare. (3) antiarrhythmic e:ffects. 
and (4) decre~cd signs o( dyspn~"<1. 

Oigitali.s incr<asc:$ the str<l~'th o( contr~ tion ~· 
iJ'.::n:;~ing 1ht: le\'d of c~td\ml i1.K'" <h'<\ll<'!hl t: in d1e 
ca.mr.u-:llle 6l:unems W1li'lln car\ilao:: muscle cells. 
This :Ktion occurs as :a rcsuh of inhibiti~'ln of 
sodi um•potassium. •aden0$ine tri phosplmn.se ( P~J,'\Ire 
( .. 6). T~ he.1!t rot< i.• ,JoJ~vcd t>y proiQ11,1!;in~ <~trit>" 

ve.n ln<;ul;)r 0.)1\du0::11tm unlit Oln.l by increa.s&nt:: ("<lt:V 

sympathetic, autonomic Mimulation. The pnmar,• 
actions o( 1h~· Jigitalis druf;$ nrc to ( I) incrcasl' the 
force of (01\tracrion, (2) dtcn:asc t.hc: rate of con .. 
u·,)l;ti(m , ;).I'd 0) m l[tn)\•t b<lr(lfe.!<S'hJf f\lne!1t(ln 
(H:unlln. 2003). 

Oigir-Jlis us..- is indicated in f'11ie n ts with cardi:ac 
di:sell!c that resulbi from imraire>d cardiac <ontrac, 
tt1Jn <)r <1trit1l arrh)·thmit'S ~~ :;tl~"t::ted b)· dinic::~l 
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Na• 
c ... 

cardiac oen 

f iGURE 7·6 
Effea of~ Oil the <xhum-pocas.sw.un-iUPase pump. O!gi· 
tali$ (:()11llounds blotk the sodium·pol<JSSitn· ... ~TPilst cnzy,.,~ 
red.lce the amoum ol ~ plftlped our ol 1t1e <e'l durone 
repolan:tatioo, ¥1d iooease the ~I'll of Ca'* a.;aila~e for 
depol;~rqo6oo. 

s:igns s:uc.h as <'X<'tcisc intokr.mc<'. W<'3k perif'h<'rol 
pulses.. pulmonary <'d<'ma. and c.oughing-or by 
cltc::uoc;:.rJi<Jgrophic:: tl i~gn~i~. 

Clinical Utes 
Clinical ~..-so( tht• digimli~> compounds inc hiCk• the 
tr('~•trocnt of C HF, <mial fibrill~rion, ~nd :>uplil\'('1\• 

uu~ul:u ~u.::hy(~ndi;t. 

Oo.sQge FomM 
L~g.: form.s include tablet-s 11.nd dixin;. Veterinary 
tt.nd homt\11 ~bd pr<xlo<:t.s tt.ne (IV<lil<ll'-1~¢ k_~r di#vxin, 
l')(u dlw•m>:ln .sc no l1m~f marl:eted. 

1. Vcterina.l)' approvc..-d 
a Di~oxin dixit (C.udolCin LS, 0.0) mg/ml; 

C.lrd(lxin, 0.1 S •l\2/ml) 
b. Oigno!Cin-tl(lt •W•lilable 

2. Humnn :.'lpprov~..-J 
a. Digoxin for inj«tion (Laooxin, 0.25 mg/ml 

<Jr 0.1 m.g/ml in (lfiiJ't•les ;;)n1.l vi."'l*) 
b. Dir;:oxln mblets (l:HlOlM, 0. 125, 0.25, and 

C.l mg) 
c. Digoxin capsule's (lanoxicaf.'t, 0.05, 0 .1. and 

0.2 mg} 
d . OiJ!l(•xin elixir (L:lttosio, 0.05 mWml, 6Q..ml 

boule) 

A~k-.:r_,..: Side Effect$ 
AJver$0.'. ~ide e.(fect .~ (mu' tht t•~ vi tlig1wlis cvm• 
pi)Ut\<:b :lrt. often :1SSO('i3tcd '>''tth ha~h or t(llCtC sc· 
rum lcvds \'>f drugs and can include aoorc:<ia, 
vomitinJ::, diarrh<'a. and various arrhythmin.s. c,u 
~n: rd~ti\'dy mon: :tt:n.1ith·¢ t han d~s to wxic 
effects (f>Jomh, 200)). IJ1)!haii.S O.)mpournb ;)ft. 

adwr.;<' l ~· a.fti:ccc..-J when givc..'fl concutr<'nd y with 
nw.ny drugs (dm<'ttdinc, m('todopramid<'. diaL<:• 
p(lm, ~lntieholinergi($, (l,n.d l)(lu:r~}. Con.~v l t ;~pprv· 
prl:u€' r€'ft"ftnces for sulmbll lr~·. 

T~~N~ 
I. The btO~IIab1hl)• of dagoxm vc1nts hom 60% 10 

tablet foon to 75% 1t1 eli« fotm. and adjust· 
ments ~re probilbly needed if the d0$.itge fonn 
tS changed. 

2. Gents should be &<~vised to monrtot their pets 
~atefully for signs of tO>l<;ity and to ~vise the 
veterinarian rt any arise. 

Cotecholomines 
Catec.holnmincs include a gmur of sympathomi· 
ml•tic (adrenergic) compoonds thnt (I) incrl•.ru;c 
tht" fo«:c: tmd rate of mu~cular <:ontriKrion of tht" 
hc:;)rl (inc.re;t....-t il'l C:.)rdi~IC (IUI J)U t). (2) Ci)n$tr ic.l 

pcrlphcml blood vessels (lncrl;':(lse blooJ pressure). 
nnJ (3) d<'Vlill<' blo..1J glue~)$(' Jc,•ds. Cntcchol· 
amin~ in<:r('~I.Se C-ltrdit•c: contractility primanly 
h~· stimufttting hc:t<'l• 1 rt<:<:ptvrs. Sect•t•$c ol thtir 
shMt l>~rum half·lh·e!l, e:u~chl,hlmlnes :~rc u~.J 

mainly for shorHcnn man':l.g~ment o( St>vcr~ h~an 

Failor<'. 

EPINEPHRINE 

F.rin"rhranc li the prcfencJ dn.1r: tOr rl\wtding 
stimulari\'>n iO. contr.K tion of the: h~tt nnJ for sup
porting th<' d .rculatory $~'H<1tl after cardiac arr(';St. It 
m.;'ly be ;1Jumu~1ered l'l' tht n•tr.~c<lrd•(I.C. hll r,.tl'i'l~ 
cheat, (If ltltr:l.\'~tlc)u~ route, :'lfld a 1:10,000 M"~lutlon 
is preferred. Most products pr..wide a 1:1000 sofu· 
tion. &:<:aus.:- l'PitWphrinc gn:arly in<TeMC'$ the 
worklvaJ ~-1 the he~n a.nd im.:.rt"<I.S(':! the temknc.y 
ff•r :ltrhythrfH:l:J, 11 I$ o•-.t used fctt thet:tp)' i..f ehn·•nic 
h~:ln t3 ilure. 

CUniw! V:se.s 
~lini'l'hrine 1'$ t•iitd m vttt:nna•)' mtdicme fvr 
carJbc resuschatlol\ :~nJ for the treauncm (I( 

nnJph~·laxis.. 

l)(.$UJfC: FQrm$ 

Hum;lll bbel f<•nl\S ill ep11\ef)htu\€' ;)ft. us~. 
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I. fp•nl'1'hrlnc IICI for injection, 0.1 mg/ml 
( I 10.000) in 10-ml syringes 

2. Epinq"~hrine HQ for inj«ttOn (Ad.rC'n .. .,_lin Chlo
ri,lt. I mg./mi ll : 10001 in (1m pole$ l;lnd \'1ttl'l) 

Adt't'rse Side EHecrs 
Thl~c inc h.tdl• hypc.'1tension, anil)'th.miru;, anxic::cy, 
;~.nJ .:xdt~biln·y. 

T~¥N&tlw 
I, A 1:10,000 solution can be l)(epored from a 

1:1000 solu1ion by mixing 1 ml of the dnJ8 with 
9 ml of stente w<tter fo1 injeaion. Altemativelv. 
0.5 ml of drug can be mixed with 4.S ml of ster· 
ile water for injection. 

2. Epinephnne is stored under refngeration. 

ISOPROT£RENOL 
lsorrotl•renoJ is sd Jom US<"<! in the tnoalment ol 
OIJ'diac di~!l(:. It i$ indicated in ~atropinC'•I(:SIStant 

bndycardia. 

D OPAMINE 
Dopamine is a biosynthetk pn:'curror of norepi• 
n.;vhrine. It 1itimult'tes; dop<4minefl:iC rt<:!!ptOI'$ in 
~)r<on:u~·. m~ottuc, renal, :.1nd cetebrJI ~':lscul:u 

beds. It nlso is <amble o( stimubtin~ ~1lrh:.1· ~1nd 
bcm-11Jrcnergic rc:cep<oN to increa.;;e hean comra c· 
ti li ty, hC'art rate. and blood pt'~SI.m:. Dopamine' U!l(: 
11'1 e<mli:u: C<l$es t~ nlt~h,ly limireJ 10 he;ln (;ltlure 
:k§~i:uOO whh ane:!>thelic emcr~ndes or :t.fte:r 
cnrdiac n:suscinnion. 

Clinical UJSeJS 
Dop:unin~ Is used (f)r :'ldjuoctl'l't tre:'lrmcnt of :lCu te 

hem f.1ilure and ~)l igwic renal hifure .-.nd for the 
.supponivc: Ul<atmcn.t of $hock. 

0 1l$llge Fonrl$ 

I. lmropul 
2. D.;paminc: HCI 
3. [);)paminC' HCI in 5% \kxtrolit 

M <er.tt! Slde £fleer' 
Thdc: inc.li.Kic V~)miting, t~lch~x:arJia, dyspnea. ~1nd 
blood pn:'S1UT(" variations (hypotension Of' hypl'r• 
tc:n~i,m). 

00BUTAMINE 
Dobutnminc: is a .s)•nthetk inotrork 11gent rd ;at«l 
$tn.u~(llr~ ll ~· l() J.<rp;lnlme. l1 c.':-liJ:\Ie$ mer~.$«1 t!~r· 
Jbc contract lhty, as ..-t~l>!i dopamu-.c, hut d<'e.S n,:,t 
pro:xlucc dilati~)n oi $C'Il'Ctcd vasculnr b.'<ls. l).)buro· 
mine: is a dir('<;.t bew·l-adrC'nc:rgk ~'l:m. It pro-
du<:e:~ mcn:ttsed <:tmliu<: r.l\lt(l4Jt w-ith li ttle ttm.knq · 
h• cau~ .-.rlfl~·thmi:'l~ l»' incre~ed hean r.l h~ . h is 
~l V:.l il;~blc ooly :t.i :l hum:.1n label product (Doburrex 
solution) and is adminiswrcd in dilutl-.:1 form by 
inu<wc:n~ i.nf\l$ion. Comult thC' Vt"rninc.rry Drug 
Hm~ (Plumb, 1005) (VJ dirtl:{i(lr\S Vt' p~f,.lr.'l , 
uon ~)f the solurlon f~)r Infusion. 

Bipyrid;ne Derivati ves 
AtnrinVn t and m ilrilllftle ~rt n:pr~nt~tive$ o( ~ 
new cbsl> o( p.:ltiJhVt' hwu•){lk Jmjt)> th:n .-.ppe:u to 

work by inhibiting emymcs dun ultimately lead to 
an inca•.nsl• in cdlul;ar cakium. Amrinollt' {loocor) 
i$ gl\'c:n intrav.:n(loWiy ;md ~ limited to ~hort•tcrm 
inp~uen1 u:-e. where:.l:. milrhl<•t\1! 1!! ~t\·en vr;,llv a1\>.J 
has pt}(enual for long-rcrm use.. 

lnotropi<. Mixed DUator 
PIMOB£NDAN 
r'lm;hi!ndan w:ts ~lpptm'h-l for llie In VCi t->tlnary mOOI~ 

cine in April. 2007.1t t; a posiriw inotr..'JI'ic dneg: that 
intll'llSl'i! the ca)dum $Cru;itiv iry of cardiac m}'06Iu· 
m.:nt:> and inhit.it:s the: enzyme phi.l.."{t.>Jd il:'1!tC'r.t~. 

CJi•licaJ Use.t 
Pimobc:ndan i$ labdcd ((>J the trc:mnc:nt of ;urio
ventrkuha in.sufli.denq· or dilm«l cardiomyop<tthy 
in ~,\ (•~· 

Dos~e Fonn 
Vc:tmc:-d.in Chl•wnble Tablets in 1.25. 2.5. or 5 mg 

·= 
Aclvetse Side IZffucs 
S ide- effl'Cts rna~· include- anorexin, lcth:ugy, diar
rh.:~• . iU1d (l(hffs. 

Ccn!traindlcaJiun 
Pimobc:ndan is ronoainJic:~tl-J in cases o( hyper· 
trophic cardiomyopathy, aortic uc:nos.is, o r any 
Oth~r <:lJmlit ir>n whe-n <:tuxlia<: au.gm.:nti•ti~m is in, 
:.lf'PI'Oiltl:.l te f,>r :ma.ronnl(_.-.1 tt;l~•M. 
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> 

!) Antiarrhythmic Drug 

An :urhy•hmr.'l. Is :l \':lfi.•u loo fmtn 1he norn\.."1] th~·rhm 
of the he<~n. Such a vnri..'lti~)n may result from an ab· 
nonnality of impubt J,.'<twmtion (incrc~ automa· 
tidty) ~1r (rom ahn.:>rn1t-liti~ '.1( impu1~ C'.lnductic.Jn. 
M:my atrh)·fhflH:lf> ~rise when a lnc:lJ ~·'ll•C uf celts 
begins to dcpobril.: t~lster than ttw suw:ltn:tl n,'Xk 
{pacemal:.cr), causing dU;ruption of the normal d~'1-"'· 
brizution J-'•<mem o( the heart. The location of tim. 
woup .J cdl-;; i$ c:lll~ct an ett()(lic f()(U$ (tix.• if nl(lc't 
than ell\~ loc:moo is lnvolwd). Arrhythml:.ls USU.llty 
rc.suh in rMuccd cardl:tc output c:~uscJ by poo.)l'ly CO· 

ordinatcd pumping acti\'ity. Some a1Thythmill..1 mil'}' 
b.. :l~cultti ted (y,· tl.n exp:rkn<:..-d tf.lr, but an-hytluni .. ( 
mMe dren ~re dl."la;:fiOi~ th")Ui!h rhe.lt p«oducr~m ;.j 

:tbn..')rmal W.l\'ef(lfmuecn "'n nn cle<th'lCardtogmm. 
Fa<HM'S dun ma~· caus-e or prl-dispoM." the hean to 

itll'hythmia.s include the f~JIIowing: 

1. ConditiOO$ that <.tJU$e hypoxemia 
2. El e.=<:tr~Ji yte imbalan<:....s 
3. ln<:rt:ak~l level$ c,( ,.,.. ul<:tt>:.l$00 sensiliviry It) 

cntechol.-.minc~ 
4. Drugs such as digitalis comrounds, thiobarbitu• 

rate:!. inhalant an<:~thcrk:s {halothane-}. :q·(., .. 
~ine, a nJ •)~her:;; 

S. CMdiac t l".l uln:l or dlse:t:.;e that results In alrtrOO 
<nrdiac cd k 

l\rrh~·thmia~ are d nss.llie..J In rebtlo11 to h(:art 
nne: ns r.~hyarrhyrhmias ,)r br:.ldyarrhythmi::.s. 
T!lchylU"Thythmias arc:. funh<r du.:ssifi«< into \'C'n .. 
t11C\1h1r (lr ;-uial, del'i: m li rtg vn thdr IOCt~ luJn . tll)(l 
c:lO lc:lJ 10 l"..lpiJ CMtr:te.f fl)ll l':.lU~S Jn COJrtSpi) I\JII\jl: 

ehnmbers. At th..:.sc rapid rates, pumring effie icnc y 
is ~or<atly nx luced because: of dec r~ed fi lling timc. 
Rapid. Unt::i)(m.linatc:d <~ctlvi t)' t.:allC"d Jfuuer vr jifml .. 
lation tn:.ly :)ISO n~ul1 . 

Ph:lmlac..")l,'>gis.ts cbs~fy :mti:lrrhythmic d rt.®' il\lo 
th..: foUO'ol.'ing four b.lsic cat~'gOfie.s {Boothe, 2001 ): 

I. Ci t~:,.., 1.~ includes (llumd ine, pn.>e<lmamtde, (~nd 
others. 
C lass IB indudc.s lidocaine, tocninidc, nnd 
mexiletine. 
Cia~ IC in<:lucl4.:$ tle(<lirmle Md en<.amlde. 

2. Cl~ II includes the: beta-adrenergic blockers 
(propranolol). 

}. O~'i Il l ind l•d..:-..'1 bn:t)·litnn ;lnd :lmto<bfl)ne. 
4. Oass IV u"'-lud\'$ tht calcium ch:mnel hlod:f'rs 

(verapami], nifcdipine, amlodipinc, snd 
diltiazc:m). 

Closs lA 
Dru~ in Cblss lA depress my~')C:.l!d in l excirobiliry. 
prolong the rcfnlct()('{ period, d~"C reasc: automa
tic it)\ and incrC".I~ condu("tion times. C hu:1 LA 
drue$ t~rt u:.e,l tV ue;lt t~u i:tl :lnd \'t;nlru::ular :)r .. 
1h~·thmlas :t.nd may be ,::h·cl\ ot:ttly on :tlong · tcrm 
basis. 

Q UINIDINE 
Quitudine .s ;)0 aU:~Inid rh:u Is ohtainal (n)m 
cinchona plants or is r rc{Xu-cd frl)m quinjnc 
(Plumb, 2002). 

C.!inicaJ Ut,-.t 
Qwmdin~ is us..-d to tre~lt ventricular :urhythm1a;. 
wntrkular tachycardia. anJ anini fi brillation . 

l }o,tUJfe Form!$ 
Hum~ln label forms are used. 

I . Quinidine w lfutc: 
"· T<'bleu.ZOO omcl 300 ·~ (Qulnoru) 
h. Sl~~t."l in~l-1\:le:.se l:)l)leu, lOO mg (Quinklex 

Extel\fab6) 
2. Quinidinc- gltte,')IUJte 

a. Su:sta incd•reiC~tSC tablet$ (Quinaglutc:. Du.m .. 
T::lbii ( }2 4 n'.gl) 

h. lnje.ctl()l\, SO m~mJ 
3. Quinidine J)l)l~·sah'lcrun.;n.ntc 

a. Tablet$, 275 mg (Cardioquin) 

Aduers,- Sfde IZflecu 
Thew it"Kiud~ ancre.xi:l, vomiting, dian he:l. wt-ak· 
ness.. nnd lnminit is (hor.;es) .. 

T~vNotlw 
Quinidine doses OlUSt be reduced in animals who 
are being treated concurrento/ wiltl digo:M. 
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PROCAINAMIOE 
Ptx:-c:a.namid(' is a.n ami.-..rrhythmic that is ch('mi• 
C<~ll)' rdattd II> ''n.>e:,ine. 

cr.~tlical u~es 

rtx:-.::ainamide is u.."Cd 10 tr('al prcmaturC' n:ntric-u· 
l;,r ct;~ntr.~cti()n.s (PVC$), vcntri(;ular w<:hyc.:arJ,a, 
and S1).ne l(·,rn'l.~ of :)tn:)l t:.lch~-.:::)1\lb .. 

Dos«gt-Fom1s 
Hun'"'" label procainwnidc hy(lrO<.:hlo-rkt(' i.s used. 

l. lnj('(;tion, 100 mgfm) in IO·ml \•iaJs nnd 
500 m¢wl in Z~ml vial$ (PfQn('~t~·l) 

2. T'Olhk·~ ()( C;lp~uks. 150, n;. :-.nd ')00 rn~ 
(PI'I.)ttt>styl) 

Adt-tr.tt> Side Effuls 
Tht.~c- ind udc- anorexia, vomiting, diallh<.-a, hypo· 
tcn$ion. :and other$. Ho,,•ever, th~(' &ec.:ts an: 
£t:ntr1•11y dl)l')e rd:_u~l. 

Closs 18 
Drug:! in this Cllttgory eX('t1 thtir inllumc(' by :nabi· 
li;m# tuyl)(::;_lrdit~l «II nn-:mbrarl~. By blo..:kiJ1# tht 
mtlux of Sl"-llum u\fl) the cell, d-.esc dn-s:,'l prevcnr 
dcpolari!:ltk•n nnd decrease- cell nutomaticily (Figure 
7~7}. Th .. -y an.• us .. -d to c-n.•a1 vcnukular arrhythmias, 
lxn th~CV how(' not lx_.('n ap('I'O\'cd ff.K th~ '~ hy the 
U.S. F't,~~)J l.l!'ld fhug AJmiMtr:~• ivo (fl>A ). 

l iDOCAINE 

Lidol'~tin c: is a local an('..sthetil' anJ antiarrh}·th• 
mi..;. h i.s ''h~p.'l re.,l l)nly m lllJec~ble f<>nn ~md i$ 

Na· 
• • .. ... 

cardiac cell 

f iGURE 7·7 

Oo~ecelt 

Lldccaine 

· ~ 
-... ~: ~( 

Effect oi liooc.ame on ro6um channels. Lidocaine blocks ro· 
6\lm th.:::nnels "nd ttdv<:C$ the m.n~~tio¢)· of c:ordioc cdls 

~1dminlstercd ltltt:\\'CO\)udy. lr is us.xl fr~quetldy Ill 
c:mcrgcncy m .. -dicinc and acute l'arc. 

Clinic:aJ UJe$ 
LIJoc:-.lnc ti pum:ltlly usOO ti)f' the ronuol oi PVCi 
~1nd (or t h(' trcaonem o( \'Cntricular tnchyc.udia. 

Do,-uge F OI'Tf\S 

V:.lri<•u$ vt:cemlary hrJrul n:-.me (C!r~ns ;ln~ :.W:.l1l:~ble 
in 1% and 1% soluttons. 

Ach:er$(' Side Ef(ccu 
The...;;e ~"e nlrt httt m:ly include dr<Jw~int:!IS. (ltpr~ 
s.on. :-.mxkl, :-.tld mu!\Cic nernor!t Cats :ll'~ p!lten~ 
1ially sensitive to the ccnual nervous S)'Stcm effects 
of lidocain('. Th(';Se should lx- monitored carefully 
when a pati<:nt iS n:cdvmg thi-!i dn~. 

r~.~-N~ 
When OOm.n•stefrlg lidoc:atne lor an arrhythm1i), 
make rertain thal il is lidocaine-wrtl'loul epineptvine.. 
EpinephMe (• cate<l>o~n-ine) pre<\sposes 1!>e 
heart to arrhythmia. 

TOCAINIDE AND MEXIL£TINE 

~x:ajnKJc and mextletinc :-.rc mhcr class I B ngcnl..; 
that may be- giwn orally. 

ClassIC 
Oass IC ~ems Me seldom ~d In wtefltlary 
meJkinc. 

Class II 
Cb.i.fc II and:-.ll'h~·thmkS; are- rhc IX-'fa..-:-..r.Jrcnerjrk 
blod:crs. 1'\-opmnolol hns been the most widely tticd 
agt.'flt in t his da~ for veterinary thc-rnp..-utks, nl· 
though <~t-:-nol'-'1 <•nd otht"r "!->¢nts iUt" rww \bed u:s 
w~ll. Ret:\ bl.,cl:..:~ m:w Jll.ock onl)· I'!Ct~· l ~I)(M$ 

or only ~tn-2 recerrors (sclccnYc}, or dwy m:a~· 
block both type-S (Mnsel«tiw). Th .. .,. also are 
thought to "upn:-b'Uiatc" or inCft"ru;(' ~•dn:n('rgic l'e("ep
t<)r$ U) mlprtJve ea.rd~¢ ellieiency (Ht~mltn, 2003). 
These Jnt~S; may bt- u!'.eJ to tro.'!il.l artl.'ll (Jr Yemrkul:u 
~ltrhYthmins, doecreas~ cardisc conduction, reduce 
cardiac output. and dec.fn'lsc blood pi'CS$ul't'. 
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PROPRANOLOL 
Propmnol(ll r«<u<:es uut(lftl<•tkity o( c~•rdiax con• 
ducti<m ¢til, by hl(>ektng bett~• l :-lnd lxt:-l-2 rt<;tJl• 
t<'r Sites. My,xMdb.l oxya;:l'!o Jernaod Is rcduco.'ld 
by ph'>pranolol. RNucing myocarJialox~'1.><n J..-. 
mand re>doc~ the: tc:nd<"nq for i,sch<"mia, in tum 
redu<;in~ l:IUt~lllll:ltidty ( W1tli.-m(li ;,~ml Bitt!r, 1990). 
J'r(•j')I':)OO(c)( reduces h~t1 rate, .::al\l1aC. Oulfl-ut, 
and h.lood pre$$Ure. It also may improve c~udinc 
p<:'tformancc: in animals with hypertrophic cardio· 
myopathy. 

Clinical u,e, 
In VC(crinary medicine:, proprnnol,'>l is used to treat 

hnx-ruophic cnn:liom)"O&n~thy and various 1urial 
1-.nd vemric~•ltu ;;\rrh)·thmia~. It i~ use(l in <;t1~ t•J 

ueat ;.)'ittmk hyperttnMfiO :~oJ hff*tth~"1c)iJi sm 
(Plumb. 2.005). 

Do.sage form$ 
I. PrVj'r:lt)(ll,)l HCI I<\ble($, 10, 10, .JO, &J, $0, Md 

90 mg (lndct'.ll.) 
2. Ph'>prnnol,'>l HCI cx-tcnc:k-d-rc~SI.' c~psulcs, 

60, 80, IZO,anJ 160 mg (lnder.•l LA) 
}. Pn)pl(lr)l)l()l for inject ivn. I m . .e/ml in 1-ml 

:unpules <)r vl:'l ls (lnJeml) 

4. Ph'>pr.lnolol ornl solution. 4. 8, ~1nd 80 mg/ml 
c.oocoemratc: {lmoensol) 

.o\dt.-cr.f~ Side £/fe.:.L'I 
These include br.~.dycu<:ha, hrpoc:ensioo. "'orsenlng 
of heart failure, lcthnt&')'. bronch\'>S{'<Ism. and 
dcpr(';'Ssion. 

T~J-Notlw 
1. Proptanolol is conttilindiGafed in patients vnth 

oven heart tailure. greata- than first-degree hean 
block. iJOd SIOUS br4dyc.ard~;, (Plumb, 2005). 

z. Oo not discontinue therapy ll!brvptfy because 
tachycardia a hypertension may occur. 

ATENOLOL 
Atcn,'>lol is a .sck-cuvc beta· I blocker (Papich, 
2002). At<"nolol Jc:crc:asc:s h<".nrt nne. slow(li <:ardia< 
..x-.n~.l u(.tiiJn. lle.::n:.:.ses myo<:nrdi:ll ox~c-n lltllla.nd, 

n.·-duccs blood prc:~urc, and diministu.':S cardiac 
output. lkl<JWC" of its .!<:lcctiv<' beta• I effect, ate:• 
n\•lol m:\y ht $(1(tr tV \lSt m a.nim:~l~ J'r<)tM: •v b r(Jn• 

ch1"\ci1Msm. 

Clinirol U~S~s 
Atc-rwllll is u~d in the tr<:l:lllUtnt ()( wpr.wentri<:u• 
l:.lt (;)Chy:.rrfl)·th mi:ls, pte.m:ulue n:Ot)ttteubr CtJO~ 

•mctiOI\.S, hypertension. nnd cardiomy~'>pathy. 

l.Josagc: Fotrn$ 
I. A•e.~(lktl!aNt:~. 2;, ;o, ;\ml iOO rng (Tt!tM)nnh~) 
2. A•e•lolol lnjec.tion. 5 m'=/ml (Tcnormin) 
3. Atcnolol (Tcnormin) 
4. Atenolol (Arudol) 

Adrrerse SCdt! l!:ffecu 
Bn1dyc;udi:.l. lethargy and derrcssioo. h~"VO<ension • 
.srncopc, or h4..-art fuilure is most commonly r<:portc....J 
in oldtr animal$. 

O JH ER B ETA BLOCKERS 
I. CarvcJilol (Oilntr<:nd) 
2. Sotalol {Betapacc:. Cardol). Non.sdc:c-ti\'e with 

<J.::tio:m l!lln iltlr w J'l'flJf'Ttltufl(ll. llus diV1; ii; ~, 

pi:H'•OK quinidine as the :lfltklrrh~·thmk drux 1)f 

choice by s,'>me dinicinns. 
3. Esmolol (Brc..·vibloc). Sd ectivc beta· I blocker 

for olihort•tcnn u<e. 
4. MeiVJ)I\\Iol (lop.reio$(1f. l':lc:mi•)C.). Be1:.vl blocker 

mherwise similar h ) ri\'>PI"lOO!ol. 
5. Pind..'>lol (Barbloc) 

Class Ill 
The C la!i.i 1 11.-.ml:ltth~·thmlcs bretyllum (Brerylol) 
"'nd amiodar..'>ne (C'>r&rone} are no1 in common 
u~ in vc:tt'rinary mt'dicine. Some: dinici .. tns have 
Tt:'JXl'l't<:(l th.-1t Brt't~·I IJI h.~ promiJ:;e for treaung ven• 
lri<:,llolt lihrill;llion in t h e: ai:~Sei)Ce •>f a ,Jdibrilhui'''' 
unir. These d rugs ~ltt' us.._x! in hum:tn mt-Jicinc to 

treat vc..-ntricular arrhythmias 

Class IV 
Cla.i~ IV :llltiall'h~·thmk drujti ""orl: bf blocl::ln!l the 
channels that p<:rmit cnuy of e11lcium i,1ns throush 
th<' <:arJiac cdl m<:'mbnU1<'· Thi,s effect <:ausc:-sdl'PI't'S' 
l!iiJO v( the oontro.::t ik me<:-h\l.nit;m in myocardi~l t\nd 
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smooth muscle cd ($ and depres;es auwm:ukity nod 
impol:;c: tnmsmi$$km (WiUiarn.s and B~r. 1990). 

VERAPAMIL HYDROCHLORIDE 
Vcrapamil is a channcl·b1~xking agent and is a\'ail· 
abk in ond and inj«:tuhle forms. It hitS had limited 
u~ in ' 'tt.:rintu)' mC~.Iit.:in .:. 

Clitlica( U:(e~ 
V~·rapami) is usc..-d to oeat supravenuiculnr mchy· 
o •rdia, atriaiO~mer. •md 1uri :~l fi hrillation. 

0o.Mg!L" Fonn.t 
f {Uinnn l~lx-1 prod"Uns nrc used. 

I. Vtr~p\un•l HCI t<1bletl!, 40. 80, <\m.l I 20 m~ 
(C.lloln, I!OC,plln) 

2. Vempamil HCI.sw.wined·relcnsc t~lblcts , 120, 
180, 240, and J60 mg (Ca]an SR. OOptin SR) 

). Verapamil HCl for injection, 5 •11J;/2ml in <IJII• 
pule!!, vi:• I$, :ltld $)>riO~$ (l$vp• in) 

Am,._.,.st' Si.di! Effe.:u 
TOOe ind u\k hrpotens1on, brudyc1udia, tiK-hycnr• 
d•<\, pultn(ln.aT)' eJttn.a, tu1d wor~e"mg <l CHF. 

O ILTIAZEM 
DiltiaU'm is n channcJ.·blocking fl.!,'t.'nt that is simi· 
lar in aaion to \'Ct<l{'<lmil. 

Clinical U$eS 
Diltiazem i$ uK-J (\)r ,suprovemricular tachyarrhyth· 
mitts in dog::; and ~a~ and (Of h)·pcrtrophk carclio• 
my(lpqlth )· in .;(I t :\'. 

DosQgi! Fon•u 
1. Oil tiii.Z.em tablets, 30, 60, 90, and 120 mg 

(C1.HIU<.m) 
1. Oilti:.r.enl \)rJI C'lrsult>$ extend«</il•.-.mined re~ 

l•asc. 60. 90, 120. 180. 240.300, 360. and 420 ""' 
ICanHZ<m SR. Canlbm CD. Dila<or XR) 

Other Class IV Antiarrhythmics 
Oth('t ch .. 'lnnd block~ lnc::lu..k nlfcdlplne (Ad:tl:u) 
anJ amloJipine (Norvasc). The$<: agents arc used 
primarily for the t~atment of hypcncruion ruther 
dn-.n it:1 ~mt i<'lnhyduniC$. 

!J Vasodilator Drugs 

When IW' . .lrt failur~ occurs, c:udbc oulput Is re~ 

J uccd. rc-.wh ins in hyrotension anJ poN perfusion 
of ti~ue. As a rc~Ktion to this poor pelfwion of ti~ 
l!uc. the hodv ~tiv~tt:s .;Om("(:n<:l<ltiJry mechtmi~m~ 

h • ii\C-re.'lse bl<'nd CC'l'S.')urt and improve blond sup
ply to tissue. Th~ lim cotnp<'ni'!ltory xtivit~· is 
stimulation o( tht.• sympathetic nei"\'Ous s~~tem to 
incn'aS< h~rt nne :1.11d lO cauS< constrktion o( 

l)tn:lll a rteriel!, whit.h in cnn' r.-•i~ bi~Jo..>£1 r}r~un:. 

Ntxt, the renln·anRIO(eflStn s~-stem iSc xth·ated by 
the release ~")f renin from p..10rly perfus~'\J kidneys 
(FiJ,.>ur<: 7·8). Renin ~au.ses angiotwsioogcn to be 
C\'•m·t rttd to angi1.1tC.: J\Si.n I. An~i1Jtt1Uin I then i$ 
con~'t'.neJ hy a.n~ •otensio<On\·eninj! enz~·me 
(ACE) inhibition to nnstotc.nsin II. Angiotensin II 
causl~ furthct vasocon.so iction and stimu]ate.s the 
adno•oo..J gl:~nili to rdea~ :•ldo~tcrone. Aklo.neronc 
;.l<:r$ vn 11\e bdne)" 1\lbult>..s •v C:lu~ rt:;lh,...Of1U i•>ll <o( 

soJium lot'\S anJ o:.mo.ttc:: retenuoo o( "''ater. The 
'vntcr that i$ rcr-.)int...J hdps to eXf1.1nd the drcu1at· 
ing blood ' 'olume to improve tis:~ue perfusion. 

In tht Sh iJrt tt nn, t~~ C<Jfll(>tM\Itvl)' medw· 
nlsmSc :ue beneliel~ll. In the lon.x rerm, h(1v.•-evet. 
they bccomc hamtful ~cause the hem must ·work 
hardl•r to pump blocxl through Vl~sc: ls oonstrktc.'-d 
hy symp;lth('t ic n<.'rtOU$ l!timulation and hy the.: d~ 
feet$ ()( :lngit)I('I\Sin II ( ulC:fetl$ed :lfh~rl~l.l}. n,e 
evcr·inucastng blood volume (ine:re:tOOO pre),")ad) 
caus .. -d by nldostel\")ne rd casc aod water retention 
also ncce$!itnt~.s more strenuou.s ltctivity by m(' 
h.ean , which in t1 w~•l.:en .,;~,l w te imti.m~ dte prt• 
c~hlv chain oi C\'enrs. 

VIISo.XIilator drugs net by Jilating nncrit.-s (;utcrio· 
tar dilator). veitl$ (\'t""l100ilator), or both (combined 
v-<• ~~thl<nor). Dilatory ..,;ti..,it)' may he hrought abo\lt 
by direct ~cdn.o on \'t'l)Sel Mll•x>th mu.,cle, 1hl\1u~h 
blockage o( symp.uhctic stimul:uion. or b-t• rre~'tnt· 
ins ~onvcrsion of angi~Xensin I to angimensin II 
Dilation Q( consuil':~ed artc:riC!$ ten~ to dl'Crea:>e a£~ 
u:.rl<~aJ ~n)l.l irn(.l't)ve ¢.\1\li;)(: OOIJ!\I t . l'rdo::u.l i.~ a.l:lOO 
rNucOO b.xausc o( fXX!IIna o( bloo:J In d!bttd vein.~. 

Mnny fmms of Cf'IF arc improved b)' the usc of 
VII.Sodilator.s, whkh Clll\ be: used in conjunction 
with rJthtr h~rt medi¢<'1titJl\S. 
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An(totenslnogen 

Angio~ensin I 

L---~~ ====--- Atl{JiOietiS.,·C'OIWetti"'9 f (!nr_yrne (ACE) 

Aktosterone retease 
(-nal~d) 

~ 
I Na .. and water retention I 

FIGURE 7·8 
The «:'fli""'<:tl'lgiottl'l$in scheme. 

Hydrolazine 
Hy.:.lro•I<Join<: i$ r rim<'rily an <Jrtc:riQI;~r dil:no;r. It <•<.:b. 
tlir~tly (\r\ ~11\(ll.>lh mwcle u\ t:he <l r~eri <ll wall bv 
uuertetin.g with cakium movement anJ inhibiting 
the conttanilc M:uc ( Plumb. 2002}. The: nc( result 
is that periphc:ral l"<'tii~tltn<:e is reduced and <:ardill'l: 
WI(M.It i~ lll'tt::n g~t~tly itUJ'n'•v«< in ;\nim.-1 ~ with 
CHF. SMlc c llou::i:'lfls recomnU'1ld 1hat hydtaladnc 
be usl.J with a d iuretic lx:cnusc it may activate the 
n::nin.-angklt.-n$in tifStc:m and <:ausc: water r.-tcntion 
(B;II, 1006). 

Clit~ica( U$t:$ 

Hydrnla::ine is uS<'d for aftc:rlood fl-duction a;ssoci· 
atcd with CHF. e~l'ec:-i.ally CHF cauff'd hy mitml 
w\h·e in.~uAicie:nq·. 

OosQge Forms 
Human fonru 1\1"<' uS<'d. 

I. Hydrala::inc HCitablct$. IO.l5. 50, and 
100 mg (Apn:::K~hne) 

2. Hydr;\bz-il'\1! for injectn)ll, 20 n\2/mltn Olttlpull!~ 
or via )$ (l\ptcsoline) 

Ach:trst Side Ef(c<:u 
Ad"o:l'i!e ~ide e((ec.M m $Ju;)ll ;hum:\h inchu.l t h~·pv· 
h~I'IS.I)Il. vomltln~. dtarthe~l. So."!\.hum ~1nd w:ne.r rc~ 
rcntion, and t::achycan.fia. 

Nitroglycerin Ointment 
Ntl rtl(..fyi!erin 1~i ptun;)tily <l ~·enodil oultr th:.l l re~ 
J uCC.$ prdood as the result \'>f JXI\'>Iin.g of blo..'XI u\ 
pt.•rir hcral W$$d.$ ~md decrc:3St-d venous rc:tum to 
the heart. Some arteriolar di.l<JtiQn ma.y occur ~~ 
hi~lu~r do~. Nin\)gly<;erin h: <I.J'rlio:d IIJilic<llly m 
hairless ~11'\'~ls eo( sm<lll :\1\hnal r:u icms. The medl~ 
csl ~·chide of niuoglyccrin cause~ it n()( to be 
cxplmi"<"· 
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Oinkal U$e$ 
In small•animal medidne, nitroglycrnn i$ l l$ed as •• 
\';\:-0\lil:lt\>r •v impm\.'e ~~trdi~¢ \x•tPl•t ~tml ~~lvct. 

:'tiSOci:uOO pulmon:lry c-doi:ma. In .:s:julnc mcdlcu~. 
niuoslycerio is used as n les so,~.~t h') redu« swell· 
ing and to treat laminiti,s, 

DtUtiJI:e Fcmn$ 
ltumno (onus, sud as nitroglycerin wpic:tl oint· 
mcm, l% in 2()., 30·, and 60·s rub($ (Nioo-Bid, 
Nitro!), arc u.scd. 

Adt.>er'st! Side £ffecrs 
.Adverse side: C'((.,."<-ts tit<' minimnl and ma~· include 
ra~hcs 1u the: t:~pplkation ,site and hn>ottruion. 

T~vN~ 
1. CSovts should bt v.an when nrtroglycerin is 

applied. 
'l. Rotate appication sites. 
3. Do nO( pet arnmats at appliCation snes. 
4, The dose is me-.as.xed in inches by ~ppicalion oC 

a strip of ointment to measvrang paper that is 
supptled wllh the produa. 

5. The- \>eterlnanan should be c:ont.acted if a rash 
appears at the ~pp!icatio•' site, 

Prozosin 
l'r,U(~:~.-in t~ :1 &X•mblnd..-J \':~l!lat(lr. h n' .. ltK:es hl.ond 
pres.<.ure and pcn:pheml vasO:lOOI\SUiction b}• blocki1\g 
alr,ha·l-adn:nergic r\'Cloptor bites. Pn:tzosin n~rendy 
does not acti\·t•tc: the: t<'llin~ngjoteruin l>)'.l>1c:m. 

Olni~al Ullell 
Pr.1rosin is us .. >d (\'lf adjunctive trc:.tmenr ~.,( Cl LF. 
dilated cardiom~·<lpathy in dogs, .Sl'Stl·mic hypcrt.:n• 
$ion, omd rulownary hypcrtt"n!:!io.m. 

Dosage FCimls 

Humttn fonm Ut(' uS<d~ rr..uooin Ct~psull"$, 1' 2. and 
5 mg (~·linipreS!-). 

Adt.ff.ft! Side £ffecrs 
These include hyrorcnsion, sync<~pc. vomiting. and 
djarrhefl. 

Angiotensin-Converting Enzyme Inhibitors 
Otptopril and c:Mlurril arc oomkinN \·a.sodilutoN 
~~~~~ extft 1h.:ir etl'-'Ca (m blooJ \'~~!:, hy J'rt:vi:ntiJ\)i: 
h"llfm:uLtm \)f the I'Oiffil V:lfo<'ICI."liff.~rriuor an~tOt:f'nsul 
II. Th .. -y pr<'vem the oonvcrskln \'){ aOGkltcnsi.n I to 
angitXc:nsin II by inhibiting ACEs. Dmgs in this <at .. 
¢g<Jf)' Wl: ~u.etiu.e:s called ACE inh•buo~ Both 
prnd\X:CS tn;)y he :Jdtni1li~tena<:J with C:JI\-Ji;)C. J!I)'Cl"lbidt>S 
~100 fu~midc. 

CUniwl V.sc.s 
ACE inhilm\•~ ~l:t :li! v;t.'Wo;.lil;.lt<•r.! u\ •he tre~ltme.u 
o( O:u.<~ II, 111. and IV hf':ll'l f:lllurc (sec Table ?· I). 

Dos«ge Fonrl$ 
I. V<:ttrin:ll)' :.ppmvcd: ena~pril t<4hl..:t$, I, 2.), 

5, 10, MJ 20 nlli: (£nac:.lrd) 
2. llum;tn npproved: Cllph')ptil tablets, 12.S. 25. 

50, and 100 mg (Capoten) 
J. Hu~n ••pproved: Va...<ot« tablet:>, 2.5, 5, 10, 

:.1nd 20 mg 
4. Human :lpptovcd: V:J:So.")f.X Injection for IV usc, 

l.lS msfml 

Adtrerl'c Side Effects 
These lndude hypor<:I\S;!t).O, :l'!t'lotcmla, vomlttnj!:. dl~ 
~1trhe.1. hvrerkalemia, t~nd others. Th" safety tl( 
<'nalapril in bn:t-ding dogs has not lxcn e-Mabli~h .. -d. 

T~vN~ 
Cdre should be tak.en when captopril Of enalapril 
is administered with other vasodilators and cer
tain di~ics because of potential hypotension. 

2.. Concurrent use of nonsteroidal aotiinflommatOi'( 
drug$ may redvce the effeaiveness ol <aptopril. 

3. Captopril may cause a talse-posib\<e urine ace
ton£- ~nd"'&-

OiuretlcSc h:.we !x"en SOO)(' eo( the n\0111 commonly 
used druss in the treann<'ot l1f hean fn ilur<: bc-cnuse 
of their ability to promote th<- rt:>duccion o( prdond 



through diuresis. Oiureti<.s r...-Juc~· the hannful ef. 
f«.ts ol CHF (pulmomuy eclem<J, asc;it(';S,. and in• 
ere(l3f:<.l ¢ard i~¢ w(:.rk) hy redv<;ing pl;\'ltl~ vohmH:. 
throuth vmlous m«h:lotsn~. 

Many different J iurc(i<S are available, and mos-t 
WOfk by inhibiting R'abs.orption o( sodium and 
w:•tc:r in the lvop ol Henle <Jr the Ji-q:al wbules. If 
sodium t (IOS. rem:uo 10 th~ 1ubules., 1hey ex-e1t :~n 
mc.rcaSt••d osmotic "pull- \)n wmer m\'>1\:culC$ to 
c.1usc tt1em to remain in the tubvlcs and be ex· 
crctecl tu urinc~ Tlw cliun.:tk$ ~ecl m~( in \'C:terl• 
nary u'tdicin~ mdud~ fvr~J$emil le, rhe t h~:tflei;, 
anJ spin"JOobcmn~. 

Furosemide 
F\1 tll$C"lmd~ ls vtJ~· p.1we~l ;~nd i~ the mo.-st illlp()r• 
mm o1nd e(ficadous. Jiuret!C. {N rtlll<Wit'K eJ.emol 
fmm ;mimal.; with hear1 f;tilure {Hrunlin. 1003). 
FuriX!.:midc may b..• administered intmvenou.sly, in· 
tmmu~-uhnly, ~uhcvwneously, or omlh· <•nd wvri:~ 
r:tpklly tO rt(ktee p._rlmvmlry \~dem:l and Qt he:, ~i£ru 
of CJ IF. It <'3us~ Jlure~.s b)' rt-diKinQ r~absorrnoo 
o( !l.'XIium :ttnd other d C'Cuoly1cs in the l iJney ru· 
bvle~i. Bc:causc: mvch of th~ rwbsolp(ion occ.u~ in 
the kN..'f' (~( Henle:. (urOiil:nudc is $()metimts el\lled:. 
f4op diuretic. 

Clinicol V$t:$ 

Fu.roo~lmdc is u~ for cliun:tic thcropy (in CHF und 
(l(ht r C(lt\CiitiO!h) in :lll ~e,;. 

Oos«go~"- Fonn.s 
Injectable <mcl oral (:;olution, tabiC't, ~~nJ bolus} hu• 
m:~n h•helt'l\xll•¢t* ''~ '' ~e..:l. 

I , Uasix 
a. Tablets, ll.5 and 50 mg 
b. Bolv,, 2 ~ 
c. Or,ll l!o(llutt(IO, I 0 mf!}ml 
d. lnj('(:non. 5% (50 mglml) 

2. Fur0101:midc injection , generic S% 
}. FvrOI.'It'midC' whle~ J.'t:llC'rk . 12.5 and 50 mg 

Adtff.ft! Side £ffe.:rs 
These include low blo..'XI pmas.sium (hyp<>kalemia), 
dehydrntion, low blood rodium (hYJX"natremin), 
r)('Jtmd¢11)' (¢.:-ts), wt<tk.ne..~. ;~nd :d)l)(:k. 

T~~Noow 
I. Furosemide should be ~dminislered careful~· to 

arwnals thm .:ne dehydrated or in shock. 
2.. Furosemide can ~use h-,opokalemia that can n. 

crease the chances of digitalis toxicity (anorexia 
•ncreases the chances of hypokalemia). Potas· 
SnJm supplementation may be re-Qui1ed. 

3-. Animals \\lho are receMng diutetics such as fulo
semide should always have free access 10 water. 

4. Admanrster the dose at convenien( times fol the 
dient because urinatioo foiiO\IIS within 20 to 30 
minutes. 

Thiozides 
T hi<Ukk diuretic~ :wch \to~ (¢hlcmJth itniJe) Di\11il 
olCt f•n tht l o·l\)Jl of Henle and d~tal h1hul~ ((l In· 
hibi1 rcabsorpti\'m of sodium. Thi;t!ides arc s<:H)nt 
us-ed in veu.'final)· medicine. 

Spironolodone 
Srlronol:tetOM I$ :l powssium·Spl.lriflg d iUtcuc (It 
Jocs not Mnnall ~· cavsc hyJ)\'lknlcmin) anJ nn nn· 
tagonist of a}clost\"1'01\<:. a.,. in_hibiring ald~tcrone. 

it reJu~t$ th t ;llfl(Jllll t 1.!/ iiodium r..ah .. (()rt-td fn:1m 
the bdoC)' tubules.. S ptronobth)ll<: (AI.hcmoe) 
u~ll ~· is nm used alone bvt is combined with a 
kX'Ip cliur<'tk or a thi:u.idc {Plumb, 2005). Similar 
to th~ thi;l.iidt$, it ha:s limited US( in \'c::tc:nmU)· 
u\c:dtc.ine. 

DIETARY MANAGEMENT OF HEART 
DISEASE 

Dietary mnnllJ.?(-UlCnt is :.n impon ant pan of rhc 
O\'ernll t reatment ol pMtient:s with h<-.nrt disease:. 
Dit"Wry JT\('(I.l!Urc:::~ vften :m- insututc::d c::~rlv in the 
ra•hnt:entl)is- ni he:ut dil)e:ll)e (bef,>rE: dioical :;i~tO$ 
~ue obi>erv<:d or drug dwr.lpy lS bcgut\). Two \')f rhc 
primary r;ools of J ieUU)' matwgc-mcnt of heart dis
ease '"'" $Odium resuictjon and mt~intenuncc- of 
~(x)d lx:>dy w.;ight olnd c-ond itiOn (r«lucuvn of of-t, 
stcy o-r cachexia ). $rx-'<-llic nutrient detidcncles 
(taurine or <ntnitinc). concurrent disease (chronic 
r~·tud fu ilur~). anJ d ectrolyt<: d®nlen also ma')' 
h<we to b.: ;~<klrt~~d (R•Judebush tt al, 2000). 
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Sodium rt'strkti,'>n has long been recognized M 

an imrortant part u( th(' managen)('nt of CHF. fu 
w:~ pn:\'i\llliily mtnl i(mtd, in.;;rt:-\~t ~>d·\mt le~·el l 
m the body le:'ld to w:ucr retention. h\C-rl"l.io.'ld 
plasma volume, and cxacc-tOOtion ol the dinicnl 
.liigns of heart (ailur(', The pri.m.·uy :~oor<:e of liOdium 
l.!i f01Jd. However. ,...,ter <m1.l t«:<t~ aho:.• must be 
OOIHideted when diet.:'lty im:lke is hmileJ. l're· 
r.cription ditts (f-lill'$ t~nd Puril\ll.) proviJe sodium· 
resoicted nutrition for dogs and cau. Th~,s.c dieu 
may al:~o b(' re:~uictecl in chloridt •md ph~horus. 
Tite)' m;w l•<:.ve :.dded t;lurint ~n\d/Or ~m•ti •h: , B· 
CC)mpl..-.x \'ltamms, and normal or :'lJdo."'d levels of 
pm::.ssium. Somc-tim<.-s it is d1fficuh to gN tan ani· 
mal to oc<:ept a oliOdium•n:-ducc:d diet because of 
p~:lhtrobi li t}' ilicvtl!. The..(( {()IJ(b m.1y he m~de mort 
!Xllamble by ::tddu\fl: tlwor t"'lh;lncer.> ,)r wartnln~ 
the (\'>Od. 

lkcaus~· heart failure may im('llir oth~r im~mnl 
o-rguru;, su\:h as the ktdneys, ga:strointe:stinal tl<'ct, 
;u\d liver, C;lrdi:\C diets :;hvuld he h1J{hly Jige$11ble 
and ~:uily m~tab..)\i-reJ. They :ltt babnccd with 
adequate (but n,'>t ~o·xc~'$Sh•d lcvc::ls o( high· 
biolQJ:ic....,aluc protein to addr~li potential renal 
{;eihm~. The energy lt:\·d m;)y n~ 1\l tlc.::re3$e .;1r 
IOCI\'::1!10'. o) l\ tht h.\~1$ t'l( iodl\•,dua.l :10 11\\~l \ type :10d 
the carJiac Ct'>ndit it'>n \')f rhc :mim:l1. Improve
menu in cochcxia in dogs with co~«:sti\'e fai lure 
htlvc been .s<cn with dic1ary ~upplcmenwtio-n of 
6$h (Iii~. which :'In~ h1gh in <>•n.:~a· l fauy :'lei& 
(Ware. 2002 ). 

T~~Nc:rtiw 
ClientS should be ir'lsttuaed oot to supplement their 
pet's diet vlith treats, human foods, or vitamin· 
n'W'Iefal supplements when the animal ir. receiving 
~ prcsaipt10n sod1um·rcstricted d1c.>t. 

ANCILLARY TREATMENT OF HEART 
fAILURE 

Variow ancillary dr~ anJ pr..xedurcs are usN in 
the tn:-atmcm o( heart failure. The following ~ec• 
ti<>n rro\·idd n rwtinl h"'t of t.h t$1: then4pies. 

Brondrodilotors 
Brom:hodilatQI'$ such ~ :aminophylline IU1d the:• 
(lph)·llint ~r.; J!ometirn~ t•:<J in the tr~unent <)( 

hcan t':tllure. These ~ems uKrC:'ISC the ~l!e <l( lunw 
ras~g..-o,~,>nys to allow more ef6cicm t'>X'f&'Cnarit'>n oi 
blood, to exc-n a mild pos-iti\'e inotropic efie<:t on 
hc0:111 tUUlK;Ie, a.nd to '.lbtttin a mild Jiurtttt;; eA'«:t. 

OXygen Therapy 
Ox~·~~n th~rnpy can be.• crucial in treating Mimals 
in the advom\:ed :lt<tgC'..S of CHF. Animab with pul• 
m(•nary e<lem.- b€ntht *'C~ltly (r(lu\ 1he ~dulinli.1r.'l, 
uon of 40% ro 50% Ol<)'£~0 v1a cage, m."lsk. or nas.'ll 
c::.nnula. 

Sedation 
Animals with pulmon."lt'/ eJefllol caused hv heatr 
f.1ilure often experience n gre:u Jell oi anxiety be· 
causl• of the J~~pnea that they ~·ncoumer. This 
anxiety often lmili to hrpervcntilution <~nd <:\'C'n 
~n:r.tt:.r (l~ygen denlo:m~.l :.nJ :.lnxiety. T(ll)re;lk 1he 

q •d t :lnd mlm the anlm:.ll. sOOatlve Jru~s :'lte oftel\ 
ndminist~'f~"<< . The clinicinn m<'~)' ch,'Xlsc morrhinc. 
mepe-ridine, dill>l'pam. or other Jrug:s. 

Aspirin 
Aspirin is known fm its :tb1liry to rcdi.K~ pain and 
inflammation, ic:v~·r, nnJ platdet nr;grcr;a.tion. It is 
:IQ1nttime~ u~ed 10 hel•rt d~e~~e when dot fonm•, 
t tnn m<ly he :'1 1)\)•.:mial problem. l1 ~~ ,.seJ b}' .$C•I'flt 
veterinarians to rcJuce the h' J\dCIK)' for c lot (oNIUl· 
1ion in h~nnworm o~'tltmcnt and (,')r the ~>am<- pur· 
}X*(' in conge:stive cardi(ltn)'opllthy inca~. 

ThorococentesJs ond Abdomlno(tmtesls 
When hcan f:i!ilurc is acoomponi~.J by exc~.s.:>i\'C 

ftuid {effusion) in the thorock ct~vity, drnwing t1uid 
from the ¢1\\'ity may be l ik~wing. Reu~o~.w<J.l ol 1\...ov 

citic 11uid i:; Clmtl\)\'el'l')•al ~~ may n:he\'e pr.:l)Sure 
Oil the diilphl".lgm and imrnwe vem ilatit'>n. 
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REVIEW QUESTIONS 

I. Whv Is the 1\e:..ltt cnos.dcred tl) he t.wl) ptu))p;. 
functionally! ------:-:----:,.-

2. Can:liac cell to arc connected by int\-rcalatc:d 
dWk$ a.nd <1 (u~io-n of <.:d l rnewbra.n<:$ to fonn u 

3. De-polari!:ui~'llfl of cardlac. cells rs char.lcrcrizOO 
by a rapid inltux o(_ :----- --
ion.s, a .siO\\'C'r infl ux of 
-...,----,,...------- il)ltl\', ~n,J rhe 
()Udlc)W ~'l( li)fl.~. 

4. A rt>hnivd~· lon.g is 
im{X)rttmt to cardiac cell:s to prevent a comtMt 
.stin~ v( oontn•ction from re<:)'t.:ling impul"(tt. 

5. fJtline chrf•I'M)(I\)I'IC ~nd ln,)ltOpic e(fcccs ln 

rcl:.uioll h ) rhc lwarr. 

6. Defiltl" preload and aftcrloid in relation to- the 
l--"-•mph\# rned-..•mi~ru (I( du; heout. 

1. lisr the f\'xu OOsic C~)mpcnsatory mechanisms 
of the cardi<was.::.ular .S)'Stem. 

8. llo1 live c)bjoN:ti\'CS of 1rc:umem f01 hc:ur f:l.llore. 

9. Li$t four beneficial cffcca and one potential 
tl)xic cffocct cl the u~..-: of the: carclU.<.: glycl)t$id('$. 

10. Cucchobmjncs such :l.i epinephrine arc useJ 
in veterinary cardiology prirtUlrily (N 

I I. Li.n li\'e (;)(;.tiJC"S ti1M llll\y J're.Ji~p<\'!t the h~rt 
~) :uthythmi:t~. 

12. Li$t six catesorics o( antiarrh\·thmic drugs and 
give an I:'Xampl..-: f.t( each. 

13. lilit four \'i.s\'xlilarm dtugs and classify each ~lS 
artcriodilator, \'Cn<.xlil:nor, or mixt..J. 

IS. The usc o( many diuretics can lc~d to a dan· 
b'('fOus \otiS of what d«uof\·tc? 
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16. lis-r 6ve ancillnry me1h0\k of treatnwnt for 
card iova..~u lar di~~Me. 

11. :-"7--"7""-::--::--,.- Is c_ha.r.l<:re.rbcd 
by rhc rapid influx of s~'XI ium ions imo the 
cell through c:han.nd.s, the sl-ov.~r inllux 
of ~;ak.ium i1Jn11, ttn-d th<: ~)utflow of 
pot.:usiurn i\)t\S. 

18-. The :unoum -o( bi.'X><Ithat th t hean is Cllp:tble 
of pumping rcr minute is called 

19. rt$uh.s wh.:n tho: 
pt.unpln~ abtlicy ~'lithe hean Is lmpalrOO ro the 
extent that so..lium and w~ter nrc r<:roincd in 
an effon to compe:mate for inl\dt"quate cl\rJiac 
1)1) IJ'I.l { . 

1{\ ACE c:h~ 1he O.')th'e..skm of 

:====,-:-.to 
21 . Nitroglycerin &$ 11upplied as an ointment. Li:>t 

tht rr~ulit)O$ th~{ $h(M.1Id be t;.ll:en whet\ 

applymR. ----,...-----, 
22. \'(lhm diuretic isu~d mos.l commonly in the 

nelltmt'nt of h~ut l'ailurd 

24. \VIun arc the primary J.>oals of thl• dtc.-tal)' 
manl'l.~tn<:nt o( ~Mt cli1!ea.sd 

25. lin thr.:t' effects of ndmimstrntkan of ca1echol· 
a mines. 
). ______ _ 
2. ______ _ 

l . ~-:-----:--:-
16. The ht':.n is:. _ ·chambcn.J pump that is 

rc:$poruible for moving blood throur;h the 
vru;~;.Ular -!-)'$tern. 
~. CW('I 

b. foor 
c, thret' 
d. five: 

21. is :.l (;\Rtr•thtm-nOr•n;ll ht:.lrl r~u:. 
~. Br.ldrcudla 
b. Arrh)•thmia 
c. Tochyrordia 
d. AutVll\,1ti.::it}' 

28 When situations cnusc: ~:o])Ofltta.neOtlS depolari~· 
tion of cardiac:. mUS( le- or abnomwljt~ of the. 
u:mdv<:ti(Ju 3)'~:-lem. rn;l)· <\OC!rr. 
:.1. br.1dy.::a1'dk1 
b. ~rrhythmi:t 
c. tachyc11rJia 
d. <lVtolTHitl(;i t)' 

19. /\11 n{ the {t)llowu)$1 (excel)! ••ne) are 'ol.-:l'{$ h)· 
"'hid tlw cardiov3JOC.uiM sysrcm m3~' incrC:~se 
its output during time-S of Ol~d. $uch as during 
uthle-tic !'('lformance- or to c.ompe-nstlte (or car• 
dt<.c JiseoL.-e. -,------.,---
3. deuC:lSU\Jil: hean r.ut ro such ~n extent dl:u 

lh t: myoctudium is r r(»eCtt.-d (rom damage 
caused by m(' ioc:reiU«< \l•orl:load 

b. in<:rt<1$ing the $tnJkt v9fume 
c. lncrtv.~sl t\jt tht>: eftic11~ncy •')( tht he:m muscle 
d . physiol\'>gic hcarr cn l:ugtmenr: the hem is 

compoSI:'d o( muscle that rt'$('00d$ to 
work 1.-y innc.-sing iu si;c: .-nd lxx-.oming 
$1((11'\l):e-t' 

30. CHF (c(lngestlvc hcan 6ilurc) results when 
the pumping ability of the hean is impnirc:J h'> 

the e-xtt"nt that Na and H:O are rt'tain«< in an 
d'i'ort t() compen~tt (or inadequate ~;)rdiac 
ou tpul.h li :U."'-'l<:l:l.ltld with all o f 1he folio-..•, 
ing. exttpt _ . 
a. ext'fd.sc intolerance 
b. pulmonu.ry edcnw 
(!. ~$Cit e,: 

d. diaphmgmatk hemia 
31 Disimlis is a (an) , It is 

obt11ined from the drkcllt-a\'~ of the plant 
rng.·wu~ (mrpuro!a. 

:.l. c~uecholamlne dtujjt 

b. hiJYt•ridine deti\•ativc: 
c. cardiac glyc-t'!>idt-
d. <~ntiarrhythouc dn.~g 

l1. Q uin adhl< iS; ~n all::_llf•id d'l.'l l lS <)ht.'l •Oed frf•nl 
<inchona planrs or is pre-pared (rom quinint.lr 
is u~t."<< to u~-at ventricular arrhythmias, ven· 
trkuhn tn<:hy<:ardiu, and atrial libfillatt.on. 
Quinidint d(Jl!('~ mu~• be 111 p ;lti(:nt$ 

who ar~ b~lnit m•attd <o.')I\Currt ndy with 
digoxin. 
a. dec.re-ruc:d 
b. in<:rta~d 
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33. Glon'::S do not hnvt> to be wom whl"' applying 
nitroglp;c:rin. 
,1. Tru.; 
b. F~1IM> 

34. Concurrent usc of nonHcroida) :m1iinl1am· 
matory drugli may __ the dfectivt>ncs:s ol 
c;apt<:~prH. 

~ . 11\Cri!:'ISC 

b. decrease 

35. Furosc-mtdc mtty causr __ in patients. 
~. hnxudr<:nocortkism 
b. hypok~le•Ml. 

c. hypo.::llcem•a 
d. hypothyroidism 
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CHAPTER 8 
Drugs Used 
in Gastrointestinal 
System Disorders 

LEARNING. QIUECIIY£5 

I. Exhibit a bask uodcrswnJing of rhe anatom\' <and physiolog)' of 
t~ gil$trOint~tin.al {GI) s~tem. 

2. 0tl$1,'Tih<: t.h~ ''<triQvS m~h<)nt$n~ of ~c.mtJCJl of t h<: O l ~y~tcm. 
1. Expl;"tan 1 he dlllcrence !'lei Ween Vt .. tni l u\Jl :md d~trhea . 
... E:<hibit a w·or\:ing l::nowl~.-dg.c ,-,( d~ that indue-.- 'l(lffiiting anJ 

thc~e clmt inh ibit it. 
).Ll$t ;md d(';$(:rib.- ilntiuiC'A:'r mediwtk'fls used in n:tl"Tilt<tl1' n~kuw. 
6. Espl:\tr'l 1 h.~ ('!':llht)f!hf$-i•)l tt~y t)f ,ff:trthe:l and Icy! the lnt"'<h,::u l•\n~ 

used h) Cl)nrrol thi~ condition. 
7. Li.st the different cate~otie$ of laxatin-s and explain their rcspcc· 

riv<.' mechani-sms of action. 
a. Lt.~• th..: IW() b~~i<; ~· t~:wi~ ,,( Gl,,rvlnrtio'UC$ ;;~nd :;limvbm~. 
9. £lCpl:un why ,f,~stlvc Ct\tymes a.te ust-d. 

LO. Discuss the usc (I( amibim:ics and antiinJb:mmatOI)' ugcnts h\ GJ 
distaS<. 

II. l~ the:' e<~tegorie' of or.d pruduet:; ilm.l gh•e tU) exam"'c (rom 
1."'111::h c.""te.stnl)'. 

H9 
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EV TERMS 
ADSORBENT A drug that inhibits Gl absorption of 

drugS. toxins, OJ chemicals by al1racti"& and hokllog 
them to its Sl.lfaGe. 

ANllCHOUNERGtC Bloclcrtg nero.-e impulse uansfnis. 
sion through the p~rasympathebc: nef\IOUS system; 
also ~lied porosympotholytk.. Anticholinergic drugs 
may be used fOf the treatment of diarrhea or 
wmiting. 

CHEMORECEPTOR TRJOCER ZONE (CRTZ) All area 
in the brain that ac;rivates the 'o'Qmitiog «!Otet when 
stirn..~lated by toJOc substances i'l the blood. 

CHOLI NERGIC ACtht4ted by Or transmitted through 
acetykholine: also Cdlled porosympmhomimetk. 
O'Oiinergic dllJgs increase activity in the 
Gl tnKL 

DENTIFRICE A ptepara:tion foe cleansing teettl that is 
.wailable in a powder, pas.te, Ot liq.jd. 

EMESIS The cKt of wmiting. 
HEMATEMESJS VOmiting of blood (the wmitus often 

resembles colfee groc.n:ls). 

INIRODUQIQN 

l'l\,blemf> (If t:he ~r::~fmhu e..<:.~irt.'l l (01) .i)'MI"(Il :)t;.>. 

common tl':lSOns tOr vif>itf> to~ vetcrin:U)' rr~crice. 
Tht.~C' problelll$ indud..- 1'\"gurgitarion. ~·om iting, 

<.h~IT!w~• . weight lo$, <.:olk. bk~<lt,ll<~rulcm.:c:, ~"'-nor• 
m:\1 :;1\\c)l:!o, :nul C•)n~ur-\1 i<ll\. ~C".11~ o,.·e-h~rin:lry 
rechnld:m~ :uc cxpechxl h) an~wet dlcms' que~· 
ri~)n.s about the Gl rran, ~dmin ister thCil'lp<'utic Gf 
mcdicnrion:;, and monitor the r<:$('01l.$C to 0 1 m«<i• 
emivn~. th¢)' mu't 1)1! k.nv"·l.:d~Jt<lbl¢ <•lx>ut thi( 
·'~·Hem. Th~y sht)ukJ h:.we :l OOslc ks)tlWled~t:~ ,.,( Gl 
ftf\.."ltomy. rhysiolo~w. par.ht)ph~olt)~.')'. th~rapeutic 
prillciples, ttnd medications.. 

ANATOMY AND PHVSIOLOGY 

Anatomic 1md phy.5"iologk differeoc.:c:s between the 
Gl :o)':oct~ms v{ d•f{.,..n;:nt ;mitu<•l S(l<l:<:•l."!! <•r;:. ,_,...ec,ter 
rh~m for :loy dthtr ot~tln ~yHcm {B. II, 2006). L.k· 
sritc thcs ... di(f ... rcnc~s. the functions ar~ basically 
the $am~· in each spr<:ies: (I) intake o( food and 

MELENA Oar!( or blad: stools that result from b&ood 
staii'Wtg. Bleeding has oo::ured in the anterior pMI 

"' the Gl tract. 
MOTIUN A hoonooe secreted by cells in the duode-

nal mucosa the~ causes contraaion of intestinal 
smoottl muscle. 

PARIETAL CEll A celllocqted in the gastric mucosa 
that secretes hydrochloric ~dd. 

PERISTAlSIS A V.\'IV'e of smooth muscle contraction 
that passes along a tubi.Aar SIIIJCbJI'e (GI Of other) 
~nd mCNes the contents of that structure forward. 

REGURGITATION Casting up of undigested or semidi• 
gested (Nminant) foodstuff from the esophagus or 
rumen. 

SEGMENTATION Pt'rit'X'Iic C:Or61ric:tlon of segme:nts of 
the intestine 'hithoot mO\'ement bac:kwatd or foe"· 
ward; ~ mOe'ng rather than a propulsive ll'IQllemet'\1. 

VOMITING CENTER An ~rea in the medulla that may 
b4! sdmulated by the CRTZ, the cerebrum, Or pe.. 
ripheral receptcm to Muce vomiOOg. 

fl t• id intu the: h•Jt;ly, (2) ah..'()'l'tJ~lll <>f ntltri.:nt~ and 
flu1d. ~lod ()) e-:o:ctctloo ,')f w:l.~f~ pmJucrs. A di~us.· 
stOn ,)(the nn~tomy and phy.sit)logy tif the G l uact 
with an cmrhasi.s on .similarities tmd di(ferC'ncc.s 
hetwct"n l!r'"ci" (QllVW$. 

11h: i'x)5,ic. .ltruCiure.., ,,f 1h~ <II lr.lCt include (.I.:~ 
pc.ndin.g on the !>pc<'ie~} the l»t.luth, tt->eth, tongue. 
salivary glands. ~sophar;us, ~)Ut}-'OCkC'tings of thC' 
t'K~phagus (cror, r<.>tic:ulum. rumen, ltnd oma:!o-um), 

:*)m:-.ch, h\·~r. p;:m~r;:.;;)~, l.ltliKI4!nl}ln, j~J~nmm, iJ, 
eum, c..xurn. (.•'l•ln, rl!Crum, ~od :ll)uS. 

Cami\'t)I\)US or omnivorous :;pC'cics (cats, dogs. 
and rc-imate.s) oftC'n <tt(" deS<rib«< it$ monogasuk or 
l!1mplc:•,1vm<•ch :tn i m.-. l.slx:cau~ thq• htwc •w (»Jt• 

pucketin)::- ••t fnrc:l>t<IIU:\C.hS :'rbu\2 fn>nl chc: b:l:' .. c 
C~)Jlfigur.uiot\ (Figure S·l ), The (unction o( the 
stomach in th.:s.c monog:mric lll\itnal.s is primarily 
10 ~ton: i~>ested mat('rial and to h:gi1t wmc: c:nz-y• 
m;.ll tC h~al.v.luwn (Jf llr(ltdn. T l1..: ~al iv;l l)' ~h\nd~ 
hq:in Cll!)•m:uk d1Jtt':>rlon b~· produdn~ en:ymes 
that break dowl\ swrch into simplC'r carbohydmtl"S. 
[\mcreatk I.'OZ)'m<:.s ddi\'<:red to the duoJcnum 
hreak down {m~. c:ntx,hvdrtlt<.:s, <l.tld prvtein<, iHld 
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' ' : Je]ul"'.lm Ht1·1 
' ' ' ' !. ___ _ Small 

intestint! 

FIGURE 8·1 

Cococotic 
orHice 
<Jnd va,t-.1(1 

eec..., 
: Anal :;phinC1GI 

1.---~ Rectum 

Anal orilioe 

The monog.lwic g.sst16nt.esO~I S)'$t<~m. 

sodium bicarbonate from the pancreas nt.'Uttali.zcs 
h~xlrochloric <rdd from th..- l!tom~('h. Bile .... t~. pro• 
duc~l in 1he l1n:r an.! delh·ere.l It) 1he dl.tO\Ienutn, 
aid in dige~tio.n by emul~if)••ng f~lts. Olle is s.wreJ In 
the g;_lllbladJt•f, which i$ absent in So.')ml." animals 
{hor~s <r.nd mt:o). Digestion and it:> control m<'cha• 
niMn~ <'rE: <;vmplex, and Stl.ld<!nt$ shwld &::•Jf\i!l• lt (In 
appropu:ue rext fllt furrh~•· anfl"Hmark,n. 

Ruminnnt n.nim$IS ar~: herbivorous and htwe .-. 
OJ S)'Stem chall'ICt\'rl;:t'd by thrt'<' (orestomachs, 
the reticulum, rum<'n. om<r~tun. :.md a "trve .. l!Wm• 
:.te.h-the absunasum ( F•J!ure $-2 ). The telicuh.nn 
receivt>s ingested nunerinl :md pa.~e~ it to rhe ru· 
men, where it is mi.x.._"() and act .. -d on by microor· 
g..m i~m~ to di~tc::>t cdlul(l·$(' and oth..-r .;.QaNc plant 
tn:\ttri:-11 (n.M~hR{!~ ). $vme rtfer •v tl\e rtnn~n :\:! ~ 
"(ermem:uu:m v:u," "•here mtCtlll'>~al)tsms break 
d''"'n C\')arsc fc .. -ds into fom" rh~t c~n hi." used by 
th<' $impl<" $tOtTtach portion o( the GJ syste-m in 
n.nuimmM. Pi•rtitlll)' di~~tc:(l m~tcri ~•l (<;ud) in the 

JUIJk•n i$ rcgurgimt .. -d and remMticated w furrhc:r 
f<r<:ilitatc di~e:>tion. In an tmrm~turc: romimmt, an 
eoorh:.p_e;)l )!1\)(1\'t: ali(I\'/'S nllll: 1(1 hn"-l$~ the n•~ 

mel\ and flo"'' directly itl(o,') rhe ~1bom.1sum, nnd 
the rumen ~':l i f'IS full functi,')n only after several 
months. 

&pJineil, r~thbiu, ~md 1\lvtut r<xkntl! illl! <;lm:Ay 
httbt\'OI'OUS al\lmals thm h.:l vt> a moo,)i:;t~rrk G l 
cc.nfi.gurntion. Th<:)' rosscss. however, a lnrge «· 
cum, whkh is capable: of limit\-d rougha~>c: dig(':ltion 
(hind,b'\.lt f<'nnent~tion) (Fib"Ur< 8-3). 

Bll\b howe: ;)O ()utpi!Cko:tlnjt <of the el)ll()h ... 'lt:u.~ 

called the C'fa#). which ts uscJ fN food smmge. The~· 
also havoe a ~·entriculus, <.'r gi.n.ud, which St.'1\'es to 
grind c.o<u~ f<.~d nwtl•rial (Figure- 8·4). 

11\t: $1ll:\ll inte*{ine <;vru 11ri$~ •hn:e $eC!tiJf\$: ~he 
J u,'ldel\um. which has a sharp bcl\d anJ In whkh 
the p~ocrcas is J,'X~ted: thl." Ions ~od h ighly roikd 
jc:junum; anJ th<' $hort ileum, which connect:> to 
tht: l a.r~>t int('$tine. In the ~m"ll mteStin~. (l'IHcn~ 

Copyrighted material 



152 APPUEI> PHARMr\CQI.O(W fQR VETERINARY TECHNICIANS 

Abol11asurn 

FtCUAE 8--2 
COI'I'Ipllf!fre~ of rhe rumil\'tnt besromach. 

l"eMC 
ilexu1e 

Ce<.m 

FtGURE 8 ·3 
Tht Ia~ lf'ltestlnl" ol {I hOI'Sl", 

('QS.Sing from th<- stom!Kh ~~~mixed with inte:stin.."ll 
~.;ro;:ti(m$, (Jlh)CTea11.; jlnCt.., :.nd J,,Je. TI1e di~'t$t ivt. 

ptOl:\-'SS th:u ~an In dh~ mau1h :lnd ~h)tnach is 
completed in 1h.: .s.mnll intestine. Pmduc~ ,'l( this 
pr<.'IC(';SS are ~rbed to~~tht'1 with most of th(' vita• 
mins l:llltl a greut dc:ul o( Auid. Vilh and micrvvilli 
(lf'OnuJe frc•m dh: mu<:l;6:.ll sutf:~ ullt> the lumen 
of dle small intt.>stine :tnd greatly enhance the nh· 
.sorprive proc.:~. 

Movement$ of th<- small inte:sti.m• mix th<' intes• 
cin~l cont~nu, ~lied cl•;yme. :·•nd nM)\'l! 1hem t(lwtn\ 1 

dle Ia~~:~ imcsline. Nonnal mr~tln .• "ll n\Oflllry m· 
dud .. ~ tv.\') diffcu·nt patterns-peristalsis and .scs· 
mentation (Figun: 8-S). Peristalsis is a wave of 

conuac:tions that propels c:ortt('rtts alo~ the digCY 
~tve tr<'-;1. Segmenl:uion t.s :1 '"tti<ll.li.;. ftpl!<'ltlng 
p:tltCnl o( UH~fll'l .. "l) OC'J!lStr!c.JiO.OS th ... "lt lteiVCSc to mi.X 
"'nd churn the ooments. 

The colon has a coruid~fnhly l ar~'l:r <liamet~r 

than th<: small intc$tin('. Th(' <c:olon i$ <c:onn('Ct('d to 
1he ileum ;)n.l dte c~un 1hr<tugh 1he ll t!()CeCIICnlic 
v:tlve.. The !iurl'acc o( the colon may exhibit one or 
more longitudinal bands (d~·pcnJing on me .sre· 
c;i('..s) c:.a.lled fcnictt' . The w•dl of th(' colo1t ma)' also 
(<)ml Vlt{J".ICket il't#~· c~ lkJ htt!.C$11'1:.1. Tite (Vkm <)( 
ntdOiltl~rk anlm':tls has an a.~cendln~ p,)rtlol\, a 
tronsvcrsc panion, and a desc:ending ponion dun 
leads into the' r~ccum. Functions of the colon 
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fiGURE 8-4 
nott d~ SfSk'l"''' (Jf ibid. 

,.J•J•·· ~ I, 

2. SogmlflUI1 c-ont•.;t.etions 

3. Perlstaltc 

ftCUME 8·5 

• 

Ptnst.JI~ ood segmen~n 

induJ.: al:~nrnnn ,,( wat«, S'f1llh~•~ of <<min 
YitJJmhu, and~ttUri_lj..'( o( ~,~o-<J.:>te m.U('ftlll. 

Mo,•tu\~tlt~ ~1f tlw Ol)lvn include f'\!tl~t-•1~* a.n d 
""-1ttrw•m:u 1on (.H 10 the ~lllntt.,.llnt'), :u. wclJ 3li 
o1 third tll'C callcJ PWS «<Ctti:JJ1 COM'o1C'tdt <Ganoo&: • 
.!OOJ). MiM JIC11lllf'l CtlllttiiCIIOO: IS. r('lyh of Mmu.l· 
tttncou~ «lfltr.IICI"-IIn cl( 'n..-wxh nlY-<k II'YC't 111 to.~ 
•• ~ .• and ltt"n·t~ t<) m~we f~l m,l,crul trum t)(le 

flc:trtlon of 1ht> cttl•)n 1o .morhcr :md (n_)m thl.' rolol\ 
into the rt"Ctutn . 

REGULATION OF THE 
CASIROINTE5TINAL symM 

RcuultttiOn ~1 OI ~>VIIttm l.C.tt\'i ty i)<,•mr lc<oo: hut c:Qn 
he :.aiJ 10 ~ ut\\ler ~~~ lntluet!Ct' uf thl.' fullu"''U'I2 
th.ttt b$$iC cootml "~~crns: 

I. The- iltJtQC'\(Jiht~; f'lnT>IUS ")~<'m (ANS). 
lt. !:i-ftmcal. lt lllf'l \lllhl' ('\lr,,.J)I'l\f"<;llh.:tk l''r1•vn 

of meANS Inert.':~~ lm~unal moulity and 
tone. inc:rC'ltiC'\ intcstinal.scctt·1mnll, .tnJ 
5timullna rc: I.IX<Jhttn of srhinc1en. [lru~s 
thiolt mimi< r.tt.by1JI(!~t.hetK •U!UUI .. tttm 
(e,h.,IIIW'flllt ut I"'·U'it:Sl'nlrad"J(ftiAlo:lk.) 
catM Slmtbr fbUlu. Anrichulsnnat..:. or 
p;lr',i;S}'mp;llh\'IVIIC;, drugs inhibil fht:'JC 

ANS 1-.:tt~•n ~. 
h. $timubri<lll <I( the '>~•op;uheric hf.uH:h ,j the 

ANS docrc.a~·) lm(>Sdnal m .. ..,, ,JIIy 1mJ wnc. 
~ lftiC'-Ian..i S«rttions, anJ mhJI:'Ilu 
~nc:ttf'f.. 

c:. St•mut,lCKifl ~l( ,-~tlo;IU" mtt m'<tot 1\"f~rtul" 1ft 

tJw QJ traer, \1-..:.h li!S I~ m)'tnh·ll'" rlcxu:o 
(suetch r~cet\hlr), also mny incrc:11-~ pcri.sto11· 
tic auivir.y. Sc•mc: phy.siolos.:i-u cnt,,itll•r dt<" 
mtnni'K fO:C'J"'"" (my~nt<'IK rlt>lHI' ~nd 
:\k...sn..-r~ l'k\.Y'!i) '"t-ea 1huJ 1'11.1f1k•l ,.,( 
d~ i\t-:5 un .. -J dw e~tk"''ic ""'' $U J)JC"ml 

(Ganong, lOOJ) 
z. Gl hormone:l< \tt\:h 11-~ ~~rin, KCn:cln, tmd cho~ 

IC'C'fliCOkinln. wheu rd ca:-eJ {riMII lnh'\(111.•1 
..:dis.. exert comwll}v~r tn:\1\Y fuflulnn~t ~ouch a.s 
gastric S«tC111-n, t'mrtVlng of rhe l:ii llN.Jder • 
.nJ ~<me nJI("Cl1~ 

Copynqhted mat1nal 
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3. Subt;mnct~ such as histamine, .socrotonin, and 
prostaglandin are rdeasoed from speci::•lioed 
c.: lis()( aht 0 1 t~et. Hi:«<:.mm;: aw.che;$ rv H; 
rccepron. II\ Jtlstrk l':ule1:d cells 10 cause In· 
<-rcll.SI.-d release ol hydrochloric aciJ in rhc MOm· 
ach. The influences of serotol\in and prostaglan• 
din ti re; 01.11 a$ wdl ddin-00. 

l\t)l}th~r (acror 1h:u c:lt\ hnve a major in.rluctlee 
on OJ activity i$ the rr~'$Cnce of OOcteri:tll cndotox· 
u~. EndotoxiM arc: components of the bacteri :~l 

01:11 w;:. ll fJ( ~erl;hn l~t.l eri:. ((l{t~'' gr:lnl•nc:g;uive 
00c.1crla) !hat may lnctt~se rhc rcrme:tblllt)• ,)fIt\· 
t<:stinal bl .. '>Od ~'CSscls and cause incre~St.-d lfuiJ kiss 
and fe'<"<"T· 

VOMITING 

Vomit in~ i:; forcd'ul ejection of the:' content~ of the 
~h.Jffi;«!h , :lJ'd $(11\\4!1 iu\t:$ th~ cvmenu vf 1 he prfJx• 
1m:1l small lmc!>linc. throuRh the mouth. v,)mtt· 
ing is initiated by nctivmion ol rhe vomiting 
(emetic} center in the: m<:dulla of the: brain. The 
vomiting ..:entc:r i~ <:vnn-i,:<:ted by n<:rve pttthway.! 
to the dtemorett.l)tOr Lri~er :one (CRTZ), du•, 
ttrcbral cortex. anJ peripheral receptors in the 
pharrruc. GJ tract, urinary sy,st~·m, anJ heart. lm· 
pul-5<:$ from tlf\Y of th('se •~rc."i" ••cth·oltc." the vo.>mit• 
lng rc:Aex; t hi~ r~1uh~$ a C(••mlin.:u~d ~ffot1 ()(the 
OJ, musc.uiOCil:-t"letal, respinuory, nnJ nervous sys· 
tems (Figur~· 8--6), lmpuiSI:$ may be scnemt~o-d by 
(I) pain, exdtC'ment, or (('.Ill (corwc); (l) distur• 
b;;1nct:s (l( the inner ~tr ((."RTZ); {l} dru#$ svch M 
ap.)rno-rphln"- and dljt(lxln (CRTZ); (4) tMtaOOIIc 
conditions such :\$ urcmin, k~tonemin, m end,-,. 
toxemin (CRTZ); and (5) initation of p~·riphC'ral 
rc:c~rtm$. 

Occ:.l5iotul V(•milu\j! bv :.l di,g ,.,. c:u i.~ consi.l· 
erOO nol'tllilL Howe\'l."r. persis-tent vomjling is nm 
nonnal. H<.,r.;cs and ratS Jo n()( normally vomit. 
PC'rsi*tent vomiting C'ttn c.I\U5<: *erklu$ problem$ 
~!Ch ~ .. r{!i.uh;lnt deltytlr.lti(ln, elettrvlyte di:;lur• 
bmces, :tnd acJd-OOse lmb.ll:mc.cs. Si.table qu:-~ml· 
tics ,-,f sodium, p.xassium. :.nd chloride nrc l\'m in 
vomit. However, J:-"'(ti$Sium las$ is usually th<: most 
si~n i6<:an t ~bnmm~lity. 

Pain, f.l;-ar 

Jtritams 
Pharyr..x 

Motion 

Drugs, toxins 

Larynx D.tst\'J<W$ or VOfi'Jii'lg 
Stomactl IJ'"'ilry !racl ~IH 

FIGURE 8-6 

t.iv-er 
Pcrilof'll.l\lm 

"""" 
The VOtntlt'lg oe~U~"/chel-.wecep!ot ~ 100e. 

Emetiei are drug~ that induce vomiting. EmC'tics are 
~Jmi.ni$tered 10 ~r)iuml$ tl~t h;:.ve illb't$1~1 tvxin.~. 
but 1hey muM he used c:uefitlly h .. :wolrJ serious 
C\')mphctllions. Emetics shoo.IJ nN be used in ani· 
nwls tlwt (I) are comatose or are ha\·ing a .socizur<~ 
(2} h:tv(' dC'pt'l!$'ied pha.l)·llJ..~~~ rd l<:xe$; (J} :tR: in 
l!hfJ<:k t)r tly$pne.'l; o)r (4) h:w~ in~ed .lt n.'•l~ :~ckl. 
~1 lk.1li. or olhcr c.'l\US.Iic substatlet-s. Obvioush', emct· 
ics w ,-,uld not lx· giwn (\') nnim:als thnt do not 
nonnally \'Omit, such 11.$ mhbit~ some rodenu, 1md 
lwll\'eii. Em<:ti¢S usv;llly n;:nwve ,,hw t SO% vf the 
Sh)tn:tc.h Cl)ntems. There(o)h~. 1he anunal should be 
closd y m\'mirm~ood for si&'lls of toxi<itY after inJuced 
vomiting (Plumb, 2005). 

Emc:tic;:s """ dtl$~illed occ~m:ling w th<:ir ;!.ite o( 

olction. Tho~ :U::Iil\{1 <•n the CRTZ :~re c:\l~,)li:eJ 
~lS ccmrolly acting. ~1nd rhosc thar act ,)n p<'riphcral 
Tt"Ceptor.s are Joc;.llh· acting. 

Centrally Acting Emetics 
APOMORPHINE 

AJ}\'>morrhin< is a mmphinc derivative thar stim· 
ul11te$ dopamine receptors in !he CRTZ, which 
then tl(;tivates the \'Otnittng Cent..::r. Thh drug 
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is poorly abiorbcd af1er oral administration and 
is lhC'rc-fon- u.ruull~· administe-red topically in 
t ht cvnj\mC:tival 3:lC: t)r p:•rtnlert~ lly. Vl)mhh~ (.;JI• 
l.:n.vs rnptdly afre.r mtl':.wenou~ aJmlnlstrnuoo, 5 to 
10 minu1es afrcr inr~muscular injC'ction. ~nd 
variubly ( 10 to 20 miout~) after conjuncth•al 
t-Jmini~rati{m. 

Clit ticaf U$eS 
:'\pt,morphin.: is used primarih· for inJuction o( 

\'Omiting in d(lgs. lt is C'(lfUid~.·~d by m;my f(J bt- t.hc
eme•ie .;1f e h(liCA.: ((lr dvt;:::-. lu u:;e: h' (llt.S i.~ C(liiUr(•• 

vcrsial and pru..;,bJ~· I$ oonuaindu::::uOO. X ~·L:ume, 

which is safer dum af'')morphin..-. i:; c((.._"<tiv<: as nn 
C'tnc"tic in most cau. 

lJOJ.«ge Fcmn 
Aromorphin.: I JCJ s..'>luble tnbkrs. 6 mg (human 
Iaht-I), arc commonly us-ed. Aromorphin.: is a Class 
U oontwUod subswncc-. 

Adw1"se Side Effe.:u 
Thc$e include prouact~.-d ~·om iting, restlcssnc:"Ss, 
and dC'pt'~sion. 

T~¥No&¥ 
I. Whole 01 divided a.pomOtptW'lt tab&e'ls may be 

ploced in the conjunaival soc of the eye. These 
tableu 01 portions can atso be crushed 01 dis
solved in salne and placed 10 the conjunctiv4. 
Once \•cuniting has ocru«ed. the remaining apo
m()(J)hioe shovld be rinsed oul of the oonjunOiva 
to prevent prouaaed vomiting. 

2. Na!Oli.Ont may bot! USf.'d to treat an 0\•erdosc: or 
toricity. 

3. Intravenous cephalom may ceruse vomteing. 

XYLAl iNE 
:'\lthoush xyl::.oine is not d.assific..-d ~u an .:m.:tic, the: 
Iaht-I indicates that it indue~ \'Omiting within 3 t(• 
5 minnl("..S in ¢:lU ;tmlll¢l.'tt~u.mally h' do~~- S.Jmt 
clln!ctans CJ.)tlStdcr :t)' l:utne h) be t:hc :1)i$1H Ctl 
choitt for inducins vomiling in cm.s. Normal pre· 
cautions should be followed regarding administra• 
tion o( thi$ produet. 

Locolly Acting Emetics 
Syrup of ipco•c is thC' prinmry 1~ent. Other loc:ally 
~<:ting eme1H::$ th<\1 h:-\vt been u3cxl wnh \'~riOu$ 
JcJ:r~~ of cffe<.twcnes$ lt\cluJc mu~mrd and W:lter. 
hydrogen pcm:tide. and warm Milt ~A' liTer. 

SYRUP OF IPECAC 

l~cac. whlcl\ lS tJbt:.\inOO fl\) ln plam roob, <:tJO~ 
tains nlknloids dun irritalc the ~a.snic mucosa and 
induce: vomiting within 10 to 30 minut~~ . Stimula· 
tion of the CRTZ is ru~ th(lu.ght to (I(CUF· Thi:s 
~ge1\1 tn:l)· he u,ed in < l(>g.~ :md l:;l!:j;. S..mle vto~eri , 
n:lrl.'lns qucslioo rhe efficacy l)f thi!< emctk. 

Cli.nic.Ql Use.s 
lp«a¢ i$ u~{I IIJ tnd~ cme$i$ 10 tiO:~$ and cats. 

l>o$~e F'onn 
Ipecac oral syrup in Is. and }0-ml. pint, and salton 
hottfe~ (t,;(:tWric) i~ an (IV<Nhe<><ounter produc:.1. 

Acltrerse Side Bffecu 
These include cardioh'>Xkity (high doses}, l::.crinw· 
tton. 1~nd $ali\'ation. 

T~¥N~ 
1. Ipecac. should be administe--ed wid\ caution to 

arWnals with an existing heart condirion. tt is a 
c.<~rdiOtoXic drug when gwen 1n h1gh dOSteS. 

2.. EXtract or ~ shruld !level be sub$tituted rol 
S)lrup of ipecac bec(luse it is se.oeral times more 
potent than the syrup. 

AnticmC'tiC$ art' dn.t~ th~t a.rc: u:sc:d to p"'vent or 
cvo•n)l V('ol'flilin~. The .. ~~e._..[ ~11\ltemetk$ t, a f.)nll 111' 
symrwmanc trcaunem b..--c:tus.:' d\Cs.:' dru~ do nm 
nc<:C$..~rily corrcclthc unJcrl ~·ins caUSt.' o( the vomit· 
ing. Mtmy Cl~ of vomiring in :;mull animak ll~ ~lf, 
linlltit'# ()r ¢;:nl l.~ ¢1.KUI\>Iled b)· wubh.;•ldin,g ((~);.! ~tnd 
water (ot 24 w 48 h1"X11S. Othef ca.~:uc m~ Jl(bcuh 
to oontml and nett~itntc the use of ~lnriemeric nslo'fus 
and cardUI anemion to dctcnnining the undcrl~·ins 
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cau!<C, Antiemetic.s uwa\ly are given parenterally be· 
cau~ vomiting pnxlude$ lt!(' of tht or.d rome. 

Phenothiazine Derlvatl'ves 
Phwmhiazinc dcrivmi~·..- amicmetics act ccnoa.lly 
~· bl-ocking dofX"lmine lt"C.c:ptors in the CRTZ and 
po:ssihly by din:<:t inhihitiOn v( the VIJtnit•l\!; <:entc-r. 
Tit.el>e :.l~e.us are in wkles1)read use. They ~te vetv 
uiieful ill preventing motioll sickness in d<')~ and 
c.ns but may hl• less t.ofkcrivc ar;nin.st irritant emet· 
K':$ (U('.-on, )988). Common .l>ide d((!(.ts include 
hn)(l(tn *ion ;md ,s.e;J.)u(m. 

CHLORPROMAZINE 
ChlorrromllOinc is a phenothiazine derivative tmn• 
lll•ili;c-r th at h<'-t liu lc pJPolt'ritv ;:..-t <' tra.nquilt:(r in 
' 'etetln.."ltV medu~lne aod 1~ miltto nftet~ ,!Sed ::;s ~n 
am iemctic. 

Clinkul U1e1 
C hk\rpn)lft;)m\t i$ ~I a.;, an :~l'u iemetie u\ do~ 
anJ c.us. h is more effective In ~s than In cars. 

Oo.s«gt Form.s 
I. Chlvrpl'()m;\.:me t<'lbl<:tit (TI\\'f(_.m.;:). v;" tiJl'$ $n...S 
2. Cl.lorpmtfl:Uu\e e>:rcndOO·rele:lse <-:lp:.u}esc 

(Thorruine Sparuulc). \•arious .si!es 
3. Chlorpromnzim• oral solution (Thonuin.:}. 

2 mg/ml. 30 mJ;Iml, ~od 100 tUg/ntl 
4. Rec1al $u ppve;ih)rie$ (Tht)f'l.l%hlt ), ZS ll\2 ~n~.l 

100 IYI]l 

S. Chlocprom:uill(' injection <Thor<lzine), 25 mg/m) 
in ampYies and vi11l:s 

Adt.<er.tt! Slde F:fle~.•rs 
Thdc tar.: prinHtrily limited m s~.-.Jation. ara:<ia, nnd 
h~l)()nonsion. 

T~J-N~ 
I. Chlorpromazine is iru::ompa!tbl! v.+.en mixed 

with sevtral Other ")e<tdble itgents. Check the 
label befo•e administering. 

2. Chlorpromazine may inter.Kt .xlversely \\hen 
given concurrenUy with 5e\'efal othe1 dnlgs. Re~ 
the label before administering to delermine 
whethe1 the combinattOn is compa1ible. 

PROCHLORPERAZINE 
Prochlorpcra.oine i,s ~ phC'nothiao.inC'dC'rivativc agC'nt 
with m(xltr;lle *J.t~tive df«:l$ a.l\d .>tn:>ng .tlnti ~ 
emetic ~(f.x.L". Th~ :tpprovOO form o( tht~ drujjt 1 ~ :t 

combinmion ph.,Juct rhat comains :an anticboliner· 
gjc ~'t'nt (Darbaoine). Proch\-otp('m.zlnc i,s av!lilable 
1111\!,:ly a.~ Compw;inc (huml:ln Iahti). 

CU,lical Uses 
These incluJe cono ol of \'Omirinr; {prochlorpcra· 
:;inc a lone) in do<..,~ a.ncl cat:s and tTC<IttUt'nt of votu~ 
ilin.g, ~.*tfl)C!ntt:ril i~. di:~nht'..O:I, o~l"'"*tk o:>lil i$, and 
motion sickness (combhl."lUOO proJuct). 

Dosage Fonll$ 
I. Proehk,rpt:r.-.in~njection. ()r.ll ~ywp. iiu(r.uned· 

tt'le:.lse c:tpsules, and !iUPJ)I)!<l(iltlesc (Cotnpa::loe) 
2. P'tochlorper.l!i nc/isoprop.1m idi.-in,e<table t~nd 

cap!iul.: (O<Irbazine) 

Aduene SCtk f.flt!~:U 
Ther-e arc sltn1lar h') tho~ o( chlotpmtna!lne but 
nwy nlso indude dry mucous mcmbn:.n~.--s. dilntcd 
pupil~. aod urinar)· f('tl"tltion GIIU5<:d by the effcoct:s 
of the antieh(llinergk. in tht .;vtuhU)atJvn rro~.hll:;t. 

Procaincmide Derivatives: Meto<lopromide 
Ml•toclopramide is a dl•rivatin• of procaina.mide 
thllt ha.; <.:cntt<tlund pc::riphC'r<tl unt iC'IUC'tic ...ctivi• 
1 tes.. Cemr..llly, u blctek~ ti•n'a•Oult re«plvr~ i1\ 1 he 
CRTZ, wh ereas perlr herally. it incte:.l!OCS ~:t5tric 
c,')Ju rnnion, spc~.--Js g;_utric cm("tying, and Strenr;th· 
ens cardin.c sphincter ton('. Metoclorrnmidc: hM a 
limhed inllven<:e •)n 0 1 !-t<:rtr .. )ni;. 11'i~ drt•i;! ha.~ :l 
shoc-t half-life and m:.ly h:tve t fi be ~ldmu\lsterOO of,. 
11:-:n or in a c<tntinuous drir in SC\'erc ca~s of \•,)mit. 
ing ( Plumb. 200.5). 

CUnicaJ Vie$ 
I. As an :a.ntiemctic (especially (m JXIrvoviml en· 

teritis. uremic v-omiting, anJ \•omitinr; ru;sod· 
ated with chc:mC~thcmp)·) 

2. !-=or •ht t n:Mmt nl of g.~ric.;: tll()t ility Ji~rders 

Dosage Fonm 
I. MC'toclopramide HCI tablets (Rc:g1an), 5 and 

IOmg 
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2. Mctoclopmmid.: HCI oral solution (R.:glan), 
l mglm) in oontainC'N ol \'ariOU$ ~iZe$ 

3. Met<oCICJpr~uuide HCI inje.::tk•n (~e):.l:.ln}. 
S m~ml 

Ad\'t'TSt' Side Ef{c.cu 
The m•J$t <;Omm(m :side: c-fr«:t.~ in h()TSC\f, dr~<:, and 
~l:i are heh:wior<~l 1)t <•lher d1sotders assn<:iared 
~·ith tht: c·entr.l) nCIVOUS system (CNS}. CI)RStip;l· 
tion also may occur. 

T~~Note1Y 
I. Reglan is <:Ontfaindi.cated " Gl obsltlJction is 

susp«te<J 
2. Auopine and the op10id analgesics may antago· 

nize the «<Ons of metocl(lJnmide. 

Antihistamines 
Antihisw.mine$ arc: mo~ c:A'cctive as tmricmcti<::s i.n 
dvg$ :\nd c:n~ whe1\ voourin{: is :1 re~ulr vf nll)livn 
!'ickncss or Inner e:l! ahnorm."lli ttcs. Al\dhi!'lamin\'.S 
block vomiting ttt the level ol the CRTZ. All nnti· 
hi:!t1unioe:o may causC' sedation. 

D.uCQre F<mn$ 
I. Trimcdwbcnmmide IICI (Ti~n). Trimcthobcn· 

::;.lmiJe i!i nn anticmetk for u:;.: in dog.s only. 
2. Dimenhydrin;lt(' (DritlUllltlmC'). Oimcnhydrinllt<: 

i,. :ln :'IIUlhUt;•mh\t>: l:l~lt:<l (,)r ue:umc:nt o..'f fi)(Joo 

tlon su:kn~<~ln ~ ~1nd C:\l!i. h is :waibble in 
r.ilblct, liquid. and injectable iorms. 

3. Oiph-('llhydntminC' (fkn<ldryl). Diphc:nhy• 
dr~lJnint i$ t•~d in v.;U:rin;lry u1edi~nM: ~$:'In 
:uu.en)trlc :u\d ior 1hc tte:.umenr 1)f n\(,rl(ll\ 

sickness. pruriws, nod slkrgic reactions. h is 
available in tablet, capsule", oral dixir, ~od 
inj«:t<•hlt fonns. 

4. Mc:dizine (Antivett). M~lim\t: h u*~l •n:Hnly 
in Sffi;.liJ animals f~'lf the treatment o( IUJ}(iOO 

sickness. 
5. PromC'tha:.inc (PhC'nergan) 

Antichollnerglcs 
:\mich,11incrgic or porasympntholyric dru~ block 
thC' eUects o( ~tykholine at parnsympathC'tic 
nl!r.·e cmli~. l11e rc::;ult i ~ t\:duc~ Gl ~ra~m<, 

ime~tinal motility, and int .. ~tin~J M"<:retion.s 
Th~e dtu~ act pC'tiphcwlly-excC'pt for ~atrl)pinc 
$tlif':'ltt ;'lnd :hninl'l~uwruidt. which h;t"e $.;•me 
cap:l.c.hy ro c.ro~ the biOcld·ht:'lll\ b:u'flct nnd 
bl~xk th.: CRTZ. Many clinici:!lns bdi<""<' rhm 
these" drug;! hH.\'C a limited ~tb ility to reduce \'Omit .. 
ing. Ga.•tric emptyin~ i$ $ll)wed by anti<:hohm:r~ 
{:k$, which nl<l)' aCIWII)· uH:rease 1he Ct>:IHien<:y 
for vomiting. 

AMINOPENTAMIDE HYDROGEN SULFATE 

AmiruJ(:ot:nt;'lmide •:. ~lJ' :mrich(llinergic,;, ;u\l ii1J~<W 

modk allf:m ior u~ In d~s nnd cars. 

Clinic-al Uses 
The..~ il)dullt the tlWtment o( <~<:uce ~I:~J()mint't 
sp.ls:m and ;,lliSOd:)t~J nau~a. \'t)tnlfiO):, and 
JUmhea. 

Dosage: Form$ 
I. An\il'l(lpeot="mliJe hytlrV(:en .)1.11(;_)11! l ;lbl~l$ 

(Ccntrhll:'}, 0.2 mg 

2. Aminopcnmmid.: hydrogen .sulfutc injeni,'>n 
(Ccntri~W), 0.5 mg/ml, 10.-ml \'ill!$ 

Adt<nse su~ Ef{eeu 
Thes.c indudc dry mucous mcn\bmncs nnJ unnary 
retention. 

PROPANTHEUNE 
Pr0f'¢lnthtllnc is :1 quarcrruuy :l.fntnl)flium com· 
pound with anticholin..'lgi< acti\'ity similar h'> dun 
of 11tropinc. 

CU,licaJ Uses 
The nnu~:t.sm,'XIic snd al\lisccretory lKli\' ities o( 

propanthdin<" arc useful in the trc:atm.:m o( \'Otnit .. 
in~ and diomhe.1. 

Dosage Fonn 
PrO('IInthclinc bromide t;,~b1coo, 1.5 and IS ms 
(Pr(lo" &nth inc) 

Adt<nse Sldt Ef{uu 
These arc similar to those" of arropine ~nd indudc 
dr}' mucow membran«. Ut<hycardia, urinary r<:tc:n" 

ttsJn, ;~nd <:On"Stipt'tion. 

Copyrighted material 
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Butyrophenones 
The- butyrophc-nonc:~ are a !,'fOUP of tTttnqtulitc:r$ 
tht~t ~re eap,'ll>lt ~1f htoc:kmg tl\e CRn ;ul<d tht 
\'00\Jtlna;: ccmcr. These .-ftu)l$ :\rc rt latl~·cly eifcctlve 
anticmetic.s but arc seldom us~-d (('U this rurrosc in 
vetc:fiMry mcdiciJW, DomperiJon~ hu.! bcc:n US«! 
m ~rope hut h....s ~klvm heen u:~cd il.!i in\ anti• 
enM>:IlC in lht Un1tt'd $ J::l lel. 

Dos«gt Fom1s 
I. Dror"C"ridol/knr.•nyl ( lnnovar' Vet) 
Z. H:llo,-eridtJI {H~•Idol} 
3. Plmotkle (Or.lp) 

Serotonin Receptor Antogoni$ts 
Serotonin rc.:.::..pt<JI'l! i!Jl; fwml •Jn \·~1 ru:rve ter• 
minali :1nd '"the CKiZ ( f>Jumh-, 200:5). Bl•"'loek:.l..k 
of thcs~ hXt>plors coosists of nntiemetic ncti\'lt-y. 

Do.sage form 
Ond;)r\*lmn (Zo(n.n). Zvfr;lll .s, u.._<t:,lulainly ;U :m 
am u:·mctlc durin$: chemOotherap~· :tnd Is norOO for 
its $pt•cisl cffcctivcncs::s durins this application. 

NK-1 Receptor Antagonists 
NK.-1 am~l~)(IJ~I$ block lhe hlt\d.nw: o( .s.ubH:10C:e r, 
(a neutOoU'Jnsmiuer in~·olved in vomiting} tOo NK·I 
rt'ccptors i.n the CRTZ. 

Oinkul u,~, 
U!Ot!S indu..k th\1' prevention ~md ue:nment of vom· 
iting in dogs cauSt..J by m,'>tion sid:nc~ or mhcr 
cau~c.s. 

DosQge F<mn 
M:.lropitant cirnue (CERENIA) tnblcts in 16. 24. 
60. or 160 mr;. Injection in 10 mg/ml. 

Ad~o<IT.J~ Side £He~L<J 
Side effe<:ts noted in :1 tield srud'{ ir~dudcJ diarrhea, 
bloody stool, anotcxin, enJ<.,toxk shock, and otitis. 

G~trk ulccr.s ma}· occur in animals for \'arious 
n::tt<On.'!, including .nre.~~. lllt!t~b.:)li¢ <hj:(~t'¢. ~l;l("(ri c;. 

hff*r.w:ld••)·, ::toc:l dtu~ cht>tapy (cn.ttlc•'XtCeHuds or 

M!Utt.'foidnl anriinflamnunory a&•t·n ts) (H:l-11, 2001) 
Anorexia, hematC"mct~is, puin, <Jnd mckna m~ c.oro' 
111()1\ iiig.'* of g<l$tuc: l•ker. M~~t e<:•.~ v( ~•.$tnc: l'l' 
ccr..ulon inWIIW' iocre;JScd fl:U.Jrlc :1cld pmducdol\ 
and require treatment of the underlying <tause 
and ~o)'mptomatic therapy. R\'<: daS.SC$ o( drugs are 
1Tl9St comlll()nly u~ei.l liJ tn:.:-t g<~<:Uit: ulcer": ( I} H: 
t~t:f)h•t ;)f'lt:l~I)J\iSU, {2) pt•)Wf'l j)Unlf' IOI'uhJI(Itli, 
(3} tanmcids, (4) golslromuc~')(.;:ll rrotC<.I:uus, and 
(5} prost:.~landin &I analO!.'$. 

H 1 Receptor Antagonists 
One ol the prhn:u~· stimuli for $ot'Cretlon o( hydrOo
chloric acid by ga.stric parietal cells is ac: ti\•Stion oi 
H: rec('ptOI"$ by hl$-tamioe. By hlockiog H: ri!'Cep
ti)JS. H1 re<:c:rwr ;~m;~,glmi~cs redo« the n:lci'-"!e <J( 

h ydrncMotlc :lc..id, rhu:. decreolSh\S! lrthatlon nf rt.e 
eroded mu<~1Sa Md prom\'>rins healing (Fisure 8·7). 
H: blockt·rs in current usc incluJ~· cimctidinc, ra· 
nitidin..-, f~motidj n..- , and ni;;•tidin..-. Th~ are all 
<.W~)il:lble a.'! ovtr•the.((lunttt f)fOd,.tel*. 

(IMETIOINE 
Cimctidine competitJ\•dy inhibit~ hinJuniJW at 
H! rc.:.::~:pt(ll'$ l,( git~tnc ptt.ri¢t<ll ce.lb, ther ... b~· nxhJ~' 
lnJ: h'tJrochiMk :1dd :.~~tefu)n h)• th ese cdls. 
Ometidine, the lenst potent o( 1hc I t2 receptors. 
must be given 3 w oJ rimc.s dll ily to be cff~-cti\'C 
(O...No.>v(•, 2002). 

Patlel&l 
cell .. , ~==~~r recep1or 

Slirnul;a!ion of 1-1, reoootor l:ll.ocMde 
a parietal cell 
H: reeillpC.Of 

FIGURE 8·7 
H:, rec:tp!OI bkxkae!e (parietal cell). HQ, Hydr<Xhbnc aod. 
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Oinkal U$e$ 
Cim<:tidi.nC' is u~ for the UC'~•t~t or pl'l:\'entktn ol 
~.~lri¢, :lb..Jtn~$<:•1, ('or dv..xlen.:.llt•ker.); hn...:~i:ti)f')' 
tcll\dhtons o( the Sfl.')lffi.'lt:h; coop~ltls; a;u.uic IX'Ilu.x; 
and cxpcrimcnwlly as an immunomoduL•nor. 

Dl)$age F(tTm$ 
l'r<oducl.i :.ppr<oved f(lr usc ul hutn:.lnS :)le ollsco u>etl 
m nn imals. 
1. C imC'ttdinc rnblct.s (T~>t~mc:t), 100, 200. }00, 

400, and &:Xl ~ 
z. C ime l Nline oral $t) IV11llfl {T;ltJ~nh: t ). 60 tniJ./tnl 
3. Clm('ttdlnc HCI for lnjcctkm (T:.~amet) 

Ad\'('rs(' Sid"' Effccu 
These: llirt r<nt in animal:;; h·•JWC\'C::r, ciml!ti(lin~ d!Jc-.~ 
inhibit m.c.r.·xoom:.l en:ymes in the livet anJ dhli 

may ~lite r the rotc of mctab:)lism ,if other drugs. 

T~~N~ 
1. Because of rts inhibi.'tion of liver microsomal en· 

zymes., c•mettd•ne may prolong the effects of 
drugs tNt are highly met.abof'lled by the Jive( 
(lidocaine, prop1anobl, metronidazole, diazepam. 
ond others). References should be checked be
fore c:wneti<W.e is used in <ombw'lation with ()(he( 
drugs. 

2. If cime1idine is used with antacids.. metoclo· 
pramlde. d1goxm, sucwlfc:~te. or ketoconcttole. 
dose& should be separated by at least 2 hours. 

RANITIDINE 
Ra1\1rldln(' Is 31!'.tl at) H 1 reccpmr :IIH:lJi:Of'usr thar 
comrcrilivdf inhibits histamine m rarieta l cell 
receptou nnJ reduces hydrochloric Meid lioi:Cll'tion. 
Ranitidine h.-..~ little dTe<:t vn h..-p<~tic ruicroen• 
:ynh:$ ;)Od iS; unlikely If• C:.lu~ ..!rug illll~r:ICti Oill!. 
Ranitidil\(' is the H; t«C('hi r anmg\')1\iSl rhal is 
prefcrreJ by many dinicians because of it$ gn:.ntl'l 
pottnC'V (~\'t tim~ th:•t (I( dml•tiditW} <l.l'ld dum• 
tkm o( ~~(.l ion. R:-lnititlme ~·l$v h:l'S l'mkint:tk. 
:.c.uvlry In thm It pl'<'ltnotesc ~:'IStrlc emj)fylnjt 
(DeNovo. 2002). 

Clinic:a l U$c:$ 
Cllnlc:•l uses are IJentiC:ll h• thoM- of dme11Jine. 

Dos<Q:t F-onm 
I. R.Mitidine HCI tablets (l:<l.l'ltad, 75, I SO. tmJ 

}00 Ill# 
2. R:lrutiJule HCI oml .!o~·rup {Zanmc). 15 mr,:/ml 
3. RnnitiJinc injcetiml (Zamnc), 25 mg/ml 

Adl!CrJe Sid~: E/fec;ts 
J\d\'el":)e side e((ee~s :.lte rare u\ :.nim:.l$. 

T~~N~ 
A proctical a<Nantlge of r,nibdme over c•mebchne rs 
its reduced f•equefl<)' of dosing (ttMce a day rather 
than thlee ~four times daily). 

FAMOTIOINE 

Fantfl(idu\e ..s an Hr tecepwr amaxoe.nis.t rh:.t Is 
c~msidcr.1Hy mme J'Oti'nt th;m c•mcriJine. It is 
admini.stt.'fl-<1 on<<: a day and may have (ewer drus 
intC'mc:-ti(ms than dmetidine (•T ramtidine. 

CU,dcal Uses 
Oinical wcs nre :simiJ<'~r t o) thOSoC of cinwtKiinc and 
ranitidine. 

Oo5age f'.m-.u 
I. Famotidin~ fi lm·CO.ltcJ r~blcu {Pepcid m 

Pepcid AC), 10, lO, and 40 mg 
z. FamQtidine or<~l p..1wJer (P..-petd) 
l . ~:\lfl(otidll\\' injecrit)ll (Pepcid IV} 

Adc-e:rse. Side E{fe<:U 
Be<ausc of limit<d u::!e, side C'ffc:cu hav(' not been 
'ktenuint~l. 

NIZATIOINE 
Ni::atidinc: is an H1 T«-<:ptor antn~ooni:!t that also 
h"' prokmetic aulvity, 11inular w ronitidme.. 

CU,lical Uses 
Evc:n though niw.t'-:linc is an H1 rccc:ptor blocker, it 
is u~d rriruarily in small•animal medicine as •• rro
ldneue ;;.ge111 (or •he u.Y..unent o( ~;vn~tiJ'(IIiOn all(l 
Jcby~ ll:\Stnc emp(\' in)l (Plumb, 2002}. 

Dos«ge Fortrt$ 
I. Alnd tahll!'ls 
1. J\:<ul eapsules 
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Proton Pump Inhibitors 
Omcpr.t:olt- and lan .. •.oprurol(' aJ(' hen;imidawlt"-$ 
tht~t <.Ct :-1:- p t'<)t<m (_.'l.nnp inhihit.;1'""*· Th~e :\,b"'nn 
biod lrte\'ersiblf :n Lhe !\oi"CI'('tory surf:tee ,,(the pa· 
rictal cell to the cn;ymc Na-K-ATPasc. This en· 
Z)'mc is r~pon~ible for "'pumping,. hyd~-en iOI'I$ 

m t\1 the str>lu-:t<;h ~'<l.inSt .-. ..:oo<;entration ~rudic:nt. 

\Vhen l'llM.md ul 1h..s- way, the enz)·me Is in..'lctiv:~.red 
anJ the cell is unable to secrete ~1cid unul :l new 
•.•.ruymc is syntht.'$izcd. 

Clhakal U!tt:l' 
These :l~enrs :lre u>ed to trem W:lSirlc Of dul">Jcn .• 'l) 
ulcer sod esophagitis and may be useful in rrc-,lting 
paricml h~·pers«retion ltS!K'cillted "'ith g..1$trinomu 
tl.lld ll\a$t<.H:)"t0$l~ (DeNvvQ, 2002). Otnerncolt h .. ( 
a velerio::tty~:'lJll\tO\'ed l:,hel ((1., r.he tte::umeor :.1od 
prcvc.mioo \')f rceurrenct> of gastric ulcers in horses 
and foals (Fousht.'t', 2COO). 

o.)$.uge F'Onrl$ 

I. Omepr:l.'!\'>le oral sust:'linOO-relea..;e ca~ulcs 
(Pril~1Scc), 10 anJ 20 m.g 

2. Omepnuolt- {L~I.'c) (Canada) 
3. Omcrr::r:.;•lt Oral Pa~te 
4. G:uu•<•Jt.lrd (Equine prnJu.::t) 
5. Lnnsopr.r.ole (Prev;teid) 

Ad~"CT$4: Side EH«-~ 
These include O:)lt,up::•ti('oll, s.ed:.ltiM\, lieu~. p:lalC-re• 
a1itis. aod CNS e((..xu. 

Antacids 
Ant<:l..:id:- U$ed 10 veto:.:rin~ry rne\la.,:ine :l~ {rtf;,, 
ti~t·ely) 1\(\ll:l.hsorl:xlble sahs ,,f :1lumlnhun, c:~.ICJu.m., 

or magnesium. A mac ids are used ro de<.l'l..""nSC hydro· 
chloric acid lc,•cls in the stomnch as an aid in the 
u~1tmcnc o.:l g-.-<(ri<: u.ker:;. In n.Jnllr\.1nts. ~rU.<•dds 
.s-..ch :):) •n:tJ!Odiunl hy.!Uilw.k :\l'e u~d t:a.) u-eat ru· 
m\'ll acidosis (rumen \'Wcrload syi\Jrome) anJ ~1re 
us.t.-d ns n lalCati\'C, Antocids al:;o JtUI)' lx• used in pa· 
ticnts with 1\"11<11 fuilure to bind with (chelate) inte$• 
cin~IJ'~I(I:-J)~I(In~o• ;l11d n:duc.:e hyptri1~W)~l'l l;) tem~. 

cr.~nkal Uses 
Th~ include t~a.tiDfflt o( ~uic ulcer, SJ~.itri ti,s, 

C'$1Jph-agitb, and hy(:M."~Ph•.t.~~atetni~ m $111<111 tmimt1l ~. 
In 1'\lnlil\o'lO(fl, 1hey :.lre usOO t<) lt-e:lt tu1neo (lvetlood. 

Dos<Q:e F-onm 
I. Human lubd 

;t. Almnillll fl'l/m;l#n~ilnll h)'l:fr<)xidt V•·1~'l1(1X, 
MyiMt:l, WinGe!) 

b. Aluminum carbonate (Basaljcl) 
c. A luminum hydroxide (Amphojd ) 
d. Mat,.onl.'.siom hydl'(•xtde (mill: t.J( ro~~'lle$ia) 

1. Vetetill .• 'lry L'lbel: fl'I:)J!I\tSillnl hydti)Jdde 
(MagnalalC. Rul:tx II) 

Adver$C Side E/f~ct$ 
A(tveTSc! *ade elftlet.; in llliJ1l(lg<li>1ric :-'lninltal:- include 
coostip:uion ( "'ith alu.m.in.lum· anJ cakium· 
con mining rroducts) and diarrhc.;a ( "''ith m~gncsium· 
conrnining produces). 

T~vNotlw 
Cenetally, do not give oral antclcid4 within 1 to 
2 hours of other oral mediC<ltions because 
of (heir ability to decre.ase the absorpcion 
of drugs $UCh as tetracydine, <imetidine, raniti
dine, digoxin, captopf'i. corticosteroids, and 
ketoconazole. 

2. Magnesium-containing .antacids au~ (Otl(rolllttdl' 
<.ated in animals with reo.nai disease. 

Castromucosal Protectonts 
Su.c.r.:alf;ue i~ tlk t,mly g.·a.~rrvn\1~11 t'J(IC&I:J.nl in 
c\':ommon usc tn wrerin .• •-.ry mOOicine.. Th1s drug l~ a 
dis~~ccharide tluu. when administen.-d orally. forms 
a ~te~lik(' .suNt<UlCI.' in the ~o1om<lch th<at bind.s to 
••tt :;vrf~c~ <)( g\"!tri¢ uko:::rs. 11l i* l~.iito:::~like matt~ 
rr.l.l fotms a bamc.r l}~r dae ul.::er ro pl'(I[('O::t II fmm 
furthe r damage and tJ.) pmnHxc healing. Bccnusc 
.su.::ralfat<: bind-s better to uker.s in an acidic cnv·i ~ 

rvruno:::nt, it t~hvultl h.:. admini~to:::rcd 10 m.inutt'lS w 
I hnur he.I~)I'E: H! te«J)HI•t ::u\I:)JO.'(•nl:sts; :'1~ ganm. II 
~1lr.o may reduce t h\' 11vnilability o( .some other 

J-. 
C~inic:aJ V$e.r 
Suaalf.uc l.s used In !he treatment of N:d, esoph .. 'l
gcal. sastric, nnd d-uoJc.nnl ulcers. 

Do.1axe F Qrm 

S.1<..t:'l.lf:'l le (O.lraf::tte), 1~~ 1uhlers 
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Adt.-eTs~ Side Effecu 
~c uwally are limit<cl to co-nstip;ltion. How.:-vc-r, 
drt•~ inler.Jetkm.~ fll<))' bt m)Wblt. 

T~J-Notlw 
1. Suet(llfate shovld be given 2 hours before cimeti· 

dine, letracydine, pheny101n. fluoroquinol~ or 
d1gox1n is OOmimste1ed. 

2. Suet(llfate should be gillen a half hour before H2 
receptor antagoni$1$ or antacids are given be· 
a~use •t reqUU6 an aod environment to be 
effooive. 

Prostaglandin E-1 Analogs 
Ml"'Jf'IU:tOI i~ ;·t pr<.t~ta~bndin E· I a.m1~ thtlt Ji· 
reedy inhthiu rhe p:uieml cell ftfi(O secretin~ h~·· 
drogen ic•ns inh') th i.' stom:Kh. h nlso prote(ts the 
gru;uic mucosa by incrcMing the production o( mu· 
l·us and bic:arhonate. 

Clit~i.:-al Uses 
Ph'liSrnglnndin E- I nn;!IOS$ are uS<d rrimo!ri1y t\') pre· 
vent or tn:.<tt g~t$tric; uker:s associated with tht' u.sc: o( 

t\(Jt\.$\f:n>i•lal a.nttind::nnm;.IIVI'Y dru~'ll' (N$AI()s). 

DosQg~ Fonn 
Misoprot;tol ora1 tablc.'ts (C)'Wtec}. I 00 and ZOO g 

. <\dt.-cr.f~ Side £/fe.:.L'I 
Sid~ e((..xu indud~ daanhe-..l, vomiting, lhrultnce, 
anJ abd\'>minnl pain . 

T~J-Notiw 
Misoprostol causes abortiOn and should nO( be 
USol!d in p4'tgnant ~nimals. 

DIARRHEA 

Dl:mhea Is th~ p:l'IS:l~ oflooe>t or llquKI stools.. ,)!len 
.,.,,ith in<Tl""aSCd frtqucncy. Oi..11rhe.:. can rcsulr from 
prinwry disease of the inte~tin~•.l trll':t m JTW)' acwm• 
pQ.ny n•.JO·OI 1.lit"~e\t~c. E.xrl<'nati<m ~( 1he ~th<J• 
ph~'itolc)tn' o( Jbnh('a 1~ ~~Y·nd ti"W scope ,..; rhis 
rcxr. l lowever, c;UC,!,>Orics ~-i mcch~1nis.ms d~.scribcd 

in \'cterinary rcf<rence.s include hypcn;ccrerion, in· 
cr<a..<cd (:lt'nneabWty, oomotic O\'erload, and 11ht'r.:d 
b~tt$tn~• l nll)tility. l1;lr,l1.ifi$m i* :\ c."'(lmm(m c.':-lllk of 
Jl:mhc:.l In :lll OOm~rle anlnt:ll specie~; It te:.ults u\ 
J inrrhc:!t through a oombin:uion o( pr<vi~)USiy Jc. 
$Cribcd m«hanisrru.. P-arasiti:sm always should be 
ruled iJUt when a dit.gn(l$i ~ ill 1.lctcnn.incd. 

lnc.re:'llloed secretk••l , )( lluid (rom the uueMtne 
may n.>Sult fmm dl~ 1<.1ions of bac.rcrialcndoc:oxins 
from microor&oanisms such as Eschrricfua oo/j, Cfru· 
tridfum J~ingoms. Ckcsm'dium diffirik, OvnjryiQ. 
b·.u:ter j.:Jltlll', ~.uJ Ht>f~~at:ter. lnleMin~•l ephhelium 
J:tmag~ by vlru..;es or a.thcr or)l:'lnlsms may ~~~~ 

ttuid as the r~uh of increased penncabiJiry. Os· 
motic overiood rna)' OG(;Ut bc:cauliC o( poo~h· J4,~st• 

ihle ftJod'!-. a ri'•pi·d cl~<\~>t. in dic;:c, <)r lMkiQ,.>t.$tk'n or 
nt."l l:)hsntpcloa). Althou~h dl:)rrhea ha..; ,,fren heeo 
~lss~x iated wirh hyp~mtotility of rhc Gl tract. rh~ 

curr<m bdie( is that most patients with diarrhea 

actually have- hvromotilit"Y· 
f)ecrt:l$e•l $t:(::I'Ot:c'll<"ll C(nUr:.lCI i(ln$ (h}'l'k)lll(l(il~ 

it'() lncrea~ th~ dlam..-rcr ,)f th('. lumen :.lt'kl allo"' 
rapid p:t;sase o( contc..'nts, rt'sultins in diarrh('a, Nor· 
m."' l segmental corutrictions narrow the d iameter of 
the in tc:i(i•t."'.. h.1mtn amlaetu.1lly slow the ~'·*Slg.t <)( 
C(loflh~lll$. Dlarthe:l, If no• oomrollcd. C::l.O re~th u\ 
subsmntinl fluid anJ dcctrolyt~ (.sodium, chloride. 
pomssium, and bktubonate} lossl~ · Ot-hydrntion. 
acid(~e;i$, w~akn..-~s.l!lnd llllQrt>Xia lUll}' fvllow . 

Acu1e diarrhea, $nnil:~r It) :\C-lue v,)mtting, in 
Jogs and C:l.ts ofrcn re~ponds to dt~t:.lry m:.lnagt· 

ment and C\)IUCtvnti\'e tr~aonem. In cases dun do 
not rt:$pond to c:.on~rvati\"e mana,!.>cmcnt, $)'I'll()" 

h>m.atic ;ut<.i l!pteah¢ u t::ltmtnt$ 1\r.:; ei!:<nti~• l. A 
Jlscuss.lon 1)f th(' mOOlcarlons u~d in rhe u~atm-ent 
of dianhca (oiJm,'S. 

Narcotic Analgesics 
N:1.1c.otic:. an<'l.lg~ics (opiatc-..s) an: effective li!.'(nts in 
••h! O"muolvf da(lrrhe-.:~ be:.::<\ll$4: <)(their ~·hilily t<) 

(I) lnctt:::lse ~r:m~nml ron•r:~.c.tk,ns. (2) d~cr~as~ 
inte$tinnl .sttrctions, and (3) enh."'nce int~srinal 
absorption. Many d in idan.s con.sider opiates to 
he the druj;! .::1 <:hr>i¢c fcJr the oontml .::1 d~rrhe~ 
In do~. 11h~)' :.1loo :ltt: ~ .. .,ed (M tht 1re:ltme1u <)( 
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diarrht.~ in c.nh'4$. but their use in caoo and hONC$ 
is ~ontrover.sial bocau~(' of their tendency to CIUI$(" 

C NS "'hn~•l:ltk111. N~rc()li~ ~l#enli! ~Je $1)mttim., 
pte.parOO a~oombln:ul<'ln ptodUC.I$ whh mherci:U,i.:S 
of antidi:arrt.cals. 

Clinku( U3C:ll 
11\e npi;.)f l'S ;l~ usal in 0 1 lher:)p )· (,)t rhe C~)l\tn~ 
of di:c1rrhea. 

Oo.,:qgc: Fom1$ 
I. Oiphen<)xyl:ue ( l.(m\()111). Oiphen<)xyl:ue i.~ :l 

s~'nthetk narcoru: agem (ct:tSS V) 1h:n I~ uruc
turally similar to meperidine. Atropine sulfate is 
udd~.--d to c.ommcrdal preparutions to di,scour~e 
lWhsn•n« ~iibu~e. 

2. Loper,ltnlde (lm<X'Iiull\). l ... )perJmiJe 1~ a s~·n· 
r:hctic narcotic that is nvaibblc 10 a 1\t)nprc· 
Kription preparation. Lo~ramidc poorly pen<-· 
trata. the CNS in l'.ati ;•nd ilS accept;• hi-e in thi,s 
_..>eci\!5 (Will:wl. 1998). 

3. f'n ro."goric}k:lll lln/~ctlo (P~lrtpectolul) 
4. Opiumlkoolin/pc< tin/ami<:hoJifl('rgks ( Dooror;el) 

Adt.><r.1< Side: EHec~ 
Ad\·erse sid(' c((ocn. 1.,( :~ ll1he t)()i:ales lncluJe oon· 
stipation, dcu~. scxt~tion. and CNS excircmcm 
(cats and ho~~). 

Anticholinergics/AntiJpoJmodks 
Amkh,)lincrglcs :ltld ~lndsp.1smoJics ha\'t"' bet>n 
.,,_,iddy used in vcu•-rinary mc..-dkinc for rhc trt.'3t· 
ment of diarrhea. B«aw~ hypomotility rather th..'1.n 
hn'enn(•tility li> n<>w U)r~o~idtn:d tv l'll: ;\~)Cillte\1 
wtth ml")(olf <'as.:!~ ,..; dlarrhc:l, :amkhollntrjtlc!> ~md 
antispa.smodi~ shouiJ be used with caution fm t he 
u.:ntmcnt of diarrhe-a. A few commerdal amidin.r• 
rlu;:al pr('J-'arotion~cont.-m an anticlwlinc~~~ plu5 a 
CNS de1'tt'l\S:.lnt. 

Clinical Uses 
Antic:holinergic..if<•nti~~..Smodi(~ •~f\" u..~ for the 
rr~urno:.:nt <)( diarrht;). 

DosQgt. Fomt.s 
1. Aminoptntamide (C~ntrind 
2. t-.h::th~~,X>p()lamine (Piilmine) 

3. Hyoscyuminc (LC'\'liin) 
4. Pr~nthdinc (Pro·Bl~mhind 
) . Ot<linit.nn/ehl<)n.li;):~)l)l.: idt. (tihn'\;~) 

6. Hyoscf:lmlt\e/phtMb:lrblfal (Do•\1\:.lt:l l} 

Adeem•; Si(k. E/ft:~U 
Ad"ene .-,i(le .d(e«.• a.rc: t.&.l r~;;ed in the !<Cti•m c.m 
:.lnttl:ti\CIICS. 

Protectonts/Adsorbents 
Produl"tli in thi$ catc:gory may htlve prot<ct<•m or 
adw rbf:nt qu:\l.r k~ h\ t h e: 0 1 t ract. l1h! O(l;~l ing 
acti~)ll oi these J r\ljtli pro1octs mAam..xl muoo~ (rom 
furthe r irritati111\. Their adsorbent activiry binds 
bn.cteria or their WlCi~ to protoct a~ain.st t he httrm .. 
ful ,df«.t$ vf tht$t •."'J}.1.1thm~. Kt~•Jiin <~ml pectin \u-e 

rwt) n\JCfedi~ms often us.ed U) profecr::tm oom· 
pounJs.. The ability o( prl.')tCCt::tnts w cootml di~lt· 

rhl•a has bt.~n qm'lition-ed b\· ~Omt' clinicians. 
Bi.smuth :~Ybs<dkylat(' 1$ <• (C..IUlfX'Und kound in 

prvJ uces ~ch :•$ Cvr~iw $u$J'ol:ll.,.~n <tnJ r~~~·v
BI.smt">l. Btsttluth subinhcyl:uc lso."lOvcned til biunuth 
carbonate and s.1licylaw in the ,small intl~rioc . The 
bismuth h.u a C(.\o1ting 1md antiboctcrial d'foct, and 
tht. :(lliq·btt.: (tt.n ~irln-like CV!llp(IUnd} h..1~ <\n 
~)nrlu,tbmm .. 'ltN~' cllocr and roduo::t-'S S~CcreltOn hy 
inhibiting pl't~mglandins (Boot he, lOOt), 

Anh·ated chruooal is an adsorbent that ts usc..-d 
prirmuilv to tr('~t roi .... mi~. 

CJi,licaJ Use.t 
The.se ~<ms n1e usl-d to conu ol diarrhc..'3 and act as 
an OOsorbt"nt. 

Oo.t((,lle F~mn~ 
I . Bismuth subsali<ylatc 

a. C ocrectivc ~'lixwr<' (veterinary apr,c-ovcd) 
h. Pepto-Bi:;mvl (hum:ln Wbc:l> 

2. K'M iin/pectin 
:l. Ka,)pccmlitl 
b. Kao·Fo"c 
c. K·Pek 

}. Aeriv:\ttd ~h:li'(;(J~.ll 
:l. Toxlbatl Su!lpcnsioo :m d Gr.tnulf'S 
h. SupcrChar·Vc-t Pt)\VJer and liquid 

'1. DI·Tri•CXwhedral Smectite 
tt. l~i.:y$ptmgt: 
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Adt.-eTs~ Side Effecu 
AdvC'Til< ~i dC' df«t~ arC' lllTC' ~and u...~::~lly arC' limited 
tV c.'(>n.,(ipati(m. 

T~J-N~ 
I. Btsmuth subS<)hcy!ate compounds sho.Ac:l be 

used <Mth cautiOn in cats because of the convtf· 
sion b> aspirin. 

2. Bismuth may appeat cpaque on radiographs. 
3. Admmistr<lbon of bismu1h subsahcylate can result 

in black stods that resett'lble melena. 

. 
'.) Laxative 

l:uw.nvcs arc substances t h nf loosen bowel con· 
tC'O~ and cncour~c their ~·vacuntion. LaxatiVe$ 
with •• ~rong or htu~h dfe«:A: ~« ca\IC'd c~thartks, or 
f)Ur~au"e~. Cntttvrles (I( 1:"' ~11 1\'t'.:> i•M!htde l!:.,lhlt:/ 
h~-peroe;mouc agents, buiL:-producln;: n~ems, lubti· 
cnnts . .surf;Kflinrs/st<k">l so(tc:ners. irrirams. and mis· 
cdlanwus u~ems. 

Saline/ Hyperosmotic AgenH 
Saline or hyp;;:rosmotic laxatives conrain m..'lgnc· 
sium or phosphate anions that are \'ery poorly nb· 
olQrix:d from thC' Cil troct. It b"Wcmlly i ~ bc:lic\'<.'1:1 
d \ :.l t 1he* ::.ntnn~ lwltl ,~-:.ter in the 1r:.ct 1~0\1)11• 
CllJiy. lncrc..so."'d ~'arcr In the G J tr.lct then S~)frcn.s 

the .uool and .stimulates 1itn.'tch rcccrrm-; in th<' b'Ut 
Wlttl to c:nh1mcc: peri.stah is. 

Cllni~al Vl•ell 
These nscnts arc used f..i r th<' rehcf of constipotion . 

DQSagt' Fcmn$ 
fX....lge (carfi'IS; u\cl~e S;u>.penseii'O$, u~·~tals , !)\)\\' · 

dcrs, <lnd boluses. 

I. l..:<•ctui()(S(' (Cc.:ph uluc, Corutui()(S(', or EnuiOSC" ). 
~(;Wflffi ~·l !<~l'tdvOe:$ bii.I<XI :'lllm(ani.a le\'tl$ in 
some hcp:~tlc di.so."':~. 

1. Magnesium hydroxide 
a. Milk of m~'Ticsia is a su~C'n.s.ion for use in 
d~$ and ¢1:1~· 

b, Carmi lax l\1wd<'r and Bol<'l$ is (or use in 
<:at tiC' ( laxati\'e/lmt~id). 

e. Mt~t;,•n:,l a.x Svlm t~nd P.;)Wder ii! ((ar I.E':Ie in 
canle. 

J. P~1ly Ox II Bolus is for US(" in cnttl<'. 
J. M~'Ticsium wlftnc 

a. Epwlu Salt:~ h."'IJS been uscJ i.n hOrse$ and birds. 
4. $()dlum pl-u)~1)ha1e l:llts 

a. Fleet Enema is (or usc in ~.s :md (\'XIls. 
b. Gent·l-Tip Enema is f01' dog and (OI.l) uSC". 

Aduen~e Side E!fl~'-"U 
ThelVE: aro."' rare buf m."ly 11\clude. cr.lmpl•~or nause::~. 
OvcrJ::.sc Of M <'rusc may r<'sult in hype-tph(liSphate· 
mia or hytX'Ict~kcmia. ea~ are C::lpt.'cially :;usceptible 
to tht:~e t le..:trvl}'te lll1h.1.l<m..:t:~. 

T~J-N~ 
PhosphMc t'OM'Ias should not be used 1n ~ bt:-
cause ~ts are especially sensib...e to ele<trot,-te 
imbiii¥~Ces that mil'/ oc.cur. 

Bulk-Producing Agents 
Bulk·produd nfi: ~lli:l!-1\b art d [eo lnd•!i:~hblc pl.:ltll 
matcrinls (ccUul06e or hemicellulose) that act 
by absorbing wat~·r and swdhng to increa$~' the 
hull: Q( int~tinal c:A.mt<:nt$', therC"by '1imu.li•ting 
J)l':ri$mb b . 

C!iniool Ust".s 
Bull:·producin.g 11gent~ are used for ll:'lid' o( co-nsti .. 
J'(l t •vn :lnd f,>J ~he( v( 31.M'Ilf! lYI~ vf nllp.1¢til)n 
(sand pumatll ~· ) ul horse~. 

Dosage Fortr't$ 
tAilS~< {l)rrru; prim.1rily t.:om i:;t (',( r •yllium pl'\"~1<' "' 
1 tnn~. l'.s)'lhum is (li)tained ftom the rie>e ~ .. 1 •>f '' 
sp;;:ci\'s ol Plmut1g0 (Plumb, 2005). 

I. MC"tamudl 
2. E.i.(tun-e 1':!-yllivm 
3. F.q,01·Phar Sweet Psyllium 
4. Equine La>::~tivc 
5. Bran-a bulk-producing a.&~m often used in 

hon<:s (bran ma:sh} 
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Adt.-eTs~ Side Effecu 
AdvC'T!i< sidC' dfcc~ lUI." rare~ 

Lubricants 
Lubricnms are typically oib or other hydrocarbon 
deri\'Utivt'S {rC'trollnum) that soften thC' fc:c.:al 
mu~ ~nd make it e.1.~kr t\) move through the Gl 
U:.lCt. 

Clinical Uses 
~e indudt: trNtmcnt of oonstiv<•tion :~nd f..x':<~l 

un1~ll;J i<)n. 

DosQge. Fonn.s 
Dosasc fono,s i.ndu.:k liquids {mineml oil) and o 
,elly-like m~s (pctrvltlt\lm). 

I. Mineml oil. Mincr.1l ,)il is us.ed in h\')N;tS fru the 
U'l"atmcnt of constipation, colic, and impaction. 
Thi$ subsroncC' i,s t~l-o ul'<'d as <1 la;'(ativC' in othl."r 
-'l>l:ci\';5. He;t\')' nun.er.ll <l1l is rn~ferred Mer l i~.t\ t 
rnlner.ll oil. 

2. Petrolatum. This is a jdly.likc nws that is in· 
w lub-le i1t ~·1ucr and is only slightly :soluble in 
~·l¢~)h<JI. l'etn)l<'!tum is the prin<:itx:•l ing~lient 
In nunv ni 1he Ol".ll b:<atlves (ot h~lltballue:u · 
mcnr in cnts. 
a. Lrucatonc 
b. Fd;IJ(in 
c. Ka1-.'\•L::tx 

Adt.-eTs~ Side Effecr$ 
~e Ill(' minima( wh('n ~ aP{'ropriatdy. 

T~¥Notlw 
'Mlc.>n m'ne1~l Oll•s &dmirustc•«< orally to 3 p~ticnt. 
Gafe should be tal:en to aVOid aspirdtioo. Mineral oil 
i$ \'ery bland itf'ld may not teadily s.timufate a &W.:tl· 
IO"hing retlex. 

Surfodonts/ Stool Softeners 
Surfncttanl.$ reduce surfncc tension and allow wt~ter 
to (X'OctrtltC' Gl contl'nts, thus :soften ins the stool. 
They tll(Q mttv in<:ren~ intt$tinal ~<:retiuns. 

Clinic.al Usl!'s 
Clinil'al ~es indudC' thl." treatment of hard, dJ)' 
ftc~ m $1u~ll ~tmn:•ls; lfi"IJ~•¢til)n in h<)r:$~ aud 
occ:ul<'lt\all ~· dl~~twe up;et io c:mle. 

Dosage Fortr't$ 
The.~ proJucu ;~n; <IV(Iiltlblc iJl liQui-d. ~)'n.Jp, C<~p
sule. (;)hlt:t, and encm.."l f,mn.'>. ~lte $(1dlum, 
~11100 Cll.lled dioctyl sodium sulf,)·!i!Kdnatc, is the 
ftUi in ingredient. 

I. l )vcu~;ue Sodhnn {Q,I;\:;t) 
2. O..Xusate 0.1!cmm (Surf.1!.::) 
3. Disposable Encms 

Aduerse Side Effuts 
1\dver.>e siJe i!ff~ts :.lre rare. 

T~v¥Notlw 
Oowsate sodium given with mineral oil may result 
in some absorption of mineral ol 

Irritants 
lrricnm.s tact b~· irrimting the sut wall. cnusins 
:stimulation of Gl smooth m~de and increase.~ 
pC'TISt .. t ... is. ThcsC' drug:s .. n:: sdd(lm u"<.'d in vctl."ri ~ 

n <lr'(mt:dicme. Thi$ c:.t~~l\)1')' mc.luJes $ever:ll :.gel,($ 
1h:n arc So.)IOCtlmes used In the ue:ument of coostl· 
pat ion in humans. 

I. Ai~c~,Kiyl {I)IJI<:vla;~) 
2. C:tS{ot ,lll 
3. Emodin 

Prokinl."tic/Mimulant dru,ws incre~ thC' motility of a 
parr ,)r {!(In~ <Jf 1h~ ~)i!JrOinte.'(in~ l tr:~l ;uul by dv• 
lnii: thiS elllt."lnce 1he natt.iit of m:..uttbl rht~h the 
lfflCt. Several cL1s~s ~')( J russ. inch•.fing d,')paminet· 
~;ic anta&'Oni~t$.. ~rotoJll•rgic d~. motilin•like 
dn~~. dirt<:t ..:hol i.n~i .. '$, <m<l a<:etvlclwlin(.'.$\tti"-"'-
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inhihitOf.S., h:l\'c the: ability m enhance gamoinle$ti· 
n::•l motility. A:s W<I.!S pft"v ioo::!l}· not«<, !lOme H: n:-• 
Ol:''h)J :lnl~,b'(lni~ t):hib h p rvl:in ttic:. <•(;tiviw (~ 
r.lnlddlnc e::~tllcr) . 

Oopom;nergic Antagonists 
[)(Jp<tminc-~i(; <tnWgrJniSU ~~~eJ (1$ ('r•Jl:in tti~;~ in 
\'t:U:tin.."lty ,neJicine indude IYhlottJoC.I•)J)r,lml.k :.1nd 
dompcridone (llall and W:~..ihab:•u . 1997}. These 
~'(>OtiS stimulate motility o( the: S:utroc:tophaf,'l'tl) 
:{'hinctcr, .stom<•ch. and :small intc~inc: . Oomr<:rl• 
dv1h! has h;\:J l•mital u:;c:. ;\~ :1 proldn~(i C:. in du:. 
Uruted Stat~ but as :'lpprowd h1 Europe for the 
oe:ument ~)f nausea, vomiting, aod J.."tiStTic reflux in 
human~ (Parker,lOOI}. 

Clinical U!d 
Metoclorr.1mide is ~d ro ue:u gomroe.sophagc~ll 
refl ux and dd ay.._'{! J..'l!Stti-c. cmpt)'ing, to stimulate 
the: ga...,..rointc::stina l m •ct in fo0a.ls.. and (or ga$troin• 
U!$.1 h~~~ ~ m(•t•ltty < liOOJdl~r$ in ~l.oll;$ J llti C;)U.. M~ll)• 
d optatn1de has been $.hmot•n h ) enhance ~amk 
emptying. The use of ml'10d\)promide ns an anti· 
emetic is disc.u5$ed in a pre\' ious section. 

D.uCQre F<mn$ 
I. Metod opramide (Regb n) robleu.. syrup, and 10· 

jl'<:tion 
2. Do•u('<'ridoo ... (Motilium, Eqmdonc:). Oomrc:ri• 

dv ne m:\y h:IW! use 11'1 r~~ul;lung J!i.l $trC!inrt:$lin:\l 
tn(l(ilny tn horses.. cats. :tnd d~. 

A1k-er,.(! Sid~ Effect$ 
Si-d~ e((ee.rs in<:lude beh:hw nll chtu'#e$ in J1.~$, 
C:'I IS, :l.tld :lduh horses.. Cats h:'lv(' shown (ten: ll'ld 
~havior (Plumb, 1005), anJ :'ldult horses h:.wc 
l'Xhibitcd alterna ting periods of sedation and 
c:xdtc:mc;:nt. 

Serotonergic Drugs 
Cis..lpride ili the Sl'fo)tOnc:rgk prokinetic thnt is ulicd 
(n:qucntly in \'t'tc:rinary lnedkinc .. C isa.pridt' stim• 
v l:ltt:$ Jn l)l il il y ()( t h e J'r(lx itu.a I .anJ <ll$l:ll g~"Mr<•i n• 
testln.._J trnct, lndud•n10: the h::l~tro~phaae=a l 
sphinc.tcr, stomnch, :;m~ll intestine, and colon 
{Boothe, 2001}. C i$"p.-ide is not effec-tive as an 
t1.11 t icmeti<: b\lt m<ty t< bc.:ttcr than mct<JCIIJpli'•midt 

in trl'ating rome m\)tilit~· disorders and in promot· 
i.ng g'dStfi( emptying o( :solid matc:nal. Ci.sapride ill 
n\•l <;urrently C(lmntoen;i;lll)· :.v,.il:.hle. How~"~r. 
compouodlnr: phatmade~ may bt able ro ll\:\ke the 
pr.:xllKt availabk 

Clini(;ld U!iie$ 
Uses 1ndude the u·t:)tn\lloiU ()( C•)llStil>:ll u)n {ulnn~o: 
with dict:uy and/or surg'ical cotu ider:l.t il)OS} in cats 
and gasti\X'sopha~~al ret1u.x and gastrointestinal 
:st<I.!Si~ in do~. cats. 11nd ho~. 

Oos4ge f'~~nn 
Osarridc ( Propulsid), 10· ~nd lO·mg tablets or 
l•mg/ml $USpension 

Adt<nie SCJe l!:ffecu 
SiJe cfft•cts tn:ly include di:tnh.c-.l nnd ab.lomin:ll 
pain. 

MotHin-Uke Drugs 
F.r~·thromydn hai ix"Cff u!'itJ b~· vcterinariam to 
1rc:at bacterial and myc~~lru;mnl infC<tions lor man)' 
ye1u~. Thi~ drug htu h:en $hown to .stimulate: gay 
tr(nntel!tmtal m\>t ility h-,· m lrni<:l.: it'# tht dr..:et .; th~ 
hormone motiHn (Hall :'lnJ W:lshabau, 2o<xl). 
Erythromycin stimulates motility in the csoph;~c:d 

liphinctc:r, uomach, and limall intC$tine at mkrobi· 
ally inot:A'('crivc: do0~. 

CJi•licaJ Use.t 
Uses may inc.lude incrcll.!-ins lower CSo.')ph:-sc:al 
$phinctc:r pr<:$WR:. IIII:Cel("rating g;unic cmrtyi.ng. 
:.n~.l f:.eilit:lth'g uttt$t in:ll t~n.')lt time. 

Do.t~e Fonn 
Er,·thromycin (ET)·thro) 

Aduerse Sfde IZffecu 
SiJe effects tru'l}' it'Kiude a.Mrexia, \'00\iling, di.u· 
rhea, and abdominn l p.1in . 

Direct Cholinergics 
CU,lJcaJ Use.t 
These include ro~tO{\Cfati vc: trcaonc:m o( ilros.-or 
retention ol fl"tiJli or feces.-and equine: <:olk ( with• 
<Jut ob$uu..:ti<Jn). 
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0osQgt F(tnm 
l. Vc:terln,tl)' upprovt'd: tlcxpl.mthC'I'Wl (J•P<~nthtrM,_l) 

ln,"'c.lhlt!, tl,f,;vlt herwl hlll~C i"'1) 

!. HumJin ·•ff'C\Jo\'00: Ju:r .. llluhc.\01 (ll~n Mljt-~· 
<ion) 

Adl>'4:'rse Sllll" 1;1fec~ 
Ad~~"" ~t.lc cffecu:~rl' r:•rt" hutul;))' u)CI ,~tl\' ~.mmr· 
ll\8 anJ J t.urflca .. 

T~~Nat:%-
oe~~.pMit\enol should 001 be used within 12 hours 
o1 the use ol n~. paras)•mpathom•metlt 

·-"'~· 
Acetylcholinesterase Inhibitors 
Tht.~<- tll'l tS.:~ incr<'a~ the:: amnunt of acet)'lch()linc 
;wail-.l:-lt' cu hnJ o:mOlllh Inti'(' I(' ~t'f'WI'II. 

Oink-of u..., 
Thest- iJh'(Ol\ Me usal w crcat rumen aton)·. bJ en· 
hllnCC 1-<:l~IIIC cmptyiO,jt (mnltii.Jint'), t\1 ~lll'IU I.I t(' 
peri ~t<•l.~i ... 111 empty cht" hflt; ldc·r vl lar.t.>t ,ll) lmo~l:>, 
aoJ .., l)t~J m •he dl:tf.:1~u.lo. tof my:hthl~n ... t.:~H<~ 
(ncosltJ.'nunc) Ill dq;.. ~ ako ml) l>e u.,..-J co 
tTt"at cutart 0\~. 

IJ..»t:qr~" FonttJ 
I. N~l~• l;:mme mcrhyl~tl:uc (Suglvnlnj<'CIIlm) 
2. Ranittdl~ (Zamac) 

,y..,.,.. Sid< li/l<cb 
A<kerM- lit•"'- c.ifucts olte- t.hollncl'):tC ::'lnJ m.t)' In· 
dude nau'iC'1t, VI)ITi iting, ,fl.•rrhca, dr(Xllin~;, ~"'C,Il· 
mg. IIKriml•ti~n. brad)'C~1t,lb, .tnJ vari~ ,,,he:~. 

T~~Nat:%-
Ranrt~dllw ond r11Utld1ne. 111 recepqor <~ntagonl';($. 
~rease areylcholine by lf"'llbt~ ~lines· 
~erase The r.c:rease in k.t1yl(holine Sbr'ftlrlatts 
smoolh n-..de i1 ile SIOI'I\Kf'\ .-.1 ~ f>H
tnc em~ to reduce VOIT'Obt18 ., panents v."lth 
g4Stnte. lind ~ted disordm. 

• !) Digestive Enzymes 

f'"lnu\·1·~ K a ("1\\ob,:t that MnUll\\ ~k 
m:o,~tbatrud 1r1 thtJ~Iionolfab,r"'\JJcms.anJ 
carlt..l'l)'-'nttes. lbc ~N.Jcr that ronr1un, the- m~ 
i~1nt' • ~ mi.xe~.l "''Hh lht' ttn itnai'1S k-.~~.1 , wt,.._.., lS a (, 

lm'·'-"tl h ) lll.and £lf IS '" 20 u1hll.lhS lx1l)h' (~.~ding. 

Clinkol(;.., 
Tht> ~ i-s ~ tu trc~ ):'W'Kft ... ~>o.; c-'tocnt'K" 
• n~u(h..:.len~..-y. 

Oo.f«sc Fonn 
Pltn«t"III'WC' (Viob«·V ~~J. P•nc-~~mr pow .. 
Jnl Ruth ~re "f'r""-rJ h- v-c: m ,L .. -.. •nd ar.. 

AdtYfJ~ Side E/fecu 
AJ\'C~c •iJ~ c:-fft.-cu<lfhi~o:h dt~~s inch..t~· tmmring. 
nau"t" .1, 1mJ dianlw11, 

T~~N~ 
1 Powder spilled on1o the skio should be Wdshed 

oH to prevem irrllabOn. 
2. lnh.,led powder can elu:se nasal trmouon or can 

Pr«JPIIate ern •s.mm.t .~ 

,t } Miscellaneous Gastrointe.stlnnl 
:;J Dru s 

~ Jro,c-~ jn 1h1~ '«ttOO tndu.k iiiU,b.xia, 

;.ncunll.tnul\,lC\Jlf ;t~IC(nt' .,,.J • .-ntrf...-m~t1.: 1\."ent'-

Antibiotics 
Amil'ktlk~ are oot 1\..,Ulindy ~d in 1he Crl'<ltlnffll 
~ Gl IUct Jt«"-A"C' "' .. n.dl anitnlll~ h-t.m-r the:R
ilt.""""'' m..y ~""t' nr>~nuf ll'llh.ahrmt• (" dw Gl 
tr.Kr AnJ .JI~· p:ttht'tr,,>nte bxwoo (S.abnoliWrla ~
ci~. C. jqwni, C. p._"f/nr!Jrl.'tl.S, C. diffo;if.!, H~-lkOOocr..'7'(. 
and Oll'tl'\) tv gtx.m• on the IIIUC:OtSIII 1Su rf.•lt'· Blood)' 
dhntk··• t• .. if_'t\, of "'-'1''1' cMy inJil':;lfl' !ht• llt-ed fvJ 
anr.NncK ~-Anui'IIPCb dt.:u an~,~.-..u._'f'l ~ £, 
near-. bectcrial ~·trJJ,,.t.h and uthrr 01 coodi
tfon-; indud(' ID('tron1Ju1k, 11moxicill1n. dn·ilmOx. 
<md tylu .. in. 
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M ETRONIDAZOLE 
Metronid::~;ole i~ a. :synth('tiC •~ntibacteriaJ tmd a nti• 
[H'Ot<):('.;:' l ~gent. 

cr.~nical u~es 

1. Treatment of ginrdias-is, trkhomonias.is, b.1lanti• 
ditt~i~, pl ~l):;mPC~1..;Jiymphv<:)·tic tntcri ti.~. uk-.:r• 
a1ive oolltls, htP'li.C encevhak.pad,y. and an
ntrobi.: mf«tion ill d\'1:S 

2. Treatment o( ginrdiasis and anaerobic infection 
in cats 

3. Tre;umt:nt o( ~n:.~mbie infet~tiCin in l 1<1~ 

DosQgt. Fonn 
Metronidazole <Aag~·l tabl('t:s, Au~wi iV powder for 
l'(""vnstituti<m, and Fl~·l IV RTU injection) 

Adt-trse Side Efft.:ls 
Tht.~e iodud.: anorexia, hc.•rtttO<oxi.::ity, ncutrope· 
nic•, vomiting, <l.lld diarrhe~. 

T~J-N~ 
1. Metronidazole should not be gi~ to debilik'lted, 

pregnant Of nu~W~g 4nim41s. 
2. fylosin is a mac1o!ide al\libiocic that is sometimes 
v~ to treat clvl:nc coliris in animals. 

Antiinflammatory Agents 
A ntiinJl:tmmarol)' agents are usOO h\ th~ ITC%'1UU~I\t 
of idi\'>pathic intbmmatory bowd disc;.lsc in ani· 
mats. Lnn('rucd numbc~ o( lymrhocytc:s. macro• 
phtt~>t$, p);~m~ ctlb. (lr t<)~in('lp~nl< in t he inte$tin~l 
wall c.h~ll":lCceu:e th~s~ diiVe~l!OeS. Tr~alnlCnt often 
rnvol~s the usc of hyl)\~llcq:enic diets and tantiin· 
flammatory 8J.>t"'l ts. 

O,u(Qte Fcmta.t 
AntiinJlnmmatOI)' ~ems used in !he rre11unem cl 
inflammatory bowel d~asc i.ndud~ prednisoo~·. 

aiathioprine, $Jifu.:sa.la;inc:, and olsaJazine. 

1. Pr~dnlwne-M:'lny )l~ncrk and u•,1dc nam~ 
products nrc Mailable. 

2. Azmhioprioc: (lmuran}-A purin(' anta.&'Oni:st an• 
t im<~bo.)lite th<4l m~)· be used in the tn;tltm<nt •J( 

infl::.mm~umy bowd dise;.l~ bt.'Cau9<' of its immu· 
nmurrJeS~i vc: ('ff«.ts. 

}. s._,l('tlt"o(•b:ine {A:ullidine}-A <.hg that i$ OOn • 
vt:rtf'd by lmestln .. 'll klCtf'u:'l to. :t sulb dn~tt (sui· 
~pyridine) :.nd aspirin (salicylic acid). Aspirin 
is th(' acti\'C comJxment that has an antiinflam• 
mawry dfC(;t iuld l-< u~c:(u l in mttny <"<4fd v( ~.X~fi· 
tis- ul d(ljti and c:u.so. h ~h<oultll~ ,~.~ed wilh care 
in cars bC<:~lus.: of rhcir pll\)t abiltcy to mcwOO· 
l io~· aspirin, 

4. Ol~ah~Jin(' (Oipcntum)-OI.sala;m(' i~ used (or 
the t R;<ltme.u vf do~ wirh duonlc c.Ai •~ th.a• 
catli\Ot tolel":l tc sulf:l~lla:lne (lf respond pil\")rl)' 
to the pmduct. 

Antifooming Agents 
J\ntaf•Xtnllnj;! :.l):'~lll;. :.lrt uM-d 10 trt;lt fr<oth~· b!.Xtt Ill 

rumin..'lnlS. In rhis condition. WJS bubbles tOrm and 
lxocoo)l.• trnpped in tl\1.• rumen fluid as a r~su lr o( 

<:Oill!umption o( whetlt pa~UT(' or ~'\J~ ~uch <I.JS 

;.llf:llf."' (lr cl()\'er. The I rapped hubhles C:lu.~ a (corm 
o( blo.u that cannor bt relieved b~· !tiW'll means. 

Antifooming tt&'Cnts act lti surfucronts (rc.-ducc 
~urfnce tc:n:sion) 110d c~•W!e bubble:~ to bn::o~k do~·n so 
that ga~ ean be n::lkvtd h)· eroct<ttion O:•r by th~ 
swm:lC.h h1ht. These producb :lh~ )li~n .. ~all '{. 

Clinirol Usts 
Antifoomin~ ~>en~ are U"<d for the: treattn..-nt of 
fr(lthy blo:l• in nunil\;u\1$. 

Dos((Ce F.onJl$ 
I. Bloat Guard 
2. Rlvt~t i rt<ument 
3. Blo.u-Pac 
4. Ther(lbloat 

AdwrJe Sid.: E/futs 
Thtll>t! :.ln! roue i( th~ J')l\>duas ;)l'e ~h·e•\ 'tl~ 
Jirected. 

Weight-Loss Products 
D IRLOTAPIOE 
OitiM~lplde Is a sd ct"tlve rrucn)C;Ont.'l l lrlr:I)'Cf'rw:lc 
tronsfcr protein inhibitOf that blocks lhc as.scmbl)' 
and rele<LS(' of lipoprotein panic:l<:$ into th(' blood· 
:st~• lll in d~Jg<. 
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Oinkal Uses 
Di.riO(upidc i~ indiciUC'd for thC' mam•gC'mC'nt ol 
vl-t~lt)' U) dot::;. 

DosQgt. Fonn 
SELENTROL solution containing 5 mg/ml for oral 
tdministratt~Jn. 

Ack>tl".tt> Side £/feels 
Side effect$ include vomiting, diarrhea, lethargy, 
ttnor<:xia. ~onstipation, and dchydwtion. 

Probiotics 
ProhiotK.s :uc ru~ronce; that competitively inhibit 
C'ntC'ropathogens. They IU~ u~ to trc<lt diarrhc11, 
mlltlmmtltory howd di'<:ID!c. a.nd (1)()1.1 <11lcl)i:Y· .. ( 

'ol.-tll :.l£1 for l•l11JO:·tenn :.lntlb•~)tiC u:.e. Cooti\Wt>.r!ty 

resardin~ the ctl'eni\'Cness of th~.sc iiUbsr-.lntts is 
onsoins. 

01l$1'.1ge! F'Om l$ 

I. FortiFioro 
2. Culrurdl~o· 

3. G.l. CooditionC'r 
4. Pn)ptt.nkm 
5. Pn)l:lo::sls Paste 
6. T.D.N. Mini Rockers 
7. T.O.N. Rockcbi 
8. Advo~ncc P<~wer Fl"\'-$h<'n 
9. 01hc:r.s. 

Appetite Stimulants 
Stimulnting an animal to cat can be an imrortant 
(X)mp<)rtoent <•f :l t~toert\p)· rio1huc:n. Prvptr nvtriuvn 
tS e:>!lefltbl fOC" l"lprim:ll ful)ul.)Oin" of the lmmul)e 
sysrem ns well ::~s for r rOf'l-'r orsan function. Ons 
who do not e<n adcquatd}' for a p<'Ciod of timl' may 
devdQf' a "lt.tt}' liver'' ~ymlrvmc th.-t <:an h.- life 
thre:~cenin~. The (niii")Will~ i~ a J)<lrli:d lu t ~ :~ppe· 
tit.: stimu)ams: 

I. Oiazc:ptun-M«<ic~•tion that produc:es <• 
l r<\IUienl :l[!(.>'tllte ~lirnul~t)(ln wht:u J,.rivt:J\ 

lmn VCI\(Iusl v 
1. Alpra:olnm-Mcdkation given \')rJIIy ns nn 

appetite :~timulant in <:!Its 

3, Cypwheprndinc-Antih isrnminc uSl-d :u an ttp· 
petite stimul::u1t prim11ri1y in ~at$ 

An inc.:R:ttSO.XI <:mphasison dtntcstry in \'tl:trin.1.ry ~ 

uce 1.11 reot:nt ~e.lr.< ~ fuelec.l :.l ~kmaml f1"l<t J'll'l::-.1ucts 
dtu prurn..xe and mainr-.1in or.ll health. Man~· oft~ 
products help to l'('fOOW f<.xxl (:Qrtidcs an:J plaque aod 
wsist in thC' UY<~intc:oonc:..- uf piC'~"J..~nt•mteUirv,; b'etlth. 
So.nt: :lrt: l:lheleJ ;\; a den1ifri.:c, :lr¥:1 <)1 ~1(:1'$ 1n:w bt: 
applied :t'l :tn or:tl rin.~ or whh :l 1ooc-hbru.~h. Th~· ;.lrc 

pr..·pn.-d m sohnim\S, &'Cis, and r«:moistcnOO ~uzc 
:!~'n· Various fbvON a~ availabl..:. ll.1 a~ pex.dliCt'$ 
widl ilu(»"i;k. lllt:$1.: rmxluct.s i'll(ll,lld lliJt be I,:X,lll:)idct«l 
:.1 su!NIIhte 1(,, ~'e(erin:.lry deot:tl lte:~tmem. 

Other ~irJI products ioclude srit imrrcgruned in 
pa.;;tc for polishing tttth and :~mooth ing rough sur· 
f..c~ kft hy :!l"<•ling, <1.:1 wdl <1.:1 di:~dos-i.n~ .;olution 
•.~d II) 1\dp .cle1ll ify pl:)qut.. 

Dentifrice and Cleansing Products 
1. C.E.T. Enzymlttic Toothp~tc. 

1. N()lv;l(.!t:nt I)T(II dct\11,9ng .;>luti<m. Chk-rht,:i~ 
dine :~et:lte Is the aulve ,ngrod!o::nt; also con· 
tnins a reppcnnint tlavm~ may h.e used with a 
toothbrush or 3$ a rinsl• 

}. Ora Vtt PI <~.que Pl"\'\'ention Gd 
4.0r:.Vt:c RMuer$e:.l:lnl 
S. C.E.T. Or.llllygicnc Rlllse 
6 C.E.T. HEXna Premium Chews (,;r Doss 
7. Fri.d.i($ Chc:wecz Bcc:fhidc treltts 
8. C.E.T. 0~1 Hn~ic:ne Chc:w~ for Cl\t' 
9. Hlll$ r/d 01o::rs 

tO. I lam Aa\·or lnfus~.-xl Oral Chc .... •s 
I I . Fri.s:kit1 Felin..: Dental Dic:t 
l l. C.E.T. IA-nwl Reward 
I J. Ri>Y:.ll (~nin VeterinMv fJiet 
14. Purit\:1. Vctt-fittnry Diets DH 
IS CHX Gwud 

Fluoride Products 
I . SF<l4 St:lnn~")u5 Fluoudc Od 
2. fl·uorof'oom 
3. C .E.T. Oral Hygiene: Spray with Avorid..: 
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Perioceutic Agents 
OOXIROBE 
Oo)Cirobt i:- placed in thi: peri<Jdont:ll '"l(;ke• ~fter 
d~!n t:ll cle1n-;u~ .,,:hh the u~ o( a C:.lt\ t\ul:l. Upon 
o:mmc• "'ith the ;!lquoo~ cnv-in:mmem, the rroduct 
W'ilgUiat('.S and rei('~ OOlCYcydinc (Of .!('\'Cntl w~ks. 

8tOACTIVE CERAMIC AGENT 

Con.sil Ocl\lal is ;l ~bsrat'Kt' usW to promote the 
rcsenerotion of boo(' l~t as the re:~u1t o( pcriodon· 
tal d~~ or tooth cxtmt:.11on. 

Polishing Paste 
C.E. T. prophypaste 
Human Produc-t$ 

Disclosing Solution 
Duo I 2S Disclosing: s~')lution 

R EFE R ENCES 
Bill R: On;g,. ttl!'« lin; 1hc ~«Hntt':!tit'l:'d ;;yn~m..ln Bill R, 

\"~Jil{lt: l'h llfll'W.o:•)lo)J:Y f•)f ''CICI!ilal) ttdlfiJ<:Wfu.. CIJ }, 
!)f. J.&)Ut~. !D.)',, M .. -.h)'· 

e..,.,,Jvt OM: 0h'!minrothlal ph"lltft'litCQk')J.1·· In Sn1all flni· 
~I clink"-<~ I ~'Mrro~'"f<IIU.I thcrorw::ut~. PhUOOdrohl~. 
2001. WB &.,nJer:c. 

1).-Nvnl RO Chnmk \'"'llili•~ in dt~ 0.1111~ ,k\t. Pr«.o:~-J· 
~ ,:J 1.he :\nnuaJ McttW: of I)~ A•ocriO::.Wl Vcttnn11rv 
Mcdknl Affo"'ICi:,teilm, Nl)4will¢. T.mn. 200!. 

Fl.'l.,htc Ll; 011ltpra:uk, C:nt~~.....,.w Cumin Eo.luo." Pr:.~t V;;-1 
ll(5}:i+l).149,l000. 

0.4non)! W: R~·lui•)n ,,( ~:fl.1mle:ni n:•l funeri.,n. In 
O~•V•\i: W, OOi1.:>r: Rl'' kw of Ul(-di~al ,t.~t<i\.>k\,~·. ("I) lt. 
No:.,., Y\)l'k,lC\1}, M~Gnur.IIU I. 

H~ll JA: Oi,;e-~ of rhc $lOmoch. In E11in11:1-'1' Sj. cdimr: 
P~XI.el (VIl'll''.l.JliOn 10 tf'XIIXIVI: or \'('t \'ri.IW)• itl~maJ 

rno:dio:.,.,.., l'hiWo:JrhU., !001, W6 S...n&-~. 
H~ll JA. W;uhahlu RJ: ~rrmnrcsri.rnLI rmb~ric. th~MIPJo'! 

00!---a•ull'l<:ft..'"i< &ol~'l)flist <h\Jb. Coo'l~nJ Cooun Pr{t(t 
Vet 19(l):Hi-119. 1997. 

H~ll )A, \l'!Ohub11u RJ: \)OI.<rrninrcsritu•l (ltl:.l:ine!ic • lUll. 
In Kirk's ~Utl'<'nl ''C'ttfin~ry th~'f",JflY XIII: lil'l):..~U &nimal 
ptJ~Crkc, Phtlildelrhil•. lOl\l. "l'B ~n~.J~~>,IcN. 

P..4r\cr A~ O.:IITipcrid!ltlo:. ('.(llnrenJ Cc1n~in Edu.:. Pr.'IC-t Vet 
l)( 10)006·'>\.."iS, lOOt. 

l' lumb UC: Apotoo~phiM-- In l)lu1nb DC, cdiror: Vo.-co."t'lnary 
drus hl<•~book. cd S. An~e, low:•, 200S, I!IW:I Sr.ttc Ut~.i• 
w~it' 1'1<*-'· 

lJrmn UW: <.'¥.ll'lrr<lenre•rinal sysrc1n. In Up.ooo DW. cdimr: 
H:•nJl~ vf <:hnic:Ll '~tctittar}' r~tannawklgr. cJ ), 
Manhllftlltl. Kun, 19{t5, l).,n Vpo;o)n ~ntf'~. 

Wilbrd MD: O:urr~>inrori.w.-1 dnl$'· In B.:ll)f~ OM, cdimr: 
The '""1-erin:·u-r dit'l~ (1( Nurth ,>\m~rtCil, ~•t'llll l :~oimal 

l'~'k··· Ph •li•delrhi ... 199..~. "l'R ~n~.J~~>,IcN. 

Copyrighted material 



170 APl'l.IEI> PHARMr\CQI.O(W fQR VETERINARY TECHNICIANS 

REVIEW QUESTIONS 

2. List thn.'C cxamplc.os of monoga.;;tric animals. 

J . \Vku t.S 1he (il o_.nfigur;u io..•n o( nJI\lil~lnl 

:tnlmals! ,---,::,-----,----
4. \Vhm 1$ th.: J iffcrcncc b<:twc.-cn \'\)miting anJ 

regu.rgitation r ----,.--,------
;. Rumin.-'l.nts art <m•m<"l~ th-:. t U$1.! 

-,.-----c-----fl) tll~r:~St 0.):\tst 

plant mmerial. 
6. \VIun are the thr~'C ba$K control m«lmnisms 

o-( the Gl tr.-ct! --,-----,-,.-------, 
7. \Vh:u as 1he $iJ{Ililic:,nc:e (I( rhe f)ft:S\~1\<:.t vf 

b.1ct~ti:l.l cndNa)x\t\S an the 0 1 uactr 

8. The CRTZ :otimulnt~ vomiting when accivntc:d 

by ----,----,-----..,,--· 
9. list fl.\'0 cxampk>s d c:enuall ~· :.lWI\X enwtlesc 

and rwo ('X::tmplc.s of peri('hcr~lly ncting <:«k.'>tics. 

I I. I I ; rcc~ptor :llll:l~lOIHS promo1c rhc heahng o( 

Gl ukcrs by -----.,.----
11. List two Hl rec<'ptor antaJ,.>onifls. 

1 :~. Wh:u arc the tw<l ty~~,,( 1ntC'Minal m~Xilll)• 

poncrruf -,.,.---;--;::--:-.,.--;--
14. Acute \'otniting onJ dtarrh<'a in dogs anJ ca~ 

(itcn re~Jild tv cvn~T\"~tht< man~'em<:nt 

~uch -:l$ --,-..,--,-----.,-
15.ltH n~o'O sped<:~ th-:lt do nor vomil. 

16. Wtwt "the mec:hani$m o( <•<:cion <J( s;~linc/hy .. 
(.:-ero~m(Ki l.! (;lst~tive!! 

11. \Vh.m 1$ the -:lCtivc ingreJicm o( Mcromucil! 

18. Olte<.l dMiilter~ic. .. ltug$ ~tunulate the C l tmc• 
b~· "' I"Ult med"Ulnismf 

l 9 . A ~ynthc:ti( antibio(k/antii•tfhomnatory t~ent 
u:;ed l o-tr~;lt gi;trdi.a~JS and ;lnae-ubi<:: l~lCttri~•l 
ln.fe.:"tlol\ In ;.lnimals Is C;:'l llcd 

20. Li.st (our produ-c-ts u:sed as denti(ricc/ornl 
c.ltt'~ing ~~"o:ntl!. 

21 . Wh:tt is the difference bet~·ccn perisr:1bis n.nJ 
.segmentation! 

22. S•im1.1l:ut(tn oi the IX•r·~)·mp;nh.e• ic I'V' ti'-''' 
o( the /\NS Jecre.1ses inrc!>linal mottlil)•. 

a. Tru<' 
b. Fabe 

2]. /\bout wh;.u perc-en• ,.,(the smmac.h ·l> oonrem.i 
do emetics usually remove{ 

H . H(•w dQe$ :oucrol£tU<' wOt"k w t:re<~t/prevcnt g<l.l! .. 
lric ukers! 

25 Bismuth subsaJicylntc: C\)mpounds 11houiJ b.: 
u5<'d with caution in what $ped($~ 

26. All rhc followln2 are b.1sk funcMn~ of the C J 
.system. except -:---::-:;-..,-; 
a. intake o( (ood and t1uiJ into the body 
b. <lh<(llpttvn (,£ nutrioent~ omd fluid 
C. t :l((':tet i(Jl\ o f W:lS(~ l)riii.IUCI$ 

d. ~xuc1ion \) f urine 
27 \Vhkh of the following spC'Cies h.n$ no gall· 

bttddcr! 
;.\ . (:;)tlllte3 

b. ~qull"k'S 
c. (din~ 
d. O\'ines 
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28, Ruminnms remasti<:nte (,)(ld m fac ilit:uc the 
digrnio-n pr(l(('~. 
t~ . Tn.•t 
b. P.ll!>e 

19. The <ror in birds is used fN __ _ 
a. a ~toronch 
b. (o.;>J sto-n(i.,~ 
C.. (e«$ SIOr:l~e 
d. ;l pl:t<c where (o..'XI goes to mix wi1h h).fro· 

chlork aciJ w a id in thl• breakdown o( 

foodstu.IT$ 
JD. A ll ()( •I.e following are l~;uu .;d' •he ~Mil 

mttstlne, except 1hc ___ _ 
n. ilium 
b. duodenum 
<;.. jejunum 
J. 1lt-um 

31. is nn emetic. 
a. Tigan 
b. ~·1edi;inc-
c.. Pmm~ti~:):int 

d. Arom,.,rph!ne 

32 Cimctidinc is--,-,-· 
a. a proton pump inhibitm 
b. t~n ;•nwdd 
C. :l alil§U'OIYlue&.i:l.( pn) I('Ct ;ll\( 

d. :.n H, rcc~.--ptor ant::~gonin 
3 3. arc sub:ltan~ th~n lo06en bowel 

~,;()ntcnb itnd l!n<;vur.-ge thdr c\·o:-cui• ti{m. 
;). f>n)tec.t:\1\ll; 

b. Adr.orbenrs 
c, Antispa5-modks 
d . Laxative'$ 

H . Mg ~lf:ue i$ (fJIJn<l in --~ 
a . MaJlllabx bolu~s 
b. r:t~.-"C t Encntl'lS 
c. Epsom Salts 
d. uulk of magne'llit~ 

35. Vloko1se-V f"lwdtr 1$-:--
3 . .-.n ;mticholincrgic rubst;U'KC 

b. a di~'C'SiiVC CIU)'IDC 

c. <l('PI'O\'ed fm U'Se in do~ ;md ('<I t $ 

<1. hoch h ;\ntl e 
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CHAPTER 9 
Drugs Used in 
Hormonal, Endocrine, 
and Reproductive 
Disorders 

LEAIW lNG .OBJfCIJYES 

1. Oi:~CUS$ the control mechaniMrus {phvsioktgy} of tht: t:ndo<:rin<.' 
,y~~cm. 

!. Lisr rhc endocrine gbnds. 
llisr the reaS(ms why hormone$ arc dinicall)' used. 
4. Oe:Kribe the diller<: nee bt'tW~('n an ..-odogcn0\1$ 1.1.nd :ut <:xogc:~ 

n<Jus hormone. 
s. O<:s.:ribc t.hc location and fun.:tions of me pinumry gland. 
6. Dill'crt:-ntWtc hetween <1 rosith•e and a negative ftl"dbac:k eomool 
mc{"ham~•n. 

1. De:.cr1bC a ncuh~lomtonal reliex. 
S. Discuss the \tS('$ ar.d d~ o{ gonadotropins, sonadal hormones, 

1~rc•~ i •t~. ~m._t JW"l(:olgl:uldtn\'1 1.1$<~d in ' 'etcrir);ll)' merlid1W. 
9. Dcscnbc the uses :md dass.cs of dtu~s th:u affecl ut("flne CMll':.lc

rilit)'• 
10. Dehne ('herornone and gl''<' an t'Xl'lmrlc* 
ll. (~:i~Cnhe the ltX~t iQn, (un ¢ei(ul, ond hOnnnu.fl l pi\);]~•Ct:luf ( h (: 

thyroid ~-:bnJ. 
12. O<:~mbe th~ hl!ol'm..._..,a) trell.tmtm of hYPOth yroidism and h)'Pt:'t .. 

I h)•roull~m. 
l3. ll.x the endo,;:enous ~"Muce o( Insulin ~1nd Its metabolic effectS. 
14. List the classe;,; of insuli.n proJocu and their gcn<"ml e:hamcteristics. 
l5. L"'><:t'Cribc the mt·thod t'f action o( the growth pr<lmN<:rs.. 
16. Li•t th.; cliuieal u>4;tl flJr tf\e ,mah:•lk stt!ft~id~. 

Gopy nghteo r 1tenal 
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EY TERMS 
ANABOLISM The constructive phase of metabolism in 

Vlflich body o:lls repair and replace tissue. 
ANALOG A chemical compoc.rld having a struaure 

similar to another but differing from It fl some '~mot· 
0YSTOOA OiffioJl birth. 
ENDOMETRIUM The muoous membrane lir'Wig of the 

"'""" EuTHYROID A noonal thyroid gland. 
Fuo EFFtOENCY The rate at which animals c~rt 

teed ii1o tissue. n i.s expressed as the number of 
pounds or kilograms of feed needed to produ:e 
1 lb or 1 kg of lllnimel. 

f EEDBACK The return of SOO'Ie of the OUIPut product 
of a process .JS q,ut in a way that controls the 
process. 

GONA.OOTJIOPIN A hormone that stim\Jates the 
ovaries or testes. 

HYPOPHYSEAL PORTAl SYSTEM This is the portal 
system of the. pituulry gland in vdwch ver'l.lles from 
the hypothalarru. <onnect with capillaries of the 
anterior pituitary. 

INTRODUCTION 

1he 1r.~dili 111~:tl ,ldinil t(m ~)( 1he Ct\ii~Jo<:ru'le .ly~h!t'l\ 

~taiC-.4 that it is composed o( organ.~ (gbods) or 
gmups o( cells that secrete r~."gUimory $ubsmnccs 
(h(~rmones) dikctly intu t he blooJ..<{ream. Thi!
dehniti(Jn h:\~ m>w ~~~n extl!n>kd t~) indvde r('.b"'' 
bmsy ~ubs1aoccs 1har :ue dl~tubu!<xl by dlffu.~too 
at: toss cell nwmbr.1ncs. 

The end:.\crine s~~tem and t ht' ner\'ous system 
;."QO..--tltute t.he twv '"''J'-" t:".lntwl me<:h;mi~m:~ of 
th< bl,.,ly. Thcl)l." '"''" CO!llt(ll tth·<:h:miAAh: <lte lmL:ed 
mgcthtr 1hrough m~ complex imegrming acuoo ol 
the hypothalamu$ (F~·l.lfe 9· 1 ). Coordinati,m ol 
the$< two :>1'$tems altow:s an indi,•idual to adapt it$ 
R.:5'1~Xhll::tive ~nd l\l.lf\'i\•~1 :->tr;Ut!~ii::.O (<) Chan~t!'.i in 
the ~m·.ronmcnr. 

EnJocrinc glands indu.k t he piwiwry, ~r~.'ttnls, 
thyroid. 0\'<IT~, testid..-:s. runcreltS. and kidney:s. 
Thes~ #l<~n(l~ prndutX. horm(Jn~ th<1t <t~ '-'<~rrie~J tu 

INVOWTION The return of a reproducff\le organ to 
nOfTT\81 size &her delivery. 

LEVO ISOMER !.eft-sided arrangement of a molecule 
that may exist in a left- or a right-sided configura· 
tion. Levo Mld dextro isomers h~ the same rno
leakr formula. 

MYOFIBRIL A musde fibril (Qmposed of nu~ 
myofilaments. 

NnR.OCEN BAI.ANCE The condition of the body as it 
rela1es to ptOtein intai:e .1nd use. Positive nitrogen 
balance implies a net gain in body protein. 

PRlMARY HYPOTHYROIOtSU Hypothyrodism 
resulting from a pathologic condition in the 
my<o;d 

RELEASING FACTOR (RELEASING HORMONE} A hor· 

mone produced by the hypothalamus and trans
pated to the anteriOf pitui'<Wy to snmume the re
lease of trophk honnooes. 

TROPHIC HORMONE A hormone that results in pro

duction of a seoond hotrnone in a wrget gland. 

tarr;ct O~];lln.s. "''hl.'fC the\· inltucnce the: physioloWc 
U(:tivi ty {I( t he$\" l!tr\l(:tur¢1!. 

H,,mwr\1."5 ~'<nCr.llly :lre ;~lminbtered 111 :tnim:•l ~ 
f.->r one of tWl) reasons: ( I ) 10 corr..xt t1 dciictc.ncy o( 

1ha1 hormone, or (l) to \">btain n '-k"$ir<..J c(( .. '(t (~g .. 
to (:lm-tpone ~tl"\l$.). H{lrmone5 th.11t nre ~tdminis
rrn:d t\• ;)n ;;t mm;,~l <~r..- .;:111 ~~1 exu,i:~JI()IIt~ honm)ne<!, 
whert~ls th;'lS~ pr~:,doced nmul":'' lly 10 th~ b."')df ar~ 
~~~1\0ilS h,imtOI\1.'S. 

ANATOMY AND PHYSIOLOGY 
Pituitary Gland 
The pituitary gi;U)d hns been .:all~d th~ tn:mct 

gland of the: endocrint' system bt.«:nuse of the coo· 
trol it exc:rt.:r; ovc:r the H1.'Uiation of thi;~. $)'Stem. h 
i ~ llw;::ue~l :11 th~: h;t.~e ,J( tlu: h~in )IJ.~t ~·entnll t fl 

1h~ hypm:h.:'l l;.lmus :'llld Is connected to the brain 
by :.l swlk. It i.s divided inw 1wo ma1n lolx-s-an 
anterio r lobe (adc:noh}·pophrlii$), "·hich arik:s 
(rvm th~ <:mbry(J(n').'lC ph .. ryn)(, and it r<.l$t~riiJT 
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Tn:a,:t~ie 

hof'l'l"'If''e 

-r{_ 
\ --- FtGUU 9*1 

EMOCflne 

9""" 

~~ noegraoon d endocme ..., I'Jei'IIC:ul JyVIt«<$. 

I~ (n~·ur.·h~('l"lflhy;t!l}, Y.hich :}f~ frt)m the 
Nam (Fi,l.'l.ltc «).l) 

The hm'lll'u l.-tnu) ~li:C'rU ~untrol (1\' C"f ~am~· 
riur p ltult,tn• thr•lll)tlt I Itt 11-;I.II'POC't u( rdusin~ h(IC'• 
nlOnei, ur lach'tfli, ~'"''II rh~ h'I'J'OI'lhy~l portal 
li}'litt:n1. In the ttnh~IW!t rituif'JI)', lhcsc rclcnsing foe· 
to:'of'S cau<;C" the loCCI\:I•on ttof' trophic hormones into th<
du:ult•uun, Tms-lu._ hunm111c:\ 111\'l.lut:A!d bot· the ant~· 
rio lf fiU~dt:~rv lnd~ dl'(fi •IJ·~• •mul:uulj,! h•lfl'1\0ne 
(1'$11}, ikl~I'W)Cl,)lliet•m•pK hdflnotle (ACJlU. lu· 
reuU!in~: hni"J'I'IIlll(' (LH), f,,Jhde-somolating hoJ-. 
mt>f'K' tf"''i), rn•l.tttm (LTI~l. lUld ~,.,'th honncme 
(Gii •• """'''-'hlffl,...-n). 11w"'• en~ h.nu\0 31rc 
I!Vft\4'flftU••~;.Jk_\l~l....,~b.._~c:hq 

CIUSc thnr tAl'l.'(t uQ;an 1n rn-....bx a SC'COt'lod hor· 
monr, whiCh 1n tum 1rdumco • X'CClnd ~ oq:;an 

,. th;;ut (To~hk Y·l). hw c-umf'k, TSH ~ 
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Table 9-1 Pil.uitllry Honnonei 

Source and Name Targel and Actions 

Al\tCriot Lobt-
~roid·stinolating honnone (TSH) 
FoiJ,clc--s.imu!~bt'lg (FSH) 

Stimulates the thyroid to ptOOvce T YT ~ 

Luteinizing hOI'I'OOoe (LH) 
GrO'It'th hormone (somoilto~) 
Adrenocorticotropic hotmOne (ACTH) 
Pus.ter ior Lob~ 

S~mul~ ovanan follde groNth (funolc) :.nd spenn~s (mc:~lt) 
Stimulates c:wulacion (femMe) and testost«ooe productioo (male) 
Accelerates body grOWih and increases milk produa ion 
St.mulates productton of corticosteroids by adrenal conex 

Oxytocin 
Vasopressin (antidiurettc hormone, ADH) 

Sttmulates ucetine cootrbetion and milk. lecdovm 
Stimulates water retention 

th~ 11\yro!d gl:)nd tO pmJuce trll.:~o.Jcolhyrooine ('j ;) 
nnd tetr.)iodoth~'mnine (T,.), which ar~ homl\) OC.S 

that in turn inll.w.nct• th<:' membolic nate of all ti$$UC$ 
m thf: hody. 

The 1wv lwnnc .. \~ vf 1he l'~lerl(•r J~ lluiiMy :\re 
\'aWpres~ln (anndiur~dc hormone) ~10d oxytoch\. 
The$(' honnon .. ·s M I." proJuccd in the hypoth..'l l~mlJS 

and $U~cquently o avd down ncnt(' 61:-c:r~ to th(' 
pt..k')t<riiJr pit\lh~l)', where th~;y t~rt ~tvnxl (,Jr rdt<l:;t 
u \r1) th(' .::m::ul:u lc;n. The h<•mwn~ ,)(the poMcrlor 
pituit:.u y ~uc callcJ dir«HKting lwn)l<meJ bccaur.c 
the\· produc-e tht' &.'$ired activity (e.g., contraction 
of the utcl\1$) directly in the l<'ll!et organ. 

Control of the Endocrine System 
fEEDBACK MECHANrsM 
The nervows ~ystcm i$ .sensitive to levels of hor• 
uw nt:; thn.~t-.d' ~ mtc:h.<lmsm ¢<'l llt d the f"*'lb:t.ek 
m\'!Ch~lOl$m. By d\i~ mcch .. "lnl sm.th~ pla~n~ le\·~ll"
a ~rticular hormoo<:' Cl'>ntl\')l! dl<:' anivity of tht' 
gland that ptx.xluc<'h it. Th(' f«'db.1ck may bt n~a
tive or ro~itive ( Figure 9-J). 

Wid' n~~• iv~ f~edhxk, hit,oh pl:t~•n:J lev~b 1.,f a 
hormooc ~lrt scnl!Cd by th~ h~·pothalnmus. which 
then r<"duct.~ the amount of the ar:r-ropriatt' rdc..-as· 
i~ («<:.H•r (or honnone). A cle<:rc:'<l~ amount of 
~lett.-,•ng fuc(Or rt;.lvc~ 1he Wtl Oum <l tTVJ)~IiC hvr• 
ml'mc r~k.'":lsOO from rh e p1tulmry, c:~\us•n!li.::SS ~1ctlv · 
it}' in th<' oq,.onn that is rrodud ng the hormoo<:' in 
question. The overnll eff~ct is to low('r the amount 
of the hvrruvnt in the rl<1~mit. 

FIGURE 9""3 

-TfOPili.; 
ho""""e - + 

t 
I "'"'"'"• I le~el 

feedback cootrol med'lan6ms. ~flrte alld neg.anve feedback 
mechanisms con11ol the q1I¥1~1Y ol <1 par1irula1 hormone. 

In the J"ll.)lJhive f~lh,~ek ~h..:mt-.lvw l..:vd:!; vf :\ 
hormon~ are So:'niif'J by dl~ hypoth."llamu~. :lnd re
lcaS<' ol th<' ap(\h')print<:' rdwsins funor incr~scs. 
lnc-(('asccl Mmoont:s of the <:OrTC$pot\ding trophic 
hvrmcm< .-rt then i'I.Xn::te•l, e:c~u~ing incrt<liitd 
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a.ctiviry in the tt~r&>et organ anJ a corresponding 
ri$(' in the plwma 1('\'els o( tht" honnon<'· 

NEUROHORMONAL REFLEX 
The nct~mhormonal rctlcx :.rp1iC".S to the release of 
oxytocin by tht' rosterior piwitary. The IJrM step in 
thiS reBex ~•m he initiated hr ( I } stimul<tti<m v( the 
u.kler ~· 1 1h.1r.tu\)! c:df or by rrerx1ro:~tic10 n( the u,J. 
dcr for mil l::i.n.g. (2) s.~imu l:nion o( the urcrus ~10d 
\'llgiiUI in parturition, or (3) s.~imularion of the ce· 
~bml cortex by ~n:sory stimuli ll$$0l.'i<•t.:d with 
nur.)inJi!: (lr 11\1lking. 

CONTROL OF THE REPRODUCTIVE SYST'EM 
Th<' reproductiv..- (estrus} cyd<' in animals trndi• 
ti(ln:..lly hiLS be,:c;;n dividCld int() (;Jllf $t\lj,.'¢S l.'<l ll¢.1 
pt'o)c!S.rm:<, o!'iitn"<, die.urus. and mu>.sl:tus. The cycle 
also m:ty be divided into a follicular phase and ~l 
luu.oa) phllS('. In the follicular phase, thl• cyde i$ 

under the in0UfflCt' of C'$lroge-n produced 1.-v a 

ili•wloping k)llide. and in the luteal plw:;e, it ili 
undt't the influ('m:e of rrog~t('I"Ont' mad(' by m(' 
Cl)fpu;. ltJ i t llfll . 

Conrtol ,.,{the reproductive system l~ coordlna.rOO 
in the hypmh:al~mus, where the g-.-madmrl"~in· 

rd~asing hormone (GnRH} is rroduced in rt'spon..cc 
tcJ v;,~nvu::; stimuli (fi~ure 9-4}. Tht:::;e Stinmli t.:<m 

lndude J:ly,ni~hl 1-et~).:th (phf)C(lpt:riill:l), pht:l\~<

mones, nnd positi\'e a.nd cw)1:l.tlw imcm:tlt't.>Cdbc.lcl: 
m<'chaniSIN. GnRH CtlU$CS the rdease <.:.( FSH a.nd 
LH from th<' antC'rio r pituito11~·. 

FSH ~lt;t:.$ 1he grow1h and m;lu,muh.1n <'I{ :l (vi, 
lick, which be11lns to product- lncrt:uln)l :unounuof 
e$tfO~"Cn ss it nmrurc::;. E.sttl"JS;Cn cnuliC$ the c.han~"CS 
that occur in pi"O(':)trus and estrus, including the 
heh<wivr.•l c.h<\l"<l~t<:ri$ri¢S asol('¢i<'te-d with (':'!ttll$ 

(e.j!., stanJln~: w he nwumeJ). The (,·,IJ,cJe :.llso 
pn-,Juccs inhibin. which-nJoo~ with esuogen
:;erves 11.$ n~-gative fecdbock to rhc hrvotha)tlmu:; to 
inh1bit th<' rdel'l'<: of GnRH. 

~ I ~l 
( \ 

-o 
s t 1 ~. 

, LHf !FSH I ~ i 
• • 

'~ l ~ 

\ ·~ • Q 

0 if 

" .. il 

I \ 
CO!]:U6 lulel.m FOlliCle 

J I 
Progc$W10ne f ~ I • E$1r.ldiot 

I + inhibin 
f iGURE 9~4 
Con1101 of tne re.producti\-e S)stem 6achiewod ptW"Nrif d\10\@:1 ieedback mech~riS1fl$and lhept\OtlJperiocl. FSI;, FdliciMtirnuloct"~g 
honnone: <ittRH.. s..,odolropil-refe.:lme ho1fl1011('; l.f1 hAeiniring hormone. 
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LH rdcasc CtJI.lScsovulation o( the m:uurc (oiJid c: 
and th(' formation of n c.orpus lut('Um in its pl:lc('. 
TI1i~ e~·eut .ngn,;:11$ 1he l~nmin~ (I( dn~!!(TU$ ~11\d tht. 
~,~tlnn.na of me luteal pha.ie of the c.yck>.. The C.(lr· 
pus 1uteum prodU<:cs proge-s-rcronc, which f'JI."Parcs 
the uterw for pr<',!,.'llUncy. Otw:(' Prt',!,.'llancy o«u~. 

the-oo~s lut<:uJn m.1.int<Uns .. ut..:rinc- em•irunmcnt 
CC•nd~•cwe t1\ IP.)nn.'ll pf'()J:,rre>si•.,n nf the pre!;i!n.'lt'n::~·· 
Pm~.<\':S.terooc kvds ill rhc blo..'XI ~rw n.~ negative 
ft."('dbnck to preV<'nt th~· rd('aS(' of GnRH and the: 
d('vdcpmc:nt of nc:w folhd e$ during pn'gn.:1.11cy. 

Whe! J\ lht: gt:$ttlli(m j:.-.e: ri()l l nt:ar~ i~ ~ntl, du:. 
fo."tu!i bc)lms 10 proJucc tnCrt-:lSlng amoums of 
ACTH. ACTH cnuses inc_r('~s .. -d amounts of cor· 
ti.rol to be produced b\· the lldrenal gland!>. The 
m..:rtn~cd CIJr(i-.(l) l tv~;l$ re.."ttlt in in..:re.1.~¢(l p rO• 

du(.[IM'I of e~trOJi:t>-ll and prt)s.taKlandln hy rhe 
uterus. These t~A'O subst:mccs sensitize the utt·rus 
to thc wmroction-producinr; effects of OX)'Cocin 
and .-llow parturition w bc:gin. Pr~ta.ghmdin .-bo
cau~e$ the hr~•ktl<)wn (l ~l!i$) ui 1ht: ..:orf)t~ ( ,_,te!~,m 
ar th~ t-nd of rregnanq• :md at 1hc end ,)f diestrus 
if rregn~ncy docs n()( occur. 

HORMONAL DRUGS ASSOCIATED 
WITH REPRODUCTION 

.. Gonadotropins and Gonada 
Honnones 

Pmducu in r.his CJUC,!,.'Ory tJTC: us~.oJ in ~·c1crinary 

mcdicitw for \'<IJ'iou:~ T('-!l:!ons. Some of the:se ind ud<
$)•m::hn;mi;;lti(m o( ei!tfll~ • .Wilprt:!l~i<m vf ~l!tHI *· in· 
duclton ;,( C>l t u !<, treaun4"m of c~'Stk ovarlc!<, ~md 
termination,)( rregnnncy. 

Gonadotropins 
Gcmadou·opin$ are dtu~ th .. 1 1 :..c.1 simil:~rly 111 

GnRII. lll, or FSJ I. G,)nadouorins c:.1usc rhc rc· 
kt!St• of LH and FSH or c;.~usc ;_~ ri,,.ity like rhat o( 

LH 04' FSH. L.H m.uy be prepartd from thl"' pituitary 
~~ ~IJ\J$ vf 31;lll~ht~rtd ~1.n im~l $ vr ol•l:lintd fn;•m tht 
utll\4" of pr~nant womo."l\ In the form of hum.1n 
chori,)nic gmUlJot:ropin {hCG). FSII m.1y bc ob· 
mined from pituitary glands (FSH·P) :md from the 
~rum (Jf rr~;~'OaJlt m arts { PMS) t<twetn the 40th 

nnd I 40th d.nys ,')f r rc!.'llanq·. GnRH is preran-d 
:~ynthetkally. 

1\SH th.;:u i$ reltMtd erldut:erM)UJ!.i)· b)• tl\~; ~ntt~ 
not plruh:uy cau.So."$ JtfOWih :-~nd m:.uur:moo of rhc 
O\'arinn fo1lid c in (cmab and spcrmat01,><:nc.sis in 
nt.'l lcs. LH, abo rd('as('d by rhe :uucrior pituitary. 
<;:,1u~~ O\'l•hn ivn in fcmi•lt$ <lnl.l pM IUt.:1wn of te...,.. 
h~terOJh~ in tll.'l le!<. 

GONAOOREUN 
Gomldordi.n (OnRH) i:1 produced <-n~"ffiouslv by 
1t~ hnll,)lh;,l;:u\\u:;. Ovn~OO~I in (:.\ u.~ fht: rdt:<~e 
of FSH :11\d LH by the amcrlor plruilal)'. 

Clink-a! Ust.s 
G(madvrtli.n i.'! u~ed to u e.1c CV$ti¢ (folli<;ular) IJ \'<1' 

riel 11\ dalty canle. II h :ti :'liSt) heen ustld 10 cau and 
hNscs {with limired suc«ss) to induct' cstru~. 

Do.sugc: Form$ 
I. (:y~«vrelin. Ovm.ltl<:~relin fvr injec1 i<:~n 
2. Factrd. Gllnitdordln for lOJo."CIIl'ln 
3. Fcrwrn'L Gonndordin for inj .. 'Ction 

Ad trCrl'c Side Effects 
The!'le: :lre mlnltnal whh the u~e d lt.l!< product. 

CHORIONIC GONADOTROPIN 
C ho.>rioni( g~ln.:ldotwpin (hCG) i$ a honoon<' ~<: .. 
cre1e.l by the uh:w $ ;.lntl •)ht;un.ed ff'()m d\e urn't: 
of pregnant w,')mcn. h mimics the effects of ll l. 
nhh0t1.gh it has limited FSH ~crivicy. In malt$, 
it Mimulates the production of male hormone:~ 

h~· t he t~ricl~ .-nd m <"ly f<l..:•h~1te dt:!lctnt vf the 
1e.~rlcles. 

Clinical U:ses 
Chorivnic .b"Onadvtropin ilS used w tr~l t qstic v'-'<1' 
r;es (l'ymphtmuni;l ) "'dairy c:m le. In m:)les., il h:~ ~ 
been usOO co treat crypron.:hidi:.-m and infertility 
caus~-d b\· low tc~«.~terone 1('\·cLs.. 

f~.1d.gt! Fonn.~ 
I. Foltuteln. hCG 11\j«'fi(ln 
2. P.G. 600. Comhinmion olhCG and PMS: 

containt~ both LH and FSH activity 
J. Chr>rullm. hCG inj¢¢ti•m 
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4. 0 H>ri\1nk J.>OOadotropin injl'<:tion {generic) 
5. APt. Human la.bd 

Adt.<eT.te Side £fleers 
These arc limit.._'\~ but m.."'y include hypcrsen.siti\•ic-y 
~action and abonion i.n mares if given befOt'e the 
};th di~Y ()( pt'~O<UK}'· 

fOUICLE-STIMULATING H ORMONE-PITUITARY 

FSH·P i.s obtaim-d from th.: piruital)' glands o( 

slaughter.:d animtd:s. FSH cuuS<s growth and matu• 
r.ltion vf ~he (w~u1;m foil ide. 

cr.~nkal u~es 

fSH .. r is u,scd in \'Ct<"rinary medkine to induce $41• 

pcl'()\'t.•lati•m <1 nd fcJr Ou t•vl'•:;t;)'i()n bree(linl;!· 

DosQ~~ Fontl 
FSH-P 

.<\dl.-er.f.: Side £fleer., 
These lndud~ t"ndomctnal hfpCI'f'l.lSt:l., ~n:wula· 
ti\)n, and follicular cys-ts. 

Estrogens 
EmojttO!\ :ue :l. w-oup o( ho>ftn•)llC~ s~·nthc~I.:OO bv 
the ,).,."nries and-to n les~r extent-by the tes.ti· 
dt.'ti, nJrcnn.l COrtl'X, and p1ac-t'f'ltn. EsUOSl'ru arc: 
do~Lned ~~ $<'X steroids ;md om: $')'nthesi;or.l (r(ltl) a 
ch•)le)ra<•l ,,..~'1.1f':Wr. E$1 m~:n$ are l'h~Cc:$lr'Y f<>r 
normal grm.~o·lh and dc\·dopmem of lhc female i,.OO· 

naJs, The~· caus.: 5econdary (cmal.: chamcteristiu 
and are ll:$pon.siblt- for (emale sc:x J riw:. Th~(' hor• 
nwn~ inlnbit .;wolttti<)n, irloCTe<L'!e l.l'terine t(mt. ~nd 
C:l.usc ptol,(~r:uk,n (I( the eod(l(t'letrium. 

Clinic«! U$<:-$ 

In <.:attle, ..::;tr~..-ru an: usc:cl to tT~t pc:~istcnt c:or• 
J'll.•.') luteum. tf• expel purulem •n:l.h~ri;tl frf11n t:he 
uterus, h') cxpd retail\eJ placentas nnd mummi6\'d 
ft'tus.:.s., and ro proma<t." wcir;ht gain, In dogs, .:Stro· 
!o'<'ns l~fl" ~cl to induce:: abOftion and to .:.ontrol 
ori 11~1)· inl':Qntin tnc:e. ),, h(lr~. th~<:f m~y be u ... •c:d 
(ot l~tduetlon (I( estrus In rhc ,,onbcrtdln:~ Sctli>On. 

00$«g:O: Fonn.:s 
I. E.1tnl(liol q·pivnate (ECP) inj«-tu.lfl 
2. £~u·J,-Ji,)J C)'J)II)Ilolte (j!eot't!C} 

3, Oi.:thylstilbc-s-trol (DES) comp..1tmd~.-d ca}-\S\Iles 
and tt~blets 

4. hnf'(:,)n~ t() P'Oill\>le weigh• gt~in (Ji3..:t.•~'«l in;\ 
l:uet scctlott) 

Adeem•; Si(k. E/fccu 
The..~ indude $tvere <mtmi:•. pr-OI•m~-ed e.>•tru::s, 
~elllt;tl.rnmtion, :~n.t follkul:~t C)')b. 

T~.~-N~ 
I. Estrogens. should n01 be given during pte:gnancy. 
2. Estrogtn admmistt31ion can C4use sevt'ft anemia, 
3 Synl.hetic OE.S has bee•' banned from use in 

food-ptoduong animals because of iiS possible 
bnk wid1 cervical (i)Jl(l!t in women. 

Androgens 
A~tdroJ,"l'f'IS ar.: male SI.'X hormon.:s r roJucl-..:1 in lhe 
t~tides, tlw ovaries, and th..- <l(lr..-nul cortex. Simi• 
l ~r IV the Qthc:r ~'(ln.aJ..:II h.._>m'l(lrlt$, the)• lt."'\'C: :\ 
steroidal parent molecule. These hormooc.s arc 
n<:Ci:Ss:Jl)' foe gmwlh nnd d .... vdopmc:-nt 11f lhe male 
$l"X organs. They cau~ ~e<.ondary male ~x cJt..,,~ 
to:ril:tiCS tmd pl'()(lu<:e ok•le lihidv. The tul(II'CJ~"tSl$ 
proll'\l)(e tb .... u.:. an:1bolis::m, wei~ht ~:lin. :1nd red 
blood cell form:lti,.,n. 

TESTOSTERONE CYPIONATE, TESTOSTERONE 
ENANTHATE, AND TESTOSTERONE PROPIONATE 
Ther-e l.n jecrnble tl':!>IOCitcmnc products are :.w.,.ilablc 
under a human label. 

Clini(;I.IJ Ullc$ 
Th~ andrflli,'Cru; are us..."<< 10 treat utln:uy mcontl~ 
nencc: in male d..~ and ro ina ease libidl)~loo fc:rtiln-)' 
in dom(';S(k IU'limals (with f.'l.'nl'mllr poor result$). 

I)J.fUjJt: f'(mru 
I. Danocrlnc (D:uu!Ol-synlhctk derivative(){ 

ethinyl tcstostt'r.'lfld {hum:.n labc}) 
2. Twmtcrone cypionat(' i.njc:ction (g<"n..-ric) 
}. Test~te,one tn~nth<lte (~eneri..:;) 
4. Tc..~toe;terone propl1)nme lnj~tlt)ll (t:_cnenc) 
5. Oepo·Ttstos-rCI\')1\C 
6. Combin:uion r roduct:s "''ith c~tradiol as sro"'·th .. 

J-'1\lmoting impla.nt.: 
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Adt.-eTs~ Side Effecu 
~c IU(' unc'Oromon wh('n USC;!d as J incctC'd. 

T~!-N~ 
Testos1erone products are ru:to\' C-111 conuo!led 
subsUIOa?S. 

MIBOLERONE 
MilXllen,>lle ~ :' '' :.nJrV(:~t\ u* J fvr f)ft.~·e.utl)l\ l.i 
..-stru.i in d~. Mibokrone bloch the re lea~ olll l 
bot· the r ituirar; and prevcnu complete dcvdop· 
rocnt of lh(' foil ide. Ovulation cl~ not oc<.ur. 

Clinical u,d 
This product is used ioc f'(CVention of estrus in nJulr 
r .. ·maJe dogs and ((K trc:atnwnt of pseudocyesis. 

O,l$uge Ftmt~.t 
I. Olcquc- Drop~. OralliquiJ prerar:uaon 
2. 1mplams to pc-omot<: weight gain (discUSSC'cl Luer} 

Adt-.:T.1< Side EHec~ 
Advf'rse side d ie.::rs rcp1)1'tCd 10 the product lnJVCrt 
indWe r rcmaturl." epir hYlloe:!ll di'>Sute and vaginitis 
in immatur(' fc:ma)('.$. In maru~ (('males, vuk ovugi• 
nit is, ditonll h y{'(ftrophy. riding bc.-havior, in<:rc:.-~<:i.l 
ho.x.ly (xl()r, :)1)() V'Jtk•uS (ld\d .U.I~ e((~Cl)) h;we l'!n'l\ 
f'Cj}\)rtt·d. It is funhcr rcporr.:xl that siJe eff.:-crs usu· 
ally resolve with d~ominuation of thcrnpy. 

T~!-N~ 
MiboJerone should not be used in tats be<.ause a' 
a very low marg1n of salety in this speoes. 

Progestins 
Pro!,"<.~tin.s are a r;roup of compounds thm are 
$imilar in .._.((ect to- pro~eronc. En~now rro· 
~$tin.~ <)re proJ•.tCeJ l)y 1h~ oorpiJ~ hue~,nn. They 
cause lne:rc:tSCd secretio.os by thi'. Cl\d<.)l\~ttium, 

dccre~s.t.-d m.._')tility in d~ uterus, and incr~s .. -d Sl."· 
crctory d1."\'e1opmcnt in the mammary glands. They 
ttl,_) inhihn the: rde\1.(,( ll( ,b'<')n:'ldotr(lp in; b}' t.h t 
j)ltu itary m prt'>duc.c :tn in:te.t ive <W:lry. In lo!1ffiC 

situnrions. the~· cnn cmtsc elevated blood glurosc 

levd s (antiinsulin dYl"Cl ) or scrlou$ .suppte$$ion of 
th(' <1cl.nmul g1and:s. Theff' honnon('.s ~~~used din i .. 
C;.)\fy t() ~(1()f~'j; tlitfl.l $ t~nd t() IJ~I f<ll$1: p regnM, y, 
hch .. ·wloral dl it01dcrs. :md pto~th\·re;ponslvc 
Jcmunitis. The r<k)t "gcst"' often allows name r«· 
ognition of the pro<.;estins. 

MEGESTROL ACETATE 

Megcsrrol acet:uc is a synthetic pr~~tu\ l:~bcled 
f<.,r use i.n dog$. h is us .. -d, howewr. in cnu (or some 
lx•ha\'iOI<!Iand dl•ntwtologic coodition~ . 

CJi,lJcaJ Uses 
Me_~,'\':srml ace(atc is lnbelcd for usc in do_~,os m c~'lf\· 
trol estrus, treat ful:sc prc:r;mmq, prc:vc:nt vuginal 
h}'f'tfp);'l.(i~, trt~l $C\'(:I'( g<i.J<\Ct()ITfl t(l, ;'l.nd C.llR(r()l 

tU\.'lC.Cep~hlt m:~le heh:wiN. Me~ISI'I\'I :~Cet.'lte h .. -.s 
lx'>('n used in cnts (or vnri.ou...; Jermatolo~ic :mJ be· 
havionll problems, and for ~uPflrc~ion of e~1rus. 

I)J.1uge fonrt.~ 
I. Ovabal\. Mcges.trol acct~lte tablets In bot:dcs or 

(,) it sn ip; 
2. Ml':'e<ac<:~ Oml tablet prl."paration o( meg.::sn ol 

t~Ctltlte appnJ\•td for U$c in huu~ns 

Adt.'l!fse Side £/feces 
The~ can include hyperr;lyc.cmia, adn:nal .supp
rw ion, endom('trilll hnx·rpla.si.'1. :md im.:r<.-~ 

<)l)p::flti!. 

T~vN~ 
( l;ents should be IT'lbde ! VIale Of the potential d&n
ge#S assodoted with the use.,. this drug oncl should 
be ~ed to report any changes in Jneir pet's heal!h 
status thal occur after ntiation of thefapy. 

MEOROXYPROGESTERONE ACETATE 
M .. -droxyprogcsu'fonc ncct:ne ( MPA) is a human 
lah:l pro!->c:~tin t h.:n has been uff'd to tr('.llt ccnain 
l't:h .. 'lvi,w.ll ~mJ <knnah.ll<>ti<i- problem$ :lnd tv l!vp
prc!'.i es.mti In doJti anJ C..'lts. 

Clinic.ol Us~s 
MPA i:~ u,(,(d (o, ( I} t~t•tmem ~J( b<h-avtsJf';'ll pml>
lem:., ~u.::h :.u ~'f'tSii,)l), nxunlns:, :.pcayinJi:, ilf 
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mounting in mat.._~ . nnd (2) trcauncm of certain 
dC"rll\l•to-logic oonditkms. 

DosQ~t' F(mns 
I . D::p..,·Pro~·er.-. MPA ior inj«.rton (human label) 
2. ProvC'ra tablct:S {human lab:-)) 
3. Cy<:rin taMet$ (humttn b hd) 

Ack>tf'St> Side Effecls 
~c arc po<cntially numerous and include rvo· 
mC"tm, pC'Tsom,liw chang(';:!, dcpr($$ion, ledt<Ub'V• 
m:lnllfl<)ry ch;ut~~ii. :-1nd incr.:~d :lpJ)tH~. 

T~J-N~ 
Progestins should be administeted with strict 4dher· 
ence to accepted protocol co minimize side effeas 
such as pyome1ra.. 

ALTRENOGEST 
Altr~~('S( l~ an oml pto~ln L.)bt)~ for usc In 
horses. This drug is used h') suppress csuus in mares. 
{~·lar($ .stop q>cling within J d11~ of tn-~• tment and 
bc::gin q·ding <'lgain 4 {<) ') •l<1}';: after t~atM:nt i.~ 
!>toppOO.} h is :'llso \ISCd 10 man~lKe ()thct repwJue· 
tive conditions dl~lt :.ue listed beer. 

Clinil;al UliC:ll 
I. T<l $UJ1f)r"i$ ~uus (Of "')'1\Ch nmi::'lu(.n 
2. To !iupprcss estrus (or long pcnoJs 
3. To m~linmin pr .. -gnan<y in mares with low le\•cls 

of progC'~tc:rone 

D osQge F(tnn 

Re1,"U·Mare. AlrtC:O\')b'CSt in o il mal soluti~')n 

AJ..-cT$C Sik. EH~~ 
TI~oe:So: haxo: bc:t:1\ repntr~l :.l$ mimm;ll 1\'ht:n u>etl 
oorr..xdy. 

T~J-Notiw 
Altrenogest <.an be absorbed throogt\ the skin and 
should be used -Mth great e<~ution by pregnant 
women Ol anyone with vascul.lr chsorders. Read the 
14bel a rthAt)• before using. 

NORGESJOMET 
Norg~tomet is 11. ~ynthC'ttC pro~~"'tin that ils lJ:!ed in 
Cllfl11Jin<)tkm wilh <111 ~~~~n ( tl!t rt•Ji<)l v~llt;r,\h:) fvr 
S'ffll:hrool!<ltlon of estru$ m bM cov.-s anJ nonL.1cr:n~ 

ing dairy cmw, A tre'lmtem (\'lflsists of one implant 
and an inj«tion at the rime of implannnion. 

CUnicaJ VieS 
Nofl,.rc>h')lnel is used (or syn<hroni::.uion oi ~f;trus in 
cartll·· 

f}(..1tzst: f"(lnn 

S}'n~m·M:'lte·B 

Ad\.'trlll!' Side E/fe<t.s 
Advefl!~; $ide <:(feet~ <lfe no t rtr<m«l in the n\.;-.ert. 

MELENGESTROL ACETATE 
Mdcngl•.strol ac-t'tate is a pro~~stin usc.-d in implanu 
thilt p roUhJtt'-$ wdght glli n (dbc.u~ed in 11 "C:f'<I,TatC' 

$OC-I ivn). 

r>roM~IanJin:. OOilStSt o( a Wnlu p o( n:uur.llly OC<:u t.

ring. 1\')~·<hain farcy tacids thm nwdknc various 

physiologic c\'C'Ots in the bod)'· The primal)' us.e of 
pll:~~St1Wur¥.hru. in v<:tc:rimuy IU()(.hdnt" ils for n:gulu.-
11(11\ .. ~ :)(tiVil )' in <l1Ki 1 ~;11 ffit:l)l (I( C(IOC:Iitil)ll$ f>f the 
f~male n~pn,J.uc.1t\'C tt:lCt. (){ tht stx dnsses (A, B, C. 
D. E. nnd f), ,)nl)' PfOSt:tgb.ndin Fh,,b!t has :~igni6.::ant 
clinical applio •tion in the r..pr<.ductiv~; ~y.stc:m . 

Pr~t~l#lttndin F~,~ .. C(ll.lStt$ l~l~ <Jf tht <:vrpu~ 
luteum. contl~lCttl'lO o( u~rln~ mu!iCle, and rek1x~ 

"'tion of the<crvilC. ly$iS ,'i rhc corrus luteum results 
in a decline in plasmn 1<:\'els of pro~'"C'St<:ron<" t'lod. 
through th~ ~~tiVf: (~;OO~l('k lnC1.'h<IJ'Ii$m, initi<l ~ 
11no ti :.1 Ot>w estru.~ cy<:k. Co"~om r:~tM)I~ t.f uh::rine 
mu!iCit: C:'l.l\ (;;.cilitat.: cv;;.cuati~'lfl o( uterine romems 
(pus or a mummifieJ (ews) o r produce an abortion. 

Brom:hocorutriction, ioc~ell.Scd blood pr~surc:. 
~nJ $1lll)()!h lll l• tl¢1..: ~vn1r:u.:ri<Jn h:.we l'tX'Jl res-'<)!1i!(t 
In ad'll."r srecies. lndud ma hum:ut.~. F(lr these 11.':1· 

sons. rrcgrt:~m women anJ nsrhmatic inJiYid~.tals 

:~hould handle prosmglouodin produces with C'Xtr~;me 
<:<lUCiOJn;. ¢;tep!J:;ure (through injt<ti•m ,.., :~l:in (;~'"~ 
I:K I) C:Ul <::Ju iloe :.lh.)MM)I~ ilt :'Ill ::tMh!n;l :ut:l(k, 
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Namc r«ognition ,1f 1hc prosmglandins i:s made: 
t'ruit r by looking for "prost" i11 tht' drug name. 

Dinoprost Tromethamlne 
Din,1prosr rmmc1haminc: l$ a s.1lt of 1hc: n:uura.lly 
occun ing p~taglandin F:t~Po aod i.s ~1bdc:d for usc: 
m ¢<~ttle, hvnc.s, ;~nd :swine. It alw h~ ae«rt~l 

dinkal use~ u\ dn~:s. c:\1$, sheep, :u-.d ~':m. h is ef· 
fec.1ivc: only in :mimals wi1h a corpu~ huc:um. 

Clinic;al Uses 
Laheltd clini~l u.1e1S are:.\$ fcJIIvw$: 

I . For ~o"S.U\lS synchroni.z~tion, trcatm<.-nt o( silent 
«trus 1md pyomctm in <attlt' 

2. Fvr ahvni<m of fce,l!ot ~nd vther I\Onb<;t<1tin~ 
c...1tde 

3. For induction o( JXltturition in swinc: 
+. For wntrolling the t iming of esuus in cycling 

m .. ~s <ancl in anMrous Jtt.:IJe! t.h<1t h.:av(' <1 oorpus 
lutetun 

S. For trc:umc:m of p~-omc:tra :tnJ enJomc:tnal hy· 
pcrplnsia nnd as n.n ab..1ttion· pl\1ducing nsent in 
dogs 1mcl ca~ 

6. In shtoer <1nd {!Wt'l-. ha.si<;tllly h<l~ the $\lmc: u:<$ 
a.s in c..1ttlc: 

Dos«gt. Forms 
I. Lut<•I}':<.Oinopro~t u vmc:thamine for inJectio-n 
2. AmTe.::h Pn,l$(<l}.•l:ue 
3. In Syncll 
+. Pro:stn.Mttte 

Adt-.:T.1< Side EHec~ 
The:.e c :l ll ancludc s~~o•e;ltln~t (lwrs._>s}, :lhJomu\::l] 
(XIin (horst.-s, dOG5-. cats. Md s""'inc). urirotion/d-t.fc· 
anion (dor;,.' ca~. and 3Wind. dy~l\('a and ptlnting 
(d~' ancl t<:at.~). ta<;hy<:ardia (00<.;:;}, a.nd im,;n:~'<(l 
,,,oli~t«•n (C...11S ;.lnd swin~}. M1~:~1 c:i !he ~,...Je: tffee1s 

are sd f·limiting and J isappctlr within a shon rune. 

T~¥N~ 
I. Pregnant women, asthmatiC persons, and people 

with brond-al d!Se'ase should handle Lutalyse 
wilh ~eme care, 

2. Skin that i$ ac.cidentalty ~sed should be 
washed ofi immediately. 

Fenprostolene 
~prost1~lenc is a .s}'nthc:-tk aMio<.,: o( r~t:aglandin 

F;.o1tt.:.· Ftni•n:J.'!{tl ltoe J' r..'XIu.ees effe,;tlf ~imihn t<J 
11\ose ,)f dh\clptl)!.l anJ thc: othet da~ F prll!>rawlan~ 

Jins. l1 is l:ll:x-led for synchr..-milati\'m of estrus and 
as an agent to induce abortion (tn 1 50d;~.~ or f~er 

of ,b>t:St<ltion} in c:.1ttk 

CU,lical Uses 
N."Oprostalene i3 uSt.-d for induction of abon ion in 
feedlot h c:iftN and for srn-.:hroni:ation of c..stru~ in 
hetf ~~~~d nvnl;:tel <lth~ ,t.-iry <!()W$. It J \<n.•ld he ;\d, 
mlnlsftrOO subcut:l nc:l'lWI ~·· 

Dosage Fonn 
Buvilem:. FenpMt~•lenc: f()r injecti~m 

Adt.oerse SJde Bffeec.s 
TheSoc: can include infection at the injection si1e 
ancl abonKm {when not <Jn indication f!Jr u~t}. 

T~yN~ 
1 Oo not adrr.oistet by intravenous iojeaion, 
2.. S.kin th~l is exposed should be washed off 

rmmediately. 
3. Prcgn4nt V.'OfTIIN\ 4Sthm~bC 1ndf\•1dU:JIS. 4nd 

those IIIith bronchi<ll disease should handle tl'li$ 
produa with g1eat caution 

Fluprostenol 
Hupr~tenol l$ n synth<'tk nnalog of pro:scas1andin 
F~·l for u.,_~ in mn~.:s. 

CU,lical Uses 
I. £.,.trussyochh1ni!fltioo in cydins mares 
2. To esmblish estrus cyde! in an~trus mar<:s 
}. To induce pa.rturi til)n m ma~s 
4. Tl) l rt!;)t l:l¢t.1tano:)l :lnl61tu5 
5. Fot fadliratioa\ o ( p,)Sfpanum (nfter fool·hcal) 
brc~o-Jing 

f~.,<l.gt! Fonn 
F.quun:.uc. F1upm>tenolt0t lnj.xtlon 

Aduerse S«k E/ft'<C.S 
The..o:t <;iiJ'I mdude .$''A:~I in~, in<;re~d reiipir;~tirm, 
o\h.lomin::tl dlso::>mfo,.tt, ;.11\d de(ec:ltion. 
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T~~Notlw 
See the secliOO$ on dinoprost and tenptosta'ene. 

Cloprostenof Sodium 
C loprvstcnvll!oJium ~ a.n tmalog ol pru~titglamlin 
f~~ .. for use in c::mle. 11\b pl\'>dua b chemically 
very ~imihu to ditlOprllcit and fellpto:.ulenc and is 
labt'led for USC'S in cattle dun ar~· very similar to 
thost" o( clinopro~ and fc:-npMta lent". The:- s:unc:
pri!C:luliOn:. ~llvuld l;e ~t!l\ when rhi* drug t.S u .. -ed 
:'IS are rnl:(:n with lhe other prru1~landlns. 

Clini.wl Uses 
This drug i.:s ukd (<)r tn:t'untnt o( lut.et'l ()'SU ~nd 
mumm16ed (ent>eSo, rermio:u.on of ptegn .. "ln.::~·. and 
estru...; s:ynchronit:ui~')n. 

Do.sage form 
I. E:;tnunate. ('1111j)IX).)ten<>l fCor in jec1 i•>-' 

Am,._.,.st' Si.di! Effects 
At high doses, ad\'el'$e ~ide dfectli may indudc:
llllC:tt~int..~'l-. (rotllh'# ~t tht n")ttth. <1nd mtlk. 
lcr.;k)wo. 

• Drugs That Affect Uterin 
Contractlli 

Scwrnl drugs h..1vc the ability to increase the con· 
tJ!~o<.tilit)' of uterint" m~.t:!clt". Somt' are u~cl J uring 
(lft.~'ll\UM.)' t<) <:~t•~ <'N•rtil)fl, ~md v l hi::rii (l ri:: u'<\1 ;tt 
tctm ro lnJ u.::e panurlhon. 10 atd in dd1ve1'Y oi rhe 
fetus m the plnccnta, anJ to C:3u~ involution o( the 
uterus after ddivt•l)', Gre-.. n car~ should lK- ta'ken to 
('nmrt' th<~t the <.:c:rvix i ~ dilated h:fort" these drug.~ 
;)re :u.fm•n•Mere.t .. 

0 1W: o( th ese drugs., ox~'tocin, also OlUSo:$ COil· 

oaction of the myoepithelial cdl.s in the mammary 
gl:•ncls to fu<:i lit<ttt' milk lt"tclown. 

Oxytocin 
Oxytocin is a polypc('tide made in the hyroth.ala· 
mu.s and &ored in tht' posterior pituitary for rdease 
m re..~JO(( tv i~pprl,lf'l'ii•tc .sumuli fr<Jm the reprO• 
du<:twe lr.l<:t or m:)t\H'fl."lt)' 81and,.. "fh.,. h;um,,n e 

cau~~~ suongt>r uterine contraClion~> by increasins 
the contwctili t~· o( ut~rine mw6bril$. The: uterus 
mt•~• he prime..f {," ~ l'eri~"t by J'r..')J..<t$ler<Jne a.nd 
cmo~o,"'i'.n before ox~·todn Is cffe<.ta\'e in stlmul:ulnw 
the uterus. 

Oxytocin is used dinkally to cause more force: .. 
ful uttrine <:Ontro<:titm.; <1S a.n <~id in delivery 1Jf .. 
feiUS.. h ill :)00 u:>ed It) :t~$1...;1 .telivet'( ni tfle pL"l
ccma. to caur.e uterine involution, :md to reduce 
bl~eding o ( the utCOI$ aft~·r .:klivcry, It should be 
used only wht:tt the (,('f\'i.X ~ ~.fficiemly dilated t01d 
when h eou\ be d.:renninn:J 1ha1 1he fe1u$ e;m be 
Jdlvtn:xJ !lormally thn)ullh the pdvac c.1nal. 

This h,')nnooc is rcspomiblc (~'lf milk ktJown 
from the mammury glands du~h it.s$timularion o( 

mvotrithelit11ctll~ 111 d1c .-lv~XJi t~t w~ll i)( the gh1.ml<.. 
It t$ relea:>ed ~ndoj.nar,ou:.ly after stunul:ltiOl\ nf the 
udder min rcspons~ to cnvironmenwJ Mimuli. such 
as the sound o( milking machines or oth~·r sights. 
soun~ o r smdl:s u:s.;oc: i<~ted with n ursindmilking. 

CU,lJcal Uses 
I, T..') augment thl.' force of uterine contractions 

J uring cleli\'ery 
2. T~· <1i<l in deliv~ry of the pl~tm~ 
J. To f:~.::1hmte lnvolurlon o( the ul~nts {to rtduc:~ 

bleeding or h') fucilitate replacement of n 
prolapse) 

4. To induce milk letdown 
S. Tl) <l$5-l$t in t:he cre:mnenl (I( ag.ll;.cl l:\ ul -'•>WS 

Dos((Ce F.onn 
0X)'tt\Cin inj«.1ton is U\•ailable in generic (orm 
(n)m ma,n y ~)ttrot*· 

Adt.ol!rse SJde Effects 
The$!: arc:- minimal wht·n used according to recom .. 
mend.'ltivru;. 

T~~Notlw 
1. (hytocin should be used in dystocia only when 

the reproduaive uact has been adequately ex· 
arr11ned. lrt.apptopst4te uSE: C4n result in utenne 
tofSion or rupture, and <an lead 10 death. 

2. A single dose of oxytocin lasts appro~imately 
15 mmutes. 

3 ~ytocin is stored under tefrigeration. 



Chapter 9 Dru~s 0~00 In Hormonal, Endocrine, and Reproductive Olsordt.s 183 

Ergot 
Ergot is 11 fungus that ~'Tows on "'~ ~'TitSS und ~i· 
bly un $1.1fut 1)(13HII"t gr.t.~:;t:;. h ~IJ!!f'~3fll<)(tC:h mu~lt. 
CdOtJ:k'.UOO :'lfiJ C:\1\ c:\u~ l l\h,.I\SC Wt.iOCOOStiiC· 

ti~in. If the vnsoconsuicrion is .severe en\'>ugh, gan· 
grene and sloughing may <.x.::ur. 

E~movine malc:;,~tc: ha.< t.e:c:n uiit:J in vctcrin.-ry 
medicu\e because tt pttJJuc-es utt>crtnt'c Cl)lll r:lCti(II'IS 

~imilnth• to mcywcin. lr results in v.- ry little V;tso.i· 

constrk tiw action, howt'\'er. Thi$ produ-ct i,s not 
c.<numonly u~cd. 

Prostaglandins 
Prostng1andins, M mentioned in s previous $<-ction, 
stimulate uterine smooth muliele and <an be u,sed to 
m<I\•Cc p(•rtu riti~m (lr tlb.:)rti(m. 

Corticosteroids 
CortkQ~;teroid,s -comprise: a !.'TOup c.( hormom~ pro· 
duced by th.: a.dr .... nru cort .... x th.:n .. n:- u.sed primurilv 
((lr thdr ;ll'll iinibm.na•urv ,~((eel "'-•• c.~)tl c.~lu.~ 
mJucuon o( p:uru.rltio-n In the bst ulmesrer cl preR· 
ooncy. This effect \'X:curs b.."<:ausc C.'<Of.'l.'n\')U$ admin· 
i..•u ation of the dntg mimic,s th.: natural ri,se- in pro• 
d~ICtion iJ( <vruoo~ervt~.l~ ~· ~~w.: ft.tu$ \t'! ~~·..: tltne ((Jr 

delivery dr.l"'S ne1r. lnductk•n ,-.,( pattuul k10 (Jt :~tx··r· 
tion is Mt a labcl~d use for the corrio:m~roids.. bur 
they haw been applied dinically foe thi:s purpose:. 

-
Miscellaneous Reproductive Drugs 

BromO<riptine 
Srvtu()cnprnw: i$ ;' d~YI'~umn..; (l{:vni$'t <lnd ''rul<lCtin 
mhlb1tor thar ha> b~en used mainly In d'!it~ t'OI' 
pregnancy lermin:.ltioo after mismnring or (m the 
UC'ntment of' p~uJopr('!."flancy. 

Leup,olide 
leuprohd~ i~ :'1 .S.)'nthetic nn~ll~ ,.,f gon.:tJom.,pill· 
rc)cru;ing h<.,nnon~· that ili used for thc treatment o( 

adr<'nal endoc-rinOJ-"<1th)· in ft:l'l'ets and (or th.,.. trwt• 
mt:nt v( in~p'))r<"''ri~tt. ~#i:l l.'lprl)! in <;l)(;k<ltid~. 

Melatonin 
Mdatonin is a naturolly occurring hOJmone that 1$ 
pwc:lvctd in th!! pin~l gland. In addititm tV it$ u~ 
fn the lre;Jtme.u of ak·r~cl:.l fn de~ ,,,)(j !>leel\ 

disordeu in cau and Jor;s.. mdatonio has b~'<'n used 
to impro\·.,.. <arly breeding and ovulation i1t ~http 
~nJ gu;.lt.$.. 

Neutersol 
Nc:utel'$01 i,s a U.S. Food and Drug AdminiMration 
(FDA)~approvC~.I prcJ\Iuct th(lt <cmtaiJU the a.rni.ntJ 
olC•d l·;)l'1:iolne olnd a :ulC. ~h; it ill ;X!minist.::reJ 
JirectJy intO the ttsridi.'"S o( ruppitS tO C;IUJOC pcrllUl· 
neot sterility, It resx>ru-dly .kx~ oot eliminate tcs
t~terone rroduction and its asso.:~;iatc:d bc:h(lvioro~l 
~h:lr;.),;~.:ri~(i.C$, h<lwt.ver. 

1*-etofMne!'> are od()fs released hv anlm .• 'lls lh:'ll In· 
ll.uenc~ the bchnvior t)f mher ;mimnls o( the S;lme 
:!p<:d~~ . Altho~h ('heromones Jo not fit exacdy 
into the: end..x:rin< c .. teg<~ry, they .. re l'Uru-idC"r....d in 
1h~ $ettM)n. 

The 6rst ph~n.,n\one made commercially :'lvail· 
nble l'h'IS a boar odor ncrOSt)l -csll~-d SOA/&x. This 
p!X.xluct i,s a :!}'nthetic version of the tllttund phc:ro
m<me thttt e<~ul!~ til~: cyrk~l tr<'.lM (x)vr ~nd 1$ u i«< 
j(·,r h.e;u dctf'Ctlon In S(t\VS ~lnd xllu . L:lbelltmruc.~ 
nons Ctl.ll fourra)•ing th.: pheromone Jir~Xtly at the 
nOMrils of the ,sow or gilt for l.sc.::onds. If the sow 
1,1r gilt i$ in ho:: .. t. 'h<: will dctu~lTUU...tl>" m .. tin.e rc: ... 
tlexes--s..K:h ;\~ rlg .. .-J ptlSture, .l~vi:U«•tU (l( the t<lil, 
~1nd erect f'MS. 

Another pht'hitu1illt' pnidun is Fdiway 
I'C'Ii\l•ay is an analog of the feline (acini phero ... 
liii)H(. h iii l;lt-..: ltd f1Jf 1.1.$~ ll) lit(lppang l.lf i'Ttvc:nt ... 
In~ urltt:\1)' m:~tl:lt\K b~· the em :'lnd m Ct)n\(\)n 

the cnt in nn unkoti~A'n or stressful environment. 
Cats d~·pt'!oit facial pheromones by rubbing an 
objo::<:t with the si(k f.t( the: ( .. c..-. Th.,.. Ol .. nu(aottur.:r 
recn.mm~n.ls- $1)r:l.'{in,e thi.:S- pn)ducr dir~cdy ()tl[<t 

the pbces ooiltJ by the cat and also on pmminent 
obje.::ts that -could b.: attr..lcti\'e ro thc cat. The 
product ~hould be applkd daily <at a height of 
$ iuch~ (rom the llvor \llltil rhc: C::tl i$ l!een n1b' 
hlnw: the :~tea with ir.s h~J. fdl"':l.V c~ut :~ lso be 
u~J to familiMite cats with new environmc:nrs. 
:;uch as carrie~";! and cagC'<S. It mny be: di$pt:n~ 
(lvtr -a laf\!e ~rc.:a with the: u.~e rJI 0;1 plug•in 
<ll((us.et. 
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Another pher..'mlOoc a\'ailable in d-..: Wh'riiUlry 
market is l<Jlll'd D.A.P. (dog4!ppeasing hormon('). 
Titoe 11\;).n uf'itCitJTtf Ul(,ftC~ll:$ th<lt 1h i.~ lm)J\IC.( .-nillli~ 
the app~:.emcm pheromoo~. which fem:.1le d~ 
sc:cret.: h) oomfon and reassure their nursing puf1'ics, 
l..abc:J indications for uS<' indi.Kk calming do~ during 
$t~~IUI J~i ttJ<ltioru. :;och iWJ~ th\•mlerl!tO~. hrtwmks, 
\'iSh$ hy :,tr:ln]i:et~ (or l'llt)VillJ! 1-he .. k•J! co :l new e1W1· 

n'mmMt.lt is d~nsOO via a plug-in diffuser. 

THYROID HORMONES 

The thfroid gland is made up oft-wo lobes (one on 
('.ach sid.: o( the ti<!Ch('a) and is locat<d oe~11 th..: 
dl}'rQid C<!Jtil\t~'t vf the laryn.x. Mi<:r<)~l,{)i<:;;l\ly, tht 
th~·roid i.i comJ').Se(\ ,..,( (,·,lhde~ rhat. on stimul:uJ,:,-n 
b)• TSH from the :lmerior pttuirary. pn'Xluco: t~·o 
metabolically active honnom~. Th.: thyroid synthe· 
...t~ th..:se hvnno~ \:tv f1Nt tr<!ppi~ iodide from 
d\\~ hiiXI\.1 :1n:J 1hen (IXI•:idng 1h.e ii.Kiide "' i(wJi1\e. 

The loJine is oombmo.'d "'hh the :~mu¥.1 :'lctd ryro· 
sine to fonn (thrm~gh sc:vcrnl imenncdiaa)' ueps) T} 
and T 4• T} is considered to b(' th<" acc-ive form at th..: 
oxlh•ltlr k:~-t:l. Alth..;,.,~,gh bvth T 1 and T 4 a.r.e relt~'«l 
(rom rhe 1 h~·rnid wland, some,'!( the T 1 h cMvtrred 
h') T3 .-.her rck>ase. T~. also caUN rhyroxinl', is tOund 
in hir;hl•r levels than T \ in euthyroid animal$. 

Thyroid honm.1n~ co-ntrol many <"''<nt::~ in t.he 
btxJ)·, indu~ling mer:)i).)ltc. r:lh~. ~r(ll\'lh .. nd dc~·cl, 
opmcnt. OOd~· rcmrcr:uutc. he·arr l'.lte.. mer:1bo..,lism 
of nutrients, ,s\:in condition, rcsisrnnce to infection, 
and others. Two abnonnalities o( th)·roid fun(tion 
d'tit :'Ire en<:()tmH:rc:~l in veterinar)· m~.hcint ;)rt 
h)'fM)thvroldism :ltld hyperrh)'h)idlsm. 

H)l'OlhYh'>idism is nored m1N often in doss :'lnd 
is <hnrnccerizcd by lethargy, <old into)ernnce, dl)' 
ht~ i f()l)at . ;md br~h·(arllia. Hrperthywidi~m i ~ en• 
OOulllded •'Illite ()(It: I\ in i1k.kr C;lfS :)lld i.i :l.CC:t)tnj):l· 

ni"J by wctglu &oss. incrwJ>eJ tlf'pclite. reStlc.s..·mess, 
hypc.•rexdmbilit)', and ta-chycttTdi::., Diagnosis o( 

thyroid conditio-ru is lmtdc:- by obsenting clmic:~ll 
~ign-s ~md by mt:.Httring ~n.nn le\·t!l<: v(TJ au,t T1 
bcfote and after TSH ~minisll':Hion. 

Goiter is a condition that is causl-d by inade· 
quat(' levels of iodide in the dic:t. Lnd: o( iodid<: 
C<lU!C$ the thyroid tv he vna.l-le t(l prtJ\Iuoe T li.lr T 4• 

The th)'l\)id ancmplS to incrc-<tse illi output by <.'fl· 

larging, often to a ~iz< that CIUl he pttlput('(\ and \'i• 
$tJ<)IJ~d. 0(1iJer i$ ;'lm~t tll)I'IO::Xii;t¢Tlt in ~lnitu :'l l $ 
r~Xeavin'= a oommcrcl:d d1et. 

T n::mneot cl hyp<.,tflyroidism consisuo of supplemen· 
union o( thyroid honnonc:s 0 11 a daily bam. C linic:al 
l!ig.h u~u.-ll y rewl\·t: wirhin :1 $leo., t ime (l( t~tme.u 
Initiation. but J.felonf: rh~mpy Is r«tutro._xl. 

Thyroid honnooc:s can be c:<tnKtl-d from thy· 
roid glands or -can be prcpa~ srnthcticMIIy. Purifi .. 
<:<'ti(•n vf the animal $0urc::.e honlumes i11 di(h<:\•lt 
:.lnd h:ls leJ co 1he Ct'lOllnno use o( sy.uhetk prod· 
ucts. Syn~hc6c lhyroxinc (T4) is coosidcrcd co be 
thl• compound of choice in the tn•mmem of hypo
th)·n:•idi$m. T1 produc~ ar< ""oonun..:nded only 
when'' PU<)r rel!j'k)•t~e "·' T~ vccurs. 

Levothyroxine Sodium (TJ 
Le\'Orill·roxin(' is a ,sl·nthetk k,·o isomer ofT4.1t is 
the <:~•mpwnd u( d i (Jice ftJI' the tr..:atment ,Jf h)·po...
Jhymid.sm In :1\1 .spt_'t'.les<. 

Clinical Ust.s 
1..<-vothyroxmc is u.;ed fo-r t.he tf(tltlll('llt of h~·p~>
•hrl\lid C(!llthti<>•'IS. 

Dos((Ce F-onr&$ 
I. Soloxine. Le'•oth}·roxine tablets. appro\'ed (or 

do~ 
2. Thyro·Form. Lev('dl~•l(IXirte chewable mbiNs, 

:'lPf'I\Wed for dogs 
3. Thyro .. L. Ll·..-a.hyroxine ro~tder, appro\'cd for 

hOI'$<:11 

4. NutrNed T-4 Chewahlts. Le~·•~thyr••Xn\ t: chew .. 
~1ble t~lblets. approveJ for Jo~ 

5, Thyro-Tab. levothyroxi.ne tabl~·ts for dogs 
6. Equine Thyroid Suppleml'nt 
i . 11'yll);in t T;'lhl..:t$. l..e\•l)(hyroxmt Q)f.,lt!tl! (,,n,l(~<: 
S. S~·nthroid. le\·orh)'roxit'tt rab\crs :'lppro\'00 for 

humans 
9. Lcvenm. Levothyroxi.ne in a small~volume 

liqmd fmm 



Chapter 9 Dru~s 0~00 In Horll,onal, £,\docrine, and Reproductive Olsordt.s 185 

Am,._-,-s~ Side Effecu 
~e a~ ~~~~ whC'n u!i<d occordi ng to r(CommC'n• 
d;lti\>n.,. 

Liothyronine Sodium 
Liothyroninc -sodium (Tl) is t1 $)'nthet ic $alt of en• 
d~<:ovu~ T }· T J i " n~lt t ht (;(ltnfXJ'•nd of ..::hvi.::e for 
the lrt;lttnetu t)f hfl\l)thywi,-h~m. h tft.'ly he ukful, 
however. in case~ thar do 1\0 t r\';S(\Ond wd l tO T~. 

Clinic;al Uses 
T l i$ uiitd fCir 1~ l~lltmeJU of h)p,lC.hy-rvidi~n in 
C..'lstS thm r~pond roo)(ly TO T~. 

Oos1:4go: Fonn.s 
I. C~·tohin T<4ble;:t$. tiOd\)'rOnint :;cJdium t~blet<:, 

apflc'O\'eJ fM dOjti 
2. Cywmcl. I I unum labd 

A~fn;r,.e Side E{f«.t$ 
ll\.ese are pf(l~)bly minim;)l w1rh C;lreful \l._'t. 

Thyroid·Stimuloting Hormone 
Thyrotropin is n pu.ri6o..o-J fonn of TSH obtained 
(r()m the a.nterivr pitwrory in .;:;~ule.lt i~ uiied <1.$ (In 
aid u\ 1he d,:ljtn<.s.i ~ ,)( lw-pt'lothyu,ldlsm. 

Clinic<ZI Uses 
In vct<'rinary medicine. thyrotwpin i$ U'<'d fOf di~g· 
r\t)$iS of prim;.ry hypothrroidl~m h\ 1he T$H $Tim· 
ulatlol\ 1~1. 

Do.s«gt Fonn$ 
I. D¢rnl\lth)•cin. T$H ;;)J1)1\wed (c)f ll~ in d.;•.(.'$ 
2. Thylr<~pM. TS H apptovcd fo1' use In human.~ 

Adt.'t'TSt' Side Ef(uu 
A llcrgic n:l•ctionl! may Qt:Wr m anim~~~cNitt\'(' tt> 
htwu\oe J'U'-)Ie u\. 

Trw tmcnr o f hyperthyroidism is directed m low· 
cring blood levd s ofT; anJ T,. This can be at• 

..::Otnpli~h~:d by d~tn•ctio>n 9 r rc:lll0\'<11 of the 

overproducing rh)'roiJ or by blocking of hormone 
production. The th\·roid can br: reiJIO\'<'d ~UIJ: i• 
C:-l lly <)r dtstr()yed with r.-dt(:(l¢tivt iodme. Ort•Ji: 
lhcl':l.py m block ho)(nwnc pt!XIuc.l iOt\ can ~ cf~ 
fcctivc but is C~')ntinuous and is not curtttivc. 

The tv.'O 11.ntithyroid dru~ u17«1 moot often are 
mtthim«<>le and .;ruhim(lovte. These oompOund~ 

;.\ re ~!Sed ftJr lc\1'1]0:.-lenn •her:)i))' and (n•t pre~urgk:•l 
pre(XIrmtOn of p:uicms. II}'J"'f'Trhyroid cats arc ofrcn 
high rurr;kal ri.sl;.s, primorily t:<causc of mchywrdia 
and other potcnti<•l cardi., <: abnorm~litie$. 

Methimazole 
Meth imazole is a compound that interferes with 
incorpomtion of iodine into the pl'<'curi'Or mole:• 
<;ules of T 1 Wld T 'I· It does lllJt ~h~:r thyr<)id h.w 
1\\01\&"S afre:xl}' rele.'lsed Int.) 1he hl.x.J~ue:'lm. 

Cl~niatl U$C$ 

Ml•thitlUlrok ill u~ro for th<' treatm('nt of fe linC' hy· 
J)&!rthy r(litl i$m . 

Dos~e F-onn 
TaparoiC'. Methimazole tabiC'ts (human II.Pr,f'O'-'c:d) 

Adrreue su~ Ef{eeu 
The::;.: indu.Je nnorexi.n. vom iring. otnd skin eruptions.. 
Kitt\'t'IS should be plan'\1. on a milk R'P1occmt•nt aft._.., 
recei\·~ colc.:csti\IU\ from mvtl-t¢~ on methimazole. 

Carblmazole 
Carbimazol..- is n product similar h ') mcthim::.:olc 
thllt i$ u~ in Canada a nd other c.ountrks. Most of 
lhl$ drut: iii C(m\'erted t<) methim;t:()le ;;lfttr (l(lmin.
lsmuloo to- the cat. It lnhrbtts the S)'nthcsls ,,( 
lh~·r...,id hormones. 

Cliniw! U~St.s 
C:.lrbitn:t:l)le is used f<'r 1he Ul":llme;:nt <of fdu\oe hy
perthyrotdism. 

Dosage: Fonnl! 
I. C;lrb.t•:ole. Htnnt~n l;lhel 
2. Neo·Car00w1~. Human b bel 

Aducm•, S«k Eff~cu 
Side effec.t<: <nt l!lnl il<4r w tho5e r.tf mtthimi•:ole. 
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I pod ate 
Jrodatr is u.n orally admini$tt'n:d. rudiopaqu<". or• 
t:<'"k ii)Jin;: C:l)fl"tfll)\llld 1h;lt i$ th(•¢.1u {(l inhih1t 
the con\'crslon ofT~ t<l T 1-

Clinic«! U$(';$ 

Jr4xlt~te may be hdp(ul i11 the u«~un..:nt of hn-er• 
thyt(lkli~m in <::.ltS 1 har :ue nne toler.ll\f (l( me 1 hun;)· 
!l.')le or Cllrbim:t!olc. 

Oo,:agc Fom1 
C)r-;'#~lin. Hum:'n 1:.1...:;1 

Propylthiourocil 
rrop\·hhiouracil has bC'W used a$ an nntithyroid 
~.Lrug h~•t io: evn$1derc.:(l d\1.J1:b-.erQu$ (oJr u~ in Cilt$ he• 
c.:luse o( p..nemloll hematol<lJ!k CMllpllc:.uloO!t 

Radioactive Iodine 
Rt~dioocthte iodmr ().lJ I) m;1y be gi\'<'n intra..ve• 
1\(IU$Iy h) <~n)y o..Wl':rf'r(x!m::rh·e I hyn)id t i$)l.te. 
1-131 concentrates In the thyrmd. where It remah\S 
anJ .:k-stroys thyroid tissue. This method hns appc:~l 
b.-cau~ it i.s }X'Iiormed onl\· once and is not espe• 
ci~ lly $tress(ul t(l p..'ltients. Hvwt\'<:r, it mu~t he done 
a1 (:lC.illlies th.:u c~ln handle radit)I)Ctlve m."lre•lak 

Propranolol 
PI\.IJ)t<J.nl)\ol {lnderal) m~v b<- usc::d preop..-rutivdy 
w ut;)l the I...Ch}'C:lnli:) :»,~n<:a;u~l with hyperthy· 
rl.')idism It\ cats. 

Insulin 
The J-'<~n<:relc'~ prodl.t«$ twl) prindpal ho.>m1on~ in 
$('l'CI:tl ec:lk ,)( 1he lS.!dlio ill L:JI\f..~th:)IU: 11\0;ulin :.1nd 
glucag~m. Insulin is r roJucoed by bcw cells, ::ttld glu· 
c.,son is produced b\· alrlm cdls JnsuJin ctnJSC'$ n 
dec~~l.$..- in b-lood glucose: levels, and ~ofucll.b'Oit pro
lnl)(e$ au inerea.-e. Only in ... -vlin T.SI.I~ dinic:;:•lly. 

lnsulm (;)(.llifaL~ ce1luklt uptake,)( £IOC<)SC and 
its .Korosc in the (o.rm o( glycogen and (~L h inhih· 
it:~ th..- bl'('akclown of fat, protein, and glyco<.;cn i.nto 
(<Jf"mo: that muy t-< u~d .-~ tne~')' $V\lf(;CI$. Furthc-r, it 

prl.')mot~~ S)•nthesis o( prmcin, fatty acids., and gly
cogen. In th..- a~..-nc..- of i.n:;ulin, th..- OOdy cannot 
~.t...<t gl~11.""'(1$e :.lnd fll l~t t,~,): dl)wn ig \•wn ft~ t ~u1d 
protem !hat cat\ be u!'I"J fot' entr,;:y. 

Diabetes mellirus is n Cl)mplex Ji:scltS(' thnt rc· 
$UilS from inabi]iry of the btta cdls of th..- pancn:-a.s 
tv pn.x.lu<:e enough iruuhn or (r\)ll\ ahero;;(l insulin 
;.lctlon within cells. Oi:. l~•es mellitus that r~lts 
from inadcqu~lte r.ectetion of insulin iscallcd cytlt! I, 
or inst•l.in-kp.mdenc, ~~~s mdliw.s, This is the 
most common type uf di~bcte$ mdlitU$ in clog:~ tOld 
~:.lt$. l}ial*-te$ •ntllhu* th.at R;$ult1 (r(lm re$L~.n~e 
of tlssut- to du~ action ,)f il\.~u lln ts calkd r-ype ll , 01 

noninw:lin-dcpcndcnt, diabetC'$ mellirus {NIDOM ). 
NIODM is flll'(' in cl~ but is occasionally cnc.oun• 
tc-n:d in Ctlt$. 

lklth t(.rms of J,:ll'lelei n\ellltbs eventually cause 
rolydipsi;t, polyuti~l. roh,-.hagia. ~nd weight r~)!;S.. 
Untl'('ar~-J diabcu~ nwllirus !X~eds to th~ cond.i· 
tiun c~~llcd di.:tbt-rk kt-f<Kteio:losi$, in which body fat i:s 
u\t:t;)l'tlli.teJ a.~ ;t ~u~titul t: energy ~.rr.::e.. Ml~l ;.)().y 
I ism o(body bt results In :lCcumul:ulol\ o(~·producrs 
of this process <alk-J kl'wnc btxhl's. which prom..xe a 
met1~holk acidusis that am kad to tkoath .. 

IX<:tlu:;;e bkXJ(I gll.tCvile ltveb <<'n he mcn:<Jse..l b)· 
CJ)ftlci"Xitetlll..ti, e:pinephrin~. ~lnd pn)leirerone. 
these d.russ should be given wilh caution toJiabcric 
animals. Sudden c:han~l'$ in diet and t'Xl'rdsc le\•d 
::hoold <Jl:;o h..- it\'Oidt:d b«:~u-se the.:\' <.:~n <dter hlovJ 
~u<:ve!e lc:n:l:t :~nd <:;~u~ an nnt,ol:lr\Ce II\ tlw r;)tio 
of insulin to glue~. 

Insulin i~ not cf(('('.ri\'C" when given orally bc
caust" th..- dige:sti\'e tract bre~~b do,..m the protein 
m<)lel!.\llt. heforc.: it c;\n be :lb:;orhed. In*~• 1m u.su~lly 
Is admlotsrered by subc.umneOul> inJe<.tlon. How~ 
e\•cr. some fotms may be given int~VCOOtf$.) ~· or 
intramU;SCularly. 

S(»JI"(;(.!; o( in5Ulin hOI\'< tnldition.-lly in<:ludW 
he..:f (lr po~-tk p:\n<:re:.l~ :JMI pretx~taiii..O$ C(lOSi$1ing d 
~' pu11fie-d (pure bcoe( source or pure pork source) 
fonn or a combiMtion bl~(/pori; form The bcctJ 
}XIfk fonn is h:$t $Jit~d to th..- cr..-utm~nt ol diah:t<"$ 
mc.:llhus in d~$ ~IJ,J c:~u.. ('(Irk insulin i3 vtr)· cJ(~e 
In Mtuerurc h) ..-f<'ll :md hutn."ln uu.ultll.~ .. wherc:~s 
bed insulin is very similar to C"1H insulin, 

Most human insulin products are now p~pare-d 
through rc.:<:omhmitnt DNA lltl' $yntht:liC prl)(:e...~es. 



Only one animal labet .. -J rroduct i.s currently nr· 
pro\•ed for use in the United State~. The twailttbil• 
•ty vf in!:l•lm pf (ll.llM!.IS i~ ~t•bteet t<) ch~n'#e, ~nd 
tcchnkl:ln!< should :tl w:l~'!< consuh c.unem 10forma· 
ti~in when dealing with di~bctic pmicms.. 

Insulin conC<"ntnnion is measured in units o( 

m.wlin peT milliliter. It h :lVailat-le in <:On<.:entnt• 
ti•>~''·~ <i 40 (U·40), 100 (U~IOD}, anJ 500 (U-500) 
U/ml. All rh'Xlucts tOr hunum U!ie :l.re U-100 COil · 

centr:nions. 
A U·10 (Ort-centrtttion makes ~•dm•nistl•ring the 

~·';:. II :l.m<Jllll l~ of 11\Sulin rw:e:J..:J (or C:l.tS ~nd .stn:.ll 
dog:; much easier. When lns.ulln 1:. Jr:twn lnm the 
S)'rin&«:. each m;;ark on the syringe barrel denmcs 
I U ofirooli.n. Drawing up 5 U on a .Kale of 40. for 
t:X\Ill'Pie. h t!<l.~il!r d~<•n dn1wing l.lp 5 U •m a .$<:t•lt ,J 
100. Sm:tll~w•lume U~JOO Sft•OJ!e:. are :w:.l1bbk, 
however. to.i t~lcilit~uc t~dmin~r:.uion of small d,'liSC.S 
of U-100 insulin. 

Table 9-2 Insulin Syringes 

U-40 .S)'rinr;cs must be uscJ with U-40 iruulin, 
and U· IOO.s)-ring($ must be used w-ith U-100 i.ruu .. 
lin. T;:1hk 9-l li$t1! th t ;.W:-lll;,hk in$ulin ~VT"'~* · 

INSULIN CLASSIFICATIONS 
Insulin is usooll ~· d.as:s.i6ed aocordin):l wits durntion 
o( actiOn as l!ht:lt't O:..:tir\1!:. mtem•4.:diutt <tet ing, or 
Ions: :'IIC.ung. Short~:lC.CUl$: uuulin:< •ndutle re,eul:u. 
lispro, nnd nsp~n. N PI I. PZI. ;utd Lent.: are imcnne· 
dintc:·acting insulil\$.. Glargin .. ·and dctcmir an• long· 
actlng ('t'odoc~ (H~:5. 10~). Two di(f~rent fonrus 
;)r~ ~u,4!thn~ t:vml,inc:J in 1he $·nn~ prtp(lr;ui~Jn. 
Sec T:1ble 9-.~ (oc a part ill) li.ulnf: o( Insulin pmducrs 
in each -cmcgory. Because insulin products and da$· 
.silict1tions wnd to chan):lt" JX•rioclkMIIy, the techni .. 
<:1<tn i1wvlvi:J in l1~ti fl.€l dii•bttt<: ;;mimi•l ~ 4~oold 

keel) up whh Cultl"'lf lherature <'n 1he f()plc. 
The onset ,){ eft't->('t :u'KI mute of ndmmimmi.on 

arc other important -charaw:ristic.s of insulin 

Name and Manufacturer Insulin Needle Gauge Needle Siz.e Packaging 

I"'"' SyrinltC'~ 
8-0 MJCro!Wlt IV lJ.IOO 28 '1.1:.--c:h 100 ( 10 packs of 10) 
8-0 Microfloe \H OO 27 :,. .-.ch 100 (IO packs of 10) 
B-0 Microfioe IV <>40 28 1b tneh 100 { 10 packs of 10) 
Can-Am E·Z Ject lJ.IOO 27 '1.1:.--c:h 100 {inc:INidulllly w•a~} 
(ao-Am C·Z Je<t <)-100 28 'k .-.ch 100 (!Odividuolly wrawed} 
f>o\onojeo Ultra Comfort ?:6 <)-100 28 'h inch 100 or .)0 (-'dividually wrapped) 
Pharma-Piast U-100 28 1b n h 100 { 10 packs of 10) 
T.erumo tJ.IOO 29 •,.; W'IC:h 100 (!OdNidulllly w•apped} 
lervmo <)-100 ~' 'h inch 100 (individU(lll)' YIT~pped) 
0.25•ml Syri l)1:e!l 
T.erumo lJ.IOO 29 •,.; W'IC:h 100 {inc:INidulllly •mapped} 
O.S··Idl S)'rin~s 
e.-o Microme IV <)-100 16 1h inch 100 (10 P<lcks o1 10) 
Can-Am E·Z Ject tJ.lSO 28 1b n h 100 (individually wrapped) 
Monojea Ultra eomr011 28 <)-100 28 'k .-.ch 100 or 30 (.-dividu.allyvnapped) 
Ph(lrma-Pbst <)-100 16 'h inch 100 (10 P<l<ks ot 10) 
Terumo U-100 29 1b tneh 100 {individually w1apped) 
Terumo U.IOO 27 1,.; n h 100 {inc:IMdUlllly Wlapped} 
(}.}.,dt S)' ringts 
6-0 Microme IV \)-100 18 1h inch 100 ( 10 P<l<ksot 10) 

Fr.:,m Pert:r.t(!n ME: ln:•ulin "~ in)\dio ~}TiOS"-'· In Kirk RW. Bon"!:um JD.l.Jihl u: CU'1TC!t11 '"('tt:rin:uy 1\wr-:~rr XI: .~m:.U 
nnl~l PF.!(t~. l"hiW"lrtu.-. 199L WB S..wn4lffi CA I' }58. 
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Table 9-l Insulin J>r«Ju<:l$ Commonl~· Used in 0~ and Catll 

Brand Name Generic Name Source 

H-umulin R Regular insulin Human recombinant 
Novolin R 
H-umulin N NPH HUI'T\an recomb!MOt 
Novolin N 
Vetsulin l ente Pork 
PZI Vet PZJ Beel90%, po<k 10% 
~ntus Glargin~ Human recomb!n4nt 

preparntioru to be con$idercd. For IUl in-depth dis· 
cu"!il.»l vf in~ulin form~ t~nd ch-:.ri~teri:;tics, o.>lher 
refl"rei\Ct":. $.h,,uiJ he <:n·muhed. 

SHORT-ACTING INSULIN 
Regul:•r in:mlin./lispn'l'<~~p.,n. Rc:gu)pr i.rumlin i.; •• 
fast,:h~l ing in$ulin 1h;\1 l~ .n;t~lt! (rQm : inc in-"ulin 
cr~•s.tal:;; It 1S a dt.':.lt solution that m."ly be $dmlnls· 
tcrt.-d intr.t\'Cnou:s1y. intramuscularly. m subc:urnnc· 
OW!ly. It i.s U5('d mainly to trent di11betic ketoocid~i:! 
1mtil hl(ll.•d glliC;)i\le level.~ ar<:: r-:,luec:tl an\1 th~¢ ani• 
m:d Is nh'!r:lh.)lk:lllf ~mblc. t\t [hm rime, the an1· 
m~l is usually switcheJ to a ),)ngcNICting (,')ml, 
LUrro and IL!~rt insulins nrc not usl-d in dog.s and 
l<•~ ut thi~ tiro..-. 

Clinical U$t:S 
RI.'.!,'Uiat, lispro, and aspart insulins arc u!k-d primar· 
ily ror tht' IR:atmocnt of dia~tic: kottoacidosi.s. 

DosQge Fcmn.t 
M:.my products approvt"d ior hum~ms arc ~vailablc. 
Following is 11. parti.."'.lli~ting: 

I. Humulu\ R 
2. N.wolin R 
3. Humnlog 
-t.Novo~ 
5. Apidnl 

r\tk't'f"$e Side Effects 
~e usunlly nre rdnte>d to oven.:los-e nnJ may in· 

clt.:.le wea.kn<::~. ~u.x itt. ~haking, <md :;ei;un:":!. 

Durat ion Manufacturer Concentrat ion 

Shon Cli Lilly U·lOO 
NO\'O Notdisk 

lnlf.>fi'Tlcdatf: Eb lilly lJ.lOO 
NO\'O Nordisk 

lntenne6ate lnteM:t U-40 
Wemte<fiate lDEXX U-40 
lntcnnc:dat~: to long Avcntis U· lOO 

T~~Not!W 
I. Although not requited bv label on the newer 

products. refngetllt/00 proOObly cnhcnccs ~got 
rtfe. Oo l'lc>t freeze, 

2. Do not use regular i'lsulin prepar.nions if discol
oration Of P!«l)~Wtes arc present. 

INTtRMEOIATE-ACTING INSULIN 
N PH (Neutr:ll l,r()tamine H:•gedorn) l n~ulin/ 
PZI (Protamine Zi.nc losulin)/leoLe, NPH u\ou.

lin is :t doudy suspension of zinc insulin ct)' .Hals 
and protami•w z.inc. Pwtaminl' (a 6sh protein) 
pnd ;in>: prol(lf)~ the ub:!orption ;md acti\'ity 
(I( the piX)tiUCI. Tht.St> hu.ulin$ ::.re l1)1l~r<r :.)Cht\!i: 

1han regular itu.ulin. They are commonly UMd tOr 
1hc control ol uncomplicatt.-d diabt'res in Jogs 
and ~ats. Le:ntc in$ulin i~ $imilnr in acti\'itY to 
NI,H in~tllm hut iii m-ade with<J~II the v.;e v( 

ptOtO'IIl\U'IC. 

Clinical U~Se.s 
NPH m'-1.llin i$ l~..-d in thoc tr(<lt:ment o.f' unoomrJi, 
C:lt~d dl:.lx•es mtllrws. 

Dos<q:e F-onm 
A parti11lli$ti.ng (ollov.-.s: 

I . Humulln N 
2. Nov~')lin N 
3. Vet~u lin 

4. PZI Vet 
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Adt.-eTs~ Side Effecu 
~c Ill(' ~imilar to tho:1C" of regular insulin. 

T~J-Notlw 
I. Resuspension. by gently rolling the bottle. IS re· 

qulred before the product •S wrthdr<'!wn from the 
bottle. 

2. Store in the mctnner of re~r insulin. Do nO( 
freeze. 

3. NPH .nsul1n 1S usu.,&y 01dm.n•stered once D day. 

LONG-ACTING INSUI.IN 
Gl<\'l!U\i: (l,..tlntUS) tlnd <.letc::mi.r (1...¢\ •tmir) in.~u lin 
are lo n.s:·:M"-hOJc: io~ulu\Sc with a human la~l. L:lottli 
is mar\:<:tcJ as a pcaklcss msulin. Car<: shoold be 
mken to ~woid confusing Lantos and Ll•vemir with 
oclH.:r de(lr iru.ulins. 

Clinical U:(eS 
GJargin.: is uSot.-d for the: trC.1tm<:nt of uncomplicated 
diabct<:$ mdlitu.s. 

DosQge Fcmn.t 
Lantus. Clear. lons·ncting glars:ine insuhn 
l('V('mir. Clear, detemir insulin. 

Ad~o<IT.,~ Side £fle.:L<J 
These nre simdar h) tho~ ol res:utlr ;U\d inrcrm.-Ji· 
ate-acting insulin.s 

T~J-Notlw 
Humt.*t L. Humulin U, tlerin II regular pork insvlin, 
and llebn II NPH pork insulin \\'Ere discontinued by 
E' Lilly in 2005. 

USE OF INSULIN PRODUCTS 
Tt(:hnicia.ns '>l.'h<' are co\lrudi~ dit-nts tthoot the: 
u!;e vf irliiulu\ pr\;~o:Jvct"$ ~hvuld rnl:t! ~re<\1 <:o:•re r(t 
become thOI"l.)U£hly famlhar with the produc.t~ d)C}' 
arc using. The onset of action ,">f various insulin 
prQdUC:t$ c~Ul VIti)' (rom o fc:w minutc:.s to a few 
hoiJt<:. P~;:t~J.: tl(.twity tim~; (l.m.f tl1.n\ttivn <)( a<:th·rty 
(;:'10 als.-1 \':lry IO:rtatly htrwedl pn"X!ucts. £:<er<:l!i1C 

le:vds anJ eating rauems may inffuc:nce insulin 
activity. An overdme Q( in...<\lli.n can lc:-<1d t(l ''ariou.s 
,l~ti:tt$ (I( hypo~ly<;emt:\ •h<'t l'r(xh•et <:lim~ I ~i.t!J'$ 
ranieln~ from mild "'t::'ll:ne~>.~ to Cl'lm:l. Clle:ntsshould 
be .sh,)wn how to sive sulxutant.'\)US injections of 
in:~ulin, and thc:y should be: r;i\'Cil written inMI\IC"' 
ttVnS aNut rmmrtOring insulin resporue <lml m;,~k..
lng :\J)ptnpti::ue adju~tme.rus. Tlps J"eg:11\llng tht use 
of insulin pmJucts follow :clS Technic.i<ln ·~Notes. 

T~.1-Notlw 
1. ll is usuaft be$1 to feed the 8rwnal 30 n lllllules 

before giW1g the insufin injection. 
2. Roll .. cloud( •nsulinf. between your palms; do 

not shake. 
3 NPH insulin shoold not be m~ed with any Lente 

insulin. 
4. It is the opmion of some people that insulin 

should be disposed of after 30 days Of 100 ~ 
tions. 

S. Injection sites should be rotated. 
6. <l ents should be adVISed to ust insuln synllg6 

onlyooce, 
7. Mild 10 moderate h)tpoglycemia resulting from an 

overdose ean be tre~ted by feeding tht anim41 01 

admioistefi,,g K.aro syrup 

Oro/ Hypoglycemic Agents 
Or:)l hYl)l"l~lycc:mic a~c:l'lt$ S(IC.h :~ chc: :;ulf,mylure.-1$ 
~ltt- exrcnsivcly u!if'd in hum.nn d1abctk rnuem~ to 
c,mtrol t)'pc II di.nb~·t...'S mclliws (NJDDM). They 
have little ap(mrwt ('tl'c:<:riv('ness in diab('tk doo .. ~ 
h •r u\tly h: l'~(v l in ~me <:~ttii with IYJ'i: II di<~.btte<~. 
Dru2i 10 this cate)r:"ory Include ~llphld~ (Glurotrol) 
"'nd mcr(ormin (Giuc,)phJI:boe XR). 

Sc\'c:ml d:rur;s such as corricost~·roids., t"Pinephri.nc, 
and ('f'Ogt$terone incidl'"Tltlllly de,•atc: blood ghK(."~ .. "<' 

le, •ek Two prvdv1.'1~ th:\t ~•rt m:-)rketed (I)J thil~ J'U'' 
po$C. however, arc dl:lro!Cidc (l>l'(lalyecm) :11'\d oc
m-:mid.: {Smd06t:!ltin). Thcs.: arc: used to uc:at the: 
low Hood glucose levels a~citttc:d with hype~r(' .. 
ttsJn o( in..·1ulin th.:tt O«ur$ i.n wmm~ o( dlt hchH.:db 
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of the pan.:reas (insuliooma) in J,...,~ and ietTets 
(Plumb, 2005). Th'($(' produ<:-t~ <ICt by inhibiting th(' 
rei~.~(..( inllt•lin (rvml~~ <;ell$ o( the p;ln~reM. 

HORMONES THAT AO AS GROWTH 
PROMOJERS 

11te (ach"Jif'S that o:oml\)l gl\)wth. f~d efftdtnc)'• :'lnd 
C'II'CIL~ oompo$.ition in animal~ involv..- a C\')mplex 
intmdation.shir lxt\1.'«1\ gttx-tk, metabolic, nnd 
hc"Jnnon\tl ru«tl.1Jli'mS thtlt -art n()t -a.lw:'l}'( tvm.ll~· un• 
detSt,)Ctd. lr ~ ().~1hle, howe\'t'l', m 11\Cre:t.;e IO:I'tr.o.rth 
(weight J;.lin) in rumiiUnts by ~ldmmis•eri~ ~x 
steroid hormones kstn:>gt.-n, h.'Stosteronc, o r (:C'O&>ester· 
(10(" ),:S)Tith('tic: ~«<id honu(IO(" ruwJo!" (tn.-nbolonc), 
(M' C.:riO)it\ nun~H:n:>iJ;ll h~mtlC•tl t" ~!J\al'*~ ( :..~r,uwl }. 

The prlm:'lt'( s~x sr~mtd us.._xl to f'IOO\ott" w~lghr 

gain is cmogcn (e;t~i,.,l ). The llk-chanis:ms 
b\· which c::stnldiol promotc:s weight gain include 
( I) incrca.'cl.l w;. tcr rettntt~.~t\, (2) in..:n:~(((l P'Otein 
~}'Othesli.. (:~ ) •n..:ro:::tso::J (al dcpo;ltlllo, M d (4} fillS· 
sible inc_re:t.;cd rdca~ ol growth h6rmonc (bovine 
somatouopin). 

Test05t('T(me i$ U$01.l o•:s om ..djun>:t tQ ('$trodio l i.n 
~rfh~ ~n'>wl l l •j)fl)n\1)11Vn pn)(lucu l'lt(lluse it 1-5. :~n 

an:.1holic aRC-1\1 in hr.eU, :mJ because ~l tveCl"lnd com· 
poncm in the c,.,mpoond slows Joo,~.•n the rdcasc o( 

c::stnldiol and prolongs it$ dlectivt' lift" ~p;m. 

Pl1){!~tt"r(mt" i ( ~·bv \M.Jd~,l t(l ~rO'o\'th pn.Hn<Jttr$ 
to sill"' 1h~ rd.::ase o( e.s.rr.ldloL It :1PI'JI.)temly h:tS 
linle nnab.:>lic ctYe<:t o( ir..; ~.WJn . 

Trcnbolon<: is a syntht"tic anabolic a.&~nt that 
1mpn:~v..::~ (t'«< c(ficu.-m;.y find pr<Jmvtes wei.ght g<~in 
itt .!.leer$. hi:~ u$ed ;)S: 1he :;nle :Jl.~ l u\ :;nnh: gn•wlh · 
Pfomming prcrantions. 

Zeranol is an nmllot; of n naturally occutTing 
plant ~tro<~t'n th.,t incn:ascs feed ('Aicic:nq·. proft'i.n 
~}'ntht$i3. ;\nd b""vw•h rme. 

l\11 ol the i:Jilwth·promorlnr: proJucts (or u!Vt In 
C1l ttle and sheep arc rrepoucd as C\)mpresscd pellets 
that arc implanted in the $ubcutanC'Ous ti~uc of the: 
dmsa.l. mi<ldk 1hird o( tht e.1r (Fib'"Ure 9.)). 11lc:~ 

fiGURE g~s 

M1CI01e 1111rCI 

I ~ AIOOoi iOOSG 
: • Skin ba."9e 

' 'I I 
' 

lrl'lplilll!l!bOn silt: 101 p1!h·ptOmO!!I'tl: Pf;llt:IS (PQS!CI{X wt:W 
oi the 001) 

pellets ~1r~ dt.>Signed tOr use with corresponding 
ncc.:llc dcviCl'$ and $houiJ be imrlnntc:d with dose 
adhert'R\:t' to product iru.truc1wm (failure to dow 
i ~ a nl)l:ll i<m ()( (e.;.kr;tll~w in SC"•t"ll\~ C:1$tS). 

The growth·prom04:llln produ<'ts are ronsid~rcd 
here: ns a gmup, and minimal inf...,nnation is pr()
vidcd about coch product. 

CUntcaJ Use.t 
Thes-e drugs arc used to pmm\"l(l! fccJ cffi<' iency and 
weight gain in co l vc.~. stc~·rs, he i[CI'$.. o r Wttp 
(d('pendmg on tht' prodoc.t). 

Dosagt> Fontu 
I S~·novcx C. Esuadiol/ph)b"Cstemnc: implnnt fOC" 

U.S(' i.n calvc..s okk r dum -1) da';l 
1. $)·n (J\ '(x H. I;$1 Ji1di()Vtt$t~ll!tenme impl."'lnt ((•r 

us~ in hc1fers 
3. S)'no\'CX S. E.st~di,.,lf,cstosrcrone implam (or 

u:;~· i.n :!t<:CI'$ 

of. Cvmrud~"· E:strOOivl implant (QI' u!le in st«n• 
5. lmplus-H. ~'itr:•dilll/lesW>.Ien)lH~ impl:uu (or 
us~ in heifers 

6 lmp1us-S. EstrndioVpro{,'l~tcronc for us-c in 
.Stttl'$ 

7. C.o.\ l.f.-oiJ lrnpl."'lnt. l'l"(lgel)(<,One/tlltr,~liul im• 
plant fo1' ~ah·c; oiJet rh.:m 45 days 

8 . Finaplix -1 I. Trcnbolooe implant (m use in 
feedlot heifers 

9. fin<'plix•S. Tn: nbolont irnpbnt (~_" $tters 
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10. Revalor-S. Trcnbolon~· and e.srmdio) imr lam 
for use in fC'edlot .steC'rs 

l l.ll.~ lg:m bee( oe:•ttle implanl . Zer.,ri(JI " " i'ltiJlt f-?r 
us..-. m (trowln~ cattle. feed l1n hc,(~rs, (cedla.t 
su~ers. nnJ sud.:! ins and w.._""nned calv.:.s 

12. R.nlgro frtdlot lamb implant. Zemnol implant 
for (~~Jt lambs 

Ack>tf'St> Side Effecls 
~e may include mounting. de,•ated tail heads. 
l'l:ct:al rrolap~. and uddl•r dC'vdoproent. 

T~¥Notiw 
1. Most grOWih·promoting implants should not be 

given to animals. ~tended f01 breeding purposes 
Ot to d&cf)' a~ttlr. 

2. Product iosen instnJctions fOI' these produas 
sh~ be read and followed catelu!ly. 

Gr<~wth hc)C'I»>lOe, :llso.) C:l\kJ sonlllwtmpin, Is a. hc.t· 
mooe produced by the nmerior pituitary. Its (unct:ion 
before dx• Oll$l'-t of pulx-ny is to .stimullltl' growth. It 
is rdea:s«i thruughout life to l'f(lmOI(' ilnUb..ll.iC .-ctiv• 
ily (C.J!., tCl incre~ JU•)Cein syr\tl~i~o). 1, h:~ l>&>.n 
sh,w.rn to increa..ie gro"•th rmc and feed tftietencf in 
fann nnim~~b Mnn~· of the gmwth·prom04:ing ngents 
li$t<d in the previous ~tion JT\.01}' WQrk b}· ~timuhu• 

in{! th t rd~<L'it: t)( ~U.<lfl)tn)pin . $<)n\~l tiX1vpiJl i:; :'1 

pt.)(~f stlmularor o( miLl: puxloctiol)n ~l!i well. C laims 
o( a 21». lx>ost in milk production in dairy cows ha.vc 
be<n roadC' after adminiwation of ~onwtotropin. 

Th<' FOA <•PPflJ\'«1 a reoombin<•nt (genetlt:ally 
et~guto:ere..l) h1W11le S•)(l:l:.lh)ln)pin (B$T) (or Clllnlllt:r · 

dal productiOil U\ 199.3. This rroduct, PO!liJac.. is 
manufacturW bv the Monsanto Co. Its market a-roil· 
ubilit)' has ~wrk«< int.:lti<' debate' amoog c«tain 
~"''lli.Jp$. S.:mw;-. ,f;'liry 1mxluoeers lt.'l\'t! l.l'1X.'(Ied i~ uilt 
b.xausc of their fe:u d\.'lt mc.rt:u..'>d production -.~.·ould 
drive milk rriccs d\'>wn nod reduce their ..-wcrJII in· 
<:omc. Otht.•r groupe; have 11$istcd the we of BST be· 
..:<lU::C ,:J th-eir concernS uhout mWu(:! l/ the hont"mt 

in milk pmducrs, ~·ven though the A.)A h~\$ ~11u~-d 
tlt:•t milk from CO\'JS ~eh·ing BST is oompktd}· .stf'C'. 
l'wple v.-hv :.'<lv.:~C:<• tt the \l..~ <Jf"<.•~mc'' food 1'1\K:I• 
OC.tS ll\:'l}' Oppt.)C;C t he use(/ this l"foduct. 

ANABOLIC SURO!DS 

An.'lb.'>lic Steroids are steroids th•u proJutt ~l tis~· 
buiiJing (anabohc) effect. Tc.~t~tcrone is a naturally 
<:-c:cuning amt.holk steroid that prodUC:.<'$ masl'\lli.n• 
i :;llion in ;\c)Jiri(nt IV 1t$ ;lnt~\x>lk .:(fc:l;i$. $yndl~l ie 
~1nabolk srerokli :lte JesignOO h) prewm n~l~t m:u.· 
cu)inizin.g effects. 

Anabolic steroid 1\dministmtion l'a~es (Xt!oitive 
nitr~en bo•lance a.nd rtvtr$eS pt'IJ\."t:s$e$ th..-'lt b~:.k 
down d~.e.. t\o lncre:l.~ In apptt1fe. wtili:ht J[:lin. 
improved ovcroll coodinon. ~1nd recovery ~ue pro· 
mot<d. Thes-e products an• lab<t~-d for clinic-al usc 
in dog;:;. Cat$. and hoNes (Of <111\Jl\"Xi.-, weight lo~. 
;.)nJ debili~u,I)Jl. In Yl(lrking ~mim:• l $, t h ty m~•Y be 
used 10 cases()( ow:I'\I.•Oofk C)( ovcrtrautlng. Anabol1c 
steroids also promote red blooJ cell formatil'>n and 
a11: uliC'd to tn::at some fonns of anemin. The ptx.xluc.t 
in~trt for a c~m•mvnly ~~ pr<xlu<:.t M:<:ltc:.S tlt.'lt 
~:ln:lb,)l !c lfl~r:lpy Is lmenJeJ pnm:lrlly :lS ~"' :1d~ 
junct h'> other spccihc tand suppon:ivc thtmpy, in· 
dudlng nutritional thernpy ... 

IXc~u~e of the poc:enual for ~bu:se by bodyhuild~ 
erS :m,ll)lh.er :l1hk 1es. 1he FDA h:..~ nvw da.'!~iheJ 
~1nab()l ic HeroldHs C-111 o:-mtrollal suhs•ai\Ces. 

Stonozolol 
St<:.n(l:.;•lol ~ ;)Jl <:ll~ll'o()lte Sttr<u.l th<lt 1\t\S bc:<:n 
fi,und w ha.ve :lO un~.~Su:"~ l p.lttern o( btoll')tic a.etw~ 
ity in tha.t irs an.'l001k effC<t far outweighs its weak 
andffiGenk infiUC'nce. 

CUnicaJ Vie$ 
St:'li\O!l.'>lol is ulOed (or the UCI'lllnem of :'11\0rt'xi.n. 
.:k•bilir:.uion, weight lms, owrwork, anJ anemia. 

f~·'C\!Ct! Fonn.~ 
I. Wlnstmi ·V. St:.lO.:nolol stet!lt suol)l"l\!ikl'fl for ln

jectil'>n in dobOS.. C:ll$., and horses 
2. Wi.n.stroiN . Stanozolol tltblets for U.$<' in do<.;s 

( IOc,j (:(I~ 
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Adt.-eTs~ Side Effecu 
~c may indud<' mild andr(lgcnk effects ttfiC'r 
[H'Oivnged u~e <)r .;werd(l~. 

T~¥N~ 
I. VVinstroW should not be LIS«< '" pregn.,nt dogs. 

mares,. <>r stallions. 
z. WinstroW sh~ not be given 10 hooes in· 

tended for food uses. 

Boldenone Undecylenate 
Bold<'non<' uode<ylen!Uc 1:! a Sl<'roid ~tc:1 that pol>• 
f<ii'¢S mtlrl:eJ ar\abt:)li¢ {l¢tivit }' ami a minimal 
:unoum of ;tndroaenic ~l,dvlry. II Is labeled f<,r use 
m horses.. 

crn.t.;al Uu:s 
e._,lde"fl(ll\e undec.ylen:ue :.ll!($ :1~ an :~ i.l io the UOY.ll• 
mcm ~)( debilimttd horse;. 

Do.s«gc Fonn 
EI.)IJipl)i~ . f3<)1Jtn(mt inj~.::t kl.lt ((•r h(li"St$ 

i\tk-eTu Side Effect$ 
~<' in.:: lode: androJ,_>c:nic c:ff«ts such ru; O\'emg• 
g~t.~i\'<:l'l'*'· 

T~¥N~ 
1. Boldenone should not be used in horses n. 

tended as food. 
2. Bo&demone should not t>t used in S:l411ions 01 in 

p•egnant ma•es. 

Nandrolone Decanoote 
Nundrol\'mc dcCM\'XItt> is :m injcaabl.: :mJb\')]ic 
stefoid &Old under the human ln.bd Dcca-Durabolin 
lt exhibits uctivit\' si.milar to that Q( the othrr amt ... 
hol-e a~\1&. 

REFERENCES 
l}o'(l{ho: OM: Oru1: tho:rJp~· f,)r ¢1);jl)(ri.MI'I-U\l~. In 1.\oorho: 

OM, f>.luor. ~~~ nmmal diruc~l plv.ar~. 
l'hil:l.dtlphi3-lCOI. W6 Sii....W~>n. 

Plumb IX:: VNNit'UJl''( dn u: Mnr.l~ll:, L.J i, A me$, zoo;. 
lo .. ·;ao Saoll' Unh·n.sill' Prcu. 

I I~ RS: Nc11.' 111\:.l old W ulin produ(lt. lttto:'f'l'lattun.U V('t<"'i· 
n 1ory ~~~~ an.l Oorknl (~r<' Symf'"''"'" (IVIt<: :CS> 
~inp.. S:oo A.moniu, Sqlt~mh.'1' 17·21, 2006. 
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REVIEW QUESTIONS 

I. Desu•l'll': lht.' relal•(•ru.}up hetween hfl11l)(•OOI rt• 

le.Hing tilcwrs. uophK hcrmoncs, and the hor· 
moncs rroduccd b-t· specific tissues or glands.. 

3. \Vhm arc the rcasoru (\)r using hmmonal 
thcmpy in vc:terinary medicine! 

4. £001)f!ei\I.,.IS hMtnones ~ue rhtJSe rhar art 
proJuced , whcrt•as 
cxogcnou$ hormonc.s come- from 
,,----,,.-----..,-source$. 

). Whete i$ the piluilary !fl:\nd k\i.':.\ted, :)t\11 wh~t 
IS Its fiu\C.UOnf -::---.,.-------

6. Dt'$cribe the J iffcn:ncc bc~~cn a ncs:uivc 
aod a pmitivc fel'>dbac:k oontrol mcchani~m in 
the er~k<:ri.ne srSteru. 

1. The rdcnsc o( oxytocin by rhc p\'liSt<:rior pitu· 
itary i$ oontrollcd through the 

:::--::c::-:-:--:::--:---:--mcchomi'$m. 
S. GnRH is .::b..,~ilie.:l a.., :Van 

9. Hmmonal pr.:xlucu with "J.<eSt .. in the ir name 

are drusill«<1to -.,-----,-.,.-----,---,-
10. ll$t tin e.:: f")tentii•l U'J~ (1f tl\e prO!.'t\lgl.·mJin$ 

an \'Ctetht:uy nK->dtelne. 

11. Human 3kin contuct or injection with pros• 
ta~lam.hn.: can b.,. a serious hea.hh ri~k tv 

----------W(Mnetl :)1\{) 

12, &fore oxytocin c~ln c:xett its effecuo on the 
utl'rl.l$. the u tc:nu must liNt lx primed hy 

ond ---.,.--,---,-,.,---,-· 
13. \Vhm precautions should be wkcn bcf01c ox~'· 

tocin is administetedt 

14. Wh:u IW•) ;)Cri...e horm()ne~ are produced by 
the thyro..-1 ~l:tnd r 

15. LUt twodru~ used ill tht' tr~nnt'nt of hypo• 
thyroi,t,~m. -----,----,--.,--

16.ll~t the three.> majo.r cl:.sscs d( uuulln. 

I 7. Which (onn of insulin i.s u~ro i.n the tr('.atment 
IJ( di~bc;:ti¢ ktt'J\tt;iJt.ISi<! 

18. Which form(s) o( insulin muH be rt>suspendcd 
bl•fore administration~ 

20. Growth p h 'mlOU'lS scnc:rally shouiJ not be 
usc:J in animals int('ndtd for 

21. Why are an~\b!)llc steroids d~u~lfiOO a:. wn· 
trolled subsrancesf ------,,----,,---;-

22. nr~o• odon; rdl-asl-d 
b>,· mtinu~Ls th~t inllu('n<:<" the h!h:wim Q( 

<1t:her ~niu\.o'l l$ (I( t he ~u\t: $pt:eie$. 
2J. What precaut101\S $hould br taken b~· pre~t\ant 

""'Omen when Rc:gu-Mat~o· is aJminisrered! 

H . Why W\l$ i;~,,theti¢ DES ~n.ned (n)m u$e in 
(l)od·f'I\~UCIOJit ~011\l:l(f.! 

25. PMtaglandin cau.ses lysi.s ol th<" 

------.,---,--,-,a• the e1tdf•f 
pregn:lt\(}' or :lt rhe etld ol ditHws if 
pregnancy docs not occur. 

26. End(lmetrium lin<s the 

a. l::tdncy 
b. stomach 
c. inte!ti~WS 
d. ut<:fll$ 



27. A hormone is onl' 
dwt re:;ulu in the production of a second 
hl)rtn(>ne w1thin <l r.'lrjret gland. 
:l. ~n;.dcwrop.n 
b. euthyroid 
c. trophk 
d. m}·o6brU 

28. Gn~H is prrxluct,f in ehe 

a. J'00Crclt$ 
b. rhymm 
c.. chyn..ud gland 
d. hypMh!'l.bmus 

29. All the follo\\'ing dru~ tu-c ~oadocropin~ 
except.,..-,---------
.~. ...-:str<•diol ..:ypion.•te 
b. C'{litorelb\ 
c. Facucl 
d. f<:nagyl 

30. Androgc:rn ar.: fc:male ~x hormont5 produced 
m thl: •\Vl'lnes,l'ldren;:~l oon ex, <)JHI te;cieles. 
:l. True 
b. False 

31. Prost~landins are a group of n-llturu.lly ()(Cur~ 

rin.g. long•C.hain f.1ny <teitb dtt~t l'llt.."\li<tte 
' '<)tl(lus physi\)loxlc C\'CI\t.'l In the bodr. 
u. True 
b. Fslse 

32. __________ cauS~"$ utcrinc 
contractkm.,. 
-~ . Ret_:v·Mate 
b. Oovile1le 
c. Oxytocin 
d. C}'Stordin 

33. Omk<.\$1:eroi~ <•re produc;\"d by 

a. •he 1hyroid gland 
b. the adrenal co"cx 
c. the kidnc:}·~ 
<1. •he hyJ'I)chabmus 

34. Pheromo1tes !'l.re -:---;--;---:--:;----,--
relnlscd by an animal that influence the 
behavior of other animals of the: SiJ.ITit sped c5. 
<•· honnom':.1 
h. s:on."ld<Jtn~ins 

c. stcroid:s 
d. odoN 

35. LA:vothyroxinc: i.s used in the trciHtn<:nt of 
-,--.,----,----- in all species. 
a. hyro~lyccmia 
b. hypothyroidism 
c. hyrokakmia 
d. hypoe<'\ i<:~lU i0;4 
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EV TERMS 
CLOSED--ANGLE GLAUCOMA A type ol primart glau· 

<:oma of the f':'{e that is characterized by., W IIC»V 
anterior chamber and a narrow angle that c;ompr~ 
mises fitration because the iris is blocking the 
angle and is a.using an inc:reese in intraocuiM 
pressure. 

CONJUNCTIVITIS Inflammation of the 
coniooctiY.a. 

CYci.OPLEGtA Paralysis of the olary rnusde. 
ECTROPION A rolling outWard (i.e .. <~Nay from the 

eye) or sagging of the e,-elid. Many tim~ the 
conjLnCt:t.oa is plain~ visible. 

ENTROptON A roiWig ir'Wiard (i.e.., toward the comea) 
of the eyeTid. 

OPHTHALMIC ACEtm 

AlthouRh th~ Sl'nse o( smdl l.s hiRhly den~lflp.._xlln 
m:J.n~· animals, the S<'nse of bight pla~·s an imrormm 
rolcc in ;m animal's he11hh 11nd well•bcing. O..t$ rdy 
l"' exoell..:nt eye,::;i~ht he(<IIJ.;e they are ;mitu;~b ti 
prey. T his prey u:ut pcovldes manv cat owners "'·lth 
amu!il'mcnl and laugl'11er when n string or~' (c:uher 
toy is rull~-d ttroond thl• h()U;S(' with a cat running 
h.-hind m r<•pk1 (l4.1NUit. HQnit'$ rdy o.>n j!l..-o(l .:}'e• 
~ight h ) l'crf\'rftl 1 hdr l'lt$1 (.,r hmn:m Clltil~~lll(lc\:-. 
Poltce do~. hunting dogll. iil"etng·e~e d~~. ~md 
herd·wotking d~-,gs rdy on their eyesight to inter· 
pret own('r.>' hand $4,rnab wh('n worir:ing in the: 
fiei<J. 

A Wl''l\..d ('cular examination lndud.;_-s ao <'X:lml · 
nati~)n o( the.-: external ocular fcatun-s (c)·diJs, 
sdcro, comea, third ccydid I nictitating mc:mbr<~ncJ) 
and th~ int<."rn.;tl ooula.r r~tures (antc:ri~:»' ohamher, 
irb, lens), :'II;,{ \\h!C.h c::tn be :.~en wtd,ou~ IHI!hlv 
sp.x i~lli!t--d CQUipmcm (McCumin , 2006). Some 
dog bnx-Js (Shar-Pci. cocker .!o{'llnicl!i, English bull· 
dog::;. and oth~r(!;) 11re ~l·twriciiiiV prtdispooOO t(• 
0c'nJ i th.ln~ !hat tu~•y r..:'lll iri! H• r~"',' ry. Tw.;• <)( lhC'-*
CClndl ttOOS :lr<' known as entropion and « Lropion. 

T..'>pic::~ l .-.Jminisuation of eye Jrors ,'>r ointment 
is the most common ml•thod of uc:atment in\•oh·ing 
di:-ot,n:ler• l/t.he eye. It i~ th~ veterintuy tcchnt~.:i om:< 

GLAUCOMA A group of eye diseases d"laracterized 
by ncrea~ intraoOJlar pressure that 
results in damage to the retina and the opti~;: 

""""'· KERATITIS lnbmmation of the cornea. 
MYDRIASIS Dilation of the pupil, 
0PEM--ANC:LE GLAUCOMA A l)pe of primafV glau

coma of the eve in 'llltlich the angle of the anteri01 
chamber remains opel\ but fitra6on of the 
aqueous humor is gradualt,< redtXed, causing an 
increase in intraocul.v pressure. 

UvEA The vaso.d&r layer of the eye thtrt comprises 
the iris, ciliMY body, and choroid. 

UvttTIS r"lflammation of the wea. 

J ut)' to <'dl.l<.:at<." the dil•nt by dc:mo1utr~ting the 
PNJ~ w:-• ~· t(l :nlli'm\i.~tt:• e)-.: m~lu.~·•tk11\. 1'1\\;lucrs 
(\)r ocubr II'C:ltnl('ot :lrc ~1!1~· 3\'all:tble :t~ solu· 
l ions or ointllk"J\ts. Drug pcnetr.ni,)n is one ~1or 

th111 V<."teri.narians must con:sider when choo~in~ a 
wpic~l ophthl\lmte- (l~nt. Tl)pk~l ••#.:01$ <ln.: mon: 
rendlly :lb:il''>tbOO lnlt\ rh~ :lot~tlor cl':lmbet 1h .. 1n rh~ 
rosterior ch:!mbcr. For this r~&o.'>n. these :q.~nt.-. 
have limitl-.:1 we in pOt;terior eye di.sordeno. Systemic 
<tg('nt~ may he mQr<: dkcti~. Lipid•:>c)fuhl.: liJ..~nt:s 

r~.lily lll:n~u·:ue 1ht: t::11nH::•I l':.llhhelimn ;:.n.d l!ntlv.
thdium lavers. \Val<'r·soluble ngems rcadity I)Cile· 

~nne the corneal stl\'>ma layer (figure 10-1 ). MoSt 
topical ophthalmic m<."dicntions n:quire $ev('ral ap
pli<:<lti.;m.~ per ~.lt~y l~at1:<. the ev~ c;c)ntir•.._,.;,.,...:l~· 

se<.tetei rears 1ha1 w:l'ih :l~~<":.W 1he nloedlcatlon. O.ot· 
ment.s tend h'> RC'Cl~Sitate l~.~s frcqu~m ~rrlkati~'>ns 
than do dro~. Howc\'l'r, ointments may blur an 
<tnimal\1 v~ion (vr .. l:lhtJrt period<~(~, <~Prliollti~)Jl. 
Cttetu t:dm•;;'lllfol\ b inV:l l l~:olbll! dutit\{: n~une.u fl( 
~1n eye d1li0n:kr. 

ClientS r locin.g tderhonc calls 10 the \'o('tl.'Tinary 
h~pital to di:<<W$ 11 p(•tenttal eye problem in <t p.1• 
1 tell! 31\l)l.tkl he m(IJ..: t<> r~tli:e d t.tll 1he'!e l'ttlt:u 11)1\ ~ 
m..'ly lX' considered an tnleraency. Uttfonun:ucly. 
some diems 1~nd to let an ocular problem progte.!ol!i 
to $('\'('f<: "~es before trc:atmem is .sought. Vetcri• 
mny t« h.nicjan< l!h04Jid reminJ dit:nt( th<lt a.ni.m~b 
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FIGURE 10 -1 
lntelt'llll $\riXI.\IIt'$ Ol !he ~1 . 

have only two eyes, and the imrorr-.m« ,')( visioo 
should not be minimia'\1. 

Mydri11tic agents are us.:d to dilate the pupil! 
(Fit:liJ't 10.2). TI1i$ actUJf) (<\cili n~tc:s ex~min~H1vn 
,'!(the ptl~ICril'~r M'):lllCIU :lOJ 1he fu lldu.i t'li the eye. 
Cycloplegic agen~ p:u·:.1ly:e rhe :K\:omm,'XJ:ttive 
muscle.' o( th~· ciliary body. In some caSoes. this action 
~•m minimi:c:: r<~i.n ;~iutc:d with .,;ili<Jry $(':1.Sll'IS· 

These :lge'"* <,(u:n :lre u~ hef<1re :ltW a(•er t)J)h • 
th~1lmk ~n;:el)'. 

Phenylephrine Hydrochloride 
Phen ylephrine hy<lr(~¢.hk·ruJe i$ llkd tv pr;)l.lvct 
mydrinsi!l bu1 diws not produce C)'cloples::b. 

Clinic«! U$<"-$ 

Phenylephrine HCI it: us..-d m the: (,"v<J.Iu.<~ti iJn r.1 
uvtilis , ,el;.l tiC()I'ft;), o r ~lt:!ril i!l. h :.l\s.;) may be u>etl 

~(ore O.)njut)(1t\'~ll surgery to reduce hemorrh3J.~ 
or may be u~d in combinat ion with atropine before 
wtunt('t Of' intraocui<Jr $UI,£,>ery. h cc~n he: u~ to
detter •he: J'rt..~ ''<:e <l Hl)lltt;r''S $ym.lmn1e. 

DosQgt-Fom1.s 
1. Mydfrin (human labd) 
2. NcwSyn<:pluint 

Nlc:tl!atil'l;, Pupil 
meml:lr81'1e Ot 

thtro eyelr:l 

FIGURE l G-2 
£xt~rt.)l Sll\lctute:; ol The tye. 

A ch:trst Side E/fi!<:U 
The,..;;e ind tJJe I<>C:'l l di.i.;•Jm(<m ;l(tc::r tlJ'plu;:'lth...n. 
Froquem u~ m .. "l~· le:.J 10 lnlbmm:ttil)ll. 

T~.~-Nonw 
Phenylephnne HO is <1lso used '" cough prep.lr;)· 
ttons bu1 al a highe1 con<:entrabOn. 

Atropine Sulfate 
Atropine sulfu"- .s one u{ th~ (,phth."l lmk :l~o::ms 

rhat is m~t cmnmonly us~.J to prodi.Kc mydri:l!>is 
and cp::lopl~gia. 
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O inical Uses 
Atropi.w sulfate is ~ f01 n:fr.•n ion or for the: 
ue;urn..;nt vf ~Wit: inJI~Jlill\;)IVTY l;vnJitu;n* (l( tht. 
amcrlor uVt-..'11 tr:lCt. 

Dos«gt. Form.s 
I. Auvphat~; 
2. Atn)J)u\oe s~·lf:ne 

Adt.>t>rs~ Side Effecu 
~o: include: 5<~ liv;nion. A tropine i.s ~.ontn•indi· 

.::<~ted in ~l:•uc:om:a :ind ker..tO<:Onjtm<:th·•• i$ .,k~ 
(KCScltJry t~"('). 

Homatropine Hydrobromide 
H~m\o1tropine hydr<'Jbf,Jmide rl'()(lt•<;c:.s l1Wdri asi.~ 
and qdns)lt.:b bu t Is Je;.., fl•)h:OOf t h."ln atn){)h\e. 

Oinical Uses 
Homcatropim:- h}·<lrobwmid(" is US("d for rdrtt~:-tivn 
;ultl for 11\t ueume1'11 vf uveitis. 

Oo.sQgt Forms 
1. Hom1•trocc.·l Qrhthalmic (human labd) 
Z. I$1Jpt() Hcml;)tn>rint {huma.n ltll':>tl) 

Adwrse Side E/fecrs 
Thl~e are the ~me 3$ (or aUOf!ine. 

Cyclopentolote Hydrochloride 
Cy.:lortmobre hyd:ro.:hlot'ide rmdu.:es mydrbsi:s 
anJ ~ydoplc:r;ia 

Clfnkal U.~ell 
Cyclopenml:ue hydrochlonde Is used fell' refr.lctkJt\. 

Dos«gc Form.s 
I. Cydot,wl (human b hd) 
2. Pcnw):),r 

Adt.>t>rs~ Side Effecu 
~e lUI:' tho: &~me~ for iltrorine. 

Tropicomlde 
Tropie11mide is a rapid<lcting mydriatic dl.'lt has 
~ qx:loplegk cllect than the prev-iously mc:n• 
tiontd <1~. 

Ciink.al Use-s 
Tropicamidl:' is usc:d for ocular fundus (')(llmiru•tion. 

Oo.t((,lle F~mn' 
I. M~\Jrinql (human labd) 
l. Optiq·l 
) . Twpi<:<JCVI 

Aclwrse Side IZffuu 
These include local discomfort after application 
and salivario•l· Commiodicllttorus are the: sa.ml:' ru 
f()r llt fl.ll)i nt . 

Epinephrine 
E{linephrinl:' is administered topicall~· aod i.s uvniJ .. 
able M cpim:phrin< <'nd ll.ipiv~ ly l ~;pin.:phrinc:. 

Oip.IV:'IIyl epi~phrlne re:KIIIy l'lt'l\t>:lr,ues the Cot· 
neal !limier ;u'W:I is c~)nvcrteJ ro:) erinephrine in the 
COJOl'tt. 

C~inicaJ Ute.t 
F.f'h\erhrme i~ ui>N to reduce Intraocular pressure. 
pr.:xlucc m~'drittSis, l)r a;d in th..· diagno:>Sis ol Hom· 
er's ~>-ynd.rome. 

/)(m"tge f~mn' 
I. E{"ifrin (humnn ttbd) 
l. Epina l 
}. Gl<~uoon 

Adverse Side Bffucs 
These include local irritari,)n, Epir":rhrinc is con· 
traindkated in do:!ed•ang.le glauc:omll. 

Miotic.::! J'AAIU>.:(" pupi11<1ry -.:on~tri<;tion. Thc:l!(" dru~'l! 
:.ltl: C..)ll\ffit)nly used 10 the ue:.11men1 1)f ehn·,nic 
opea\•angle gl'llucon\11, ~1cute t~nd chronic dosed· 
anr;l .. • glnucoma, and romt• case.~ of $CCondnry gk~u· 
(:Offill· Mio.ti~ rcduc(" intraiXtLiar rr~surc: by 
in(rt~~ing t ht. O:•lltflow vf ;.'u,IUOOt•~ hurnur. 

Pilo,arpine 
Pilocarpine: i:s a choli.nergic Jrug that i.s commonly 
used tcJ tn::itt <;hr<mic. vpen .. iu\!;le gl~ocom~. 
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Oinkal U$e$ 
~c include $titnulatiolt o( teur production in 
wme c::L.~ ol ker.lt<»)nJ~nlCtivitis *icc:\, :'S well ,_. 
the c:re;umcm c)f al:lucoma. 

Dos«gt. Form.s 
I. Pii ,Jpc:i~; 

2. bnplf) C:upint 
3. Pilo~tat 

Alf~..:r_,..: Side Effect$ 
TI~ott~e indu.fe I<X;:.I irri~uM)n :ln,t <lil!IC(unfvrl . Re· 
~;u~d ur.e may C'l~~ vomltutJl, drarthf::l. :lt\d s.1lt· 
vatimt. 

Demecarium Bromide 
r)e(necatlum btx)fl'lide 1$:1 p!)(etl( C:Mb:lnUh~ h\hlbt· 
tN thllt can redi.Kc intr.locub r pressure in dogs (N 

up to 48 hours. 

Clfnkul Us~~~ 
Pre\'Cnth•e man.agem~m o( th('. oonualntcral ~ye 
after dinsnos" of acute: glaucoma in rhe other eye. 

{)r).Jc.uce F()Tm 
Hun'MltS1)I 

Adt.'t'rst' Side Ef(uu 
Local irriuttivn o( the <:)'e and/vr "<<li...,ation, vomit• 
h\g. :ltW di:lnl\e:'l. 

Ccrbonic Anhydrase Inhibitors 
Carboni<: anhydfMt inhibitors n-ducc: intraocular 
PK-~Ure hy de<:rc:.-~it'l,g the proJucti~liJl of <l.([t.evu~ 
humt)t'. Th~ product$, ~itnil ;lrl y It> dlose pre~·t(lu~ly 
mcmtOtw..i, 3re u..;eJ h) Cl'mtml gl:u.K00\11. Jlowcvcr, 
some ~ut· ndministered orally or intr.l\'enously r.lther 
than wpia~Uy. 

DoscqriL" Fo-nns 
I . Oichlorphenamide (D:IraniJ .. .._hunmn label) 
2. AG<'tazolamide (Oiamox-human htbc!-1)

;~vi•iluble in inj«ti•hk and 0:.•1141 f<Jrolo: 

3. Methazolnmidc- (N .. ,_..mzane-humnn labd) 
4. Donolumide (Tru50J)t-hum.:U'I label) 
; . Rrhulll;lmiJe (A:vpt)- t<>pieal ;:.geut 
6. Doi!Ol:unld~ (Trusopr)-ropk:l\ ~~m 

Adcer$e Si(k. E/ft'<:U 
The.~ indude V()Jtliting, Ji;Utheu, ~nting, lind 
w~ul.:n~. 

Beta-Adrenergic Antagonists 
The bent-ttdrwergic bl.;x:king ~'('n~ used to tTeilt 
~l:lu«»M inchtde thn<)lvl. l'let :.l:tVI<:~I, l::lnet)\vl. It, 
vobunolol, :tnd mctlprat\Olol. 

TIMOl OL MALEATE 
lill)!Jlol mi•lt(ltt ill (In ophthahnie h.m~ bkder with 
:.lctlon th:tt ~ult:> In d~cre:ued prnJuctl,)l\ ,-,f <KJu.e· 
ous humor. 

CUniad U:se.s 
11molol m;tlt:<)t~ ~~ u!<J in the o)nt r:•l:llte.r;tl e~ <o( 

~l dog whh pumary ~lauCOOl3 to pte\'Cnt the devcl· 
opmem o( bilateral disease:. It r~.-duCC$ intral'x:ular 
prc:ssu.r.c to $0fn<' ext1.·nt. but it is not as d(ccth'c: in 
the u~unent v{ ~h•vcornt'l. 

Do$age Fomu 
I. Tlmoplic (human labd) 
z. C~.l!Sort 

Adverse S.d~ Bffucs 
Ad\'erse sick effects ar<: uncmnmon. Sc:l.' the T~."Ch· 
nkian 's Note:"$ below. 

T~o~-N~ 
TIFOOiol may be contraindicated 1rt some patients 
wrlh C4tdio-t.oscul.or dtst-<"SC or bronchoconstnct..-e 
disease. 

BETAXOLOL 
Btmxolol Is a sptcr6c beta· I :tdttncrttk blockin)l 
agenr tha[ r<:duces aqueous humor ptx'XIuction 
by decreruing cyclic adenmine monophosphMte 
(<AMP) pnxluctiOn in tht eihtll)' body. 
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O inical U$e$ 
It is used (or th..: treatment o( glaucoma, ('~dally 

m ~-.nitu~l$ w•th rt$pi~lVfY (h..-<:\~ vr ;~hm;:. . 

DosQgt. Fonn 
IX-topk 

• <\dl.<er.tt! Side £ffe~u 
Similar to tho~ of t iroo)(')L 

CARTEOLOL 
C..rtt:lol i~" nv•\$r)edhc ;\.1rc:n~fllk l'lvcbn~ ~geru 
thm rt.Ju.:::es :lquoous hun)l)( pro.lu.:::tlol\ sinHiarl~· to 
bcroxo\ol. 

Clinical U.se.s 
This dn•t: il> lltunarll ~· uM~i (i.t th~ cnotl\)l o( l't•· 
m~ry glauoom:l in ens. 

Do.sage form 
Ot.upres$ 

Adt.'t'J'$t' Sidi! Effects 
Similar to thtt...'"<' ol timolol. 

lEVOBUNOLOL 
lcvobuoolol is ~l bcr-~·1 :md lx'>~a · 2 bi(XIr:t' r similar 
to timolol but without thl• potentitll (or myocardial 
d..-pr~ion Qr <tirway corutri.:twn. 

Clinical U$t:S 

This Jrug may used h') trc.1t slaucom~l in fd io..• pa· 
ticn~ with ru;thm••· 

DosQge Fcmn 
Bcrogan 

METIPRANOLOL 
Mc:dpr.)fltJIOI is ::~ 1\t)Jt~ekcrive btt::l hkcl:nlj! 
~~nt. 

ClinU;-ol U.se.s 
TI1i.s J r-.•g l~;t.~ been 1.13ed (ur the m;tn,'lgement .J 
primal'}' open·:Ul~i:lt ~l:~ucoma In cars. 

Oo.s«go: Form 
OrtiPromllo l 

Sympothom;metics 
The ~ymp:•thomimt'tic:~ used to control gluocoma 
indl.ll.it :\pr;.Ckmidut< :-lnd brim(midirtoe. 

APRACLONIDINE 
Apradonidint' i,s a a lphn·l adrell('rgi<: ~<oni.st dun 
i ~ u~.:d tv ~lucc aquc~:JV:S humor pl\l()u<:tion . 

CAillical Uses 
This drug i$ u.scd (Of the u.::umem t..r glaucoma. 

f)(l.1d,!(t! f"(lnn 

lopldtne 

Ad\.'trJI!' Side Ef(ecu 
tvhly <:<~Ul!C \'Vllllting 1:~ml dt\mh!!.-'1 in d•~$ i•nd 
C:)U.. 

BRIMONIOINE 
Brimonid.in(' i.s a.n alphu•adrenc:rgic ugonist clu•t 
reJu<:t-.s :'N)ut:vu~ hun)(lr J~n>Ju<:tklll :.ntl in<:rt::):;e$ 
~1qoeous hum,)r outflow. 

Clinical Use.s 
It i~ l l iied (,Jr the trtatment ..,.( !i!litlti,.'<Jfntl. 

Dosage Fonn 
Alph'll"n 

Topit:ol Prostaglandins 
Prlleir~lgbnJi.n nnalogs d.ecre::tfie lntr.locular preiiSur~ 
by incr~."asing rhc outflow of aqul"''US humor throur;h 
th< U\'e~tl ;md .sd«al p<tthwa)"o5-· 

Oo.ta.ge Fonn' 
I. Lac.m,)pl\-m • X:.Jam~n 
2. Bimaroprost·-Lumir;an 
}. Tra.vQpll)(lt,Tnl\~ta.n 

Osmotic Diuretics 
MANNITOL 
Mt~•mito-1 is an o:>tuotk diuretk that is <lclmini...~ 
tered intr;h•eri(IIJ$1)· in eu'ler.{..~'"-1' $ii1J<1til)n:; tl) rt:, 
Ju~e lntl':ll'X'-u l:~r pressure. 

Dos«ge Form 
tvhumitvl inj(i;tt•>n 

Copyrighted material 
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Adt.-eTs~ Side Effecu 
~c ind udc fl uid <Jnd dcc:noly1t' imb:•lance, rn•u• 
~:\, v<)rn•tin,#. pulmou~uy ~(l~ru~ . (,i(•ngt-~tiv~ ht~n 

6 11ure. :'lnJ l:tehycanll:l. 

GLYCEROL 
Gl)'i.:tml (glv<:crin) is W1 (~ntJti<: dmn::t i<: that i.< 
:!Jm ini51ered c:lf':l ll )· II) ceduc.e intmtx::ul:)t (lt.S5ute 

m emergency &itu:ltion.s. 

Oo,:«gc Fom• 
O!m•J~Iyn (hum:.ln lahel) 

Adwrs~ Sidi! Effects 
Vomiting rna)' o«ur after 1\droin istratton. 

T echn.i.cicut/y No-te1.
Givcerol aas more siOihly than mannitol. 

Topical :lt\dthetlc.i :'lf'I<!Mhcli~ me el"lfrte:'ll surf:tee 
anJ arc commonly used to f.:u:ilir-.m· remo~J ~)( n 
fordgn body or ~uture$, to a1low the: uli< ci instru• 
mC"nbf; tt.~ mett$Urc: i.n tr<•O!AIIa.r prC".s:~urc, ~r to aid i.n 

th< :)J'f)hcaritnl ()( :'1 hyd wphilcc oont;lCt lt:c\Sc. 

Proporacoine Hydrochloride 
Prop:w.•cai.nC' hydroc:hloride i.s <1 c:ommonlv u~ 
rvpkal ~ne$dh~t i.;. Ane.'(~•~i;) l;...$1.$ ) II) 10 minottl!. 

DosQgt. Fom1 
Ophthain<" 

.o\dl.-er.te Side f:{fecu 
These arc \'Cry uncommon. 

T~¥Notiw 
unopened bottles may be stored at toom t~ra· 
ture, but opened bOfdes, should be refrigerated Arry 
discolored sdutions should be discarded. 

Ophthalmic ~olutioM should be warm .. -J (Lc., 
thost' ston.xt in thc rd rigC'mtor} to room tcmpcmrun.
h.:(vre~Jmini$1filtk'(ll inti) t h t J"<ltitnt '$eye. 11\i~(lln 
he li.lcil!t.:ued b~· t(lllin!l the hc'ttle be ro.~o...._co the p:l!ms 
of the hanJ:; or by r l:lcins the boule under the arm. 
until the d<"sircd t<"mJ-'('raturc is achiC'~·ro. 

Tetracaine and Tetracaine Hydrochloride 
Tetr.•caine and tetmcaine hydn.'X'hlmide are alw 
us-ed for ant.~t:h<"tiz.ing the comca. 

f)).,"St! f'(lnl\.~ 

I. Pol\h'X'all\t- (human L:'lhtl) 
2. 1\'mtocaine hydrochlOJid..- (human label) 

Aduersc Side Effu ts 
'l'ht-~ locluJe •rrit;l tlon, which u~u:1lly if< tei1)lveJ 
within a short rcriod ~lfte:r adminisr:rotilln. 

T~~No-te1.-
Drlferet~l hom proJ)<Iracaine. tetr&eh'le •nhibits lhe 
growth of micrOOfganisrm, and o.ltures should be 
obl....ed before its administration. 

<)phth:~lm•c l)l lln\~ ;ln: usee! :u di:\~ll(1£.tic ;\ids for 
Jctocdng d tt;C:lSC in the M'ltttior and posterior scg· 
ments anJ in the nas,)lacrimal syStem. Fluorc..-sc<:in 
:1tain (i.e., :ltri~) is thc roost ooromonly used d)-c for 

••tt ~~~<:tk'n q( .;vrnt<ll tphhdi t~l deft<;t$. lluoogh 
v.etdOJit of the stup with st~rile ""'arer N ~line, the 
st:!lio is nllmwd to c~wcr rhe t.~'e. The snip .shoold 
not be Milowcd to tooc:h the: com('a. Ex<:C$!i d~·c i$ 
nru('(l (rom thC' C)'-! w-ith :ltC'rilC" eye W<~.Sh. Fh.JQ"'~ 
ceu\ l)l:)h\ ~~ :t W'JXcr-soluble :.\,L.?E:c\t. The (lu te.l (t:pi
thclkll} L:.wcr o( the Cl)(nea is n fat ·soluble layer, and 
thl.' $t10ma just bt.•n<'ath the e-pithd ium is a '111'1t<'r· 
:~oluble la~·cr. If thc <'pithd ium is int<•ct, rhe $tain 
dot$ n()l ;~lhere ~o.~r. of ditl~n:not$ in $(At•bfl•ty. 
If the cpllhd hun Is crodOO. a!< It\ rhc caw o( :l em
neal ulcer, the stain sains aoccss to the wntcr·soluble 
suoma, whC're it a..-lher<"s and rc:maitu aftC'r the: eye i$ 
nn~.,l. App«~Ja.n<:e of fluvr~ ... "tin n<Jin <•t t1lc: no)stril 



opc-mng inJicate6 functtorMIIMt<:ncy of the m•~"bc· 
rimal dmin,_l~ )ystcm. 

Phe1u:tl ~.1 I~ ::~nolther ~t.11n uWtJ in the> t.,.e. Tl--.: 
~ R.._'\1 Thre3J (PR'T) ,,..,. b u>eJ tl) nw:.a•~ 

rur rroJuc:Ct~'lft m the t"!C. The f'RT tm md.n Uj(' 

of a 75--mnl 1...,.,.::, )-d~· thn::1J 1hat is ntlJ'~\.lte"d 
with r heno•l ~d. The chre;.•d ~,_, insert~ mll•thc cun• 
iu•\oC.ll.,.,•l <..;)(. fur I') SoeCI.llv.l:; Te:.n u:·w~llr141 UJ' 1 l~ 
mre:.J tum r~ t:hNad re..L Ttw Ji.ir.mcc :n -.i'llth tl'w 
color c~ occws is ..-.~ and b cmlf\-...J 
With nonn111 '"'I\Jr$o -. m the: ~noct TC'u t~ 
R9~ h .. ·n,:;-•1 is M~Oiht>r ~.iill tltat •~ u~ .. -..lln th<' 

eye. It ill u.c .. l to dt"tt.'<-1 ~,lew l cruthdlal Ct'llll :u1d 
mu<:us It hll'> b~.-~n founJ b)• 'itlnK dink1:tn~ hll"C 

useful b JerC'Cting dcnJntk ldi<Mu • ....,!(uta! 
.;th Ttr.d lcr;~ttt•' inc,.. ... 

T~~rNo-t~W 
I. Do not ~llow the fluon:<Ke~n stnp to touch the 

--llws<Wd _...,.produce. 
papet Qlt on tae (OII"'N 

2. A sood •dea IS to cbta1n 1 ~ 6<c SVfr18C tnd 
pl.xo lhe b resce.n strlf) 1nto the synn~ b11rrel. 
Fil the ~yr.nge -Mdl sterile wa(er and replace the 
pi~ ln..-en: the synnst Sf'\ltral times unul the 
- ............. 5on1>IY .odrro- .... ,.,.,. 

""" .. .,""' ....... ,.,. - ~· 
~. Ho~ have suong pal~l musdes If SUII"' IS 

10 be used in this species, !I miJ'f be neceS!iiiV to 
have 6nother ~on keep the t')-ehds spre-'CI 
ap¥1. .,.Me the stain-s tnlrOduced intO tht e~ 

4. ~wins f'le tw.r ~ albved 10 duln onco 
the tee. Use COCID'\ to ~ lNR'f e'JiiCl!'U luc:Rs· 
ct~n s,~,~.n bealuse 11 6 ~tl ;han a papet towel 

Collagen Ju~U!> ate h~r~e con1~C leni-
shaP<'d lllnu mAde from JX»CIIle or b<winc t~)lbj::cn. 
Ttt.e-v Ji._>t,!lvc: m I l tf• 72 lwur.s bec:tm'c ~ ·( the 
t'<'IUt:IIIV ~ll.:~urrin$! iei \!)'111L"' Ji.'H.•t~l in (.:;,1"1. 

Oinkal Uw-• 
A ccli.J~:tn 4lidd mily N: ul<d in the trt11tmc:nt cl 
.i;t.~perltel<•l '-~·mettl ulcer-s. 

Doscrsc Fonn 
Vct·Shkki7Z 

T~1rNC!'OW 
A top1cal ophthalm.c one~lhcl!c sh<Md bt used 
beto•e the shield is pi.Ked onto the eye. It may be 
necewtty to sedate rtll' ~ wilh a 910n-.leting 
_.. aneSiheoc. 

Antl~iml Agents 
Anl1\'lf:tl agents m<~}' ~ u..cJ to neal \<lf;ll.nfe<:· 
t tcJn' ,lf the eye. ~tuch lt~ herpes sirnrl ~·x kernti tis 
(c.~ .. (dine: ocu:lar herr(',), 

~tForms 
1. M~~Kur.du'M" (Stox•l-human labc-1) 
2. Tt~nurkline (Vnc•ptlc <YI'Iuha1mk ~lutl(ln

hvm!m t,.h;l) 
l Aq~&.wlt (Ac';'<kw~r "phrh:tlmk l)lntmcn[ 

.n .ubM~ tn 1M LmceJ &.11ts 36 .;a cumi'JUn..lrJ 
rn.Juctl 

Antifungal Ag~nts 
Anufu.nQal ngcn01 .u .. • used to neaL •!f!luh:lltntc 
fun.s;.lllnf«tions !u<h "'myco(ic kcu11tl1-. ln)'COtic 
mdt,hthalmius. .nJ biC'{'b;arodrrm.nvmTCosG. 
MY'"" w. L<r-.tutn. t'(:tuf' lt)l"'l Q.mu~'l11~ 1n h·~ 

l)(J.tasc Fl)nn.s 
I. N tmmycin (NauKvn-human Wl:>el) 
Z. hr~N\a.:ol.: 01i1Y t"t' cumpc:-..mJcJ •tth .,Ji. 

IIW\h'tl wW'.--u:..k (l'».ISO) 
), {\.,...June ioduw-<.~lfllf"i'!Jndro w il 0..5'\. co 

1 .O•\, liOiurion 
4. Mk(lnuJolc-1% ...,,l,lti<'n ~omromKI~.t witi'Wut 

··"-·•h·•' 
Antibodfflal Agents 
Anllt-..--.ucrla1 agenl:i llfC used tt'l ~·•t fiUr«fjcial 
OC\1111 ' mft"Ct ivnl$ T\'~U h 11\lt I mm briu;tcrl tl l ( •ll:tlni·"Ju~ • 
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~c drugs arc olten used in <ombination wirh 
('<Jch (l(h('r to pro\'ide brood·~-pe-ctrum a-c.ti\'ify. 

I. Bac.lrr.ldn Is used h)ptcally m uo::at supcrli.clal 
ocular inicctions that result primarily fmm 
grnm-po.siti\'(' bac:t('ria: it is often combin<d 
with vthtr tlntiOO<:tc:riaJ 1:1~-'Cnt-l' :;u<:h a.~ nevmy• 
c.in and p,))ymyxin B. 

2. Ollruamphcniool i:s available for to['icill oph· 
thalmic admin~tr.nion and provides broad· 
spectrum <Jctivit)'· Thi$ ~"ffit ~antagonistic 

wi1h (lmmot::l)~(~idt:$. 
3. Gentamicin Is u!Vtd to.")pte:'lll~· ro rtt:'lt conjudc~ 

th ' itis caused by susccp(iblc batlcrial~~.&«:ms. 
4. Polymyxin B-Wlfme i:s eff('<:-ti\'e ~~gainst ,i,.'fMm• 

neg11th•e ml}1.nhmil aJUI may be ..:ocnhintd with 
<Jther ;lntlbac.terial ~ems to prf•\'iJe ht(,._ld ~ 
spccnum ~lcti vity. 

5. Oxytcnac.ydine ill usc..-d w trt.oat supl•rfic ial ocu· 
lat inkctioru aod pwvides bfwd·~<.:trum llo:; .. 

lt\'itv. h n1:1y "* u$ed 11'1 C<~mbin;Ui<)ll with 
01hcr a~ems such ;.s rolym~·xln B. 

6. Nc.'\iln)'cin rmvidcs bro:md·SJ-"l"'Ctrum acti\'-ity 
and is often usc..--1 in combination "'ith other 
wpic;tllof'hlhtllnu..: -:t.nti~teri.<\4. 

7. Fluo)lllqmnolt>ne t"1plu halm1C :HUJbu'l4"1C.i are 
used to near cstotblishcd grom-ncg.lti\'c <omcal 
infection$. 

S. Tobmmy<.:m i$\J~ed fu-r ooodition" for which 
gt!nmmknl ~ ~1. 

9. Sulfaccram!Jr 
10, Ciprotlox~cin, norfloxa<.in, moxiAoxttcin, and 

olfoxn.cin are llvailahlc: as human products. 

Nonsteroidal Agents 
Nonsrtroid:ll antiin.iklmmarmy dru~s (NSAI()$) 
arc used in tlw trcatmt'nt ol uveitis, They ntl' com· 
monly u~ for postwrgic.11l inflamm11tion following 
c:tlt::lr:\l!t Sl•rgery. 

DosQgt. Fom1.s 
1. Aurbirrofcn ~ium (Ocufcn-human l.alx-1) 
2. K!!torvlil¢. tfl)nttth.-1mine (A..:uh~r-human lat-el) 

3, Oidofenoc sodium (Volmrcn-huiTUin l~bcl) 
4. Supro(ffi (Profenal-hu.nt:tJl labd) 

Adverse Sid~ £/fuu 
These arc unc~')rnm(m, but tlurbiproicn cnn <nusc 
immun~upprcssion. 

Topical Corticosteroid Agents 
CarrictNtroid agents nrc useJ to rreat inflamllUI· 
tory conditions of tht.• come::.~. iris., conjunctiv.,, 
sclc:su, and anteriCir U \"('411 . Topiml co-rticosteroid$ 
h;)vt r•Ov-r ~~erW:.1r."II M)n in((l d 1t C:)'O!Iid W'd tht 1--'<).)c

teri,")r sc~mcl\t ol tht eye (Plumb, 2005). nlcy m.:ly 
be C~')mbincd with amib:lcrcri:ll ngcms h') ma.Mgc 
oc.ular in(~tions. The}· nr~ prc:parc:d 11.$ ointments 
Or J!l)lul i(•nJ!. CJrrutum ..:~.mi<:•r.;ter<ml ~t:niS for 
•'Phth.:llmlc u~ lndude prednl~tol•)lle, h )'<ifflCfltrl· 
sooc. dcxamcthnsonc. bct:.lmcthn..;ooc. lluoromcth· 
olonc.•, and flumcthasonc.•. 

I)J.1ug~ fonrt.~ (Pa11lal L(jt) 
I . PrcJillsolot\C ;.lcccue dn~human label 
2. Prl'-'nU..;Ionc: so..lium phosph..·ne Jt~.;ps-hurnan 

labd 
}. Gtnfl)(;in ()\ut"thlm .wlu1ivn (<:('lub-inalivn) 
4. t\n;.lprime t)f)IHhalmic S11lurlon 
5. Noo-PreJcf kt)rnbinarion) 
6. Pn-d Forte: prednisolone 
7. VetJ(>pOI)"("in (combin~tion) 
$. Chlvr.'IS•)n< (comhh'l.'l ll(•n) 
9. Maximal (c001binauon) 

Ach:trst Side E/fc<:u 
l<Jpic~l (:(lrtic~ttn:>id~ (;<)n ~\li;t ,,,,,bltm$ .similar 
h ) th1'X'C C::lufled by s~·stcmlc oorrkosu~rold~. Thc~c 
include delayed hc::~ ling, .s-teroid dependency. 
and corneal complications such as ulcerative 
ker.1titi11. 

r~vN~ 
Oph,ha!mi( ~ thdt oontain oortiCO!>teroids 
are coruraindicated in the treatment of deep corne~ 
ulcer.;, fungaldecti~ and vaal infeaions. 
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Kernwconjuncrivitissiccn (KCS} is a common ~xu· 
lnr disordc-r in dogs. With thi$ diliOfder, li«:Tction o( 

th¢ hu.:rirrml ghln~.l$ i$ n:duc.:-e•l, n::..~hing in ¢o.)l'ne.1.1 
drynes."i. If left urlttt>:,lted, O.)tl'h!al uk:er.uinn :.1nd 
1.'\'emu:.ll perfor:uion m:l)' occ.ur (Ti!ard, 2000). 

Cyclosporine 
Cydviip(mne ~ u$1!!:.1 (;Jr 1he m:~r~~~m~nt •)( KCS 
anJ chrol\lc supcrti.dal kcrmlos (CSK. ~)r Gcnn."ln 
Shcrhcrd (Winnus}, h stimulates increased tear ph')· 

duction, 1\lthough its mC'chmi,sm of action i:! not 
fully undel'l!t'Jod. 

OosQge Fonns 
1. Opcimmulll.' Ophthalmic Ointment 
2. Cyclospoorin A 
J. NtlQr:rl 
4. &.ndlmmunc 

Alk-.:1'5(; Sid~: Ef{ccu 
A(lver~ iitdc; eA't~.:~ t&.rc; uncvmm<Jn. 

T~yNo-tey 
tt may take several days to a few weeks before the 
effects of cydosponne therapy are evident. 

Artificial Teor Products and Ocular 
Lubricants 
Defore rhe :wallab,Jhy of C}'C"lSfX)rlne, :ltl rllcbl re:us 
were us•.•d in the oc-~tnl<'nt ~.,( KCS Md CSK. Thc:'iot" 
pex.xluct:s S«\'C' ~~:~lubricants for Jry t'ycsand 011: com• 
m~Jn)y usc:xl in <XJnjuns.:.tion with <:~·d...x;PQfinc th..-r• 
:.-.py. Ocul:~r lubrk:.lnt)) are p~u·<,Jeutn ... ~ t"flll.luc1S 
th~t are U$1._-d ro lubcie;nc nnd rrotcct the f')'f'S. They 
an- commonh· used during ant.~thetic proc~:durC'$ in 
whkh the ()'I!'$ rna)' rt:muin Of't'fl and lx'(om<: dry. 
M:lny h~nmln I~·~IJ'I\xfv<:t~ :.ln;: ~r Y.~ilahle.. 

DosQgt. Fom1.s (Limited) 
I. Bion TC"aN 
2. Liqllifihn Tt'<lr.s 

3, Comfon Tear 
4. Dry Eye Th<:ra.py 
; . I,.;.'Cri•Ltlb< 

Adt:t>:rse S.de E/fucs 
Th<:$1: are uncommon. 

Miscellaneous Ophthalmic Agents 

Anticollagenase Agents 
Anl l<:ull:~>e:n:\:< ~<en~ ~rre u,ed h.lJll\>1~'1 <Jg.:ln»t 
the mdtln11 c((eas o( collatlenasc :lnJ pmtf"..lSC en· 
zymcs c•n the cmnea. 

0o.1U,Kc: Fonl\$ 
I. t\~r\'ICyiteln~ t)J'lhrhalmu:: 
2. Ed-curc dis.odium orhthalmic 

Viscoelastic Substances 
Vi.~c(l~~la.~tic l)u~rnces :.lre u!ioetl in ()pluh:rlmic l)ur· 
gcry to minlml-:e tlw lru..; ~)( rluiJ (1\)tn th e ;.lfltCJ'IOt 

ch;)mb:-r and to mainmin ocular space during sur· 
gery (rlumb. 2005). Hyaluronic acid and other 
vilSCveltl'"ic S;uh$hlr!CC:$ <lrt U~(l ~ an aid in <:<lwract 
cx-tl":lctlon. t'!Cuklt lmpl:\ntatlon ~utflety, retln:ll at
t:Khmem surgt>ry. and others, Orhthalmic texts 
,should be coiW.lhl-<1 for de roiled C'Xplanmions o( thC' 
usc of tht$C' :org..-nts. 

OTIC DRUGS 

When 01 client vht~lln$ t1 new P\IPPl'• the \'th:nn\11)' 

IOC.hnlc10'11l s.ht)UkJ Cduc:lte lfle diem r~;li\Jitla the 
rr...,per wny h ') clean the pur's ears. Performance of 
the C'ar d<:aning procC'~ at an C'tl.fl)· agC' wlll nllow 
the pvppy tv submit mQrc: readily to the t~k -;u; ~n 

:.l•lult ~t.nj!. Unfl)rtml:\1~1)', 1hn$e breedS; whh perldu
lous f'iUS ffi<lY rend to have otic pmbl-cms. Long CM 
Ita~ (i .~· .• pinna(') tl'nd to keep air from c ircularins 
i.nttt the <:ar canu.l; <:OJUcqu<:ntly, the wr canu.l «' ' 

m.;)in~ rnvi~, er~• mg a perfect ttwin.JJ,mtm (~" 
yeast formalll'ln. Ye~m Is 1\0t the only problem th."l t 
veterinarians encounter in dOGS and cats, External 
pl\rasit(';! $U<:h ns Owd.:ct.:s cyno:U nnd Otodect.:s 
JYrt~ris (i.e., t<4r mitt$} Ci•n I;<IU"¢ extn::mc; 
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discomfort in animals rhm arc pamsiti:t-d by th<:'sc: 
nelltiJn'~· PuttC'nt:o whoff. eaN remain untreated of• 
ten ~xpenence avn•ll•i:n~ll(l(lltl ~:lv~ew.J by ts•rttne 
sholl.:lorr: of the head. 
OenemJI~·. ear rroblcm.s {if(' trdltt'l.f with mpicnl 

medications.. Somctim~. C'ar infoctions must br 
treated with $)'Stemic m«<t~;<-titJn~ :,1( weU. TtJp-ical 
ptef(lr:ulnoS; us.e.-1 h l lrt:at e-Jt ulfecfinn~ are uften a 
combinilti,)n of different rypes (,(drugs. such as all· 
tibact<:'rial, antifungal. antipruritic, and antii.nltam· 
rna tory <q,~nt:o. StiJI otht•r p~parotioru <II('.detHl:!C'~. 

dryin£ :~~nt$, ;md p:lr.l~hteide:~ . \'(!hen a rnprured 
e::.rdnun ISc suSI)\-XT~ Qt ronrirmed. oll·baiOO ,)!ltfl· 

t~ting ext<:'msl car pr<:'pa~timti (c.s .. chlmhexi· 
dine) and aminoglyco:stdC'~should be avoided. 

When ~uC<~ting di.i.:nts abwt deaJling c<\l'l! ~md 

using ode tne<:hc:.ltlons, d1e ~-tu~rlnar-,· lech,llcbn 
should de:monstrmc h,)W h) dean the <:':u cnnaL As· 
6UTC: tht• client that bcwu!tl' of th<:' anatomy t'lf tht• ~r. 
the eardrum n difficult lo ~<~.eh. Emph111>iie that it ~ 
much e~ rv 1)1\>Viile pn::vt:l'lll\'f! C;l~ 1han t<l rrt;tl 
inf..x1lons OOillinu-:.lly. ~-...xlall }' m tho~ d,~ L'f'COOs 
r.ha1 nrc Pft-dispos<:d m c.u problem'S (f"q.'Ure 10-3). 

HOI'!zontal 
CB/'181 

Topical Otic Antlinfective Agents 

Ma•w ropu';l l ode ptep:H':ltions wlrh Mtlbac.rerlal 
oramifung.1l pl\')petties arc m.anufucrurcd nod nvnil· 
able for pl.accmC'nt in invemory. Topkal otic prepa .. 
rQtion~ vhen oonttnn ~ntiinflanun.1tory a~'l:nt~ th.1t 
rOOuce il\llamm:u i,)l\ ;,lnd (kcre<ll)e pturitus.. /\ ~flt'ld 
ide~1 involves cliwing the hair on the ir\SiJe of the 
pinM along with an y hair that may block the: cxter· 
nal ear canal. h ~ 11l:so a ~oood idea to v:se <J de .. nsc:r 
hef(lrt: nlO.fic:.ltin~ the: t::lr. 13}' clc:ou~in£ d1e ~•r fir~l . 
the rcd11\1dan ro."move~ o:erumen :lnJ debris fmm 
the external canal and allows mcdicinc to wmit cf. 
fectivd)'. After l he e-<~r i!i dC'aned, it :should bC' dried 
before u-t:atmtnt i$ prvv-id4!d. 

Gentamicin Sulfate 
Gentamicin sulfatt' is an anribactefial llJ,.'C'nt found 
in o-tic:. prc:paratioru.lt is comm<mh· combined with 
<l C1)rt~~u:roid ~uch <IS l)el :lnlelh~i<ll'lt: ""'ler:u;e. 
Some rn,.juct.i also haw :.lntlfungal p!Of't'ttles be· 
cause of the aJdition of dotrimarolc. 

TymOMie 
~1'1\lltl\r\(1 

FIGURE 10" 3 
SIIIX\\IIt$ of the CO! 
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Oinkal U$e$ 
~c include fhc: tT('<Jtm ... nt of a-c.utc and chronk 
l)(itii: in d(l£~ In cars, it m;ty 1:-t u~e<.l t(l tr~u ~per• 
6.::i:\l lnf.xred les.ons C:.lla.~>d by b:lcuna suso.":('prihle 
h') 1,1('nttantic in. 

DQSagc F(tTm$ 
1. Gem:NOO 011c StJiutlon 
2. Gcnwcin Otic Solution 
3. Owm;.lX (t'ol.'ice·daily treatml·nt) 
4. Mouwttu:na.'( (ol\<:('<11.-day trc:annc:nt) 
5. TrM)fk 

Adt."'rse Sidi! Effect$ 
~e include pos-sible ototoxkity b«aU:!e sc-nta• 
n\i<:in i< (m amin()gl y¢~'l$ttk 

T~¥N&tlw 
1. Patieo-tS should be Cdrel'ully monitored fof signs 

of ocotoxicity. Produas that bh'Et the pH or pro· 
du<:e an acidic tnvironment 1n the <!'41 C4n reduce 
the effiC4Ky of gentamicin, 

2. Do not use these ptoduas Y.ith othet agents that 
may cause ocotoxiCity. 

3. Do not use "'It~ presence d a rup(\.rif:d e:.tdrum. 

Chloramphenicol 
Chlo!<11Tif'hc:niwl is ;rn •~mibi'1.'1crial ~'<nl th<Jt ~ 
(I(Je:n Ct)mhined wtth:. Cl)rttC(Iiolen)id .suclt n~ p,eJ. 
nts...,lol\~. Pmdu.:u may ats..') conmln :m :mestht'tk 
{tt.'trncainc) and sqt.ealan..- (Cerumen..-). Squalanc 
('nhanc~ the rroduct by .speeding ur pC'rcumnWU$ 
peneu-omon vf the <l~tive ingrt~littH:'!. 

Clit1ical V$e$ 
~<' include tre<~tmem for ncutl." otitis c:xtcmu 
and ppxl-tfll.l<' in dog.: <Jnd <:at~. 

Do)Sage FCimls 

1. Liqukhktr 
2. Ch.lora•Otlc 

T~!-N&tlw 
Produas that contain chbamphenicol c:annoc be 
I.IS«< in ~mim~ls t4ised for food productiOn. 

Neomycin Suffote 
Nc:omydn $O.Ifatt" is •~n antib..ctC'rial ~ent that Ls 
(lften .::vmhm.:.:t with drll€:$ svch a, C(rrti<Xl&Ct rviJ:'!. 
;.lntlfullJC..lls, and/or an.bdlNks. 

Clinirol U~S~s 
Oinil,.(ll \Me:~ (i thlS antihil(.teri<'l. Mtill.rl"\b'<l.l/<mti~ 
p:uaslhc, anJ :muu)f1:)nltn:l.IM)' comhin31iOn In~ 

cluJe the aeaunent of otitis externa :1nd ccrrain 
bAA:n·rial. fu ngal, and inflammatory .skin disordeu. 

f)o.,CJSt! f"(lnl\.~ 

I. Tresaderm 
2. Trih')J-" 
3. [\malog 

Adtrerse SCdt! l!:ffecu 
Thes-e include scru:itiviry resulting from the usc of 
neomy.::in. If ~h siglls (e.g., \'l)'therna) develop 
afrc:s trC'.CitruC'nt, the medication ~lwuld h(' di!con• 
ln'luecl. Ot(lt(l:<idl)' ~~ :11~)" pl)tt:.nli;•l $iJe e((ect,. 

T~¥N&tlw 
1 . Do not use r~ the presence of a ruptuted tym

pamc mcmtnnc (i.e~ eardrum). 
2. ObseNe lTie patient for signs of ototo~idty. 

Enrofloxacin 
F.nrofloxxin Is :l.v:J.ilable tn :1. combanari\)1\ otic 
pn:xluct with sih,er sulfadi~l<ine (ikl)'ttil Otic) and 
in 11 CQftlhin;lti(ln prx.xlucf with kt"toconawlc: 1md 
lri~ttn<:invkme (RNi). 

Dos~e F'omu 
I. Baytril Otic 
l . BNT 

~r mite~ tare \lbi<WitV\1~ in ~ht envlfvnme;JU . 
T hey :1.re the most commoo pal'.lSit(' :~.ffoctln~ the 
c~~ o( dogs, cats, and rabbits. These mites nrc 
mao-o:scopic, white:, nnd (rt"<ly motile. Although 
they O:J«ur prim<lrih· in the extcm~l ~::tl r <:an~l. 

e:lt rru tt•·$ m:.v be (ound on :uw :.ltt::'l (l( che 1"-~Y 
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(Hendrix. l99S), Ear mites can be idcntifi..._-d wi1h 
1~n Qt0$l'Qpt 1~nd a(:lf'W.r as ":hite, mQtile n~atuTC.$ 
widml tht ext en,~ I e(lr e;maL 1;;,\r mit~ ;d~) (:ln 
be obscrv~ mkr(X>eop•cally by pladn~ cxud:ue, 
"'hieh c:.n be removed fmm 1he em can£~ 1 with 9 

cotton-tipped applicl\tor nick, into minerttl oil on 
~ lnieroi;l.:()pc: :shdt. 

Tht srinQ6e ear 1 id: (0ttlbild n~e.~:nbti) :~«ecb the 
exterrwl eilr c;u'\:tl of c~ude and hl)f"SCJ>, a1'\d (>CC;l · 

$iOIUIIIy of d~ and cat.s. These immature tick$ 
pack the e~r c:o~.nal. which c~·~~ di~omfmt. and 
~h<:~nkl he rtm(wt:J. Pt:TiOJic l rt:tltmt:nl of 1he ;t1\1• 
mal w1th ;.lfl ln!iectkiJe.. such :l~ a Ilea :'lnJ tick 
.sp~)'• prevcnu rcinft·ction. Cnde and h(lfS('S can 
be treated with 1opkaJ :S{:f'!tfS such llS Catron IV. 
This pmdvct l!h04JIJ not he u~ed in l ~et:tung ll<ury 
:'l llln\.'l ls (It ln h,)u10t'h,)lr.) pets. 

T~yNotlw 
Ticks shootd not be remcwed with ~re hands.. tech· 
Ncians should educate clieniS not to remove bC:ks 
without wearing gloves. Donning a pan of exam 
glo..,g (Of' Pl~tex glo..,g fo1 clients 8t home) and 
the•' extracting ticks is better, A Pdi' of thumb f()(· 
ceps can also be emplo}'ed. 

Pyrethrins 
Some rroducts eonroining pyrtthrins :'Ire indica[~ 
(or thr treatment of ticks and mites in the ears o( 

do<.;:s 1-nd <:at$. 

DosQge Fcmns 
I. Ccrumitc 
2. Aurimite 
3. Mita.-CI~r 

4. Tn.:~s:~.lt:rrn 
S. N,))~mite 

Rotenone 
R•Jttm)ne i* a.n t:ffet.•hvt: ;\(-tnt (<)r 1he lrt:.\tment .J 
~t mttts u\ dO£!<, cats, and t:~bbtts. 

Dos«gt Form.s 
I. E<u mitidde 
2. Mit:lplex·R 

lvermectin/Milbemycin 
h •ctlne>c-tin has hc:cn indk~•t«< as an effective tn:at .. 
n~o~;n 1 (.;..,. c;:lr mitt:lf in ,iQg$ ~.nJ e-'<~1 ~. Thi$ i$ :tn es .. 
ll":l}:lbd use o( d\t bovine tOJ.XIable ptoducl h·o.
mcc. The dose i.s most often gi\'en b)' subcutsocous 
injection, although some pra-ctitioners place it di .. 
r('(.tly intv the .:xtcrn.'l.l e:•r .,;an .. l. In re«nt y~m ... 
j)l\)duc.c t h;u C(ol\{:.\u\S .01% l vi~lnec (At<\tl.'.l(ll:) h:~s 
lx'<'n devclored (or the ue:ument ~)f e;lr mites. 
Milbemycin is available in a 0.1 %solution for the 
treatment of cur mit~ in \>;01($. 

Oos4ge f'~~nns 
I. Acarex-x {0.01% lverm .. •uin) 
2. MilbeMitc (0.1% Mi11x-mycin) 

Drying Agents 

l)ryin~ l4o"C.'nts <ue used tQ reduce m~JiM"urc in the 
e:.\(l!. Exceslf ml)i.~turt: pr<)\··d~ a wanll, u\(11~1 dwi .. 
roomem dull Is ldt~ll for the ~mwth of arran\ 
bacterial and y..-nst a!,"<'nu , which can eau~ in(.._"<:· 
tion or i.nfll•mmation. The~ prepa.rarion.s rna)' also 
¢\>nt(lin (II) t\ntillli('f<Jbit\1 (lr (I f,.,'(IT(i¢1)${(;f(JMJ. T:iJ)" 

nlc :'ldJ, s:lllcylk :teiJ, act.J1C :ldd. :lnJ boric. acid 
~uc commonly useJ in drying .S..11uti,)ns, 

Dosage F onu:~ 
I . I kml:.l Ory 
2. Ace-Ode Cle~1nse1 

3. Cl..-a.R.x 

T~yNotlw 
1. It is (ecxlOYilef'lded !hat the eatS be cle8ned belore 

<J dl)'ing agent ~ odler medication ~ applied. 
2. Some eal<leattSI'l& products also contain drying 

8gents. 

Esr d .. -nrucrs are used t\) dean 1hc .. ~.ars and rrovide 
odor control. In the prc:sencc o( otitis tlCtem!\, the:~· 
hdr t~) n::uloiJ\·e nec~rxi<; tl"!u<:.dtbris, ami vr~'(. M1111y 
breeds, :.u mendnoed l)l>(ore.. are predbfXlbt.'d h• eaT 
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problems, and rourinc cleaning can often Jl-ducc or 
pn:\•cnt the."<' problems. Th~ de-anser:s ma.y abo 
C(>n~in ~.n ;\nllnU(:t)b~l •'l.~nl , ~n (l,ne;,thetlc, l.lf ~ 
dtyn'll: a!i."i"Ot. M.mv cle:losel'li cdmaln ;.11\ ~\'t\1 such 
assquaJa[\(' {Ccrumc[\('), which hdps. tO bfeak or nnd 
~en wax and <k-bris and focilitatl":S de-aning. If wax 
tmd dehri:~ l;ll'l: im~ed in the hmlliJn~l Qlntll, it 
may I'll'. rteceSS.'\t)' t.) tlu~h the e:u canal tO rem. we rhe 
wax nnd dcbris bef\'lfe sr-.uting roo.tinc dcnniog:. Th" 
•• ·•ars may be too painful for the ('0ticm to undt.'f~'O thi$ 
t)'('(' of dc.cmin.g withoot !.>en.:rul ancstlwsia. A (.QJn• 

ll'IIJI\ i!Oll.ll h_ln (llf lliJ*hing rhe l':~lf C':)n~ l i.' :\ ClliX(II~ .J 
warm water and chlorho.'.xiJinc sut£1c:'l l wluuol\ <h· 
luted 1:100. Aushin.g may b..- ne<:\'>mplish<xl wit h the 
IJSC' o( a bulb syring.:, a solt rultoc:r feeding tube, or n 
n:gular·1ipped ~yri~'t· It i~ \ 'C::I)' imrvrumt t(> t.•~ 

k,'el\tle !)tt'$ute whM ftull-.ins: the eat ca.n;ll w reduce 
th~ po!i:>ihiliry o( d~lm;~ing the eardrum. Thorough 
drying of thc C1Lflal aht.'f fl~hing pKwidt.~ bcttl'T visu· 
alit<l.tion uf the curdntm. 

DllStWt> Fonns (ParriciJ U$1ln.g) 
I. Epi-Otic c.u dcan~r 
2. Fr<$h' Ear 
3. Oti-Cien* 
4. Alt'lC:etlc 
5. Ccrumcnc 
6. Oti-Calm 
7. Cc::rulnic 
8. Ori,Cie.lf 
9. XenodyalC 

• 
Miscellaneous Otic Agents 

llis-EUTA 
Tris-E.OTA (ethyl.:ncdinminetetraacc::tic acid) is o 
toprc.1lly applu.xl huA'cr th<•t c~mtaim a chd<1ting 
~eot (f:f.)TA); 1htS :)) . .''tOt tei'l\(o\·~~ cakmnl :JOd 

nwgn('.!.ium ions (1\)m the liporolys:u:.::haridc: cover
ing of gram•nt1,.'<ltivc urganisnu and the edt w:~lb 

(l( l{r;lfn•n~th·e ;\nd gr<~m•p<hiti\'e vrgan i$11'1$ 
(O,"X,thc, 2001 }, ;.la\d this :te.tlon (:ltCJihah'.S the I'M' 
ctr-.nion o( antiinfl'Cti\'CS. Trc::~tmcnt with rris· 
E.OTA Would be cl\rric::d out before tremment with 
antihtl(.tCri<'~' i~ Pfi.l\'idt•l. 

Silver Sulfadiazine 
Silver sulfudiaoine is a broad...:;peccrum af,'C.'nt that is 
c::ff'oxti\'C:: <•gain.st g~<~m•positi\'e and ~<r<~m·ncg<~th·c 
h(l(teri;l ~nd (ul'l#l· h h;_, hecn IJ.~efl ~xaen~i\·dy 
In trcatin~ fk-"'plc wlrh skin bums. It Is Mallablt." 111 

one vctcrinary 1abd~.-J product (B.1ytril Otic) and 
i.s used off·labd in fonnulate>d product$ by .some 
<:lin..;ian$. 

l>o;t~e F'omu 
I. Baytril Otic 
2. SiiV<1.dc::nc 

REFERENCES 
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Hoei\Jru CM. ('I al, (.Jilvt): Oifl):nl.'tt'lie wt~"f'in~ory !W."biu.•l· 
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-
REVIEW QUESTIONS 

1. My,lri:nic :)J.rtOt.i :Jre usOO t•> __ the 1)4•t)il,.. 
2. AU'opinc i:s contr.iindic:ucd 10 _ and _ 
3. Miotic ~~nu proJun• __ constriction. 
4. \Vhy are ophthalmic stain.s us((H 
5. __ Sl~1in i$ 1ht: nliJ$t c~m·mwJ, Iy ukl.l dye for 

the detec.tloo o( Cot'l\t;.ll ~pithdlal d~fe<ts. 

6. Paticnr.; with car mites, whO'Sc: c~rs arc lc:fi: 
untreated, oh~·n exptrien<<" __ hematomas 
t,:(IU~ll hy C:l<Cc.."''i\'0: t:haking o( tht het~d. 

7. Wh.:u type t)f :.ldtnlnlstr.n lon Is the mos.t C<•nl· 

m\'m merhoJ of treat ing disorders()( th~ .-ycf 

a.. \Vhy do ro~~~St torkal orhtht~lrok medk~•ttOns 

rt:~tu irt! $t!ver;•l J.i,pi1~11 M)n~ per d;wr 

10. 11M: <lppeii!Wlce <l fll11Jrt$C<:m iit<lm<lt th e:: 
Ot)!;rtll f~J\11\S: .scan :llmorm:'ll findlnw: when'' 
tluorc.scein stain test i:s (X'rfot'mcJ. 
a. Tnn• 
t-. F.he 

I I. TI\e 1\kht:lth\g mtntht';'lne b ;lb.) la'I.C•wn :)5 

- · 
n. sdcm 
b. oornt'a 
e. t hird o::)·elid 

d. dll:uy body 
Jl. MyJriatic ~~nr.; arc us~-d m _ the pupils. 

a. dilate 
b. oon~trict 
c. h)'dr,lte 
d. te3ch 

13. Auopinc ophthalmic ag~·nts are wed to 

rroduce --· 
(1. mk .. ~•$ 
b. m~'drl:"t.il~ 

14. Et)il\oel)hrine a:s- c,.mlr,liodic:lle..l '" __ ·:'lfiS:le 
gl.1ucom:t. 
a. clmcd 
b. open 

I). Mannilvl i$" l<'ll)p diu~uc. 

3. True 
b. r:alsc 

16. The loca)anestht'sia rrovidcd by proram<ailW 
HCI u~ally lttru _"' _ minut~ 
::t. S; 10 
b. 30:60 
c. 60:90 
d. 91); 120 

I 7. ttu ... 'reitet:u\ stain i$ u~<l cvnlmvnly tO eli:•£~ 
1\0fC _ . 

a. giJucoma 
b. comenl ukcr.$ 
<;. t ntr(Jpl•)n 
d. f'Ctl't'ltp101l 

18. have very smmg J'(IIJ'l>bral muscles. 
and it ma~· b~· nt'c~·~l)' to havt' :motht.'f per~ 
~m aS1i$t wh('n 00(' is aprlying Qsftthalmic 
<.lru2$. 
3 . Can.oes 
b. Fdint's 
c. Equine:'$ 
d. Cl\prm~ 

19. It l..; :te:CC[l(:'lble 10 use COI'IlOO!IIerold·r~·pc dint · 

mci\IS in r:uiCntS wid\ C<lrlle~l ulcers, 
a. Tru<' 
b. Fall!(' 

20. __ h:)" brto .J~vo::liJOPed for 1he tte-Jtrne•\1 ,.,{ 
OcOOecres spp. 
a. Chloramph<'nicol 
b. En.rofloxal'in 
c. O r!(imnluue 
d. AC;:'lrCX)( 
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CHAPTER 11 
Drugs Used in Skin 
Disorders 

LEARNING OBJECTIVES 

I. El<hlhil a h.l$K un(krstar.ding of rh~ an:uo·my and physiology of 
theskm. 

2. LiH the <(\LUIThm ingrtdk:nts o( topic:~ I anti'6<'borthd tl. 
}. lk.-cril'll: ~11~ 11:51: \>f ti.Jl)i<:;.~l <•ruirnn·hl;(.,~. 
4. £)!plain the usc of f:\tl\ :lcld S"fll)lemcm.-.. 
5. El<rl-ain the usc of as.tringcm:s. 
6. Explain th<: u~ of skin anti,!('p.fks. 
7. Exhibit a Mk un<k·~uAo;.ling of W(\tmc.l l~H.nJ:. 

8. l~ribt the u.<.e .l UJt)kal v."Our'd ,ln~~.<imf!~. 
9. Discuss fhe usc •>f irritant$. 

Copy nghteo r 1tenal 
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EY TERMS 
ANGIOCfNESIS The devebpment of blood vessels. 
AsTRINGENT An agent that causes COt'Tirocbon after 

application to tissue. 
CALWS Hypertrophy of the horny layer of the ePder· 

mis in a localized area as a re5IJl ol l)fessure or 
friaion. 

COLLAGEN A fibn;i4.1$ substance found in skin, 
tendon, bene. cartilage, and all other connectfve 
ossues. 

COMEDO {PL COMEDONES) A plug of keratil and 
sebum within a hair follicle of the skn 

DERMATITIS lnflammmion of the $l:in. 
ERYTHEMA Redness or the skin caused by <onges· 

tion of the (.i)p&lries. 
ExUDATION leakage of Auid, cellS. Of celular debris 

from blood vessels and their deposition in 01 on 
the tissue. 

GRANULATION TISSUE New tissue f0fl1'1Ed in the 
heaing of wounds of the soft tissue. COI"'SSsting of 
<onne<'tive tissue eels and ingrown young vessels; 
it uttimatety forms a scar. 

INTRODUCTION 

Dc:rmnt(.l(ogk conditions tJJC' (rcqu~.·ndy $CC'n in 

\'('tcrin;u-y pf<l('tin·. f ro>m <:Ctoptlr<~Jitk rroblc:m~ 

t(l o•llerg-i~~. vererm;ln:lrh :lre Cllr\tinu~l ly ccamh:)l• 

mg comp1.mion animal skin problems. !\s ~' \'Ct· 
.:rinury t~.xhni<ian. rhi.s is ,me: nre<l in which your 
('Xptrtil"t will b(' U$~ h:cau~e dknt.s will a:;k 
1n~ny •lll<::;ti ,)n:; :'b<>~•l :;h:~lllJ'II)<*, '''{~ . (;l)m.l ili~m· 
en>. so::tL:s. lmlons. crc::.m,., Ointment,., spr.lys, and 
~>wders, Eac.h o( these products m::~y be Ul>\_-d h) 

n eat a full $.p«tTum <..\( dermatok,gic probletM 
(rmn ~ra~i t<::i tv pp;~dc:rma. Pt•l kntll <~r..- oft<:n 
l'te:-c:m..:.l fur ~xa•lllf'l:)ll(r!l n( :l :;kn~ ,!i.>;t::l~e wh~n 

in re::t}iry rhey haw an underly•ns: systemic 
illness. Veterinarians use various Jiagn~tic pro· 
c:..xiures (e.~ .• .skm 11cr:•pings, ulll'fl,')' t..-..stin.g, 
<.knn~tliJ'h)'tl! te•u~} I<• ~.kt~rmine 1he (;<lu.-..; ul 
sl:1n d.~sc. Technld~los plav a \' lt~ll role by 
obwining :!1 C\>mplet<' history, knowing how to 
per(orm the di O~'JlO!itic.: r roc<dures U$Cd in t'l de r• 
m<~Wk•g• t.: w•nkup. <tnd J'f'J\' idtni! dknt eJucatinn. 

INTEGUMENTARY SYSTEM Pertaining to, or ~ 
posed of, skln. 

KERATOLYTIC An agent that prom:Y!e$ loosening or 
separation of the homy layer of the epidermis. 

KERATOPLASTIC All a~ that promotes no1m~llul~ 
tion of the development of ~ratin, 

PRURITUS ltdling. 
PYODERMA Any skin disease charaaerized by the 

presence or fotmation of pus. 
SEBOIUtHEA An increase in scaling of the skin; se-

lx.m production may or may not be inaeased. 
SEBORRHEA 0LE05A COndition characterized by 

scaling and eccess lipid production that forms 
brownish yellow dumps. >Mlich adhere to the hair 
and sld'n. 

SEBOR:ti:HEA SICCA Characterized by dfy skin and 
white to 'If~ scales tha1 do not adhere to the hair 

"' skin. 
SEBORRHEIC DERMATtltS An inflammatory tyJ)4! 

of sebOCThea <haraaerized by scaling and 
greasiness. 

C llen1 ~dm::arlon 1S e..i:oet)hal whc'' $I: In JtM>~H~ 
is tre;ut-.J bec:tusc diems mu~t undcrswnd 
the purpose of m .. -dinnion.s and how t hl'Y are 
properly u~<:J. 

ANATOMY AND PHVSIOLOGY 

Th!! ~l.:m i~ ~' Jl<lrt \,(the: int~unu~n~•ry iloy~tem 
:1nJ <'-•m~rlrurc~ t he. br.:esr Ot1:;l•' 10 t he b.'>dr. h •~ 
made ur of three l:wcrs (figure I l-l) ::~nJ scr\•es 
muhipll• function.s . It providell a barrier ~"tlin.st 
th..- out,id..- world hy pre\'<:ntin~ <:ntr~· IJ( pathcJ .. 
f:..:l'uc nuC-n~<)rl!ani.itlu :m.l bv " ''"t:<:IIO)! :lj!:lin:;l 

physic.'! I and chcmic:cl) inruhs. lrscnse~ heat, cold. 
pain. touch, pressure, ~md other :;.,_•ns.uions like 
pru ritu$ 1md hd~ t{• r('gulatl" body t('ftlper.mm."' 
l hJlMI~h uu;c;h:.lni~nH rd:.lte-..1 IV ~ul:\m"l"* bl•'l"J 
fl ow, swt:~rln~. and Lhe h:~ l rco::u . The :.\:in pl::~y:. a 
h'>lc: in immun,>logic d('(cnse through t he actions 
o ( Lal\.&>erhans (d<"nJritk o r i\1\t igen•presemin.g) 
cc:lb nnd k<.:n•tiniJ(;)'tl!l!. prnduc<.::o viuumn 0; fwm 
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f iC\IRE lH 

Epi&!rmis 

ttypo00'1111S 

Surxutaneous .. , 
Sd'lem.tloe repteset~""l(ll'l olltte $b1 brt•'S of nc.mal <..'lfl•ne ~1\. 

precurK~rs in the. skin. and acts as a r<:ser\'oir for 
elecuvlyt<:$ and vth<:r iiu~t<ln<:e$. Thi-: <'>r.!,'<ln lll<'IY 
a~ phw a llmiiOO ttlli! ul the excrctli)tl ()( !Klme 
substances fmm the body. 

The threl• primary layers of the $kin arc the: 
ep-idennis, the dermis IJT oorium, a.nd the h~·po• 
dermi~ <lr ~ubc-ut'~ (:lll!v ~lied 1he Jxlntlkulu..s). 
The Jcrmts provides moo( of the thickness ol the 
skin. The epidermis is made: up o{ kenninoqtes, 
mdanocytes. LanJ,.>erhan,s cells. and Merkd <:<II$ 
(Y~tpht , 2004 ). The tpitlennt$ i.s .::vmpri!ied vf h,·oe; 
dlsfln.::r lavers. Thes.e kwers :ue the bas:ll (deep· 
c:.$.t). spinous. srnnubr. d~r. and homyf,:~')mili .. -<1 
{surl·rficial) la\'C:N. Epidl•rmal <-elb an· rerlen• 
1~hed in the b.-.'O~I I1:1yer and are pw:hed outward by 
newly fMnling l:~ye rs. A$ 1hese cells rt!<lCh • he 
surfact-, they are rlanened anJ harJcned to r~)rm ~l 

protective burrier It nonnally mhs 21 to 22 days, 
for cell$ w reach th(' o-Ut('r h•yeJ; thi$ proceS!- i$ 
e;:. lled the eJ.Ndl:nnal rurnQt-er f4IIC! . Tlte ~<:pidtnnal 
rumover r:ue may he spced~d up tn some dlseas.e 
processes. Continunl sh .. -dding ~)f 1hese cells is 
cl\lled dc..squ{lmCJtion. When the proc~s become'$ 
ex<:e..,~ive. settl!! Or dt•n<lru« i ~ .sec:n. The tri•lenni< 

include::> a population of normal mkroorgani~ms 
th~t help t~~ pu:v<:nt ~lV(:lpi)Wlh I)( r~lth(JI;!CIII¢ 
m JCtOtlrwantsms. 

The dermis m corium is locnreJ JirC<dy be· 
ncmh dll• epidennis and is Sl"paratcd from nnd 
ano•c;.hed to it by the ba~ement mc:mbmne. The 
derlll1~ l$ :\ thid: l:)yer I h :111 Cl)nlpriS~$ COJI :l~rt:n fl~ 
hers. blo..'XI w~ls. nervt-s, h•mph:nics. nnd mhtr 
structures wch M hair follicles, sebnccous gland.s. 
and ,su.·('.IU gland$. Sebaceous glands art' found 
1hrwghl)4.1t htt1red 3l:in, <tn•l their duet$ empty 
lnro h:lh .sh:.lfts. One type 1)f swear Kland (eccrine) 
is r~)und only in (o.,')tpads nnd mny piny a role in 
bod\· cempc:roture regulation. Th(' dermis gi\'eS 
stability <~ncl i:lc:xibility tv thc skin and <•Cts to 
mault:litt attd te~llr the ~ku't. 

The hypoJennis is 1he ~J't'~r laye·r of tht- skin. 
It i.:i made up of fat and connective tis-sue. h.s fun<:
tioru arc to- provide l'l•dding and in~ula.rion <t.nd to 
l)erve :)S :~~n energy st,•n:. 

The d:tn pmduc.~s ha.lr :lnd oth er l::er.mni-:ed 
struc.rures like nail. hom, nasal (Mds. anJ footpads. 
Hair sro~ from follide.s found in the dermis. In 
cvntrtl.S't tv humans, who htwe <)nl! h::.ir per (,JIJiclc:. 
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dob~ nnd cats ha\'e muhipl~· hain per follicle, In· 
dividu;;~ l hair ((lllides ha\'C rusociat<:d glandular 
~Ml•¢tl•r~ (:;e.e ~nfier) '''"' ;•n:ctvr ptli mtt~cl~ 
thm m~ r~spoos1ble for plloerealon (hair Slandlnt: 
on end). T he h.air follicle is frequently invoh•<'J i.n 
blct<rial, fu.nboal, 1md .:kmodcc:tk infections. If a 
hair ((lllide l(>.'!c:S the hair and hC(;._.mes plugged 
wi1h .>ebac.~•)U$ s..:cteri,)I\S an .. ! ker:uu'l, a co.nedo 
(bl.aclchwJ) results. There :1.re duee stagel> <'>r 
phas~ of hair growth called onagrn (growth), tdo~ 
gcn (re~). and C<tttlg('ll (intcrmcdiutc). H:•ir ~'10W~ 
until it n:a.::l\~ a J'~de•~rmined li:tWth, en•~r.s a 
restll\i: ph:'lse, Md then Is sh~d. Th~ hail c.ycle Is 
oomro\1~-d by dny·night l<'ngth (photoperiod), en· 
vi.ronmental temperutu.re, honnones, and nutri• 
titm~l $t;•tus. Generol illne~~. :skin di.s<>rdc;r$, poor 
t'luttlrion, (Werb:'ll hint:. and :.tte~ :'It~ condlriMIS 
th~u m:.l~' result in exttssive shedding:. 

Kc-ratoll•tics and keratoplasties arc known Man· 
ti.sd:orrheic dru~. The;sc drugs arc most often 
fwnd m .-ne~.licon~l sham~-..1$ and art <\\'<•Hable in 
wmbtnatlonSc. 1M)If' 11· 1 compares ptoJucu and 
their uses. 

Sulfur 
Sulfur i$ C(l(tlm•)nl '{ f()unJ u'l ,Jl:'lnl!)•)(\5. and i, :.l i ~K• 
:'lvatlable in ,)intmellls. It il> nonmhating, O\)tl· 

staining. nnJ safe for CtllS. Primnrily. it is kcrah)· 
h·tic and kennopht..stic. It i.s ah(l antipruritic., anti• 
b:'ct<:-n;\1. :'l nt if\ln~~l. ;ut<.ll\ntip<lr.l.$tde. It i$ a mild 
(ollkular llushtr but IS not de!i[re:lstnJit. 

Clicn1 education consists of making sure th<' di· 
l'nt und«.stands the- impoTUtnce of lathering the 
~n\f'OI) well ~lll.l kttin~ it (the lather) stay ~m the 
~··lt l'l\xJ)' (n .• at lea.,t 5 h) 10 minuh'S bd'(lrl! tu'ISitlJ!. 
J.n this manner, the me.licui011 in these shamp,'lo.'>S 
hns a greater tht'1'apeutic cftect, Tcch.nidMs can 
bring thJ.S to the clit:nt'>l <attention m~t notably by 
;-..h·i~iJ'~ the t•S.: vf a timtr $et (VI a ') • t(l 10-nllnt•tt 
time span. 

Clini<<~l U$C:$ 
Sutfur ~· u.~l t(J tT~t seborrhea l!icc;,, 

Dos<Q:e F.onm 
I. S<lx•l.yt Shampoo 
2. Ntt$ai-T $h;'lll(.'(x' 
3. Scbo.)lux Sh:'ltnpoo 
4. Allcrscb-T Shnmf)\'>0 

AduerJc Sid~: Effects 
The~ u1clude lncal ttrit:'llt(~o~l. whtch teltuhSc (rom 

cxccs..itve and prolon~ed nc1Umcnt. Sulfur is Oo)t 
T~"Commended for routint' bathing. 

r~~Notw-
1. Products that contam sulfur are not recom

mended for rout~nc ~thtng. 
2.. Manufacturer·s <lf mOS1 produas reooromend al· 

lowil'\g the shampoo to remain on the coot for 
5 to 10 minu1es before nnsing. Before using thts 
0 1 ~ny other ther4peutiC shi:lmpoo on \'el)' d1rty 

pel$.. rt is best to b..~the them firs.t in il good 
deanstng type of shampoo and rinse '/\'ell Then,. 
the ~peut1c shampoo {sulfur Of other) is ap· 
plied. In this manl'lel'. the sulfur does not need to 
<:ompete mth dirt grease, or p.:lrasi'les to pene
trate to the skin to do its pb. 

Solicylic Acid 
Salicylic acid is a common ingn-dknt that i.s found 
in m~ny ~nti:>ehorrhcic ("f'Oducts. It i:~ nonitTitating, 
nQilSt:'linin~, :lfld S:lfe ("' C:ll$. II i ~ ptiu\o'lnl)' ker.uv
pbstk, but It :'lis..) lws k~nuol~·tk, alltlprumk, and 
nmibacteri~l properties. 

C.linic:aJ U$C$ 

The!ie toclude !t.'l Co)tnbtn:'lftt)ll '>l.'tdl .sul(ut to uc:~t 
seborrhea sicca. It als,) may be uscJ to treat hyper· 
kt'1'atotic skin disord~·u, such a.s oal1Ul~C5, thickcll<'d 
foolpaJ,, and planum na~a l .:;:. It i ~ <an ingn:dient tn 
tfl.."lny (.tk: pre!);lr:ulno$. 

Dos<Q:e F.onm 
I. Sebal}•t Slmmpoo 
2. ~·l«!rv Pe;\rh .~dV«nUato:: $eha-M(l~l Sh.ampv<) 
3. K('f':'l..~h· Gel 

Ad utr$e S«k Eff~cu 
Ad\'efl!c: .side eff.,;_t( are un<:Qmm.:m. 
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Table 11-1 Common Skin bisorder.~ With S uf:l,lesred "rrearmenu and Various J)roduets Availab1e 

Sillkytic Coal Ben.zoyl Therapeutic 
OlJ.ease SuHur Add Tllr Peroxide Ch:lorheddine Hydrocortisone Products 

Seboahea ,/ ,/ Sebatyt Shampoo 
*<> Sebolux Shompoo 

Allerseb-T Shampoo 
Seboahea ,/ Ly!ot Shompoo 

oleosa Pyoben Shampoo 
Sulf/ChyO.. 

Shampoo 
Hot spots ,/ ,/ Chlo1H~ Sh<lmpoo 

Pyoben Cel 
Gentoon Topie;,l 

Sptay 
$ijnl()ld ,/ O.<yO.. Gel 

dermatitiS P','Oben Gel 
Dc<!p ,/ Pyobcn Shllmpoo 

P>«iem>• Sulf/O.<yO.. 
Shampoo 

System.c 
antibi(){ics 

SuperfiCial Pyoben Shampoo 
pustular ChyO.. Shampoo 
detmatlllS Sulf/OxyDex 

Shompoo 
Superfteial ,/ ChlorHex 

folbrulrbs Shampoo 
Pyoben Shampoo 
Sulf/O.<yO.. 

Shampoo 
I>J.OP'f/ ,/ ,/ ,/ Micro Peatls 

<tiler giG Advanw-ge 
contact Seba·Moisl 
dermat•llS Mo.stunzulg 

Shampoo 
Denn.aCooi·HC 

Spr4y 
SchMutef ,/ Micro Peatls 

comedo Advanw-ge 
syndrome Benzoyt Plus 

Shampoo 
0><10ex 

Shampoo 
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T~J-Not!w 
Products that contain saliqik acid as ~n aaive in· 
gredien.c are not recommended fot routine bathing. 

Coal Tar 
Coal tar is potcmially irri tating and may stain 
WIUC: l ight·<:~ll orc-d h;~ir<.:O<It$. It j.; pr-imarily k..- rt•• 
t()lyth! :~nd ker:.\t(lpl:l$tic ;uul i$ mildly .1-egr~;ts.h\g. 

The r-efining rroccss used r..) rroduce coal tar.solu· 
t ions helps to J.._-crcas~· th.: swining effect, strong 
odor, a nd pott"ntia l ~an:inogt"nic c:ffec:.t. 

Clinical U!e! 

Coal t;u is used t o) treat scborrttca sic~. 

DQSag~" F(tTm$ 
I. LyT.'l.r Sh:unpoo 
2. l yT.·u Thcr.lpcutic Spray 
3. Mycodcx T:.u and Sulfur Shampoo 

• <\dl.<er.f.: Side E/lt:e.b 
T hese lndu:Je h')Xtdt~· !1\ c:ns. 

T~J-Not!w 
I. Products that cOntWI coall4r should not be ~ 

00 GatS. 
z. Manuf<taurers of m0$1 products recommend 

allo\v1ng the shampoo to remain on the hi!itcoat 
for 5 to I 0 mii'\Utes before nns:ng. 

Benzoyl Peroxide 
lkn:o~·l J'i::n>.xi·de t.s J'rilll:'!Jily ker.lt.:1lyue, <lntipm• 
rltte, follkular ltushu)£, :lf'ld dejlrea~ln!i,:. lr Is :'l(so 
antibacreri..'ll. 

Ctini.cul U$eJ 
~~~(,.1 p!n)xklt! il) ~ t(l 1reat s.eb<m+.en 
oleosa, hot spoo;, skmtOIJ derotatids, Jeep p~'Odcnna, 
superficial pUS.ful.ar Jcrma.titis . .surcrficial folliculitis, 
$Ch.nauzc:r ooroedo ~pulrome, tail gbnd hypelf!las.ia, 
.-nJ ~lliJ C)•(. 

DosQge. Forms 
1. Oxyl1c-lt Gd and Shampoo 
2. Mi<:ro P~ul.1 Btn;o:J)'l Plus SJU4m('tJr> 

3, Pyobcn Gel and Shampoo 
4. Sulf/O:wlft:x Shamro(l 

Adverse Side Ef{ecu 
These include hypcrscns.itiviry in some hum:oms. 

T~.~-Nonw 
1. Manuf&eturers of most products rerommend 

it!l~ng the shampoo to remain on (he h.:lirc~t 
for S to 10 minutes befo•e nosing. 

2.. Benzoyl perox1de is safe for c.1ts. 
3. BenWyl peto)(ide may bleach <:Oioted fabric:s. 

Selenium Sulfide 
Selenium .wiJid~ i ~ rriina.rily kerowl)·t i<;. ker.Hl'V 
pb:.tlc, a.nJ deiefe:l.iiOK. If is :'I I~' ;)llflfulli!'JI. 

C~nia•l U$ts 
Sd..-niuro ~-ullide l$ u.sod to t~at dry ec:ema and 
seborrhea . 

Dos~e F.omu 
I. Sel(!en P'lu.s MedicatC'd Shamp<W 
2. Sdsun 6 ll•e Shamp\)() U\lml(ll) l~bel) 
J. Sel!'.uo S h:'lnll)llt) (human l:lho-.1) 

Adcc:r~c. Si(k E/fecu 
Th~ include f'l'sHhl..- rm;h or i.rri tation l!lft<r u-se. 

T~vNonw 
1. SeJe:nium $1.11fide e<~n be irritilfing ;,nd may s!<lin. 
2.. Do not use selenium sulfide on cats. 
3. M4nufbetUrcrs of most products recommend 

allowing the shampoo to remain on the haircwt 
foe'$ to 10 minutes before rinsing. 

4. Human label products tend to be less irritating 
and teod to stain less, 

These rroducts may be used in OOths or nppllcd 
with comprcS$<'~. Th<y po~s.s a numb<:r o( USC'~ in 
vetcrin~ry medi¢10(:$. 



Z 16 APPLIEI> PHARMr\COI.O(W fQR VETERINARY TECHNICIANS 

Aluminum Acetate 
Aluminum ll~etllte (Buww'.s :~olutKm (USP)) is cl.ry
nl$!. :lStringt:nL, and mildly ;.)nti$eptic:. 

cr.~nical u~es 

Aluminum acetate is US('d in cool water soob to 
prevent e ""u d.•tion th~t mi1y result (rom inJiamm .. , 
ti•)l\ :.wu.-1 II) relieve atchin~. 

Dos«gt. Fom1s 
I. Domcboro powder 
2. IA•mebvrv tahle•s 

Adt.>erse Side Effects 
Advem side effecu are uncommon. 

T~¥Not'eq-
Orlc! pid of pottder or one iablet 1S mt«:d mth 1h to 
1 L of wa1er. 

Magne$ium Sulfate 
Magr~lll ftl <il.ll~te ~~ mixe(l with wat.,.r ,,~ pr(~~.lvce 
a n11ldly hVJ"!l'tol\k St'llul tOO ((11 wet dro!iMI\jei. 

Clinic<~l U:~e:~ 

\Vet cl.""$$i~ th<•t (Ontain mflgnesium :~ulff!tc: .. re 
u.~ h ) dehydr:Ut: (K "'tlr:.w" w:uer fr(IO\ tl.l.-,u~. 

Dos«go~". Fonn 
Ep~m Salt$ 

M-er.te Slde F:ffel'ts 
Adverse sklc effects arc unc<tmmon, 

T~¥Noi%-
To prodtJCe a l:6$ soltJ.t.ion,. mix 1 1bsp ot magne· 
sium sulfate with I L o l watef'. 

Both Oils 
&th (>ils may b<: usN 10 manage $C:bo.">rrhca .!oicca hy 
normalizing kerntinioation. Th~e ma)' be: awlied tt$ 

~~y.s Of d•lut~ ami u~,.d ;·L~ 11 hath ri ru;e. Tht!v 

C\')IHllin ingredients 5Uch a.s .!-odium laclate, lanolin, 
and mi.ner.•l oiL 

CU,dcaJ Uses 
Barh ~">ils ;;are u~d in rhc tn-ntment <ti dry skin and 
hair<.:t\o1t. 

l.Al$Clg\" F(mrU 

I. llyLYt et~1 Bath OiVCo;u Condiuoocr 
2. Alplw Kcri Therapeutic Bath Oil (human labd) 
J, Humilac: 

Aclt~se Slde Ef{~cu 
Adverse .!-ide e((l'<ts arc un~~">mm,">n, 

T~¥Not%-
1. ExctsSI\'C U'Sot m<'kcS the hi)IICOll1 greasy <1nd 

<auses it to collect dirt 
2. Humitac IS an oil-free humect.lnt that does not 

cause the ha1rcoot to become &f<'!olSy. 

Nonsteroidal AntiproritJcs 
h">pic:tl antirnuitics provide only tcmpor:~ry rt>lic( 
oi itc:hing. They arc ohl·n u.s.:d in wnjuncrion with 
ll)~t~:mk or topi<.:ttl <.:onioo~l..-roids or s~temic anti~ 

hi$t::tminc:~. Colloi.J:~ I ._,.,t.,,e:.l p.rvv..Jes a S..)l.\J)un~ 
t>ff.xr anJ m.ny be be.nt>li.dal for a tCw hours lO da~'S. 
Pramoxine HCI i.s als,"> used topically :u a palliative 
tr<:atll)C"I\t for it<.:hing. The$ pro:.xluca provide &~fc 
:~nd .:~(ten elT~.::tivt t~lt~rnam·t$ tl) ¢1)rti¢(lllt~rvi•l$. 

CUnical Uses 
Topical antipru.ritics ar<: u17ed to provi.;k relici of 
itt.:hin.g ditu::..-mf~Jft, 

Dosage forms 
I, f.ri·Soothc Shampoo 
2. Eri•S(Iothc Bath Tr~•tment 

}, ltdie( Sh<'lmJ'i)(' 
4. Relic( Sprn~· 
5. Relici Lotion 
6. R<>;sQOTHE 
7. Hi.«<<¢<1\m 
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8. R~'$iHIST 
9. R<.;PROX 

Adt.<eT.te Side £fleers 
.Adverse side cffec~ arc uncommon. 

Topical Corticosteroids 
Tupic:•l O.)tiiO.)M<erf~ldS; provid~ r~lief (1\)m itc.h · 
10~. burning. a nd inll:•mm:nion. They :ue ~)fren 
combined with other ingrc:Jicnts, such as amimi· 
crobial aJ.>eRt$ und l...String.:nt:s. H~·droc.orti.son<, 

cri~n•dnol<:~ne, t1uocin<)lvn~. ~.n,t bet:)f!H!th~$0nt: 
are crutlcO!iterolds th:u art common)~· used In 
topical preparot i,)ns, These stcroiJs Jiffcr in their 
potcnc}' and duration of action. 

Clinical Use!! 
They rue \6eJ in the uemntnt of inBammation nnd 
pruritw; a5$0Giatcd with coodirioru S..l(h as moist 
dcnnat..x;i.s (hot .l'poo;) and allcrgk dcnu~riti$. 

0ol.Sllg"e Fontu 
I . Gcnr(x:in Topicnl Sprny 
l . D<•maCooi·HC 
3. V~t;)log Cream 
4. BemnW>th."lSt)lh~ dlprt'l'fll()n;ue (Oipr<IS()n~ Olp· 

mlenc) 
5. Auocinolom• ac~·ton i<k• crc.oarn 
6. Genc:~is 

Adt<eTse Side Effuu 
:'\dvcrsc side effects are uncommon. 

Ami.ngenu ha\'C very litde p.:nctration and act to 
pt'ociritiHe prvteiru. The}' nu1}' be u:;c;:J alone or 
!Xllnbin ~tcl with <lther ingn:d i~nts. l hnnk: :Jcid, il)· 
dine, ak~)hol, :md rhen~)l arc common <'lming.em.s 
us.t..J in wrcrinnry medic in e. 

Clinked U.~t:l' 
These Include rhe ll\":ltmem a( nl<l~l dcnnatllls In 
dogs ::~nd cats nnd weeping skin wounJs in l nt~'l(: 

animnts. They 1\lso are u.scd 10 tm~ghcn the foot('lllds 
of dO.!,'lS· 

Dos<Q:t F-onm 
I. Tani50l 
2. T:.lrun,(iel 
3. Sunlsol 

Adeem•; Si(k. E/ft:cU 
Astri~ent$ m~y C::l:IU~ irritatio-n. 

Antiseptics for the Ski 

Ant i!itllliQ inlnbil the ~'f()wtl• (JriX.t.rc:ria and ;m~ 
found II\ m:uw derm:uol~ic prep3r.mon!<. T hey arc 
u~d in the d~nsing and tremmcnt ~.,(wounds and 
may be found in products such as .!\lfgictJI .Krubs 
ami sh~mp\l(t!. 

Alcohols 
Alcohols nre 00cterkid.111, nstringl•nt, cooling, and 
rubd'ucknt. 

Do.tttge Fornu 
I. 70% ethyl nlcoh~)t 

2. 70% 10 90% isopropyl alcohol 

Adt<-eue SUe Ef{eeu 
Alo.)hols may cnust irrir:uion of dcnuJed ~kin 
surfuccs. 

Propylene Glycol 
Propylctli.! ~~~·col is :mdbaacrbl :mJ antiful\g.ll. 
Conccnuations r;re;ner thnn SO% n.r.: keratolytic 
Propylene. glycol 1$. prim<uil}· used as a Ktl\'ent nnd 
a vth1c:k ((Yr (Jther drl•gs. 

Dos~e Fonn.s 
I. Pron'lene gl~·col 
2. Toptt.-al r~tp~nnivn$ 

Aclvetse Sid~ IZffucs 
Erythema can re~ult when propylene gl~·col con· 
c;entratioru gre~tt.:r tlum 50% Ul"(' uS<:J. 

Chlorhexldine 
Ch\orhcx-iJinc is hactctki .. b l. fungicidal. nod cf(~.--c· 
ti\'e ll~,'airut many viru5es. It is nonirritating, i.s 
not ~ft"ecte~.l b)· r~i~.: (l~t.ri..~ tt.nd i.s ~(e fOr ,,:u~ 
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Concenoatioos of 0.5% h') 2% may be founJ in 
fomt$ such M sham}XIOIS. ointm<:nt:s, ~rgkal .Krubs, 

~rml ~~~11 h.~t\$. 

DosQgt: Fonn.s 
1. ChlorhexiOcrm Mn:<imum Shampoo 
2. Nvl~iln Antistpti¢ OintlnC"nt 
3. R.,.CHLOR 
4. KcroChlo)l 

A~f~..:r.,..: Side Effect$ 
AJver:;e $tde eiT«r.$ are ur\.::l)(rlmon. 

Ac.etic Acid 
Acetic acid may be- found in many otic prc:rarn• 
ti<m:s. It 1$ tlfe..:t ive <~gai.n$t l!\l pt:r6¢i<41 P~nljn(lf 
.spp infer.::ttOr\S; ~)f the ~In :.lod ear.;. 

DosQgt. Fomu 
I. Frc:sh·~r 
Z. C le;•r,. E~n Cle:.lrl~ing Svlul ivn :•r\C"I Oryirlg 

Solunoo 

Alk..:r.,.(; Sidt Effccu 
A(lver~ $tdc; eA't..:~ a,rc; unt:tJfllftl<)ll. 

Iodine 
Iodin.: is bactericidal. fungicidal, viruc:idal. and 
"{''ricidal. It m.-y lx- f~)\lnd in ~ltlf'OO$, ~gtc.~l 

~rub$, .wrg~l J)f'el)<lr.l t t(ln~. (1/rll me:n~. :.lnd 
srr.lys. 

Do.sagt Fonn$ 
I. lvdme TinC.Hrre 
2. LuK'l1's Soluri;)ll 
3. BewJinc 
4. Xcnodinc Spray 

Ad~o-IT.J~ Side £flecL<s 
Jodm.: can be irritaring :tnd ~nsiu!ing. csp<:ciallv 
in cats. Man producrs stain. 

T~J--Not%-
1. POOOone-iodine is nonstaining. 
2. Xenodine IS not as writating a!> other iodines. 

Benzalkonium Chloride 
Btmalkonium <:h]oridc 15. antifungal and antibactc: .. 
nal hvt ill 1\VI ef(e..:th·e: ''~i n:ll PseudomVfltU :-l,P· 
So:lJ' :tnd other ;.)Jljl)llic COOlp!luOdi lll:l.(.II\':UC lt. 

Dosage Fonrt$ 
I. Toptt:a.l wound ilpray 
1. Mff.S:.ln Crearn 
3. i):omt:l.:idc 

Adver$C Side Eff~ct$ 
T"l(i.::ify ~\ (X!Cur in ~~lf$. 

T~J--Not%-
This produa is not approved tor use in food
producing al'llmclls 01 in animals intended follood. 

WOUND HEALING 

A VA')unJ is uc:atcd when an insult_.-ither rurpo:;c.-.. 
fu l. such It! $UI'

0
-cry, Of inci.Jental, s.~ch as mluma

dh11.1pts tlte rn)nmll mt~ity o( th¢ ti.$.•4u: (Mc.Cun\ln 
.,r...~ fl1~rr. 2002). Nomt;.ll w(luod hi':allnx c:m ~ 
Jivid~-d into tOur s~ocs.: inJbmm~tion, Jcbr~cmcm. 
rt-pair, anJ maturotion. Hoo,~.•t·v~-r. tnC4'l' than one 
plw:<: of woond h ... ~~lil"(g U$U~IIy ts oco.rrring ort lillY 
huM': (MeCum in :)n,l ~);~;.en , 10.16). Tl~ inilan\rna.
wry pha...;c usually ~Ins with hcmorrh:lJ,.'\" and is 
limited by veSSt'l cononction anJ c,1ru;rrinion. Serum 
le1tkage i.nto the: "round depmits hbrinos,.'C"n and othe-r 
¢l•)tting d.,;ments, Lo'l(t:f, th'* :<n.ml pn;)\'ide:< em:ymes. 
prllff'ins. :uuibodt.:s, and CI)O'I.plf'm c m. The debud& 
mc:nt pha..;c b~n$ nOOut 6 h,'>Urs afrer inJUf)' .-.od is 
facilitated by the appearance of neutrophil$ and 
monocytc:~ that migr~tc: to the wound. N..-utrvphib 
ph:.lKOC-)'I I:le haa~ti:) :tll.l 1h l:ll die.. Mo)OiiCY1e:; he~ 

come m'llCI\'lf\IUges 3lll1 ph•lgoc_}'ti!C IWC.rutic dcbns. 
The Tl'fltlir ph:u;c- is marh-d by the formation of a 
hlood dot anJ ~ uli\lally ucti\•e hy J to 5 day,s fOSl" 

inwry. f)vrir'.(! 1he fl!J~;lir ~\;\\t, tilm>l'l<l:-ll! J'n.rduce 
colbs:erl and ,)(her .:omwcuve tissue pn)te:ins. Capll
l$riCS in6frnuc: £he wound tO prm•i.k b(ocxJ SUPf'l)' 

and OX}'&~n. This process tOnns granuhnion t~ue. 

Epith<:livl oell< f'TIJhk:mt<: ~rlt<lfh the; $Cirh, <nl d~c; 
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wound b.·-gins. to coounct. Th~ ltUltur..uion phar.c i$ 

th(' ('nd of wound ht"aling and is a rcriod ol remodel· 
n~. Omnl(! tl. i$ t imt, d1e WlMJild ~l)ll~liJatt.,) ~u'l(l 
!>tr~lli:th~ns. M:~oy(:k'.t<'~conulbure [l.)J"fO~r .,.,'<lund 
hc~ling. These i.nd udc ~Dent fncoo~ (e.g., the S.!,"<' of 
tfl(' pt\timt, nutritional $UINS, ~. em·ironmcnt, nnd 
g<:oer.d ht..-lth); w •JUJ'I(I la.<:tv,_i.ndudu~ ww nd 
M:)r.~tetis• i01 (i.e.. COIU:lmlo:ue..l w<•un..k ve~Ui 
OOI\CI.'liOtamm-ntcd wound~)~ c:-ncroal tilch'l«'S k.g., 
rcmpcnnu~ ~.!.oulatioo li.~· .. hlnJI!f;d ): whctht."f or 
not Ia\·~~ is 1'\'rformt'd; tU'Id how th(' ~d i$ clo:<d 
(e.£., priln;)ry, :<tX•nd.:•ry). A vt1et"il\:.lri;ln ulu~l <:On• 
~lder all th~ f:te.tors whl"n lkremllo mg I""""' let rreat 
a woond anJ anticif\'lting how wdl it ~A'iU h~l. 

Topical Wound Dressings 

The.- treatment of wounds may invol\'~ $)'!H'1tlic 

th('ropy, kmdl\g<:S, wpkal m('(fi.c:atiQn:;. or" com hi· 
1¥ 11i(lll (lf U~llllll~l\1 $. T<opk'<l l dre.,~n~ ;_)re cvm• 
m,'lnh' u!('d In the uc-.mn~m o( woun..l.;. These 
wound J rC$-Sillg:S nrc ;wailttblc a~ ointmentS, .so,')lu· 
tion.s, gd .s, creams, lotion.s, spra)'.$, powcleN. and 
d rt$-.'Oing: 3h'*u· The typt. <.,( drc...-si •~ and th~¢ lent:th 
,'1( 1hempy :1re ..k>pet~d('ot 1).0 the r re\'u'lusly men· 
ti,')n<:d f.Kretrs that rufcn wound h~aling. Pm exam· 
pic, a dcglo\'ing injul)' will tak~ wc~·k.s to months for 
oornrl<'t< 1-M:~Ii~ tQ ~. who:::rws <' ~m<J.Il ~br~ion 

I'll:\'{ heal in a few d::.)'~ 

Healing Stimulators 
Some: dr<:$Sin.gs stimul<•tc tht' acth·itic:! of woond 
h~1 l ing. Thtiit. p r<),l\tCt$ m1\y be \l:;ed 1)11 ~impl t. 

wout\ds or m:ly be mou hclpful durlnw 1he !mer 
sug~"S o( large wound healing. when less e.l<uJ:ue is 
produced. Some produc:ts ma\· be used alone or in 
oomh.nati•m with other pmJuct"· Dero:;:nding (m 

t:hot w(lur\d, ;) b:uW:J~e m:))' be apr hed. J.bny 
tim~. a b;md.llge is npplieJ ro keep a wound w:.um 
becaus~· warmth advances th~ healing process. 
Acl\'anc~ in produ<.:U tlu•t Mirouh1te hc:aling in• 
d t•dt the: ;:,Jdhion <•f pnxlv~t$ th t~ t <:vmain ;\Ct.• 
man nan or bovl1\c c.ollaKCI\. :\cemat\nal\ ptOn\O(eJ 
6bh')b1Mt prolifcr~tioo, Cl')IL:t.gcn J cp:l!oitil'm, an
giogeM.si'S, nnd epithelialirotion. ProdtKt.s that 
•.Xmti•in b~wmc CIJLI <Jgen al~ pTrJlllr>te 6bwbl..-st 

prolifcrtn ion and Cl'>llngcn J~·po;!oi tion (Swaim and 
GillC"ttc.". 1998). 

Oo.t((,lle F~mn' 
I. Scarlet Oil 
2. Z.inc Oxicl<' 
J. Cl:IITtlvet \Voond Dre..~ing 
4. Bu·,u res 
5. Coll3m~nd 

Adver$1! Side E/f~ct$ 
A(tv~r.;e .)ide tff~.) :.lrt unwmu,vn. 

T~~Not%-
1. It is very important to follo\v manutactlJrer recom

mendatiOnS ·~llrd•ng ~pphca1ion frequency. 
2.. Keep bdndages dl)• and dean. 
3. Some ptoducts m<~y not be suitable lOt deep or 

puncture wounds. 

wound Cleansers 
w~">lmd dc·,lnscrs are us...J during th~ L1~MJ..._. oi 
wo unds in an df'on to n:tno\'e nc<rotk ti:!suc:, debris. 
~·ll.l b<)Cten:l. Some r nxlucto: ~l.w tM;.I: a~ ht(lliJlg: 
stlmul:.lotS. T hese proJucts may be ul>eJ .n the lo.rbl 
de.1nsing of a wound bc(l)fc a wound Jrcs...;ing IS ~lp· 

plied. (It shoolcl lx• noted that great bcnd it is given 
tCJ the" hcali.ng pi'QCC"&O wh<'n \\<Jfln w;•ter l <*v~~ bt.:st~ 

ing I ) tninu u•:~; t)f k11\~rt:r i$1'1tri'(lrtne.:l <•Il l he ""<•und.) 
Motto cxtet\Si\'e wounds will requite de:lrulng ~u e\' · 
ery trc:-.nmem J:x.cause ol th~ larf,'C.' amounts of cxu· 
date: that may be: rroduced du.ring the c:-<1rly w•~ of 
healing. It i.' i!t\J'O:)rt'..Vl t d ult n t..::n.»i<; rtSSve ;\nd pu• 
rule:IH debris ~ reml'wed durlnw d eansll\jt. Some 
r rl',Jucr:s are ~prlicd Jirt'<."dy to the wound Mer 
clcansins or ft'nt<)\tal <.'If n«:roric ti$suc. A nonadh«~ 
cnt Nand~'\' ll\11}' be: <*Pflli('(l, <lnd thc:::~C" products will 
;.ll~rh exudate :.lnd x imubue the he:)!ing p~. 

Dos<q:e F-onm 
I. Oti.Ciens 
2. C.SI;lt 
3. lntrnccll 
4. D.tkin's solution-a O..S% .soluti~)n of .sodium 

hypochlorite {blc:ach) 
; . Gf\UlufcxA' 
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Adt.-eTs~ Side Effecu 
~c a«" un-common, but soroc product~ may cause 
t<:ffil>~)r~,~- $th~ng: af1er ''Pilli¢;,)ti.:,••· 

T~~N~ 
I. These products should not be used on fresh ane
n~ clots. 

2. Keep bandages dry Md dean. 
3. Some products may n01 be suitable fo• deep or 

puncture VIOt.mds. 

Protectonts 
rrotcctant~ p-rovide- a protective ('0\'ironment to 
tt~i!i.1t the h4!nling v{ JWnmfec.ted w(1umb. S1Jfl1f: 
l'lfoduc~;; ptMect tht skin (n)1l\ •rrit:'l.IM)I) <-:.lulOed by 
urint, (ctts, nnJ t~)J"'C . The)' an ;•st~ barrier w r rc
"ent irritation and allow hl.'aling o ( previously ini· 
tated intart $kin. 

0ol.Mg"t> Fonns 
I . Dermal Wound Gd 
2. Thuja•Z.inc Oxide- Ointment 
3. Nc::x~bthM.I 

4. TI.S.'iu<:mo::nd 
5. N,) Sfin.g Barrier Film 

T~~N~ 
1. These prodUCtS should be applitd to de¥\ dry 

Sk.il\ 
2. These products are not suaable for deep or punc· 

tuu~ wounds.. 
:s. Product> that oontain zinc o~ide may cause ztnc 

toOCity a ingested. 

" Other Drugs Used in Dermatologic 
Thera 

Systemic Corticosteroid-S 
$c)metim~ it nk"'l)' t'li.: neOI.:~'((lry tl) 1.1* ~)'~temte (()r • 

tiC&.~rerolck In the trl'!:'l l menr o( s.:,me derm. .. 'llll:il~ ~md 
demt.:.uitis conditions. Thi.'Se Jrugs affect immuno· 
&or;k and inflammatory a-c.civit)'· Sy~11.'mk steroid$ 

nre a\tailnhle for ornl and parenteral admini$t:mtion. 
The cf'(c:-c~ of $}'M.C'mic: $t<:roids may last from a (c"' 

h.;•vr.'! liP h ) ~~-.:r.- 1 weo;::k$ dt]'e.ulint:: (m •he lHlt o( 
stewid u!\ol"d .. Cl.apu~r 9 pmviJes ~)flin-depth discus. 
sion ,)( s~'Mcmi< cmtic..-wteroids nod their e((cc_n on 
the bod)·· 

CUnicaJ Uie.t 
In the t:rdluncnr of JermatologK conditions. sys· 
tl.'mic corticosteroid~ nH• indicated (or allergic reac
tions (e.g., 8e11 bite hyr<:Ncnsiti\'ity, atop~·}, moist 
denn;)r~i$ (h()l $p<)t), sd;x,rrnek derm:1tills, and 
~1er.1J hck dermatttk 

Do.S<tge Fonrl$ 
I. l);,xt'ruedH•ilC)ne injet.:t km 
2. Ckpi .. M~Jwl io,~ru)n 

3. P'tcJniso.)ne ~cneric t;lblcts 
4. Ml-drol t".!lb let~ 

; . Veta loo,; 

A cltl't"rSt" Sid~ Bffeccs 
Ad\•crse side efti.-cts ::.re numerous. Many \'>ecur 
with mi.w.:~e and long•t«m u~. Side eff('cts most 
<;.;vmmvnly ~en with do5t$ u..~d m the trt~tmtnt <)( 
skin lnll)nunari1)ll :lnJ ptuthus iodudc poh·url:l. 
pol)·dipsin, nnd polyphnsia, "''hich may result in 
weight gain. 

T~~;N~ 
The technician should alert dients to the 9de ef
fects seen with S)'StemiC COf1icosteroids. Polyuria 
and polydipsia may be l)f'obkmatic for some hoose
hoki pets. Technkians should alw.ays, oonsult the 
veterinarian v.hen refilling each ptescription oi sys
temic conicosteroids and should note the docto(s 
~prav&l of the refill on th(' mechcal K.>COfd. 

Topical Antibacterial Agents 
Topical :antibacteri::~l U!.>enl$ <m- u'Sed iJl the:- U~tnment 

~nd prt\'ent t.m uf Wl'lerhc-i:)l bac.:co:;ri;ll in(er,;(i(m::; o( 

v•ou•'\J.;. Tht"..'14' p«~ducts may cotlt:tln coruo:X>remlds 
aOO nnrifufW!I :!1&'\':RlS. They may tl-quirc frequent np· 
plicntion (i.e: .. , 2. to 3 times daily) and can be used 
under Wlll.li~oe~. 
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Dos«gt. Forms 
I. Bactodenn 
2. Nitrvl'un\:l)nt. d~~mg 
3. Fon"·Topkal 
4. PmJinc soluric•n 
5. Furazolidone $fll''.lY 
6. Gentl'mi<:in ~ulf.l tC'/hct~:~mctru.j:lmc vitler:ttc 

•)iotnft'cll! anJ S{)r.))' 

1. Gem·.1micin sult~uc/bct;unerhawne valernrc/ 
c looima:zolc ointment 

T~~N~ 
To ~d"lieve good contact Vlith the skin surface. clip
PII'IS the hair before applica-tion is ofcen necessary. 

Topical Antifungal Agents 
Topical am ifungal agents arc usc..J in the rrc;n· 
mc:nt of $Uper6cial fu~"UI infection$. Thcy an: 
e((ec• h·e u\ the ueaw\el'lt (I( rtl'l~wvrtn J tld (o.)r 
thrush in equine$. The~· are of1cn found tn com· 
binmi\11\ with anriha·{feri'AI a.gcn~ and conicostc· 
roiW.. The}' may IWC($$itate (r«JUt'l\t application 
(1.e., 2 tO:\ 3 time;& d<\1ly) :"lnd <:<'" h~;: u~ed under 
OOnJaxes. Local u eatmem o( fun);:al 1nfcalon~ Is 
not always d t't-'<-t ive, anJ the use ~)f systemic ;tnti · 
(unboal agents may be nc..'CesstU)'· 

O,l$uge Ftmrt.t 
I. Cono6tc 
2. KO{'Crmx 
3. Miconatolc 
3. Poln;,\liJf: 
4. loJ1nc Sh~lmptll.) 
5. Clooima:ole crc-~m 
6. Cuprim~·xin <ream 
7. Tolnafnuc: cn:am 

T~~N~ 
1. To a~ good contact wilt\ the stan saPace, 

dipp•ng the hair before application is often nee· 
essary. 

'l. Kopertox and products thal contain iodine will 
stain clothes and light-colored hall. 

Fotty Aci d Supplements 
Futcy acids c.onsist of long chains of curbon atom.s 
with ~ methyl J!J(M,IJ' ( -CHJ) <It O:>n4: end. l'vl )'l.tn~ 

sarur:ncd f:luy ac1ds h:l\'C v:u~·ll~ 1\utnbcrs of dou~ 
blc bonds that m nnect the cnrb..)n atoms. Fmmulas 
u~ to idem if)· fatty oc.id:s giv(' th(' number of car .. 
hvn atomS, fvllvw¢(1 b}· tht. numl-er of dvublc 
b(lntls, ao .. l li,,ally the Jis1ance of 1he fi rst d1)uhle 
bond from the methyl group. The k1mtula ((If :.lm· 
chidonic acid. UO: .. N-6), indicate:~ that this futty 
acid h.'l!' 20 carbon ato1mo and fOur double hond.s 
~nJ th:"~t 1~w; tir~• d~.Mo.•ble l't)nd i3 ~ix ~'•'rt-<•n <)tC•tt'$ 
from 1he llh"lh~·l i:JOUp. 

f-nny acids th'.lt have the hrst OOublc·b\)nJ six· 
carbon Mtoms tJWU}' from th(' mcthyl ~'loup Mrc 
<:;;1\k:<:l •.mte~6 (N-6J fan, <Jdd,s. Th9~ th:"! t h<\\'C 
rhe firM dnuhlt!>-hond rh.ee-ca!bon :lt<'nh awa't' a.te 
c:llled the Onte.fQ·3 (N-3) {a!!) acitb (Scott. Miller. 
and Griffin, 1995). lioold c add (18:2N-6) and 
linolc:nic acid (18:3N·J) <:a.nnot h: :S}'nthc:sil«< by 
11\e d(lg :)nd mu.~t h: $1ppli~l ll'l 1he Jiet. f..,,r rhi$ 
reason. lln\)ltlc and hnolcnic adds are c~lllcd es.
.scmW fmry Clcid.s. Arnchid~)n ic '.lC.iJ is an essential 
fatty acid i.n thc: cat. 

P.ltty \teid-: <'Ire rc:sr<)•~ibl t. (vr the $hilli! of the 
h:lir«~.ar and rhe smooth te:nure of 1he .sl:m. It h .. "ls 
~1 lso been well documented th3t f.1ny flcid ruwle· 
mentation can pia.\' an important role in maooginr; 
thc: it<;hing d<Jg or <:~t. The cxotct mc<:htmi.sm by 
which f:tU)' <td<.b help '" \XU\u.·,J i tchin~ I$ nv1 
kno"'"'• hut it ha.~ been propoe;OO •ha1 fiHI)' acids 
nwy tk• up q•dooxy~oase and/or phmph\1lip:.sc 
($eC' Chaptc:r 14 ), thcrcb}· inhibiting pro:mtg1andin 
{<Jnll:"l ti•Jn in tht. $km. A $yntrgi~de t«t.<:' tu:"l)' be 
~lC.hleveJ by COOl.b1n11l~ l~ltty add lh('rapf \\'tdl fhc 
ad:mininl':!ltion of anrihis-ramioes m glucoc(lrtico· 
$t('COids. 

P.ltty <tCttl 1!UJ:-"plc:m('nts an: u~cally c.kri\'('(1 fn:.llll 
ft~h o.)il (lr \'4.~t.able o.)iland m:))' be C..)mhinal wilh 
~lmioxid.,m \'It-am ins such as A nnJ E. 

CUniw! V:sc.s 
F(ltl y :"~eid 34Jps)lement$ are \l.'td tv cvnuvl udnnJi! 
(pturhus) :uwctated 'ol.'tlh certatn dNmmol1lQ1C 
cm"Kiitimu o ( doss and cats. They 'Also may be 
uS«~ to impr<Wt' thc: lu$tl."r o( thc skin ( Boothe. 
2001). 

Copyrighted material 
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Dos«gt. Fonns 
I. Oc:rmc.a.ps 
Z. ~rnlCaJ'S E$ 
3. Ckrmca~ ES IIQuiJ 
1, EFA·C•P' 
S. P~t To~ FA liquid 

• <\dl.<er.tt! Side £ffe~u 
Side cfft'<ts m;l'f indOO.: vomiting. di.-.rrhca. or ill· 
crea.scd bhxlins time~t. 

Count~rinimnu an~ su~tance;s that M«" applted to 
d1t :lkin o( hi)J~:l t'J produ~,.-e I<Jct•l ltTitatitm and 
inltanun:)tk•n. These OC•tnf')u•Ws :ltt: l>ntnehlnei 
useJ 10 treat chwnic inrlammawry <,inditions cl 
bone. joints, ligament$, wndons, o r othl•r t i.SSUC$ 
lx-Jow the surfllC<'· Th(' T<ltio-nal(' (or tlwir u~ is tht~t 
en~" ' it\2 ;)n :lC:ule infl;)mtn:u(lry C:(lnditi(ln pr<•I"IWie; 

blood suw ly 10 the il\rlamOO area ai\J adJa<ent tis· 
sue, This incrcaS<'d bJ\"xxl.supph· brings with it more 
oxyg('n, \\'hit~ b-locxt <dis, antibodies, complem<'nt, 
(l.nd tJt.her (a(.IIJT.S tO pn.»U<>t<: h ... alin~. The rr<lpc:r 
use o( C:("•u nfetltllt~ll\tS l~ « •mplkah"ld because un· 
derusc may have little effect and overuse ma~· caur.c 
SC\'<'Tt' tissue damar;e. Ttle bcnc6cial dfl'<:ts ol using 
oounterirrit<•nt:s <m- oontW\'e~i;d, atl(.ltmmy dini• 
Ci:ln~ d;lim 1h::u 1he peri•xl (I( en(Ct,ce.t re.s-1 (I l(t 

3 months) for treated anlm<lh is~1crually rc:srorlSible 
(or 1he hc-aling <.ofkcr 

Wht'n count~rirritl:lnts an: awh«< to the :skin, 
d1n:t .'!ftl~'t$ •)( irriwtiVn ~vh. Je,-.endmg (m the 
:ljlelll applkJ, the 4"·mtlt)• appiiOO, and d)(> way In 
\\'hich il is aprli~.-.J. The three st~'C.S an: Ji~tcd b:-low. 
1. Rubefaction 
2. \l(::~kation 
3. Bli~r..:ri ll# 

Rubdacli~"ln (rt-ddctling) irwJic:ucsmild irril:UJon 
accompanied by an incrcasc in blood COOJ,.>t'lition in 
the sk in. Lininu:nts <l.lld "lnces" tiR:' all'Qlwl~bt~ 
prl)(luct~ dl;.){ 1~mduee a ntbe(;te itnt el1~.::t when 
mas.ia~d tnro dte sl:l11. U1\lmem.s and br.1ces ~· 
ally h..wc nk~"lh,il M the primary ingrcJient and may 
indOOe oil o( wintc:rgr<:en, camphor, turpentine, 
d1ym.;)l, menthvl. Or a.nnnrmi;t. The tn\tJOf" l:'tne6t.• 

of theS<' r roJucts m;.ly result from th~.-• ma;ssn~'C" uscd 
i.n thdr t~pplication mther tht~n the roedicint~l J, 
ftct. A ugftt~;,.er i:; ;l n_tl'ltf<-Ctt:nt (IJliiJ"l(•md, .Jimil.tr r 
10 a llnlmcnr ru ~l bt:tce, thou I!< applied ul\det ~loot~ 
1on lc.g wrap in nn effort to rcdi.Kc edema Mound 
tt'ndons o.- joint:s. A su<MI usutllly conwin:s nkohol 
ami ~ly.::erin <1ml i.• <l.rPhOO under a l1JoVi$tur~;•prvo( 
bandas:e (() r~luce edema . 

Cliniool Use-s 
Counterirritants tiR:' u.s«! fOr a-ducing .. 6lling" 
(t:deul.tr) ;lnlund join~ ()r le•,OOn~ ;lnd ~~:<o:')d;"~ttJ~.t 

SOfCileSSc. 

Dos«ge Fonrl$ 
I. White IAn.imem 
2.110opwpvl ak:ohnl 
3. Lin·O·Gd 
4 Shin.Q.Cd 
S. Ab:lorbin(' Veh'riRIH)' linimC'nt 
0. &)u-Lin 
7. BIGEOJL 
8 SU· PER Sweat 
9. Antiphlogi.stinc: roultiC(' 

10. SU-PF.R l'vulti.::e 

Adt.'l!f"Si! Side Effeccs 
li.s!iul' irri~tion may be caused by countcrirritl:lnl$. 

Vesication 
Veskatiotl, the s..xo•ld srage of O.iunterirtit;uioll, Is 
n.:hi~.-•v~o-.:1 by applying irrimtin.g sul>5-r;.mccs under a 
htmdil{.'t'· Se\'eR:' irritation acoompanied b)' capil• 
l.·uy diun~l#e l"t$lllt.~ m ''~k'<lti<)n •.» bti:>;ter ((lnlt.('l• 
uoo. Mcn:.urlc ~))(IJe :"tnJ t:.)nth."ltldc olmmems ar~ 
C\"~mmonly uS<'d a$ blistcri.rtg a&'\'"nts. Since the ap· 
plication of ~·~icants is a painful proc.c:!iS t hat can 
ltad tiJ ol<U•mutil<•ttvn, ttlcy t~hvuk1 lx- <•pplu:xlonly 
under 1he $Ui)E:t\"hi•''' c.f ;) \'eh:rin:lti:ln. 

Cliniool Use-s 
Vet~kation i$ uli<d i.n th't tretlun~o·nt o( chronic" in .. 
ll(lmnl;lt<.ll)" nlU$Cli iV!ikt:lel:ll eimditi<>•~ in hvr~i;. 

Dosage Fonns 
I. Mercuric olCidc 
2. CWHht1ridt 
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Adt.-eTs~ Side Effecu 
~c may include severe t•~uc damag<. woNening 
vi tht vngin.;:tl ~;~,.rnJiuvn. a.nd .sd(•mlt til~ltl)n . 

T~J-Not"!W 
Petroleum jely should not be applied around the 
ste 'o\tlere a \<esicant is applied. To do so may dam· 
4~ a<ftoe:~ccnt tiSSue. 

Cnusti<s Me subi1anccs 1ha1 d~tro)' tissw: at the 
applicntion site. The-y are used to <lestro}· cxcc~iv< 
gnmul~tiOn tl~uc (prvud ildl) • .wpcrli<:itd tull\oiJF$ 

(w:Jrts;) , or h1)rO bud$. They s.h(lul.t bt :~pp l tOO bv 
kn,')Wiedgcable pcrwn~ because they cun .:auJOC 
damllJ.~ to adjaccm tissue, 

ClfnU:al U!tt:l' 

CAustks :ue uSJed C..)r the control of ()1\)ud flesh, the 
rcm1wal of wans. and the rcm1wal of hom buds in 
calves. 

})QS.«ge Fcmn.t 

I . Copper .sulf:ne 
2. Silwr nitmtc 
). Pomxho(( 
4. W ;Hl$1.)1'f 

S. O.lusfk Powder 
6. Addi6cd Copper Sulfu.te 
7. Cau$-lk Ore~ing Powder 
8. E<iui·l'~l."'lr l'l'()ud Blue Li<wid 
9. l'>chmnu\J( P:.lMe 

Adt.'t'TSt' Side Ef(uu 
~c may ioclud ... dlliJ\C~'t' t1> ..djae<nt tll<SU<:. cspe• 
.::i:.ll}· 1hc: e~ whcr\ used (lr\ 1hc 1\<lrll hud~. 

S.:.mc druli$ uf;f'J f..)r bch .. 'lvklr modrticatlon in c""u 
anJ dog:t can be used in doermahilogi< cmuhtioru 
su<:h as fdinc pS)'Cho(,'tnic alopecia and canine 

nnnl lick dermatitis (Merck, CO.ROM, cd. 8) 
Th~ (.(lnditions occur b ... e<•ux- o( ("XCC'$$ive 5("1f• 
lid:ing. Tri¢)·dic ~tnl t~.le.p~~~'"$ ~n': J'<lttnt H1 
hlod:er.; thm also Inhibit the upt'll::e ()( ilel'OWOU\ 

nnd n,irepinephrinc. 

CUni(;ld U$c$ 
These druj!S :ll't! u~ed h ) mo .. lify bch:)\·ktr in sucl\ :' 
wuy d uu cxces:sive seJ(.Jicking m:.l}' be Jocrc3s00. 
They may be u.scd in the trt.'3tmcnt o ( (dine 
~chogcnic' 11lof'('Kia <~nd canin(" ~ml lkk 
den na1 i1 i~. 

Dosag~ Fonns 
L Phenobarbirol 
l . [)j(&:,<:p;)tll (V.,Irum) 

J. t\m&UI!Willne 

4. Huoxt>tine 
.5. Nuloxonc 
6. N:rl trcxom: 

Aclwrse Sid~ Bff~cu 
Side: cff .. "<-ts incluJc s .. -dation, idi\'>Syncr-Jtic faral 
hepatic necrosis in cats, Jl)' mooth. hypen;t•.liva .. 
ttiJil, \"~mntin~. c;on.'"ip(&ti.;m, &.Hi t\\11)' r<.:tentivn, 
m:lX:t:l , diStlC'I(!nt:Uil)ll, dep1~slon, ~1nd :l01)fex:ia. 

C}-<-hporitle A (ATCvct code QL04/\ AOI) Is usOO 
ns a .sd ectiVI.' immunosu.pprt.'l;~')r in the tTl"tnment o( 

atopic d('ltnatiti:s.lt i.s ll q~lic polypcpt i..k that ••cu 
iipedli~ll~· ;\lui rtvt11-ibly ('\11 T-lymph.O:lt¢)'t~. It h<1.~ 
~mrl!nfbm.m .. 'ltoty and ~lntlptut!rk :~.:tlvh.es that aid 
in 1he tTl~tment of mopic doerm:uitis. Cydo~rine 

inhibits the amigcn·~~rcd rclen.sc of lrmpho
ki.n<:S bv acth·at..xl T-lymphv<:yt~ and by acti vt~ti.."X1 

T..oells. lr ai:KJ 1ilhth-1tS :)l'!(iV:Jti('ll 1tl eo~ir\<lpt·uls. 
l::eminocyre qmkinc production. blnJ.~rMns cdl 
function, and J .. "gTnnulation of mastoq·tc-s. Cydo
.sporitw doos not i.ntc:-rrupt h<:mopok..si.s and d~ 
J'0:'t int~rf<rt with t ht fln,,;tivn .:./ l'h:l~ytk. eell$ 
(Novam~. 1007). 

Dos«ge Fortrt$ 
Cp::ltJii"'Jrint (Atll>J-'i<:<l) 



A.t..n. SOd< Etf«t• 
Tl~ mc:Kt ~ntty t'~"'C'J un~rr<~N~ df«"t\ 
~~~~· g.·h•n•tnh'Sitn~l ,llowrhluW:<'$ ~ueh ·•ll , .flfnhu'f:, 
.nu<:t1ld or sof1 !ih l(ll i ., and diarrhea. T I\Cllc \!ll\ocu 
ilrC usually milJ anJ $1C0..."1':1l1y Jo not r.._'quirc c~""!l· 
""-'n of ~unt"nt wtth Awpka (NO\'Il"'' Anim.1l 
Ht-.-hh Inc;., t't"W U·l~ln, ~1CU(, U"Al. 
!\tlllfk'ftmet ("-'Cl r.wty), 1ru,_.,de cratnC"", mv<lo: 
-.nl;-ness., anotO:t.ll, II"Jtl\'.lJ h\~• HfTUCI• 

form lesimu. or clun~...-~ In haircoat ha,·c: t.-«-n •*'· 
~n·cd (Novanl.!. 2007). 
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REVIEW QUESTIONS 

1. Thesl:in am~•Msd.,-_______ _ 

twers and is part o( the -------
system, 

) . ;-...,-,,-...,-,------isn."<oC:nti.,J for 
he~hhy t~ltin . 

3. ~bmc M'Vtfl (unctions of the skin. 

4. Shampoos arc more dfc:c-ti\'e if left on the skin 
llibt.'lol.lt to mim•tt:~ 
he(Me no~h\S!. 

5. KcrmolyriC$ "'nd k(>:J;U~-,plastics arc known as 

~--~~------~-~~~~ 
6. Name the four swg~ ..i wound h('.uling. 

8. Tis~c irriU1tion ma)' be C~l$('() by count«irri~ 
t-aJlt'!. 

"'·True 
b. F.ll~ 

9. Patients an- commonly flrt'S.Cntt.-d for skin 
prohlc;:m$ when in .-et~ li ty they nwy hit\'(' •• 

:=,--.,-,,---,---,. •lines$. 
10. \VIw are brhavioml·tfpe Jru~ usOO ill £Jeath\g 

skin illncu! ---.,-:--,,---...,.---,-
11. All pmkn ts pn:sc:ntc:d for dmnatoJogic 

prvNcnu ha\·e ~"' underl)·i r~ liynetui<;. 

1111\\-'S!i. 

n. True 

b. ""'"' IZ. The __ it; the ltlfl,!~t '.!~an in the hody. 
~. 11\·t:r 
b. splet>n 
c. skin 
d. ~ll)TittiCh 
<· intt$tin;ll tr;~l 

13. Jnc.rt:lsed sl:ln lrrhatiO•l may resuh l1\ hyper~ 
pismcmntion ol the skin. 
a. True 

b. ""'"' 

14. Hutn.'lll$ hMe mulfipk h:,itl) per f<~llicle, bu1 
:minwls have \')1\t h;ur per follicle. 
a. True 
b. F~tl.s(' 

I). Sl •.amp~ $h<lul,l l1>1! lt!(r ( 11'1 •he Mim:•l~ $kh' 
(or 5 to IOmlnuh'.S beC..)rC rlnsmg. 
~.True 

b. F~tlse 
16. The.: (lc,:hri,lc.:mtnt .w'#e of wvund he.1.ling 

u~ally ~~11\i ro •'XCur :'lhOul _ hout(!<} afler 
inj1.1ry . 
•. 2 
b. ) 

c. I 
d.6 

17 During the rc~ir phase o( W\')l.md h .. ~aling. 
6broblast:o produce and oth('r oonnec.• 
ri\'~ ti$$ue r r<>teins. 
:l. :.n~·l~en('~l!'i 

b. collnscn 
c. coml-dones 
d. hyrc.:rp-i):!JU('nt<'ltion 

18. The tn:lrur:'l tlvn ph;)$e u\o'lrk~ rhc.: beginning 
of wound he~1lin~. 
a. Truc 
b. Fnlse 

19. ti.i~l•e i.~ forn1e~.l dvrh~ ~~lh~ vi 
\\.'Ounds of the soft tissue that Cdnslsts l)f co.n· 
1\('CtiVI.' l iSSU<' ~lls nnd il\gh)WI\ young VCl>SdS, 

which uhimatdy form a scar. 
l;l. Cvll<~gen 
h. Ker:ul)lyhc. 
c. Callus 
d . Granulation 

20. i$ 11. produe-t that i:s U!i<d in horse.a 
tv l rt<lf rhr1.1d\. 
a. C~)llOfite 

b. Micona! • .,le 
c. Kop<'rtox 
d. f\ln~lvg 



PharmiKOlindks 
Ptwmaoxtynamic:s 
TllltACYCUNES 
Ph!Wm.:!teiinl!liCS 
Ph~amks 
AMINOGLYCOSIO£S 
Ph~nt'ric:s 
Pha..-~amks 
rLUOROQUINOLONES 
PhilflN«llinelks 
Ph~~ll.,miti 

OTHER AHTlTNfKTrYlS 
Cllioratnphenkol 
Aotfenicol 
Mo~uo~ o~nd lintu~midt5 

'"""'""' """"""'*' .......... _,..., 
Potrmflin 8 nl B1tdtr4dn 
SU1oflamicl6 
Nitrol\11<11\$ 
RHampln 
ANTIFUN,AI. DRUCiS 
Pofrcne Anciflq;ll Agenb - · Np.yx,il 
tmldarolt Antifungal AtlMtS 
Ka'~\>ond~'t 

"""""'""' .wimetabollc Mlitu~ .. us 

-"" S«perfidal Anbi~A\gill ~ems 
(;m('O~.Mn 

Olb!f ~I At,ents 
ANTIVIIAL DAUCiS 
Ac.ydo\.1r 
lntfrieron Alfa·ZA. Human R«<mbinanl 
DIS IN F£CTAHTS/AHTIS£PT1CS 

~-Bh)iene~e 

~~d~ 
Chtoflnes OIOCIIOdlnes 
Phooolics: 'S.lpoo;~led Ctt!.Ol Stmisvnthetic 

"'""' Qwtef'tlai'Y iWiriO!Ilom Compound~ 
C'.acicat De:krgtnts: 

lliguatldt compounds 
~0~~ -<>9o'l< '""""' (-W<$ ....... hi-""""*"'* 
226 
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CHAPTER 12 
Antiinfective Drugs 

LEARNING OBJECTIVES 

l. ldl.'ntif)' the das;;.,··$ o( antiinfcctl\'C dru~ . 
2. Dl.'.$(;ril'l.! th~ a;.l\'-::f$0:: ,ml¢ dfect:s u( <•mimJ(·.;;~ i v( druJ!s. 
l. Explain rhc d lnical .t-'es of :lmllnfecrl~ dtu)!:~. 
4. Discuss :.tntiviml Jru~. 
5_. Explttin how disinfectants and nmi~1iu nrc used. 
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EY TERMS 
ANliB.ACTERtAl An agent that inhibits bacterial growth, 

impedes replication ol bacteria, or kih bacteria. 
ANTIBIOTIC M agent produced bV a microorg¥~ism 

or semisynthetlcaft' that has the ability to inhibit 
the gJt)Mh of or ldU microorganisms. 

ANTIMICROBIAl. An agent that kills microorganisms 
or suppresses their multiplication or growtt\. 

BACTERIA Single-celled miaoorganisms that usually 
ha-.oe a tigid eel wall and a round, 106-tike. or St)iral 
shape. 

BACTERICIDAl An agent with the capablty to~ 
bactei&. 

8ACTER10STATIC M agent that inhibits the growth Of 
reproduction of bacteria. 

8ETA4 t AClAMASE Enlyll'\eS lhm redace the riecfrve• 
ness of ceMin antibiotks: beta·laaamase 1 is peni· 
ci!!inase: beca-lactamase n is Gephalosporinase. 

INTRODUCTION 

Microorganisms 11re ubiquitous in th(' cn\'ironmc:nt. 
S•Jfn(: mtCTV'J~~nltflt~ h c•ve p(lth<Jg<ni~ pl.rentltll, 
1':(11 mh~r.i d1) nm. Animals ~~mllly m:1kc in•tl:ll 
oont~lct with an infccri,iu!i aS'-'01 sonwwhcrc \)0 the 
body's surface (e .g .. mucous mtmbmncs, ~in, rcspi· 
l'<lt CJl)' t r<lct. di~tiv~ tr<•<:t). In tht' 6ght ~g<•in$t 
il\ it'l!ll(ot\, .5t:Vt:r.'tl hul'lo<lreJ antirni<:robi:.l Jro¢) h:we 
~en d~ .. ·doreJ ~inc~ the early 1900~. These drugs 
hav1.; been used to figh t disease in both humans nnd 
anirrw•l.s. 

N1) l ~II ;:entnn i(;r(lbiah han~ th~ :-am.:- ,kp-l!t! tJ 
diecrl~·c.ne~ :l.Jt!U\S.t mic.roof):al\i..,.ms. A der~rm•· 
nati,)O c:~n be mad..- todin insuish diff~rt·nt types of 
bacteria wlth th~ us-e of a Grilm ~win. Th... Gmm 
..,111.in ~ a l~hvmt~ll). f!l\lC\XIurt' in whi<:h d\·<$ .. re 
u:.t>d h) .>r:l in bacttTia ( Fi~f\m~ 12- 1 ). Ot:un· J~fl:>~ll vt' 
btCI~ri~l sr-.lil\ dark blue h l purple. Gram·t\~)1at:ivc 

bacterin nuin pink to red. How..-.. w . rom~· ~ctcrin 

wnnot h: idl•ntll'icd throu~h the Gro•m .st11in tech• 
mqv<. Tv ~,l iff'er;:Jl ti ;:ne ;.)(;jJ.(;ht h:-.cilli, c~rbvl il•<:h · 
s.ln ~1:1\n <.:ln b~ ufo('J :'lfld then ..k-c,)(orl!t--d \Ieith 
l.'th)·l alcohol and hydrochloric ;.cid. Other ~ctcrin 

mu.st b~ identified b}· src:cial t«hniqu~":S .such as. 
d~rl: •fu.:ld ex~minntinn ur Gimen<.:: "t~in . Gu.:m~ 
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DERMATOPHYTOSIS A fungal slQn infection. 
DETERGENT An agent that deonses. 
DISINFECT To make free of pathogens or make them 

inactive. 
FUNGICIDAL An eget't that ldlls fungi. 
FUNGISTATIC An agent thai inhibits the grO\vth of 

fungi. 
IN VITRO Within an artificial environment 
IN VIVO \\1thin the living body. 
IODOPHOR M iodine compound with a longer activ

ity period that reds from the combnation of ie>
din! and a Cft1rie:r molecule thlrt rele~ iodine 
CNettime. 

M ICROORGANtSM An organism that is mi0'0$(Qj)ic 
( e,g.. bacterium, ~n. Rick~ttili. wus. and 
fungus). 

SPORICIDAl An agent c,.apable of kiUing spores. 

~l.n..-1 WriRht st:..l1n$ may be u~d tel identify par.t~lrcs 
nnd inn acdJular mktO\ir{;:tnisms. Bacteria with 
$imilar ~(!lining pr()f'trtit:S t<'nd 10 r~-ponJ tO the 
:lllllh: Oln t •mi~rnh•t•l tlu~r.•f'}'· Still <Jth<.:r h<!(;.lerill :1r-e 
cl:\!i.Mflcd hy the1t :lbitiry ft) ~Ut\'1\'C With f•r Wlth<luf 
OX)'b>('O. Ach)hcs ar..- hactcria 1hat mltit h~wc oxy· 
gcn 10 li\'C and r~·p1 iwtc. ~h~·r bacterin nrc able w 
li t•e (Inti multiply wltho t• t u~yg~n; thc:s~ (lt;:. l:no wn 
;H ;ln:h~rohe;. i-\ r\:i.:f(l~~ n\:'ly l~ hanly a•W <l11'6<:uh 
to~mdicatc. 

MECHANISM OF ACIJON 

Through flnal)--sis ol the effects d t.'l l a drug's fiCtion 
h:ils on bacteria, antimicrobi!LI Jrugli can be di\'i\kd 
int(• two <:Mcr,.'\.lri~: b;.~ctericKI:•I .. nd b:u;tcriOtlt••tic • 
H(lwC\'Cr, ~illllh~ ~t t:'l.in.~ ~,( mut:lr\1 h:)CI.:tl.'l have 
grcmcr re~iMnnc~ h ) some antimicrobials. R~~ist;lnt 

stmins of bacwria can make antimicwbial thcr.~py 

diflic-u1t. l1lcrcfon·, to r~\'ent muu~nt stmins from 
,levd<lpin~, ~nuuni(:r(lhml dn.•~.., m~• ~l n~)t he ~1 :-.:.d 
lnJl~crlmh\:.udy. Sclm~tlnws. h m..1y be n.xess.1ry w 
usc twO di((crcm types ,;( flntimim;bial drugs to 

treat pat icnns wi1h infection.s causc:J by two or more 
ditl'er~·nt or~~nism:;. 
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f iGURE 12 ·1 
The Cram -9.<11'1 is a &aborator; rest chat is common~ used 10 dismguish difierent typeS d ~ria. The proced>Jre is~ foUr,.,\~: 
(I) Ar.-et prep.1ring dte slide <10d he:JI fu:ing.. ftood !ml!";,r web crw..,J ,.;ofct solooon (ll'ld lei su.nd l m-.,utc (2) Rinse g<:nt .. • ~,ftn 
ti!p water. (l) Flood smear "'lh Gram's IOdfle anclle! scand 1 mrnuo:e. (4) Rinse gendy Y11lh tap \\w.ef and flood wi!h Gram's 
decolori~r ku 5 eo 10 secoods. (S) \\Jash seMI)' with t<Jpwatet (6) Aood smool't'lith SCJ!ranin countm1ain fo1 30 to 00 secoods. 
(7) W~:~:tt gemly wilh '"P \\~t'f, bkx city, t~nd CK41T~ne "ndc:' ~I irnmef5ion (ie, \15'"8 the~·~ lQOx Wje(hve) The 
Slolinrng so\Jbons are shcMfl hete •n the order in whdl dtoey ate used 

After ::a b borm(lry lt"as ide:nh6cd the ry~ ,,( o•· 
ganism th:n is causing an i•tfecrion, a scn.s.idnty 
t('Sl may be performed. Se""<"ml t('Sts 1ue avaib.hl4:: 
(c.•r tt:~inJ! t he Hl..o;c;t.:pci l)lllt)' (I( ;m vrl!,ml~m (C) .

srtcilic :lotlmtCh)bi.ll Jnrj!. M~1 .:ommool ~'. the 
disk suscerribiliry test is used in small labM:uorics 
{Figur(' 12-2}. With this tt'lit, an agar phuc with u 
~andard tunount o( cultul'('d o~•~•'li$m i~ us<::•L With 
du:! u:< e~( :l dif>l"l'n.-er, (xlr~r disks ifnl\rtt'n:·••e<l whh 
vari\'>us antimicrobial drugs arc placed wilhl.n the 
agar plat~!. [nculxuion is carried oot, along with 
m('~Un:tuenl ('f the ron('3o of inhibition. The~ 
:Qiltet' :,:huw which ~Jldll\ltn>h•:•l <l{:t:lltt' ;.11"\'; 3'•SCq•• 
llble (>I feslst:~nt t1., e:.ch txtttlcuiM :.mhn•c•.,.,h.al, 
anJ ho"' c((ec:ti.vdy they mny pcrfonn in vitro. The 
Kirh)··&Ut'r proc<:dur<: ~ oomroonly u:scd in many 
li• hurt~ tortt.~. 

T ile b .. lfh dilutk••l ~t.'ICeJ){ibil•ly 1e:-.1 L~ 11,ed i1l 
m:tny labomr,..,ri-cl> (figure 12-3). An ,..,rg.1nlsm Is In· 
oculattd into a series<~( tube$ or o,~.·dk in a microcul· 
rure plilte. ~ tufxo.s or wd4 coonun different 
~)ll(i.;~Ur,ll M)l l~ ('( {lrU n llll;rvbiab. 11lc &i 1\\'~1 <':(IOOrn• 

cr..ti,..,n th:at m:K't<'liOOJ>tcally inhiblu the ~rowth df :tn 
l'lq,'llnism i.s. the mimmum inhibilory con«:ntrotion 
(MIC). The MIC n.-pt'C5Cnts th<- Jesrtt of susccpobtt
uy u( ;m l."lfgl.I IU~ln t() tt ~P«ific oon<.:o:lllt<lti~t tl <• 
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FIGURE 11-'2 
The agM dHUS:t:)(llfSI meas.urt'!!. !he ut vesro SUSCoe~Y.bil~:y ol a 
mcoorganlsm «> specific anbbiol.lcs. Note the lOOe$ ol inhib;. 
11Qf) wnov•'l(!u'S the ~ltb()bc: .001.:$. 

p.1n.cular nnrunlaob1al drug. The :mnmacmbi:lls 1h:u 
arc cffc:crin: in \'itro may n\'lC ah1.•ays be th<:" best 
choice (or u::;c in ''h•'\'1· A dhtician c~·~ which 
Hgt!l\1 IH \1* b)• ((lfl""'l~m~ the dltt*'W~i~ (m,l ,,~.._ 
In~ ~ch a;;-em 's ph .. "l(macodyn.am.ic; and ph:trmoc,'ll i · 
nc1ics. This pc-oc-css aii<Wo--s a clinician to ch\XISC the 
mo..<t cffictl"nt and efficocious drug co trcal a ~p«i6c 
<.:U.tl.lilion. 

Copy nghteo r 1tenal 
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FIGUR£ 12 ·3 
lhe brO"Jl cUUiion wsceptiblit)• test Nme !hat !he 01gan.sm 
grew in brolh<Xlnlllifl•l'l8 0, 0-.$, I, 2.and 4 tn&fml o1antilllo!ie. 
The Cl'g;!n!SM wa6 r.1hbt!OO in the lube ~~ (()(llained 6 •ng/ 
mi. The mnimurn i'lhbitory co~nn;ratlOn is 6 mg/ni. 

T~.~-Not~ut-
speaat Consjderations When Antimicrobiol 
Drugs .-.lhed 
1, Oo oot l.6e dfltimiaobial drugs fOt' mild infection. 
2. AntimiClObials should be used only for individuals 

at risk. of S<:.~ ,nfcction . 
.3. Oo not dismiss the poociples of asepsis just be· 

cause there are mat'ft/ antibiotics hom which 10 
choose. 

4. The~ of &ntmcrobials should bot ~sed on & 

definiti\le diagnosis. 
5. D:> not use a broad-spectrum antibiotic if the IF'IIect· 

ing ocgarusm is S<:.>nsitivc to a specific nbx:ltc. 
6. Mtimktobial dRJ.gS should be administered in 

full therapet.r~ic OOses. 
7. If an antimicrobial can be used topically of locally, 

do so. This feseNes the use of syS«emic drugs for 
serious disease. 

8. Be carelul regardi"t:g amibiO(ic withdrawal times 
in &n•mols to ~ slaughtc1~ for human con· 
sumptioo and antibiotic v.ithdrawol 6~ in doiry 

"""' a. Penicillin G btnz4l.f'w"'t IS loog.aamg ( 48 hcus) 
al'ld is t'IOt app(oved fOI' use in daly animals. 

Penicillin w-.-s dcvcl~'lf'Cd Juring th.: 19.J0s anJ rc· 
mairu very important as an antimicrobial drug, evc:n 
d1v~h man)· Qlhc-r ~mimi<:robittl ~ an: ava.il~hk in 
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today's arsenal o( Jl'\l.Wi, R~o~archc:rs have: J.:vcl,'>pt.od 
nattmtl and ~mi!>'Vtlthc:fic compounds that d"rlay 
va.r.ed :antinnCZ•:tbi~l3f't:.::tra (T:.lble tz, l ). 

M:'lny pcl\lclllln fo.rmul:ulotts ma~· wscnlc ,lut" 
(i.e, prccipn9tc:) during nonuJ>C nnd must h.: shaken 
wdl before: uJ7e. Additionally. when oml po:(Xlra' 
tt~.~ns an: n:<:onsrituttd, it tS import<lnt tO add ap-
1)1\)prl:;ue an\(lums-o( w::ttet lion ch.-u dllufi,)n does n;., 
occur (t>.g .. whctl am,'>xkillin or.1l prC(Xlmtions arc 
mixed). Many onll preparations arc: :;m.blc for only 
7 fQ l4 days. Most p('nicillin formul:ttiQns rowt b..
l!r<!n::J in d1t re(ri)l:er;lf()r, anJ (ht: ~·t.1 t:rin:1ry •eeluli, 
dm mu~l tell dtel\rs that orn) pt{'SC.nptions for p!!rs 
shouiJ b..- ndmin~wrcd untilth.: emir.:: rhcmpcuric 
time: frame: hM bc:en completed. 

Pharmacokinetics 
Absorption cl m\'>.S( orally ~1dminisrcred penicillins 
takes place: in th.: Momach and $11Ulll intc:stim• (i . ..-., 
th(' duodenum). MO$t injc:cted pt:nkiUin~ M" al-v 
l!IJI'bOO r.lptelly ~~ ~ rhe lnpe.ztklll $il t: ~·ml ;trt: di~rril}. 

ured t:l.pldl~· rhrouRh m\'~t ti!iSu~. Th~ kldnevs :'Ire 
th.: prim::.ry org.ms for cxcrc:(ion of p..-nicillins.. al· 
though the: )i\'er m('tabolizc:$ other JX•nkillins. 
Withdraw<tllimet ( •. ,.. (l<liry ~XJws 11\\l~t be adh<:rt\l t(l 
lxocaus.e ('('O•cllllos :ue e)(C.Uted throuxh dh~ mllk. 
Vcrerin:clry technicians .4\oold b.,. a"''tlre of the with· 
drawal rates of penicillin and should l'O$Ufl' that 
pn:~r di.r~·tiQm <-« included on th..- f"4'~Criptic.Jn 

1:)1-;.:::1, t:~J'Il'.ci:~lly fvr diem$ wll<l :'Ire hb::( :md <biry 
pmJucers. 

Pharmacodynamics 
Re..~:lr<:h h.'!.., l)h(lwn th::lt p.:ni¢illin~ bind rtvtr.sibl~· 
whh Mt}'nl\$(Jublde the b:lctcl lal q·ropb:.mlc m('m~ 
h.ranc. These Cn!'/ffiCS, calkd J>-.-"'llkillin..bindi•lg JYtO· 
t~'int (PBPs), a11: involl((:d in <:dl wall $ynthcsis and 
<:dl (lh·ision; when thil! bindin~ iX<:U~ it inn~ 
intern:'ll l)')lll(ltie prl'Swre and n•pn~res che cell. Snme 
OOetcria pl\'lduce beta-lactama.se (r.;:nicilli:rwJOe ). 
which increases the "-~"ronce of bacteria by <:on· 
vc:rting pc:njcillln to inac-liw f'('nictllic acid. Sotu..
J'II:mcill in.s ;ue m<>r<: rt:'!i~::uu 10 bt:~<"l;~uu~~ h~·, 

Jml~'sls ar.:J :ue tcicn"d to a...; f:\"U.l·&uwt~sis-tatll 
or pmicilb'nllSC'~rl"Ststlllll J>-.-"'1\icillins. PenicilJins arc USU· 
ally \'el)' eff«:tivc: against grnm,posiri\'e bacteria, but 
gr;un,ntgatm: h.1<:t<ri~ havf: an vut..:r membrane 
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Table 12-1 I'i!nicillin Prep:u·alions, lndk:ations, and An1ag-onislic Orugs 

Drug Indications 

K 11rrow..Speruum Pt:nitillin• 
Penici!Gn G sodium tofectioos Gaused by J.)EOici!lln· 

sensitive org<~nisms: bacteri.;.l 
pnet.~nDnia, upper respiratoty 
Inlet mf«bbnS. equiru! StJan

~ b~cklet W\feaed 
wounds. vr~ry tract infec· 
bOns (at h1gh doses) 

Penici!Gn G potassium Some as ror penicillin C sodiu«'' 

Penicillin G proc.aine Some as ror penicillitl C sodiu«'' 

Penicillin G beru:athine Same as fo1 penicillin G sodium 

N:.rrow.SP"~UUIIl, A~iJ..Rt,-bt:.un Ptt!idllins 
Penici!Gn v Mild infeaion~ alleady coo-

tided by parentero;ll therapy 

ll<:t;a•l-11\lilm~l~~i_~tAnl P<'nicillin5 
Meti'\J:illin Pyodermabtis, O(itts a1erna.. and 

othe1 condrbons caused by 
Srophy/«<x:M O<Jteus 

CIQ)r.a~ &lme as tor me~n 

O<:loxocilin •""' 
floxacillin OM-

&lme as for me!Nollin 

8t(l11d•~trurn Penkilliru 
Amp1C1IIln and heloc•!hn "fecbon of O~&MS and llSsUeS 

caused by amp.ci!lin-sensitwe 
bacteri<t 

&lme as for ampicillin 

Antagonist 

Tetracy(ines, 
(hlorampheniooL 
and paromomvon 

Same as fOt penicillin 
G sodium 

Same as fOt penkil!in 
G sodium 

Same as for perncil!in 
G sodtum 

Same as fOf penkil!in 
G sodium 

Same as for perncil!in 
G soc:hum 

Same as for penicillin 
G sodtum 

Same as for penk:i!!in 
G sodium 

SulfonDm1des 

ChiOfilmpherucol 
e;ythromycil\ 
tetracy<:lines, 
cephaloridine 

Same (t5 lor ampicillil 

Comments 

May add to sodium load 

May produce hyperkalemia 
(W); delayed absorption 
IF'I horses (IM); unreiable 
Dbsofption 

N~~r gWe rv. conttainci
cated in some exotiCS and 
ho~ !Mt raO!; pre
slaughter >Mthdr~<al and 
milk withholding period$ 

NE'\<et g\...e rl; presiaughter 
v."tthdrawal rcqUJred. and 
may persist in dairy cattle 
mi!k !01 2 w'eek.s 

Should not be administered 
.,;th tood; less aaive 
against gram-neg13tive 
bactel"ia than pemcillin C 

Not uable in solution; many 
nomJ)lltlblllbes .-. v1tro 

Frequently~ in dry
cow ~ntramamm~ny 
preparations 

At>soobed f<Qm Gl tra<t 
better than dc:v!.acilin 

Not absofbed as v~ell as 
cfo"'cilin 

lncomPIItlble with rtt~~ny 
df\18$ and solutions: food 
impairs absorption; milk 
oMthholding and pre
sl.:augltter wllhdr.,..val tnnes 

At>soobed f<om Gl tra<t bet· 
1er than ampjcil!in 
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oruc 
Piperaci!lin 
Yrlx?rucllhn soduJrn 

Indications 

Same as for ampeollin 
S4me as for ~mp.crlbn. but 

especially ~eudomollO'S 
infections 

8 toad•$p:ctrum Penk illim 
carbeoici!!if'l indanyl Same as for carbenicillin 

sodium sodi..-n 
Tcarci!lin Same as for carbenlcrllin 

Po1tnda1td Pt:nk UHn!i 
Amo;aci!!in-potassium 

clavulanat~: (4:)) 

soduJrn 

Wide range of infectiOO$ v.tren 
used 10 combcn.:ltton 

lnhlbitor o( Tubular Sc..-rttloo of P<'nkuti"li 
Probenecid Prolongs blood levets of 

pcnu:ilns that haw: VC'Y 
short plasma half·lives or 
that llte extremely cos.tly 

around the «>II wall rha.t limits PBP pcnncabilit)"· 
Some ~nki11in.s havl• an increased abilit)' to pcoe· 
tr.rte tlm. QU~r m~Cmhnrne llnd m;'y he Ul(lf( c:ff«:tive 
;tg:lut~l t:tr.~rn·nC£<ltiv.: ~\eh~n;r. 

Clinical V$e$ 
Pt'nkillins art' ~c.-d to ucnt iodi\'iduals with boctc:• 
rial in (.:.;;ti<m.• ~H•Itirl.g (r(ml 1'tni¢illin•$o.~Ct: J'tible 
mictoOt1::ltllSn\S. 

OosQge Form.s 
I. AmQxkillin (tablc:t~ and Qr<• l liquid~ for clogs 

and c:.us) 
'' · Atn\)Xi<illin 
b. Amoxi· Tab; 
c. Amoxi·Drol'$ 
d. A nwxi•lnJec.t 
c. Rotxlmox 
( , Bi~)W.OX 

g. AmolCicillin t rihydnnc 
i. Many brit.nds art ;;wt~ili•hl~: 
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Anta&onist Comments 

Aminog~osides 
S~ ~ for .:mpicill"n Freshly~ solullOns 

should be used 

San-.e as for ampicilln Absolbed rap.::J!y from the 
Cl uaa 

Same as lor ampicilln Used as an intrauterine 
G'l'fuoon in m.~rt'"S 

Same as lor ampicillil Cqps.ule$/tablets that are 
not kept 111 a.-t.gt\1 
oontai~ ~ aaivity. do 
nor gWe to patients 
allergic to penidllins or 
c~:phalosponns 

Same as lor ampiciltn 

h. \Vithdtn\'1111 times (canle only) 

i . Mc:n -= 25 da\~ 
ii. >.·lilk • 96 hou~ 

2. J-\rnl)icrllu'l (Ve.h~rin:)ry) 

a. Amp·f.qulnc 
b. Ampicillin trihydr.uc (P,)lyflcx) 
c. \Vithdmw;rl times (at 6 mg/kg) 

i. t.·lt(lt - 6 dt\yl! 
il. Milk = 48 h\)UI"l> 

3. Carbenicillin 
a. Gc:opl'n 
h. Pyopc:n 

4. O••x:lc:.illil\ 
a. Clox.nl'f'n 
b. Orbcnin 

c. Te.b'tl~n 
; . l>k:lc'lx:-ldllin 

a. D~·rt."lpdl 
6. P.::nicillin G 

"· Many br"nds U\'ailable 
h. Pc.:niciUin 0, rvtt~:;srum tJr ::~odium 
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c. Penicillin 0, b~·mathine: Bema· Pen, Beruyl· 
pC'nidllin (man)' brand$ a\'ail<•bk) 

d. P~nk1llm 0, J'r(lC~•ine 
I. M:~ny br:utdSc :W~l•labl~ 

c. Penicillin V: Pcn·V~'<' 
f . Ammcidllin trih)'drntc 

i. ~bny brand~ (1\'<•ilo:-hl~; 
f:. \'(hthdr:N•:d I U'tH~ (<::mle) 

i. Me-.u = ~ da~-s 
ii. Milk = 48 hours 

iii. C11.lv($ • 7 da)·s 
IL w,rhdr:\w:llliul~ ($ht!t:p) 

I. 8 Jays 
i. \XIithJr.twal rime (so,~.•ine) 

i. 6 days 
j. Withdrowal titn~; <lt high~;:r til~ (i.e., .j(.bbel 

do,.,) 
i. Meu = 21 da~'S 

7. Ttcarcillin 
<1,. Tit<I.F 

b. 11cillin 

Am,._,,.st" Sidi! Effe.:u 
Allergic r.:-actions, vomiting and diaiTlw.u, or en• 
tc:riliS n\~IV 0:'1¢<:t• r in <:<lttle iiJ\J ho'*"" when 1rt<1t• 

menr Is :ldmlohtertd or:l1ly. H lv6 ot re.~-p.r.uory 
distress ~1 ls.o m::.y oc<ur because of possible sensitiv· 
it)' rt-anions to penicillin. Epinephrine 3hould be: 
administcr<d S TAT if r..-~i~tor}' distr~.; i$ ~vc:re. 

T~¥NIX'~U>-
I. Subetsl4neous (SC) admniStrallon of pen!C1!hn 

C 01 benzathloe ~illill ~uld be aVOided 
because of potential trssue injury and resdue 
potent111l ~ food ;,mm;,ls. 

2. Peniciin should not be used in horses .nteoded 
for food. 

3. Carefully read labels concerning milk withholding 
times and the lredtmet\t of a!WNIS to be 'Slaugh· 
tered fot food. 

4. Peni• C benzaitwle is long·acti'lg (48 hours) 
and is no1 approved f01 use in da11y cattle. 

AMOXICIUIN + CLAVULANATE POTASSIUM 
Known U$ Au~,onu:ntin in huml\n mt'dicinc, Clava• 
m():< (veterinary) h <• bettt•laewm ~mtihRll i<: + 
~l:t• l:~c.•:untl~t: inhihilf»'. C IM:\mo:< Is :.1 brt~>l•l· 

spectrum amibi\)tk that is used to uear d.:in 
infec:,tion, urinury tract infection, wound inf..-ction. 
;'Inti rf'~~pir:\f<lry inf~<:t•on. Cla\'~lftu)x i$ $1JJ11'1ied in 
l:lblet and !.quid forms ((,r Ot'al :klm.nlstr:ulon. 

Dosage Form 
I. Am(>>:ic.illin + davubnatt f'IJta$">i1Jm 

a. Clavamfuc 1ahlets 
b. Clavamox liquid 

Adver$1! Side Effect$ 
Ahh01,•t,th :~llerg•e n:actu.111* lllav (IC(vr. thi$ (lrug 
u~ll~· Is wdl h)lemtcd. Vomltln!l :11\d d!anhca may 
occur in some anima\$ when this Jrug is ndminis· 
tl'red ornlly. 

T~~Notw-
use >Mth aution in animal& v.ith <~llergies to 
peniOIO>. 

·• !J Ccphalosporins 

Cephai~])Orins arc used primarily in small·animal 
m.:di-cinc. Howc\'<:T, 01 few h<tvC' been d.:vdoped for 
use in 1:~1\:t:•<'IOim::.l o'W!d.cine. Thi$ ~l(K.II) o.>( ;.lru~ll! i$ 
<: b~i6.:xl into gcn~r.nlot\S aocordi1lg to srecnum of 
anivit)' (Table 12-2), 

Pharmacokinetics 
~~~)C;f ceph:llosporlns are adm!n~-.~lcted paremct~ 

:l.lly bt-<ause th(.'Y lad the abilicy h ') be well ab· 
$Orbe-d by 1hc gMtroim..-scinnl (01} tro.::t. Once 
ab.."QrbC'd, CC'ph(llo~porim ltr< dimiOOtc:d to ti ~~u c::~ 

''''d fluid~. w•th the exc.ep• io'' <:~f the o:::etur:ll n~t
vous S~'$1~10 (CNS). Som<: cephal\'>Sponns M~ 
absorbed into the ccrcbro~pinal ltvid, but 1his 
ab.5orption i$ litnit«<. Metabolism (I(CU I'$ in the 
lh·er, with elimin~ll i<m .;xx.urrh\{!: in the ladn~}'$ 
by i,: lom<:ru l:~r 6hratlon at\d tubular sccretkm lnm 
the urine. Therefore. d\'>SCS must be modi6cd tOr 
pl\tic:nt$ in renal failure. With a few cxc<ption.s. 
ccrhaliJ~p<>rin.s arc ~;x<:rctt:J through the: ('=.;;e.s v1~ 
1he hih:.uy S}'l>tem. 
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Table 12-l Cephalosporin P n::parat:lons. Indications. and Ant~onlsric Drup 

Cephalexln 

Cephalothin 

Cet(lz:olin 

Cephapitin 
Cef(lmandole 

Cef®.tm 
(a ceph.amyein) 

Ceftiofur HCI 

Ceftiofur sod1um 

lndic.ationJ 

Infections caused by sensrtlve or· 
g~nisms in the respiratory tr"a. 
skin, unnary tract, soft tissue, 
bones, p1nts,. etc. 

Urinary tract infection$ 

1nfeclions (avsed by sensmve or· 
ganisms in the respiratory uaa,. 
skm. unnary oad. soft bssue, 
booes,. joints,. etc 

Same (IS for <ephalothin 

Same as for <ephalothill 
l if<Hhrealening. gram-negative 

infections 
Treatment of suscepbb&e .nectJons 

Treatment of respiratoty ~se in 
callle and sw1ne; broad spectrum 
against g,ram·positive and &•am
negative b.:laeria induding beta· 
lactamase-producing strains 

Treatment of resp!tiSIOI"{ disease '" 
cattle. sheep, hoiSeS, and Swlne: 
urinary tract infections in dogs; 
and for corurol of eilrly mortil!ity 
MSOciated v~th f. rolf o~g.,nisms 
in OOy-old <:hicks and da'('(lkt 
turkey poults.; bro~ spectrum 
ag.~nnst gram·positn.re and grilm
negative b.:lcteria in.cluding beta· 
lactamase-producing strains 

Pharmacodynamics 
Sm\1l:.u 10 ~nic•llins, ceph:JIO\i")l)tii\S in1erfo::~ w1d\ 
«II wall s~·nth~sis by binding to th~ bacr~ti..ll Cll· 

Z)'m<:s (PBPs). The spt'<:trum ol aclh' ity <.lf a cepha· 
~p01in h l"e\'¢1tled by the drug$ abilit)' w ptnetr.ne 
rht b;teH!ri;tl cell ~II ~md l•iml whh 111\Jiein.• 
\l.'ithln the q·tc)pl;ts.rnk rnc.mbr:'lne. A11other simi· 
laricy bctw«n ccrluaJ\'>Sf"'rins nnd rcnicillin.s is the 
~ccptibilit)' of cephalo~in.s to bem-lacrnmrues 
(..:tph~I IO$J'Ori n<"'~<e). which ..:<m t>..: produ<:ed by 
~tt:.l11\ h.lctetl:l. $;1nK- cepha!o~piltlflS :.\~ mote 

Antagonist 

All cepha!osporms: 
gentamic;;wl 

CommentJ 

lngesbOn of food does not rmpi)lf 
absorption 

lngesbOn of food may delay 
absofpbon 

IM inPecion painfvl; inac6vated 
10 liver 

Highly protein bound: very rare~')• 
nephrotoxic 

lnt•am.ammary infusioo 101 mastrtis 
Dose should be reduced in 

pa!ients wrth renal failure 
Local recxbon may occu1 <'!! 

JOje<bon site 
May be used in laaating d(liry 

ammals 

May be used 111 l.le1ortmg dauy 
animals 

df~th·c in tttating imli\·i,luab with infe<.:tion 
<::)u~ed h)' h:lCien:) t h:.lt pn>tl 1,c~ ~t~-l ac.t-:\m.:'l..,e II. 

T~o~-Notiw 
1. Naxcel is approved for use in 14ctating dl!ltY 

4nimals. 
2. Remember to read pac:l:age inserts regarding 

milk withholding time and withholding time in 
ai'Wl'\als to be sl4ughtered. 
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O inkal U$e$ 
C:phabvorin.s a~ u....:d to treat ll'~riti:;, ~kin and 
.wfr ti~1.1t mft<:tivn.~ in J~'l! ~mJ <::JI$, bvvint •M:-11• 

tis, shlppu1a (c .. ·cr, and other r~plr:uorv iof~flmts 
in etude, h\'>tSCS, .s.he~.-'1\ and s"''inc. Cc.fti~)fur s~'Xlium 
(Naxcd) Ml.so is appro.,"«~ for we in Jay-old chicks 
~nd d.l}'•old turk,.y p>ul~ fo.>r «mtrol of ~:iuly mor• 
t:)llry :w<ocl:)te .. l "·hh f:liCJ.en'chia c::oli '"'J!i.lOis.nu. 

Dos«gt. Fom1s 
]. Ceflldor (~ocond•J:l•nc: ration ccphalo~l'O'Tin 

:mtihil)(k) 
:1. Odor 

2. CefaJroxil (6m ·&ocnc.r·Jti\)n cephalosporin 
antibiotic.) 
a. Cef~·Tab$ 
b. C.efa,Of(of~~ 

3. Ccf:uolin (tirsr-g.cnennion c-erlwi\'>Sf"'rin 
antibiO<k) 

<•· Aocd' 
h. Kef-:()1 
c.. Mally other bmnds avallnblc 

4. Ccf~.-'1-"imc (fourth·generation c~.-,_..halosporin 

antibiotic.) 
a, Ma.•dpime 

5. Cefo(:lX:une (thlrd·i:,CI)~I".ltlon ceph~llt~ponn 
Jlntibi0€k) 
a. Clafonm 

6. C('(Qotc:Utn (;i«.•.md•b>¢ncrution «rho~IO$porin 

:ll'ltihu)CIC-) 
n. Cefman 

7, Ccfox:itin (sccond·gc!"ncrtHton ccphalosrorin 
antibiotk) 
a. Mef~Jxin 

S. Ccfr~1!ld1m~ (rhlrd·K('fiCI".ulon ttph."llospotln 
nmibi0€ic) 

a. Formz 
h. C:pta; 
c.. Tam'!d 
d. T:uidime 

9. Ccftiofur (third-generation cephalosporin 
antibiotk) 
~. Naxcel 
b. £x~ncl 

10. Ccphakxin (6r.s.t·gcncrari\)n cephalosporin 
antibiO<k) 
a. Keth~x ii.Tld gtm:ri<; f~Jrm$ 

I I Ct•phalmhin (firH·g<:neration ccphalatip..)rin 
antibiotic) 
;\. KtAin 

12. (~hr.tdlnc (firs-r ·i,:Cncr:nlon ceph:llo!;poun an~ 
tibimic) 
a. Vdo!itf 

I}. Ce(ro(loxim¢ {thinl•gem:ration C(!Jlh.~ IO.~Jrin) 
a. Simphcef. admi11i~h':1ed onc.e d:J•If 

Ad.:t:r$e Side E/fe<U 
C~:'phal'*l'O'Tim Ill"\' ~u::~lly .safe for ~e in animals. 
Hcowt:\'t:r, ;lller~i.;: rt;\Ci i(m~ <!:\n (J«ur. 1\-;. re blc:ed, 
lng di)Ot)(ders h:we been reponed whh r.omc c:erh."l· 
losrorins. Others have causcJ sei:ures, although 
this occurrence is rare. Vomiting and diarrhc~1 ha\'e 
heen rtf'IJrtOI.I In .some indi\' i(lui•b. 

T~~Noow 
I. Carefuty read li!bels regarding milk. Vrtthhokhng 

lime- after mas:titis treatment and use in animals 
to be slavgluere<l. 

2. NaJCcel is approved for use in lclctating dairy 
ill'llnl<lls. 

Tetr:.._)ldines c:.ln he ~lmini$• ..:rtd ~lrc:nter:\lly or 
omll~·. The tctraqdines moc;t .:::ommonly us.:-d nl 
clinical practice arc rcuacydine, ox:yterrncydinc, 
Joxyq'<:line, and minocydinc (Tahlc: ll• J ). 

Phormocokinetlcs 
When rcmKydincs sre ::~dministcrcd. thev are d i$· 
tributc:d quickly thr~hout the: t iswc: and :;oml·timt'$ 
J-"(nctl'1:1t\" inw the: CNS. ~r~~l nll.!:tllbolitlm •.N.:' 

<:urs with mill!) I to::tr:u::)-<:lul E:~; d'u~. rhE:)' an: ..:limina•OO 
from the bod~· in ;.lcm·e tOrm. £limill:lliOI\ occurs 
most often by slom~·rular 61trotion but liOmetitnl~ 
JTW}'lx a..c:hic:·vcd throug;h bili<n)' ex(~tion route;s. 

Phormocodynomlcs 
Tctr.icydines work by inhibiting protein synrhcsis. 
thereby imp«<ins b.1c:-tc:rial c:ell di\'ision. They offc:r 
a brv~l $p«.trum I)( ill;.1t\' ity <'g.1in~t ~ra..n•l'<)•ittv~: 
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Table 12-l ietr..c~·c.l ine Preparntions. lndit::'l tions, and Anta).;onistic: Orus,;~ 

Drug 

Chlortetracycline 

Tetracyctine 
Do.\ycydine. 

minocydioe 

Indications 

lnfectlons of 01g:~ns Of tiSSues 
caused l)y te{racycline-sensitil.oe 
strains-; anaplasmosis; oh~n 
ineffective for endocarditis, 
cmP)~ma. mening111S. septc 
arthtiris, ¥'lei osteomyelitis 

Same as for ~<teuacydine 

S.:.me as for o>.ytetracydine 
Same as for ~<teuacydine, but 

mlKh benet tissue peoetration; 
dQW;'(C)'Ciine is ~ially usefvl 
for canine ehrlichioslS 

anJ gmm·OI.'g:iltiw bacteria. Tht.')' arc baetcri,.,. 
stRtic. 1\hhough 111 high 005<: <.:oncentmtioms tlwy 
n~v l)i.!(VnM: ha~tri~tdt\1. 

Clit~icaf Ust's 
Tl•tmq·d incs are usc:d to treat tl'$piratory tract in· 
(«ti(ltl, ~cteri <~ l ('nteriti:s, <~nd urin<IJY tr..ct inkc• 
ti•) l\ <;;)u~d by u:tr:ll!fcln\t:•$U$Ct:f'lll)lt: l'fhCI\l\)1'](<11'1• 

JS.f'IU . Teuaq dines also.') are uso:d to treat rid :em inl 
diSol"<'ISot.'li (e.g., borrdi~is li c .. L)'mc dis .. ·•ascl. Rod.:)' 
Mountain ol>"P(Itted•tkk fe\'cr). 

DosQge Fcmn.t 
I , Ollmtctmcyclinc 

a. Anapi!L!m<.\!oi$ block 
b. Auroom)'i.:in ::~oluhle pvwcl« 
c. Aure(l.nycin t:)htet:; 
d. Aureotn~'Cin soluble <::llf obJets 
e. Calf scour OOius 
(. Fl·nnyc:in 

Z. {XIX)'(.)'dirM! 

~1. Vibl':'lmvc•o 
b. M~)nod~)X. 

c. Doxy cap; 
d. Many Qlher 1-r.md~ av:•ilat-le 

Antagonist 

Antxids. mil. diurcllCS, 
metho:Kyflutane. peoi<:il· 
lins, ferrovs svlfate 

Antacids. mi(,. diurebcs, 
methoxyflurane. 
penicillins 

Same as tor o:-.'(te1l'iCy(ine 
Minocycline-same as for 

<hlortetra<:)<fne; 
<bycycine-same 0$ 
for Ok)'tetracyclne, barbiru
ll:lt~. and G!I'IOOmazcpinc 

3. Minocyd in..
"· Minocin 

4. Oxylet~-ydini,: 
a. r~l()mycan 

b, 0lC)' hiO(ic 
c.. Ox~··TI.'t 
d. Tcrnuny•.:in 

Comments 

Long withdrawal trncs lil'l 
cattle; shock fedction 
may O«ur when given 
intrawmously lf'l horses; 
dl4rrhca also common 
in horses 

~...e drug,s are potent 
brodd·spearum 
teflac:ydine$ 

e. Terr:)mycin $00ur l:ll)letS 
f. Terramycin so.luble rowder 
g. l c•ng-m:ting fonnub tions include: th..• 

(oiJO'A'Ul.g: 

i. Lkil'<'rnyc:in·LA 200 
il. Bl~)n\)'C.IO 200 

5. Tetracycline 
n. Panm~-c in 

b. Duramy<;in p..lwJer 

Aclvetse Side IZffucs 
Tcuacyd intl may C-tu.llil.' renal probi.,•IJtS when ad:min· 
i,st('rC\1 ~~~ h igh do:.~. C.:lln affi:c-t fonuation of bot)($ 

~nd l et( II (~u*t ~l ;_.tinmj'! Q( H:>ed\) 111 )'(lvng :lniJn~b._. 
~hou\J never bt- i:h·en tet hiltst-'S imr.l\'Cfl()tr.;lf, a1td 
m...,~, caus..- Jrus fc\'Cr in cnts: som..- hl.'patoh')Xicny 
m.,)' occur at inc.T('<'I~ J(l1(:!. ~pcc:iRIIy in.susccprible 
im:lh•id\l.<lt'S. 
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high con<entmtimu in renal con ical tissu~·. 

adequate renal function is n«es:~ary for thdr 
u:;t.. ~tin~er (1001) rec(lmll'ltr~l $ fll\>n it(lii'Ut_g "i!l'~'' 

roh))(•clry by OOra ll\h\£ :l pr~neumem serum ae· 
arininc lcvd and comparing t hnr with wJues from 
.!l1mpl~ tahn during treatment. Any si~'tl i6cam 

change in the- ~rom CTI!(Itinine k .,.d Cv\•ld indk.-tt 
the need for termi.oati()l\ nf u·t:)tmem . Ano1her 
area oi <OI\CCntmti\')1\ is th<: imw r car. in which 
conct.-mration levels do not diminish until trt.'at· 

mcnt lui.!S been completed. The olOt{'l)(icity that 
I)(:Cnl'$ " ' 'W he \'~(ib1.1h1r (lr ~•1.1dii ..:"'Y· 

Pharmacodynamics 
Amino<.;ly<:O!idc.s v.'Qrk similarly to te traq·clil\ t$ 
by inhibittng pw tein li)'nthesh 1:md imred ing 
lxlcteti:ll cell div1~ion. J\min,)j!I)'CoMdes h3Vt: :l 

brooJ sreorum oi ~1cuvi~· btlt should be used 
only in spcci6c C~$ of gram-nc:gath•c: infection. 
Strertococc.-1 huctena specks do not ~how much 
*n~i l iv il y ' " :_ln\10\l{: l yC<~Sid~ ( E-Hinger, 2001 ). 
The~· arc mo~t oiren ei(ec.rive a~aimt anaerobic 
OOcterin. 

Clinica l U$e$ 
AmlnOJ:tl ~·.::osiJ...-s :~re uM-~ tt~ m~u patiemSc .,,:lth 
pn<:ummli.n. endometritis., urinnr~· rrnct inf<:ction, 
bacteria l enteriti.s. conjunc tiviti.s. and skin and 
J t ti --sue infoc.:.tiorus U~u...-ed hy <•mino.elycosidc• 
~ISCt:ptihle miOWJlt::u\i.~m$. 

Oos«go~". Fonn.s 
I . Amikacin 

~- Amigl~-de.V 
2. Gel\lamicu) 

:.1. Genro.xin 
3. Kanamycin 

<~.o Ka.ntrim 
4. Nef•m ycu'l 

;.l . Bi\'l~SOI 

A1k-.:r,..: Side Effect$ 
~u,-¢ int~• in~• l lx•.~ttJ~I il.:>r:l may be dl$rVIJtc:<l 
dunnJit t hf't:lpy 'tl.'lth this Jru£. Jinrrhca O\:l~' occur. 
Other side effl."'cts indud<: neuro.)musculnr blocka&"t' 
(when used with an~thctk t'I,!,"WlS) , nephrotolCic• 
It)'. and iJWt<JlCi~ity. 
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T~~Noow 
I. Because aminoglyoosades enhance the etlects of 

neuromuscular blocbng drugs. rt is best to refrcun 
rrom using lhtse drugs 8t the same time. Amino· 
glycoside blood ~Is can be deterrniled befote 
neuromuscular blocking drugs <lie used. to p•e· 
\•ent muscular collapse. 

2 Aminoglyoosides are contraindicated in animals 
'hi1h renal insufficiency. 

3. Aminoglycos!Cies are not approved for use in 
food-produdng animals. 

4. Do n01 milC vials or syringes 'h;th other antibiotics. 
S. Aminoglycos!Cies may cause problems such as 

ototoJI.ioty or neptw01oxicity in animals, espe-cially 
if the f)ilbent is oo furosemide thefapywhen they 
are administered. 

FI"Uotoquinol\'llles arc rd ntivd y new m \'ctl.-'1'inat)' 
medkin<: and have lx·en arrrovcd for usc: rn dogs. 
<:<lt$, t url: t:)•$. chiclc.tn$, aJ,J caule. 11u:ir lliit m 

hol'l>es U•tltlnue~ Ill b~ C\'~IHI'O\'Cr.ilal ~1nd 1$ n••• 
~1wmvcd (Plumb. 2005). Auor~uiMiones ~P· 
pro\'l-d for us~· in \'~·teri JUtry mcdiciOl· include c:nro
fl o>wcm, difl(IX<I(:in hydK~hloride. orhiOox;u;.in, 
l!;u:)tl,~x:adn, ;md rn:~~·t1o.>)(adn. Au•)~um•)l.;>nt$ 
e x:hiN r brood·specuum :lCth•ity ~'tlinst gr..lm· 
posi1ivc and gram·n~o-gatiw b.1cteria. 

Pharmacokinetics 
Fluo.roqult\di\'~OC!< are :l\'nil:.)blc for \)r:d ~1nd p.lren~ 
ter~l nJmini~trmion. Aft<:r ::~dminisu~ti\;n, th~.~· arc 
rc~1dily absorbt-d into ti$SUI." and bod}· fl uids. Me: .. 
taholi.mlv<X:Urs in th( liver, ~nd elimination oocurs 
v.:. d'~ H .llte}'lt u\t(l u tuK': <•r lfm·,u~h bile hw• 1 he 
intestines. 

Pharmacodynamics 
T ht hr(1t1d iipeclnun fJ( ~ctivily vA'tred by lhe 
lluMktumoloncs 1Sc OOcrerkidoll :l!laillSf fl'l:lO)' differ
em path\'>gens. The cffc([ \i i tluoroquil\\)loncs is 
achieved through inhibition of or interference with 
tht: hil(.teri<d t m ylW; ONA•gyr.1iit. 
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body and can rc:;_lch thc:rap..-utic levels in th..- cere· 
bro~-pinal ftuid (Plumb, 2005). 

Clinical U!e~ 
Amfcnic~.,t is npprovcd for the trcstmcnt ~.,(patients 
with bo\'i(l.(" r~piratory di:!ell!e nsroc-int«< with Pas~ 
((:l~r.:Ua ~m(d)'UCI'l, P. multoc,'dt!, ami Hae~hlius 
$VlmllU$. 

Dos«gt. Fom1 
Nuft(lr injecwble X'llutkm 

Adt.'e'l"st! Side £ffe.:rs 
.Adverse side cffccu indude transient inappetence, 
decre~t~ed water consumption. and diarrhea. 

T~vN~ 
1 , Rorr~l is not approved fot use tn •ema1e dail)' 

CAttle 20 mootns of age or older and should n()( 
be used in veal caNes, calves younger- than 
I month old. 01 cal\oes recerving an a!!·mi!k. diet 

2. Aorfeniool is tor ifltramuso..i.'lr injection only, In· 
jeaions should be administered into the neck 
with no more than 10 ml given pet scte. 

Macro/ides and Lincosamide.s 
Macroli<k"$ and lincmamidcs are primarily c...ffcctive 
~.-in~t .L.'Tlun-positi\•c;: (l{~ni~ln..;. The m<Jcrolid~ 
l'fl•);l C..)mm .. :mly ~ked in vt: t ent\:~ry mt:dic.ioe il'l• 
dod<: tilmkoou\ phospharc, erythrom)'Cin, :tnd ty· 
ktsin, The lincosa.midcs inc lu.:k·linc .. .,myc in, dinda· 
mycin, and r irlimycin. Oiodamy~:-i.n i.s alw dfecrivc: 
m tre~~ting ;\n-ac:robi<; infectRm :'lnd l$ ,.~d t<J tre;\t 
!)IUiems with ..Jeep p~·l'Xkrma~. \.\oY.lunds. :d~esses, 
anJ osteomyelitis, 

MACROUOES 
Clinkuf UJeJ 
M;Ktoli..ks :uc USI.">d to ttc3t pmicnlb with uprcr respi· 
ratmy tract inf~"Cticn, mllStifis, metritis, nnd foot rot 
caused b}• mkroorg<mimts .SUKl'ptibk to nwcrolidcs. 

Doscqre Fo-nn.t 
I . Er)•thro 
2. Galli my( in 
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3. lll()()'cin (many brond:~ available) 
4. MkotiJ 
) , T)'h\n 
6. T}•locmc 
1. T)'lOISin 
S. Z.ithromax (a:::ithrom~x:in) 
9. Draxxm hl.llathronwcin) 

Acl~se Side lZffuu 
The::;~· include diarrhe;.l, vomiting, and anon·xia in 
.smallanimuh aftc:r omJ ... dministmtion (I( er;thro
tn)"C-in and 1 ylly.)m. St:v~re Ji~rrht:\ m;w rt$uh (r(llll 

or.1l 3dmlt\ls.trmtoo of erythmmydn ~1nd l)'loe.m m 
ruminants and horses. fntmmuscular injection of 
er,1hromycin 1md t}'IO$in i.s "ery painfuL AJ\'eNe 
t~ult c:R'e<;t.< an:lm¢()lllmvn m <;~ttle ~(ter t~l•hc-uw~ 
ne•)uS; Injection ni film kosin rh<o..;.ph."lh~ (Mkf•t ll). 

T~vNot!W 
1 . MiCObl is not appro.-ed foe use in lactating dalf'( 

arwnals. 
2 Clrefulty re~ labels about use in animdt!. to be 

slaughteted. 
3. M!Cobl is potenba!ly lethal to humans, swtne,. and 

horses. 

LINCOSAI.\IOES 
CUnicaJ Utes 
l.in<:ooatnldts arc usOO to treat upper rc~pir:Um)' 
INlet infection nnd skin inft.'Ction in Jogs, <:ats, and 
:l'ot'inc-,lt! "'·dl as mast it!:! in C-IUtl<'· Lin(omyci•t may 
he (('l•nd in ct:nnbinmuJn with other :'!gent$ ((JT u~e 
In chlckeni. CllnJ:unydn 1S 3pt)I'(J\'Cd fot u:.t u\ 
Joss and cats fl') treat deep pyoderma, w..-mnd inft.'< · 
t ion, absc:.c:.ss, dental i.nfl'Ction, and mtromyditi.s. 

{)IJ$Cig€ f'QnrU 

I. C1indam~'Cin 
a. Amirobc (<:apsulcs, onllliquid) 

2. Linoomydn 
;'1 . l.inoodn ((:.lp!!vlc-,.s, or;llliql•iJ) 
b. lu\oodn Sterile Solu1lon {e-"''11\('.) 
<. lincomix 
d. f'iNue Aquc."Qus Gel 
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Adt.-eTs~ Side Effecu 
~c indOO(' on:<t$ional vomiting <Jnd di::~JThc;"a. 

T~vNotiw 
1. Ln:omydn is not for use in avians used tor egg 

la')•ing. b•eeders, o• tur'(eys. 
2. Carefully 1ead IOOel abou1 use 10 animals for 

slaughter. 
s. Ln:osamides should not be \ldministes-ed to r<tb· 

bits, hamsters, guinea pigs. o• horses. 

Vanc;omycin 
Vancomy.;:in ~ not commonlr u~d in veterinary 
m~i.;;ine. It i$ ' 'tTy l!«t<:tive \le<'liO$t !,.rriam•p1.1$it ivt 
l~lth,)~O~. p:utkul:)tly CiJ<::Cu~ ot)t:.ll\a~Jl\S. II i~ :lJ· 

miniStered intn.wcnoush• m m:tUy. Vancomycin is 
aJminincr«< orolly (not absorbt..J.} only to wntrol 
a.-.w .... d•ffi<•k. 

Clinical Uses 
Vanc\'>my.:: in i.s used to lrent r~.~is-f::im staphylococ· 
cal and strc:-ptOC(.'ICCal infc:ctioos. 

D.uCQre F<mn$ 
I . Vnncocin Powdt'f 
2. Vnncocin lnjecrion 

.<\dt.-cr.f~ Side £/fe.:.L'I 
These include possible thromboph}c~ti.s nnd (c. 

bfil(' reactions {Bt·'<'ch c:t al. 1987). Ototoxicity, 
nephrotoxidt}'• and h}'pe~ruiti\'ity <•.~ oth('r pos• 
~ihlt ~i-d~ dYe.::~ . 

Spectinomycin 
Sp«tinomycin is an n.minoc-yditol antibiotic that 
1s prim<arily (((('(;ti\'c:- ~tin:;t ~ratnm('g<ativ..- boct..-• 
ri:), ))(Mil t nl)'C..~plaMlu, -:.nd l!oi)ffit J!t:un•pii*JlVe 

OOc:lcria. Its :tetion inhiN1s r rmcit\ synthC$iS in 
SU$CC:ptibJc i::«ct<"rin, It is not s~·nerally t.off<"Ctivc 
~inst ttm•erobic bactl"'ria. 

Clinical Use~ 
These include C(>ntrol ~)( ai1 sacculitis anJ c:hl\')nic 
~!ipiratory disc;".ru>e in turi.:cy poultli and chich 
C<!Ul!cd hy ()~;:tni.~rm :<nSitive tl• $p«:tinVI11)X:in.ln 

baby pigs, it is US<"d to control and treat inli."<:tious 
di::IJ1'hca CllUSC:d by E . <:orlJ. l.n I.":Otttle. it ~ indic:<Jt«l 
(qr th~ J~<ltmenl .;,( 00\'ine rC:$ftir;u~JTY di.~e;t'!e 
;.l~l)d:ued '>1.•/th P. Memalyt:ica. P. mullmida, and 
f L .sommu. 

0.:..1UJfC: F ()n11$ 

I . $rect:ltn lnfocJahle ( turhy P•)ulrs and e:hi<:ks) 
2. $rect:lm &~1Ur·llah (s"'itw) 
3. Adsp~'C Sterile Solution (e-tude) 

Aduen~e Side E!ff~"-u 
ThelVC :.te tu\ootnmon. In cmdc, m1kl S\1.-tllln'= m-:.y 
be nNcd at the injccti\1n site. 

T~vNotiw 
1. Do not use in tem• dairy canle 20 months of 

age o• older. 
2. Do not use an ~RDI G:llves. 
3. ~retvtty read l<!bels about use in anim<tls for 

slaughter. 
4 . Appw.'ed only for use 10 SMne young.er than 

4 weeks of age or weighing less than 151>. 

Polymyxin B and Bacitracin 
Polymyxin Band bacitracin a~ restricted w torical 
$kin ;md ophthalmi(.: ••pplicatioru. The."< drug~ (I(~ 
1en :~n: Cl)mbin~l wuh (lth.:r dru~~> {c:.g.. noomy<:hl) 
in topical sl:in and ~')phthalmk oinuncms. 

Clinical Usc.1 
The..;;e incltJJe uemment .:•( .w,-.erlid;;ll OOct~ria l iJ'~ 
fectlon.s of the. c~·e, coojuncth·a, :ltld sk1n. 

Dosu.gc FortrtS 
I. M)-.:.:it1<1cin St..-ril<" Ointment 
2. h·•rll~ T(lj'li<:al 
3. Neohacimyx Ophthalmic S..1luti,)n 

Ach:er$e Side Effects 
Advc:r$e l!id~ e«t¢.~~ (Jf p<JI)·u,yxiu B in¢lude 
nephroroxldry :u\d ncuromxldty I( :klmll\l~Jcrcd 
parcntc~ll~· {Beech cr ~1. 1987). &cit~CIO is 
limited to topical application bcxau~ it <:<Juscs 
nerhrotoxicity. 

Copyrighted material 



T~.-N~ 
C.~re 5ho.Ad be t.lk.en to a\<Oid cont.lrN'I<!\ing the 
appfi(.ato• tip when ~htha!mt( preparatiOf'lS a•e 
administered. 

Suffona mlde s 
Sulfcll\o'lmides, <tr sulf:J .. ln~~t:~ olte antib:u!teri:.ls r;h;)l 

oftCt n relatively bro:b.l spo..xuum ,if acriviry :tg;linsr 

gram·("'Sitivc Md r;rnm·n<:J:."<ltivt· bKteria. T~ m~t 

C.Qunuon ~lfonarnicles u..'t'd in v("terin<~ry mccljcm<: 

;He .,ulfa.:li;):ine, ~ulhf:lt)s;uvle, :lnd ~~f.~lm,~lhvsine. 
Trimcthoprlm, pyrimcth:unu-w. :11\d ormcr.:>pnm l.lte 
commonly <:\)tnbincd "'ith wlfc·n~midcs to cnluance 
their effec-t. 

Clinical U!d 

Sulfonamides are usN to ueu JXl l k'-1\lS with acute 
urinary oact inft•ction, rc.spir.nory tract infection, 
wooud inf«:,ion, <:ocddiOCII$, and foot rot. 

01)SQg"t> Fonns 
I. Tribrisscn 48% Injection 
2. rnmor Tab leu 
}. A llxm 8vhJl!ett 
4. l\ll)()n 01".11 Su$pcnsl1)1l .S% 
5. Susuin Ill Canle Bolus 

Ad~-ocT$4: Side EH«-~ 
The~ u'oclu~le un•c::.ri:) (hi~). \'(ll'fliting, di:lrrho;::\, 
aMrl'-xin. (e\'l'.r, and crvsr:d (ornunion within th~ 
kidneys, which can result in hcmau.uiu, proteinuria, 
and rt'nal tubul::•r damaJ.'t'· Kcmtownjum1i\'itis siG<~* 

h.-..i>lx:en rtpvntd in d!Jt}i- ll\e o.$1: vf the$t: dru~ h;\1 
b..~ luruted In (ood~j..'t'oducu)£ :lnlm:'ll$ lx"Cause l)( 

residues o( the drug in meat, milk. nnd cgss. 

T~rN~ 
Maintaining normal hydration can decrease the risk 
of ays.tal forrrultton '" the k.dneys. 

Nitrofurans 
Nitrofunms coru-i~t o( a group of antibnc-teriab 
with bn~d-~J'«tnun <l.(;tivit)'· Tht lll\\'!4: <:vmmv n 
n.uofur:uu ,~d !o cl.nte:'ll pl".l..:ti.::~ :'lr~ n!ttnfura· 
!l.'me. niuofur.tnr..')in, and furazolidone. 
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Clink.al Ust?".s 
Th~ indudc trwtmcnt o( ai))Crfi( ial bactcri l~l in .. 
ft(;ti.._,.,., (I( .,.,'<Jund~ . ntC:n)l 1.; o;:nttriti* in ~:wi 1 1~. <!(~· 
cldlosls In c.hlcl:M:., and b:teh,.rl:ll cntcntls In pij:_.; 
)'l'lufl&<er thM 4 .,.,,.._w old. Nitrofuraronc a.lsl') mn)' 
be u:sed to uct~t pink('}'<' in cnttl(', $h('('p, and ~'OOt$.. 
a~ wdl <~s t)'c and ~~r infc:(;ti(m:s m d~~ ~.nd t.:~~. 

Dosage F'onn$ 
I. NFZ Puffer 
2. Nitrofmao:onc Soluhl(' Dr~sing 

3. Niu(l(ur<t:l.llh: 0.1% $vlul iVJ' 

Adt~rs;.- Side E{feccs 
Adv('Ne $idc d(ec.ts are un-common. 

T~.-N~ 
1. Except lor approved top«:al use. nrtrofuran.s ha...e 

bern prohi>rv.od ... food·produang ~nim~ls. 
2.. Nitrol'ur'ans should rlOt be used in veal CGives. 

Rifompin 
Rifonnri.n 't ~ IJ:l lb'¢ ¢VIuplex <\ntitukrobi~l that i~ 
Jeuv<!d (rom t!(amydn Band produc<!d h~· M>ean:lia 
ml'dirmia: it uru:dly is uscJ in <ombination with 
oth('r antibiotics to a\·oid till.• development o( re~is

t<Ult ~tr.•ins of ku::tcri;~ . 

CJi,licaJ Uses 
This Jrug is USl.J rrimariJy h') tr('at f\)UOg hmstS 
with Rhodocoa:uf C'.:Jlli infection. 

Oo.tCQ!t' FQnnll 
I. Ri6din Powder (or injection 
2. Rifumpin Ca~ulc..s 

Aduerse Sfde IZffecu 
May caur.e red-omnge-c.olort-J urine. 

Fung.1l in(~.--..::tions {mycoses) nf(' da~ihcd inro two 
trpc.s: wpicnl (wperlicial}, whkh aff«t th(' skin 
ami mu<!vu( mc:ml:mmt:s, tmd $)'Stc:m•.;. whit;:h ~:~(f«.t 
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w<h areas as the blood, lunr;~. or CNS A wpical 
fung11l i.nf<:ction •:rw•y be: di<•gnooed b}' dir«t micro• 
~VJ'lC eJC:hnin:~ti,,u fvr tho: J'~l'l"'l(;¢ 9( dt>l i<;at~:. 
h~'()h:'le In sl:ln cell:. or the presenc~C ,,( ~po.rcs on the 
sutf:!lcc of an infcetcd h:'liJ. Dcrm."'t()flhytc te~t me· 
dium i.s avl\ilabl<: for topical fun~al identificntion al 

uvhn~piu•l lahvr:•tmiC':! (F\!,"Ure l l...f). S)·.<to:.mic my• 
ll(•Si:. usu:11l)' is th:lJ!no..ed In l:lrf!e l:.bflot:UtJri'ts 
through ~tol\'~ic resting. P:ltients wnh fun.~l in· 
ft.'Ction are trt.'att..J with oral, topical, or parenteral 
drugs that ~~~c ~uitabll." for the:!C' inf«tion:s. The 
:umfun~:~l. f•r :num'ly&X•ri(;. ~,lrvg:. :m~ o..livtded huv 
(our ch!>scs: (I} pol~<ene. (2} lmld:t:,)le. (3) :'IOU· 
mct:!lbolic. and (4) surcr6cial ngcnts. 

Polyene Antifungal Agents 
AMPHOTERICIN B 

Amrhotericin B is ;ln :uuifung:tl drug that m:1y be 
fungilitatic or fungkidal. 

Clinkuf U:ct::c 
TI'H$e Jrus:s :lr<' uf.f'J m treat d .. )~ and Clts with 
$)'Stcmic mycotic inf .. 'Ction. 

J)Q.Sc.uce Fqnn 
F'un~b•ll._,. (hum;ll\ lab..,.() 

, 

F!C\JRE 12·4 
Detmal!lp!lyte lest •nedt.tm 'n.l>' be us.ed 10 wl!ure c-opic.al 
fu~l infeClions. Tl"ls medium oornair6 <1 phenol red indic..ltol 
th11t tl)m~ ttcl ,:; "clerm11tophytt gmws11nd pnxlooes ;,!I:.:Jlne 
me1abolic products. 

Adeem• Side E/fe<'U 
Numerous coxicttie:s such as ltnorexia. \'<.lffilti.ng. 
l!l"hnri'~. :lrl>(.mi:;•. ;~nd e:mli t~c ""~t h~wo:. l'ten n:~ 
potted .,nth the u ... ~ of :'lmphl'terlcln B. Ncphromx~ 
icity als~) occur~ in mon patients th:lt arc given this 
dmg (!k«h "•'· 1981). 

T~vN~ 
l.AmphoteJicin 6 6 bdministered iot,~nousl·r 

thtovgh diiUiion in !>% dextrose. 
2. Renill function should be monitored closclt during 

tfeatmenL 

NYSTATIN 
Ny:~t~tin Ill<•}' he (un~&Statk <>r (un~teiJ~•L It \•ftcn h 
<:omh,ll.....d w1th •)(he:t dnt)ti :.u<:h :'IS IH~I)nl~'<'-ln. lhllt-
sncpton. nnd tri~1mcinolonc :lCctonidc. 

CUnic:al V$($ 
Ny:<e•un 1:< u~ed 10 ue~u d()~ ;)ml c::•u whh c::.ntli ~ 
Jbs1~ Infection of d\i! sl:ln, mw::dus membr.lnt.'$. 
nnd int .. ~tinnJ tffiCL 

r >c:..1«.1u~ Fol"ml$ 
1. t\nlm:'llC o,ntm..,.m 
2. Ocmtal,)nc Ointment 
J. Panolog Cream 

Ad~~ttse SCJ" E/ft!f.'U 
Adwrse ${..k c((c<.t~ :lrc un<',)mm,)n. 

Imidazole Antifungal Agents 
KETOCONAZOLE AND MICONAZOlE 
Kemcon;l:ole and m'wo:r:1)le :ue twt) of th..,. m,.,~, 
C\')mmonly uf,I,..J d~ in this class. Kch'X,)I\.."'tolc 
i.s available in oral nnd wpical pn:parations, 1\nd 
mic.:om~;vll." is av~ilt~hle in pm:ntend tln.;l wpic~l 

rre~lr:ll tt'll)('. 

Clinic(ll Use-s 
Th~ indudc the treaoncnt of ~omc .1;y:;temic my• 
(;VIIC in(ec;:ti()ll) ;lnd :;Vmo:. ,lt!rm:tt''i'hyl ~llle;,. :1.~ well 
as Candida lnt"t-'('tklO u\ JO):~ :lnd cars. 

Do.s«gt' Fortr't$ 
I. Ni:vml T<1blet~ (hvmnn l,dx:l) ketQC<>na:~lle 
2. Nhot:tl Ctt>:'lm (human l:'lhel)-bwc.-ma:..)lt 



3. Monistat (human labd}-micona:olc 
4. Cono6tc Lotion or Spray-miconaz.olc 

Adt.<eT.te Side £fleers 
:\J\'crsc side cff.:crs arc not as severe as th\'>S<' o( 

amr hotcricin B and are uncommon. Kctocon• 
t1role mt~y rrodu<:e htptlt(Jtv>:icity. Mi<:vmuok 
mow P" >c:luce t.:.<:h~<:atd,~ . atrhYihtnia, fe"et. nolu· 
r.e~1. :md thrombophfcbiris after &ntmvcn~ ~ld· 

minisuation. 

T~!-NO"tlw 
Ketoc:onazole may cause infertility in male dogs. 

hRACONAZOl£ 
hmcooa!l.')le is th~ m\'m recently availnhle imid.ll!· 
ole for usc in \'Ctcrinary m .. -Jicinc 

Clfnka l U!tt:l' 
h r.lcona!Oic Is u~ed ro treat d .. ~ and C::'lts with s~· 
tcmic mycotic infc<-tion. 

Dl)$cuce Form 
Sp~)taflO)o! Ca1~•les (hutn.."ln l:.~hel) 

Adt;~rse Side Ef{ccu 
~(' iod ud.,. anorexia a~ociat('d with hcptltotox• 
icil)', 1.1kt:r~•• i\'e der~•• iti ~ rt$11hin~ (r(lm \':l$(Uiil l$, 
anJ po.,..;,b-Jc cardloroslcit)'. Severe :hfwrse rc:lC· 
timu arc uncommon 

Ant/metabolic Antifungal Agents 
f LUCYTOSINE 

F1uq•tos.inc is a fungist:.l tic mn.l :mtifun~ll agent. 
This drug may b.: us.cd in combination with other 
antifungal a.~:,'\"n~ for the tr~tm..-nt Q( ~m..- y~~I.:St 

h\f~ti.c>l\5. 

Clinical V$e$ 
Aucvtosin<: is used to n <at cryptococ:cal inf«· 
ti<lll. bl•t it inhibits the growth <)( (lther (ln'#i 
ascw~u. 

OosQgt Form 
AncQix)n (human l t~hel ) 
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AdC"t r$C Sid.t E/f.tcu 
Th~ iod ud(' booc maiTow deprffiion, l~ncmi ;~, 

ftvl.: (lf'C;:tu:\, aud tl\r(Jil1b<)(:yU)ptOi;l. $~ve~ re;~• 
t.ons may 0\'Cur In patients with rmal losu(fi~ 

c icocy. 

Superficial Antifungal Agents 
GRJSEOFULVlN 

Griseofulvin is us.::d r rim.:.uily in do,;:s, cats, and 
hotlil~ as an antifungal. It i~ administered ornlly in 
th(' fonn of a tabl..-t or ('Qlvd..-r. 

CJi,lJcaJ Uses 
Gris .. 'Ofulv-in is used 10 treat dcnn-ntophytosis. 

Do.1uxc: Fonl\$ 
I. Ful\'lcU\•U/F T."l.blers 
2. Fu\vicm-U/F P1lwder 

Advcr$e Side E/fec;U 
AJ\'er.)e 3ide effec1~ :.lre •.n'l(l)l\ll\ll)ll. 

T~!-Notiw 
1. Griseofulvin should not be <~dmi'l1swed to preg

nant OJ brcedn.g ~n~m~ls. 
2. flbso;ptioo of gfiseofu!W"I is. enhanced by adl'»in· 

istration >Aith a fany meal 

Other Antifungal Agents 
Scvcr-.11 ~lR(:Ots 1har have 01hcr uses :l!c al~o eif..xttw 
as topical antifu ngal drugs. A mpical prcranuion 
often is U5<'d in conjunction '>l:ith :O'($tem.k antifun .. 
#(II dn.~g$. Co>nml(lnlv ttSe<.l t(lpi~~·l prq)O:Wtivn~ 
Include chk,rhcxldloe, kodlne, tf.!nafl:ne, bel\:t)le 

.-.ckt. saliq lic ac.iJ , and rhiabcndamlc. 

Anti'>•iral J rugs arc uSoe:'d to treat patients with 
vin•l infe-ction. Their u.s<: m \'ct..-rinary mcJicin.,. 
i$ ~till limited. OOt re . .-•;t~n~h 1$ inere<\~ing 1he l• ~e 
(,( thef;f' dtujll> for treatment of :'l.nlm~lls with '>'ital 
infe<: ti~')n. B .. >caus~ n,., anti\•iral agents nrc ~·ett< ri · 
nary-uppro\'cd, human•appro\'cd antiviral 14,.><:nts 
are u-.ed. Anti\'irab may h: U~e\1 r~lr the t~(ltmc:nt 



ol optic viral infccti\'m and nonneoplastic {dine 
IC'ukC'mia vifU.!i (FC'LV) .. <U$O<:iatcd cli~..J.S('. Anth'i• 
r.~ l (tn•gli :u..:. ~• vttihlbl<:: for t()pie~ l Md :;~"3h~rnie 
use. Other :l.llrl\'hal dtujt:S t h3t nw~· be bene6clal 
in vcrerinar~· medicine indudc amantadine, b>tLn· 
cidovir, icloxuridinc:, anJ aridothymidine. 

Acyclovir 
Clittica( U:(es 
In wterinary m .. -dicine. acyclovir may be u'S .. -d in 
birds fot' the tTl"<ltroent Qf Pacheco's djsC'ruC' and i.n 
c=at~ f()r CV1'Ii111'td (c:line herr>e:$ vhu* ,n(t!C(i()n .J 
the conjui\Ch\'a N cornea. when other uearmcnu 
have failed (Plumb, 2005}. 

Dl)$cuce F(lnn$ 
I. Zov!ta.x mhlers :md C:l.p~ul6 (hu moln laiM"I) 
2. Zovirax Suspens.ion (human lnbcl) 
3. Uw-irax lnj«tablc: (hunwn label} 
4. V:•lacyclom {human h•bel) 

Adt>et"se Side Effe.:u 
AJvcr.sc: side effects include leukopenia and lllll.'· 
mia in trcat«< cat.s. In birds, ti~c: n«:rosi.s <an 
ll(:(;~lr ~t 'he mje(;tt•)n $Ht i{ thi$ \lb>tnt i$ ll $~:~,1 
pat~ntf'f:lll~· fot lonKCr th~ln 72 ho)u rs (~le~bte 
and Bi~hop, 2000). 

Interferon Alfo-2A. Human Recombinant 
Clinkul U:tt::~ 
Jn vctennal)' ml."':hcint-. interferon alfu·2A Is aJ. 
ministered orally ro uent cars wirh n,')nneoplru;ric 
Fc.-LV di~•:it:· 

D(~Qge Fcmn 
Rolcron·A 

Ad...cTse Side EH"~ 
N•) :.J,·o:rl)e ~ide efft:(;tS h:.N~ l~n n<••o:..l (Plumb, 
2005). 

The us<: of disinfectants in :.1 veterinary hospiwl 
ranges {rom tl\ble sprays to premise deanen 
(Figur..: 12·5). A d1Sinfe<:t<1nt dcstW}'$ di~c:(4So:• 
f)tfldud•'l.St mu::rOtJ11!:.tOi~m) m io~)Chvllles \'ltu~es. 

FtGURE 11·5 
1M C"Mcen!ui!lons or dst~foo.rum va1•f !1om cSilllietl$1hat &1e 
used fo1 disinleclll1g: tenrrels. !lOOtS. and so for.B, to dlitions 
th.:ll "n: us.ed ~ 11:1~ sp~'fS. 

h i!< uSt->d ,~rlmarily on lfl~)nimarf' objccu. O!~ln~ 
fcction 1imc is thl.' riml.' rcquir .. -d (N a pmticular 
agent t<t produce its maximum effect. This t ime 
varic:~ with diffc:rc.-nt flgc:nt~ but C<m h: a({c.-ctW 
hy :) ~nge <•( fa(.h)N ~·ch :.1~ 1ho: · ~pe i)f m:uetial 
th:u is being JisinfccttJ, 1hc amoum ol soi1 11nd 
microbinl <omnmination involved, and the <On· 
centrution of the: disin(C'ctant and its gennidJal 
J)(l l tn(;y. Anti~eptiC$ ;.)re u3t:d vu hvt ti.!.'lol.lt: t<) 

..k.suoy mlcrCJ<'fX:'l lllsms. The terms dis:in/el'UUU 
nnJ llnris~ptic commonly arc used imer<-h.ang<:· 
abl}-, although disinfewmts :~hould bC' uS«~ on 
in~nio1~t..: :;m(ttc~ (e.g., (;OtmU::rtvps, feed bowls). 
wherea5 :.10til-l:pdcs nre used <•O l h·ln~: thsue 
(e.g .• skin) . h) hie 12 -S l1stH'Ommon ph-xluc.ts 11nd 
t hci r u.scs. 

Alcohols 
Aleo.)h<'ls such ;.s ethyl ar.d lwpropyl wo'* thr<'uJ;:h 
pmtein <oosul.ation and <liS$o.X i.ation of membrane 
lipids. Thcy arc bl•ct«icidal, tubcn:ulocida), 1md 
<l(;ti vt <1~\1in.~t .s()lTu; vnv.sc:s, h1t they are n()t $JXJri• 
cldal\•r ~)Cth·e ~llOSI fun~i. Al.::n.hol:. Jo 001 roo· 
cu·.u(' mgnni< material. 
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Table 12-5 Ois:infecL:\nl Prepara.1ion~ and ihclr Ac-tiviLy 

Sporicid-al 
DiJinfectant Propriet•ry Gt n t r•l •t Room 
Group Products Recommendations Bactericidal Virucide Fungicidal Temperature 

Ouatem(lry O·O&e Instrument$,. dairy M M M N 
ammonium Roc<ai-0 Plu$ eqlJIPment. rub-
compounds 0 ·128 "'"good> 

PhenoliGs Pan teet lwndry rinse, M M H 
Oeanser floors, walls. 

Ly>ol lC. cqu.pmcnt 
Oisinfectaot 
Sp1ay 

Beaucoup 
H.!llogens ChloMesc FIOOI'S, spot M H H s 

OOC'ox Pvrex disin1eaion 
lodophots: PreM.ngical skin H H M s 

Bctadint prc~lc'ltron. 

P<Nidille thermometefS,. 
los.Jn dairy operation 

~•a!dehydc Cod<>< lns~nts H H H M 
Chlo1h~idille Nolvasan tf'IS:tt\.IC"nenl$. ~fgic.!ll M M M N 

Virosan scn1b, dairy 
ope<abon 

Alcohols ISoprop')!l lnstru~nts. H N s N 
alcohol 70% thermometers,. 

skin preparation 

M. Mo,ltr:·•tt ac•h·it~; N, •» at'lh·h,; H. hiS:h :··~ti•·u~·; S. ~ii).ln &e•h·hr· 

Clinical U$t:S 
~c indudc disinfection \'>f thermometer; nnd 
irutNm('nt:> for skin Pf('pannion 1md for spot disin• 
ftc~iiJ(\. 

i\tk,..rs4' Side E/fecrs 
Akohols <an corrode metal nnd may be drying to 
the: skin. 

T~¥Notlw 
!. Iodine (I% co 2%} can be added b>alcohol for 

thermometer disinfection to increase its activity 
against spores l)nd viruses. 

2. Alcohols should not be applied to ope•l viOtJI'lds. 
.:S. Nevet use alcohol dur~ (i.e .. as a step il) the 

surgical scnbbing procedure if elearocaLII:EfY will 
be ernploytd Wq the surgical prored~.ne. 

Ethylene Oxide 
Ethylene olCide wofks vin 9Jbstirution ,;f cdl alk)·l 
group~ for labile hydntg('n 11\om:s. It stcrili:t>..s n~ainst 
ha<:ttm\, fun~. ;:tnd ,.;,lli;e<. ihi~ ~;).i, which l)h.cx.ld 
be handloJ cmcfully when ui~d by \'eh~thl;.lry per~ 
sonncl. may irrit::ne the lung-; and <nusc chemical 
burn.s if skin <ontact occu~. The !,'<IS is flammable 
<1nd j, coosidert>d to be a hum.1n cardno~>en· Wh~n 
ill;.\1\uU:Ue l!!)jt<:ts :'l rl! Sh'.1ih:ed, d\h g<il> 1\\uSI he 

used with proper venulauon anJ ;.lccorJing to 
proJX'r Occupational Safet\' nnd Health Adminis
tr.•tion (OSHA) .standarcl:s.. 

CU,tJcaJ Uses 
Ethylene ,;lCidc i:; uS<'d to sterilize inammatc objects 
$1.1Ch t1$ blanketli, piLI0\1.'$., mattr<:S$('!i, instrument:~ 
with ~~~ ruhbcr ~0-.>lb, thtrnwlubilc: pl.-~ttCS. 
bc·~<)k.~. :uld p:.tpt:r.>. 
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Adt.-eTs~ Side Effecu 
AdvC'T!i< side C'ffe<:-t~ arc uncommon if t'th\·lc:ne (I)(• 

ide i$ t•:<J :\OC(lnJin{! t(l i'H.l'J'i:T 0$HA l)t;ll~o~.brd~ 
:uhl "'h:h Qood \'Cm llmion. 

T~!.'Notiw 
Speclill eqoq>ment IS requ11ed 'hhen ethylene oxtde 
lS used IllS 8 S{enltz.ation gas. 
1. After rubber boots are Slerilized -Mth this gas, it is 

best to let them "'aif t01 several hours before 
donning them. to prevent chemic.1l borns to the 
skin or the feeL 

2. Propet "entilation (rder to OS.HA standards) 
must be ef1'1)1oyed vlhen this g.as. IS used. 

Fonnoldehyde 
The: mode of action for fonnaldehyde is th~· snme as 
fOf ethyletW oxid .... It b nvnCOfi'O$iw: tmd is dkc• 
d\'e ~lt'•inl)l !xlt:tt:ria, fun~t. :;rvret.. a.nJ viru.~t'~. II IS 

conside ro.'d to be ~tdno.l:"nk ro human!l-:'lnd musr 
bt' used only in J iluted nmounu. 

Clinica l U$e$ 
fmmaldeh~--de 1:. ,~ :Li :l dMnfeo::tlns:: Jt;lS or Si)lu · 
t imt. The gas can be used h') di.siLtfect lnr~ are-.)S, 
.sud as a cobin\'1 or incubator. The ~lotion 1$ 
~ppropri<Ht' (Qr inmumc:nt di$mf«:tiQn. Odic:l!lte 
ln.strume,·u:; •na.v he v:.pnr diSinft:e~txl. 

T~¥Notiw 
I . Fa ~quate diSinfection, formaldehyde requires 

long oon~act bn~. 
l . Organic; material in.laivates its eHeaiveness. 

Ad~o<IT.J~ Side £fle.:L<J 
T hese include toxk ity h) skin ~1nd mucous m\'m· 
brane.s b~'Cause of i~ &rong odor. 

Chlorines ond /odines 
Chlorln\$ :'l.f'l..-1 toJinc~ arc h:doa:en.i dt.'l t tOXIt\':lt<: 
{XItho&'\':ns b~· oxiJ i.zins free sulih ydryl srou~ on 
bacterial <"m~·m(';S. Chlorines ate' bact<"rkidlll, c:x• 
hihat high lc\'C:l( Qf a<;tivtty <'1]!:11 il\$t varo.~c;:$, :.u1d l!lrt 

fungicidal and tubercul.xida l unl<:-s.i hlghly di1urcd 
Iodin<'$ and i0\1ophors a«" ba.-c.tC'ricidal, t'xhibit 
high ltvtb ()f ~etivity ~~;tin.~t vinJl!t::$, ~~~~ {~n'#i<:•-d;ll 
>lfld tuhctcu\0\'ld:l\. :lnd ;_lfe effeuive a{t:'llnsr OOcte~ 
rial spores. 

C.Uni(;ld U$c$ 
Chli1tines :.ue tectm\mended ftJr tlorns, plumhan]O: 
fixtures, SP\')1 dismfe<.,ioo. lli\J tiiliriC8 not h:~rmOO 
by ble;.~hing. lodint' tincwre is u.scd for skin prepa· 
rat ion:s •~nJ thC'nnQIUC'tel$. lod(lf'h"~ arC' u~od to 
dt,infeet tlu;.nnvme•~rll, t•ttn~il:'l, l\1bbe:r ~f()l)d;-,_, ;u~d 
Jlshc..'<, :\ltd foe presurjtlcal sl:in prepar:uton. 

Dos«ge Fonrl$ 
I. $(XInun hyr<.w;hloritt 

ol . Cloto"' bleach 
2. loJinc tinc.ture (7%) 
J. Bt·t:.~inc .wrgKnl scrub 
4. Povidone KJiutkm 

Acltrerse Side Bffecu 
The so ons vap..,r ~.,f chlmlncs mny irri tate the eyes 
and muco'n ffi\'1Ttbrnneli. Skin in itation may rc:::~uh 

from f'a ilur¢ w rin$t a chi(Jrin~¢-di~tnfecte..l l!UJ-f~. 
Chlmm~ hle:.lt:hes ")!.)ted fabtics ~1od is Of•MMivc 

to m,'>$t mct:tb. Tinctures ol iodine cont~lin nlc..1hol 
nnd are drying to the: ~kin . The~· $tain and may cor· 
rude roc:t<~l. locla..lphor.s £O(IY oorr"'k- metal; k-dint' 
$Oiu!i(,n$ w..in ;md •nay C•)rroJe mt:t:1l, ~nJ lugh 
c\'mccnrf':lrloos (3.5%) mn~· irm~ue llvh\1: tls.<;uc. 

T~!.'Notiw 
I . "l't'tese compounds 4r~ in~tcd by org<'lnlC 

material. 
1. Always c;heck labels for dlrrion requirement$ 

(more is not better). 
3 IOdophors 8re les.s staining 8nd i1rita~ than 

odler iodine compounOs. 

Phenolics: Soponated Cresol, Semisynthetic 
Phenols 
The moJc ol nction ,1f phenolics is prO<ein coagub · 
tton. They destroy li<"lectivc pennenbility o( cdl 
mtmhra.ne:;; lc:AA~tt o:...f «:U <;o.-l$tituen~ rt:;ult:s. 
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llwy arc effective agains1 lxitctcria, fungi, anJ some 
\'iru~. but th(')' a~ oot $roriddal 11.nd aJ(' only 
wWiy ef(e.;;tive~in$l n.;m.j;uvtiVJ'«i vin.1.~~ (e.g., 
!)11r\'•Wirus}. Cr~!i!ll mu;1 be u!i€'J in soft w:utt and 
i$ .s.low·ac.rins. Or~nk mancr, .S..'),1f\ or h.;ud wmcr 
(e)(CC'f)t C!e$01} does 00( inactivotc rhenolics. They 
h11ve hi~h dc~Xrb~n.;;y <1nd .. nesklu .. l tA'«t if ttl• 
ac·,wed w dry ()1\ Jurf:~es. 

Clinical Uses 
~e include use li.:S a ~'t'O('ru( dUinfec:.umt for luun• 
dry, li(IIJrS, wall$.. a,J\d equiptnt:.nt. 

DosQgt-Fonn.s 
1. Pantock Cleun.ser 
2. 8<:\IU(;iJUp 

3. Ly~l t.C. OISinf~aor Spray 

Atk~rs~ Side Effccu 
Ad~·('~' $ide efh1s AA" ltn<.:omnxm, but l'l:'peated 
;ultii)I\)IQn~<ll!kin expi,X;ure m:•y !'e$ull In ~~~c:umu• 
boon In d.ssu~ anJ ~\·~nuwJ toxic ~«ccts such ;.s 

Ol"UI\')h')Xici I}' or ICn'ltO!,'t.'ll ic iry, 

T~~No&¥ 
Somr pht.'f'lObes ha\•c ol¥!ctiOMb!<.' odors. 

Quaternary Ammonium Compounds: 
Cationic Detergents 
C.• i<)mc deterl't niS C(lneentn)tt ~~ du:! cell u'lt:Jn• 
bran~ .-.nd .-.r~ thou~ht to :'let by dts!itllvlna llptJs 
in edt walls and membranes. They arc more at· 

th·e ltg~•inM gmm•pooicive chan ~~.gainJK gram• 
nl!',gat iv-: r>T~\mlSlll$. They tut h\..::ttriO•t~tiG at 
h1gh d llutiom, hur ~pores, \' itusesc, RlfU•Ixu:::t~ri:'l , 

nnd P.s,;11domonas a.en~n0$a :1re rcbtivcly rcsis· 
tant. Organic dt•bri!i, harJ wntcr, and ani-onic 
W<l('$ and d..-tC''l!ents ioa("tivate qu<~t..-mury am• 
lll<)l'l uml C:i)ul p._), , nJ~. 

Clitlical u~es 
TOOe incl~--k dC'-IUling of in...~rumC'nu, ut('ruilti, 
in.•miJn~te ol'>jt&::tl!. \1.nd ru~r gl)(xl$. Tlu::y lll."'Y be 
used for imuumcnt soaks ('X:C.Cpt for lnsrtumcnts 
"'ith ccme01~d l~n-scs. 
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Dos<Q:t F-onm 
I. Roc<.:ai·D Plw; 
2. Q.Ci-de 
3. D-128 

Adcersc Si(k. E/ft>cU 
Ad\'eNc .">ide ¢((.,;.t<~(lre urn.:omm.;m. 

T~v~No&¥ 
Reitcl label$ <;arefu!ly because some quatem.;try anr 
moBum compounds do noc eftectf.•ely disinfect 
agamst some common wuses (e.g .. pai\'OVirus). 

Biguanide Compounds 
Chlorhcxi·dme i.< tht: mrJSt ¢vmtniJO (li!;inf((;tant •n 
1h1S; gr11ur . In h1,1!h d1lulk•1U. 1t is h)~tetiddal , fun
g'ickM, and a<-tiv~ .-.gait'\S.t envd~ vi~s (e.g .. 
fclim• in(cctiow pcritoniti.s. \•irus, ft•line le-ukemia 
vifl.l:s). OchC'r \'iru~. ~~s. und m}'ool::t<";:teriu itR' 

r~I~ICI\'ely R::Si$1:-)nt. 

CJinic.al Us~s 
These: include di:!inf«ting surgical instrument$. 
an~ottheuc t<Wipment. a.nd kennel$. It i$ t1l-sv ~va.i l , 

olhle :li :.l !>ur)(ical sc:n1b anJ a 11'!:'11 dip. 

Dos<Q:t Fonm 
1. Noh•as.•n c~•P tabs 
2. Nol":~d<!tU ()r.\1 s.t)lution 
3. Nolvalube (lubricating j~llv) 
4. Nolvast~n solutj.on 
5. Noh•a$M surgkul KNb 

6. Vin>$a.n i!vlut i•>n 

Adt-'l!f'Si! Side Effecu 
AdvcNe .!-ide.- dfl"C.t.s. at\' un-common. 

Other Di-Sinfectants 
SOAPS 
S..'),1J-'S, or anionic dct\'rgt'ntS, ha\'C only slight bac
tt•riddal a<.:tivity but a~ effective in the medt.1.ni, 
¢;;11 rtm•)v.:ll <J( vrg;:..nil)m$. The-y :.re n(lt $pvncid;:.l vr 
luhetc:-ulocedal anJ h~W(' l!mltal \'lruddal ~)Ctivit)•. 
They ,')ften contain germicide.s.. such as tridosm. 
thllt dl"CTe<LSC' the: numbt·r of resident flora after 
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REVIEW QUESTIONS 

1. D1fld-em tYf*S ,,( ~lcteti:. can be d~hl))!ui:Slled 

with the ufie ,'){a ---------
St:.lin. 

z. Grum•po"Sitivc: OOcteri::• wiU swin what color~ 

4. -.,-----,----_,-is appro"('(! for use 
in h~¢.ttlting d<4iry t~.n iltk•l ~. 

5. \::\1\ cau10e st.·'lininK 
of tet-th in y\)ung "'nimals. 

6. ~hould never be 
givc1t intruvenQusly lO hor~. 

7. $(»1lt :lminvgiy~kk$ m:\)' be 
_________ _:·h)XK and/or 

~.,-~.,-.,---~--··h~K. 
8. Gri~ofulvin is wed to trent 

9. A Jn~·!< ()( :l<:h\'ltY 

is the- rJtn.ge \)(bacteria nffccrcd by i~ acri,)n. 
I 0. Aerobes an• bllcceria that a-quiT\" ox~-~~n to 

live. 
:.. Trut 
b. F:.1lse 

II, A fungicidal a.&><:nt inhibitS the &'lO'olJth of 
(ungt. 

" · Tn.•e 
b. P:.ll!>e 

ll. A hacu'ti06t~tic agent inhibitS rhe gn'm'th of 
bacterin. 
a . True 
b. foll~ 

J.1. 0ermatoph}'h'>$iS is a(o) -------
skin infection. 
<" fungal 
b. !xleteri~ l 

c.. ~lrn:.ldc 
d. immunc-mcdiateJ 

14. Pe.11kallin~G ben ::'I t hine b ;l lonK,:lC.I in8 
:tmibimic that is nprrovcd tOt usc in dairy 
anim;.l]s. 
a. True 
b. Fal.'e 

15. :'\II the following dtu~~ :.te claS.it600 ;U ~nlctl· 
liru. except ----------
a. cephalcxin 
b. am<)XiCIIIin 
c. :lll\pu::llllll 
d. d)x:tcillin 

16 Naxcd is not approv.._'() (Of us..• in lactating 
d:~i.J)· unimub. 

" · Tme 
b. False 

17 P;.nmycin is dassilicd ll$ a{n) 

tl. peni<;illit) 
b. c.cph:llo;.pMin 
c . .-.minoglycooidc 
d. teuacydirn' 

18. Veterinarit~ns oonnnCJnly dispense ;uninQ, 
~lvoo~ideii t(lfY.II ient~ with re.n:.l in$uf, 
6ctcncy. 
a. True 
b. FnLse 

19. Enrvlknt;;l.;in ~ :l ----------
3 . ptnlclllln 
b. cephalospmin 
c. fluoroquinolone 
d . tcuacydine 

20. Atnph,)tt:tiein B 1n:.v be used it) d1e tre:wnent 
of m~'C<>tic fungal infecti .. ) t\. 

a. True 
b. FaLse 
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Z52 APPLIEI> PHARMr\COI.O(W fOR VETERINARY TE<:HNICIA.NS 

rumen prx>vi.:k~ a warm, liquid environment in 
whkh to live. Commcrualism is a t)-pe of $-}'mbi(ltic: 
rebtt~)r~o~htp iJ~ whieh line ~)·ml,i(mt l~nth•~ bt•l 
the other S'{mb.om is no1 harmOO. An C.X.lnll)le ol 
oommens.'llism l$ misdeooc growing in the top ol 
a t~c. lit.itly. parru;iti..<m c.x:cun wh<:n onc specie$ 
lh-t:s <lt tht cxpt:rut of a.nOther. An cxim1plt of p<tr .. , 
sit ism 1.i lfiJCJuo.Tis tot1/pi$ 1 h:u li vt u'l lhe ee<:u m d c he 
c.nnitloe. 

Sometiml~. an animal ma\· harb:>r a ~rosin• on 
or within its l:x.xl~· th11t i$ ('Qtentially pathogenic, 
l1ot 1he anim;1l J<le$ n<•• ~xhih11 ;ll\}' w1w~ml ~igns 
(I.e., dlnlwl disc:Lo;e) ,)/ p;.l~lSitlsm. This Is l::nown ;.s 

patasitia.sis. If, hl'>"~vcr, the animal harb.'>rs a par.-. 
-!oit<: on or within its body, 101d injury occurs to the 
animal ~C.1\XIc •i the.: pW.t$1te. th~ i.~ known a$ p;~r:~ 
slt06is. flar:l:>•W li\'h'IJ! on t he ;,ulslde o( :'In anl.ntoll$ 
OOJy are koo~·n ns eccoparasiu:s (e.g., lk:.ls, t icks), 
and P'<tnl!-ites li\•iog on the insiJl• o( an animal$ bod)' 
a~e kn(lwn il~ cndopo~r.a!litc::5 (e.g., canine hc:art• 
w(lrO'IS.). A1\ :ll'liu\:11 wilh t:CI OJ'<tr.:t')ih~ i:. !!<lid r..,, 1.~ 
uUe:Stcd, and :1.n animal wilh cnJoparasites Is saiJ 10 

be in(.._"Cteo.l. Sometime-S, a pamsite ma)' "'>andcr from 
its normal location in the h<l5t's body to another 
ioalti()n whtre it .,loo nut n<,nl1.<111y livt. Tht* p~r.)• 
site~ are said 10 be aberr.lnt (err:ulc). Althoujth tnt)Sr 
vc1crinary pers..mnd usc the lay term given to par.-. 
siu-s when ~akin; with a client, it is important for 
\'et~rimuy t«"hmd<Jru t<•l:.now the ,b't'nu.;<~nd spec;.i~ 
1\:0lm~ <of 1ht: n~1 Ct)O\Il~(ll'l J)ti!':J.~iles <lii wdl. Tht:. 
Linn;,e-..1n cbss.ifica1ion se:hemc t~ fundamenrol in 
kccping p.uru~itC$ Ofg.mi! .. -d (Lc .. kingdom. phvlum, 
class, order, fllmily, ~~nil!, ~Uld ~"J'(:(ie:o). 

E."i.(;h (Xlra.~itt h~ it:> <Jwn mdividlt<ll h(e eyde, 
which ma~· oonslst of se\'Cr:ll sr:'l~e~. £very p..u:l..;,te 
has nt 1..-n..;t a dc6nitin• host nnd, dcrmding oo the 
~ie.s, ITWY ha\'e one or mo~ intc:nnediate hosts. 
The ho~t th(lt t:ont1:1im the adult (~cxua.lly m<'tuR:) 
.5-l:l..L,IIl: c,( 1he pat:uile i~ knl)wl\ ~the Jdinue~·e hi)()l , 

anJ the he)<>lt t h:clt contains 1he immarure (nN~Xu· 
all)' mature:) srng.._• o( the parasite i~ kno'4'n as the 
intermcdillt..- hc.~t. Knowing the life: cyde of r<~r .. , 
~il~ ltdr~ \'l!te:rir~t n;\ll$ ,tet..:rmine which J11.1#$ IV 
use and how many doses w1ll be n~dcd to cl':'l..-lk:ue 
the parnsite from the he'l!St ::~nimal5 body. 

&'We pamsired·uwe zoonotic )Xltmtial. Thismell.O$ 
they mtq> he trtln'flli~it'-lc fr,Jm ;mim;·,l:; to human~. 

VC1l'1inary ll"Chnicillns 11hoold be familiar with which 
p.1ra.<itt$ htlvc: thi.s ability ::o they c:<Ul prope~ly educ:atc
dit•l t3. E~nn~~ ,J JX!r.t>i ti:i; whh !(lo,)I'W(ie pt.Kerui:-'11 

Include Toxc'(.ll.zma Rl:Vtdii, Tn'c~ $~<. Ancybv 
t.:t•M mnimm1, and Toxocard ca11is (llc.ndri>:, 2006). 

The Comp.1nion Animal Para.site Council roc .. 
QmmcOll$ f«:;,~l ..:cntrifu~atio.,m t.,;.hniqut$ w ac:cu~ 
r:uel)' di;)J!tl(l>e etuk>p:lr::lSh is.t~\. Ad.lh ic\MII~·, 1he 
~lmount of ftccs oollec.tcd (or t"\'<l h.umon is impor· 
tant and should coMist of at l.:lt.it I srnm. The 
s~dllc gmsity o( flotatim solutiQn is e(l~.&~'ll y im• 
J:~C)rl;lm , in th;lt i·deo.t lly h $hi,M..Id he 1.1$ r..:• 1.20 
(C)mpitnlon Animal Pamslle C'.ilu.ncll@c:~.pe~·cl. 

org{def.-ult.ssprp= f lome). 

T~l!Not!W 
EduQ'Iing dents ;,bQvl how to collect a fre$hly voided 
fecal ~ from a pet 'hill result in more accurate 
f~l ~\'!lu;mons. (Tel them to bnng 4 sample "' a 
zip.foc Ng to each ~ment d'le, pet Ms.) 

F.,;tVpitf(L1itt$ r(p4'ei;~·nt l;Ul ()tl~)\11# prvhltnl f<t.(;«< 
by rompank•n :tnltnal :l.nd ll\·estock tlv.ners. Nun\ct~ 
ous products ~uc manutiacrun..-..d fN the rcml'>vttl o( 

fl.l"aS and ticks from an animal's bod)'. Sine~· .so ftUIJl)' 

pn;l\fuct:s life iWllilphle, \'eterinary techniciarn_ rl<•)' 
:.\1'1 unp.:-re.1\t rt)le tl'l edue:~rin~ dit:flt$ :•hnu• du:: 
~(fe<:th•cJ\t'SS o( eoch product. Client cJuc:mon Is 
imponam in the area~~ l"CCOparnsites b .. "Cause mis
U.'< of 0\'c-r•thc:-c:.ounter i.ruc.x.tkiOO ron he fuull. 
(.1,en•s :J~V\•Id he t~~·ght tv ;t~k ~·tterimuy 1»-..:mnd 
~lbout the coneXI use ol shampo..)C;, d!p;, .spr:ws. p1)W~ 
..k'fs. nnd topicnl par.-s:itiddcs {e.g .• 6rrt)nil, imiJn. 
doprid) before: a purchase: is made. 

P<Ua:sitology 1$ a f.1-<im•ting .~ubj('(.t. H(.'"'<''er, for 
1'1\(1;( cli.alt>,. u i.') 1\llt (;l.~l'l:'llin~ :n Ollll::«:)u~ 1l'wy 
ju..;1 want dloeir ~t to be free,")[ wotm~ and bUW'. It is 
up to Vl'1l'finary pcrsonnd oo haw knowi<'<IJ.~ about 
a\•ailable prodoc:t::! and to rc:membcr tlu•t-<tS tec:h .. 
n.:•lq:y eo.·oh·C$- UtlvnJ;1le·•n\ir'# mu:.1 be J'l•n!t..:d ~ 
1h .. ·u prolesslooal~ cal\ rcm..·lln currem "'ilh how each 
Jrus m p.ll'asitkid..- wOfks. Ve•c.rin.'lry pe-rsonod ha\•e 
a OOubk r~poosibi1ity becauS(' it is up to'" to IX'Qt«·t 
hoth pet~ a01.l th.:ir iJWnt~ (n)tll th'.•<c pa.msit~ with 

Copyrighted m3\erial 



Zo.')o.Jnoti<: iX)tenti.al, and to ~-ducate clients accord· 
ingly. Vt-t«inar,· m«<icine truly I-ta$ a twofold 
(l\lfJ'(l:<: the nledi<;al u~;mnen• ,:J ~mimaJ:- ctnd 
protectiM o( the p~ahllc (mm h('ahh tlsks :lssotbt~ 

"''ith z~10notic dise~scs ~nd pamsitcs.. In .S..)ffi<' ways, 
vctcri.Mry medicine i.s mor<' important than humllfl 
mcJiCUl(! Wh(fl It j~ 1,Xn1;~tl.len:J frum th1<.; $t;'ll\(lf'Oint, 
hccau..e h rt('le'esetlb !ht-: li~1 defense in the pn·!CeC· 

tioo of hum:tn hc-.:tlth. Rc:b.lin~-1 pxk~~ inscns hdps 
\'Cteri.Mry pcooond to und<'r.m.mJ tw.>.' a particular 
drug worb. Tables IJ• I to· IJ·9li:.<t product .sand their 
u~ fm v:-)rW..~ sped~ 

ENDOPARASIT£5 

£odnopar:ts1hS f,,und In d\e sr.uuouH61inal (01) 
n:tcts o( MimnJs benefit not only from t he food· 
stuffs the animal inge~ts. but (rOOl bod.y fluids (l•.g., 
bii.XXI) o..s wdl. Ho-r~ with i.ncrm.scd munbeno (./ 
e'''~~~ne$ in the! 0 1 •r.•c:r m:w <le\·elop oollc. 
Puwlcs and l:ltu:ns with h\CJC:ll>l-xl numbers cl 
intestinal pa~si tl':S nw~· dc\'clor final anemia if nN 
ue~1tt'ld e.1uly. Adult ~utwor~ru can cause d•sn•p• 
ti<m t<l the n•>rmtll m<w~mcnt <J( J,J • .~~xt within tJ,e 
he)tr c.h~ln\1)\':rS, reoultlns: In o::hnk~ll slKm s.lmll:lt h) 

oongcstiV(' h(':ltt fnilu re. \'(lithout tr~atment, n d<')g 
with active: hcan\I.'Ofm inli..'Ctioo will die 

In tho:: (ollowin~ S(Qion, somo:: of tht" mo::;t <.:om• 
l'fl•)n antlu:lmintkll t~Sed in vc:Ct>.ru\.'l r)" pr.lO::fiC~ •-xiav 
arc dlscu~OO. As 11 vct~riruuv t~chnkean. you mav 
come inh') C~')ntact with products not ment:k•ncd i.n 
this soc.tion. The chans in this liC:<:tion list \'arious 
[lfOt.ll•¢t.t. tl\eir trt"..e n;,\mes, and their elltcti,,otni:$. 
Slnc.c anthdnhndcs ate so numerou.«, m:my vetet•· 
nnrians keep only a few rroJucts to meet their n~.J.s 
and to limit invl•ntory. Some: rroducu arc: twailttbl<' 
undo::r nliU1Y diffo::rent nao~. Expc;:rio::n«: will pro• 
,,ide: (:u\hlioltil)· wilh \·:m.:~UJ :wail:)hle hr,1nd~. 

Benzimldazoles 
&mimidaz,,lcs imctfere with the wormS energy 
kvcl on a cdlular basi$. They bind to beta tubulin 
tl.lld prevtnt i~ l!ntry inN mi<:"Jtuhl•les tht•t ttrt 
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needed for energy mt-mboli~m. Without cnt-r&')', the 
worm di(';S. 

Oo.t((,lle F~>nnll 
This dn10~ i.ndudcs the foU~)Wing products: 

I. Thi<lhend .. role (Equilolc, T BZ. Onmirolt) 
1. Olul~t~b:...)le (Antheldde EQ) 
3. Mebend:uol~ (Tdmin, Telmimic) 
4. Ft.onbcndnzolc cranacur, Saft-r;uarJ) 
) . Cambendarole (Camvet} 
6. O:<(enda~vle (f!..::.J,:elmin, S)'n\lnlbic) 
1. Alben.Ja-:ole (Valba:cn) 

Clink.al Use.s 
Ben;imi®oll:$ art u:1e;:d in 1..he foUowi ng Sp«id: 

l . llmse.s. Effcctiw again.st strOO!o1}'les.. pio""'orms, 
and ascarids 

2. Cartic. AliCari~, $1CVC:rul spcde;'$ of str\.lngyl<.:$ 
:.)nd ..,,, hl~r $h ) IM(h W(lnn~; ~·l hen.l:a~ole IS :-)1~ 
e((.xuvc ~1insr adult liver flukes and l:lpe· 
wo~ flonbend..1!0le l$ also dfc:ctivc: against 
l u i~'Wonn.s 

}. Shffp mid gOal.$ . A~tlriJ.t. ~'·era I $p«iti! of 
suoOJi:\'le~ anJ ot"hi!t nom:l.::h WllC'tnr.; Pan.:\("1 .sc 
~liSoO effective ~1gainst lungworm.s 

... Dogs, Ht\Okworms, roundwonru, and whipwortlU; 
$C.lm<" ;I!( c:ffecti\'t" ;~gain.st T<Jte~Utt (J1.~/t1n11is but 
nvt 0. canfnurn 

5. Su•i»e. Srrm~foidl's nnd lungw-orms 
6. Many of the: bt-ruimidawiC$ art- used M anrhcl· 

mintic.s for exoti~ .such a:s makt"..s and birds. 

Adverse SMe £/fecu 
These nrc uncommon but inc1udt- vomiling and 
di.mhc:a. Mebendawlc: has clinically produc~ 
hc:~ltiJt\.l)(i(:it-y in 1-l~. 

r~~Not!W 
I. Read labels car~ regarding use in lactating 

dalf'( <101m.t~ls and ammals to be slaugt\tercd. 
2.. None of tttese products is approved fof use in 

c.J~. 

T~xr c(mrmw;rl (m p. 26t 



Table 13·1 Pior.asidcld" Vttd for Trdttooset~t1uld C(loUtol "'f hutrt~al P11msita in ()oes 11nd C11"• 
N 

Po\a.~~ltE -• 
''"""" ~ ........ ......... .... , - ~ 

_,.. - Miocroi'U'* - - ..... c..-
"""""'"" • • • • • ~ .,...... , - , 

c ·-- s 
"""""""' • • ? ~""' • • • ...... • Mf~ • • • I .,.,_.~ • • 
(P1'P~Id • 
''"""' kA\tl~!cl • • • • • • 
~-:.end.l:de • • • • ~ """"""" • 
'"""""' • • • • ~ U~lde 
f.ldM;cmU • " • dftydl01'knde ~ 
"'~~ • • U~O'IOo~ • 
h'.f!illtl~ • • ~ ·- • • • • 
""""'"""" • • • • i 
~J·~~ E ~ull; ,........., • ~ 
~~,m~ • • • 
"""""' ~ • 

. ""' l')f~~ • • 
"""""" llr<.llcw:NoA:Jt 
-Mn • • • 
Stlfl!O.!Uiei • 
(!~ ..... 

Sul~ ·- • 
o-,ft~"' _, - .• .., ..... ..,.. ............ 
• ,.,_..._.....,.,., •n•~t•lt,...,u h"'I•-'O>•.._C'M_......,,.,.,~ ·~ ..,.,......,. 0.. ..... ..;...,..,...,,J,..,.,.I...., 
.. .,. ~\.(.~fol't.l.~ P,! (.1;,.,1"'"''"" h ""'"'f'M'I 1(\1-'o;._t\1 \ ,n.lo.!<ltf•it ltV<. v...·u~ ... 
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Table 11·2 P>~-ru&lcldC'll UJIO:I m Trut lntc:m11l Pt.r~~,;l1~ In H~ 

PJ.t.o.Srt~ 

Stro~' Strot~gylv.s Smel .... CiosteropfJfus Afcotids 
... _ -·- StrOfi&Yfcs Pinwonns Strongyfojdes 

C<l~loiC + + + • + + 
OoC:fll·:lt\'OS + + + + • + 
~~\f! + + + • + + ,.,_ + • • • • + ,....,mc:d ... + + + + • + + 
~~~f\ + + • + • + 
(h.ibcnciMO.Il + + + • + + 
O.ih:ndil!dte + + + • + + 
Pbanoct·qti~t + + • 
P(lercW~e 5olm • 9 
P'jT.Jrtd Sll'ts + + • • 
lN<f.>end.!ldt> • • • • • l 
Tt~1de/ppcr111"e + + + • + + c; 
~do!l.de/trld\loriotl + + • + • + + 

"""'"""" + + + > > 
1h:llbffon/pheon¢~ • • • • • .. 

~ 

pipe~.!-:Dne • • 
• . lrn~ '-" _, - . ""' ii\Jiui:N .:..., ·- ~ 
h."lln M~-<iutouo IDt ~1\JM, Clinio.lr~~ ior ~«<IW'illV lcdot~~<;ho):O.~ >.l'1<.ilrtJe\'l~m.lOOl. 'II.Tfl ~1\&!l'o !i' < 

~ 
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Tible tJ..J Pat;l.'litkid~ Uk'd to Tmu: lotenu l P.-raPt"' in C:mk. Sbtoep, •lid C<.\JIIIJ 

PAII.UIIE 

Hc!IWOII• ..... ..... ......... - -· .. ._. - Di«ro-.... - ... 9.., #nMffr"' - "'- - - Mdlurif ,.,_ ""'"' ...... ~ia , ...... ...,_ -- • • • • • • • • • • • -m "',_. 
~lll'l,lt • 
"""""""" • • • • • • • -.. ' • 
·~ • • • • • • • .-... • ·-- • • • • • • • • • • • 
"""""" • • • • • ·-- • 
'"""" • • • • • • • • • 

"m"" -.. ' ' 
"'"""'""' • 
·~~~ ' ' • ' ' • ' 
• ' IN.;;o•..; IV• .,.,.; ,,..~ ooo;II.,"';;Ot""IW-. 
..,, ,., .!oltt:..n'"' l.V.1, llooo,:..,.o JM: t:lo~~oo.O "'"I"'"' k• '"'"'""•~ o,~l"'"'"'" ._ut S, !'!.,!..J.trl""'l>."'.'1. 'A'B£o,.,.._ 
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table 13-5 Dr-ug. Ullt'd 10 Tl'i!M lnh'mlll Plir4.lr'itu in Rtoptiktl 

PA.....szrf 

At~tMble ..... lctop~ Ne11111todes T~tocles (estocles (lyptospomDo CocdfPo • nd Trkhotno..-cb 

Melllnl:b:dl': (0~'"'(1) + 
Hu ...... f\400 + 

(P<li«<''OITI)'M) 
~iCFJ¥11@1 (~ + • 
Febo:m:l plu) p,~ 

('A~room) 
+ + 

Oc:hb!Ym (l.d:) " 
~~'Jmoolo 

(TI¥niSol Ripefwl) 
tb~tolc " 

(ll!itlCil.W~) 

Fenb;?nc.larole • 
(Pan11111!) 

Mc:bttndlt..O-¢ (lttl:nin) " 
IW!lmedin' (~'-"~C) 
~alli~e«f'dc 

+ 

(0-"") 
\'<IPO"W> Strip + 
Suf.tfiiltC'Ie " 

(_~tl;){lelllt11C$) 
Su:t~n'lefilttle 

(mll:ry lQdc ~I}S,) 
StA'.tmt!ITiitillt: (miiny 

tr.edc n<lmcs) 
SoJI&:hndlo.U"Je (.4.1»1) 
irorthciprim pl.1~ + " 

SUiiltliabr'oe 
(_P..,Irilt'l,. lo)ri»en) 

•. fbc..:o .. r; -, uo'lol df.1-1i\'t'. 
•!))owl ~In <hd..'<ll>ol'll. CuniNioulluu·J In Mllolol. diOioll,...l''-'"'tl)ll•x-n dUi~ ~·"\II ~""~n •llbt\ IOd:r,-1~{ Jollnlnblt,...i<:n fJl 1>.-un, 
!);.,,. ln11nl'ryr Fl.: !l.<ru!""""'• )<"i"'"'"'<.:uy, NJ, 1.,.11. T.J:H. 1\:l:lo""''""" 

~ 

' ' c s 
? • 

I • 
~ 
~ 
" • 
~ • • 
~ 
i 

E 
~ 
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Chapte r 13 Antiparasitic Oru~ 

Table 13-6 IAarasidcldes Used for Control of External Par.asile!i: on Oogi and Ca..s 

PAitASITE PARASITE 

DNI Fleas Lice Mites Ticks DNI Fleas Lice 

Allethrin + lin.alool + 
Amaitf<'IZ + Lufenucon + 
C8rbaril + + + + Malath.on • • 
Chlorpyrifos + + + + Meth')'bfbdmate + + 
Cythioate + Pe"""""'n + + 
d·limonene • + Phosmet • • 
Oiazinon + + + Pyrethrins + + 
Fenthion + Resmethrin + + 
f'IProrul + + + Rotenone + + 
tmid!ldopnd + + Sellln~t<:bn • 
lime-sulfur + 
Lindane (not + + + + 

leg&l ~ Uniled 
States) 

,. , lndiciLI.._oJ lnt u:.e: . no.'>t indk:•t<'d l!'# ~~ 
Mv•t~ ~kCurnin L).\>1. ~tl JM~ Clini~:·•t tutl~ (..~ \..._-.crin~IJ' tc•(hnidiiiU, C"d 5. Phi.bddphi:'l, lOOZ. 
"X'6 ~n ... nJcl"''. 

Table 13·7 l':,ar;asitidde~J Used for Control 
ol Exu~n\al l)arasites: on Hors~ 

Drug 

Coumaphos 
Malathion 
Peft'l'letl'vin 
Pyrethrins 

Lice Flies Mites Tkks Maga:ots 

+ + 
+ + 

+ 

•. lndk:•tcd k1t uJ<"; , no• inJ ica1l.J i(IC' uJ<'. 
Fr-Jm Ml'Curnlil. OM. n.w.:-n. JM: Clinio::d tdl'tl-o:...,k fv1 
wtcnt¥111')' ll~hnia.a.u, .._...-J "i, lllllitdel('lhiil, 2002, 
\'1B &under.~. 

MitM 

• 

+ 

259 

Ticks 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
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Tabte IW Pu11.6-ilicide& \h~l (<n CooctOI (11 Elru:m::.l 'Pl:ar~l rt5 (lfl C.•lk. Sbttl't 11nd Goa!!' 

~ , , • s 
P.,AASIJE ? • c. ... - FliU: -· Cbewrina Suddna Psoroptic Otber ... Other Sheep I ~- Gn•~ Fly_ FIL___!IiU ~ol$ Ll« Ll« Mite Mitu Tidu r • ., ... 

""'""' • • • • • 
{c,J~:a~ • • • + + + + + + • 
~dos • ~ 
Oic:hiOI\II)l; + + + + ~ """"" • • • • • 0 

Dt:.f.-nt~n + + • 
'""""' • • • ~ 
r~.~~e • + + + • 

"'""""' • • • • • r M•- + + + + + + + i M""""' • • E fle~~T~et~rin + + + 

'""""" • • • • • • • • ~ 
Pwethrin!> + + + 
R.ox$'1011e • • 
TlitNoritln + + + + + + 

• • h\Jit>o!N ... IIIC:. -. POl ~·oJ i« .. ~. 
"'-. McO.om'l'l OM.l\o..<e«~ f) I : ~l lollth:l(ll b •'t"~nll'f to.:llm(tln.. «< ), ft.+b4.11.V.b, A\l!. W~So.llkto. 
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Table 13-9 IAarasilicldes Used for Control 
of Exteroal Parasites on Swine 

PARASitE 

Druc Uce Flies Mites Manots 

Coumaphos + + + 
Femhion + 
lvenneain + + 
Malathion + + 
Methoxychlo1 • 
PtrmelhiWl • + • 
Pyte(hrins + 

1 ' lndklll .. -d lnt U:l<e! ' t\1,')( indk:ottd u~ '"""" 
From J.kCuHliO 0,\1. ~n JM; CII.Ai.::d t~lh.ool b 
\'<=t.-.rln~ry rechni.:afl•"· cJ '.i, Phil~dtlrhill, 200l, 
\liB S: .. mJco. 

Organopho5phates 
Or~nophospha.t~ COitslsr oi :l Rl\)upof lnsc-cudd~ 
th.at inactivate ncetykholinc:;tcrasc. Without thi.s 
en.o\·me, pltrltSit~ (e~cially ectopamsitc::s) arc: 
tll)l\ble to m(wc; h«<'lu$t tht$t <:tu:nuc:-•l~ l!t(lp nerve 
tta.nsmlsslon. ~f:lny ,-,.{ th~ pe«I<'.IJt--s 1~nd h) 

bfe.-.k down when npos~.-...:1 hl ligh t. air. soil. and 
othc:r \'nvironm\•ntal factor.s. How-ever. WOk' traces 
httve lx:('n l:nown t(> be: re~iduttl in drinl:in~ wo•tt"r 
;\nd (1.)(1,1. Alr:hw,llh dH~)' n\:'•Y dej.rr;•de r.uher 
qukkly. these sull$t:mcc~ have a high level of mx1c· 
ity and may cause rmhk~m in people: anJ animals 
ex(:!(:«d to bt~>e dooe..s. SLUDGE i.s a ~'OC>d mnc:• 
nwni¢ t<) t$! (,Jf n;:mc;:mbelin.g the e((ec.s v( tOxic:. 
d<)C;~ <'(the~ druJicS: $:\IIWUu)O, klcrlm:tlh)ll, urina· 
tion, dciCcarion, Gl upset, nnd emesis. Am>rinc 
may be u~ as an antidote. 

O,u(Qte F()ntl$ 
This cl:w includ~ the (\)IIOwll\g r n:x:luns: 

L TrkhiOffon (Com bot, Dyrc:x T.F., Equibot TC) 
Z. O•ttrn:.\ph~ {Ba}'mix, l)airy Oew<~rnw:t BX 

C.rumbles) 
3. f lal())t\)n (lox\'m) 
4. Oichlor\'0! (Task, At,;itrd) 
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Cliniool Use-.J 
Org;moph0$phatctl are u.sed in the (oU.owi.ng $('«ie;s: 

I. Hm·.se·'· EftCcrl\'1' :.l)i::tlnsr botS, n)Ut\dW\)rms, 
SUOOg)·lc:s, :and rinworms hut ICS$ cff<"<:tivc 
ag11.in.st SrroiJ.CWid..-s 

2. Cmtk, $hcC'(J, <mdgoms. Str..,ng)·les 
l. Oo,~;:s d»d Ml$. H\')Cokwmm~. n,,,n\dworm~. 

whir"·orms 
4. Swine Ascnrids, whiJ'"'Orms, nodule wonns, 

:~uongyl~ 

Aclt~$e Slde Eff~cu 
Adverse side cftCcts include those C.'<pC'<t\-d wirh nny 
organor~phate poi$onin.g: cxc~ssi\'ot S<Jii\'ation, 
v<)ruiting, dittiThett, mu$.;:1¢ t f'tlll()r$, tul(l mi().ci<:. 

T~~Not!W 
1. n is very important thai these anltielrnintics not 

be admrtitered concurrently or within a fe.v 
days of It~ use of olhef ch~tf!fase lf'll!bilors. 
ol.het Ofganophos~tes, sur:<inylcholine, or phe· 
nothiazine derfi.•Mive agents. 

2. Atropine and pr&hdoxime (2-PAM) are &ntidotal. 
3 ~ad labels e<~rehAy regar<iog use i1l lactating 

dairy ani~ls and animals to be slaughtered. 

Tetrahydropyrimldines 
Dosagt' FOS"t't''.i 

Thi.s dn~ includes rhc (oi)\')Wing produclli: 

I. J>y.-t~ntd p:llnl.l<ltt {Ntme:>:, Str<)rtgil.l· T, 
t\nthelba.n) 

2. Pyr::mtcl tnftr'.!t~ (Banminrh 48) 
3. Momntd tartrate: (Nc:nuuel, Rumatd) 

CUnicaJ Vie$ 
Tctmhydropyrimidi~tcs ~ue used in th<: tOlhw.•ing 
spcde:~ : 

I. H(l'r.)t$. A.sor.;:.lri<h-. ~lr<ln.gy l~. pinw,•nu.~ 

2. Coull' , $hup, d»df(laLS. Suonllyles 
3. Dogs e111d cacs. I 1\)()kW\)ni\S, roundwmms 
'(, Sw111.: Roundworms, $trOn~·yl~ 
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2. Swine. Gnsuointc~tin::.l roundworms.. lung· 
worm.s, k.icl.ncy worms, sucking Ike, <Uld 
ma.n~e nlhtlf 

Ach,..ru Side Effect$ 
TOO(' a~ un-common. TolCic signs inc lode mydria• 
~~~.<!taxi a. w::mvrs, ttnd dcpn::..~ic.m. 

T~vNonw 
1. Although n01 appr(J\.Ied, rvomec is sometimes 

used for the treatment ol e;n mi.1es in cats and 
scabies in OOgs.. 

2. Because of the small amou(l( of medication in 
heartwotm pr~n~.NeS, crumbling Ot breaking o' 
the tablets or use of a chewa~ \<ersaon is n()( 
recommended. 

s. Read la.bels <:.afll!fully reg.:~rding use .,_ Eaaating 
daily animals and animals for slaughter. ,_o\oxidec· 
ttn lS apptoved fOJ use tn &my cattle of all ages 
at'ld at all S1ages of lactation. e«:epl for veal 
calves. 

Other Agents 
PIPERAZINE (PIPA-TABS, PIP-POP 320) 
I. Dog:s atld Cal$. RoundYAinns 
2. U!io!.•d dicx-tivdy in \'XOtk~ .such as birds and 
~mkc.s 

J. C)mtn..,\t\ ly ~(lotnhu"'ed in l:)rJ:.>e·a.nhn .. 'll J.ew<~no~ 
en• h> bn:Xldt"n its spo.xtn.un ;md Ct\lwncc ir~ 
efficacy 

PRAZIQUANTEL/PYRANTEL PAMOATE/fEBANTEL 
(DRONTAL PLUS) 
Dogs. Jr is cfi\'(ti\'~ (,ir rhe rcm,')\';1( \if tap~"''Orms. 

hookwonns. roundworms, and whipworms. 

Ad~o<IT.J~ Side £fle.:L<J 
These :tr<: uncommon. 

T~vNonw 
1. Oo n()( use in dogs weighing less than 2 lb or in 

poppies younger than J weeks of age. 
2. Do nO( use in pregnant arwnals. 
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Antlcestodal 

Dru~ _,_.;C<J (or rre:~ rm,~t tapeworrn~ have ~re:ldy lm~ 

pl\i\'1.-d over rhe years. These newer a&'<'nts ar~ mmc 
c:lfec-riv(' and do not n«CS$.itate fwtins before: their 
<Jdmin i~r.1tion . 

Bunomidine (Scoloban} 
I. Dogs. T. pisiformis, D. canint~m. &.hinococCtl.S 

grt"tnulo.stl$, <Jnd &:1\rn(l('(lft''UJ mul.rifocul.ctris 
2. CuiS. l>. car)btwn , Trwnia llb.."'llDe{('m •u$ 

Adt~rse- Side E/fecc.s 
These ouc: uncommon but inc-lude \'Omiting, an.
orexia, <harFiu.=<1, ;~nd lethru-gy. 

T~vNonw 
I . No adverse reCICtlons ha\•e been repotted 1n 

pregn.ant 01 breeding bOimals. 
2 This product is not fOt use in poppies younger 

than 11 weeks or kittens ~'Ounger than 6 weeks of 
<~ge. 

Epsiprantel (Cestex) 
I. Dogs. T, pisrformis and D coninum 
2. Car.s. T. U.lt'ni<lfjQrmis .-nd D. ('(UUI'Utm 

Adverse S.de Effucs 
Th('.se arc unc\'>mm\'>n. 

T~vNonw 
1. $.afety to pregnan1 or breeding animals has not 

been estabished. 
2. 1hrs product is not ku t.~Se 1n pupp!C$ Of kittens 

younger than 7 weeks of age. 

Clorsulon (Curotrem} 
I. CcmL:, Liv('r flu.ke.s 
2. E«ccl i\'C tt(;<linSt imm.1tu.re and <Jd\llt lluk('.$ 



Z6.J APPUEI> PHARMr\CQI.O(W fQR VETERINARY TECHNICIANS 

Adt.-eTs~ Side Effecu 
~c IU(' unc'Oromon. 

T~J-Not%-
1, This prodvct i$ not ~pptoved tor use in f~m<lle 

dairy canle of breeding age. 
2. !WOO labcl r~1ng usc 1n 4nimals to be 

slaughtered 

Albendazole (Valbazen) 
1. Ctude. lwcr tl.ukes 
1. E.ffccti~·..- nsaill.S{ nJult t\ukcs nnd many intcsti· 

nal wonn.s 

Prozl quanMI (Drondt) 
Pm!iquantel may be used for lung fluke$ in d~~ ~1nd 
cm.s. 

Emodepside/ Proziquantel (Profender) 
I. A t<1pi~al iioluli(m ((•r c.he tr.eattuem :.nd <:(JIW<'JI 

d( 1\l)t.)l:~o~.•t)(flh, tounJworm~. and t~lf'eWOttn.i in 
en~ 8 wt>eks of~.._. or older 

2. Emodt.'J'$ide is -a cydic dc~ipcptidc. 
3. Pft';iquantd i.o: un i."Q1.)\I i.nolino:;: c~cxid('. 

4. T(ll~ apphc:d en:ry 30 d:~)'l! (()r prt!~mwe 
purpa;~ 

S. &me clients mny dect 10 usc this product 
irutead of or.1l mcd.s, "'·hkh rna)' be difficult for 
them t•) ;tdmblii!to::r 11.1 their C:.t. 

J'f'()lt,:tx.l ':tte .singf..:•celleJ 1)rg:~ni~m~ f~.mJ ':tl v:.1t1· 

ous bod~· :.ires d-.ar have the nbilil)' to replicate 
rapidly. Coccidia and Giardia arc- rhc protmoo 1hat 
itfC' lno'.St communi~· as:~ociated with di:~rrhea i.n 
m:lrt)' $J)t(ie.~ of ~lnirn:-\4. l'rlMV:x)a ;ln; mo:;t ¢om• 
ml"mly tl':.lrutnlncJ \'Ia oonmmlnmed t'ecd and/or 
warer. Prevention \'>f these par~sitC'S incluJ .. ~ pr,-,. 
viding uncontaminated food and WOtt'T and clt'.an 
h.Ju$ing and ~VIJil.ling ,_,vtn;r<~-Jint;. A viK:¢tne i.• 

nlso :wailabl..- for tht' Pf'-'Vl.'nlion of giardi3$iS in 
Jogs. Bc•bc~ is a hcmato:oo1n {i.t:., a pro<oz'(lan) 
•hat i:! 1 r,1n.~miued ~· t .Ck$ ,_,l(i;,)((ec,,$ m~my iip<:Cit$ 
o( anlm:tk All lnj.ecrnble nc::umcm for b;lbe~losls Is 
n~roilablc for dogs. 

Drugs for Treating Coccidia and Other 
Protozoa 

I. Monen.~in (Coblln 60). Turkeys :.11\d 

chkkc.•ns 
2. Amproliutu {Corid). Cn.\v(:; 
). ClopiOOI ({)))-den 15 ). Cl1icla~•'* 
4. Dld.l!uril (Clmcox). HoNeS 
S. Ma\h.u7tmicin amm,-mium (Cy&'fO Type A 

Medicated Ankle). Chkl<cns 
6.l1«:ll(ju inttte {l1e<;¢vx). C11tde, calvt!:!. ~nd 

21),'US 

7. Narosin/nic:.lrbouinc (Maxibnn 12). 
Chickens 

8. P(lfl.-;uril (Marquis). Ho~ 
9. R(Jili:.ni tlule hyclr(l(hloride (Roff.m Typt A 

MeJkattd Amde). Chlcbns 
10 . Sulf.-d imcdwxinc (A lOOn). Olickcns_. rurk~o"}'S. 

dog:s, and cat.s 

Adtrerie SCd~ Ef{eeu 
Thes-e are unc,-,mm~)n. 

T~'lf~Notcy 
Read lo:'lbel$ C<treiully reg.;~rding use i-1 tood·producing 
anmals and animal$ to be slaughtered. 

Drug5 for T~ating Clardlo 
I. Mctronidarolc (Fiagyl>. D.~ anJ C.lts 
2. Albendazolc {ValbaU"o). Do~ and cats 

Advnse Sfdt! IZff~eu 
These :tre uncommon. bur vomiting and diaiThe:~ mr.l~' 
occur in .sotne ttnimnls m::no.l with tm'tronidnrolc. 

T~J-Nc>t%-
MelJonldaroie is not recommended tor use in 
pregnant animals. 



Drugs for Preventing c;ard;a 
A \'tu:d.nc for dogs i$ uv<•ilable Man aid in the pn-• 
\'~nti(m vi Oiani.la ltunb/,'11 infotctio:m ;htod for~ rtdltC• 
tlot\ In th~ dumtlon (}( qrst siM-'-'dlnJit. This vaccine 
i$ ndminiStcrcd .wbcut.nncOU$h'. and a b..10Stcr is 
gi't'Cil l to 4 weeks after the fim v~cination. 
Annm1l rCV(I(:(:inativn jl: retOmmcmlcd. 

DI)Sage fOTJtl 

GiarJi., Vax 

.<\dl.<er.f.: $We E/1«.1!4 
Thes~ are uncotnm<'n. 

T~vNonw 
1. May be used II'\ dogs e weeks of age 01 older 
2. After exposum 10 QardiQ, some v.Kcinates may 

shed cysts. Clients should be ed\JCi)jed regardtng 
prope. hygiene and saMatiM p1bCI.ires lo l)fe· 
VE"Ot Z()()l"'()tic disease. 

Drugs for Treating Babesia 
lmldoc:ub dlpt()f)n).(lat~ Is :l'f:l.ll:lhle for d\e rte.u· 
mcnt ()( c1iniC1ll signs ofhlbesi~is :m.:lfm cvidenc~ 
of 8<1brr«z orr;anisms in the bk'Qd. This product is 
mdk~•ted fo-r use in dog.;, and tr\"atment (-'.:tn,istz ~~ 
tW(I h\j teti()rU ~l\'.:l"'l)\•er:. 2-week intc:rv:IL 

Dos«gt. Fonn 
lmiiol 

Adt.<er.ft! Slde F:flel'Cs 
Thdc ll'Ll'l}' include inj~"<-tion pain and m1ld ch,.,. 
lilwrgk stsns 3uch as salivmion, n~Ual drip. and 
\'()ntirin~. Othc:r ~~~ <.:ontrU(m 1ml..- .,-((c;:<.:~ inducl~ 
(laming, ~l)dt6.')1'n~.i'), di::mhl':.l. ::md mild injt:elh•n 
!iite i.nll.nmmation. 

T~vNonw 
Seiere cholinergic signs may be reversed with 
atropine sulfate. 
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HEARTWORM DISEASE 

H.,.outwvnn ,fi.~l~ i$ Cl,lfllm.;•n l ~· f-.~.mJ thn)lt~'(JUt 
rhe United Stat('!>. Thr> diSJe:tote prlnwlly :~ffecL~ do~ 
and wild Canid..e, nlthough cau anJ ferrets nlso ll'l:l)' 
bc:oomt infccb:J., D. immins is the 61arial nematode: 
th<tt <.: .. U"C'$ hcnrt\10\)1'11'1 cl ii;e~ Ac'(IJ't~RI(mt(l rt, 
oondil1tm (fonnerl'( l:ll•)\1.'1"1 :b l~wlof'let)ltl ~n) 

(HeOOrix, 20.."16) is a sulxutai\('(IUS fitui:'IJ nematode 
tlu.t dOC$ ntlt require rreatment lx'Caus..• it is non· 
p.1th~'fli<:. PY('t;~(ltm i:s the: k('}' word for C.Qntrolli.ng 
hett.rrw(lnll di:-ea.-;t. l)l$'1 1,(11 (ll'l :ln ~~111\M:d he:\"' 

v•orm dll'le;t;e pt'C\'CI'Itll'ln pn)t;:ram !ohl"luld be r~tOO k)r 
the pr<"scocc of adult h<'llnwonns b::fo~ PI'C\o't.'nri\'C 
tn:mmcnt is begun. Cli~"'lts mould be: educated ab:lut 
the iJnf(»tWl<:t: ,j( ut'<1tin.g rul exi:1ting in(-:<;tio.X~1 if <me 
exs:s, prevemin.: lnfectk.o ~)r reulfectl.)(). :lnd tn.~t.t· 
ing rcri.'ldic resting rh:n may be nett~:uy. (Man~' 
V<:t<"rinariaru will nO( pn'Krilx• hc-11nwonn pn.•vt·nrion 
withoot an annual ~rtWOrtn unt~"~Cn (('~.) o~~ th..
IXI:,:I $e'.'t:r'A\ yettr.!, 1 he nvml~r (I( C::;tl ~ in \\'hid' he:lrt, 

worm dl~a..;c has been di.ol!V'n>l-d h~tS lnc:rc-..l$o.>d. The 
trC'Itm<'nt nnd justification (oX prC\'I.'.nti~m of he:!rt· 

worms in cat:s wminu~ to be- oontn.)·vco;ial (Smith. 
1999). f'l(ll.llu.,."t$ (vr d...: rre~·e.,tio" vf 0. bnmlrls mh,c ... 
rton u\ caiSc :Ire :l\'all:lble. No :ldultlclde producb h~w~ 
been appmwd (or uJWe in cau.. Table JJ.JO pn:widcs a 
comparison of SC\'~'1tll hcatt\I.'Onn preventives that are 
1..111 th~ m:.;lli><'t ••t thUs time. 

Melarsomine Dihydrochloride (lmmiticide) 
I. An :lrscnte compound :.Jmlni~rcreJ b~· Jef'p 

inu~muscu)$r injection in the lumOOr •~"gi,.,n 
2. Admini~trotion Khedulc is bas<"d on classi6ca· 

ttvn ~~the ~\'('rity of he~nw~mn di~c:-a~c. 
l . Mel:li'Sl)muK': olJ""Pl':':ts- w t-oe tl\(lrt e((tC::'lci!MJS 

than thi.nccwrsami..k (Cap3rsobtt) and I.;'.SS 
irritarins to ti5$u<' and dO<'s not <<luSt• he('<1tk 
nec-I'O:!i:s (Plumb, 2005). 

Adverse SM.~ Ef{uu 
S..')m<' Jog)i CX(X'ne:ncc reactions such :1$ pain, swell· 
ing, and tendemffi at the injection !iite. Firm ntduk:s 
lll.a}' (emu at dle injecti'Jn ~te. Cou.ehing, ,l!i<lg!!:i~ 
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depression, k·thnQ.')'• anmc:xia, ft\•er, l·ung conge.srion, 
<Vld \ •omiting arc: (Omm(ln ~~•ctioru .. 

T~¥Notcw 
1. The manutaaurer recommends use of a 23-gauge. 

l ·.nch needle tor dogs <:qual to or less INn 22 lb 
aod a 22-gauge, 11k·inch needle fOt dogs larger 

""" 22 b. 
2. Safefy IFl breedr!g. lactating. 01 pregnant bitches 

has not been ck-tcrmincd. 
S. Melal$0fnine is. c;ontraindi((lted in dogs vnth 

severe heartwoon diSease (Class 4, according to 
manufacturer d•sc:.se class•fiGc:Jtton}. 

4, Clients must be eoromled of the potentia1 of 
m()(btdity and mortality ~miat~d With he~· 
worm treatment. 

s. E)(e(<:ise ~ dogs. shov1d be festncted ofte( treat· 
ment has b~~n ptovided. 

1. Gi\'en 6 \l'ecb aftc:r 1\dmini:;tT!Ition of the: 
:'ldulti<:.idt 

2. K11l dtcubtanK mlcroftb.ri.a 
3. Ahhough not approved as microfiln.ricidt>s. 

ivcrm .. 'Ctin and milbl•mp:-in oxime have 
been used. 

4. Leor.ami~olt al~> hM b<t:1\ u~ a.,.:\ 

microhbrklde. 

tmido<loprid + Moxidedin (Advantage multJ) 
1. Advantnge multi for do<.,.os 7 weeks or older and 

weighing at le<~.St J lh$. 
2. A.l~r.~nl:tg~ mul11 f1K C.'lt.i 9 \\'eE:\:$ IK okl~r :.wu.l 
"·cighin~ 111 lc.m 2 lb11. 

3. To be applied topically on a monthly bas:is 
(Ba}·er web:iite, Apt'illOOi ). 

tvenne<tin (Heartgard, Heartgard Plus. 
Heartgard for Cots) 
1. D<Jgs. Monthly preventive~ the Plus fonnula 
wnttun<~ pyrtlntd po:-moott ;;md i$ t.:He..:tivt 
:lf!:,iltit h<~<)lcw<ormfi an.l•t•undwn-rmfi 
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2. Cau. Monthh· prcveotiw for D. immiris and f\'>r 
the rem(l\':al of hookwortTI$ 

}. E-l imimlltlf the tii)$tft $t<lt!t: ()( h.~rtw(lnu l t~Jv:lt: 

Adt:<e:rse SJck E/fuc.s 
These arc uncommon. To):ic signs include mydril\$iS. 
derll:<isi<.m. a.ndl:lt<l.'oa .. 

T~¥Notcw 
1. tf dit"thyk.arbarNZJr~ otratt (DEC) is replaced, 

the first dose should be given ~ a monlh 
after cessattOn of DEC treatment. 

2. ~ product 5 safe to use 1n p1egnant and 
b(eeding <1nimals. 

J . Do not use in puppies ot kittens younger than 
6 weeks of age. 

Milbemycin Oxime {Interceptor; Sentinel) 
1. Dogt. MQnthly pr<ventive; <1.1~ rontr(lb hQolv 

\V(onn.;. n)m'MIWi.'n'fl$, anJ whipwl)rf'll~ 

2. J::limlnatt->S dle tissue sm'=e of he:urwonn 
l:tor\'liC 

3. Sentinel product coomin$ lu(-:nurolt for flea 
<:vnu'()l. 

Adt.'l!f'Si! SJde E/fecc.s 
The$C.' arc: uncommon. 

T~¥Notcw 
1. tf DEC is 1eplaced, the fi~1 dose should be given 

"A\dlin 1 month aftef cessotion of OtC treatment. 
2. This product is safe to use in pregnant and 

breeding arwnals. 
3. Do n04 use 111 puppies youngt1 than 4 .... ~ 

ot age. 

Moxidectin (ProHeort) 
I. Dogs. Molldlly prt-vt-mivc ur.cd tOr D. immiris 

(Fon ~'(' wcbtiitc, lOOi). 
2. Ellminat~ thC' ti:ssvc- :s~e of hc-~11twonn h•n·ae 
}. Thi* drt1g hM been 1 ~1kt:u (J(( ~he m:wl.:et. 

Adt~rse SJd.t £/feces 
Ad\'eNe side eff«:u ml\y indu.;k lethargy, \'Omit .. 
in~. nmxia, MOn:xio:-, di;mi\«1, ntT\'OU..'>n<:St. wt~k_ .. 
neso.. pilly..llf'IS •:l, :.1n•l II chins,:. 



T~J-Noi:eY 
I . If DEC is replaced, lhe first dose shoold be gNen 

wrt111n I month after cessatiOn of DEC tre.nment 
2. This produCI is safe lo use in p•egn&T\1 and 

breeding animals. 
3. Do not use m pupp~es younger than 8 weeks of 

age. 

Selamecti n (Revolution) 
l. DtlgS <md ( '(lt$. UK"d as a monthly pr<"vc:ntivl". 
Z. Avtul.-bk <):. <) solnfi..:-n fi:1r t\>pM~<) I <kllninl!lr.)tiVn 
3. lndlc:ttlot\S mdud~ pre\·enril')O of hean-worm 

discaS<' causeJ by D. mtmiris. r n:vcnri\'m ~nd 
<ontrol o( flea inf~mtions, treatment 1md <on• 
UtJJ vf etu Tl1itCIS (0f.0\:4"<'CeS C)'ll(/II$J iJI(t$U1ti<m, 

ue:.um~m 3nd Ct)Otn)l of san::l")ptlc (Sll1copu·.< 
scabici) m:mgc in d\'~, :md h\')()kwom~ ~lnd 

roundworm treatment in cat.s. 

.<\dl.<er.f.: Side Efle.:.r., 
T lwse :'Itt u ncool mOt'\ but mdudt" U~lt\.Sh.'JU, local· 
izcd alor<:ci~ nt rhc applkati,.,n site of .S..')I»>: treated 
cau. 

T~J-Noi:eY 
1. If DEC is rtplacect the flrsl dose should be gM:n 

within 1 month ol\er ~s"Sation of D£C tteatment 
2. This ptOdoct is safe to use in pregnant and breed· 

ing arwnals and in itlo'M1'leC!in-sensitwe collieS. 
3. 00 rt04 use- "' poppies or k.lctens ~ than 

6 weeks of itge, 
4. This product should noc be applied if the hau-coat 

is wet. Btlthing lht t~rwnal 2 Of rncut hours after 
tte.:~tment <Mil not redoc.e its effectiveness, 

Diethylcarbamazine Citrate {Corbom, 
Flloribits, Filoribits P/u$) 
I. D.lily pfeventiw; :cl lw controls l'l.)undworms 
2. Fi1aribi£S Plw also contains oxib('ndarole for the 

c.ontrol ofhookwon ru. whipwonn:;, and round• 
w(lrn l:). 

3. Elh"•naresc rhe us.;.;u~ M:tft(' of heanwottn laiV:l~ 

Ad..'<rs(' Sidr. Effect$ 
The:!..: iodud..: ~;I<;~,Sir>n .. l \'llltlil in~. Fihuibit~ PI!);< 
has ~en linked w1th hep:.ttlc dyllofui\CtitJil. 

T~J-Noi:eY 
I . Adtnnstering wlth food or directly after a meat 

reduces the pOSSit*y of vomibng. 
2.. tt.s product Is safe to ust- If\ prtgllanl artd 

breeding arWnals. 
3. 1.t6sing: just 2 to 3 days can affect the effic.acy of 

1M prOduct. 
4 Do not use in puppies younger than 6 wee1<.s of 

age. 

ECTOPARASITE$ 

Most «:toparasitc:; arc: ubiquitous in the: l'nviron• 
m<.:nt; rhert(ore. OOntrOI ., often di(fi~l•.h. Envif\m ' 
m.ent.:'l ll~lC((II'll ~.ch :lS hn-..slnj! (indtlt)t ,)r ,)ut&:.o)t} 
~10d gt'\)b.'T:tphi< Loctuion may affecr r:he incidence o( 

numr en oparasites such as llcll.$ and ricks. Wh('n 
trying to (C.mtrol «.topamsit~. the vctcrin.<l!y t«h' 
nic:ian nlu~l 1:-e (;lnllklf with 1he pn>:iuces u:;ed t(l 

~rndlc:uc th('sc p~r .. uhcs and ro:. c..Juc:uc d !cnrs 
nb.')ut h.,')w to properly combat their pees infcst:uion 
Not only do cx.tor~uruites w u,sc mi~ry w the ir ho:;t, 
hllt many den•\4\t<~lngk. pnJbl~m~ ari~c (nJm the ir 
lnfes.t:l llfiO. t\d1ttlon:lll~·, incrl'!:ll>~ lnfes.t:. lu'\0 of 
tl.e ls may affect hunmns bocausc tl.cas are n..x ho~t 
,specific~ Tabll• IJ .. l l provides a compari~n of \•ari .. 
C.'U.; topic"l product:> on the mcnkct ~t thU! rime. 

Prediluted Sprays 
I . Consumers like th "- convenl~nce of spr.~.ys. 
2. Sr~ys are available for animal nnd cnviro:.n· 

mental W(', 

}. Th~ formul<l ti.(ln$ •~re avail(lblc only ((It' the 
ust $flOC' Iie.l •)1\ •he b bel :.\nd ~l¥•u ld he ~d 
~lC<OrJi.ngJ y. 

4, Spr..l'{!> ar(' av~lilnble as watcr· ba.s .. -d and alcohol· 
ht~:~ed (ormulations. 
a. \V:.lct' r•tX~~d at'r..tV$ d.) n(ll ren~tr:lte vii ~· 

COOts Of 6 brlc!< :lli "'"'II :ll'ld Jo 1)0( Jry :U 

quickly ns nk~)hol·b:lscd ${'~)"$.. 

b. Akohol·b.'LSI!'d spmrs mn)' be irritming and 
(ll)·tng tv the skin. Thty usm1Uy kill t<:t<J~I<l' 
sires; quickly. 
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S. Environmenml6{'lr.lys. are u$ual\~· tC!oiJual. Mosr 
pC't spr.•ys require' ••ppholli(m daily or <-W:ry l to 
} .,l ~y.s ((u adequtau: J~•r;l.3ite <;(m lr<)l. 

Ach,..ru Side Effect$ 
~e vary among ptx.xlucl$. Cardully rend warning 
lahd.~. 

T~¥No-Ciw 
I. Spray the pet from he«! to tail. mclu&lg: the legs 

and ab<bmtn. Avoid only the eyes, moulh, and 
nose f<lr best resu~ sptay againSI the natural 
lay of the hair. 

2. EduC<lte dients abou• erwuonmental control and 
how to tr~t the pet. 

:S. Read labels before ap¢)~ng to young. 9ck, or 
pregnant arwnals. Some products are not safe for 
certa•n species (e.g~ <acs). 

4 , Water-based ~ splays are ~ used on young 
anim• because alcohol-based sprays tend to 
ev4pOrate qukkl't· &nd m8y ~use loss of body 
heot. It 6 beSl to apply water-based sprays ooty 
to the dorsal area and then to spread the spray 
by combing througl'lthe haircoat In this way, the 
young artim.al does not lose bod)' heat 

Emulsifiable Concentrates 
DIPS 
J. C)I\CC:t'IU:~tt~ h:IVt! t(l l)e .liluh;.'(l wuh w:uer. 
2. Dips usu.atl~· fHC used after a sh:unpoo. 
3. Dips r;c.nerally arc consid.:rcd rcsid~.W I. 

Adt't'T.1< Side EHect:. 
T hese \':lTV amot)£ pr<'lduct.s.. Re:.J labds carefullv 
for nnim:~) and user snfcry and prt'C:Iutions. 

T~¥No-Ciw 
1. Removal of excess \Wite1 or dr)'.ng of the coat 

before dipping is re<:omll'lended to prE'\'ent fur· 
the1 dilutiOn oi the product 

2. FOf best results, do not rinse after appl.,ing the 
dip 

:S. Organophosphate dips should neW!! be applied 
to cats. 

YARD AND KENNEL SPRAYS 
I. Thelie: are dt-~i.gnt-d for C'O\'ironmental USC' and 

$h(lt.~ ltl n<Jt he t.~3t:(l (m ''mm<,b. 
2. Tht>:!i€' pn,.Jucts are residual 

Adeem•; Si(k. E/ft:cU 
The.~ V(Jr)' l;ltll()ng product$. nn~<:tiOIU (m <lflp(il,.(l~ 
11nn sl\(lukl be foll•wnd <:at't!(ullv (OJ c:h e saiel)' <'•( 

the user nnd of 11nimals. 

SHAMPOOS 
I. Tht_;;e Jln:xtvc.~ rn<))' oonr<"~m in.~ee• ie~o.1~ or 

meJkmlot\S, or !hey mav be c((ec.m·c only for 
clea ning the ooaL 

2. Some $hMmpoos arc U\'ailable Its oonc.wtll'ltC$ 
and r.:quirt diluti0:1n hd'tJI'e u$.:. 

J. Shampon~ :ue !Mt Ci~om!dt:reJ tol-.e restdu:ll. 
4. Rinse shamp.'XIs welh water hardness/softness 

aff~"Cts how quickly some shampoos rinse: awa~·· 

Adut!ne SCtk f.f{t!~:U 
The!i€' v :ll)' among prod~.ttts. Sham~ that Cl'ln· 

tain cartx.m:~tC'S or mganoph\liSphates shouiJ nm be 
U.'<C'd with other prodoc.ts of the $arne origin. 

T~vNO"CIW 
1. Read label$ carefully. Shampoos may~ harm

less. but they c<tn be harmful if used improperly. 
2.. It is 1ecommended thai mos1 shampoos be left on 

the hairc:oat for 5 to 1 o l'nl"tUtes befOre rinsr-tg. 
3. If shampoo is oot rinsed 'M!II, a hot spot may 

develop on the pet's skin. 

OUSTS 
I. P~1puJariry luas de<-n-tl:i~-<1 with 1he nvnilsbili ty of 

efft'C.ti\'e l'fll'l:l)'.S.. 

2. Du~UI do not rrovkk a quick kill. 

Aclvt"f"se Sid~ lZffucs 
The.se include irriwfion to mucou:s membr._m~'1 and 
dl)'ing o( the .s.ki1t ;~nd hair~o:• t. 

FOGCERS 
I. Fo,Sb'\':rs wmic. best in lar&'\':. open r,'XIms. 
2. R<:minJ clients that fo~'C'n do not go around 

<:Ornt!l'$, undt!r OIJu<:h(';$. min tv <;)(lr$~;t$. 
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3. O..Lim~ncn~: (V1r flea Dlr. VII' l1e;,Conttol 
Shrunrw) 
~. Extr:.CI ul dtru~ pt>el 
b. foonJ tn ;rr.v,i, :.hampo.M. m..,J .. 11~ 
c Pron . .k~ " qu...: k bll bta u l"lt.)t rt,tJu..-d 

.. Bm..;l bm.:o,.IC' Ei~C' ac;,nn.c nunt «to
r"'"'qtC'' ;mJ m .• ,. he- cx.tmbtnrd ... nh othtt 
~~~1\llj 

S. Pt!trolcum di~rllbte. U!>Ually miJt•,lro rr<XIuoeu 
M th(' soh·cnt t'or (\yrc.·thri.n und (\Yft:throid 
product' 
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REVIEW QUESTIONS 

5. \Vhm arc cnJo{Wirasitcsr 

6. An ~nuu<41 with cOI.Ivp:n~itC'l! ~~ $\1i<l t() be 
-.,--------.~and an atumal 
with ~ctOJ)III'.lsircs is said 10 be 

7. \Vhc•t "un anthdmintid 

8. ,---,--------dips shoulJ n~vcr 
be us .. -.:1 on C(ltS. 

9. IGR is an acronym for.----,---,-,.---· 
10. l'l'(l:kJu.<mttl i$ a dn~ th:.t ls t.Med t(l rid 1hc: 

h.:xt~· of Ci;;;f:==~~~ I I. An ex~~rlc \')( is the bac1crium 
" 'loraxdla bota's, till• etiol~ic. -a~'l."nt of infec· 
t ivus bovin<: l:esa.toc..mjun<.:tt\'iti$. (If pinke~·c. 
th<'ll 1:$ Ol<:d\:'l ll ic:\11)' CMrieJ (J\)IU t:ht:: ~)1:$ (!( 

one co~· to those of :lt\othtr on the Slick~· 
(..,'>rp-ad:s ,')( thl." fuc~o• tty Musca iiUUimtvdis. 
a. rredator•pft'y 
l), 0011UI\Cil::c:'lli~m 

c.. 1\l uh.:lll~tn 
d. phmesis 

12. lv..-nnc:ccin, moxidecrin. nnd dorll.mc:ctin are in 
the d~. 

-a. :h·~mlt:Ctins 
b. ivcrmi!\:tit\S 
c . t~o'trnhydrom•rimidines 
d. micro61aricides 

IJ. All the (('lll(lwn..g ;'lrt nu)nthl}' ht-~l~"((rm prt, 
vcntl~·cs. exc.ep1 .,--------
n. milbcmycin oxime 
b. sc-lamecrin 
e . Hc:<4n~r;,l Plu~ 
d. dlethylc:ut '<lm;l:ule 

14. is t:he 1\l()'it «ul\ffi(' nly used (a)t.n:~mi~ 

dine in vc:1crin~l)' medicine. 
a , Dichlorv~ 
b. Pr(lf'O>:ur 
.~. A u'li tr.\: 
d . Scbmeuin 

IS. iss topicnl solution 
that controb aKarids. hookworms, and Wf'C'" 

"-'Jlll\S in fdm.-::~. 
;). $el:1m~..:rin (Revolutkon) 
b. Profendcr (~modersidc/pra:iqunntd) 
c. Fipronil (frontline) 
d . Lu(enuron (Progr;~m) 

I 0. A1\ ;tr~nic C(lll\J'<lund ;.ldnli lli ~te.rl!l(l b}' de~~ 
1M inj~alon In d\i" h.unb.1c region Is _ . 
a. caJW~rsolatc: 
b. don;uloo 
<;. nu:::larsomu.e Jth)-x.frvchl\•ride 
d . lw·m~c 

17. Albcndawle is the :Krivc mgrcdicnr (oond in 

u. Orc;~ndt 
1). fl'r(IMeri~ 

c. Synanthlc 
d . Vnlbmen 

IS. An Qtb<a!Wf'hosphi•te i>! a ~bst11n<:<' th<•t <:an 
int~rlert with tl,e (llllCt i\>n (1f 1he n<n•('ll.•-t .'!)";Y 

rem by !nhlbitlt'2 lh~ cmvm~ .::holln~h~r:tSC. 
a. True 
b. FMl:se 

19. Adva.nta~"" ha.:s gl'\"tH..-r d'fit.:ucy <•gain~t __ , 
;u,,( F'r\)llll•n~ h:1.~ J!rl!:llt:r ..:(fic:..c.y :JJ!:l • n~r __ . 
a. licks; tle-..ls 
b. lt..-as: licks 

20. <lit p!U~Cic WQI'JTI$., iocJuding in" 
ct-~tin\1 1 rl)l.rndwvm'll\, lil"\ln;tl wCJrn\......_ hme.
\I.'Ottns, kiJtH''}' "-'Orms, he:trT\I.'Otms, and 01hcrs. 
a.Ccm>dcs 
b. Tremat(....,-Jes 
<;. Acanthv ... "t.phal<m-t 
d . Nemalt'lJes 



Hidden page



EY TERMS 
ADDISON'S D ISEASE A disease 01 syndrome charac

terized by inttdcquate amooots of corticosteroid 
hormones. 

ANALGESIA The absence of the sensation of pain. 
CUSHING'S DISEASE A dis,e.,se Of synchome c:harac• 

terized by an <JVerabundance of oorticosteroid 
hormones. 

DEEP PAI.N Pain arising from deep receptors in the 
periosteum. tendons. and ;oint structures. 

HISTAMINE A chemical mediator Of the inflaiTIOli)tory 
response released from mast cells. Histamine may 
~ dAatton Met increased perm~ability of small 
blood vessels. coostriction of small titw~ n
Q'ei~Sed secreOOn of tr'll..ll:us in the airways. and 

"""' IATROGENIC caused by the physidbll (~erinarian) , 
M ODULATION The modific;.ation of nQCXep!Ne 

transmission 

INTRODUCTION 

I';. in ha~ l'l.!c:n ,ldm~:d b}' th l! lnten)lttiv n <•l A'l.'~ll(:t;)• 
tlon (,.,., lhe S(ud~· d( r':lU) ~h "~ln unpl.:::~;ll\( sem.otv 
anJ ~motionnl c xpefi l'llCC ~lSSo.X i<lh . .J with actual N 

pot.:ntial tissu(' dam~'<'·" It may occur nl<me Of in 
ootubin <Jtiun with inthm.tnclti(ln. Pain ff:ll!St•Uvn 

:m~S 11'1 (rt!t! 1\t:rv~ tn.lillf!:-!I!OI IIt:.l ll!:OCI«#l(fn'.<, whic.h 
arc lo.:.ar.:xl in the skin. jL)ints. bll'XXI Vt-'S!'el w:.llls, 
~rioMt-'tlm, holloo,~,• or~oans {e g .. :stom<'~ch, imes· 
tine~. bladder}. and parietal surface.s of the thor<tx 
:\ml alxlvml!n. Th~ fn:t: nt'rvt; t:ndin$!« m;~y I'll! 
:'Kth·atcd thr\JUWh mech:ln~l. dh~rmal , :lrtd chcm· 
K;.l S(imul:!tion. Chcnticl'll stimulatil)O may be de· 
rivc..'\1 fr.:.,m an exogenow :source or fr<.'m endogenous 
c..·hemkab ~uch n.• dt"(.t..«<Jn•Ji~ (pn):StaJ:Iandin~). 

~d\•k:utul, :>t'-ri~notn, and <tthets telc::.bc:d in re· 
~nse to tissue dam~"C. Pain c~m h:.wc v-ar~·ing 
dcgn::·l':S d wvcriry and mn)' be acute or chronic. 

P,;~in is ~erueJ i.n term:s (I( its intcn:sit)'. du~tion, 

li)l'::.tl ivn, ~n,<l <itmlity. Pain th:u :\ri~~ m svhcut:.lne• 
ous tlisuc l~ callcJ $UJ>l-"tjidaJ pain. 0t'*p paln iS 

assodtttl"<i with skdt-'1al musd~o-s. tendons, nod 
bones anJ joint11. Vit<eral rmin llrisc::s from hol&ow 
t~hdomint• l o~;·n~. pC"ritiJnC"um. ~rt. liver, ~01.1 

NERVE BLOCk A loss of feeling or sensation pro· 
duccd bv injecting an enesthetic agent around a 
nerve to interfere >Mth its abiity to conduct im· 
P<Ases. 

PROSTAGLANDIN A Sthstan~ Synthesized by eel$ 
from cwachidonic add that serves as a mediatot of 
inflammation and ha$ other physiologic fvnc:tions. 

REGIONAl ANESTHESIA loss of feeling or sensation 
in a large area (region) of lt\e body after injeaion 
of an anesthe6c agen1 into the spinal c;.anal or 
around peripheral nerves. 

TRANSOERMAl APPliCATION The use of a patdl ap• 
plied to the skin to deliver a drug through an in· 
taa cutaneous $ul1ace to the systemic 
orcul3'b0n. 

TRANSDUCTION lhe process that involves trbllSiation 

of no:OOU$ stim~ into electrical aQP.oity at $ensory 
nerve endings. 

lungs. Pain can be: lxncficinl in that it can allow the 
animal to 1•void damaging :stimuli. h has an cmo
tMJilttl oontt:r)t and ;l(..ti\'(1{(',<~ .t)'U~p<lthl!tic ~t imvl<• ' 
1100. h C:..l fl he h:lrmful h.::c:'h1ie 1t c:m lelJ It) sues..; 
~1nJ rckucd r rohlcms such a'S s;.s(mintcsunal le· 
:sions, immunCisupprc~ion, dda~·c..'\1 healing, hyper· 
ten~~m. •~nJ pol('nti<-1 d)'\irhvthmia,;. Pvin a llSI.J h;~ 

;l mvtlv;\t:i•'•t:'•l Cfunr<u)e.U an.! C:'ull~ u!it:J t(l f<orce 
bch.:wi\)r atld Ctlmpl~nce (Kamerling. 2001}. 

A.sR"Ssmcm ol pain in animals can be \'Cry di(. 
li.(ulr b.:<:au:se o( tlle depenJ~nce on noo\'erbal 
<:vnununi~~·tuJn in vetl!rin<lry m~u::iru:-. Fl• rtlu~r~ 

more. :'l.nltnals differ (rum poople '" rhdr pr:~ln rc~ 
sp..)nsc, It is imponam tOr wild animals h ) control 
the t'lCpll"-.~ion of pain w U\'Oid predalion or nb.m~ 
dlmm¢nt. Rc:~p~mt~e w p.-in \ 'Mie$ amo>n~ imli\'idll' 
;ib and nuy 10dmk IOCrf:;l>.t>J h.:;)tl t:'lte, incrt>;l:-e,t 
r6pirmocy raro;: , m)'dri:tSis, salivation, vo.:ali-::.uion. 
ch~m~'t.'$ in fucial ~·)(rrc~ion , r;unrdinr; of the ('<1in· 
ful site. re:~de~WC:$S, unn:spon:sh•enl"$S. fa1lurc to 
f!TIJVm, ~lmormal g<1it, ~·hrM)nnal ' tanQ:, and fltiJ , 

in~. A ratlcm that is p..l!n-frcc will be quiet and 
c~tm (Pnddlcford. 1999). 

Orug:s usc:J to wnuol pain (nnalgc::~i~) ii\Ciude 
non.~ttllli~l.l tmtiin ii ~.IU IUlltlll)' dru~< (N$AII."}.;) 
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nnd narc~Xio; (s..-~· Chap(~·r -4}, The boJy is able to 
produc:,c: its own opiat<:'~like an.:•lga.ic agc-nt5 ~a11ed 
~:ndf,rp#tm., :.lml .:nkl;(Juttn;s. E:fl:')rl~ r.:• $ymht$J:t 
d\c!i€' s.ubsra1'\«!> for commcccial productton h;.W<' 
been unw~ccs.sful. 

E\·cn though some prople believe that masking 
p<4111 with ant•lg~i c,;:s can int..:rfen: with th..: di~~'TlO• 
.ib ot ltt:)tme.u c<tur.se n( :' d•~$e. ~nitn .. ·tl$ in p:.in 
should be treated (~'ll! hum:me rear.on~ anJ to reduce 
the hannful .side efkct$ that accompany it. The: 
treJ•troc:nt r~imo::n ma)· VM)' ~•cc(lrdtng w <U::~(';»• 

nlt:llt of tht $t-~·erity <lncl t l1 t ori~in <J( the ~~;lin . f.:•r 
b..-:~1 ttsuh..'<, p.1ln m:tna~rnel\1 intetwmlon .should 
be prt·'(:mrtivc when possible. 

Inflammation i:s ll bru;ic pro::-ce~ thin occurs in the: 
lwdy in r..::-l'*Jn,<c: tO ri~ue mjury C:<•l•std b)· ph~ic:~l, 
chemiC:~ I, or b10loglc ttauma. ' l11e ,'\bjecrl\'es ,.,f thiS 
proce!S are ( I) to C()Untemct the mjur)' by remO\'Ulg: 

or walling ot)' the C-tlltS(' ol the injury and (l) to rcp-.:1ir 
or rc:rhtcc the darottJ,.'<XI ti~uc,_•. C linical nwnifestl'• 
livnll' (C<lrdim.ll !)ig_n:-) IJ( lnjt;tll\1\\;UM)n i11dude red. 
tl~S.< . Mu, sweJiinR, ;.lOd pain. AlthouRh rh..-: pr.'lCt-'S~ i:s 
designed m be priXt.'Ctive. it cnn continue 10 bt.'Conw 
1• ~un:e of funhc:r injury or dam~te (e.g., 1dlergy, 
. 4,(l(;k,, "rn.)\1(1 A~h"). 

D:.lmali:(': II) cells from ''"Y S..')urcc rf!~ult.s in the 
rdense ol se~·er.-1 chemical mcdi:.nors thnt m~w ini· 
tiatc or prolong the inflammatory rt.~porue. These 
~hemk.-b ind ucle prost<~glandin:s, k ukoukn<.'s, 
hi.s1:unine, ~)'h>knM'$, ;,uW vtht-r ult:d.:t tvJS.. l1h!*
subst:li\C.t"~ cauSJe helpful tcspotl.SC$ ~h :t.s dibnl)n 
a.nJ increased pc:nneability of blood \'CSSels that 
re~ult in inc reased blood flow to the injured tissue. 
Enh~JlC:td hllN><I !low hrint!!\ piMrn;\ w c,_hlote lht 
off~•\d•nw •l,;!~IH.Iibtln tl).unm(lbtli:e 1t, a1\d phajtO· 
cytic cells to remove it. R~-dncss, heat, .swelling, 
nnd, to some extent, the pain of inflammation 
Result fNm incn:a......-d ;;.moont5 o( hl0o.x.l in the cl:am• 
:lt!l!tl l i!>ltu<. The .::httmk:.\1 me.li:)t<•tS $l'f\'t: ()lht:r 
b..-:m~li.ci..1l funeril)ns such 1.\S anrocting phng-.xytic 
cells to th..- area of concern (chc:motnxis) nnd sc.·v· 
c:r.tl po(cntillll}' h.'l1'mful function.s wch ~I.:S i.njtiation 
()( brvn~hliCOn~rncti(m (hi~«<:nuine), ''' '~phyl~~cic;. 
shocl::, paul (hhram.lnd. cell death. pl:udN :l~· 
gr(;btt~(ion. and inrC$tinal spasm. The inllammatory 
proce:ss cl\n be ac.ute (anaphylaxis) or chronic 
(flttt ;~.Utlj..')' i•nd :~nhriti<). 

D~ that arc used to minimize the inflamma· 
tory prQl"!CS~ include NSAI!Js, g]u<:ocorticOMC'roid$. 
~nJ $tvt;rt~ l mi~K:el l."'ne.)v!) ~gent$ $l•<:h ~.$ dimeth)·l 
sul(,)s:tde (OMSO). AMrh..-:r priXI'".SS nh·s:J.ar~ by a 
chemical (or chc.mic:tls} rcl..-ttS~-d from dama~ 
cdb i.s (('ver. !'ever is nn incrwsc in body tC'mpcra .. 
tur..: tv ;~b4J\'C: mmu:~ l ; it i~ tt.n imptJrtant di.n i<:~l 

ln.t.c;lt<tr •>{ .:l1:>ease. The putt)()Se o( (t>:~'et m:Jf In~ 
duJe destruction ol invnJing mictO..)fgnnisms b~· 
heat inactivation and fnciliunioo of bk\Chemical 
re~•ctkms in the hocly. (M~t chemic11l "'~ctioru rut 

$f.~<e. IC!( I up h)· in~r~~~ l•.:at.) 
Hc:u Is JtCOo.':r:ued b)' dl-e mcrab<--llc :'ICtlvtty of 

muscles nnd glands anJ is J,N through radiation or 
conduction ktSS from the olikin, sweat evaponn ion, 
ami C\'t~f''~tiOn J uri.ng ('Qnti.ng. A "thenn~lll!t~n" m 
rhe hfl)()thal:unu~ t~ul:)tts theie m~ .. h:)l\~:..«11\.'>, 
which control body (emper.lture. 

A substance that can initiate a fever is called a 
lryn)gvt. An C'X(~C'nou~ pyrogen is <l fonch.,rn .suk
$t:.lnt:e (e.g., b;-.cteri:l, viru .. ~) tlt:u when inu\XJuceJ 
inm th..-: Wy C:l~ th~ rde1se of all cnd~">t:-~1\ous 
pyrogen (a chemical mediator such as prosmsL"'n· 
din) from white blood cells; thio! end(l&'t'nous pyro
#cn C<lu~~ rti9tttln~ of tht hypt_.)th~•l <nnic: thernMJ:.,t•t • 
T he hvpod\al:tmuS; then :\Ctlv:ues p(()Ce~es to 
g~ner.u~ or conserve b:xly he~lt: shivering to gener· 
ate mon• heat, c:onstTktion of blood Vt.~scls in the 
::~k.in f(l prevent mdi<•tion .-od <.:c..mduc:til,)fl lo~, <lnd 
(le<:n::\S(:tl Swt:.'l l ll\1! N p;:u\ Ill\£ I I) retlu<:e tV;)J)(tr;ll i l)l'l 
I~)S!i. Damaged cells in S~')Ole insr:mcc~ ln:l.)' relc~..-: 

end,-,geoous P\'~'Cns in the absence of ex.->genous 
pyr~Jb>c:n.s. Druw; used to c:ontrol (c\'ef ltre primarily 
NSAII),. 

ANATOMY AND PHYSIOLOGY 

r•:)il\ l)e(\i<ltkon :.lrbes h)· ;) J'lX)Ct:$§. ~lltt.l transduc, 
tioo in nociceph)rs-"'~lkcd" n~rve t'ndings found 
in almost eV('T)' tissue of the body, Pain imP"tscs aT(' 
can ied W th(' CC'I\IFIII OCJ\'OUS -1>1'\it Cm (CNS) by t\II'Q 

liher ~'(.$tt:m.•: t }'(to:.: C t•nnl)•t:linatt.d hl-trs :.lre n:, 
sponslbl<" tOr dull. poorly loca1t!f'd poll\ (l1\ hu
m.."'ns}. nnJ ryp<: A delta fibers arc rt."SJ}\)ruiblc for 
::~h1up, locali<ed pain (Ganong, 2003}. T}·pe A 11nd 
wpe C 6bcr:s ca.rrv impuiSl':'! tv the d!Jr:sal h'Jrn o( 

Copyrighted m3\erial 



Hidden page



antiJeprc.'$$ano;, NSAIDs, nmiconvulsants, and 
(~othC'r drugs. Puin P<'TC:C'pfi(m in thC' COftC'X can h: 
m~ur.iled by tht ll~ v( :lnto~• hetiC$.. <)pi('IJ(($, 1-tn:\'' 
dhuepancs, :lnd alpha·2 a~toa\lsu. 

NSAIDs nrc thought w work by inhibiting an en· 
~·me called cyckl(IX)'gt'll(ISC' (COX). Tw(' fonm 
<COX-I and COX-2} .J t.)~loox}'eea~ ;:.~ ~xi~(. 
COX · I mai•Hau\.S phy~i(l\o!O:te hu\C.uons such ;.s 

m\'JJulati\)n of rcn;;.J blood tlow nnd srnrhe!-is ol 
gastric muc<t:tll (PaJdleford, 1999}. COX-2 pro· 

nwte~ tho: (Qml<ltiun ,Jf rn.ll:!l<lfi!l\nl(lln frv ln odl 
memhr:me :l.r.)C:hi.Jimu.~ acid (fiJtt•re 14 ·2}. NSAI fJs 
rh~u selectively inhibit COX·2 rue 1hought to 

FtGUR.E 14•2 

Lcukotrierte$ ....,..,., 
... flammetory 

m""""" 
T 

pl\-xlucc f~'"'ver ~-astrointc.~tinal side dlcco;, Oluco
cortic:oids C'xcn thdr elfcc:ts by blocking ph<l'::!pho)j, 
pa~e. ~n en-:.)·me ntc!ei-1lll)' (~u t ht l'' 'Xh":;ti<m <)( 

bot-h f.ll\'lcit:lall:mdu\Sc :md kuk\':.ttkn~s (lmcrwntlol\ 
is provided earlier in rhe seqlJt'nce of 1he f\1rmmion 
of inflammatory mC'diato~). &:cause- the inflamm.,, 
tmy t('(ICtiiJn i ~ blvdr:.ed c:;,~rlicr b}' fi!luco<:IJrtiCoid::s, 
1he'1 are l'flilfe ef(e<:~ •ve :.lntitntl:lnunawry :lS:t:ms 
than ~uc NSAJ().; (l.an~~ton :uld M~rc~r. 1988). 
NSAIDs arc olt~·n prdcrr<'d, howe\'er, because they 
have few.:r ~ide d(«.t$ <l.lld they pl(lmotc analge~ia 
;:.nJ (ever reJuCh(lfl . A 1 •hi:- (ime, 1t lS 11(1( l.:n<•wn 
why ,::lu.x~cortlcoiJs do 1\0t lnJ uce m~ anal~~ .... 
nnd amlpyrctic ('((ccrs of NSAIDs. h is a !S\) un· 
lmo":n why ~m~ NSAIDs provid<' rdid o( only 
mild rai,.. (<,~irin) \md 'Jthers pr1Jvidt rtlief <)( 

n\OJet:ue t•Hevett (Jilin (llunixln). Some cli.\u~l:lns 
Sp<'Cu);ue that NSAI~ m;ty :tet to vnrying dcgrct>s 

1 o,c~-060 - 1 N$AID$ ''"""''~"'" block hen~ 

~ 

~s of non~~dtll ~nbinfbmm~torv dll.l-tl~ ~ncl f1uoooortiwods to in~nwt the inflom~ te:;ponse 
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cemr-.:.11~· to modub.tot spinal trnns-m~ion oi pain 
iml"'i= (P•ddlc.foru, 1999). 

The nl(l:-1 C•)tmn<)n ~ide .;{(ee•s <)f the NSAI~ 
ar~ Jil:l.itrolott!>doal ul~•·:.ulon and ble~lnjl, which 
probably result from intcricrcncoe:- with the oorm..1l 
roue~ coating of th(" $tomach. Other side c:f(ec:l$ 

m<'v inc:Jude her~nCJtO)(i(;i t)', nerhrr>t<Jxi(;ity, inhihi· 
ti•)l' of c.'ltl ii:JJ!e met.:ltx'tl. . ..;m, OOnt! n\.'ltl'<)"' Mlflprts· 
!iion. and bleeding t<:tldenciC$ (from reduced pb tdct 
agr;regation) 

All pet:> ~hould •mdt-rb'O a. thoroogh phy.si<.:al ("X• 

.-min~llil)n :lnd lti$t()ry, :\5 "'-til ~~ tlf.'l'r(1J'ri;lte l;:.l)<)r;\• 
tOI)' t~t~. befllfc NSAID~ Mt lnlrl.:.ucd. Clk:nts 
sh()uld b..- nd\·iscd to .s.cop the use~)( these drugs nod 
to contact their \'ctcrinarian if they obscl'•e .sidt- ci• 
f«:tl! in l.hetr (l(ti thitt art fe(;ti...,in~ NSAIOi;. Ptt'! 
.. ,., I•"W~~r:·term N$1\IO use sh.~1ld haw perit'ldk 
I."Y:ihr.uions \)j liver :mJ kidney (unetitiO rcrformeJ. 
Clien~ shouJd lx- ndvis..xl to watch their ~ts for 
itf1Qfl.")(itl, •toroiting, c:h~'\"ll in bowd JnQ\'erocntll, 
blvo.xly (lll' 1-arry .>t<•ol$, leth..'lfl,')' <lr (lth tr ch~ng~ in 
b:oh.nvlor, seltures, j :nuWke, chan~ In urlnatloo 
(frequency, c:,ilor, or .smell), or ch.."'nses in the: c:onJi· 
tion of th< :~kin. 

T~¥Not!w 
1. NSAIDs should be used wilh caution W'l geriatric 

animats.. 
2. Combtrwlg NSAIDs 01 comb1n.ng NSAIOs v11th 

cooicosteroids should be done "'ith greet e&ubOn 
Of' avoided 

Solicylates 
Asp1rln, :l sal•cyl.:lte.. l~ :llittl knoW~n as ~lCet)'l""'Jk~%·_ 
acid. Its actions includ<" the following: 

I. Relief ofr:~ln (:mal.,~sl.:l) 
2. R~.··duction in fever (antipyrexin) 
3. Inhibition of inflammation (antiinfl."Lmmatory) 
4. Reduction in pbtdet (~.,~~ti()ll 

The:!<' df<cu. <tt< thought tu oc:cur <I!' a r<:~ult ol 
rht ~thilily <)( tl$pirin (;) inltihh ;m e;:n:yrnt <COX) 
that Is responsible fot !he sym:hcsls t)f pl'l."lcifaJi~l:'lll· 
din. ProsrnglnnJin is n chc-micnl mcdiattir o( the 
prOCt:SSC:i tluat le!IJ tO ('<lin. (e\'er, inflammation, 
il.lld platdet a~J~<1tion. ltl! itthihitiOn r~uhs in 
diminbhulS: •)f each proce~. 

Clink.al Use-s 
Clinil'al u~ of ~irin exi$t for mt'l!t animal :~peck:~ 
~nJ mtly 1ndvde the fvll()wing: 

I. Relici o( mild to modcrnte pain causcJ by mus· 
cuk~:Skc:lern l conditions wch as arthritis and hip 
d~':ipll-~i<t 

1. I'OSt.:ldultk,.le treal tne111 ((lr he:.1rtw(•nn dis~se 
3. An.:.ll~csi~annpyr~xi:l 
4. Tr .. ·mmcnt of Cat$ with cardiomyOflllthy 
) . Trl'<!troc-nt of endotoxte $h(l(k 

Oos4ge f'~~nns 
These indudc plnin unc:o:ncd tablets, buffcr<"J un· 
coated tahl<ts. enteric.--ooatcd fonn.s. and bolusc:~ 

(l a.r~ot .. ~nim;t l <'Prli(;t'tion.~). Mt'ln)' #crltru; Or br;·•nd 
nam6 are :w:lllahlt>: In many J lfteri"'H ~uens:th:>. 
induJing the (,illO"''in.g: 

1. AJSpirin bolu~ 

1. A~rim' •::.bleu 
3. Corr-abn (a oombln.mion of aspirin :u\d methyl· 

prednisolone) 

Adtrerl'c Side Effects 
t\dvcf'S(' s.kle cffecb t'lf a.~pirln Include K:l.itrk lrrlta.
tion, 14'hich cnn leaJ hi ukcr.uion :md bleeding. Cau 
or~ highly su.sapr~!::W tO" aspirin owrdru.: bt:atlt$o.' of rhcir 
inahihl)' 1(1- mc'fabvlttc i1 mj~: !hey should r«ei\'t !his 
drug (»tly wld..'r !hi SUJ>;."ttiSi(in ~){a lt.'teritlariatl. 

T~~Nottw 
1. Enteric-coated aspirin, such as Ecotrin, may be 

used to prevent g.astnc: irnt~tion. 
2 A 1--grain 'boby" aspifin <ontains 65 mg. a 

1.2S·gtain baby aspirin <;Qntains 81 mg. 
3. Aspirin has no VMhdr.m'<ll time in food animals. 

Pyrazolone Derivatives 
PHENYLBUTAZONE 
Phen~-lbuttu:one. ll ppa:olonc- deriV<tth·c-, i$ an 
NSAII) rh,'ll i3 tvmnM)nly lt:;tJ h' vtlerin;ll)' lrt~di .
dne. Irs :.c.ttOO~ lnd uJe the iollcw.•in~: 

I. Analge;sia for mild to moderate pain 
2. Ant1inll~nunawry actiOn 
J . J\nripytex'la 
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Oinkal Uses 
Th('oR' ioclud<' l't!lie( of ittRammatory conditions of the 
mll:<:l•l.~d;:f<!\ $'f*lem .;/l)l)~ :tnd de'.~· Phen)'lhl'' 
ra:on~ Is IJS\_'1.:1 e>:teos.wd~· ln horses I~"JJf rh~ Tfe:ltllWm 

o( lameness and (m rh.: rd icf of pain a:;soci.mcd with 
c:olic. It liOIDC'timcs is used in do~ and <:attic (or it$ 
~.ntiinfla.rnm:.1tVty, ~na.l_gtsic, a.nd illltipyn;t...: dT~. 

Dosage F OlltlS 

~f.'l" (onns o( phcnylbutru:onc includ~· parenteral 
injC'Ction, whlc:t$, bohJ:sc.s. nn oml paHC', an mal gtl, 
~uul J~Vwtkr. 

I. &narolidin T abi«S, &Ius~~. Ptasre, lnjccri~)n 
2. Phenylwnc PastC' 
}. &.iuif'(li('U(me Po .... '.lcr 
4. f.qui·Ph:u l'ht'11)'lhura::one C.-el. T.1blers 
S. Phenylbur-.l!\)nt" Tablets 
6. Pro· ButC' 
7. Phen}·IOOt..:onc lnjC'Cti-on 

A..k'e'l"se Side Effe.:u 
Thc$c include b't!Soo-intestinal bleC'ding and bone 
maiTOW suppl't!!>!ion. 

T~¥N~ 
I. Phenylbutazone rljectiOn should be ~minis

tered by the intJavenous route only. Subcut4ne· 
oos itlld intramuscvlar injeoctioo m;sy lead to 
sloughing of tissue. 

2. Prolonged use or 0\oerdose can lead to bone 
morrO'o\• suppression in humans. 

s. Prolonged use .also may lead 10 t*;er tonnation. 
4. Bec.ause ol possible bone marrow suppress10n 

and potenboc:ll ulcer foon~bon. al'llf'ntlls that ~rc 
re<eiving long·tetm tre<~tment v.ith phe•t.,t>uta· 
zone should be monitored carefuly. 

Flunixin Meglumlne (Banomine) 
Aunixin is t~n NSAID that Is bbeled r~)r use in 
horses and cattle. It h:u; cxtralabd us~'S in other spc· 
des. lt:s action.s are rellnt'd to its ability to ilthibit 
L.'OX and indl.l(!e the (oltvwln#: 

I. An;~lb~sb 
2. Antipylt"xia 
}. Antiinlla.mruatOT)' 

Clinical U.se-s 
ClinkallUI(';S of fl.unixin in hc~es include alkvi., .. 
IM)n l,( p;-lm ~~(!oC-i;tted w1th m~~llll)()'kel tt;:.l Ji$vr .. 

..kr!< and rolte. (Ftun•xln ~lpparcmly ha...; f:reou abilhy 
ro inhibit viscxra.l rnin.) Other u;$1!'$ in hors~~ and 
other spt"CiC'.s include tr<:atment of the followin.g: 

I. l)j,.,k dl!<t"Jk: 
2. EndotOJCIC sh\'x:k 
3. Calf dianht".:l 
4. Parvovinu di~~ 
s. Hc:~w.l\,ke 
6. Ophthalmic conditions 
1. (\')WurgKtal pain 

Do.1uxc: Fonl\$ 
D-.~:').~ forms o( tlunbtin ii\Ciude in,e<-t:l.ble, or.tl 
p:l..itt", n.nJ oro I gmnulc (\'lfmubtions. 

1. Bamunine lnjectkm 
2. A;u1:1mine O,.;ttl>~l!H~ 
3. Barwmlne Oul Gr.1nulcs 
4. FiMdync 

Adtrerl'c: Side Effects 
T hese :ue 1unlted in ho~s but may lnduJe .s .... ·e.ll
ing m the injenion site ~md sweating. In dogs. 
vomiting, diarrh.:a, 0~'1-"hrotoxicity, anJ gastric ul· 
c:emti1m ltl<''r' OC:(.;Ur with l ong-tc:rltllUI~· 

T~~N~ 
I . Fluruxm IS &.:lbefe<J f01 ll'ltlc'!ver'IOUS and IOCI<!rl'\OS• 

cula.r vse in hOtSes. 
2. Some equine clinicians beieve thal flunOOn •e

lte\ot:S ~bdomnlal pbm so wt!l 10 horses thDt it 
may cause a ~ ol fatse sewrity abO\tl the 
condi.lion of an animal whh colic. 

3. Smal-o!lmmal patttnts r«cMng flunwn shedd~ 
"'-el hyd1 ated and should be given .ntravene>u$ 
fluid$ and ulcer prophyla))$ (Padd!ef.ord, 1999}. 

Dimethyl Suffoxide 
OMSO i$ :;) clt:<u liqu"-1 thi•t w~:: •JritprLi•ll)· ~te\·tk•ped 
~lll:l. Cl'\tl\0\('tcial so:~IW'nt. It il> 1\dto..'t:i (,)!' ns :l.IHiintl:-~m ~ 
m..·nory action and its ability m act as ~l carrier oi 
oth~r agenu through th<' 4:in. Its ~tntiinflammawl)' 

action$ may to: rdatl'XI to it.: ~bilitv tQ tti\p produ<:t:~ 
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associated 'ol.'ilh the i.nltnmnwtol)' resp:m~. DMSO 
rnuse:s vitKidi1ati011 when apphed topically. 

Cllni.:-al U!e~ 
Clinical uses of DMSO nrc varie-d: however, the 
onl ~· lnlxled u~ for DMSO is for topical applica• 
tion tQ reduct (!(;Ute swd ling resulting frvm t rt1uma 
in do~ :.tnd ht)rs..s. f.>MSO h.'ls repMtedl)· been u>ecl 
as the (,)IJowing: 

I. An udjunct w intesti.rm1.9..1rgery (intnt\'cnou:sM 
Z. A crt-.0:11 m~nt ktr l:e~bral c:J i:m;) ()r ~1'11~11 cvnl 

ll\jury (intr:wcnously) 
3. A trc:umem for rcri\'~scu lar injccti\)n of 

<hcmothel1lf'CUtic ll.h'ellts or other in itating 
>Whsn•nw (tOpil.'<ll) 

4. A c:u tiet o( dtu~ olCn"X>s 1he skin 

DosQgt. Forms 
D..~~ fonn$ ..,( DMSO include .- w lution (90%) 
;ultl a gel (90'K•). 

I. DMSO Gel and Sol01ion (9()%) 
2. Synotic (DMSO and a Mcroid} 

Buscopon compositum 
&scop:an Compo6irum is ... rroduct that <onr.n i~ 
buryhcopol.-minium bromide anJ ml'tnmirole sodium 
(diprr(IO(;). 

Clinical Uses 
This rmdun is used (\-,r the mana~~mem of nh· 
domina I r<~in as~ociated with equincc ~olk~ 

DosQge Fcmn 
I. Buscor:an Comrosirum 

Ad..-cT$C: Sik. EH~~ 
A.J~·erl!ot! l).dt- tffects ni UM$0 ate pn>hahly m u\1· 

m~l ~A'ith limrted usc or C XJ"'!H.lrt' bot rna~· ind ud" 
the following: 

I. O:lrlic ta~te. whi¢h l)('(;l lr$ v.;ry l!h•.Jnly :lfter 1he 
~~nr Is appliOO tt' the .sJdn 

1. S kin irritstion accompanied by a buming 
$<'ns;nion 

3. lmluc1ion vf hirth dc:(e<;t.s (tertltO~'tni<:} m Wme 
~ie.;. 

T~~Noow 
I. Rubber glo~-es should be worn .MliJe apptying 

DMSO. 
2. Bandagmg ove1 an eppkation of OMSO may 

cause skin irritabOn. 
3. OMSO should be used carefully when chobs· 

terase 1nhlbitors h&\•e been used. 

Acetaminophen 
Ac:c:r.uninQphc:n is an (lnalb'('sk with limited anti .. 
prretk M•d (lnl imthln iMt<Jry :1<:1 ivi 1~. 

CJinic.aJ Usi!s 
Clinical uses of uc:c:mmi.nophen ore limit..-d in ~·et .. 
erinary mtdi<:im:, Qn(l a<:ctmllino>phen Ulic: $hiJ\•Id 
ht di5CnmaKtd l~luse nf the Mk of r.<>•entl:.ll co,.;· 
icity and the av~lllabillt)' of acceptable MJbstiturcs. 

Do$agc: FoJrn$ 
l )vel;~rt ((Inn:. ..J ac.et:nninophe•\ ind u.lc: mbletS, 
capkts, :u\d Uqu.d fom\ularions. Follo"•mg Is a lbt 
of ,s,.-,mc: of me hum~n labd bmnd name-s: 

I. Tyltn (JI 
2. D:1w l 
3. Tcmrr~ 

T~~Noow 
I. Acet.'lrTW'IOphen should ne\•er be gNen to cats. 
2. tfter-th~ounter produciS should be checked 

catefully lor the presence of acelilminophen be
fore they are used 1n C<'lts. 

Adt.ol!rse SJde Effects 
Adverse side cffl"Cts of UCC'tominophcn use in cat$ 
include th~ f~lRn<lti iJR v( 11\C'th<."tno.globinccmia, C'i<l .. 
n~1:., anertri:r., ;.l1\d l·h'd d:r.m:l.{:e. Cau hat-e a limited 
ability w biocra'Jl.~j.mn ac.ecaminophl>n and may SUl' · 

cumb to a singlo.' drui!, 

Propionic Acid Derivatives 
CA.RPROFEN 
Ca']'lh"Jfcrr IS ... rrorionK acid dctivarive NSAID 
thRt h."l!S been appro\'00 for om I usc in dogs. CRrpro.
fen hus heen appro\'C~.I f<Jr m\41 <1nt.l inje<:wHe u~ •n 
dn)'.i :lnJ e:uSc u'l Eutl:'•f!e. I[ h:'S; a h:rlf·llfe i..lS htwrs 
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nnd is rha..gh' to wot'k by inhibi1ing OOX. An in· 
j«.u~hlt' form is now twa•la.blt' for uSC' in rhc United 
SWh'.'! a.~ well. 

Cl.~t~ ical u~es 

u~ ind udt' the relief of pain russodatt'd wirh de· 
b"Cncroti\'e joint cli-eill)e tmd pootopemti\'e pE~in re• 
~llrin~ (rom ~f· diS'ue (It ,)Mhllptdk rera.ir. 

Dos«gt. Fom1s 
I. Carprofen (Rimath'(). A\'ailtlbk in Ulblets, 

C.'lplc:t·s, mjection, ~nJ chewable l:lblt:l$. 
2. nuprofen (Ncwox) Caplets 

Acl\'t"rS(' Sid"' Ef{ccu 
Si<le c:ff«.t$ $0Ch it::l g~r<)mtc:stinill ul<:c:nni<m and 
bleMu\jt are olpp:uend~· I"Jre whh •hi~ :~~ent. 

KETOPROFEN 
K~·toprofe11 i$ 11 propionk :~dcl derivutw<: with anal• 
£t!ijJC, ;l1l! iryre• ic, :1nd :lnriinft:u'tln\;) ll)f)' ~<:tivtrieij. 
h Is l:.1bele-d for u.;c In horso."5 In the United Smto."5 
but h.."'s be-en us-ed a gn.''tlt ..knl in do~ nnJ cars in 
Europe 1md Canada. 

Cltnloo.l u,e, 
In horses. ker..':f'l\')l'en i:s ur.N for rreatmem of rain 
and inl1ammation ru;sodau:-d wirh mus-culoskdoetal 
di~.mk~. It hM- been ~ed for p~t.r..IJ)eroti~~ and 
chrvnk ~\In in d(~~~ l.\1'1.1 c:n$. 

Dos«gt. Fonn.s 
I. Ketof<:n (hor.l><'s) 
Z. Ortll.li$ (hvmt~n b hel) 

i\.c*',..ru Side Effect$ 
Side cf(c:<:l$ may indudl.' ga.moint«tina l blttding 
or uk..-~tion, ~nal tlpfunu,.;~n, and gt'nerali:cxl 
hl...eJhl)!. 

NAPROXEN 
Naproxcn ~ a. rrorionk add d~·rit'<lth·e that l$ 

~imil~~r 10 ket())'r<>fen ~ml1bt1pr<Jfen. It i$ l:l~l~t (,,r 
use In hor$oi"S. aldwu~h It ha:Sc been used It\ doal~. 

Clinic<ZI Uses 
N<4pfl.l>:<:n i$ lt1N:hxl (Qr the: ''n::lid' vi pi1in, inll~uv 
m:n i,>n, :~od l:~meness :)>.itx:i:ned w11h tnY•l6itis oll'ld 

other ~olt l is.iuoe <liSot"asc.~ o( the mu:scufotikdl.'tal 
s)~em o( hooes ... 

Oo.ta.ge F~mn' 
I. Equiproxen {horses.) 
2. Napro:s\'0 (human) 

Adli'Uie Sfde E/fecu 
Few ~ide effa-u :uc reponed in hmses. G l uker· 
mion hi!.$ been rcportt.-d in dogs. 

IBUPROFEN 
Ibuprofen Is repl'med ro ha\·e the pmel\tl:ll for serl· 
ous. side e(fccu in dog:; nnd CiH:S and is nN recom· 
mended for woe in rhes<: sp«:ics. 

Etodo/oc 
F..todolac IS an Indole :leetic acid Jerw:ulo;e NSAID 
1hat has been labc:loed for usc in dogs. 

Clini(;I.IJ U11e 
T hl:. dru~ 1:. l:lbdt->J ft'llt the ma.n::t~en\etlf t)f p;un and 
inflnmnunion n.~soc i:lted with om~ .. -,arrhritl$ in d .. ~. 

Dosage F onn 
1:-toGel!IC 

Adc-erse. Side E{fecu 
S ide df<:cU i.nclude: anorexi;1, vomiting, d iarrhea. 
~n,lltth,'l~'Y· 

Oeroc,oxib 
Demooxib is nn anal.~,~:sic and a nonsteroidal anti .. 
i nlla.mmat~ll)' ~..-nt o( the oox1t- da:ss. 

CU,lical Use 
Ot-r..lcoxib i.s labded for th-e control of pain and 
i.nfli~mmation a~ociatccl with onhopcdic surgery in 
dot? with 4 lb b\xty wc:ighl OJ gn:~t.; r, and (or lile 
control oi pain :l.fld lftAamm:uiOI\ ~socl:ued with 
~tt.-oarthriti:s in d .. -,gs wdghins 14 lb or more. 

Dosaxe F Qrm 

CkrJnl:)x~ 



ZS6 APPLIEI> PHARMr\CQI.O(W fQR VETERINARY TECHNICIANS 

Firocoxib 
FiroooxiJ:. U an NSAIO that h:longs to tlw <:oxib 
d~ •. ~. 

cr.~nical u~es 

Tlw labd«< use is for the' tn:-utmem of pain and 
mlfttmm~tion <JSSVC-it4ted with ~ll:)teoa.rthriti~ in 

d·~· 

Dos«gt. Fom1 
Pre\'icox Cllcwablc Tublets with once'•druly do:~ing 

Tepoxolin 
Tepoxal1n i.! a norutl."l\">idal antiinllammawry drug 
for oral use' in dogs only. The manufacturer dairt\$ 
that thit rr<Xli}Ct ·~ the vnly NSA 10 th~t hlvd:.( 
hoth :lrm.$ of the :.ltaC-hldMk :teld c:~sc:Kie (COX 
and lipoxygcnnsc ). It i.! m~lnufa<.rurcd as a "t:~pidly 
di$intt.1,.'lating" 1ablct that breaks down quickly 
uron contact with the moistu~ of th..- animal~ 
mvuth :md ~ulfl(lt be ~l' it (lui . Thi~ dv,;.1ge form 
tS de~lgncd to lmptoV(: o"mer/anltna1 Jos~e 
complianc..-. 

Clinical Vse 
Tep.)xalu'l Is l:~hcleJ for th(' coott,)l o( pain and 
mthmmation ~lss.ociatcd with osrcoorthrim in 
doll" 

O,l$uge Ftmr~ 
Zubtin 

Meloxicom 
Mtlvxictltn i.' <J (.'(>X~2 ~~el't\)t NSAII). It 
h:t.-; ~mtll ttftamrn:m~ry, :m:l li:,~Sic . :11\d ~lotlpyretk 

propcrries.. 

Ctini.c:ul U$C:ll 
M..:luxk:Jill lS u l)e(J H• C(ll\lrl•l pain ;)i.')(l(iar~l wtd' 
~n:;ic:tl procedu.tcs. :uthntis, ~1nd mh,..r cnuses. 
Mctoc:am use in cau is limitt.-d to ow.•· time $ub:uta· 
nrou'S injc:ction for surgical pain. 

DoscqriL" Fo-nns 
Meuac:am Orol Suspcrui1)n, I.S ms/ml 
Merncam lnjec:rion (Of Cat~. 5 mg/ml 
Meta<:ttm lnjC'Ciion (,Jf ~$, 5 mg/ml 

Ad.:t:r$t: Side E/fecu 
Similar to (l(her NSA1l1$; oth-tr ag-tn~ thut a~ das
l!•hed l\S N$Ail>$ ~w th:u h.twt l)im•hlr :~h\'it-y in~ 
d u..-1(' th~ di!iC.us~ ln th~ (ollo~·inK f.tl~r:lphs 

Polysulfated Clycosaminoglycon (Adequan) 
Ad~JU<I.n l-<: a $t:l'i1l-<:ynt~ti¢ mixture of gl y¢lll:)<lmi~ 
n ()J!I'{<::l i\S dctived frflf\l tx··vine c.lttll:ljO!I". This dtu~o: 
ro.xl uc.<'s degcnermiw <:h:mges induced by nooin· 
fcctious or tmumatk joint di.scasc and promotes 
activity in the: '.l'yno\'ial mcmhranc. lt U tlvailtlbl..
h' in~ra..:•rtic.ul (l r :1nJ in~r;unu$Cul:\r fornl$ an,t i$ 
labeled (or use In h,)rses ;md dC~JlS.. 

Hyaluronate Sodium (Hyolovet) 
Hyalvvet i$ a ~h·(XJ~minogly~(Ul thtlt i ~ lttbdo:J for 
lnu•Jarttcular iflJOCitflf'l. h h:t.i :ltlivhi.s slm.L:u to 
that 1)f Adcqu:ln. 

Legend 
A l!vluli•>-' vf hyah.~r(l~ne 1h;u m:ly he gi\'en h~· 
lntt',lV('OOUS or lntr:lartkubr inje<ttOn (\)T ~yn~wttls 

Uti.S1'X i~u.-d wirh ostcoonhritis 

Meclofenomic Acid (Arquel Granules) 
This NSAID Is l:~heled fot mal treatment ni :lCuh~ 
or chronic inflammfth'MY Ji~asc m horses. 

Selenium and Vitamin E {Seletoc) 
Seltt.'C. b: l:lhe.l.:c:l fc" ,c,li.:f ,)(:\Cute $p'll5)1VlflS <of 
~ltthritlc c.onditiotu In do~. 

Ketorolac 
Ket(H'ob.c &$ :ln NSA II) with effic::,~y sim1la.r to:) thm 
(,( morphine. lr c~'rrlesc :1 hurrt;.lO l:~bt l :~nJ m:l')' 
cause serious si<Jc c...ffccts. 

Orgotein (Polosein) 
ft:)l•"l~tln ~ ~ l:al:>eled (M:a<:ute :ln.! du\)1\ic inf1 ~)tntfl•'l , 

t ()l)' m nJiti\')1'\S in horse$ and dog;. 

Opioids and \)pioid rcccph; rs arc disc:ussc..~ inn J."l'fl· 

erol fltShion in ChllfltCr 4. Thi$ .se<.tion 1\ddr"S<:~ 
only U!l; • ..~ orkm.b t() OOntrol p<tm. 



Opioids relieve pain by binding with sp«ilic rt'· 

~cptor ~itt'$ in the bruin. ~inal cord, and pC'ri(:lh«ttl 
ti~tte. a~· alt.;ring nettn)(r,\n:jnlh{tf relt:.)ie, •hey <)her 
nen't lmpube ((,OU3tloo and rt:msmlsslon at many 
levels within the CNS. The ultimare cff~o--ct is rh~t the 
opioids block or inhibit pain impul:;($ to higher CNS 
..:c:ntcl'$ respvn~bk for the pC"F.:tpti<m r.tf pttin. 

Opiold Agonl.sts 
Opioid a&'Oni:!~ remain one of the fflOS( efft•ctive 
drug ct.~...-~ for rd .ic.-vin.g modC'rutl.' to $e\'c;n: pain 
(P~ld..11c:fvrd, 1999). ()piviJ ~~)n4(·.s ~rc: d~:. tl1;ll 

bmd wlrh :'Ill optOtd JCCI':ptor sh~ ;.lnd proJuce opt· 
oid e«ecu and n.-spiratory Jcpro;s:i~)n, scJmion. nod 
addiction. Optoid a&•.;mi,sts indudC' nlfl.'ntnnil, carfen• 
umil. C()(\cine, et\•rplune. {tJlt<l.rWI. hv,ln.Mlwrplwnc, 
mepertduH• .• methufnne, mo.phlne.. l)X)lml)tphnne, 
and sufemnnil. Even though some ol these drug;<; .-.re 
co•tstdcro.:J more potent than mOJphine, morphine i$ 

''ill con.1tdl•n.xl to bC' one.- of th<' mQ~ c:ffc:ctivc: of the 
Ol>i•)iJ$. A ll ;'*')nil,:!.$ :tre Cll cvntr(llled ,~,~i),)r:lt)Ot!!>. 

Clinical u~es 
Opioid ~oni~ arc: v:l¢d to c.ontrol moderate: to 
~vtrt p.'lin it) t\ll itnal$. 

Seleckd Dosage Fomu 
1. Morphine sulfat~· (lnfumorph. Astrarnorrh PF) 

(hum<tn l~bcb:) 
2. Ox)'nll)rt'hNw! (Nutnt)I'J'han) 
3. Mep<'ridltle (!Xmerol} 
+. C'>dein..- (mcl..-i.n~o• phosph..'lte, coJdne sulfate_. 

Tylenol with ~oddnC') 
;. Fenwnyllr<:ll\:';l.lertual ( l'lur;l~'t$k.) 
6. Tmmadol (Uin:un)-s~'ndtetle Mu recepror opl· 

ate (oonconuolled) 

Ad...CT$C Side EH~~ 
Skk efl".:ct$ <::Jtl irn::l..de k'l)J)4'r,lt.)l')' deprei!!it'll, sed:)· 
tion. excitement. and OOdiction. Clts are m\'lft sensi.· 
tive w the ~citatory effecn; of O('lioid agonist.s than 
<m- othC'r ~pede:$, u.nd they tolc:ratc: low d(«$ v.'ell. 

TRANS.OERMAL fENTANYL US.£ 
TrAnsdcrm.al applicatio n (l( fentanyl has been sue· 
cessfully u~ in h umans (Of control of chronic 
~m. Thi.;; u~ h..--..s rt<:c:ntly hffil-a.d.-..pt~;al (tJr C•JOtrvl 

of P.,');$Wpcmtive and chronic pain in do~ and cats 
(cxtr.•label). 

C~tre tnlt ~t he t:.lk<:n when lt~il'lt\: (r;ln$1.lertMI 
p:ltch~ tc.cnsure that the .-.ounal d~'lo:$ not cat or l1ck 
the patch (<ausing poe;sib1e ovcrd~~gc), and thtn 
accidental exposure to hunwm (es{'C:ci.all~· children) 
doc-:~ nQt (ICQ.Ir. Tv awly d1~ p.1t('!h, glove$ si-\Qukl b. 
wom; the .s&:in ove1 the d<'orsum nl the neck .s.h;Kikl ~ 
dipped. deanrod. 3od atii)W .. 'Cito dry 'A <ell: g(lo.~ skin 
contnct wirh th..- patch Would be achi~·V('d: and a 
,snug b<tnd~oc; ~hould be :tff!licd to hold the patch in 
pl ~tl;t. The JXttc.h $ho..•vl.:t nt.vts he cv• lxc;lv.\lt ( lti$ 
Interferes "'hh the r . .ue l)( rdease o( (cm:lfl)' l. The 
p;1tch sh.-,uiJ be carefully d~ of t~fter usc.. 

Opioid Agonists·AntDgonists 
·rne •"'lf"I,)IJ :'l~'flC\tit:~am;l).-.)1\i:.r dtui!S' buld with <)fli~)Jd 
knrf'll roccpoors b ... t f!Ol~'mi!(' ,')J)ioid mu roccpmr.s.. 
Opioid a,J,.'Onist.K~nnlJ.'Oitists indvdc butorphanol 
(CIV). JX'flt:•rol."in(' (C~IV). tUld nalhuphinc:. Th('$ 
d rugs :1~ Ot)ni!klen:J efft:e1ivt: (c,r mild t(l nM)I.ier.ltt: 
pt~ln :.lr.d h.:.wc fN• s.de effect~. 

Clinical Use.s 
Tht primary U$c: i$ (vr tht ftli<:( o( mild t(l nXJ(Itrate 

pain. 

Dos<q:t Form$ 
1. Bu tQrphiUlOl (Torhug..-~ic. TQrhutr~,l . St<tdQI) 
2. f>c:nt:l:t"!Cu\e (T:llwin-\1) 
3. Nnlhuphlnc (Nubain) 

Ach:trst Side Ef(c<:u 
Side <:((e¢.t$ indvdt :;ed:illit)ll, ~~~t)(ht, :lnd ~tl.v(ltit)n 
(pemarodnc). 

Oploid Partial Agonists 
The Qpi~lid p.'l.rti<t.l ~~mi~tl hind with the mu re<.:c.-p
hKS I'M.u (lrll)' ~ltl r:dl'{ :)Ctivatc d1e.n. Surrcll<•t• 
phin~ i$ the primary drug in this C:ltcgocy. R..x1'nt 
studiC$ have shown that buprcnorphine IIUIY be.• ~o.f· 
fectivdy aclmini:!tert>d to cat:s by thl.' ~ublinguaV 
h"::e<:tl fOt.ue (Rltl:"~:rt$t)n, 2001 ). 

CUnical Usi!s 
Uses inc-lude rdid" o( mild to moderate prain in dl)b~ 
aml hv~. 
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Dos«gt. Fonn 
& prcncx (hum;m la.bd} 

Adt.<eT.te Side £fleers 
Side clfccrs iod udc .scdat ion anJ rcspir.nory 
depr~sion. 

Other Pain Control Agents 
Kcraminc, alpha·2-:.ldJenergic agents, IKJ .. xainc, 
bcnu.xlia~pincs, and tricydic -anttdcpr<:$Stmu 
(Eiav.t} a.rl" other il!.'(nts th<Jt <•Jl" u...-«1 (rc<lut•ttly w. 
tn~.XIul;ltt p(lh' (~e Ch .. 'IJllt:r 4 ).T hese :lb'i!IH.S m(ly 
~used :llonc ot In comblrv.ulon with others. Some 
~ocnn; nre delivered as a C~)nsttant rate infwion 
(CR I) (or thl" sustained control of pain. A common 
CRJ (or pi1in <;ontl"\•l inv<Jiv~:S th4! <;wnhin-:.uon tJ 
IU•)rphlne :llld l:emmine (MK') or n'M)tphu\t:, Hdo · 
cninc. t~nd \:(' t:lmine (M U(). 

.'\ntihistrunincs tu'l" dr~ th:lt nrc used ro inhibit the 
dfe<u or sp«'ad of the inflammatory procC$.S. The-lie: 
drvg:< <.I•J rwc. i.nh.rnt tht (onn."'lti<)n o( pn.l6rngbrM.hn~ 
nr 1)l hc:r lntbmm.'ltory medl:.uors. They W(llk by pre· 
w nring hisramine from combining with tissue recep· 
tors or b}· J ispladng histamine from rt'Cl"J-"tOT $.itcs. 

&:..•u~c hi~t<•min<: i:> <• m:ljor l·ho:::m ic;.,.l tucdi.,.tor 
of dH~ aller~ic ~l't)O$t.'-, anuhls1;un1n~ I'll:\)· he u.-,e. 
(uJ an <.-ontrolltng 111lergk responses. 

Histamio.: is a chemical thm is released from 
m.ut cdls when they a re ttdequatd y ~timulated by 
unml}ll(lj;:lob.Jiin F,. {l_.gF,.) <)ntil'li:U.Ikii tv <'!ll<:ll!i:rt.~ 

(flwure 14·3). H6 tamtne then Ci'Hnbin~ wnh 11~ue 
receptors tand cau!iol-s dilation ol small blood vessels, 
inn~ pc:n:nenbility of capilbtric~t, Wl<.'oth musd c: 
~'U!m. and in<:n:<'"<cl ~rett(m ...,( ~b~ncl~ Two t\·pc:--$ 
n( aru '"'~1:\ln1oe re«:plt)tS h:~ve hee.n , .. kn116ed: H 1 
anJ 111• 

Antihisrnminc-s compt'titiw ly block the binding 
o( h~ttmine to H , rc:Cl"P(OI'$, which may block pro• 
~r~'iu . .n o( 1he alle'l:.C n;$p<)n3t:. S.Jmt a111 ih~t ;\• 
mines :llso block H1 r~cq:l[o,")r!l th .. 'lt tn.'ly C~'ln tribute 
h) m()(ioo sickness N oauSoe:!l. Some anrihistamincs 
have ll high af6nity for H1 rocc:pton; in the brain 
and <:<1.1.1~e a :i..-di•ti\•t ~((e<.t. 

I 

l 

Mast oeus sensir!zed 
IIQ lgE 8Miger'IS 

Reexpogure 10 lgE 
ant)Qen 'Ailll\ brielgll'lg 
bet.,~c:m two r.e.p:ors 
resulting rn rel$il.$$ of 
Fll9tar'l"ltte and other 
n"'edieiOrS 

AelivaliOI'I Of H 1 (fJe&p!OI'S 'A~h 
dii;,tiQI" ol blood '.'C$$01$, inc•o.<~$0<1 

capiiWy permeabi!ily, ~in, and 
ocMr C'lflarrmalory responses 

FIGURE 14· 3 
The rd'C<Jsc oi histamine from m11st ci!ll> \\tltn ~!Jilted bv 
oi'M'II$loglobulin (lg)E ill1tibod6 

Stimul:~til)•\ •)( Hz recepro~ c:tl.l.)e~ incr~$t.'-J 
It ow ,")f h~xlrochJ.oric :td d b~· the gJ~Stnc mucO!'I:l. II; 
blockers reduce the sccretion ,')( hydrochhnic ad d 
and may be usc.-d to u~•t gttStroi.ntcstinnl irritation 
~nd t.~ktl'il tM)n. 

CUnical Us~s 
Al\tihistaminl".s arc u~cd to trl"<<t the (oiJowing: 

I. l_)rutilus 
2. Unic~lti :l and 31\giOl.-.dema nssocimeJ with ac.ute 

allergic rca<tions 
J. Laroin i ti~ in hor~es -and cattll" 
4. "I)(Jwutf' oow S)'ndn.>nlt. 
5. 11-,fO(Ion sicL:ne~ 
6. '"Revct.sc sncc~"' s~·ndromc 
7. Anarhylactic M-ock 
S. Upp<:r ~<p~t<.ll)' t10Ct CiJnditiiJnS 
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FIOORE 14 ·4 
Rtl~e of ~r()i(tj i$ onder the oontrcj ol l.he 
l't)pot~lllilat't.ach ... 'lal (HPJ.) a~.s. 

~tirouhne th(' hyp~lthal :unus-thr(l4..tg:h impoll!~ 

(f\\IU high~r b r:lu\ C~llh~r$---1 1) rete:..~ CP.F. Tlk 

control m.xlwnlsm m~n pmc.e.:xls In the (ashuMI 

illunmt ... -d in Figure: 14·4. 
Oot of the: majQT indk~•tWns for the: di.nkal usc: 

t)( C(lfti¢viitervids i$ {qr the ir (lntiinfl."ltunl\lt(•ry e(, 
f« IS. The.s.e ~(feels :.'Ire brt)U)lht al~1t by theit :lbll· 
icy h ') bJ,xk the enzyme ph~'l6ph,.,lipasc. which 
promotes the reaction tlt,"lt resul~ in th(' fomwtion 
tJf pwstagla.ndin 11 primary mc:di<•tl)r of the: im• 
•nune ~:;pqnse. Cn·rti~1~r.)adS; :.\lli(l pr<•t~ct .::~Us 
from inlbmm.mor~· tr:.lumn by \'ari~)us meehanisms 
thtn include but arc: not limited to ttlc following: 

I. Sl:\bilhi••# .::ellmemman~;$ •v help pre\·t:nt•h.eir 
btt:lkdown 

2. St'Jbilizing l ~·SOS()mal mcmbroncs S~') they 00 not 
rdell.$(' !heir hannfu l em\·mes 

}. Dimtpting hii!t~ntin~; ~ynthe$i5 

4. Inhibiting imerlc:ukin S)'nthesi.s 
; . Reclud .ng ('XUdlltl\'e rroc(';Sff$ 

ClrttOOSti"to.)\Js :lre :liM' used dlnlC:llly lt.r their 
intmuoosupprcssi\'1!' d'f«.u.. They are used h')SUppi"C$.S 

the immun(' sy~tc:m in allergic conditions:~uch 1\1 flc:a 
all-tf!."Y tlc:nnt~titil!, <lt.r..'PY· ~utoimmtiJ)~; hc:mvlyti.:: 
:.lfn>:mi:l, rt .. auln;)IOid :ltlh ri tLi, :lOd tw~his. The im
mu•wr.u.pprel'..i l\'1! effect come~ from the ability of 
cOJticosw-roids to do the foll<.,wing: 

I. Inhibit ~lntibody f~')mt."ltion 
l. D«rc-nse the concentratiOt\$ of lymphocytt•s 

und ~inQph.il~ 

l . S"pl)fes~ 1he rf'UJ!r:~til)•\ <t( 1\·eurr(lf'hil$ 
4. lnhibrt ph.ag:OC}'tosis 

Altho~ immunllSUppres.siw qualitil'll are v~ry li.St'.

fw.l dinirotly, !hey can nbo 111ttd< the 5(f!U of Sl"'''iOtd 

info:cricm duu. em: 5imul~tmeollSI)' pre.se'llt, 
llitiC(IIStcroids AA" usrlul in the trtatroc:nt of 

l)'mphotel {~ul\1)1'~ becoH•~ dky c::;.u.~t: :• dirt.:t l)'m .. 
photoxi.:: effect (O~rtoo. 2001 ). 

All steroid compounds arc synthesized from a 
bn.sic pruc:nt compound that hn.~ bt"ffi des.::ribcd as 
rC!:Semblit'# three 1\X)Il\$ aml a h<1th (Fi#tne 14·5). 
St~l't)ldS; ~11~ fotm~ in thre~ I'C)C1M1:. o( rh~ :.Jrenal 
gland. Thos~ tt>g1ons and th~ir rC.S.J'l-">Ctive f'(oJucts 
include the following: 

I, Z\')IW slomcrul~~mincro l\'X:Orti<oids 

2. Zona (as-::iculata-glucocortic.Qtds 
J. Zona retu:ulari~e,c h.Jrmoncs (ancl~cn and 

e!>I W~-en) 

,, 
13 

" •• 
9 

" 
.. 

2 8 

3 7 

4 • 
FIGURE 14-5 
'the configuratiOn oi lhe patenl molecule of all steroi.d 
moiCOJ!es. indt.cina <.x:uti<m1et<lids 
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of Lklocaint- h,·JrochlunJ~ mjcc:tion 
S. Oth« gc-n<"nc LIC••I •nc)thC'tiCJ, indu,hnJ: tc:tm~ 

~.:..-h'e and <.Ml\K.ttnr 

Topkol 
I Orfnhain<" Soluu•on V<'t«inarv 
l . Qrbdwtoc 

AJ.vrS~t Sidrr EHnc., 
Local an<'Sdt<"tic' (an h.nc ad\'t1'Sc: .s1Jc dkcu If 
the total maximum Jt~M: for the •f'tCIC'o; l~in.g 
Ch",•tn l i$ t:xel."t',ll'\1. ~ltlc l•ff~l:t.S fh<l)' incluo.ll• h 'llt• 
~ncs~. ~dh"<fnC'I\1, h~ J'IOI C:fi.~IM, anJ .>('1:111"-"· 

T~!-N~ 
I . l..idoc;eoi 1e w1rh ep.ncphrll'le should ne\'ef be used 

1f an ~ntiatJhyltwnll': •s •n6Ga:ed. 
2. Exceeding the tO!al recommended d0$e of IOCcll 

allilfgesics m<'ly coutc toxicity. 

REFER ENCES 
&rt•.n CL. Chc11">ti'ltt..lf' In So 11.'4:h,· r'IM, Not•..- Sn»ll ..,...,. 

m;~l .;l1nl.,;•ll rh.•rn\;10;11..-..:y .;an..l •hrt.l(ll'.,..., .. , Ntii,IJI"IrhiOI, 
2001, WA S.our...lt:,. 

l}o)()(hc PM1 C .. !\11<11 111 1'<01'111'1 Ull:1JI .\l'llmu\o, In Smol! <U\i· 

m .. l d~nltlll rh~rmii0:•''''1'V ~n.l rh~'t'¥'''"'0· llul;~.klrhi;!., 
1001 WP. ~.•ur.Ju, 

c .... !f\1 WF c .. ui'I('UU,!o., ~ .nJ \'floloM.ol ._ ..... l(ofl. In 
C..V... \\: ... cd.•.-. fk.,._. ot -.foul,...,.~~ !I, 
Not- Y.'fl .. !C\H. '"-Cr:rw·Hil 

~'*'"~"~~~ "ii:;. '"'" r«o1CJH(Ioo)f\.1nJ fit It<#. In F'h.c~•"rrf 
lh<' Ann">~l Mnltntt .,..( thot Anw-r"un Vctll"''ln.ll'f M«<ICIII 
1\~ oCi.•U•'fl , 1\"'t .. ,\, ZOO I. 

l,.9<~1on VC. M.:'l\('f llll: N,)rHit'lo\ill.J,I .-,ru l •mil~mmi)IMy 
drup. In rr.~lllgi of me, ., ... Scmu\~1 inr Vc~l'riOIII)' 
Tn·l.ntd••no.. The W<"t<"fl'l Vnnin1•r, O•nf(1(1'1("(', 
Lil• Vcp..IOs!( 
~U.~Nr-..un...- ln~t.ultl 

....... 141 ....,.t-.a,fb,~ 1*. '1'8'~ 
~""'"a "\A ..,....,._IC~•i~~-.ut....c~ 

c:d ;a..lmu'II.Cr;llll.-... 1n C;:Jb. In Ptucc.N.."'-" t..'f the Ar~n...J 
M«<fbl 011 Ike ( :,,(k:ec ~,1 \'('tttlt'Mf't Ane"iw•lo..~t~. 
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REVIEW QUESTIONS 

l. Li~t rome ~tigris assoc iatcd with ('Ill in in animals. 

-,--;---;--;----,-are 
thought to proJucc fewer g;mroinrc.s-rinal side 
effect~ 

4. \Vhc'lt lt the 11\cJSt CIJO\lti<JO ~idt eff«.t I.,( thO.: 

NSt\IO.s! ------:-7----c-
5. Why arc ems so su...;ttrublc tO:) ~1spirin ovc~f 

6. Phc-nvlbut<•wnc- $.oold h- admini.;c..-red 1""'-'n• 
tually by rhe ~Q n ,JUh': (lnly. 
n. True 
b. FniS< 

7. wru., C·ll opi<lid is udminincred via tnul....JC'r· 

rll.<ll (X:ltch! --,,..,.----,-----
8. Cotrlct~letow:J therapy Involve~ ueumenr t'i 

the signs of disease nnd ~')ftcn rurcs the di~~1se 
as wdl. 
... True-
b. f:.1h.e 

9. \Vh:u fuocti~)ll do miocmlocortim id$ servt- in 

the body? - --,----:--:--:-:-:-;-
10. List som..- principle:~ that should be followed 

ClJilt:tn un.g ¢o.>rtk(J6(tllJid ther;.p}'· 

IZ. ~rit-e th~ side eff'o::<;u Q( short~t<"nn a.nd 
)t)Clg-leNn C..'rcio.;.;ter;,id u~~<. 

13. \Vhm i~ th~· mc..'Chanism of action o( &ocal an· 
c..li(hc-tic a~'t'nur 

14. Wh:u arc some lnJ•<..."ldOn$ forth~ usc of local 
aocsthcticsr 

15. The ~dy if> oll>le 10 1\tfldu.::e 11Sc own ('P•:ne-like 
:m3}ges1c ngcms c1UOO 

a . hUt:unine 
b. t:nJ<Jq1l 1in.~ 
c. p~tagl:lndln$ 
d. cytokincs 

16. A ,substl:U\C<' emu can initiate: a fever is called a 

::t. pm.;.raul:)odln 
b. endorrhin 
c. p~·rogcn 
d . p)·ometta 

I 7. --::-::--:-:---- 1$ :• I ~) k nv\\'1\ :'1$ : teet)'). 

s.-.llcvllc adJ. 
a. Phcn)·lbutamnc 
b. A~irin 

c. DMSO 
d . t\cet:unlndphcn 

18. is n pyr~wlon~ Jcriv.uivc. 
a. Phen\·lbutazonc 
b. c~rprofen 
c. i:I(KJnbc 
d. !Xrnmnxx 

19 flunixin mcsluminc is a(an) ------· 
a. propionic add <kri\'acive 
b. ~mihi!!r.tmine 

c. musde rt l:n:~lnt 

d. NSAID 
20. DMSO causes -----whe-n applied 

t(~in• ll)'· 
;) . ~';lSiX:l)I\SC riCI!l)l\ 

b. va-s.:»dilat i~'lO 
ll is con~idered (even today) 

to be one- of the tn(XIt e(((!(.tivc o( the: opioid:s. 
;.l . Fent;)nyl 

b. Morphine 
c. Tcroxalin 
d. Carprofc:n 
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22, is(arc) a m~ljor<hcmical 
mediator(s) of th(' ••llerg-ic re~ff"· 

t~ . Hi$t~mine 
b. Ptru(:lJ:.)aodJm 
c. Pyh-,g~n~ 
d. Honnon~$ 

23. A.ll vf the ((JIIowing are t)'~ o( oonirosten.lid< 
e~cept _

7 
___ _ 

a. d~x:.lmeth..'lsonc 
b. Prcdd 
e .. VC'talog 
J. kt:r<•rm)(en 

24 A local ane-sthetic .such as lidocaine may b..- a 
drug of ehoke \l.'hC'n 11.n epidurul is rtrformc-d 
tv repb« '' pr-(ll;,pS4:J llt<:n•-t in:-\ b\wi~~oe. 

:.l . True 
b. False 
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CHAPTER 15 
Therapeutic Nutritional, 
Fluid, and Electrolyte 
Replacements 

LEARNJNG_OB!ECI !VES 

1. Ordnc rtnns rt-bttd co duki. tkcrrol)U:. md <d«tcod ~~ 

"'-""'''"'il1 J"f'CT('f"li('O\ 
2. l\:!llul"" the' d·~rnb..ti tt~l l-4 \1, 111'1 1ft m~ h.>ih. 
}_ Oe~otuhc Lhc compoMi i..,_, ,)(tu~y at\J 1h erapcutk lluio.k 
4.L)chnt ~moric prt'S!>Urc 11nJ h\1\icity as thcr nrph' h • lluilh . 
<;_ Oi•"U"' tht l\J:;ic priru;:•rk" ("' ftutJ thcrar r 
6.1'\·'o4.n""' tlu...I~~:~Q•.upmrrH linJ "' uw. 
7. <:•h-.wl:e and ~IJ.t c:umrlt-. c'lt. tht ftukb ~ tn t\uJ the-~. 
8 lnc .1nJ Jricn~ .scl«cN tlutd ..Jduins. 
q lt~ anJ dt-«nbc sd«u"J ~...-al d«croiVtc" ('I'C'J\lfltk>n'i. 

10. u-. mJ ~nhe ~~~'("U''>.II'·ii'C'Itltta.l Vit<lm tn•11\IIWtniJ,t\XIoct-... 
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EV TERMS 
BuHER A substance that decreases the change in 

pH v.hen an ad:j or base is ackicd. 
COLLOJO A chemical s'f${em oomposed of a cootin~ 

ous medum throulflout \\ttich SIT'Ioa!l particles are 
distributed and do not settle out under the inAu· 
ence of graltity. 

OJS:SOCIATION The act of separating into ionic com
ponents (N.aCI -+ Na and d). 

ELECTROLYTE A Sl.bst:ance that dissociates into ions 
•n pla~;ed in solution, beo::ming capable of 
conWctiog electricity. 

EMPlRICAl Based on obse!W'IiOn tJnd penonal 
eJ¥)erience. 

HYPERKALEMIA An excess of potassium in the 
blood. 

HYPERNA.Tfi:EMtA An excess or sodium in the 
blood. 

HYPOKAUUIA A deficiency of potassilm in the 
blood. 

HYPONATREMIA A deficiency or sodi..m in the 
blood. 

INTRODUCTION 

Vl•t.:rinal)' technicians oft.:n have nn imrortam 
role in t1uiJ, ~l<"ctrolyt<". "nd th~rap('Ulk nutrit ion.:~l 

d1er<~ry. 11\e)' a.:lnuru~11~r tx~'e'u~r.ll (lr oml fl uu.l .:>r 
nunition:~.l pmducts and m,)nitor p:uiems' tl-'lipNI$CS 

under th..• dir..·•<tion o( a \'et.:rinarian, Because the 
usc: o( th~ proJuct:s e<m h.,. critically important w 
th~ V\fi.(;VJU~ v( <1 (;it•C:. tc:dmic.itln!' .sho1.1ld h:w< c1 
th\)n)U)lh \::nowl.._xJ~~ (,( ttJe ptOJuUS ~10d thdt U~~. 

ANATOMY, PHYSIOLOGY, 
AND CHEMISTRY 

Distribut ion of Body Water and Electrolytes 
Meas1.11.:mems o( wt;.ll body wat.:r <TBW) hnvc 
~own thilt wato:r rl•pre~nts 50','() w 70% Q( the tQ• 

ml h.x.l)· wd$!ht in l\l.luh anim~ls; 00% ~i \.,f1~11 tl..-c:tl 
as the 3\'CI".lJt:e fi~utc. :\s much :l.i SO'ilb ,,( :~ neonm:~l 
anim.ol's body wdght may be w:.ltl'f-:!1 f>KhH' that 
makes fluid 1-.m in young ani100\:; potentially \'<"ry 
$1:.!r iou'\. An lll<;r;:~:<e in hJdy (ut ~k'(.T('(I.~ tht: amount 

HYPOVOlfAUA Decreased YOiume of ciro.:Uting 
blood. 

METABOLIC AciDOSIS Decreased body pH caused 
by excess hydrogen ions .-- the extracellular 
fluid. 

M etABOLIC ALKALOSIS lnaeased body pH 
caused by excess bicalbonate il the ~acel.llar 
fluid. 

0NCOTIC PRESSURE The osmotic pressure genet· 
ated by plasma proteins in the blood. 

SOLUTE A substance cissoto.oed in a solvent to form a 
sollllion. 

TOtAl. NUTRIENT ADMIXTURE A solution used fof 
parenteral administration tha1 oontains amino acids. 
lipids,. dmro~ . ..110)mins, tJnd minen.ls. 

TRANSCELLULAR FLUIO Cerebrospinal fluid, aqueous 
h1.1n0r of the ~ synoWal fluid, gastrointestinal 
fluid, 1.,.-.,h, bile, and glandular and respiratory se
cretions. 

TuRGOR Degree or fulnes.s or <ongestion; descrbes 
the degree of elasticity of the skin. 

o( TfiW :U)d m~1kc!> It lmpoream m .::srun:nc fl uid 
nclodS on the b~i!> of k~n body milSS h ) ~woid over· 
hydrati-on. 

TBW i~ J i$tributed in $('\·c:ml o;;vmp;lrtmc:nt:s 
wilhu\ 1h< h(l(ly (F'I!!II re I )•I ). $1:o.:l'{ p~r<:~•'f ft( 
T8\'V is tOund wilhln cdl-. and is c~l lled imrauUular 
fl••id OCFJ. JCF m~lkcs ur 40'>io of IOtal b:xl)· 
wc:ight. The ott'i('r 40% o( TBW is (wnd out:sidc: 
1h!! <:db :•nJ t~ e;,llc:,l .:xtrl..:dlu.lar jUJd IF;:CF). ECF 
~lCCOuiUS (M 20% o( 101al boJ'{ v.~1~ht. 

ECF (discounting the rcb.tivdy snt:~ll ti"Anscdlu· 
Jar ftuid comtxment) dimibutes iudf bl't'A'\"('n the 
i nt¢~t•t it4l lluiJ ( 15% c.l htM.Iy w~:tght) <anJ the intrtl .. 
v;l.-.<:u t•r IIUJd nr pi:~:~ ()%of l'tll.l'{ Wt'-IJ::hl ) . 

Bod~· ffutd com~nm.:nts m,)uld be lhclught of :li 
voluml'S o( tluid :md electrolYte.'$ in d~·namic equilib
rium. with fluids and ell"<:tn)\)'tt'-$ movin~ bad: and 
fv,th :\1..'11.~~ *'nir~.:nm::.lhk eellnM!mhr:lnt'l'. Chml~l'll 
in the qu:tmlty of iluiJ or dcurolyi('S in one com· 
p:mmcnt usually rl-sult in 'hangcs in these qu:~ntitics 
in other c-ompanments. Fluids adminUl<"rcJ. intnlVt'"' 

n~y tv (10 <•.mmal hr~'t <.:ntc:r the: intri'Vti<CUI<H 
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" Intracellular !!lid flltro6elluiiU.III.iict ·:: 
. 

~TQW 

60% TB\V . 
!rn!!!_lilibl lnfl8Va8CUiar 

40% 
boc:ty .... .,ig11t 

30%-Taw ,O%TBW .
1 

IS~ 5% 
cO body 'A'eJgbi boctyweiglll 

FIGURE lS·I 
Body fuid comp.attments.. TBt>Y. tlotal body ......r~er. 

~lee d rhe ECJ; move Ulf() d\e loten.titkll $;Jl:lCe, 
and then enter the ICF (Figure I S·2). In most <fiSt'S, 

&oS$ o( lluid tx:cur:; 6Nt from the ECf and then from 
other C(ltnr<•rtm('nt.:. 

Composition of Body and Therapt!utlc 
Fluids 
Body vrot~r contai1u1-n •~rr.1y of roluh~.s that Vlll)' in 
lj\l <lntit~· lrvm cvmp;;tnm~nt w <:<m•(Xlrunent. A 
oolute a.> :l M1h>t:.nce rhar dl!..il)h•c.i In a S1)lvc.m; th~.-i 

s.,')(vcm ts wuaJJy w:ucr in bi,.,logic systems. The 
mol<"cul<"s of $ubstanc<"s ca\1~-d d<"ccrolytc:.s hl'<'ak 
dvwn (,Jit~WC: i <• te) int(.l cht\JJ:Cd r<lrtk-1('~ ~<•lied IIJil$ . 

Elt:.ctl\)lyrei are l)ly.lltively ch.:ul!l'-~1 (c:uiCir\~) or 

FtGURE IS·2 
St.:hemlllk *'<;r.'ing mc:)'lernent al a.ud ber~ ~~ 

ne.:at wel~· chal'lr:ed (anl<' llS). ihe number uf C:lt· 
ions ;tlwa~"S cqu:.1ls the number of tlnions in nmm:1l 
animals (Table 15.1). In the ECF, th(' mon abun· 
d<mt ~••tion i.: wdium, c.md th~ mo~>, ~bunJ:ant 
,·,mvn~ :~re <:hlvn.:Jl~ ;)l)(j hiC<\rhvn:lte. lr\ ch it! ICf, 11le 
nl..'lj,.,r c~1tlon!< arc r<>ra:,s,um and mas.:n~lum, and 
1hc major anions arc phosphat<"s and prmein.s 
Therorreutic Ouids ar~ J~ribed ru; baluJlced if the~· 
rl"':')~mhle F..CF in ~Om('o:;itum ;;and ,mh<~bn~er.l if 
rh~v do oot. L:l<:tarOO Rlo~ds Sl)lurlon l~ :m 

Tab le IS· I Composition of P1a5ma 
and lnu;~titioll Fhlid 

l.nterstitial Fluid 
lon Plasmill (mEq/1.} (mEq/ L) 

Qbons 
Na· 142 14S. 1 
K· 4.3 4.4 
c.•· 2.5 2.4 
Mg?• 1.1 1.1 .... , 149.9 1Sl.O 
Anions 
a 104 117.4 
HCOj 24 271 
H2PO, 2 2.3 
Protein 14 (none) 
Olhe< S.9 6.2 
Total 149.9 153.0 
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Table 1s-2 Composition of Solution!! Used in Fluid Therapy 

Glucose• (giL) 

L>txtl'%(: El«uolytto Solutloo COOlpo.shklo 
$%~1rose 50 
10% de>:trose 100 
2.St;'O dextrose m 0.45Qb N&CJ 25 
5% de\nose in 0,45% N.aCI 50 
5% dextrose aod 0.9% NaCI 50 
0.45% N~ 0 
O.SS% Nad (normal saline) 0 
0.9% N•CI 0 
3QbNaO 0 
Ringer's solutiOn 0 
Lactated Rtoger's solvtion 0 
2.5% dextrose m lactated Ringer's 25 

solutiOn 
5% deA1rose in loctated Rw'lgets 50 

solulion 
2.5% dextrose in halt-strength 25 

&aaated Rmge:(~ sotubon 
Normosoi·M in 5QO de.\1•osel 50 
Normosoi·R1 0 

Plasn'la-lyte~ 0 

Plasma-t.yte M in 5% dextrose' 50 

Plasma 
Additi~ :u.cl Sol11 tiQns 
20~ moonitol 200(M) 
7.5% NaHCO) 0 
6.4% N,aH~ 0 
10'*> CaCI1 0 
14.9% KCI 0 
50% dext:tose 500 

~All gl...:ow, v.•ith one cxccrne~: M. m:mroiwl 
t Sull~~ u,cd: A, *«'1111\'; B. bi.::.rlvn;ttC; G, J:luc<icl::U~-; L, lao:t~..
; CEVA Lal'o:oli'lt~XicS. 
§. &u:tcr He:.alth~:tl'\' 

•• (mEq/ L) 

0 
0 

77 
77 

154 
77 

145 
154 
513 
1475 
130 
1:10 

130 

65.5 

40 
140 

140 

40 

145 

0 
893(8) 

1000(8) 
0 
0 
0 

cr (mEq/L) K (mfq/ L) 

0 0 
0 0 

77 0 
77 0 

154 0 
77 0 

145 0 
154 0 
513 0 
156 4 
109 4 
109 4 

109 4 

55 2 

40 13 
98 5 

103 10 

40 16 

105 5 

0 0 
0 0 
0 0 

2no 0 
2000 2000 

0 0 

Frv•n Clotw DJ, Oi&.n•ub SP. S;to .• nJ~o. lfl,anu:d of ~•t,llll :J.nim;•l n~~·hrokii.'Y a•'t..l utvlv~:y. r hibdtlphi::.. 19$6, \ll8 S:·n.mJ~r~ Cv, 
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C11· (m£q/L) Mg,._ (mEq/L) Suffert (mEq/L) Osmol1rity (mOsm/L) kcai/L pH 

0 0 0 2$2 170 4.0 
0 0 0 505 340 4.0 
0 0 0 280 85 45 
0 0 0 406 170 40 
0 0 0 560 170 4.0 
0 0 0 154 0 5.0 
0 0 0 290 0 50 
0 0 0 308 0 s.o 
0 0 0 1026 0 5.0 
45 0 0 3.10 0 55 
3 0 23(L) 272 9 65 
3 0 28(L) 398 94 s.o 

3 0 28(L) 524 179 5.0 

LS 0 14(L) 263 89 s.o 

0 3 IG(A) 364 175 55 
0 3 27{A) 2~ 18 6.4 

23(G) 
5 3 47(A) 312 17 55 

8{L) 
5 3 12{A) 316 178 5.5 

12{L) 
5 3 24{8) 300 74 

0 0 0 1099 
0 0 893(8) 1786 0 
0 0 1000{8) 2000 0 

1360 0 0 4080 0 
0 0 0 4000 0 
0 0 0 2160 1700 42 
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Fluid Balance 
In normal l~niml~l.s. the in t<~ke (I( fluid and electro• 
f~·t~ i.) ~Jj1»l~~ U) <)((~( lv*~ th~t (JoC,~IJ F. $(-_.n;_, 
of w:uet lmak~ II)Ciod~ (I) wmN dtat Is drunl:, 
(l) warcr that is ingested in (\'xxl, ~nd (3) wmcr 
that r~ult$ from the metabolism of food (metabolic 
wi•tc:r). NOmlt~l n)IJt~ of w~u:r lo~ include 
( I) utine, (1) (~:1 1 w:ner, (J) 5wl'<11 (hntse5), :.tntl 
{4) respinnioo. R<:spinnory loe;s poremi~ll~· cat\ be 
imronanr in dogs becu.usc of panting, and swe:ning 
om lx: importnm in ho~. Auid loS.'<'$ mcc ~· 
tiV~ntly cll:.r~• cttri~,l :-s *n~ihle-~l , o,_.;e 1h:\f ~n 
~ mea1>ured e:'IS1Iy (e.g.., utuH,), :~nJ loscnslblc
tho:;e th~t c~nnot be me~rur<:d easily (c.s .. fccnl 
and re~-pirarory IOC:Isc::o). 

Oecn:<':<e(l ltui,l i.nt~ke l)ftc-n iK:<;I)tnpilnit$ im• 
(lfe""'~ · :Jt'KI 11\Cre:uetl lhnJ loss oocurs 1n da!k':l!\le 
starc.s that c:,luse poh•uria. vomitin~. ::~nd diMrhea. 
Third·$PQ~ ~hifts of boJy Watl'T occa.sional\~· may 
l<IU::!e quantitie:o w be: taken oot Q( drculatiQn a~ 
d1e)· :l~ ' r<li'I'OO in 1'1\XIy e<•vui~ (lr l.;x;t thrwgh 
il:ln l\'SJ\)fl.~ (e.g .. imesdn~1 l ob5uu.:rloll, body C:tV· 

it)' effusions, hctn\)rth~e). Extensive bt.ms, which 
are u.m:ommon in veterinary medicine, aho can 
c;ll.ll!e exten~ive lll•iJ 1\)$. 

History, Physical Examination. 
and Laboratory Findings 
A p,;nient•$ hU.tol)' provide~ i.mpmt<•nt information 
<'h (MJ.I the fl)U II.? :lOti t.xt-.:&'\1 o.f w;U<:!f il'lt:ll:C :'llld )C)()!';. 

Kt\Owlng the route of Joe;~ c:tn aid :1 dinici::tl\ In 
det<'rminin.g rhc rypc of fluid t\') usc to corn.'C( dehy· 
dnlti(ln and d('ct:rolyte imb<~hmcC'$. TJI.hle 15,3 li.su 
wlri\lll$ Cl~ll$ti! (J( dehydn~t i\111 ~nd tlu: AIJid im.lt• 
C::ltcd for tr~atinw each co.ndltton. For cx:lmpk, 
acute V\)mirins ldld:s to lo!>s \)f ro'assium and c.hl,.,. 
ride ioru, wher~·tl$ ttcute diarrhea cause:$ primnrih· o 
pt:lta..~ium I<):!$. 

The phy:ttcal examin::lll\)ll pnWHI ~.') uUf'I»'L'l ll l 

JO(\)rmarion ab\)U( rhe extent o( tluiJ loi's. Th<: 
.skin turgor test, nlong wl(h other ph~·.sica l find· 
ings, ~ used to determine the pere-entage of body 
wet~ht th~t h;\~ heeu ll)l')t .. da f'hml (T;thl~ l 5-4). 
The sl:ln 1u11:0r rest Is per(ormeJ b~· plnchtn,;t up 
a fold of skin owr the tho~cic or lumbar are:a and 
thccn detennining how long it tnkes to return too 
nmmal p<)•itiQn. I( the- neck ~rea i., u~ei.l in :;m;;11l 

animals, the ~·lum skin may cau~c mislenJins 
results. The- point of the $hould.:-r should be us-ed 
in lu)r$1':$ het;;:ltli!t t he ~l: in r:yf the neck ~rea .~;m 
;.t~:un ~ ml~l~;tdlna. T he lon~cr t he sl:ut t:lk~s m 
return h ) normnl. rhe gr<'ntcr rhe dcsr~'t' of dehy· 
drat ion. Animals with little bod~· flit may appc:ar 
to:.• be: mVr¢ dehydri•ted th;,~n they rc-i•lly t~rc hi~)W 
rewm to 1\ill~ll:'l l ll:tn (KISitk•n) l:oec.:~us.e (I( l1)w 
h.oJy f.u lewis, whereas \)bC~>C :mimnls tn:.l)' nppcnr 
to be W<'ll hydr.ilt\-d when rhey arc nor because 
i.nc: reasc:d (!It increase$ ~k in ela~tic: it)'· The pr~· 
~n<;e (I( dry nliJCOU$ me111hr;•n~$; :ln increa:.t<t 
hemf r::tto."; weak, thre::tdy pulses; reducOO juaul:'lr 
Jisr<'nti\)n (~'${'1~'<-in lly in hm-ses): nn J n reduced 
capillary refill time- all m<~y be indict~ toN of dc:hy• 
dr;~tion. Be<:au.•e llltJl!t of the ev~lu;lt iO:>nil men, 
tioned e:ttller are suhjoctive, Mtnple l:'lb(,rJtMy 
tCSl$ m:•y be rer(\)rmcd w niJ in a~cssing hydro· 
t ion .status . 

Simple lahor~wry t~1$ tlwt can aid in ccvoaluat• 
in{: hy~.lnlti(JI'I $r:.ltuii ;u-e J);)Cl:c:<l cell vvlmn~ WCV), 
total plasma protein (TPP} dcttrmlnmlon. and 
urine SJX'Citie gr.w ity. lkhydr.n ion g<:nc~lly rewhs 
in 1m increase: i.n rev, Tr r. and urine $p.:-dhc 
~,;:. .,· ,cy. Bec<'I\Jl!e t\nemi\1 can tu;'ll: t ;'I deh ydrated 
parlent :~ppear It) b~ 1\0t'lll:llly hydr:uo..l, PCV ;.tl, 
w·nys shouiJ be ('Valuar<:d wrth TPP. RcaJcrs iihould 
consult more advan«d a·f~'fcnc-es for interprcta· 
twn of M)(.>mtQr~· lindmg;l> rd<~tor.l w hycl~tiQn 
$(.'l lu$. 

Determining the Amount of Fluid 
to Administer 
Tim~ Y.~ l ~.ttii that art t<'llct• l ~·t~d tv ,l~ttmline tl,e 
volume (I( lluld h) ;.tdmlnlstc.r are { I} lh~ hvdr..ulon 
Jcficit . (l) lhe m.aimen~nc<' r~-quircmenr, and 
(3) r:he oontemporar)' (ongoing) l-os~. 

The hy1.lration 1-klls.:it, whtl·h i' the ~moont Q( 
tluitl th;lt must be repl;J~•I t<'• brio~ t he anhn .• 'll hack 
to a notmal hydr:tt i\'JO Manti, is cakubucd b~· multi· 
plying the rerc<'nt~e ol dchydnuion b)' t h<' pa· 
tient•$ n(•noal body weight. The ~rc:ent~~t:e o( d('• 
hyJmivn i* ~dlll<'t~l (r(lfll the hi$t<)ry, r•hy.)"i<;al 
cx.tmlnatlon, .-.nd l::~bormory ti.ndlo~. T he saylnit, 
"A pint is ~ pound the W\')rld :lh)uod .. cnn then be 
applied because a pint is rough!)· <qui1.•alcnt to 
500 mi. fur I.!X~•mpJe, 1f ~ zz .. lh l>e<:1glt: ndctennined 
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Table 15-3 Fluid and Electrol)•te: Oison:lers and Fluids US4.'d in T heir Correction 

Type of Electro lye Add~ Base 
Abnormality Dehydration Balance Sta1us Fluid Therapy 

Simple de.hyd1'3tioo,. Hypettooi<: Half-wength <>r balanced 
stress, exercise electrol'l'e ~ion; 

5% dextrose solution 
Hoeatst.r'~ Hypettooi<: K .. variab~ Metabolic acidosis Hedtlh-sttEf'«th Eie«rol'(le 

Na· variable solution followed b)• 
balanced electrolyte 
solutiOn 

/IJ)Of~(l Isotonic K• IOM Mild metabolic Balanced electrol'(le 
~Kidosis solutions: KO 

StaMI!on Isotonic K· loss Mr!d mctz~bolrc H.c:~lf-strcngth 01 btl~~n<x.od 
acidosis ~ectro1y1e ~ions: 

KO, <aQries 
\bmimg Isotonic 01 hypertonic Na•, K•, Meti!bolic alkalosis; Ringe(s solution; 0.9% 

lind Cl loss mcmbohc SDiinc with KCI 
ilO<Io$s supplementation 

IA:Irrhcot Isotonic 01 hypertonic Na~ lcm 
chronically 

Mctc'lbohc bC:tdOSIS &lanced clooroly1c 
K· loss ctvoricdl~· solubOt'l: HCO~ ; 

KO (d clvori<:) 
Oaabetes mellitus H,pe"""" K• loss Metabolic acidosis Balanced electrolyte 

solubOn; Kd 
H~no- ISOtoni' K• IO$$ O«.lsi:>n.JIIy mild Balanced elec1rolyte 

corticism metabolic solllbOns; KO 

"""'""" H.,oadreno· Isotonic 01 hypertonic Na~ loss Metabolic acidosis 0.9% S<lioe fol<>.ed by 
oorticism K • retention bil~noed electrolyte 

solutions 
Urethral obstructioo Isotonic 01 hypertonic K .. l'etenllOf'l Metabolic acidosis 0.9% saine follo"<'d ~Y 

Na· . Cl vQriable ~lanced elearolytoe 
solllbOns; KO post· 
obstruCilon 

Acute reflal failure Isotonic 01 hypertonic K .. r·etenbOf'l Metabolic acidosis Balanced eleafOI)"'e 
{with \•Omiting) Na' . Cl v(lriable solutions 

Chron1c renDI fa1!ure lsotomc 01 hypertomc Na.KI•, d Melc'lbo!JC octdOSIS &l;,nced electrolyte 
{with vomiting) variabSe so!uttons 

Congestive ~rt Plelhoric (No•. H,O Na· retention Moet~bolic. ~idosis 5% de»rose solution 
taiiiJfe retentx:n ea~v): (bu1 di!ution.al ( chronic.allv) 

h'(pOlomc chronlC<'I!Iy h')yonatremla) 
Het'l'IOrlhagic shock. ISOtOiliC Metabolic acidosis Balanced elec:tfOI)"'e 

soh.mons; blood 
Endotoxic shock. lsotomc Melc'lbo!JC octdOSis &lanced electrolyte 

solutions; 0.9Qb saline 

f:n,m Mmr WW, l>•J\ln,,b :;~ 1'-lu.l<.i thcrnpy. In Kuk R\lt, <:r.L (:um•t~f \'\'h"1'1r'lnry th•-:tJIIIY VIII: ~mnllwumnlf"r;Ktk•·· 
Phibddphi11, t9S3, "l' B S;nmdcn Co. 
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{PCIJ'ASSU.t (K') • mEq 
{bt.ORJOE (CI ) • rr& 

Oai•t llud reqyifetneniS. (from HamSOn JS: A.lio and ~•ol)'le lhe!ilpy in small animals,.lAV).j'A 137:637-645, 1960.) 

th~u cnn be adm!niucred subcutanc~')u!Jy depends 
on 1h.: size of the animnl and th..· amoonr of I,'Xlse 
.\lin th.o•t it has. Betwcen 5Q and 200 ml g('nerally 
(:tin 1-t in ftlSitd ~•t <\ iit•hc~m\.n t<lllii ~it(!. (i~:lt (<\rt 
!.h(,uld ~ 1akell not ro :\dmlnlstet en~h Ruld ro 
di!iSCCt the skin lo..'l!Sc fh'>n\ its blo..'XI supply because 
this can caus-e $.loughing of skin over the $it('. Hy· 
ptertonic or init<'t~ fl uid:s 11hookJ not be gi\'en by 
th..: w hcut.'l ll<•M.d- tf•u!e. 

The oral rourc is a pmcticnl mc:uu of admini~· 

tering fluids ;.ls long as an ;_mimnl has no ~vere 
di:!ordc:N of thC' gastrointe:~tinal sy.stc:m. This route 
;dlow.s n.:•rm;d ph)·~•vlog•e pf~X.t~ co oon~rol 
the amount l')( lluld and 1h~ :unoum :u\d cyp~ ol 
d .. "Cnolytes abs..'>rbed. This route is nm h:!ltisfac· 
tory when large volumes of fl uid must be: given 
rarl(lly. 

Th~ intrapcriton~al mur~ al1M1.rs (or :~Jmm1stm· 

tion ofla.rge volumes ,.,ffluiJ , but absorption is slow 
Pc:ritoniti5 is a po<C'ntial oomplication, and this 
rw te i.s nvt OOil\lllOnly u.-<•L 

The Inti"~~ (f~mut, Ilium, llt humeru~) 

r~nc "sometime$ used in very smnll animals or in 
thosC' with poor accffi to veins. This route alto~ 
mp•d ddivcl)' o( fl uM.I ~ and blvvd but requires 
g11:ouer tec.hmc:al exp.tru $e (elf pl::'lci•lJ! dte delh'ery 
n.::~n~. Car~ful :1nemion shl')tdd be p:tiJ to steril~ 
t1."Chniqut" when this route is used, to avoid causing 
<.tstooroyd it is. 

Rate of Administration 
Once the volum<' of ltuid n~.x.J .. .J nod the roote o( 

ndmini.strntion have been decided. the time frame 
ltlUSt ht t$tnt'-li.Sh«! (~ll (lelivtri"'; the fluid~. R...1rid 
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Chapter 15 Thtrl~udc Nurritio,lttl, Fluid, aa'd Ele\'trolyte Replacements 309 

losses of fluid WI.UIJI~· call for rapid rcplac~·ment. In 
VC't<:rin.:1ry pr<actkc:, tluid flo"'' r:~t~ oftt>n a~ d<:t<:r• 
mined ems,ln~lly. H<)wi,:\·e-r, ~·Jm~ (!ent r:lli-::\tlon.l 
:'lr~ he lpful. 

FOf m·atins raricnrs with shock. tluKis shoul..-1 be 
ndminb1:cr<:d mpidl\· (40 ml/lb/hr in Jogs and 20 to 
}0 ml/lhjhr in Cilt$}. The u~~; iJ( ,., pre~w«: ~~hnin~· 
rrarinn cuff may :lllow lll<'ol'e rapid 11lfu:.io'~ II\ 1;he:.e 
c.nses (Fi~•tuc 15-5). 

Fluids ideally ~hould be infused continuous!\· dur· 
irv,; a 24•hQur pl•riod. 0nC' m.:-thocl of d.:-t.:-rm.in.rv,; 
ilviJ lkow r.lt~ i~ t(l e:•lt.ul:ue 1he l!)'( l r.-•ti<m defteit, 
add nulmenanc~ and l'lfl~ll~ kasso.".S.. ~1nd set the 
drip rme to ndministcr rhe toral during n 2of.h,)ur 
period. Som<' clinkians pref('r to 11d:ministcr the hy· 
dl(ltion ddi<:it llwi~ the ~l'l)t (._". h1;>un; <"md th<:n t•J 
j!ive rhe tem ... 'ltnJer <We t :1 lc'10get penfll.-1. $;1(1\e dlviJe 
rh~ toral ClllcuJarOO volum~ inro rhrc~ equ:ll poru 
and administer t.~ch in an 8-hour pl·ri-od. In many 
proctk('s, fluid <~dmini.;tr<'!tion <.:<Jn h: monitored for 
~· sx•n IJ( 1he J:,~· <'only. In 1hi.) e-• . ..e. •he tc•t<ll H·hvur 
lluid volume can b.! adtnnllit~rcd durlnQ the pc.rk1d 
r.hat the ~ti<'nt can be monitored. {Comm\'m sense 
tllld m<dia•.l ju,-lgm.:-m, however, must be cxe-rci:;c:d.) 
P<miOJn~ <J( th¢ tQ(k)l volume lll\lf h.: t~dmmbten:<-1 
;;uhcurant .. ~ISty when :lppr!71prl:.uc.. 

Fluids are admininer~d ft\')0\ pla-stic h.ags or bot· 
tiC's Of from si~~M> bottlc.-s through intmvcnous nd· 
mini.;trolli(lfl ·"<:~ ( Figv.r<'~ 15·6 01od 15· 7). Tw{l ~t.~~ 
<)( :lilll\hli.~tr:\t:i'''l ,C:I,. tha• :lrt Cl)ll\n\t,lllly \l.)C.'(I in 
v~tethl:ny mOOkine arc the sr:mdard mauodrlr s~t 

f iGURE tS4 5 
Pl'eswre admm!SI!-"1()1'1 cuff (lrtfu~ Press...-e lrtfusec •S a 
registeted ua&marl of Bnmedic.al C¥ame:s. Sold by Sanoi 
Anim~ He~lth, "''-· l)lefiiJnd P.::rl:,. Ktm) 

( 15 drops/ml) and 1h.: minidrip/microdrip S(t 

(60 Jrop.."ml}. Other ~i.o~ (10 Jrop.4ml und 
20 drop#ml) ;ue tlll'l) ;w;tilithlt . Mi<:rodrip ~~ :ue 
suited for w.e In admlnl~•~rin~ llulck m C:lts and 
small d,')gs, The si~.: ol the ndministrntion l>C1 mu~t 

lx- kn-own to cakulat<' th<: drip or flow rot<:. 
T(> t:t~k,•l<ll<;: the drip r~t~;, 61'l)t <.Iinde thc tou1l 

munbe1 <Jf mtllihtel'l> (1.) be a~.lmini.sc~d h'( lht.' tnml 
numbef oi minutes t~)f aJminjsu·.u:ion to d.::tcrmin~ 
the numlx-r o( millilii~'TS 1-'l-" minut<' to Jcliwr. Then, 
multiply the millilitm ~r minut<' hy the drops pe-r 
mill.litero( rhe ;Kimini~lr.Ui(ln~t yw l1;h·t d~n r<l 

uoc. 10 :'lfll\'~ at rhe num~r .X Jr~ (f:tt} ~r mnlure 
(f~tt/min) . r'()r C)(llmple, if WC wish to give (IUJ }x-~Je 

1200 ml ol fluid cluri£1$; a 24-hour period usin~ a stan• 
dard ( l l ~'t\/ml) <ldJnit1i:)t;r;.ti9n $tt: 

Vol\ll1e of rlusklo ( ml) 
1 romeofmsK<1(nin) xd"'t> """(g~t/ni) 

-g)tfmn 
1200ml 1200ml 

=~~=-24hcusX60minlhot.r l440min 

:()83 mYminX15 ~/ml= 125 ~/mn 

A r:ue of 11.S i:,n/mln can ~ tlwux:l\t t'l( :t'- I d« •J) 

<li'J)I\>l(ml;.ltd}· i!\'i!l)' 5 :oe<:vnds ( ~ • 5). 
When ~t<mclc11d gro\•ity tl{lw ~g:; or b~ltdl!l! lilt 

us.::.!, tlnp r.u~ :)ft: Cl)!ul\)lled hy dcvic~ th:u :u·c 
plac.cd on 1ho: administr;Uicln scrs tel adjust the dl· 
nm<'ter of the line: kg .. h)llcr clamps. sliJe damrs. 
liCf('W damp~>} (fiJ,."'Jr(' I ;.a). The oo~· rlllC' i.s sim· 
J'IY dh•led in (m the m:·•ehint when livid in(l.lSi<m 
pump!> (ml/th)ur) <lr O.)llttllii~N (ml/nun) m·e used. 

Mon;toring F1uid Administration 
Fhnd.s ;adonni~.:-rt"~.l too ropidly or in tov gre~t .
VI!Iu mt ca.n ~ ltfe tha~aiCillr\j!. C;lrefoll\\(llll(('onO)! 

of rh~ rhysic3l s1atus of the animal is ('SSCntial. 
Lung .sounds, skin rurgor. ~~nd the <.wcrall staTus of 
1hc •~n.inwl .slwvld bC' moniwrcd r<:gularly, al(lflg 
with 1he PCV w1d (ht TPI~ When a lar~e vvllm'e 
of fluiJ~ Is :klmlnlsr~rcd r.lpiJiy, If ts prud~m Ill In· 
scrt a urinary carh.:tcr h ') monih)r urine outpur and 
<'Stablish thnf rhl' kidn<')'S ar<: function in~ nomwlly. 
Some elini.;:i;:m~ t•bv <:ho•.ll'!~ tv i n~~;rt a ju~'\llar 
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f iGURE' 1S·6 
T)J)(:$ of flc.Jd ror~Ulf'ltn A.. Rlg!Qre d!Jid p~bc bollles. a, GIMs boole$. C. UFECARt: fle~.tb!e pla!.."'C b.1gs. (PhOY.> r.wnesy sano6 
Animal Health, Inc.,. 0.-elland Pari(. t:.¥1; R€Qire is a regiStered 11ade~ of Sanoli Animal Healltl, ~c. <M>dilrd P•k. l<an; 
UFECAA€ IS a !'C'g151e~ C.N1dem;~rk. ot J\bi)QTj L(llxuato:ies, /lbbol.t ~~~~. t ,) 

catheu.~r t<l monitor centrnl ,·~nous J'f'('~Ur(" m; a 
w;•y o( l'reve:u~iu.g fhnd \'VItnn;;: VVt:flu\\:1. 

Slszn~< o( Mt:'1'h~-dmdon m:.y h\dude fe MicS$1\.es.-., 

~rous n:.sal Jischarse. incrt;;ascd lung sounds 
(crack~). •achrcardia, dy:!pnca, pilting $ubaltanc• 
ll\1$ 1:\kml', <~nd ~n h\Ctl"<~cd .. Jclk>-likc" (-.-el in lht 

s.t1hcumnef~t1S tl$~,.c (H:.:>kin~, 2000). Flui.l inf,IStl)r\ 
should be si1)WCd N stopped and 1hc vcrcrlnarl.'ln 
contacted at the fil'$t appearance of these signs.. 

U.bcll-d adh~h·t· tape t-houkl b: pl•l<:<:d n:ttically 
i)f'l t1u i~,J bottl(,'<~ ('r h;.tp II> <'III<JW m,IOII(>nng ,,f ~~~~ 
\'l)Jun\e' de-JI\'CfCd (P'1gurc 15·9). Ol)ltltil)r bljti als..) 
should be labeled with nil pcrnnem lnfomt..'ltion, 
in<IW:ing th~ pr~ence oi an)' .. dditivcs. h mat· be 
h~~,ful w pln<c <1 h:vri;OClt<tl pit:(t.: ~ wpo: <l(:f('tS$ (ht.: 

lluid container l O indinn~ when fluid ddiv<:'1' i$ l<"~ 
he Sl\l'J1JX.-d. 

A volume <:Otl U'-.)1 S)'l!(e:tn or Hurettnl dev,ce ma~· 

be- used t(,r admJni.:;tt•nng small volumes of fl uid 
(fih'Urt' 15.-10). A damp a1lcw .. --s th<> \'Oiumc control 
<.:hamh:r h' be hli..-J with "r~l..:tc:rmin<:d tunounl 
of Rend (rum the h:l.$: ur honle. The li nl~ then b 
clampod off to prevent Cnfl)' oi adJttlclMI r1uid (n.,m 
tht- bug. The chamber can be rchill-d if dt$ircd 

Preparing Fluid Administration 
Equipment 
When preparing to admini.ster inrnwcnOU$ lluids, 
)'OU should follow a sumdanl protocol. Afte-r gather· 
ing '((l~•r '1Urt>lu.~ ~od r rep:Uing the injec::tkm :SIU.'. 

Gopyrrglrt""' t nurral 
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P iercing 
pi,.-

Air ...ent -....:'/fo/T 
MBCI()(Ifip 

Onficc: 

orrp eha~r 

Holter ctaomp 

FIGURE IS·7 
k'lttalienous admin6ttation sel 

floller clamp Slide damp Sctew Clamp 

+ 

FIGURE 1S·8 
(klmps for coolrdling fiuid liON. 

Male acapter 

Y ~iection ... 

FIGURE 1S·9 
Labeling(~) of fll.id btlg 
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Pi6fCing pi!) 

v irtjoction --~ . ,. 

fiGURE 15· 10 
VOlume 001'11rol adl'l"tt'listtlUlOfl set 

Volun'~ 
~OI'llfOJ 

"''-' 

~·hc(:k to ~e th~t ~-ou h~"'<' the <:ort«:t fluid t)'JX. 
and 1 h:~1 11 i$ •t(•t •XIf ,Ji .hue. Then, dc:tumine 1 h:~1 
the container is not crncbd or chippOO ~md rhat 
the solution is dear. Auids Would never contain 
prc:cipi t~tc.s or ~·ppt'ar doudy. After in~.tin.g the: 
(X)nt~nntr's ~il t<) tu~l.:t. 3'.1~ th.ou it IS: mt:).:;t, re• 
m.we the met:. I c..."lp (boule) or in11e1rkm port cove•• 
(bog). while t:!ll.:ing cnre nN to oonramin.ate the 
pon. Cl~t' the floo,l' clnmp on the Mdministration 
~t. ami n.:move th<: (;(lver from tht' adm.inistraU(m 
.set S()ike. Wipe the P•)rl wid' :lll alc..>hol sw·ab. :.1nd 
m.sNt 1hc ;.ldmini.su·.uion ser srike into rhc rubber 
stopper (bonk) or insertion pon (bas) Hang the: 
bottle: or bag, and 6U the OOmjnistrution ll<t line: by 
v(:otnin~ the (J,,w dWt'l) au,t ~ ll<>wmg iluiJ lo run 
throuth the line until all bubbles are d('~lred. Clo!>e 
the ft1)W damr and ~mach the .aJnp1er tO the tntra· 
"'COOU$ catheter using $tcriiC' tc:chnique. After the: 
OllW e\<~,ltlp h Vptntcl tO (lc:ttfmine th.al the ~thtter 

and rhe line nrc patent, the J rir r..ue llUI)' be ad· 
just«<u:s rc:quin.:-cl. 

If ~t ~J\ }' tinw; tht f\<)w ~t< ~lvW$ <'r ~t<Jp$, .:;htck 
1he f.-)llowmJt: (I) the catheter for wrrcct pl:tee~ 
menr nnJ patency, (l) the pruition ol the patient 
to determine whethe-r limb rosition or fl.C'xioo lt.u 
OtX-IOOed th<: Ovw, (J) the ftr)'l.v do:-mp to ~c:e 

whether 1t il< 10 the (IJ"c.'fl 1'1()61tuW1, (4) (he tuh1n1o: 
to Jet.mnine ~~hethcr it is kinked or uimrx-.d. and 
(5) the- fl.uid lc.•vd in the bonk. 

Two fluid KOiution~ m:t.y bC' :.dmi.ni:sterc:d .simuJw .. 
''t:~~'i l }' wilh the uk: of a pi~gyhacl: :;etup of the 
comalners (Fijlul't' I 5·1 1). The S<-"001\dary b;lf: Is 
h ung higher th~n the primal)' bag, anJ the $CC<tnd· 
ary admini.mation ;SCt line is connected to the 
Y pvrt <J( thoe (lfillliH)' i.dminiS:tr.ltt~m ~. 

It l~ u!'.efu l ft)( :l. teehnid:H\ to undet:H3r\d the 
use of a thrt>oe·wuy Vlllve. The thrce·way vulvc 
permits thrt.'t'·way connections to be made. Flow 
o( fluid thr~h the: -..·ulv(' dc:pcncl$ on the ~j .. 
1 i..,\1\ :u which 1 he evmr..,l h;tl'lille i$ pl~eeJ. The 
hnndle rolms to"•ard the line t:hm Is dos.ed. 
Figure 15-1 1 i llustrates the opc:rntion ,)f a three
WilY \'t'llve. 

Pl1m~uy 
bag 

Yport 

FIGURE 15·11 
P!gg)Wr;k $C1up ~ '-.lids. 
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c 

B 

A 
f iGURE 15·12. 
()pe1~n of a lhtee--~~· vah-e. 

TYPES OF SOLUTIONS USED 
IN FLUID THERAPY 

Crysrlill~1ids an: &'>lutimlS thou conrnin dcctrolyre nnd 
oondcctrulytc:- w~cc:-s capil.ble of pii.S:Si~ throtlgh 
.xU nM;ruhr;1.11~ and tlle"*"e tnt<:rit).g <'Ill bv~ly tlu t~.l 
oompa:trnlcms. Adminlstr.~tlon ,.,[ Ctflll:dloiJ llOiu· 
tiOO$ results in mpid equilibrmion of ftutd bctwcro 
thl• i.ntr.tv:u;c.ular and interstitial :;pncl~· CrynaiJoid 
$Oiution:s ~"" u~d n~Vtindy in •tttc:rina.ry medi<.:m~ 
bcc:~u~ o( lheir ver$:uility :~ml rel::nivety l(lw Ci\.'4. 
C'...rysmlloid soluti\')0.~ can be chi!ilfiOO (unher :t~ re· 
placement ,')f maintenance &'>lu tio.'>ns. R.._,_..t.ac<mem 
~lutiom R:$Cmblt' ECF in contt'nt, wh«t"<ls IJ\I~intt'• 

t"\:~Jlet .s('lltUiQI\'1 o;>n elit) l t..~ .s-.x.liom and mvrt (:1\~ta.'• 
slum than ~1re founJ In repl"'c-emcm fluids. 

Oink«f U$<'-$ 

A,• ids t~rt .. d.minister..-J (Q, oorr""ttQn ~J( dehydlt'• 
t i•>''· tte<'lunea\1 d ~h<•d:. tn;linu:n:)OC.: <J 1\()rttl.o'lJ 

h~Umtion, t~nd rcpl:lc(':f(tent ol d c<-rrol)"tl!! t~nd nu· 
o ienr.s, and ru; a vchkl~· (or admini~trntion of intra· 
\'l"'OOIJ:S druJ:s. 

Do.uqre Fo-nns 
Dosll,!."C fo rms arc numerous. FluiJs arc nvailablc 
in gln:s~ bonlc.s, pla:scic bottles, and pla:scic bags 
th~t hold 250, 500, <and 1000 mi. Omr.~ioel'll thtl t 

hold 3000 anJ 6000 ml arc- 9\'tlilnble (or $0me 
$Oiutions ($:e manufi•c.turer product guide-s). The 
f<>llvwmg M:<aivn britrly de.scuh:3 the commonly 
u~J crystalloid solutions. &,... 'Ti.1hle 15-3 (o r :t 

list ins ol the composition and m·h cr chnrnctcris· 
tic~ of e-ach. 

Advnse Sfde E/fecu 
Adverse side effects of rluiJ :b.lminimntion are pri· 
nuuih· nssoci.awJ with O\'erhydmtion. Signs of 
Q\'crhyd11lti0'1l muv itK1udc restlc.s>n~. :shh•cring, 
l!el\m~ nt~t;;:tl dl,dt;uge, l:vw~hing. anJ pvluh)n;uy 
edema. 

Physiologic Saline 
Pll}'~iol •Jt;:ic $<"tl ine it t1 0.9% ::tJiuti<m (J( NaCI ~nd i$ 
ollilll c:~ lled ruwnltll safb~ . It ::tl!lo\) m::ty be c::tlkd 
lsot'onic safini' lx>cause it ha!i nn ru.molarit'{ o( 
308 m()$m/L. S;.l]im• is u:;OO to incrcrue plasma 
volume or to <.:mre-ct '' $odium ddic:icncy (h\·pona~ 

1 remi:.t). h ,,Is.,, tt\:ty be u.~ed l <'o b;u he ti $~-ue! ohrring 
surgery to prevcnr !hem from dt~·lnQ out. &ca~ o( 

irs high s..'XIium content, :saline $))()1.1\d n,'>r be used 
in animals with known he1m disc:a5e. 

Lodated Ringer's Solution 
bc1ateJ Ringer's :St'>lution is one o ( the m06t vet~· 

till• and commonly w .. -d t1uids in ~·eterinary medi· 
<:inc. h i.;" b<ahuwcd elecuol}'tt .,..pl .. cement ~lu~ 

1t11n 1h:u c:ln he :l•l tnitlbh:r~J h)· :'t'f r<tuh~ th:u i$ 
~l V:.libblc. It m mains 18 mEq{l. ollacrate, whkh Is 
c,m..-cnt.-d by the liver h') bicarbonate to acr as a 
buffer ~'<limt addo:si~. Thc:ort"tically, lactated 
Rin.~d~ l!vh.nivn $lu),•ld n(lt lx ;tdmim~ten:~l with 
blooJ ~c::luSC th(' C~lfclum COI\ICIHS Cduld C.."l u.ie 

cloning ro occur, l actated Ringt't's St'>lution is not 
currc:ndy wnsidl•red appropriau:· for usc: in <·Titical 
ptrtlt'nts (Cww~. 200i ). 

Dextrose 5% in Water 
Dextrose 5% in watt'r (~\'(/)is a nonbalan.::OO so
lution that contain~ only dc)(U(XI(' (50 giL) and 
w<~ter. Ad.-ninhttriu,g: <.leJo:tl\ll'!l! 5% ~~ e..wi~ltnt tQ 
admlnlsteuna putt w:ucr ~'<-ause 1he JcxuOeie Is 
metaboli!.._.J to crub:m dioxide and wmcr. DcxmliSe 
5% providc-S approximately 170 k<.:ai/L (a quantity 
thi•t ..-nnmlt h~; n::lied on tl.l lllctt the dl•ily (:;!.lOne 
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pla$.1M volume longer and ha$ kwer side d fecoo 
than the dcxtraru;. It is prcp.1r«< M a 6% .5<:~lu• 
t i.;m in 0.9'Jf, ~line. The J'rim~ry di$:\d~nl;~rt 

of her:urarch l.s hs ~xpense. 
3. Oxypolygelatin (Vctaplasn\a). Gelatins ate 

modi6cd animal colla~cn.s. The!c molecules an: 
dcll*r than the dcxtnm• t~nd t.hcrd'ore r-roJu..:e 
J!re:ller txtl'll()I IC :l(.ll(lf'l. Cl):lJlUII)p:nhy 1!< ;) ))()· 
rcnti~ll side f:(fccL 

Alf~-.:r_,..: Side Effect$ 
AJver:;e $ide eff~l$ (J( cvii.;Jiti;.)Jmini~(r..l(i()n ~~~· 
ally :.lfe rdarcd 1:0 donn~ dc6dend~ ot allerJtk 
rcac.rions. 

T~vNot!w 
1. Colloids are not interlded for ll'ldll'lteoance or 

Jong·tenn use. 
2. References should be checked an de(ermamng 

the appropriate flow rate for colloid sok.ltions. 

• 
Hypertonic Solution 

This discussi1)n is C1mline.J 10 the use oi hyrerh)nic 
.lio31im• w lution:i. Thcsl• solutions have: been nd· 
vv<:t~t<d by ~ru<" dinicit~ns (Qr the m-~tment ~~ 

hen\(lrrh:~gie :;.00 ea1JI)I(Ixic ~h<~Ck, Md fvr !)<lt it:niS 
unlkrgoltlg: mnjm surgic:tl f'IOCOOur\'.S {e.g .• gamk 
dilari,)n, \'O!Yulus). Similar to the: colloids., hypt'r· 
tonk $lllin<" rolution:; rna)' be u::~C'ful whC'n bmin 
I.M' p\dflu)n<ll)' edem1l 4 p~sem vr tS ~ ('<'t~nti ;.l 
cdmplk:~rk,n. 

Clinic«l U$<'-$ 

Hyrc:Honic,: 11al ine $0lutiQns a"" u~C'(I (Qr th<" t""~t· 
m..:m ;,{ ;;hvd: :h!>(ld:neJ w11h tr,lum;l . etl~okot(ox· 
emia. bums. pancrwutill, and major surgical 
procedures, 

OQ$~e fttnns 
H~·pcrtoolc saline s.,)lurlon$ :ltc avalb ble imm com· 
mer<:ial soured in 3%, 4%. S%, 7%, al\d 23.4% 
pre-paration.s. 

Adc-t:r$t: Sid.t E/f.tcu 
Th~C' may ind ud< r hlc:-bitis, ti~IJ(" irri tation, f ("-' 

htm<)rrht~ge in tr.unn:\ue $hVCJ.:, dectrvlyte imi;J."l l .. 
;.lnces-, and-when the admlnlstr.ltaon rate Is 
100 fnst-h y-rot<"nsi,;n, bh)l\c.hoconstriction. nnd 
bradycardia. 

T~vNote-.1-
l . The fi5te of ~minislrabOn of hypertooic saint 

solutions is a very imponaot c:onsideta6on be· 
cause exceeding 11"115 rate may cause seriOU$ side 
elf eels. 

2. n\I!"Se' solutions should be dused through a 
v."el-sewred intra...enous catheter to ptetent ex
tra\•asabon of irrrtating fluids. 

In ~ane in:;:l :.)nt:t~. ~poe:.::.:• I l)ub$t<"m t:e! !'My be :.)d,;_kJ 
10 lmroven1)u!l rluiJ solut ions 10 cnh:mce the wlu· 
tions' thc:rnpeutic t..fkcrs. Th-ese .wbst:mc:cs m;:.y be 
added t{l- corn."C-t acid·btue ahnor~n~~li tic:$ and elc."(? 
tr<)lytc imb<lla.n c;e:l. t(l .'l~•pplcm<:••t ¢;)!N it$, th~o~.l t(l 

pr<w1de !>upplememal \'lmmlns ro rcpl:lce th1'ltie 
wnsh~J out b}' l1uiJ thcmpy. 

Sodium Bicarbonate 
$>:-Jium bicarl'll)(l;)te (~ll.dng .>l):"J:~) i.~ :m ;llk:llc.mg 
~1gem thar may IX' aJ:Jcd to corroct me-t11bollc 11d· 
dosis and cettttin 1>r.hcr c,mJirions, Bcct~Uje lacuuc 
or 1•cctatc:- in fluid pr-<:pan•ti<m:> ofkn cannot (Orrcc.t 
:;:e ... ert me~;,hvli.; ~.;;d~x;,:~, ~pplem<:nt<lti<m l:-i; .. 
comes oeces~ry. Normal serum bkarb.ln:ue Is 
24 mEq/L R~oquirc:J nmoums (\'lf :iUpplemel\t::ltion 
all: cakulnted by m<"asuring a pat ient'$ bicl\rbonate 
(Qr c.::a.rlxm dK!xidc) 1<."\'d ~nd 11uhtra<.:ti~ thl:lt \'~luc 
fr(ol'tl 24 (ni11JU:)I). The difference iH:a lled 1 he bicll7~ 
OOnau d4icir. The bicarbonate de.hcir i:i multiphed 
by 0.6 anJ then b)' the animal':i wt.•ight in kilogrnms 
to o:k':tcnninc: thC' numbc:r of' millkquival~·nt:s o( .'lo

dhno bicarhon;lt~ t(l ;~~:lrnim:;ter: 

BICarbonate suppltmcntatiOn {mEq) = 
8icalbonate- defici4 x 0.6 x weight (kg) 
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When acce-ss to lab..,ratory measurement o( 

biculbonllt<' or (~•rbon dioxide- ill not twailabk, 
empiric:;•! f'.$11111:\tk'n' of .supp-l<:rnent<)ti<JU lt\·d~ art 
m:td~ oo Jhe b:lsls \')( cllnk::'ll juJ)tn~m. 

Bicnrb.iiUlh' conccnt~tion in commercial prod· 
ucts is measured in millic:qui't'al<"ntS per millilir«. 

Clfnkul u,d 
These ind ude the oc-:umcnt of mcclbolic ;K'idOiiis 
and ns on adjunnive th.:rnpy for the trc:atm.:nt o( 

h)"P<'fC'IIk c:mia (If l:lyperhlmtiOI. 

0o.Mg"IL" Fonn.t 
V.:tcrinary·approved (mms include the following:: 

I. An 8% (I nl.F..q/n\1) i'cJiuti•m (Of inje<;ti(JO, 
which I~ :l-v:\ll~hle il"' 50·, 100·, anJ 500·ml vials 

2. A S% {0.6 mEqfm]) solu1ion (or inje(lion 

Ad"r""e Side E{f«.t$ 
11\.ese m•w n\ChMie me~·bobc albl~il!, hVJl(ll.::.lfe. 
mJ:l, hn~xakcmb.. and hyper.,atren\la. 

T~J-NO"~ 
I . Sodium biC<lrbonale is incompatible Vlith se;eral 

solt.nions and should be mixed only after constAt· 
ing prodU('t inserts Or appr-opriate- rclerer\Ces. 

2. Some references indicate that sodium bicalt>on· 
ate should not be added to soh.tbons that contain 
calcium because or the pocential ro.r pre<ipitates 
to form. 

3. Replacemem ol the told! number ol milliequiva· 
Ients shoolc:l be made 0'/ef several hours. 

Potassium Chloride 
Pot~sium cllJoride is a $01or:ion that jj used to supple• 
m('nt pt.Jota.~ium dcfi<:i~ (hyPQkalemia). Anor<:x.i .. , 
diures.t:,, ~nd di:)rth.::_\ :tre- Sa.)U\t: (I{ d\o: C(U)\(0()'0 C;lu ;es 

of hypolcnk>mia. N\)nnal lOI'rum potassium len~ls ~lfc 

bctw.,·•en }5 and 5.5 rn&iJ- Tabl .. • I 5·5 provide-S a 
!o'Ui<k (or potaS1ium $uw leml'ntution that jj btl.:led on 
rhe- mt:\~~d ~n.nu lend v( poc-o.~.~vm. 

cr.~nkal u~es 

r ow:ssium <hloride is ~oo for th't' treatment or pre• 
\'entiO:m o( pt.Jtil.~$ium do.:lic.its. 

Dos<Q:t F-onm 
~age fonrus for inti'<J\'enous usc: ind ud't' me 
fqllo"'·mg: 

I. PmassiUm chloride for inj<'ct:ion (2 mE\}I'ml} in 
10. and lQ.-ml vial! (vct<'rinary approved) 

2. POt<4->;:~IUin chl{•ride (v, inje<:ti<m (l mEq/ml) in 
>-. Hh 2().., JO., too •• 100-, :.1nd soo.-ml vl:)\sc 
(human ~lrpr(wc-d ) 

Adver$1! Side Eff~ct$ 
Tht._;;e nt;\y indJJde hVJ~erkalemi;l, which i.~ m.;)t'i ' 
festOO hv muscle w~l::I\('SS, al\d c::udbc ootlducdol\ 
J~urbanc<'S, which cnn be Iii.: duc:-.ncning. 

T~.~-N~ 
I. Potassium chlonde solutions most be diluted 

before admnrs!Tatioo. 
2. The rate of r.fusion of potassium is aitical. Consuh 

piOduct inserts or other refe1ences lOr 4ppropMte 
rbles. 

Calcium Supplements 
C~kivm ~lw:vn\lte a.nd c~kium (;hlcJride may ~ 
d1luted { I : I w1th salnlto) :lod ftlve.n :'IS oln infu~l1)1l to 

cmrt>ct hypocal~min. This is not a common pro~· 
J ure in pronic<:, howe ... ·er It U more common to 
inject the ~IJpplement. without diluting. for me 
ln::\tnll!ll l (I( ttll i!f);"eOCy CI,)J,d il ivn $ $u<:h a'! <:cf;UilJ}' 

St:l. or mill: fc\·cr. 

Clinic-'ll Use.s 
C~kivm :;t•ppleruentS art. uile.:(l (oJr the treatm<:nt <)( 

h~·poc~ll.::em•a rh:u m~ly result fwm V:Uu'-JS .::ondl
uons, which may include pat.lthyroiJ gl:lnd disor· 
dt"fs, milk f<:\'<:1. cdampsia, and ex<<:S$i\'<: !W<:arinr; 
in hor~. O:tkium in (Oftlbin~tion with p~phO' 
ru$, m;\J!nl"l!•um, 1)\)l ll~ium, ~n~l dcxcn)SC il! u~J t(l 

rr('at cant~ "'hh cotldidom such :t~ gras:• ternn~·. 
milk fe~·er, :.:.nd downer co"'' syndrome. 

l.>cM«xe F-on:l\$ 
I. Calcium wluoonare Injection (li:\'netk :lt\1:1 pm· 

rrict~t'{) 10%. in smrulcs, syri(\b~S, vi::l)s, ~nd 
bottle$ (vct.,•rinal)' labd} 

Copyrighted material 
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Clinica l U!Je$ 

FIGURE 154 13 
E:;opl\)ge~llt'edel. 

nw:.e U)Ciude Ckctrofyte ~md w;Uet" replenl:..hfl'Wf'lt. 

Dos«gt. Form s 
D..~ge fortn$ <~« num..-rou.s, und th~ followin~ ~ 

ool)·:. p:'lni ::.lli~• ing: 

I, A'rkm Bludir~· (powder) 
2. Biolytc (1-'Qwder) 
J . El,~l:-G Ele<:trvl ~·tc:: Ott 
4. l!quane Bluehtc (fX'wdcr} 
5. fmmlyu: (powJer) 
6. Formula 911 (powdt'r) 
7. Oro·L~·t..- (po.lwJ..-r) 
S. Ke..S(Ith ((k>wdt-r) 
9. Tumii·K (rowder, ~d. anJ tablets k)r J,')g.'i .md 

c;u~) 

10. Vedalyte 8X (powder) 
11. 1\iuol 

Adt't'f'$e Side Effects 
These: a~ nue if cart' i.s takt'n not tocnusc int.-;h'l'rtcnt 
tldministn1t ion inw the re."f'iratol)' ~r~St~m. 

T~~Noow 
Some of the oral electrolyte product$ tor tann 
an1mak also cont.'lin antibiotics. 

PARENURAL NUm!DON 

Th.: term f.\1fenil>ra( indicnt($ rh..> aJmimsnnrion <Jf 
nuuit'ots b\· a route other dum d u.- ~lsaoimcstinal 

tr.-c:t. Pu.rtnteral nutrition (PN) is de.•:.cribt'd in huJTUln 
mtltlk:int M r..:·~ l ()r JXIrl~l in ~(m:r'IQ! t<l whed ter all 
nunl-ent r~XJUI!cmcn~S :\re suppli-ed. Dl<lei~So.'I.J ;rod dc
hi lir:u~-d pniems ('('(}uir.: a Jnily in011k.: of a..k-quJtc 
calories and ):«ltdn to mainmin good immull(' funv
ti<m. tl~ue ')'nth~~. l:lnd twm•al m<:t\lhiJli<; oc.tivities. 
' l'btY..e J)lltierUs th:u ate ur'l:)hle t)r 1\:"we 1\4) dtsu~ r••e:u 
normally may nccd PN. 

Th.: tenn tort~l por~U'n'll nurrition (TPN) dol~ 
not appl}· to v<:t<:rina[)' {"<l.tk·nt:s b«uu~ thl'R' i~ nQ 
need tO mt:er •he n~l~ (,)r :.lll e~nt.:r l li.ltl)' :lr\o.J 
~1mlno adds, f:.n· anJ "...,u~r-soluble vitlmlns, and 
OUJcm and true.: minerals, ns rher~o· is in p<:<~plc 

(Remillard. Ann.strong, and L)wenport, 2000). In 
vrterin<'lry n~idne, a.n;~nempt i:t mtXIe tv m'.:et tf,~ 
~lnunal pattCt~t's l'estln~ enetJO• rtqulte:rneot :~nd n'Ml~l 
of the requirements for amino and f~my ;Kids, anJ to 
provide .SOilk' of t he required vitamins nnd minern.ls. 

PN 501utiQI'l$ mu:st bt' oompouroed M the indi ~ 

vidwl J'ltient . A mh:ture of :lll requ rreJ n urrit:r\t$. 
caiJOO n total nutrient ndmh:tu.re (TNA), can ~ 
J-"R'J-\1rcd f..x th..- \•ereriMI)' puK.'flt in o ne ltuiJ bag fm 
corwt'nimcc:. Tht' prt(mration of thC$C ~lution:s is 
ht~'()ml tht ~ ()( m(~ ~·et~l'it~r ry <:lblk$, lx!t tht)' 

m .. 'l)' ~available tht<)ujth hum~m hosplt:.lli, vcr<:rh'l:u)' 
schools, or speci:.llt)' pr.Kticcs. f-or a list o( products 
used i.n the fOrmulation of the TNA. consult an article 
<:nml..-xl "f\u..-mc:nrl NutritiQn Product....."~· M1ll<:r <and 
l:bru.~ II\ Kir\:5-Cummt v~ren·nary 'J"Aeropy, XJII. 

PARENTERAL VITAMIN/MINERAL 
PRODUCJS 

Pnr.:ntc~l vit~min/mincrn l r roducrs arc used 
to prt'\'ent o r treiU various c.onditions in ~·eteri~ 
nary medicine. Thi.!V ~~~ l.llitd <1< thcrorcu tu; 
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aJ.>enu; in lnrr;~-nnimal m .. -dicine mor<:' often 
th;~n in .small~cmimal ml'>di<:inc. Whitc mu~lc: 

di$e:\:;t, "tyi11g ~~ 1'·" J'Oiyne...rhi~ . J'mkeyoe, reprO:•• 
duc.dv~ prohll"ms. bl":lcl:el\ fern potsonlnit, and 
p.>liocncephalomala<-in ar~ o nly a (e'ol.' ,,f the 
conJicion,s prc-ventc-d or treat~ with vimmin 
prrJduc.t$ in 1.-rb~~.-nimtll pro<:tu;:e. In 11mall• 
animoll pr:,o;:Ctce, Tf'-uth\t~· vk:urun a1HI minl."r:.ll 
supplcmem:nioo ts nol C\>nsidcred nc-c·essary if 
the animal rt'ccive~t n balanc~ Ji~t. Many smull· 
animal dinic,; i ;~n! rc:g<nd Q\•eruse of vitlltmn! 
1niner;ll I)I'<~Juc{~ •~ ;\ bi~r problem rhan 
vlt:lmln/mlner:tl ddiclcndes. Warfunn potsclnlnQ 
(viuamin K) and ccnain dNmatologic conditiMs 
(:inc) arc cxc~pt ion.s. 

On'IJ nll.lhiple·vit~n\in/mincral prodocto: a roe m.1• 
merou!< :.1od :.lle not liMed here. 

Vitamin 8 Complex 
B·C\>mpl~x \' ita ruins consist o( a group of water· 
soluble: vitamins that include th i~tminc:, ribo· 
Aavin, ni<IC.hl<"llll l(le ( niac in}, d·r<mtht:n•>l (pan• 
tothenk :'l.cld), p~·rldolCin~. eyano'lC.oiY.ll:\m,n 
(B"), biotin, choline, and (\>lie :.1ciJ. B vitamins 
$CTW as C:O<'O.i)'m~ for many metabolic rt'actions 
in the body. B cmnpltx often l$ .-dded tv in trove• 
1\(IU~ ilu1il.'! (di$Cu.i$~1 e:~rlier) :.nd 1n~y he ~i"t:n 
par~memllv in :.1n nn~mpt ro enhnnc.e the 
biochemicttl r~sp\>nsc of MTc~d or dc:bilitat .. -d 
~~t1imal!. 

Cllni~al U!!ell 
Tht-sc vitamin$ :.rc nJm1nist~rcd to replace or sup· 
pl('mem a de6cil•n<:y of B•complcx \' itamins. 

I'>~Uuge FOntl$ 

I . Comround 150 
2. Vir.ilmin B Complex 
}. Vitamjn B Compl('x Forti6ed 
4. v,,,·unin f) C:maplex lnje<;tahlt: 

Adt.'t'rse Side Elfe~rs 
TOOe cMn include allergic rc:actiOl\$ and ("<lin at the 
injection -liitl!. 

T~~NotlW 
1. Oleck the label be4ore giW!g B complex 

1111tavenousty. 
2.. ObseNe the !I'W'nal for allergic react-ons. 
3. B-complex injections may Ciluse pain at the 

1njectton site. 

Thiamine Hydrochloride (Vitamin BJ 
Thiamine i$ a water-soluble B·complex vitamin 
thllt ac:-ts <l.S '' coeTU)'ffiC for biochemic:al reactions 
invol"&'l in c:.lrbohydr;\le l'llt:taboli:-lal. Othckney ()( 
tht:unm~ mav <'OCur :.H a c:ot~quenc~ of decre:ased 
intak~ N synthesis, or fh>m incr~scd dcstnoction, 
which may rc.sult from bracken fern roiwning. 
thitltnmt•lleS~r•Yt"i f\1; f'a etiJfS in lhe OIU\otn, <Jr thi, 
:.lmlo;l!<C In taw 6oh. l)o(l()l."nc.eph:.llntn."ll:)cl:\ (l( 

rumin..'lnlS also luis been associ;ucd with thiamjnc 
.:k-ficiency. 

C.!inicaJ Ute.t 
Thlnm!n~ l~ :\JtnlnlstC'rod (o-r thco tr~atment of thl.n· 
mine Jeficiency in nil domestic sp .. "Cics and n.s an 
aid in the:. treatm\'flt of le.11d poi,soning in cattlc. 

/)(m"J&e f'llnl tll 

I. Vita·J« Thiamine HCI 
l. Thk~mine hydrochloride (g~ncric) 
}. Viuumn 81 P..,wder 

Adverse S.d~ Bffucs 
The.sc rna)· inc.ludc hypcrsensiti\•iry r~a<:tions and 
muscle .SOtt'nc~ 11t intnunuKuhll in~.tion .sitc..s. 

Vitamin 8 12 {Cyanrxobolamln) 
Vitamin 81~ is a B·comrlex vit~lm in rhat comnins 
cobalt and ~ thought to act a.1 a coenzymc in pro
tein -l'}'nth1.!$i.o:. P-o::rniciou:; M-tmia ~ a oom.htion 
1h:n ll«ul'$ ul hum;)IU a;. th.: re~uh , )( :.1 f:ulu r.: w 
:.lhtotb B12 ad~qumdy. A dc6cicncy in any C:l.iC rt-· 
sulu in nn~mia becauSf.• red blood cdl.s fail to ltUJ· 

turc propl·rly in th(' 11bt.c:ncc of B1:. Bu defidc:ncic::~ 
~n: r~u'\: m \'C::lerin:lry rn.:Jid ne. 

CUnical Us~s 
Vitamin 811 i.s admini.stert'\1 for tht' mnnaJ,>c:mWt o( 

61: .. tc6c.en61:$. 
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REVIEW QUESTIONS 

1. Deline hyrerbl.:mi:.. 

2. lnrravtu~cular fluid makes up a~>rroximatdy 
-,=-------of hody w..-i,01t. 
~. Z% 
b. 5% 
c. 15% 
d.40% 

3. Explain tht ¢1.lfl¢t:pt <)( ~ halanctd ~.lluti()n f<.,r 
tlu!d thet:lpy. ___ 7" ____ _ 

-1. \'VhtU arc rhrec units ,if mcnsurcment usN for 
quantifying dl'Ctrolytl"S in lluids? 

). n,,~r.)pt:u l ic llu id:) with ~Ill ;.x;m.,(;)fll)' (I( :lp.

proxlm:Hdf ---------
mOsm/L lire isotonk, 
a. 100 
• . 200 
c.. 300 
d. 500 

6. Givc- examples o( Sot'nsible and insl.'ruiblc fluid 
lo;e;..<.c::s. --,-.,.----,,..,.---,------; 

7. Undl:rejtim;u·i•)al ,,( 1he det.rr~ ,,( dehY~olr:u:i,,a\ 

is sonwtimc..<~ a problem in ------
animals. 

8. One round ol fluid is equh•alcnt to 
___ 

7 
______ milliliters, ~nd I kt,: 

IS t"((UJ\':.1\CIH to---------
miJiiJitt..,S. 

9. The thn~ \•olumcs that arc cakulatt"d to t11• 

rive <•t the towll:luid \'l)h.Jme arc 

10. Cakul:.ue the iluiJ needed (or a 44·1b d,ig tltat 
is 6% dehydrated and is losing 100 ml of ltuid 
daily through \'Otniting. 

11. \Vh:u drip rmc should be used hl del!vu (Mtf 

a 24-hour period) the iluid f,>r the OOg in qu..-.s
tion I 0 (using a mndnrd adminiml\tion Sl.'tH 

12. Oe~.he h<•w )1Ju \\\)uld set up the firs1 h:JJ! ()( 
fluids f,"'! the dog in questiOI\ 10. 

I}. Tc:-U how yoo would prep:uc 500 ml of 5% dex .. 
t r;):;c:_ (n)m ;.) 50% $f<ICk ~·luti<ln. 

14. What is the put'f'i$C of the lactlite in 
lactated RiOJ,."Cr'.s !K)Iution~ 

16 \Vhat tnx· of lluiJ (tonicity) .should [\()( bl.' 
givc:n :;uk:utan«>u~ly! 

11. Owe :1.1\ <:xnmplc o( :1. bak1nccJ soluti•>n nod 
an example ,>fan unbnhmceJ .Slilud,in. 

18. itt~ dc::tc::rmmauvn 
of the o~motn~ pres~1re of:\ S\)lutlon b~d 1)1\ 
the relative number •>t' solute panicles in I ks 
of the solution. 

19. The l)::lmola.ntv of dog omd <:at ~n.Jru i<; <lf'PI'OX .. 

un:~1 el)' an()l)al)jl,.. 
20. Commcrd:ll tluick wllh :tn o.smobricy l)f 300 

mOsmJl arc -:-:-----....,---· 
21. How often .shoold intravenous anhctcl'$ be-

All$h~.H -,--...,-----,----:;-:--; 
22. What Is the lo.ni(....Sf time an IV c:uhetcr 

ffil')uld remnin in pia« bcfN<: it is n:plattJ? 

Z ). What r~aution sh.:MJid be ob~('rved when flu• 
Ids :.lte :.l~.lmi a\i.su:red .s-_,hcut ... 'lnt:iAAiyr 

24 What fluid can bl• uS<:d to bnthc- tiSliues J uring 
a~Jg('ry to pre\•cnt th('m (rom drying oot! 

25. An)' pmduc.t th:u comaln.i the di'Cfi\)IVfc 
..,.-....,.,.--.,...----- should be given b)' 
.slow IV wJmin4tration to prc:vc:nt <ardilK 
«>mplieo:-t ion.~. 
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Chapter 16 Blood-Modifying, Andnoopl.astic, and lm•nu•,osuppteSSl3•H Oru~ 32.9 

Oinkal U:se:s 
This product is labeled for th(' tf't'atm('nt o( IU\C'mia 

m d,,~ rl$lrJiffi: ..,( the e;t\l.."'t. It h.<~.$ lx;en o$ed in 
c:lt.S but Is not L:lbel~ fl")r such use. 

Dos«gt. Form 
Oxyglobin (hc;:nl(l~:ll)hin glutitmer•200) 

Ack>tf'St> Side Effecls 
Pmemial ~id.: e((cc-ts include pulmonary l-dt•ma, 
di~olon:d urine, di~Qtored uu:robnme:s, Vl'ntric:u• 
b r ;trrhy-thmi:\S, (ever, ;.1nJ l:l);lJ;1:u1Vj'(tth)·· 

T~!-Not%-
1. The recommended adrt'W"'istra1ion rate should 

not be~. 
2. Do not adm~te( 'Mth othe1 fluids Of d•ugs 

th1ough the same trrtravenou; set 
3. Do OCif: comb~ wrth other fluids tn tht ~ OOg, 

SJQc')(J C(Jil#~ti <Jti cJO t$ ~n ObvicJui!h· t$5enti~tl p i\1>C;.t,.'i( 

thou li dtsl$(1\00 tc) lnhthh the h)SS ,,( viral hJ,)(ld 
consttrue.nts (rom the circutuory .sysrcm. Two scp;l · 
rate: ~ystems or pathwa~'$ ma~· initiat.: the d otting 
mt'("h<t.nism- th(' inttinsi<: (intt<•vrul-:uhu-) <tnd <'X• 
trutsic (extr.)\'~'~''l:tr) sy:;tem*. 

The lnu lnsk pad\"'11~' tsactlvmed by lnJul)' to tht
cndothclial layer o( a blo..1J VCS5C). which d isrupts 
blooJ t1ow and CIUISC'<! a <hain of (hemtcal ktKtioru 
~1d.in.g t<• a th rombus, or d .:>t. Thi~ pt'oot$.( help$ tv 
tepatr damaos:.e m bi,'X:.d \'CS.~I w:dls that l'ICC:un. fwm 
I\1Utine wear and from pathologic Pf~Ssc.s. 

The exEriNk patho,~.'tly is oc-tivat\'\1 by injul)' to 
t issU(' ~nd V~"<.'L<, wh.id1 n:Jw"<.'.$l~U(' thl\lm"hc.lplal$• 
1 in. Thn)ltlhClpl;l..,til\ stimul:lt<!.l- the d,)l tlt\g mc:ch:~· 
nism. Vasoconsrriction occ.urs ln &un;tgcJ N,-xxJ \'CS· 

5<'1-s. causing a slowing o( blood 1\o"'' and fac iliuuing 
dot fo-rm11tion. Plutd et ug~,.>re<.;ation and 00htf't'nce 
~tTl: ;ll$1) impOrtan t iite i\S m the ck"lt t ir~ pn">Ce$.~. 

The uunn.4c. ~11'\d exrrlMtc p:~rhway:.CI"lO\'C~ into 
a C\"mtmon pnthway in the final src..>pS ,){dot ft"lfm:ltk•n 

(Figure 16-3). At lc.-:.lst 13 cbtting fuctors parricipue 
in this ~ne:s of r<'OC.tions kallcd a au-~} in whkh 
the (.l'Qdvc• I)( the 1-rtoe:Jin.g re:~t i(lln (.I'Onll)tt:::5 the 
nexr rt.':.lC.tlon (T:lble 16 ·1). T l-w tina! step In the 
process is the oonver.;i,m of fibtin\"JGt.'fl to fibrin bot• 
thrombin. If <tny o( th<' d otting fuctor.> in the clMCade 
<IR:" deficient IJr mJ..<$ing, t.:I<Jtti~ <l't$ OIJt r.J«:ur. 

A hal:)lloCe mu~t be ttt.'llt\l:~l.oed 11\ the boJ'I he
twt•cn dot (orm"lltion anJ dot l::n·.a.kd .. wm. Dcsrruc · 
tion of dots-hbrinoh'$is--oc.::urs through dw action 
of nn <:O:)'IU(' (Uil<"cl p&t$min, Pt.t.Smin d4,~ li.brin 
tlt~J* :lt"ld Vthc:J d ()l th'\2 prQih.l(fl) t(l ~;lt J..~ d(>l ly~i$ 
~1nd the (de;uc o( li.brln d~.1daooo producn~ lmo the 
circulntion. 

An tiC.OI4,.'\IhU1ts inhibit clot formation bl· cying 
l.l'P (» mtl(.th·<4t infi! •>nc: vi the elvtting f~cWr$ to "' ' 
h:Ottupt tht' c:!iC:.de reacfl•)ll. Tho::~· -are useJ d in I· 
c:llly to rrcvent C(\cl~ubtion ofbto..-xl (or other bod~· 
flu id) 6ampl<'s that ar~· coli~"Ct\.J for te~ting, to pre· 
IS('rv.: blood fiJr tr.tn:sfu~iorn.. w inhihit clonin~ in 
hu~tvt:m)U.' CJtht:ten,. ~nJ h> i>re\·et'u (»' u~u 

•hrombocmlx>Jk d liiOtdcrs (c.j;:., thl'l.)mb:lem.boJ•c 
c;:.rJiomyopathy in calli), 

Heparin i.s usc:d J'<ltlldoxk ally to tr('<Jt the 
hl..::e~lh'# dili!Jrder di~minated intro\va~cul:tr co:tg• 
ulation ( OIC), 

Heparin 
H.:pa.nn i$ an <lnti<:oo~ulant th~t l$ found in many 
t h.~ue:; (l( lhe l)t,d)· -anJ i$ th<:~ught tl) be l)lvred in 
m.nst « lk his obr:.11ncd (rom pi~ tntestln3\ muc.oJ;:"~. 
nnd iu suength is express~"() i.n tenn.s of hep~~rin 

units. He~rin acu lt.li an antk o;tgulant hy pr('v('nt• 
h'# the O:•m·e~ion (j( pl"()thn)mlml (f;;1(;t(IT II) t<) 
th«,mbln. Wltho..tt thr<-,mbl.o. librlno~~.o Is n,:,t 
c .. mvc:rted 10 6hrin n.nJ n doc: Joc:.s not form. Hera· 
rin docs not hr<"ak down dots but c.nn pre'wnt d ot!S 
from in<:r.:~:sing m ~ile. It~ ~lmini$tcr.:d t}u.-rap('U' 
t ic:~ ll y b)· ulrr:wet)(lu.~ Itt :,ubL"'Ut:.lt\e<tu$ u \ JC:<:ti (lll. 

llef"'lrin has vafiou~ u~ in veteriruu y medi· 
cine. h is u~~-d in vitro ;.ls nn ami<oagulant to pre· 
IS('fV<' blood wmpi(';S for t<":Sting by h('parini;.ing 
(dr~Wh'# het' <lriJ' in(<) the $)'rin~<e ;'lnd then {(1r(;inJ;1: 
~1 11 vlslblc quan•itles out) 3 S}' t i.Oh:e before •he blooJ 
sample i$drnwn.lt also is J ilutcJ in saline: m stenlc 
v;a tc:r fOf injection to form a flush solution for 
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S1a9e I 

Tissue damage 

~ 
Thsue laC*)~ tTF) 

~ 
VII --'---!> Aclivt1led VII 

X 

ca't 

S~e 2 Pu)!hronlbin --'----!• Tl\tombil\f-------, 

XIII 

- --'--I• Loose ~brln __ ...:....___,~ StablllzOO flbrl'n 
Stage 3 Fibrinogen tweacl:9 lhreacls 

F!GVR£ 16 - 3 
The dooitl$ pa!lrr,ays. 

f)r~ve.\1 In~ clc•ts in inn:wo:: ll•N~ c:.\th.:le~. Hep:trin 
IS som~titn\'S us.._--d to preserve don:ncd blood (\')r 
tnmsfusion~ when sm~lll qua.IHitil~ arc n<:'ed....d 
('>"·~··(or cats. mt.<•ll dog:>}. h is \l:S('d i.n vivo to aid 
m tht tr~:\tmi!ul v ( OIC ~md lhr()mboembvli.sm 
and haSc been :.ldmc:ued (or me treatnwnt .:,f l:lml· 
nitis in horses. 

Clinical U.sc::~ 
C:llnk:tl u!Ve) :ue liMed in •he prevk•u$ para~I"Jph. 

l'}IJ$Cig€ FQnrU 

Fofms awroved tOr u..;e in humnns nrc usOO u\ 
wt..-rinary mcdicin..-: 

I. He: r(um ~><~•wn injt<:fi\•u, 1000 U/ml 
2. Hepl.ock Rush solution ( 10 N 100 U/ml) 

Adurm•; S«k E/ft:cU 
Thtl!e ~~~u;a ll)· m~ni(f;$t i&S hlt!eding or lhromb«-)•~ 
IOp~ni~. 
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Table 16-1 i he Cloltinj[ faetors 

Coagulatton 
Factor Synonym 

I Fibfinogen 
II Prottuombin 
Ill Tissue factor (thromboplasiin) 

" U.loum 10ns 
v Proac<elerio. labile factor, or 

VI 
accelerato( globulin 

Activated factor V 
VII Sel\lm prothrombin <onver·sioo--

acceleratOt (SPCA), stable faaor, or 
proconvertin 

VIII Antihcmoph1I1C factor (AHF). 
antihemophi'liG faaor A, or 

IX 
antihemophific gtobulin factof 8 

Chnstmlls factor, plasma tluombo-
plastin component (PTC), or 
antihemophilic faaor B 

X Sruart·Prower tactot, lhrombokinase 
XI Plastna dlfomboplas~in ante<edent 

(PTA) or antihemophilic factot C 
XII H~eman factor, glass taaor, or oc:ntacf 

""'" XIII Fibnn-stabilizing factor (F$F) (X lbrinase 

T~vNote¥ 
1. Heparin should not be used as an anticoagWnt 

when blood i; oollected fOt performing a differ· 
entia~ count because white blood cell morpho!· 
ogy may be ad~-e~ affected. 

2. A heparin "..Sh soh;~ m(r{ be p-ep¥ed by dilut· 
ing heparin in saline at a concentration of S U/ml 
(Crow and 'Naish;,~ 1987). 

3 . ./IWf'COOm&dy 750 U of hepann shoi.Jd be drawn 
into a 6(}ml S'~ to act as an anlicoogu!,;,nt 'llhen 
blood is. Wlected tor translusicn (Noo'.\\,JI'lhy, 
1992). 

4. Heparin blood oolleaion tvbes have a green top. 
S. Protamine sulfate is the antidote for heparin 

cwerdose.. 

Ethy/enediaminetetraocetic Acid (EDTA) 
EDTA is an anticOl'l.!,.'\llant that prevents cloning by 
chelatton of cnkium ((act<Jr IV). With cnkium icJn< 
tied up by ~OTt\, dl)ttin)! C:::\llll•)l .;>ceut. ll is u>ec.lln 

viuo to rr~"$C.'I'V<' blood M~mpb and i5 th~· ami<oagu· 
lant o( choic:< when a clHf'erentlal c:ount is needed (it 
pli'~n·i:$ whiu:: cell nwrphc)IVf,.'Y wdl}. f.I)TA i$ 
prep\U'o,_xlul bY(>n.;kr-rl)ppo:xJ oollectlon wbe~. 

The <a1cium stall o ( EDTA (calcium dtsodium 
ver~natc:) is also u~ in vivo as a <:hdating a.!,."mt 

to tl'l!(lt h::aJ poi.;:min~. This (unction (I<X<i n~>t in~ 
W1l"e the d11Hin~ l'fh~C-h:.ln•s.n (see C:h:~pter 18). 

Coumarin Derivatives 
Coumarin Jeri\'ati\'($ such it! dkurnarol ~md w;ufarin 
;)l't! IJf<)l ;,tntil:(l;~ult~~l(l! t h;,t.e. birul \'tl:tmin K :-lnd there, 
f,"JJ!'e Inhibit rhe symhes.is of pcmhrombh\ (l:lC"Tor II) 
nod fncroo; VII. LX, ilnJ X. Tht.-sc compounds nr.:: in· 
dk.utccl for klng-1enn m:atmcnt o( duomhxmOOLic 
coe·x1 Ltt~Jtl:1. l11qo <'In: u~l dinici•llr w <' grt<lt~...- el<t~<:nt 

In hu-n\."11\ medicine th:.tn in vereru\."lr)' n)ed!clne. 
Dic~.~m:trol m~1y be tOund in mold~· S\\' et>t clover 

and has bC't'l\ ~odatcd "'ith fat.:~\ hemotlhagic: 
J~..-<t:!..- in cattle:. Warfarin and r('lc•tcd ~ompoumLs 
;.)re ')Sed in m:m)· r:~1 J)l)l,_.;(ll'lin,g: JUv.-Juc:es. 

Clinic.al Ust-s 
Coumarin derivative:$ an: Uli't'd (or t he: long~term 

m;ma~nM!nt •.1l t ht\>nlh..*.-ni"Jhc <:Ond•ti<m.t.. 

Do$age Fonn 
Coomadin tablets or injl"Ction 

Ad~~ttse SCdt! Bfle,:u 
Adverse siJe ~(f.xt~ are rd:ucd to hemorrhage. 

T~~Notey 
Vildmin K1 is lhe antid(){e for watfarin or dicvmor~ 
toxicity. 

Add Citrate Dextro.se (ACD} Solution 
and Citrate Phosphate Dextrose Adenine 
(CPDA- 1} 
ACD K~lution oont<~ins dcl<tra:~.:-, sodiutn citrate:. 
~nJ c::nrie ~ciJ anJ JlR;:\'enfl! dO{ I lug h)· ch~l;u ing 
calcium. h I~ pre.pared In hoc-de..~ N pbstk b:~ts (ru

blood coii~'Ction under b..')th \'Ctcri.nary nnJ human 
l abc:l~. Bottle! an.• available (or oollccting lSO and 
)00 ml '>( bk)IJd. ACD :s~)lurion prt:OI!T\'e$ hliM.I (or 
J h ) 4 w~l:s. 
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CPDA·l solt.uion is availabl..- in plastic b;_~gs f..')r 
c.oll(:o(.tkm of ,.;o rnl of blood. CPDA .. l abo ron-· 
\'~nt$ dotting by cht.h)tin{! ¢;,k.ium llnd '''f'~-<r\·~ 
blood fl"lr as lo.n!i,: as 6 "~cks. 

Eight milliliters ,)f ACD o,}1 CPDA·I can be 
drown into a $ping ... to collect 50 ml of blood when 
nn~ll qutmtities an: m:c:dc:(l (NIJ~wonhv, 1992). 

Antlplotelet Drugs 
:'\ntiplatc1et drur;s ~uch M aspirin appear to 
tmpuir dotting through inh ihit1on of platd ... t 
~li¢l.: in~' ~md dufrl J~in~. T~u~ :lCtivil y i$ dl(ll¢lu 
to b ... meJt;ttOO throullh lnhlbauon ,)( th ... pro· 
aggrcsatory proswgbmdin cnllt..J lhrornboxane 
( Pugh, 1991). 

A~pirin h:.s heen U"<:(l t () pn.::\'<:nt thn.MllhJ~;;mbo• 
k~\ :.\f.il")(..i:)teJ whh he;\~rwonn treatmet~t In Jo~ 
anJ [o.) mat cardiomy\)p:uhy in cats. 

/ l Hemostatics/ Anticoagulan 
:/ Anta onists 

Suhtanc~ that prom{l(e blood clotting-hemo• 
~tatics-nmy htt <.h\'i,led int•J tWiJ Ctltc.!;<,ric;:$: 
(I) dll:t;e ~)pplu~J ll"lopk:llly :1od (2) dh:t;e ~IV'tn 
(XIrememlly, 

Topical Agents 
T<•f)k:ll ~~1'1~ :ICI by !)fOvkli!'\1! :1 (r.ll'fl~w<•rk in 
•,d,kh a dm m:.w tOm~ or by .::o~l<'lting blooJ pro· 
tcin m initiate dot fonnmion, Frnmt.'W\'»'k subsranccs 
used in topicnl hC'rnostJiticlO indudC' ~~lutin.s and c<ll• 
~en$, whtrt;t:'! $t)'pf i¢S, henM):;:t ;)HC J'IJW!.I<:r$, ~fM.I 

!IOiu l lO.lUN" sub~-o~anccs dl:1t lottku~ di)ttln~t 1hrouah 
ooasulauon. Th..- (r.:~mework sub6tanccs arc absorf:.ed 
after clot fonnation. Topict~llwmoswtk.s are u:7N to 
oontn..,J C:<lpilla.ry hiC¢1:l.ing vr hkc:(ling from Qth..-r 
.s.mo1ll ~·essek. 

Clinical U.se.s 
~e indudC' th..- control ol \~l('lilhuy hlec:di.ng at 
~·li:~'l $itt$ (lr in $t.1per(teial w(lt.md$. 

DosQgt. Fom•.s 
1. Gelfoam absorbllbk gdntin sponge 
2. Hem~1J Abiiut'b<4hle Coll~g-:n Hen1rJ$W.t 

3, Surgical A:Norhlble HcmOMat 
4. Hemoslat Powd ... r {(en OU!i .sulfate powd ... r) 
; . O..tti..«>l ((erri<: lltM;ue) 
6. Silver nllr:u e &kits 
1. Thrombogen IOflkal thrombin $\)lotion 
S. Celolt. Cdox gmnules represent 11 n ... w 

geoer~tion of hem~*'1atic il~'tnt that is hc:ing 
~.JS<J ro military :)n.-1 t)lhet n auan;) Sttu:.ttiMIS 

to control b<nh venous and 11ncrinl bleeding 
in w.pcr6cial anJ deep wound:s. Cdox 
gnmule:~ are rermted to control bleeding 
hi J,n~~rl h~Hllk C(lnJil i(lr~ aMI in h e1,:lril\t"!tl.t 

blood. 

Adt.'tm' Side Ef(ecu 
The..~ <\l't u~u<41i)· minitl\.11 but may in<:lude dt.IJo\)'td 
wound healu1s:. 

Parenteral Agents 
Paf\"llt\'r.tlly admininc:n:d hemostatic ~~nb' act ItS 

<)t'U iC<l~l;mt ant:)\¥11li.~l$ bec:'u..~ they do nv • 
J irecdy :teth':lte d..)(fulg. These !\Uhit:.loccs promorc 
the synthcsi$ ol dmrin.g factor.; 1h:at h..·w.: been.&.-. 
pleted throtlgh poiK~ning or dis<:ll$t or tit' UJ' (inlkti• 
V(lt~) a.ntk~leaJ(l;'lt\IS t~~1t h::we l'lten ()~·tnkt5¢d.lll¢Se 
Jru)$ ~lre fll)l' uSt..J ft) CI)C)trOl Sul')(kal or tr.lunl~ltlc 
bleeding. 

PROTAMINE SULFATE 
J'>r(l(auluh: ~ulfi'ue i$ ~ pmtdn th<lt i$ pl\)duced fn)m 
th ... .s.perm or tcs.tcs ,)( .s.11m,)n or rcbted sp.._xles 
(Plumb, 2005). Prou.mi.nc has II.S.U\)1\gh' basic pH, 
and lwparin has a .suong1y acidic: pH. Protamine 
<;V!ub-ine$ with h.epittin t() (orn) u\:JCiwe CX)fni'l c:x~ii 
(salt). 

Clinical U:ses 
PriJ4:runinc $UI(otC' i ~ U"<d (m tht' treatment iJf he~~~ 
ril'l t!Vl!nl•le)e. S kow nltr:.wefKtu.~ admul151t:l lu)n h 
r..xomm~ndcd. 

Dosage: Form 
l'rltt::tmu•e H'lf;:. le h\jecti(m , USP 

Adt~rse Slde £ffecc.s 
Hypotension and bmdycardia can occur i( J::i\'en 
tOO f\4pi(lty. 
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VITAt.,IN K. (PHYTONADIONE) 
Phytonadione is 11. s}m hetk sul:xmmce that is iden• 
ti¢;d tl) n:,\ttlr;llly (l¢¢~1 rrin{! ~·h:,\u'lin K 1. Vit;)min K 

Is ncecss:u~· for lfte proJuetlon (It\ the hvcr) of :le· 
tivc prothromhin (fuctor II), proconvertin ~erN 
(fa-c.tor VII), plaSlTUI thromboplastin component 
(f;l'tlm LX). <uld Stut~rt fa<:tor (f<K;tm X). It i ~ u~~l 
dinkall'( fot th!aling cases- u\ which vilamu\ K 
h:t.i bl.'t'n tied up N dcs.tro)-ed :md il\ bleeding Ji:sl.ir· 
de~ a~odatcd with poor fomwtioo of vit".ilmin 
K-cle~ndfflt do-tting factol'$. lmmediutc coagulant 
tf(t;(:t $liQUid 1\(>1 bt ~~~ee!h'!.:J ~1 f1er ;uJmini:-l r.t iU)I\ 

of \•ltamm K b«..'luse several hours tn:l'( pass before 
.synthesis of new douins funors occurs. 

Clinical Uses 
In veu~tin..'l t)' meJiclne, vh:unin K1 li u;.;~ f..,r ~;he 
uentmcnt tl( ro..iemKiJI.' tm:iciry. f,i r blet"Jing 
disordt•n; rt'lan'\1 to faulty .sym:hcsi.s of vit".ilmin 
K-def't'ndem d otting farwr.;, and for unknown 
;uu i<:o;~ ... ·u~uu t<)ldCny. 

Do.sQgt Forms 
Hunw.n fonns of vitamin K1 ar~ ~: 

I. Aqti:'IMEPH\'TON. ph')'OOI\..'ldi,)ne Injection 
2. Konaki~in, phytonnJione injection 
J. Mcphyton, rhytonadionc rohlcts 

Ach.-cr.f~ Side £/fe.:.L'I 
These mdud~ aru1('hybc.miJ react ions (umave· 
nous use) nnd blt."<:dins at the injection site. 

T~J-N~ 
Because ot the pos$bility of anaphylactoid re.ac· 
tions. many ooos!Cier i'lira\lenous .xlminisuation ol 
phytonadione to be contrainOOted. 

Thromb.")hrtlc d ruas me used h' brc::'ll:: dowl\ or dis· 
s..ilvc thhimbi. Occlusion of :m artery by a thmm· 
boc:mbolus ca.n cause necrosis of tissue J i.stal to the 
blvd(~-: i( the: ~lb«n.teuon is; mJt n;;mvved quid:lv. 

In hurnnns, dam~<: to heart mltSClt' that occur.; 
when a coronary art«y is occluded in a heart attark 
i$ " d:\:{lie ex~nnple <'( thi$ p«X:e)~. Pvlrm)n;uy 
rhromboomb~)]l .som.:.rlmes ~)C.Cur In dos:s :lfter 
heartworm O'l.'ntmcnt and may nccom{'o1n~' cardio· 
myopathy in cat$. 

11uumhvlni<: tt~-em.:- mi•y help to r..:m<we r>r re ... 
duce tht.' si:e t1f tht.' iloCduding thr<ol\\\')(lenlb,")I!Jl and 
minimi!e tiss.ul.' d'llm:t&~- This nc.tion is brou&oht 
aOOut by stimulntin.g -conv~·rsion of plnsminogcn to 
th..- ~·JUymc plasmin. which ~~~~ the dots. Th ... 
$1.1\.lt\t.'J tht! ch~r<\1')' i~ imri:-\teJ aftt:r thr(•nlb\Joc!mlx..
llsm h.<lS o."'.IC.Curred, rhe bencr the c.h:mces ,)f succ.cSi . 
Thromboh'tic activity of ont' of the prodUCt$ (al· 
t~'Pla!e) i.s activated by th..- prC$Cnce of li.brin ~that 
r«:ent dvts are t\l'l:ctell. 

The e"pe.ue <)( rhe>e dtuKS; iiten precludesc the.h 
usc in vcrcrin:.u~· medic.inc. 

CUniad U:se$ 
I. Tretumt:lll t)f pulm(nl.:lr)' eml'll) li:\.m 
2. Trcmmenr ,")( ;.merlal dln")ffib..)Ctl.s and emboli 
3. Tr~'tltmcnt ,i f coron::. ry throm~is 
'I. lntnlv~·nous catheter clearance 

/)(uage f'~mn' 
I. Strcpt:tSc. scrcptokin:lse 
l. Abbokinn.sc, urokinM~· 

}. A<.:tiva..<.e::. tllt ... pla~ 

Adverse S.de Bffucs 
Thc.se art' reL1r~-d to bh.Jing cpisoJes. espcdnll)' if 
antkt-..1gulants hav..- <•l.so bc:en u'l'ed. 

ANTINEOPLASTIC DRUGS 

Antin<:()})l<~stit d~s are ~dmini,terOO to <•mmill$ 1n 
:.10 :uwm!)t It> curt nr I~ the eJTe.::t <"•f •"lC:t)J)I<\M'M. 
Ne,'lf'b'ISi:.l is the abnormal gni""'th ,')( tissue into a 
ttwS! dun is not Tt.~ponsivc to normal c.dlular control 
medwn.i~11t$. The tcnn tumvr b\· ddi.nitiolt ind ic:at~ 

~ny ti~-ve ma,;;s <Jr 3wt!llh11;1 d~.t'lt 1My ~~, m:-w 11(1( bt: 
Mopl:udc. 1itml".or Is ,">ften ~d bt-o.ld l ~· In C\")ffil\~ll\ 
J iscus:;ion m inJic.arc a n..'\')J."Insm. A n~'Oplasm m:l)' 

be: b:nign or nwlignant. In ~'Weral, benign tumor:s 
(ner)('l<l'fl'l~) do •wt <:<tu~ high lt'IIJrtali ty bt<:tll.l..'ll; 
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they f;I\)W 1\'x:ally and do not invade aJjnc~·nt tis;o;ue. 
~ tumo~ may came m(•rbidit)'. howt>ver, by 
CX'!Illprt~n~ (lr l«luding •)~~rL,. 11\t;,: tt;;rm ('lUtCer 1.1 

uwd 1.:. lndlc:ue a m..•'lh,;tiUot nMplas.m lh:u 1S< c~l!)ll· 
bl..- oi causing d~tructi~m of th..- lis...;u..- oi origin and 
is also ct1pable of metastasis to ot.h<"r ti.sS\K'. Midig· 
nant turnOTs <tn: very dlml.1~ing to ri~ue ami ol't¢n 

ltoltl to the de;u h oi the l''llient ,( u-e:umem t.i •U•I 
provided. A third t~'J'C oi nooplnsm is ;ll\ il\ !.iru tu· 
m01. which is a small tumor in ~"J."ithc l ial tis.1u..- that 
<•ppw~ to <:ontain Gllf\<:('J cdb but doc~ OOl cros:s the 
h;\itulen t m~m~ne rnul inv:-cle adj~•Ctnr l lS$u~. 

Tre:umem of nooplasia uwolvcs S"'\' t:!:ll med\Ods, 
ii\Ciuding th<' usc oi d.r~ (chemothen'!py). SUil,'t'f~·. 
n:tdiation, und immune modulation. Re~;ardless o( 

the: meth•J(I u'<(l, the gwl" (..( tn:il tmo:nt t-.n: (V keep 

che neoptu.aa unJ er C:JC•Illrol, lncrea.~e :.urvlval 111'1\e , 

n.nJ. improvt" the qu:llity ,){ liie of rhc p:uk>:m. 
If one is to uodersmnd the usc: oi chemotherapy 

drugs. .- ~ic: undl'Ntandin~ .:1 <:arM:<r fo'l'mation ~ 
il'l•)rd~~r. C:\1'\oc!er h.::•.~ ~1'1 ~~ll~:,c l ;\ '\":(l«<J)It:x ntul;\• 

""'ole dl~ease" (Widuow :mJ Vall. 2001) In "'hlch 
b"COetk mutmions giw s cdl or cdls the a.bilit)' to 
replicate in IHl unlimited way {Initiation), fonn 1• 
m~'!-~ u/ .;ell~ (P·rvlll.(•t ivn), t~n<.l irw~,lt OO,~..:m till• 
>11t>. ( Pro;tres.~ton). Onct)I<)Jtists speculate 1h:n five hl 

six genetic muuuions are the minimum number 
that m~t occur to g ive a cdl the .six iundamental 
l'h<J.Jll.:.· teri,1k~ of cancer. Tht$e ~i.x t:har.•<:t<Th1•~ 

o,,..... 

nrc (I) .self-sufficiency in the r roJucrion o( edt 
growth s4,.'1lah, {2) in:ien.sitivity to antigrowth stg .. 
1\;.lb, (}) 1he ~th lil[}' IV tV(ldt J'lt'<~r,\nlmtd etiJ d~th 
(:lpopmsls). (4) unllmlrOO potemnl ro replicate. 
(5) susuineJ a.biliry to f"Omotc angio""'ncsl$ (blood 
v~seltOrma1ion t<K t he c.anc..-r m~}. and (6) the 
C<lpOK;ity tO invadt.: t1N1e tmd metaStl:lsi;e. 

St:\'er,tl mechant.im~ m-e lh•)uS,-ht to I'* uln)lved 
il\ the proJuction of the six h~11lm:.1rh o( cancer. 
Pr()(o--<.uocogoenes arc ~"Cn..-tic element$ in all normal 
cdls that a~ c:ar<•blc o( <:au.sing c:;~n<:er ,( they art 

~nh;ln~J thrlMJI,..fl ~l,non1l~•l reg~,~l:u i\"1\ . Th~ ~·hilily 
oi the C;.lllC:tf edl to replkme In :tn unlimited W:ly 
may b..- (acilit:ued h)' scti\•mion or urr~b'Ub.tioo oi 
an eru}·me <:allt'd lt'lomcrt•~ LH1«t:s i.n supp~s.sor 
On«'.!;tn~ I)T ~nthmc~cnt$ l iJ.:t thoe 1'5J .t;"-!nc may 
lake :l.W:.l)' the ab1hcy t<' COI\Itol £he l\ol)rnlal cell 
cycle. Ftanors th;u m:w pwmote the meeh:tnisms 
leading to cancer include \'iruscs, as wdl as <:hcmi· 
cal, rhv:~M.-:c~l. and hormonttl in.fl.uem~<:l· 

PRINCIPLES OF CHEMOTHERAPY 

P"JM(:r<•t hll,l .:ells, wh¢th c.:r they t~~ fv\md in IUJr .. 
m .. "ll tissue or io neo'ltpbsnll>, oont~ltO tl'$Tll\jt and 
Ji\'tdins: cd\.s th~u ~re involv('d in phases of the edt 
<:yclc (Fir;ur\' 16-4). Thl':SC plutsl':S of thl• edt cyde 
i.ndude the:: S·rh<t..se (DNA $Vlltht$t.d, the M·ph•t:~c 

Mph~ AI:Mve grO'o\11'1 
Mitosis 

G: pi\;ISG 

ANA &ynthesis 

Preparation 
for mitosis 

RNA :s)'fl&hesiis 

s ..... 
DNA replication 

f iGURE 16·4 
The cell (\'de. 

Oil'l.,renlialion @ 
Ac:sling ,., ... 
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So.'Xln after tl'('aunc:m i.s SC.ln.._"() bcctJuSC' o( d)i..'(ts 
on the chemon:ceptor ui~'('r ione (CRTZ). or J to
; J:<~H• l~ ter l'<::~(l tiS.: .;>( in jury {(I ~.~uvint~tiu~• l 
~p•thd!u.m. &nc rn:uro""' depr\$.,.100 (m~·e los.up· 
pt"('!iliion) ~oo mn)' \'Xcur. re.whing inn moJcrarc to 

.!('\'ere: reduction in circulati.ng neutrophils and/or 
pl;,~tdct\i. ~ with <;o-ntinul~"l)' ~>Jvwing h;,~ir lil:t 
J'ltx:-dles;, te.rtiers, :md Old £n.ell~h Sh~j,.Jo~s rn:'l.y 
lo!Oe m~.r Mir :lS ... IX$U(r of chernoth trnpy. Cats ltr.l}' 
lose: th .. ·ir whiskers -and guard hain; ru; wdl. Other 
sidt e«oc.t~ may im:ludc: C)'$titi:s, curcliomyop<•thy, 
.-n~Jlhyk~l ie r~•.::ti()r\.S, anJ t~$ut: d.:un~e due IV 

~xu:was:ulotl of the dru1J/s. M:m~· C-hi'mothcr.lrV 
drugs ar<' vesicants 1hat cause inflammation ~od 
potential 5loughins of ti~u<' if l<'llk~'(' outside: the: 
vcm oeeurs whtn the ~gtm$ ar-. t._lminist<:red. 
Snme PfOCO\.'Ois c:11l for prene:u.nent 1)f rhe pilliem 
with drug; like .-.mih ist~lrnincs, steroids, antiemet· 
ic.s, anJ or anal&~sic.s ro rcdu<:<' the .sev<'rit~· of $.ide 
c:frcc~. 

Grt:U C.lre ~.h,)uliJ he 1 <1~t:n IOJ're'•ent JC:ciJenml 
expo;utc w chcmmhcr.lp~· Jru~ hv techl\kbns, 
vet<'rin.;uians, and mhcr empl~')yecs because of the 
t•bility of the:$: drub~ to be: terato~~nic. muu~enic, 
:'lnd <arcin~otmc <lt th<:mrtuti~ dl)i\lt$ (l).cken~vn 
:'lnJOwlh·,e, 1995). Bmc 16-1 proviJes a list o ( rec· 
omnwnJauons (or the sa(e ur.e of ~lntin<'oplastic 
ttb'CO~ . 

Antineoplc1$tic dru~ 1-tc"rc: hoen e~t<:b"'ri:lc:d into-
• he f<:~ll•)win~ •n:lj•)r d:~~$: .-lkvl:ll il'l~ <11!.-en(l!, :'"'' 
du•,1cydm~. :tnlimet:tbolil\'5, ;umtubuli.n ~nrs, 

cortic~temiJs, nnd mhcd1a.ll<'\'U aj,~nts. Table 16· 3 
pro\'ide$ a lin of the: commonly tu.c:d <•ntinCX~pl&tic 

~~<ent$. ~$ wdl ("! tht:.ir uld,~ti<Jn$, tVxk.hi..:$, ~nd 
dos~C$. 

Glncer ch cmothcmpy cnn be a long, emotional. 
costly, and complicat<'d proc~s. P11tientli may c:xpe• 
ricnce pcri..xls ol rdap,.<t" <•nd R:mi."-•ion, hurmful 
dtu~ re:t.CWI-0$ C;'lO tX::Cur, :'ltld Ue<l lnlt!llb C:lO (:.til. 
Te<'hnici:tns shouiJ be Pl't'1':l.r..xl h ) counsel owners 
nbou1 the pott.•ntial rUb and the high Je,•d of com· 
mitml'nt tlwy will nc:cd to sc:~ the prOC(';SS throu:gh 
tV evm.pl..; l t~)n. 11h':)' :;h<>l•kl be :-1bl~ 1v m;lke the 
:'l.nlrn:ll o"'l\tt :'lW:.ltt thm successful utaunem C;:'IO 

mean a longer and/~)r .-. bctt<'J quality of life (..')r their 
p~;t 11nd a strc:n~'thc:ning of th<' huml\n-compranion 
anitn.11 hmd. 

!J Alkylating Agents 

Alk~·louJn~ "''=ems are cell cyde-nonspecilic dn~t:." 
1hat nre nhle [o.) <:J\'liSS·Iink stn;ands o( DNA to 

change its suucttu-e and inhibit i~ rephct~tion. This 
hringl: protein svntk .. s and cell division t~ .. htth ; 
<:ell de:uh nfte.1l (<)lkow:<. 

Cliniool Use-s 
1. Trl"<<tmcnt of vtu tous noopWstic' diX'Irdc:~. 

induJin~ lymr•h())'r<llifer;~l iv.: neopl:"l$nl:., l)!ltt!()• 
sar.:om:'l. he:m:'l.fl'=toc;ar.:om:'l. and .squ;)mous cell 
carcinonw 

2. Trl"<!tment of certain immo.n<'~mc:diatc:x-i cli:!C:<t!I(';S 
( int mun~X'!UJ-"Pf'ti'Si()n) 

l>o;t~e F'omu 
I. Cytoxan, q-clophosphamide inj .. '(tion 
2. ~ul:l:·run, chLommbucil tablets 
l. Alker.,n, nle.lph:•h)n mbletS 
4. Nltrof;Oufels, 1 .. -,mustlnc, t~nd carmuslinc 
5. D..cnrba::ine 
6. lfc:x, ifosfamide 

Adverse su~ E/fe<:U 
Adverse side ef(cas of r:he ~l lky latins asems m.-.~· 
include n<'utmJX•nin, Ol'phrotoxicit~\ thrombocyto
peni(l. vomiting, and hctUvrrh<•gte <:)''lith!. 

T~.1-N~ 
C)'dophosphamide IS also used as an ln'VT'IUnosup· 
prt:SSafiL 

Many 1)f the amhr.~.q•ditw ~lntill~')plas.tic 1lgcms 
nrc derived from !iOil funr;l of th<' Smpcom:teo:s 
genus. The)· 111e <:dl (ycle norur«ilic aOO .:xert 
•heir li:ffeetiS f.y lmtt;lin~ will• I)NA (lud inter(erin~ 
with RNA and pmre1n s~··uh.:..~ls. Doxorubidll Is 
1h.: most C\'>mmonh• uK"d drug in this class in ~·..-t · 
crin.·uy medicine:. It i.s widdy used for vnriO\t! neo
rl:a.~ti<: co-n<li tt~'lfl$. 
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' hemothe r;l('\' Safetv H..e( ommendation 

avoid the oral route of contamination 

I Pre"'"'''"' fo1 ~tM.':Ilt Glre 41ld de4n·up (although 
amount of ~ctive ckug elimi•lated ft()O) dle l)dteent 

nWtimal. it is ptVdent to c~e prec~) 

Clhaicat u,e, 
These ngenrs :uc used fm th.:: uc.1tment (){))'mph\)· 
prolifer.nivt' nt.'Opkls.ms nnd \'ntious carcinomnli nod 

~rc:om•"· 

OouqriL" Ftrnns 
L Adriamycin. doxorubicin hyJr\xhl\)rid.:: for in· 

j«:tion 
2. Bl..::omy<;'n 

Rt<to•r.n~otnJatlo.lnli 

1. Wear appi'Oved cl'lemotherapy ·~':'i;~~;: I 
~ves. l<Jtex examinalion pes are not 
able to chtmotheraptubc agents. 
rf <:hem(){herapy ~ministration gCo\•es .,. n01 ... ,,.I 
able. double-giO\oe wrth l.atex exam g~s. 

2. "'eil' a non.1bsorbent dtem01he1apy ado,.,osUat<<> I 
gOoJm or, at rTlllllmUf'T\ wtar a buttoned-up l<:lb coat 

3. Oo oot push air bubbles out of the 
4. The use oi commercially available 

dlspen5W'lg systems {e.g. PhaSeal) can 
the rts.~ of e.posure. 

!;1. Use S<Jfety goggles or othet proteaive eyeHear. 
l . Ne\'er eirt 01 drink in the cho;m,othe<a'fiYaclm;,,;,,,.l 

bon room. 
2. Naoer smoke or apply makeup in the ch<!mt•h•,.·l 

apy administratiOn room. 
3. Neve• store chemolht'r4peutic drugs w•lh food 

other drugs. 

4. Caution> ~d:;•~"~"'J:,,~~,;:,~:~~~~:i::.:::~:~ ;,~;I gbvesv, 
by the atal route 

1. Separate chemotherapy waste from othel ·~~~:I 
and OOhautrds, including needles, syringes. c. 
ti!IS. gloves. 4nd masks. 

2. Contact~ local h\JI"'\an hospMI tor aid "' ""'o.~l of! 
;,1 <:hemotherapy-associated waste. 

J. Chemothcrapt>utlc drugs ~ excreted •n fcO'.!s 
urine: l\-edf <hemotnesapy fj~ "'hen 
after patienlS for 46 hourr. after drvg 

2. No guidelines have been esablished 
of pet wMtc; howC\orl. c:llui:U'I dients 
up after their j)le(S. If the l)iltient 
rlSlde the home 'o\ithin 48 hours of 
mother~·. 0\\netS should wear gloves co 
waste and should all waste. 

l . l).)tlil)(lf'll'{cill 

4. Mimxanrronc 
.5. ldarubicin 

Ad uer$e Side: F.flet.U 
ThclVe lnda:Jc Mne 1nan.w.• suppres~lon, cmduP 
toxkity (andi~)O\VOJW!thy). gasth">Cnteritis. and 
anaph\·lnxis. 
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ONg Main Indications Toxicities Dosage 

Alkybtina A~t«~t" 
Cydophospham;de Lymphoma. carci· Marro·w. g~ointesttnal (CI) Gr.ten ofalty (PO) or intravenous';· 

noma, s.arcom<t uaa. sterile hemorrhagic (W); marry dos~ cegimen$ can 
cysti•is be used, depending on concur· 

rent anbeanc~:r drugs. 
Chloi'M'Ibucil L~homa. chronic Mild marro'll toxicity Gr.ten PO onty: many dosing regj~ 

lymphOC(tic ievl:e- mens can be tJSoed. depending 
m1;, mDS1 cen tumor. on concurrent 4nbcancer drugs. 
lgM myeloma 

$ubstiture for 
q'Ciophosphamide 
rf hemonhagec 
CyStitis OCCUI'S. 

CCNU (lomusrtne} Relapsed lymphoma Myelosuppression <Jnd Dog<.: 60·90 mgtm2 PO every 
or mast cell rumor, OosynaatiC,. potenbDIIy 3 weeks 
brain tumor fatal hepatotollicity COts: 50-60 mgjm' PO""'" 

J·6 'A-eel<.$ 

D.lcarbazne Lymphoma Myelosuppressios\ vomiting Dog>: 200 mgjm' N daily 101 
durmg admnstrirt!Of\ 5 dclj'S every 3 weeks 
perivascul<tr irritation upon Ql 

extravasation 1000 mgtm' IV e~'f:f'( S weeks 
lfosfamrde Lymphoma Hemorrhagic cys!ltls, ~: 275·350 mglm2 IV vilth 

myelosuppression saline <iufesis and mes•l&. 
e.<efY J ~eks 

Melphalan MulfPe m~loma, anal Myelosuppression, Dogs.: 0.1 mgtkg: every 24 hours f01 
sac adei'IOtarcinoma potel'ltial CUil'lulbtive 10 da-r;. then 0.05 mg/l<g daily 

thrombocytopenia Ql 
7 mgt m, PO daily fOf s days everv 

3 weeks 
cats: 0.1 mg/tg ~-ery 24 hours 

Amh rll.:wlint:$ 
Dllamomycm Lymphoma MyelosuppsesslOl\ Q upset. 

perivascular dam&ge v.ith 
0.75-0.8 mg/mliV a•ery 3 V~'eelcs 

extravasatioo 
Doxorubicin lymphoma, carci· t.~-elosuppression, CJ upse~ ~: ~ 10 kg: 30 mgtm' IV every 

noma, sarcoma hypetSEnSllivity during 2·3 v.-eel<s 
admillisuabon, per~S<\Aar Dog>< 10 kg: I mg/kg IV """'Y 
damage with e).lravasation, 2·3week> 
cumulmive (180 mgtml) Cats: 1 mglkg IV~ 3 w-eeks 
n"t)'OCbr<i.al t®oty, neph· 
coc:oxicity (cats) 

Doxorubicin HCI lymphoma, Mid myelosuppression Dogs and cats: I mgtks IV every 
liposome carcinoma, sa1coma and/or Gl upset. 3 weeks 
Wljeaion l'v)•persensiDvity during 

administration. perf.oasaJlar 
damage with mravasmion, 
palma' plantar el)'thro· 
d)-sesm.,;a (PPES) 
nephrot~dty ( c.alS) 

Ft<:om W!rhrO'A' SJ, V;~il DM: Wh.hr""'' &. MxEwt~n'!l..nflll 'll\hna.l dltUccll l)f'b.-..,!o,o,:v, cd 4, 54. loJu.i~. lOO'i. S.Wt'l\.k~. 
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Table 16-3 Commonly Used Chemotherapeutic Oru~--eont'd 

ONg Main Indications 

ld~rubion Uncle~' 

Mitoxantrone l)mphoma,. transito'lal 
cell cardr'loma 

Antimeu.buliu" 
Mcthotrex~tc Lymphoma 

Cytosi•le Lymphoma 
arabinoside (myel~ro!iferative) 

Antitubulin A&cn lll 
P;,clrtz~xcl Under •n'.'t:S1lg.uion 

Vinblastne Mast cell tumor 

Vinoistine lymphoma, m<~st cell 
tumor, transmissible 
veneteDI tumor, 
immvne·l'nediated 
thrombocytopeni<t 

Vinorelbine Pnmary kmg tumor 

O>rtk~lC'"f(l~ 
Prednisone lymphoma, mast cell 

tumor. myeloma, 
chroo>k lymphocytic 
leukemia 

Noncytoto:oc mdtru· 
tions· brain tumor. 
inSI.inoma. ippetite 
stimulant 

Mi!ic:dbne-oo; OI'UJPI 
Asparagin.ase Lyr'rlphoma 

Carbopl<wn 

Crspli!tin 

Osresarcoma,. 
corcinOO'la. sarcoma 

Os1eOSc11COm<1, 
(.(lrcinomol, S(Jrc.oma 

Toxicities 

Mild myelosuppr~SSIOO tJOd/ 
or Gl ~~ perivascular 
<Jam<tge '"'\th extravasation 

Myelosuppression. GJ upset., 
perivascu\:lr damage with 
extrav<'IS~on 

Mild myelosuppr~SSIOO 
and/or Gt upset 

Mad myelos.oppressio•l 
and/or Gt upset 

H)'PCI'SeRSibwty dunng 
adm~tioo 

M')-elosuppression. 
perwaso..d.lr l/eSIC4nt 

,_~elosuppressiol\ perivas-
cular ~'E'Sicant, peripheral 
neurOpi:lthy, consbpabon 
.-. cats 

M')-elosuppression. 
perivascular vesicont 

Polyuria, pol)phagia, 
polydips~.e~. musde 
wasting. beNviol'al 
<:hanges 

Hypersensi6wty reacbOil 
atter administration 

MyelosuppieSS~.on: 
potentially severe 
<""'"dogs) Gleffects 

NeplvotOXIC-must be gr.-en 
oMth saline-inck.Ked diur~ 
sis; htghly emetogenic; 
liMill to am 

Dosage 

ld~rubion: 2 mg/caf/dtJy for 3 da•(S 
<I 3 ... .-~~. 

Dog>: 5-5.5 ~m' ov evel)' 
3 weeks 

~ts: 6 mglml IV every 3 weeks 

~nPOociV 

Dog,s a•ld cats: o.e mg;l:g in 
oombinc1tion ,,.ith other 
chcmothcraprubC drugs 

C.W.n sub<>ildo>eOU"r (SQ). 
W'ltramuscutarty (IM), or tV; 
sewral different regimens can be 
used. dcpcnchng on conc:un~ 
anticar'ICer d1ugs, 

Dog:;: 132 mg!ml IV~ 
3 weeks; must premedicate to 
minimi~e hypersensiti~ty 

Dog>: 2 ~m' OV evel)' 0·2 weEks 

Dogs (lnd Gats! o.s-().7 mg!ml r.J 
v.-eeldy or as dictated b•{ 
concurrent ¥~tc.ln~ drugs. 

Dog$: l!t-18 mg!m2tV every 
1·2 weeks 

Dog$ and cats c.ytotoltic dose: 
2 mglksfdDY, t.:lper occordms 
10 proto(()l 

Dogs <tnd Gats noocytoto»c close 
0.5 mg!kg/day 

Dog$ and cots: 400 IU/kg SQ or IM, 
ma:<imum dose ot 10,000 IU 

Dog>: 300 ~m' N eveoy 
3 weeks 

Clls: 240·260 ~m' ov ""ery 
3 weeks 

Dog>: 70 mg!m' N "''"Y 3 "'"'ks 
cats: Oo not use 

Comin<..C 
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Table 16-3 Commonly Us~d Chemotherapeutic Oruw;-cont'd 

Drug Main Indications Toxicities Dosage 

H)'droxyurea Polycyth~ V(,>s&, 

myebpro!ifetoti\-e 
dis.e<~ses 

MyelosuppK.>$$100 Dogs.: 50 mglkg!d~. t&peM.g to 
~ry other day V\\th .-emission 

<:ats: 10 mg/kg/day, tapering to 
e-.<ery other day 'o\\1h remission 

Lymphoo\8 Gl upset.. myelosuppression Oogs: so mglml daily fof 14 dayS 

Techt'tid<ulh N~ 
I . Some clinicians use antihistallllr-.es lO p14~medi · 

cote animats to t>e tre<.~ted .,..;th do)(orubicio to 
suppress allergic reactions. 

2. Doxorubicin is a strong vesicant. Tissue sloughing 
can folc:>oo\· exttavasation. and s.t;io tllitation can 
result from <:Qntact v•ith Jne drug. 

3. Doxorubicin is commonly used fl combinatiOn 
with othtr antineoplc:Jstlc ctgents. 

4, Oe»'azoxane is o drug that f'OdY be used to block 
doXQIUbicin·induced ~rdiac toxicity. 

The antin)('tabolit<'$ ar<' c.cll cydo-tpcxi6c di"UJ,.'$ 
Lht'n :1ffea the: S·ph;:.$1: (I)NA *Pllil~h) r:y( lht 
c.ycl~. Th('s~ dtu]i[Sc are ~)1'1:111)£.~ o( putlncs :~nd py· 
rimidincs--naturolly occurring bases in DNA
that may be: incorpomu-<1 into the DNA mol<'culc: 
to mhibit pf(•tein and emytn<' ~\·nthc:~i~. Cellular 
(unctk•th ne~~.J {,)r t\•)rm:al ::.c.livily :are dll6 

bl .. xl:ed. 

Clinil;al U3C:$ 

I. T re:11mtm o( lrmrhVJ'I\ll i f~r.•• we noopl:\:.1u~ 
2. TrcamH•nt o( ft;:btJOimestln:~l at\d hepatic 

n<'oplasm.s 
3. Treatmc:nt o f C<ntml Ol'I''Ous $\'.Stl·m 

lpt•phom.a 

OM«ge Fomu 

on ¥\d 14 days oH as pan 
of mechlorethat1'111"1e,. OnCOW'I 
(W"'CrtSIIne). proc.arb~z,nc . 
.and prednisone (MOPP) 
protocol 

I. Ml•thotr<'Xntl', oral tablet or injl"'Ction 

2. Cyto::!ar~U. q·to:.in~e t~r<lhin<X~ide mjectiQn 

l . l·Fiu(IC'(our;JC.il Crt;lm v r ~lutiQI'I 

Ad ... ·;me Side E{fecc.s 
Th<'sc: may indude aool'<'xia, nausea. \'Omiting, 

di::nrh~~·. hvnc mt\n vw .Sl•Prr<:~i()n , h~pt\t()t,•xt&::it}'. 
~)nd neutclm>:lc,ry. 

T~~N~ 
Fb..x>rour~cil i$ conttaincJocated in cats beciMe of 
adverse side eHects. 

The rla.nt lillk<ll(•id~ :!Jt: ~;tll ..:ydt: ~ihc (()r th~e 
M-ph.:llloe, il\hlhltu\,1! mhfl'SIS :u-.d c:-u..sln~ cell Je:uh. 
They are thought to binJ microtububr prO<eins 
an..-1 inhibit formation of the mitotic spindle, thus 
$lt!()('t'oding mit<»i~ in metapha.-.c:. 

11\t: tW(H lrug; in t his C;th':~'()ry-vit-.crhtine ;t1ld 
Ylnblastill(:-:lre 1\:liUt:ll a]kaJojJs dcth•e<J from th~ 
pc._-riwinklc plant (Vinca rosea. Linn). Protl'<:ti\'C 

dothing .shoold be: worn when these J~ arc 
admi.nilstet-1,!(.1, {() pri,:\'i,:nt p!J::.<ible ~kin c::~m1\~t 

lrth:uion. 
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H}-Jmxyurt.oa and pcoc:arb:IZine are rwo other 
~'C'nts in t~ miscC'IIan('()Us cc•tc:g<JI)'· See' Table 16· 3 
(or in(onn~ni('ln al;..-.. l these 1wv <l~'tllli;. 

?J Biologic Response Modifier 

Hif}lt~1c re..;;pon.se moddiers ( AAM.s) :ue :lStenu 1}.;)1 

altct 1tw retuionship ~tw'Cen th<: rumor and dw 
host animal inn way that improves the host's nbilicy 
to moo.nt an u.ntitumor t (';Spor!.'S(' (Gr..mt and 
Shtlt<ln, 19$9). SRr..h are •.a..-n.1 :\$ :)n adjunl:t IV 

CC)IWefltion."ll chcr.w•her:tpy prolo._"'ls. Ol'lC" as the 
s..1lc agcm o( 1re~tm<:nL 

Cane« J~c:lops in man}' animf\1$ because o( 

\Ill itnm\~n\'~uppr~~d .stt•tC', ;md e hemoth¢rapy 

f iCURE 16·5 

elU'Ic~·rbnt~~ the immunm:uPflrcs:;ion. BRMs may be 
usc:d to stimulate or tC'$tOre the <:omprombl'ld im• 
mln•e rc-~1Xln~ v{ the h<~L 

E>:~lmples o( BRM.s Include b.lctetbJ :tjt('ot.S. 

chemical :il~cms. imcrf'cmru. rhym\'l6ins. e~"'okinc:s/ 
lymrhokine.s, aOO monoclonal antibodic:s. 

Monoclonol Antibodies 
Moo\'X:I\)0~11 antibodies are identical inununo· 
globulin molecule$ formed by a single: d one o( 

pl::uma cdb. Th'C')' are rroduced by a hybriduma, a 
f1.~ivn of 1"1 $1~,:,flc <"lncihOOv·r)roJucin~ 8 (ell wich 
•l'l)'ekuna cells (Fijture 16.-S). HybriJomas s~rc•e 
lnr&«: quantities \)(a very spccilie ((m the tumor) 
antibody. Monoclonal antilxxlies may ha\''C' diroc.t 
()'t()t()xic df«-IS ()n t\~m<Jr <:dl'!-. cJr th-:~· may ~ 

I 
MOu$e m.~1oma 
eels in eu!lure 

Tl'lese cells Ole In 
HAT f'ne<lia.rn 

Seleclictl Qf h)•bncts 
t"' KAT mec•um 

Pl'odoction of rr.onoc:lon<JI oltrllbcxlic!s. Wit H)~nti'Wic-<Jrr4nopt<:rirtl:hymidnlt (f10m T~Wd 1· Vt!WM<JI'f immunolog)•· ~n 
introd'uCiioo, ed 3, Phi!00($1w, 1987, \VB Saunders.) 
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CHAPTER 17 
Immunologic Drugs 

lEARNING OBJECTIVES 

I. Exrlain rhe ptlndrles :'IJ&')CiateJ wl1h v:..:cu\i!.llon. 
2. Dcscril'l' the differencc.o.s bctw<:cn vaccmc rrrl..'l;. 
3. Oi$cu.ss th<' ad\'Snt•lSCS. anJ disaclvam~ of the diff<'rt'nt types of 

V<t<.:ct•,e:~. 

... l1M e<unmon <lt>t!;ise." tltm haw av:•il.,l;le "l"'cclne~. 
S. Oe«:ribe the different rOtucsol adminimarion (J{ vacdncs. 
6. list drugs. uS«"d in immunotherap\'• 
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EV TERMS 
ACTIVE IMMUNITY Immunity that oco.n by an ani

mel's OM'l immur.e rt:S(J<)nse cfter eq"JOsure to fOJ· 
eign ~ntigen. 

ADJUVANT A sWstance given \\ith an antigen to 
enhGnte the immlllt response to the ontigen. 
Adjuv.af"'CS may &orm a localized gramJoma Cit the 
injeaion site or may produce systemic hypersen
sitiWty. A4Nants have receWed mudl attention as 
a teSUit of a possible (but not pn:wen) lilk with 
the ~'~Greased inl:idence of fibrosarcomas in vao::i
nated cats. Examples of adjuvants are alurYW'!um 
hydro:cidl!, aluminum phosphate, aluminl.Wn 
potas.siiAY'I sulfate. v.<.Oter in oil. saponin. cmd 
die11!yl.lminoethyt (DEAE) dextran. 

ANAPHYLAXIS A systM'liC. st"Vtre allergic re.xtion. 
A~TIBOO'f An immunoglobulin mob:ule thai 

(Ombines '1\ith the specific: antigen that induced 
its fonnatioo. 

ANTIGEN Nry subscaoce that a.n in<bce a s:ptcific 
immune response. such as toxins. foreign proteins. 
bacteria. and viruses. 

PRINCIPLES OF VACCINADON 

KI.-''<'PH'8: ;tnim..'lls h .. "::hhy lhwugh lhl.' rrorcr usc o( 
immuni:ation ('C'O!,.'TllntS is an importruu a:>p«l ol 
\'IO"h"rirwry rm:d1dn<'· Vc:wrin<~ry l«:hnkiltnt~ mu:st 
1\.'lve l:nowi~J,i..~ I!(M"'I!t:nll~ va<:dni' t~p~ and 1he 
di~:lit-'S anunals arc v:lCCU\Oltt.-d :\~lll1.it. Cl!cms :t>k 
many qu~·,;rions r<'gardlnr; rhi5 tiR'Il .:>f their pet's care-. 
It :~hould }'(" ~mem~m.l that immuni:ation ~houkl 
1\1,' \'~r c~•ke d~ pla<:e- ~~ n:gul~rl~· 3ChtXIl•ln:l, 1\)liUr~ 
vcrcruury chcd:uj't> (McCumu\ and lh~rr, 10CI6). 
As ruumals a1,.'<' into their scr~uic ~'em, r<'gubr laM· 
rntory rrulik':S should bedorw to d<'trmninc the he.llrh 
(,( m~19r 9rg<ln s~~tt'ln"- P....,vemiv< lll<(li(;m (' ~bt:• 
nld mlcs :l. ~1111.! ~\y$.1C:l) ~x~ln\rfl .. 'll i.~l al•>•~ wilh (\b· 
!:'.lining ~l C~)ntpl.-t~ hish)ry ,;m the anunal. Thcl\'tOrc, 
immuni:arion ('(O!,.'T:lnt.S ;ut· onh· oo~· aspen of the 
(wcr"ll he<tlth (are that ~hould lx· affon:kxl <:ompan• 
l<)n :'llhmlk u~·e:o>l tJo;:k ~~~l()lfkl he J'f\l'>.:,!rly imm~mi~tl 

to :leh•c'l(' a h~.':'~lthy hci\-L 
V:.ccin.·uioos nrc nn imponam part of th<' pre· 

"enti\'<: h<alth care: PI'<.'!.'Tam for <:ompnnion animal$ 
""J f~x>~.l t~nim<,l ~ 1;111\:.e. Vttoc.in('.$ t•n: ~wen to b~n 
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AVIRUlENT The inability of an dectious agent to 
prodxe l)<llhologk effeas. 

BACftRIN A killed bacterial vaccine. 
MONOVALENT A vaccine.. antiserum, or antitoxin 

devebped speoflcally for a Single antigen or 
orsanism. 

PASSrVt IMMUNnY Immunity that OGOJI'S by acknin
istration of antibody produced in another incivldual. 

Poi.VVAU:Hl A voccine, antiserum. or antilo~in act~ 
against multiple antigens Ot cxganisms; miled 
vaccine. 

PRESERVATIVE A subsunce, such as an ltntblotic,. 
antinfeaive, Ot fungistat. that is added to a 
product to destroy or 1nhibit multiplication of 
miaoo~isms. 

RECOr.1BtNANT ONA TECHNOLOGY A process that 
remcwes a gene from one cwganism or pathogen 
and inserts it into the DNA. of another. This also 
Mo!JY be refi!ITed to as ~ splidng. 

VIRULENCE The ability of an infectious agent tO 
procLce pothologk effects. 

thl! .;:hom<~ lor :. p<\rl ilo':llltu di~~~~ t(' ~'C(;ur. A Pi' ' 
uem's rc*Nl$C b dercrmll\&.1 by M'-\'eral f~lCturs 
such n.'> (I) the hc~llth and age oi 1h.: patient. 
(l) dll.• type: of \•accine given, (J) the route of 
admini$tl<ltkm, (4) <:vn<:urrent in<:uh:ltion {l(inf«:.
uuu:; d&!it:<l!it:, (S) cx.fl(~mc t(l :ll\ tllfc:cti(\11 ~ dbc:~:;e 

before c<~mplctc immunity is tc:lchcd, and (6) drug 
1hempy. The iJ~-al vaccine is safe and <'ffl'<li\'e on 
challeng.:- 11nd hn:; no unde;simhlt' side d(t'c~. 

ltnllllii''Jillf!Y i ~ Cl \'('ry OOmplt:.,: fidd <I( :-;t.,dy. 11,b 
chapter (Jutllnes <)ll\y lhC OO~Ic.'> of cn.nunlll\ Wk"-· 

cines nnd immunoiirimulnnrs. Reference to an 
immunology tex1bool: mtty be helpful if further 
in(vnmltiQn ~ Jesi~.;l. 

Ill ~'"'P~rly V:)cc.i n:n~.r ft:lll;lks, anuh,xflc::- :ue 
p:l'>~d to lhctr olf~prin~ in the (onn o( marernal 
nmibodi<'.S found in <olosrrum. It is impona.m niX to 
Vll<:cin.,tc: \'\'1)' yoong 1mimals \l:hcn maternal anti• 
I'IJdi<:} :HI.'- ~1111 pr~~ru. The- nef •II:O:IIe ':o; Ulllll \lfle li)'.Y 

1cm 1!> 1\0t c:lp:lbl.: Lll pro..lud n'= an immune ri.'-Sp<lt\SC 
wh<'n mJtcrnal antib~'JJi~·s arc blocking this m<'cha· 
nism. ($('<' lhe char~ within this chnrt<'r for ~i6c 
tml~ lh<•t vtlrt~JU$ .<pe:c•~~ .. h.·l4.11d b-e v;~<.;;m.--.tc:J.) 
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COMMON VACCINE TYPES 
THAI PRODUCE ACTIVE IMMUNIIY 

In the manuf~Kturc o( inac:ti\'atc:d vaccines, orgMn• 
1$111l! ru-t u~1ted m~~t ~,;onnnonlv hy t.:hcmi<:ttl~ th~:~t 

kill the n.tj!:anisml<, bu1 vet'{ liule dl;lOJO:e nccurs in 
the antigens. "'hi<h .stimubte prllote<:tivc immunit-y. 
lnncrivau:d \ 'lKC incs arc also rcfc.•-rred to as killed, or 
dt><t{l, voc,<;ines. 

Adt:ancage' 
I. lnacrivm~.-.J \ 'lK< incs nre u.suall ~· VCI)' ~fc. 
2. They arc stable in .storage. 
}. They <ll't unlil:cl}· t( l <:<1.\1~~; di<ea~ thr\)ugh 

• esldu:)\ vitu!ence. 

Discult.'611 C«g~$ 

I. ln.-ctivoned vac:,c:in<'$ r..-quire rcp('.a.ted d~.o~ to
~cl\ievt: ~Jequ~{e pn.Ji edl(ln. 

2. Adjuvants may cau!if!' severe 'ocal relCdon~. 
3. If rc:pt.·mcd d~'l!SCS arc rcquir<'d, costs may h..

hi~cr. 
4. 11\<\CtivateJ v~dn¢S (:l)n tain presen ·:uive$ 

,_l<.h as pc:tl!citlul, strepwmycln, :md 
fu ngi.s.utts. 

&amp.ks 
Le-ukc,cell 2: h:hne lt:ukenlia viru$ 
Our..lnllU\e C\··K: Rabl~ll virus 
Vibo-5!3omnugen Cdmp)(r.hocwr f~ttus, leptaipir.::wsis, 

Ho..•nkltJhilus sommlJ, bac:tC'rin 

Sf.~ v:tedo~ chart$ within thl.s c.h~1pr~r (,)It a 
mmc comrr~hcn.sivC' listing o( the v;.lt ious v;.lccine 
typc:s nssodatc:d with ea-ch Ji.SCil$C. 

A live val'cinc is prcpa~cl from live mkroorgan• 
t....qu.' (Jr virv~. The5e vrg;lnir,m~ IU\If be fully viru~ 
k 1H or avirulent. few vaccines o( t h is orlr:•n :lrt. 

in usc, with t he cxccpuon ~)f $<:\'Crnl poultry 
vaccines. 
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Adoont«gt.s 
I. Live \'<ICdllC''S nc:ct".s.sitat< fewer Jo~ to <•chiC'Vt' 
~n unm,_nl('. re.'(x)n,e. 

2. AdJuV~lms are unnc.::t•S!>:'lry. but th~ \'l«ln~ may 
co-main prcscn·arivcs. 

3. Liw: \'<IO::di\C''S pmc less ru.k of allergic r<:.spon.sc. 
4. They ~n; inexpt!n:~ive. 

DisadvtuU-agts 
I. li1•e \'<!.:cines may lx• contaminated with un· 

"'"<•ntc:d o~oanhms. 
2. Th~)· n::•1vire c=-•re(,_,l lranJih't#. F"vr ex;unple, 

;.lcc.ld~mallnjectlon, in)l..-sdon, or ~xpost.~re 
through a cut or the- muci)U$ membranes o-( 

brucellosis \'<!<:cine can cau.se undulant (ev« in 
luHntln.~. 

3. ' ll.ey do nm su.re -as well :'l.i ln:)C(I\':!ted ,·~u-,es . 
4. They may J'OSSCS.i residu~ll virul~ncc. 

Examples 
On.u.'ClJa abc:nTu$ VJCC:u)t: An • .:dla CtborutJ .:-lr"l.lin 

Rfi.j J 
0Yine cnhym::. \':Kcin..-: O...ine t."<.thyma virus or 

llOr<: mooth inf«tion 
Clm:k Ark Br<)lle: lnfecti.:•u~ bn;n<:hith (M<M..,.o:-• 

.::huM-tts ~1od Ark:lO!i.:lS ryp.:s) 
Proc:ex· Bb: Bord~uUa bronch.iseprica 

See V<•cdno:: ch.;~ru within this chapteJ for a 
u\(•rt t.'l)mprehtn $•ve lhlil'l~ ,,f the ~·ari•XI~ v:.cc.me 
types :lSSOC Ia ted with l'l'lt:h dilte'.lfie.. 

. . 
Modified Liv 

In modified live V:!lcc.ines, \"lfgnnisms underso n pro-· 
ceS1 (nne nuation) w l~c their \'irulcnce so t lt.,t 
who:;:n inol)dv<:..-xl w the htxlv vi~ inocul~tio-n. tho::y 
<:::tu~e -an imtnul\e TeS(l<"•t~ in~1e:1d ()( di~~-

Adoont«ge.s 
I. Eif'cc-ti\'t ' 'Ucdnes for m.:~ny viru~ c:<l.fl l:x: de .. 

velot'e<.l dm.M.¢.h :-ltltnll:ltiVJ' <.,( the c~o3:\ti vt: 
virus. 

2. Immunity is comparable in rc.sponSoC' and Jon· 
gl.'viry to ki lled producu. 
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Oi$«dt:anra.ges 
I. Modi6ed live: \'Ucdnc:s may cauff: abonion 

when give;:n {(l pr.:~n~tnl ;\ninl;\l}. 
2. Some v:'lCCtncs can cause miiJ unm ... oo.

w pprc$.Sion. 
3. Re;sidul\1 virulc:nct' can caUoSc n mild form o( tht' 
Ji~l~. 

4. The~ vuocuh'S ronu.ln 1~rv:uive.s. ~iCh :'IS 

pCitictllin. gcm:unkin. thimtros:.ll, (lf! :1 fungistat. 

Exampln 
Edq,_~ }: Ft:line rhinvtrt~ehei l is. t::•lietviru:., Mtd 

p:tn lcul:o~nia 
&:wiShteiJ -4: lnfc:ctious bcw-inc rhioouachcim 

(IBR) vint!, boviM \'irus diarrhea (BVD), 
paT<Ii.nJhuen:<~ 3 <PJJ) viros, hl)vinc.: n:spirowrv 
S~'ll t1'ti:ll \'UU~ 

&·c vaccine chans within this chapt..-r fOf o 
m.;tt compn:hc•uivc: li$ting uf the \'Uriuus \'UC1.'"i.nc: 
t)'r-e$ a'!:;oci ~•ted ...,,, h eat!h ~li.~ea.~e. 

In re<.eot yean., V:lCCu\eS prclduceJ by r~omblnarn 
DNA ttchnolll{:y h~we lx>com"' t~VtJ ibble for vet· 
erinal)' medkin~·. Thc:;c: vaccim•s are fl"CO!,'ll iR-d as 
bt-ing ~fe, highly ~l'«:ifi(.:, potc:nt, pure, ;md effica• 
Ci(lu~. TI\~ :.uribur~ u\,'ly i)e 11\t re:t~l)n why rt:• 
combin~mt vaccitles :ue n'Mlre des1mhle than any 
ocher v~~<inc ry~. Rc.'C\'>mbinanr vaccines t~rc.• Jj. 
vidc:cl into th~<' cat<gmi($ 

T~-pe I re-oombln:1m {~ubunh) v~1c:dner-The!>t 
vaccines arc ..-krivcd ~· in.scning a iOrcign gene 
from a $pc:cific pathogen into a fl"Combinant 
u~imi$m {t'.g., y~~t. OOctc:rium, <• \'irus). The 
r~'mbim)l)f •)rJ!:lnhm mulupht:i, :lnd the 
product 1)f th\' gene is e:nracted. purified. and 
pr<par<d for aJminis-rration as a vaccine 

Type: II rc.·oombinant (~'\·nc:.-ddc:tc:d) \'<teein<S--Tht' 
n~,,vf;~cwrinJi: .;.( dw..st ~«:ines iuvol\·es delt!tion 
of Sf)('C16c k"'!ff\$ from :1 p.lthO£Ctllc o~~:anl~m. This 
Ol.'lnipuiJti(liO produces$ vaccine thnt has a"'"'' 
ri~ of producing di$C"~'ISC bm cl\n Mill stimull\t<' a 
rn.ltt«tive immune mV'Jl\..{,(. 

Type Ill r<combinanr (\'CW>rt'd) vaccine.s-TheS<' 
,~.,.cdnt'$ arc: dcrivc:d from the if\ff:ftion of sp¢eil'~ 
ie p(ltho(tJi:enic g<netiC •n:u.:ri;:.l mt<) ~ cM)n~lth(l• 
k>Cnlc ~lr Qent ...deleted o.r.-.,:1.nlsm (e.,;:., 1)\"JoXvirus). 
This altcrcJ mgani.sm tht'fl i~ ~OJ'OSoUed in 
vitro and is IJ.:SC:!d to mnnufactul't' the vaccine 
{V<Ul K.1.1nptn. 199$). 

Aclu<.uU<.cgt$ 
I. These vnccin<.~ produc< fewer adverStC cffc.•cts. 
2. The}· pro\• icl< ef(ccti\'c immun ity. 
3. Twe I ~nul Tyrw. Ill \';lC(me$ ~m).;l• re\·ert II.> 

virulence because elf the way they art" 
nt.'lnufiacturcd. 

;J. Some uf the..~ \•accincs can be: administered 
()~lly. 

DisadvaJH.agt$ 
I. Currently, (e"A' recombinrun \'l!IC<incs are 

U\'Uif~bft'. 

1. New •e.::hn(llq:y (l(h~l'l brin~ wilh 11 ~ lli~er <:~1. 

Ex«mples 
Typc I 

R~·l Rt<:omh1ttl: L}'JIIt: 61ftT.:lia bcuj$/qrf<ri 
Type Ill 

RM Recombitt k C4: Canine disttmP"r, ndeno · 
''irus typt' 1, paroinfhM'nZil, and parw:wirus 

R.<.bort-1\ Y·RG: Orol v.-c.;;ine for mbics virm 
(u$00 in l,.11t ing: devkeJ (o, wikllife) 

Ncwca~tle disc:Lic---fowl rox \'acdnc (rccomba· 
nam): Nc.'\vcas-1le Jisc~c and f\'>WI pox 

Tr<wac·AIV HS: Avian influema $Ubty~ HS 
~~nd f<w:I J'(l>: 

Sec v:~cci.nc chnn-s "A'irhin rhis chapu.'f tOr a 
more complt'hc:nsi\·c listing of the Vl\rioos \'accine 
trpc:~ all:!o<:iatc::d with e<lch Jisw:;e. 

A wxoiJ h: ~· ~cdnt:. til (I I i~ u~l t(l prOJ \k!.t i"'' 
munlty tc. a rman r:u hcr than a b:lctctlum clr a \•j, 

rus. The mxi.n is u .. "n tcd with he:~t or chcmiols to 

dt':!troy its dama~ing properties without eliminating 
its (1.\;-ili(y t~) Stimu\tltC ;mtib<KJy l"ll.J.1UCti(.)n. 



An ana-culnrrc combin~ roxoid and killed lrAc· 
terk, in a ~i.nglC> doS<' p~pared from hi~hl)· fO)(igC>nk 
Ct•hm~ ~nd (~1l 1t.1rt: lihn•tes.. 

Char(I('Cerisrks 
1. Toxoids and ana-cultures pro\·ide protection 

fvr up tv I )'e.-'l.r. 
2. T<txoidSc nt.'ly ~·~ot.:uo :x!Ju'f:llll~. 
3. Many h)XOtds -comain prescrv-.ltt\'eSc such :l.i 

phcnol, thimerosal. nnd formnldc-hyde 
~olution. 

ExmnpJ.e$ 
Tctanus cox,.,id: Cfosrridi11m Ieumi 
Tetoogcn: C. letoni 
Fcrmi«>n cnrr: CJW'tTidum• per/TI1lg.tll$ tYP!,.":'! c ~nd 

0, :.wu:l C. uumi 

COMMON VACCINE TYPES 
THAT P RODUCE PASSIVE IMMUNITY 

An ~ntitvxin i~ :;1 $p«:ihc anti~t~nu :"limed <lt :"! 

toxtn th.:u conr~ltO!< :'1 cl"mccnu:u i1)0 ()( :umhoJiei 
extrac.tcd from the blood S>(>fUnl or pln.sm:cl of ~l 
hypc.•rimmuni;:ed, hc.11hhy animal (U$uall)· n hon;c). 

Chan:~~tteri$ti c:~ 

I. An :uuitoxin neutmli:...s toxins produttJ by 
micl\'lOrganisms 

2. h may con tain p~SC:T\'Iilth~ .!>1Kh a~ thimerosal. 
phttw)l, <)r Vxytetme-ydme. 

3. Amhoxlns proJuce lmnK->Jr.n ... passive 
immunity. 

4. Immunity is $hon li ..-<'\1 (about 7 to 14 da~'\i) . 

;. Bi~ll ogic.: rnxlucu of ts-Juim: Ot"igin m.1y b<" IW:!~J-" 
d:.11ed w1d' the .lcvel()pmem (,( e.:}u il\oe l)l"rtun 
hep:uni.~ (Theilcr".s disease). This hnk has not 
been prov .. -d, bul dients should be mnde aware 
o( the ('<.\.~ible ri~k h:forc me~ produc-ts aJ(' 

~d1nini~1ered . 

Examp!.es 
Clostratox BCD: C. perfringrns l\"IX".S C and D 
Tetttnu$ tmtitr>xi.n: C. ~tram 

Antiserum 

An antiserum I~ ~l serum !:hat coot.:'llns sp~lt\c :~mtl~ 
bodies e:<t~ctcd fmm a hypcrimmuni!cd snimal 
(usually ll horse) or an animal dutt has bc:en in .. 
(ectc:(l with miCI\lQfl,'<IOl-(11~< that wntnin tlntigen. 

Charactetisrics 
I. An antiS<'rum kills liYing. inf .. "<tious anrisl'n.s 
2. lt JTW}' C".QnWin rr~ervuri\1¢$ $1JCh <U rhenoJ, 

thunt:rv.l<ll, <lr V:<ytetr<ll.)'du\t:. 
3. An :mtl~nun proJuces unmcdl:.ue p:~sslve 

immunity. 
;!. Do not vae<inatc: within ll Jays after antiserum 

i$ given. fqr ~x~mrlt, i( :. ¢al( i ~ t~:lted wlth :. 
Cfn•:mebdt'tetiu~n-£s:dlet'ichla ooli-l'as.teureUt.t
Salmonellll antiserum. then th:'ll calf should not 
be.- vacci.nat.._-d wlth BVD.IBR. Pl3. H, 5omnus. 
or PaU(tm:·JCo h<~C:mol:mC(• wlthi.n ll day$ of 
re«iving 1 he ;u'u il,t!rum. 

5. lmmunl~· .s short !wed. 

EX(IlnPl<"S 

Er;s•(Je:kttlm, 'lw.st.ofxultJat $tnun antihodie$: 
E. f'lu~.~ifJpathiM 

Esch('richi~l·C.,Iic in·B: E. coli 
5<-pli~&:rum: Salmonella cyphimurium 

An a u t(lji:e:rtOu!l \":lcdne oomau\S Ofl::.llll!<n\S lsol.:'lted 
from nn infcncJ nnimn.J on a farm where..- disease 
probiC'm is occurring. Thi:> t.an·fully prepared vac .. 
CinC' contaiJU ant~.:n:; nctXle~.l for pr(l(((t"m <•t 
th:u tx~tiiCul:~r k~:.lll<ll). 

A mixed \':K.Ctne contains ..- mixture of diffci"Wt 
antigens. h is {~)so referred to usn po lrval..-nt vac· 
cine. Each component of a mi)(cd vac.cine is re .. 
quirtd t() ad\i~vc;: 1111 immunt tl!l!f'4Jil~ co.-npit.n4bl~ 
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.,.,,ith that of a \'accine conmining a single antiJ,'<'n 
(momwalent ''acd.n~). 

ADMINISTRATION OF VACCINES 

Thc mtr~nn.l<<:ul<n and ::;uk.vwne(MJ< routes iut bv 
fur the mtl61 Cllltltnon tnelhnds fc.r ~·acc.u'le ;ldtnll\· 
l~tr:l.tl()n. Th-ese tlltncs ;u·e e:~s•ly ;•cc·essible ~nd 
provide swn•mic immunity, which is imporrnnt in 
man~· dill~a.se:s. Som~ diliC'~IJ>C'.:S alw r..-~rond ":.:-11 w 
local immunh~·. \I;W!(;ine$ "%lin~t feli ne rhinVIr<.t• 
che:itls :'lnJ Clllcwlrus. C'lnlne Infectious tr:tC-heo· 
bronchitis, and infccti,')uS bovinl' rhin\)Uachcitis 
ma}· be administ.:-rcd intrnnasall)' or, in some Cll.$('5, 

mtrtt•.I(;U)<U ~lrn ini.'!t~ti 1J0 fll;'l)' he U~ W pr(wide 
lax:al immuoit~·. After ;lJmu'liMt:ulon nl 1hese 
vacc.ines. the nninwl may experience a slight batn 
of watl'l)' eyes anJ occa.siona l sncl•::inr; for o 
fe"'· da~·."!· 

All (I( 1h~ prt\'iOu.~ ly 1nen• i (ln~l •Vutes, of \';lC• 
cine admlnlstr-. .ulon necc..~ltare that f'~lch animnl 
b<: hnndk-d individually. When a large number o( 

animals r<'quirl' vacdtt<1tion, thelic: rout~ m1•y not 
be feMtble. S\mu: V<'le<;in~:; tl'l..1}' be mixed with 
dru,klnf: water or (cod . Othe.rs c~ln bo ~lcrost,lhod 

and inhaled by the nnimal. For cx::~mplc. on mink 
ranches, vaccine for canine distempcr and mink 
.:-nt<.'rtti."!- may l-e <~dm.in i$ten::cl in thill m;~nn¢r, or 
!)Vuhry h(K.ISt!:. m:.y v;~Ch\,1hi' fo.>r Nt!wC;\~I It! d·~· 
CI'ISC by ;teroJtOii!atiOil. The tn:.lrgin tOr il\complcte 
vaccinarim\ i.s ~'lcat<' t when :h"msoliz.1tion N 
mixing with feed or ''~~' lcr ill ullc-d. Som..- an.im~tl$ 

m;\y nQt ,lrin.l: (n etu en(Jc.•.gh f<) ~IC\Iune ~dt•tl'<\te 
prl)ftlCtk,n, M the aen'X>oh:ed vaccine ma~· nor 
distribute equally thn.1u)1hoot rhc fO()ffi. Vaccine 
failur•• may be impli<atcd i( thes-e animals contr:Kt 
the: dil!.,."-'<• whcrec1~ in T<.'ality, the <~ni.ltt.1 1 Ji·d 
11nc rece1vt! en<•ut:h ' ':'lCdOt! t>.) Jr.lin atle,lu:)tt>c 
tmmunity. 

When conv.:-nrional mcru;ur~ art- us.cd (or \':.:tC· 

d •·wtion, it ill Vl'l). important 1(1 nm:fully noad the 
m'en pr<)vided w idt 1he ~<;em.: . St:une \·ac<:in~ 
may~ ;.lJmlnlstctcd tntramuseubrl~· or subct.tanc· 
ously. but oth<'~ may be adminbt<-'1•-d by onJy \)n<: 
rout~. For example, some mbic:s vaccine! rc:quir~ 
tdmini~r:lt t~Jn by ~n intra.muk:A.IIar route tiJ be 

most efft."<:tive. Subcuwn..-oo:; injt"'Ctions- J:~houiJ be 
given ac:-<ordi.ng tu th<' munutl•c:tur«'$ in:;truction.s. 
C;\~ $~•<l~• ltl bt c.•~l when one~ v;W!(;an;uing ;\ ~~ 
I C. prevent V:lCCu\f'•U'\duc~ tumors. 

If a v::accinc requires TC'C\)RStitution, rhis should 
lx- dolW with the dilu.:-nt providt'ld bl· the manu.foc .. 
turer. The ''<'II.X:int $h(MJid 111Jt he r('(OIUtituted 
un11I JuSt bef,~re 1t lfl ;)dmh\iSh~red {sec (:h:'lprer 1 
for the r rorer fCC\)nStitut i~')n rmc.edure). The full 
'''Commcn.:k-d d<.lSt: should be: gi\'en. Splitting a 
Vll~cin.,. do~ tTUJY calll!l' an anim;1l to fai l to de .. 
velop ;•n adequ:lt~ nl'lflh,me res.ponk ;lnJ m~y 
lowo."r Its protection . 

. MilCin.g Jiffercm vnccin<.-s to minimite rhc 
nu.mber of inj«tion:s the 1mitn1ll recc:i"=:S is not 
rc<:Ommendc(l. Thi.t pr•.I(;JXIun: <:~n <:<'IUiii: <'lnti~t::n 

hlod:ull(, re:.ulth\Sl in f•nt CfKilpn"enr's iotufenn~r: 
with the ;Ktion of anMhet. so that the animal d\'>CS 
not ''""eive adequatc ant:ig.:-n to attain an cff,"<:tivc 
immune tt'~f"·'"~· Mi:<i~ d dif(.:-n:nt V<ll'dn~~ m<•Y 
C<lu $e ~)1'1 incr~Y.~$ed c.h;;snc< vf ''" :lll~~ic rest)(ln~. 
Whel\ d,((crenr rypes of vaccines :uc :W.minlstcrOO. 
e~ch V:lccine should lx ndmini:stcn.-d at 11 separate 
llite. It ill al.so advi.sable to note the location~ of 
aJmi.lti$trt'lti(Jn arHI ' '<'&.'(;int lvt numher.! 1.1'' tile 
pa1u:~n!'.sc medu.:al rl"'CCnl. If ;t rea..: I i1)!l <Jr ::a pmblem 
Jevelops larcr. a reierencc will be 3\~.)ilable to ~1 id in 
evaluation of the problem. 

Wh.:-n food ttnimttl$ arc: v;~(.;in:nc::d. $Cver~l 

1hu'~ must he Co.>ll.,ltlered. Almo~• ;lit v;)Cdne L'l
bels comnin inf\)rmatlol\ ad\•isil\g not to \':lccmate 
within l l days cl slaughter. Vnccines .such ns r.h\')SC 
for B. <lhorcus arc: J:~ubj«:t to (00.:-rallimitl•tion:s nnd 
r~'\llo'll t~JnS, \o"l ¢VfiiJ'Iete re<;Vnh <'re m;lin~t\irl>td 
(Jl\ aJm,I\JS.tl'.ltlon o( these \ ':lCCII\t_'S. Brucellosis 
vncdncs are res-tricted muse b<t· or under the dit•"'C· 
tion o( o l.ict::ll$('d vctl•rinarian. C.,rcass \kl!ttuction 
ill alsc:1 11 factor th:n mvolv~ (ood <mim:c,J Pl\.'(hJ(.;C:PS
In,ec.lu·,n ' ' '"" 1~1\)1'1$ rn:ty ~ d:unaJ!IE: t>.~ tnuS<:Ie 
us..;ue. requiring th:.u area to be nimmed 1.1nd Jjs. 
carJ,'\1, I( a vnccine may be administered intrnmus
(,;IJiarly or :."'Uixuumeoul'ly, the: ~ubcutaneou$ rout.,. 
wf•uiJ pnxh,ce ~~~ Uli~. rtl\Clivn ;\nd wovkl dimi, 
nate tnlJSCie .l1tn:.1.:e. This I~> lmpo.rmm when one Is 
Jcaling with animnls w;,-d fN m-ou consumpt ion. 
Most vaccine4 on the market today can be siven 
liU })l;A.It<m{!(Jt.l!!il V· 
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BIOLOGIC CARE AND VACCINE 
fAILURE 

fil1)lot:•c...; (C!{'tCt:'lll~· mo..llflOO ll\'e and live Y".lcdn~) 

an- .scns.it i'l(: 10 i.n$Cti\'OUion by heat or sunlight. 
Clients purchasing vaccine:~ ~houkl be providl'd with 
t1 <.:VId pid: i( m:..xlcd t\nJ lil(~ ld h.: warned i¢t4imt 

k>.wi1\J! .>u<:h hl1)k~.olcli In Vt'tucle5; (lr in sunh,L..t.t , 
~here they may b::comc wann <1nd iMc.tiv:l.ll.-d. Even 
the (X'rformancc ol killed products <an be altered il 
profX'T handli~ ~nd ~Ord.b~ Ul~l't!$ llrt' oot proc-• 
ritt(L \VIu;n 1h~ V.:•<:dnt:! :ue llhiJ~f!~'KJ (1\ltll t he 
manubcnuer. cold pack!. arc put In Lhc b..»: ro pm· 
vide some r<:frige·rarion durins shipmcnr. In $OOW 

llmtS, it muy be 11dvisabk to antkir<ttc: how much 
\';:tc;<:i.n< f11<1Y he ncl!deJ durin~ the hot ~tmuuc-r 

nll"lf'lths ::md 10 S((ICl: up on th•u :unnunt J u111\jt 

early spri~ to prevcru shipmentS from ovcrhcaung: 
during summer tran~portarion. On-ce a :~hipmem i$ 

n:cdved, it :;hoold be qukkly unpoLcked a.nd pl..:cd 
untl.~r rdriger,u ion. V:"K!CII'Itl! ,houkl never "* frv:en 
lx'<:.lUiOI"' cclk may ruplUrc when the v.1o:dne th.'lws, 
rdcasins toxins th1u c:an d.1nwgc tissue or cause 
til>!ue death. 

ln,"iPJ'~I¢lti! ¢aJl.: l,( \';)C<:in~ ftl<\~· I~ t<J m:;lCti• 
vatic)l) o( rl""- V:.loclne and may ~ l:ldCCI\'eJ :'1:. a 
\':KCin<: failure. Actual va«ine (nilur<: is relati\'dy 
uncommon. If vacdnt.-s are purchase..'\~ &om a r~-puta· 
hie m<~nuf.1cturer • .;ne C<Ul he f~iliy -.1.1~e ~~the V<J.C• 

doc pi\Witkd h ~®. ~allure ,~~u~• lly (IC(ui'SI):le:)u:~ 
of lmpn~r ha:ndJing, StOr:tgC, or 3dministrotion. 

Live ' ':accines arc C$pcdally nffectcd by concur· 
r<:nt l•.ntibiotk therapy. Li\•c and modi6cd li\'c 
\'<lCCine;$ e;u' be in::l<:tiv;ned by c::J..emi<;ttl~< ta.ie•l 11.1 

de~10 or sretlll:<' s~·ti1'2<'S and b~· rhc tiS<' o( <'X«:S· 
sivc afcoh,)l or mher disinf~"<t~nts to swnb the skin 
before injection. As vros menti-oned earlier, the 
route of <ldmini~trati~m nt.1y aff~ thc ability of <In 
:)nimal h• :)Chlh'C an :.\tlequ:n~ unmunc ro6-p(IO$C. 

Jmmunosopprc.sse<l. pamsiti!cd. sux:sscd. o)1 mal· 
nouri~hc..oJ animals and those inculx.uing diset~St.' are 
0(1( ~· bl(' to moum an ~•dl'>quate immun~ r~pon5e 
C<) J'rtvt nl (t~~~~- Clttnl$ $h(~l\d tth~·~• f$ he ~d· 
vised th:u ~uo:h prable.•ns <.:ln occur. In mo.s.t C:lSCS, 
an adC<JI.Ulte immune response is not achie~·cd be· 
fore 10 to 14 days. An S•we-ek•old pupp\· may not 
d<:\'dVp t1 >!trOng immune T~f'4JO'< tv prOt«t 
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ar;aiN.I nn infectious discaSt.' if challenged by ma· 
t('mala.ntibodies OO:au~e it i:t n<lt feasible to ch«k 
inunvn<:: llttr:l IV deu:rtuint 1hc 11r~euct .:1f m:•ter• 
n:l} -am.bod!<'S. Th~refore, tt ts recommended rh .. •n 
purpies recein~ h.oo.">Stcrs every fe"' weeks until the~· 
aT(' about4 to 5 months of age. Boosters allow vtiC"' 

<:inc:s tv pm.Ju<:c: ;~n O:.>ptinmm immune rt>!ron-c:. 
Clients n(h:OI\ li•'KI it J,(ficuh t(l ulldttsl:mJ why 
they ni.'\'J to bting their pet in tOr booStt-rs. If rhc 
r..•asoru arc ~·xplained and if di~·nts arc advisc..-d 
about wh~· they .:.:hould i.sol"t(' their pet from ~mi .. 
mttl~ wi1 h (111~1 i(m~l,le \';:tedntu)(ln hi$t(lri~. lll:lny 
C:.l$tS ,,.( lnf..xlil"'Jous disc:'lse would be rrev<'nt<.-d 
among young animsls. ClientS ,)fr<:n perceive one 
vnccin(' to be enough or do not unde~wnJ that 
ttt~:ir ;~_nUn;~ I it nQt prt.~tt.<:ttd imm-:dit1tely <lfter Qn 

lnj~ctk•n Ius brtn t~ival. i ech1\1CI:\IlS should 
include r:his inform;n ion ~~hen cJuc:u ing dienr...; 
on animal nnJ pet care. 

ADVERSE VACCINATION 
RESPONSES 

Tilt m(l6t fWt(lhlt ri.J.~ irm) lving \"<l(;(.il"l<lti<)n 

lncluJe resldu:ll \'1mlct~cc and h)Xtclry. allcr~o:lc re
~lcti()r\S rt-sulting from hypo:rsensitivity. Ji~asc in 
immunOt:lupprcsscd animals. possibll• ~.ffcc~ on a 
fcc:us, and ab~lrtion. The \'etcrincnian ru;..,..~.,...s th('>!e 
n ... U:,. hd"orll! a Vi'IC.Cir'IC b -adrnu'lis1Cn~tl. l1\ lll•)(!)t &::a$CS, 

th~ ben<'6tS o( \'acdn:n i,)l\ t;u outweigh the ri..4:s. 
bUl it may ,xca~ioMil)' be nccc..'lisary h) omit or 
delay Vll~cinntion l-ccausc: of liOme of the (actoN 
jl~ mentiv ntd. 

One ~l( rhe 1\lt"\'if co-mmon r~:.c.li•lOS l)lltcd wlfh 
vnccinc administration i:i the sting fdt by thi' nni· 
nwl after injection. This is most oftl•n ctlu~d by 
in<~cti ~J<I ting a~entll u~d iu mam.rfa<c:turing thc. vac-
cine. M:anuf;lCtur.::~ arc .:::tlf"l~l :)ody rii!*Jtc.h,ng 
wn~·s to decre~l!it" the;c utldcsimble effects "'hile sttll 
producing n quality product. Thi$ stinging rc.IJcti<m 
i.s short hved and di)C.:$ not uSUillly cause: ~ probl('m 
uni t:~;~ the :tnim.;:•l rt<lCt$ \·iolentl)'· O ther eomm(ln 
huf 001 usually serlou~ reao:rl,)fl.i mclude a :.llj!.ht 
fever. lethnQ,'\'. and smeness ar the inj~-..::tion site. 
Th~sc usually subside within I day. HypcrM"rui .. 
tlvit~· mi1~· be (;;lu((:d h)· .$te\'l.:rtll l'a~um. indvding 

Copyrighted m3\erial 
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;eneral Outline of a P rt' \'entive Hea lth P rogram for Dog::-
t riiSt office visit for health progtam-usually at 6 wk 

of age 
A. Conduct a general physic.ll exammalion and 

reCOrd body weight 
6. Check for ~ernal parasites and de'.tmdto· 

phyies, and initiate appropriate therapy 
I. Fleas, bd:s, ~.at mtes (Otock:<tes cynobs) 
2. Md•lge mites, especially Oemodex coni's 

alld Sorcoptes scobNN 
3. Dermatophytes, partcularly Microsporum 

spp. and Tn'chophytOfl mcntagropl•'{tr!$ 
C. Conduct fecal ex.aminatioo including both 

dlrea smear and ftotanon 
D. lnlb4t~ adnwuslfabon of h~attworm prevt'fl.live 

m<~nagement 

E. Administer an anthelmintic l(l( hookworms and 
roundworms and, if tapeworms are present, 
4dm•Mter pranquantel os eps¢)ramel 

F. Vaccinate V\'ith OA;.PL·PC· and, p~, with 
kennel cough wtcc•ne} can.ne Lyme borreliOSlS 
vaca'W.', and GICidlo vacone 

C. Advise oo nutri.tioo and foutinoe grooming 
H.. Provide ovmer \viln dient education p~mphtets 

on topics such as the lo110'1.1ng: 
1. ldentific:.ation. treatment. aod control of 

fleas, bc:ks, 111nd ear mit~ 
2. Beneiits of pre\<entf\oe management for 

can•ne heartworm diseose 
.3. M<tnagernent of normal and aboom-.al 

puppy behll\liors 
4. Skin, n4il and car C<lrc 
s. "How to" oo gfoon'ling alld nutrition 

l fill in the puppy's heal!n record for 
the owner 

II. Second offire viSrt for hea!lh progr&m- usu&lly at 
9 .... tof age 
A. Conduct a general physical exam nation and 

record body weight 
6 Check for ~ernal paras~es and demldtO· 

phytes, ~nd initiate ~ppropri~te ther~py 
I . Fleas. lids, ear rm1es (0. C)YlOlis) 
2. Mange tTlltcs. ~i&lly o. ('(J(WS M'td 

S.S<Gbie< 
3. Dermatophytes, partcularty Microsporum 

spp. and l mefltogrophyc~s 
C. Cooduct fecal examinatioo including both 

direct smear and flotation 
D. Adjust hearm-orm preventf\!e 

t. Adn1inister an arnthelmin6c fOf Mokvrorms ond 
roundwonns and, ii aapewonns are present. 
<rdmrnister praziquantel or epsiprantel 

F. Va«Wll!t~ wr!h O,.VPL PC' and, possibly, w•th 
kennel oougt. vac<ine, e<~ni•le lyme borreliosis 
vaccine. and Qordio va(.doe 

C. Adjust nutritiOn ac(ording to heattl-r OIN!ds, 
M<l if needed, change the gtooming proce
dures 

H. Provide O'M'lef with dieru education po•npl>let• I 
on topi~ such as the folkwamg; 
1. ldentificatiOt\ treatment. and oontr.,. of 

Reas. ticks. and ear mites 
2. Benefits of preventive management for 

unine heillt'A'Otm disea~ 
j. Dental. skin,. nail, and ear are 
4. "How to" on grooming and nutntion 
5. Management of normal and abnormal 

poppy beh..lvioo 
6. Exercise and its rmportance 

1. Fill in the puppy's helllth record t:or ~owner 
111 .. 1hird office visit for he<llth progfanl -usually at 

t 2v;koi~ 
A. Conduct a general phVSJCi!l examination and 

fetCOfd bcxf)· weight 
8. Ole<;k f-or ext~rnal parasites and dermato

phytes, and initiate appropriate therapy 
1. Rells. td.s. car mM!'s (0. cynorts) 
2. Mange mites. espeaally 0. ((~(~is and 

s. !,CQ/>iei 
3. OtNI'f')!ltOph)'t{>S. P<'rtiCularty M1Ct0$p()('(J('(I 

spp. and T. men!ogtophytes 
C. ConduC1 fecal E'X(Imination including both di· 

rect smear and Rotatton 

0. Ad1us1 dOSDgt of Martworm preventive ~c· 
cording to body "'-eight 

E. AdnwaJSter an anttdninbC f01 hookworms and 
roundworms t~nd, •f tap<.'VIOCms 4r~ present. 
administer Pf'dliquantel or epsiprantel 

f. V~c.c;W\ate with OA}PL·PC· ond, possibly, \\ilh 
kennel cough vac:<ine: canine Lyme borrefiosis 
vacc1nC, &nd GK.ndJo wcone 

G. AdjUSJ nutrition according 10 helllth needs and, 
rf needed, change grooming procedures 

H. Provide O'l'l'l'lef with d1ent cdu~tiOn po•npl>let' I 
on topics such as the foii0'11V\g: 
1. Identification. treatment, and oontr.,. of 

Reas. ticks, and ear mites 
2. Dental. skin, nail, and ea1 care 
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BOX 17-2 General Outline of a Pre\'entive Hea lth Program for Hors. 
First Quarttf; Januarv~}.farch 
ANHOtSes 
Deworm <tl least e1efV 8 wk. Exercise e<~re in choice 

of an1helrnntic:s for mares in the th11d ttimestel. 
Begin deNOfll'W\g fools ot 2 mo of age. 

Trim feet etery 6 wk; more frequently in foals requir
ing hmb correction. 

Denbstly: check twice ~rty Mld Roat teelh as 
needed Remove woU teeth 1o 2·yr-olds ood 
retained <dPS in 2·, S·, and 4-yr~lds. 

Immunize ku respiratory d1sease: lflfluenza. strangles. 
and rhinopneumOI'Ii{is. 

In southeastern United $tates immunize tor equine 
encephalitis. 

SroliJOns 
Perlcxm ooo-.>lete breedil'lg e.ami1lC1tioo. Maincaio stal· 

Ions under lslns if be•ng used for earty breeding. 
PregnonJ Matt'S 
Immunize with tetanus tQ.IIOid, ond opeo sutured 

mares .>0 days prepartum. Oevelop a colostrum 
bank. Ninth-day breechng only for mares v.ith 
normal foaling hlS(Ory and flOJ1"t'\ttl reprod~ 
u-act. Wash udders of foaling ma.res. 

Open Mares 
Ma.tu.in under !@us if being used for earty breeding. 

Perform daily tedsing Pertcwm repfoductNe tract 
examination d~ estrus. Mares shovld not: be 
too fat but in gaiOir!S conditton during breeding 
seasoo. 

, ... ,., Fools 
Dip navel in dimfectanl 
Carc.'-fu!ly, gNe a de<~~nSn'g t:-.nem" at birth. 
Administer tetanus p:rophylallis if indic:ated by history. 
~rtorm immunogJobu!in test~~ 12·24 hr. 

S«ood (lwaru:r; A pf'£1-Juoo 
ANHOfSes 
Deworm at least every 8 vJk. 
Trim fect C.'WJV 6 wk. Do not forgd the foal~ and 

yearlings. 
DentiStry. check teeth and remove or float teeth as 

needed. 
lnvnu•lize for equine eocepholomy8tis. Administer 

olppropriate vaccine boostel'$. 
Sro!tio.ns 
Ma.tUiin ~n CXCICISe program. 
Monitor the semen qvaliry. 

/Jioodmores 
Palpale at 2 I, <~.~2, and 60 da'(S after successhA 

breeding. 
roo~ 
Creej>feed the foals and ptO\'ide free-choice miner· 

als. ImmuniZe al 3 mo of <lge. 

Group foals bv gender 4nd Sire when weaned. 

Third Qu~rtcrl Juh· .. $C('tetnbcr 
All H=es 
Oeworm at ledst e'\.'ery 6 "'" <lp Md sweep the 

paShJ!E$. 
Trim feel a•ery 6 v.it Continue conectf\•e trirrvrnng 

on foals. 
Oentisll'(: ched teeth ond rem<We or noat teeth as 

needEd. 
SloN!oos 
Mointolin d•l ~rcise program. 
/J!oodmofes 
Adminr:;ter rhinopoeumorutis boosters to pregnant 

mares according to manuf4ctur~(s labcled dlrl"C· 
tions. Administer apptopf\'lte vaccine boostes-s to 
foals and yearlings. 

Oleck cond1110n of mare·~ udder .:11 \~11010& and 
reduce amount of feed giveo unli milk no-. ... is 
reduced. 

Fools 
Adm1nrs.tcr al apprcpootc .mm~JR:Z4hons. PrOYKie 

ftee-dloice minerals. t.o\aintain a protein wpple
ment in creep feeders. 

Fourth Qu&rtcr: Octobtr-Oci.'tmbcr 
AJ1 HOIS(!$ 

Deworm at least every 8 v.t. Select anthelmintic 
approp(jate lor season. 

Trim tee1 (f!Jery 6 v.t. Conbnve correa-Ne bimmirtg 
on foals. 

Ocntist:ty: chcd: t<!cth ~nd rcmO\'f: or ftol!t t<!cth as 
nffi!od. 

StoNions 
Conbnut ~ prog~4m. 
0\eck immUI'Iilations. 
Perl0fl11 breeding ex-amination. 
Broodmo!es 
Con~rm prc.>gnancy. 
Segin treating ope'' m.ares. 
Check immunizations. 
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BOX 17-3 General Outline of a Preventive Hea lth Program for Car 
I, riiSt office visit for health program (usoally at 

6-10 wk ol age) 
A. Perform a general physiCal examinabon and 

reCOrd body weight 
6. Check for ~ernal parasites and def!'Nto· 

phytes, and init.ate appropriate therapy f01 the 
following: 
1, I leas aocl eat mites (Otodectes G)1'100s) 
2. M.ange mites, especially Notoedt~s cotl; 

Demodex spp., and Chey!etielfo spp. 
3. Oermatophytes. parbcularly Microsporum 

spp. and TrichophytOII mentagrophyte.s 
C. Perform fecal examinateon. including both 

cirec1 sme-4r t1nd ftotabon 
0 AdminiS~:er anthelmiotics.. such as p1pantel pa· 

moore for roundwonns and hookworms and 
praziquantel or epsiprantel for tapevt'OOT\S 
(if present) 

E. Vaccinate v.ith f'VR<:·P:* ChlomydJ'o.' Fet.VS 
{possbly test for FeLV/FfV before iniba! FetY 
Wlo:Ntion). FIP.11 Boulc:cllo. and Giar&o 
vac:ooe> 

F. Advise on nutrition .,lnd tov6ne 
gtOOfi'Wig 

C. Ptcwide owner with dient educaoon pamphlecs 
on topics such as the following: 
I. Identification, treatment., and control of 

fieas. IXks. aod car mrt<!S 
2. 13eoefits of va«inatioo b fetV 

infection 
3. M4naget'Mnt or normal and 4bnotm~~l Cllt 

behaviors 
4. Grooming "how to• (lnd nutrition 

H.. Fill in k.itten' s heatth record fOI the owner 
II. Second offire v.srt for health progr&m (uswlly at 

12·14 +Me. ot "&e) 
A. Perform a general ~'Sical examinatiOn and 

record body weight 
8. Check fOt e~rtemal parasite!. aod cletrnatophytes. 

(:lnd initiate <~ppropraate l:hefapy tor the 
folkMing: 
1, Fleas aod eat mites (0. <ytlOlis) 
2. ~.4<1nge mites, especially N. c:ot~ Oemodex 

spp., and Cheyletie!Jo spp.. 
3. Dermatophy1cs. ~mcularly MIC'fosporum 

spp, and l metltagfophytes 

C. Perfonn fecal ex~tllW\ilfion. inc:luding both 
direct smear and flolation 

0. AdfnlntSter anthelmintcs, such as pytantel pa
moate tor roun6Nom\S and hool<.v((Xms and 
praziquantel Of epsiptantel for tape\\'OrtnS 
(d present} 

E. Va~te"w!lh FVRC-P.• Ch/omydio.l 
1 eLV.~ rabies. fiP,• 8ordetei/Q 3!0d Ciotdio 
va(dnes 

F. Adjust nuttibon and g1ooming 
procedutt>S 

G. Provide O'Anet vtith dien( edu<:.ltion pamphlets 
on topics such as the foltaM~ 
1. Identification. ttewneot. and contd or 

Re8s, {ick.s. and e<~r mites 
2. 8enefi1s o' vaccination for FeLV 

infecteon 
3. Oental. sk.in. oail, and e<~r cafe 
4. Management of normal <end <ebnormal cal 

beholviOfS 
5. Exercise and its 1mportance 
6. ({e(ommendations for spaying. <as.tration. 

and dedawing 
H. Fill in th<.' luttt.'fl's health reco1d fOl 

owner 
Ill Subsequent visits tor health program (vsual,t 

annual visits} 
A. Pcrfoon a general physical OOrT'lln!ltion and 

rec<)(d bcxty weig.l'l( 
8. d-Eck for e):ternal parasites and dermal!> 

phy1cs. and initiate appropriate therapy for 
the follo-Mng: 
1. A.eas and ear mitef> (0. eynotis) 
2. Mange mates, espeoaUy N. cati. Demodex 

spp., and Chey!ctk«a spp. 
3. Oetmatoph)1ef>. particu!arty Mict0$p()((l(fl 

spp. and T. men:agrophy!es 
C. Pt'rfonn ferol cxaf'I'\INtion (f«aa 

flotation) 
0. AdnWaister an anlhekninr.ic. ac:cording to tml 

examinatton findings 
C Vacclr\atewith F\IRC-P.' Ch/omydio,l 

Fel\l,i r~bie$.. FIP,• Botderf#Jo, ¥\d Ciau:JiQ 
wccines 

F. Ad!US1 nutribOn Mel groom1ng 
procedures 
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BOX 17-3 General Outline of a Preventive Hea lth Program for Cat 
G. ProW:Se owner with dieot education pamphlets 

on topics such as the following: 
I . identrfic.lteon, tre.ltment., <tnd control of fte.ls, 

ticks. and eat mites 
2. Senefil$ o f vacx::toation for I eLV inf.ealon 
3. Dental, skin, nails, and eat care 

4, Management of normal itnd aboormal 
cat behaviors 

5. Exercise and its 1mportance 
6. Re-c:omm~tions fo1 spaying. astration, 

ancl dedawing 
H. Fill in the eat's health record fOf CJitf'IEf 

N.LV, f<,lu~ kulu:mi;t V1tu~ FJV, fdino: i mrnunodclki~nc.y vuu10: FW, ldinc in(ecliou~ l"'niOOiti,;, 
• FVRC·P n:f<"fl>to the u:o: of :1 '::.ccino: to rrot«l • '"'' 1\-.lin.:: ':ir.tl tllinou..cheiti:> (FVR)-: f~inc (:•lid~·inu i.nk<:tion (C): and 
(cline I"((J'')cuk~l~ (P). 
t Ut:c bei ng;l'f\-'(!llr~Xi t,...- llhipmtnt 0 1 cn1etin11 a ixllltdinll ken.nd, \'C'I:erinaty h.'><piml. ,,, dmk .~hould h.: \'ltCCU\IUe.l 111 knst 
l ·l •·l: ~(""' ~n1mio!' ot :of•.il"mcnt. 
* Tho: V<t~ne a •rrcml}' (w.-ibl..se l1P~n."1\tly fli"!'I<K'd d'f'o.,l\"<' f'f'()(o:«lQn oo.ly ~inu (:f!l.n:n)'M Pfil..,.;• inf«ti""'· A< •·ith 
mhef ,.~inc$ for req>u ;awry 11ilmenu. Ciwnpk-1~ pmc:o:«illn i:< l'f)lltfford«<: hwwr.\"t.'i'r. d ink11l $i£n'l of Cilnjuncli\·i•i:-1 or \.lfll':l 
rt,pir:·'"'l}' u-:b!t J~tbt. if th~r Jv v«'ur, an l'ot rt;tOCi t-..1 f()~lll.'n t~•rW' oaod a~ trlriJ , 
§ R.:(e~ f•' the<: I.ISC' ,-.f 11 VIICCI"""' to ('!Wfl•ct RJ,'IIin$C f;..J.V 11\I<'Q11'ln, Fel.\1 ~n.l FIV \'IICCinC1- arc • lnunitrcrL.J ~ufw:I.JI:,I(IO.'I.Id)' m 
lw:tlthr kitrcm m .:tldcr c:tb ;u: tv.'U dme,, w11h rhe ~"J dclele': giwn :l Cit of ··l: niter rh< ,;DI. Al'l'llltl rcv;u.:un;uion •·ith :t 
.,i~k Joe.t i, n."o:'Uil'lln\'ll<li.'\1, 
II The Pr•mu~dl·t'1P Voc.:u~ lPIUer Anim~l HC.llllh) i$ udmimttct~od il'tr111' 1•~:tllr t •) heAirhr cat$. l'riml•f'l' \'Ao.".Cin:tnoo 'WII'IIh 

tW<> da~e~ :Jwuld he gh'CI' with rhc- lleOOOd d<:« ~mrni~Cf\.oJ 3,4 ,..,.k :after •lw fi~. :and 'iOE:Ie•,J,;,c :mnu~l n"'';w(in;l'licm ;, 
r\'~'{lfl\rDie»J\'d . 

"''>In M~urnin 011. ~n JM~ Clmiculro:xrlxwl&: Me \~etil'llf'l' 1eehniWn~. e.k l)hi laJe.lphilt, 2002. WS Saundw. 

I ll1ges!K>n of colostrum within the fif'Sl few hours alter birth is an importantlaaor in baby calf $tl\iv'allmmunize 
\\tth oral bovine rot.1..-irus and corona•,-,rus entenc dsease v.xcne if a calf d litnhea probl'em exiStS lf'l the herd 

J • 10 J·Mo·Oid CaWe< 
I !n>m,,n;,~ with a $E:'\<eMwry OOstridial disease product Oeworm with <ommerdal prodU(t that is safe fOf calv-es. 

Coh.:es 
broad-5peclrum commercial dewormer, and Wnmunile as follows: 

Vaccine Age for ~dne Adminisuation 
Stf4in RB-51 {C41fhood 4·12 mo 

vaccinoti«a-replacemeot heiters o nly) 

I o~~~~~~~ ,.., 1 peflringrms l)pe$ c and 0, c chouVOf!£ c. 5·& mo 
ll(N)i C sep1iwm, C SOide!W 
and P 1·3 tespiratory diseases (inactivated !>·6 mo, boostet at 12·1J mo 

vaccines only) 5·& mo. booster at 12·13 mo 
5·6 0)0, booster at 12· 13 mo 
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BOX 17-4 General Outline of,, Preventive Health Program for Beef C. 

I~=,~~ Cofi'('S 11 with broad-spectrum commercial dewormer, and treat for lice and grubs. Castrate the btil Galo.<es. 
lmmuruze wrth PasteureJ!o and Hoemophj/us {optional) v.xcines. 

10.12 mo 
10. 12 mo 
l0· 12 mo 
10.12 mo 

I~;.~:~~~~% COws 11 brood-spectrum ~-orrner and treat for lice. Immunize f.or leptospirosis and campytobacteriosis. 

I ::::r~.ico"'' as follows: 
Vaccine 

i!nd !espll<l!OI)' d1SeilSeS (Ul<lcbV<lted 
v&e<ines onty) 

(mctivated \!accine Ol'lt)t} 

1'~~;,~~~ 8fld coronavitus enteric disedses roli enteric diseases 
diseases: 

C. per!ringens types C imd 0, C. choiJliOet C. no~ 
C sep<irom. C. SOideili 

Time ol Vaccine Administration 
Before c.l~1ng 

Before caNing 
Before c.l~1ng 
Before <~;,,g 
8efore ~·ing 
Before caNing 

1 0""'"" annualty with broad-spe('tlum dewon"''ler. and treat ror ke and gf\.lbs. lmmunite as recommended 
lot prebreeding replacement halers annua!Jy (see the abo\!e section). 

Ft:tdlot ROOOil'lrl\('ndadol'IJ>• 

1 ~~~~:~: inro the FeedkA 
11 wrth a broad·spearum devi'Otl'Tter and immunize lor ISR, PI-S, BVO, BRSV, and clostrictial diseases 

(use seven"vay \'ilccme). lnactNilted IBR. Pl -3, and BVD vacones are the safest 

wt Afte1 Aui</01 d!ro the Feedlot 
I meoplmt a commeroal 1mplan1 prod.tct. Treat for hce o!lnd grubs. Admllllger booster 1mm1Sittat10ns 1f necess.11)'. 

Abort the heiters ;r necessaty. Castrate and dehorn ir ne<:essacy. 

BRS\~ ev-·it~c tcSJV.'It<.'CJ ))'IX')U.l..-inu: 8\lD. lv•:il'lc viru) Ji:~rrhc:.; J8R, inh.-ctioo, bo\'llll." thnwl:r-'Chdli,. PJ.J, pt•ro~.illtlucn:-..·3, 
• Od~• •J~ •'a<'<i.J\al d\flt ffi.(l.~' I'(' in.:oJ(f'oJtilloJ lnw tho: imu,unl:i!UOO f>t'('.{:f'&IO, Jo:t'o:'I\J~ 00. IIWi•'Wool h.;-11.1 1\o!t\.h 3f\IJ 
di,c11~ en.lcnuc h) th..._ 1111!11, indudc umt..nu: u.nd llTUIIJ!b.-lm.em-~. 
t Otlwr O:.f'(.iOO:l.l Wll.'tino.~ thtlt tll:'l.) bt in~VIJ'Vrtlli-.1 inw tho: ill"'ll"'uroi::'l.ti()(IJ~nlfll, Jc~'\"1'\di~ o)ll inJi,·idw l ~ no:•·•·" :'J.tlJ 
Jikll'\:0$ ~o:rnk w (h(' l'lle11, lndudt Hm:mQ('.t\N.ws Yfl'lli\IIS, Pd(fo.'llr.;b w~. Jcrw,rlro:co;l!. ru\\1 llnthm. 
From MeCurnin 0)..1. B-tt JM: Clinic11i tl!:ttOOclk (ex n~...,-in:or; tec.hnktaru, eJ,, Phil!><klphi:1. 2002. WB S:.undcn. 
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BOX 17-5 •ral Outline -'reve ntive He.alth Pr~ram for Dairy C.1t 

Immunize with boolll"te rotavirus and coronawrus enteric drsease vacone.,1 and CK!ministel Eschenc.hia rob' 
tnte11C disease- varont oral)•. 

weoning Age (ol>ovt 2 mo) ro Breeding Age (ot>ovt 15 mo) 
Immunizing Vac(ine Age for VacOne Administration 

4·12 mo Bnxelfo abortus. strain RS.S 1 {calfhood vaconation
rep~a«roent hea., only} 

Clostrk::lial <iseases: 
Clostridium petfrmgens types C and 0, 
c. cho1J110f:l, c. not.yt c. septirum., c. St:Ndel/ii 

18R ClOd t>l·l respiratory diseases 
BVD 
BRSV 
Leptospirosis 
Campytobaaeriosis 

Fn>Sh Cows and Hdfrtli 
lmmunizi•lg Va«ine 
IBR and P 1·3 respiratory diseases (inactivated 

vaccines onty) 
6V0 ("8Gtivoted va«ines Of'll)') 
BRSV 
Leptos.pnosis 
Campylobaaeriosis 

Dry Cu"'J :md Bred Heiftf)' 

2.JJ mo. booster in 2 wk 

4·6 mo. boostet at 12·13 mo 
6-.a mo. booster at 12-1.> mo 
&-8 mo. booster ~t 12·13 mo 
4·6 mo. boostet' in 2 vtk 
4-Q mo. booster at 12-1.> mo 

r.-oe of vaccine Administration 
30 days postpartum 

30 doys po&portun' 
.iO days posrportl¥n 
30 days postpartum 
30 doys po&portun' 

The goal or dry COW immuna.ation IS tO proytdc Optimal prOtection fOJ the JWVJbom <atf. 
Immunizing Va«ine lwne of Vaccine Administration 
Leptos.pitosis AI. time of dr)'~fi 
Bovine rotavirus and coron.!lwus c.>ntcric ~scsi 14. tme of dr)'-ofi booster in 2·3 wk 
Esdlefichi<J coli enteric disease' N. ti"'e of dty~ff., booster in 2·3 wk 
Clostrk::lial diseases: AI. time of dr)'~fl. boosrer in 2·3 wk 

C. perlringens types C and 0, C. choiJliOel, 
C. nolYt C. 'St.'ptiC"'ft'rt c. sordcll» 

ORSV, f)o)\llno; ~rtf'<Atl)fV Wl'l()t:UI' iM: IJVD, l'o)\Jil\o; ~·iru< dlanbo;t~; Jli.R. lilf«tton< 1\.>'i'lnc' lblno:ott..~~:htit~ Pf.J. ~J;influo:fU8·}. 
• O.he. \':ttdne~ tk.t ~·he lnc<lf~X)I':I Io.'d inca the Vl~ttin;.ti<:lro Pf'\ISJltm. dc('o.'!Mdins <II\ indl\'.du:.l hl"f\:1 .. ocs~~ and Ji'H'MCJ 
tt...S.<>rui<! !() 1.lw ~a. induJt H~ol!il11s .kllltf!US, P~H(tll'tllct tlf'P., S"11lmtlndla !'(lp, C~rricJh111t fla.>onoc'vtirnm. inufuar.. :1ttJ 
ru.l11rl ~ 'lfl•=--if. 
t Uw if prOOicm ,,r roeon;.t;tl t:olf di.:.m'he-.t u i)U <Ill the l:mn. 
Frvo1 ~kCuniil'l 0.\1, ~r1 JM: Clini(:d ttx•l-.:ook ~ ,·etf'rin~t\' t.x.luii~ialu, "'" Phi.lit&l~'lhia. lOOl. \t18 S&ui~<Jtn. 

BOVINE VACCINES 
&wine Tt:$i'ir;uvry d~le;\~ cvmplex "~ecint:: 

Pll 
IBR (infcctil')US b<winc rhinou~ch«iti~) 
BVD (00\'ine viral diarrhea) 
lkwint rt:spiraw·r)· $~TI(}'tial \' lfUS 

Mcmnhdmitt h(tem(.llyrtnt (fonnC'rl}· kn(lwn Its 

P~rcuTcl.Lt muli.Oclda) 
H. smlulus 

0l'l6trid i~1 \'llccincs 
LcptQlipif'O$iS 
Ct• 1Up)•lob.1.<:ttriiJSi < ( \' ihm11$i~) 
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BOX 17-6 General O utline of a Prevenrin H ealth Program for Swi 
Prtbrttdi.ng R<o:oaun~tklons (()r Doo.111 
Purchase boacs 60 days before W'ltended use. 

Quarant1ne new bo..lrs fo1 30 days. then allow 
fenct- line coolact mth gilts aod sows fot 30 days 
before breeding. lmmur-Cre boars f()( leptospirosis 
and erysipelas. Treat fOf elrtemal and internal 
parasites before breeding. 

Pu bl'fl'dinr Rec(lfflmencbtM>ru. f()t' Soto.·s a nd Gills 
Immunize for leptospirosis, j)O(one par.'OVirus infec· 

ltOn.'" and pseudoral::xes* 2·4 w); befo1~ b11N!ding. 
Hush gilts by 1ocreasing owlatioclS. Treat tor exter· 
nal and intemal parasites befo•e breeding. 

Prtfan'OWifl# Rtconuncndallons for Sow" and Oihs 
Li'nit teed intal:e to abool 4 lb per head per di1y or 

feed accoo:ling 10 condioon to avoid oveM-ei~ so.\s 
01 gill$ at ftl~tow•ng, Immunize for co~cillosls." 
atropbc rhinitis, ef'tSipelas. transmissible 
gastroentercis (TGE), porcine rotavirus .ruection,• 
.and CfoslJidlum pcrlnngcns type c- -t~ccordll1g 
to m.anufoctJJrefs l;beled instructiOI'IS. Tr~ fOf 
e»emal and internal parasiles belore tarro,...ing "'ith 
approved products. 

" Oe{lcndenr on pi'OOI<.'fll" in the tndi•·idu~l $Wli'IC h~"''d. 

F.a .. rowing R""o•nn~tt,d:u.ions 

Gradua&\' increase feed W'ltake so lactating swine are 
1ecei'o1ng full feed at peak mdk produaion. (Rule of 
thumb: Feed daily t lb of fe-e-d fo1 every pig being 
ni.M'sed (eg., a laoating scm wilh a l tter of 12 pigs 
should receive at least 12 lb of feed daily).) 

GcR('~I RttOmmtndadonJ> for l)igs 
At Bdrh 
Perform nev.bom pig procedures {e.g., clip needle 

ted\ dock t• castrate. eaHlOtd\. .and inject iron 
dextran), 

I ~~ oi Age 
lmmon.:re fOf TGE. • rotavtruS.'' t1nd atropt.: l'hinibs. 
4·5 ~'lk of Age 
Weaning oo;urs at t:his 6me. lmmvlli.Ze fOf atrophic 

rhinitis, erysipelas, and Actmobod/1us infection!' 
6.fl Wk of Age 
lreat fOf external and intemat pa.-as~es vtith approved 

p<odxts. 
0/<ky Than 8 Wk of Ag<' 
Repeated treatments f.or external aod interoal para

sites With apptQ'.'ed produc:ts mcsy need to be done 
during the growJrtg-finishing period 

From MeCum in 0)..1. ~rl )M: Clinit::.t ll.":ttOOclk (,)( \'\!1:\"J'in:ory teehnio:Qrr:s, eJ,, Phib.k!phi:t. 2002 WB &undeu. 

lkucd105i:s 
T ni!~)(Oo.)ll i:l.~~ 
Anthrax 
Anaplll.mlosis 
Enteric di~aS<:$ 

Bc)\•ine n;)t~lvirllj: 
Bl)\'lnc 001\)ll:..Wirus 

f . coli 
Momxdl.:r bol.is (pinkcy('} 

Others 
Vnccin"s arc al.;o <W1.1dable for ~lwcp, p)ulay, •lnd 
.swine (Box 17-6}, These animals ma}· be raisc,_'\i in 
ltlT~ numbc.-~ (10 fanru. 11ml <I.:S (or (Uttl('•ru.i:li~ 

IJ(.."tnni<m<:.. \';l!Xin;uwn :<htxll• l"'~~ mtl}' ~·••11· tl¢C• 

ordltli ro the rype M rotld!d,"JJfls :md locltlon. 
Ferrets h~vc b<:com.: oomm,)n h,)uschold pets uod 
.lihould be vacci.nated for canin(' Jistc:ntJX'T acoord• 
mg tv the .$(;htduk u~.,l (o., J.JS?;;· Smnc r.1bic.-.• 

vucdne$ a.rc.- llJ-"PI\.)\'«1 ((It' U"<: in f-:-rret-.. Public 
ht:;\llh :.~uhvtilieJ .::ao rt:quire :~ r:)l)ies--v~Cnta.l~ 
ferrer th:lt bites a hum:m to be cuth~mitt'd ;tJ\d 

h''st<:J fm mbies virus, 

SWINE VACCINES 
F..ry;.pel:u 
lcp10spirosis 
TGE (tran~mis:siblc ~stroentcritis) 
Por<:ine riJtaviru~ 

C. P•'''""'"u (cyt"' (:) 
Neott:ual porcine c,)(ibac ill\'Jttis 
Porcifll.• rroliferath•c Cl\tt.'fitis va-ccine 
Bookutla 
Ptl$lt'U7t>fltt 

Al'linoiMdll:tt.S 
Myc<j>l&mn 
Pol'(int' rcpr\.xluctive and respiratory ~yndrom(' 

v~""(:ine (PRRS) 
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> !J lmmunostimulants 

Complex Carbohydrotu 
ACEMANNAN 
This is t1 compk)( carbohydnt~e dcrivcd from olor 
\'1;:1(1.. 

Clitlical U:(es 
1'\cemannan is us-ed as nn aid in the tl"<'atment o( 

6br~arcom<J in c~• t! and dogs. It has aiK~ bttn ~cd 
for $1 i11h1la1 ing W•)•,md ht;~\lmg ;lnd in d1~ 1 r~tmeru 
of fclV- :utd FIV-mfccred cats. 

Oos1:4go: Fonn 
Act:ln:. n.rwn i n.lmiJn<J~imu I ant 

Adt-trst> Side Effects 
Nonc 

lmmunomodulotory Boderins 
STAPHYLOCOCCUS PHAGE LYSATE (SPL) 
This is prcpan.-J by l~in.g Staphylococcus ttltro."u.s 
with a polyv;•lent bn.ctl·riophuge. 

Cltnloo.l u,d 
SPl is used in the trcaunem ol canine py~'Xlcmt.:.l 
and rdnnoJ skin illfccriorn with n staph)•lococc~11 
•.~.11Uf"..!loel1 t. 

Dosage Fonn 
Srnphase lystuc (SPU 

Adt-.:T.1< Side EHec~ 
Th-ese utdi.K!c mabJse, (c\'ct, chill~. :lod iOJ\!CllOO 

s:ite irrit~tion. 

PROPIONIBACTERIUM ACNES BACTERIN 
Tius- ill' pn:SX~red (ron\ kill~ PI'O(Iioniklcte.-ium 
<~COl.'S. 

ClinU;-ol Uses 
P. at'Jle$ i$ t•:<d 111 ~he treauu~nt llf du'()niC- re• 
curro."1\l py~"ldcrm.'l and :u :lO :tdjunct tho."r..lpy In the 
ueatmo."nt for equine respirato-ry dis ... oons.: complex. lr 

nlso has been uSt.oJ as an adjunc-tive rhcr..lpy in rhc 
treatnltnt of (dine rctro\'irus infection. 

Oo.ta.ge F~mn' 
I. lmmunoregulin 
2. E\ptim 

Advnse Sfde E/fuu 
The1ie indud.- nwl:u~. (.-vt?r, al\d chills.. 

MYCOBACTERIAL (Ell WALL FRACTION 
Thi* JS ;.)n eulvl$i<•n (I( <:ell w:.ll fr.t<:tic,n., th<:•t ;tl\': 

modified m roduco." 1hdr h))(.City :md allo." l'l:k 
c((.,.'Cts. 

CUnic:aJ U11C$ 

'l'he~ indude the ue:.umem •'~~ ~uine sarc•.,lili and 
bovine ~xulnr squ:.1mous cell carcinooln. lr is also 
US<'d in th~· trt.'tltmcm o ( mixed mammal)' tumo~ 
<1nd nw.mmary a<knOl.<~.n:inoroa in dog!l. 

Oo.tttge F~mru 
I, R .. "gTe;sin-V 
2. Nomugen 

Adt<-eue SCde Effeeu 
These induJe malai:so.", (e\W, nnd decreased 
nppctitl"· 

r~vN~ 
The effects of immuncxherapy m~ be decreased 
with the adrnr.tstra6on of ~essive drugs. 

REFERENCES 
F«d RB: V\lo.'(iJ\~'1' nnJ ":l.l.'(lt\.~H•JM: ~lor d'ot' l ht «tU.uty. 

Suprf (~""pend Co:omm &luc Pr.~o..-. Vc• 20lSC):l9·14. 
tm. 

M.:.Cumil'l OM. ~rt J, cliitON: Cllnk"JJ tex{l-vl.>it f,)J v~:tell· 
o:.ry u.ochnici:uu, l'li 6. f'hibde!f'hia. 2006, \liBSwodcr.~. 

MeriaJ wcl:~i{i:, Z007. 
V:Vt Kl'lmf'<'J\ KR: R«<O''bh'Wflc ro.:-~"!· Suftll O.m· 

pend Contit~ &k~o: PT..Iod V~t 1{.'1($):13-.}2, 199S. 
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EY TERMS 
CHELATING AGENT An agent used in c.hemotherapy 

fa met>l poisoring. 
METHEMOGLOBINEMIA The presence of methecno

globin in the blood caused by injury or toxic agents 
that conYert & largeMh&n•nOrm&l p1oportion of 

Chondroprot«:tive.s arc $ubsttmce.s that are able to 

dcC~t<t!l: thc rn.lf.'Tt~i<.IR .;>( O~ttvartluitiJ:; by pt'IJ\•id• 
ih£ :.upp;~tr t•) c:'ltl il:l~t: :lnd pronh'l(Ul£ hs. rep:hr. 

Polysuffated Clycosaminoglycans 
Pol%Jlf•nc:d glyc:.;xs;un inogl}~an {PSGAG) oon:~i$ts d 
;t ~'\I::.Uu\{: ch:nn <•( hex.;«n'!lif)l! :u)(J hexur(lt'lie :~cl 
(&od~. 2001). T he comrlex nalUre of tht •noltcul\' 
alJ()';I.'S "'-'at« ro be n">lppcJ in hyn1in<' cani~ 10 rm· 
vide res.i$11l.nG<' 10 compres:~ion and m~ilil•ncy to the 
prot~l~n tlnd ooll%:-:tl m:ttri;c. PSVAW Mt 
e.xtr..c.u~d ft'lt C•'M'llm<:rcl:ll 1U from rhe tr.tehe:ll tK<.ue 
of dw b.-wine, Aitcr inuamu;c,Jiar OM} inj.ccrion, 
f'SGAG is deposited in articular carti~~ :md 1$ 
pn:ftn:nti;~\1~· taken up hy •Jst~oorthritic ca.rtii<Jge 

(PI mol\ 100l). Whc:n t~~ll f• ll'e.lt &.·~<~::ner.:alwt! jtJil'll 

oonditloos.. th..-se PSGAGs inc.re;~ ~'1\0\'ia\ tluid vis· 
c,~it~· anJ inhibit emymt.-s duat Jam~'l: canibr;e ma· 
tJix within joina. PSGAG$ abo m!uc:e in(\amntation 
~· inh il-itirtg (lf(-'tl"'.ghmlin rde<~~~l in fi)OU injury. 

Clit1ical Uses 
PSGAG is \l$l.-d in t~ treatment of noninfectious 
dc~.o'tncrotivc or trolum• tt~.: joint dy~functivn and <1.:'• 
.sa.x.ilue.:l l<lln..:lleiS (,f 1he C;,lrjXII J(nlltS 111 hOr-Se)). h 

also has been uso:-d to m·at d\'get\eJativ\' JOint Ji:sm· 
ders in dogs nnd lamen~ in $wine. 

0 CI$UJCe F'tmns 
I. l\dcqua.n I..A., (o.r ultt:l.:utlcul:lr lnjectiOI\ 
1. Adcquan LM .. (\'>r intramuscular inj1."'Ction 
3. Adequan Canine 
4. L.:~cnd 

hemoglobin into methemoglobin. v.t«h does not 
funaion as an oxygen carrier. 

NUTRACEUTICAl Airy nOf'ltoiQc food compooent that 
has sdendfically pf'O\Ien h<M!th benefit!. 

Ad•;er$1! Side Eff\'.Ct$ 
A<iv~r.lt: $1.:le e{((!(!(~ ~~re rniniul;)l whh IJSt: ~.,f thi$ 

product. 

T~'ll!FN~ 
I . Amik.acin may be used ooncurrentty with .,trol

art•cuhn use to prf\<ent mfecton resultmg from 
possible c:ont<lmil'lcltion. 

2. PSGAG should n01 be used in horses intended 
fOifood. 

3. safety in b(eeding &nimbls Is undetefmil,ed. 

Nutraceuticals 

The American Veterinary McJical Ass.ociation 
dl·6nes nutract'ut ical medicine n.s "th\· we of mi· 
<.:ronutri('nt.s. mt~<.:ronuuicnu, and Qther nuu-i ~ 

111)1\.'l l .5-Uj)J)Jeml!t\t.'> :l$ thCr:'IJ'ICUIIC :lti:el\1$." 11'1 

vctCftn:ll)' medic me, tht rerm is gel\er:.lll}' used tO 

refer to e nJor;enoos subsr:.:tnces (nm b.:nanicals} 
that hll\'e be('n pr('parcd or $)'nthc:iiocd to support 
hodily (\ln(.ti<•• ~l. The pop4.1larhy .;•( d~t pr(·~hn:;u. 
wh lc.h ma~· h~1ve dl:ll".lCf('UStlcs of nutrtems :'l!ld 

rhannn.c.C'uticals, h.-s Sl.'cn nemcndous growth 
in use b\· f't'Op lc in recent ywrs. The m.:-dical 
<:ommumty h aJ!I 1\ckn{lwleJgeJ that S(•me of 
1hem nl:'l'{ h:l\'e Ul!;.lunen• ,,r pte\'l!llti\'l! e((e(.l)) 

(Boothe, 1997). 
As p1."0plc have b«ome more: a\l.'illl.' of ~llterna· 

ti\'e medical optiorus ((•r them.sd\'('~, they ha\'(' 

c.;rme ((l C:X J'«I ~irnil:tr (lplll)fl~ f.;•r •hear pt:t$. Vet~ 
crlfl .. 'lti:'lfl.~ and thc1r clients can ~ C)!pE'Cf('J to usc 
nuuac<:utic:~ ls. {IS m::umenr ~')ption.s to oomplcm<.-nt 
traditional medicin.t" or when uadition.'ll trcatm't'flt 

option.s h<we bc:.:n e;~eha\t.~ttd . 
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Clicnoo Mlould be ut~*t-d to mnl.:<' usc o( informa· 
tion «"garJi.n~ nuuocc:otie<•l quality by m;lldng u 5c: 

vi tht Cvn.~vnw:.rl;th (www.(;(Jn$v.-no:rl-ah) :.tnd USJ> 
{www.usp.OrJt) wcb.shes. 

The foll\'>~·ing is 9 parri:d list of th.: subsf::lnccs 
markc:tl"d '"nutmcc:utkals. Some o( th~ ptx.xlucu 
m<'Y n~Jt h~; "'..:ndiJ!-'tllW" su~wnc~" ~ ddm<:(l 
~ther. 

Clucosamine and Chondroitin Sulfate 
Glucosamine is M 11mino ~~ nw.nuf.lcturcd by 
.-nht~• l c-elb frotn ~luClJ* .-ml u .. ~cl by tht I;<NI~· in 
th~ svmh~as of Rl~-copror~•ns :'lnd poh·~ulf:u~d wly· 
oo~min\'>glyca.ru , Chondroitin sulfute is n glyoos· 
aminoglycan that oombi.nes with hyaluronic acid, 
prOJttinJS, <Uld iJth tf g.J)'(;CJ~Il1 in()gly<:tl n.~ t(> {(>11l1 l.ht 
h:ulc C':.lrtilal(t" m:urh:. (;luC(•~:unlni': and ch.:mJ· 
mirin sutfarc ~lrt' believed r.:' nc1 synergistk:tlly 
( Davidson, 2000) to exen t1 positiw dfl"Ct on cani· 
1111:,'<' llt('.talx.)lism <1nd 0111 inhihition (I( canil~~ 

bre~·~<lown. TI1ey htwt bet1\ u$t~.:l e,;tt.n.~lveh· ln t h t. 
uc:umcnr ~)f o~tooarthrills In dog.~ :u\J horso:'.i. Four 
f\') six wc.:ks of nJminimmion m~~· b.: ncc~so11y fN 
a th~f!lpeutk ~ffect to be ~een. A common \'C't~rl· 
ntl ry pi'<'Jdvc-t t h.;a t C:iJnwin:i the.(( ~~·b!wm:;e~ i~ <:.;all.e\1 
Co.iequln; It i!< e,)mp,'Xio:xl ,)( tl~·c:osamlnoglycan d~· 

rived fh)n\ the chitin of wtb Wdl n.nJ chondroitin 
.sulfat.: from bovine ullChca. Dasuquin and Qruu. 

quin for Q.~ <1re produ-cts that <.:ont'<lin gluoos;unine 
;tn<l chc)ntlr(Mtin sulf'Oihl> wuh <WM:Oa<.kl/~·yhe;ln 
unsnpo016abl~s :m J decatTelnated rc:l with claims 
of t.-nhanct.-d chondri'>J-"h')teetion. Glyco-Flex and 
Syno•Flex deri\•e their gh-coSilminoo.;l)'aln from t.hc: 
P<ma cmtali~Jus mu~~d. 

Fotty Adds 
The- omeg<J•6 anJ omega·3 fiatt)' acids ll«" th~ ones 
mi)St 1iten fvund in CQ1TUt~t-n:-i<d v~enn.-'11')' fatty 
:.K•tl sup(llt!l'l\1!1\1$. O mt!J!':l.-6 f:my :'1<:1.J~ h:n'e d<:-uhle· 
bond 6 carbons from rh~ mcth'{l end. wh~reas 
omcsa·3 f.nw acids have doubk·-bond 3 carboM 
from thee mcth)'l end. Fatty 11cid .wpplementation 
h..~.~ bet:n $~)()wn t.:• l'lt liW(t•l m uoY<~ring Oe:Jt;.\m dtr• 
maroiOM,Ic ronJiti,'lfls In d~s :\1\d cm.s lx"C'.ause of 
their antiinftamrruuory effects. Ome~on·3 futr)' sdds 
a~ normally found in low col\C.couations in the eel· 
luJ;·u- pi<W11.;1 memhnut-e C(ltl\f-'o'IJo:d with r>tneg;a•6 

limy acids. but the ~.-'>llk"ga·3 levd c:m b.: inc:rl.'ruil.-d 
hy a food or ~plement that is enriched in this 
l!vl"'wn~.-~e (RlM.Il.k!ht~h ~nd 1-f.;,o:m~m. 2C<Xl). Tl,e 
breakdown pt"Od ocu o( the Ollk-'1:;1· 3 :.ltlck :l.r~ ;.lpp.U.· 

end y less powerful mcdiah')tS o( the mthmm:nOI)' 
re;spo1ue than tho~ derived from the omega·6 futt)' 

<~Cids. Tho:: omeg<v J <IJul ()Ult.g-.. •6 ~tty <ICt~.h: alj:(J 
nt•'lY he IK>.Irful in 1reattng he:.tM dJ.Se:.~e, cancer, :.1u~ 
toinunurw Ji:sc:t...;~. nod rheumaroid :urhtitis. Th~ 
propl'T ratio of omega-6 to om~.-bOS·-3 f:my acids in a 
product has 11pp:~ncnt1)' 0(1( been detennined and i:s 
<:-f1en deh:ued. t:i ~h <111 ~J\J planr Vii$ :ne <;l)flln)(ln 
sources of th~~ f:m~· ~1cids. Skk ~ffc<.ts may lndud~ 
increased ble~.--Jing times and possible ..k'tCreascd im· 
mune function. 

S.Adenosylmethionine (SAMe) 
The SAM~ SD4 is ~l molccul~ proJuttJ in the bod~· 
from m.:thioninc and adenosine triphosphate 
(ATP) by the en;yme SAMe ~1'nthcta:se (Oa\·ids(ln, 
2002). II i.~ rt((lnlm<ll.le.t ((If vtlt:.ril\;)1)' 1.~e :1* :\ 
Jlf' tary supplcmcm to supprut notmal sttuC'turt> :ll\d 
function of th.: liver. S~.-'m!e sruJic:1 have .shown that 
th4 substance incrcasc:s levels of glutathione in the 
lives. Glut~thlOil~; i$ ~n ;'lntiiJXid:'mt th<:~t m(ly prv~ 
lOCI llvN cells fmm Injury. De.no.syl 1:. ;.1 SAM~ 

product manutitcturt..J by Nurmmax Lab..)rafl')rics. 

Superoxide Dismutose 
Supf.n),;,tle o.li $nlut::a~ fr(ll\l pn)tein $(1u~ IS :'1•~ o.)X'(~ 

g~n r:\Jical.sc:t\'tnRtt thar h..s been usOO as al\ nntl· 
inilamm~umy ngc:m fm murocul,'l!Skdt.'ttl l probk'fTlS 

Coenzyme Q 
This sub!>mnce i.~ an er~.: ~·m~ cofa.c.ro.r o.f mltoc.h,'le'l~ 
Jrial membranes that ~ imronant in dccrron 
transport and ATP fonnotion. h i:s wed in the tl'("at .. 
m-ent ... f ca.rdiO'<'i\5<:ul<~r rroblem,. 

11\e 1•:< 1)/ pl:\nl~ tv tr~t ~·tterin~ry p.'ltienl$ i$ cl:'ly 
sl600 by r:h~ .1\mcrlc:'ln V~rerlnary Mo..hC'al ASSIP 
ciation (AVMA) as a ml'xlaliry in the category of 
complementary and altcmativc veterinary modk ine 
(CAVM). TI1~: AVMA in its f'IJii<.:)' .L,'\Iidtln'lt$ ~tat~ 



Hidden page



374 APPLIEI> PHARMr\CQI.O(W fOR V ETERINARY TECHNICIA):S 

Table 18-1 J)ou~ntbl He~lhujt lnlerdetion" 

Herb Interacting Drugs Re.sutt 
Sl John's woo Cydosponne 

Ftllotenodine 
Mida10lam 
Dip<> 
T~rol!mus 

Amitripfyline 
Wartafl"' 
Thcophyll,nc 
Seftfa!ine 
Buspirone 
Wartafl"' 
Heparin 
NSAJO. 
Omeprazo!e 
WarlaM 
Heparin 
NSAJO. 
Op.oods 

O~rcased plaStT'k'l drug oonccntr4hons 

Bleeding 

C.OS.ng 
Decreased plasma concentrations 
B~ing 
Falsely elevated sefum digoxin levels (laboratoty 1est 

inter{lction with ginseng) 
Occrcasad .,n-t~lgtSJC effect 
Falsely elevated sefum digoxin levels (laboratoty 1est 

inter{lction with ginseng) 
G.arlic 
Chamomile 
c.,g., 

Wartafl"' 
Htpaon 
NSAIO. 

Bleeding 

I)Med exl r.h!tS: The pl;:uu ill sunmerOO h\ <.~o'<l ler, 
S.fl'.lmed of rt~1duoe . and !f'r.l}...d h\ro.) ~l \'~lcuum 
<hnmbcr, which produces .a powder N gmnule.s. 
A common t'XtTOC.f is a 5:1 extract tl-u•t allo"''.l> 
t he l'~ <,( lt$.1> J)rvdu<:t ht<:t\v~e (1( tiH~ a)l)f!tn • 
n :ul'ld fMm. Waro::r (')(l l".lcrs m:1y exdud~ planr 
w bs-rances that are alcohol soluble. 

Liquid extruc.:.ts: The ingmlit'na are cxtrock"d in 
a.I<X~Iwl <ard the f¢$icloe da__"(';.1.n.ll'XI. Adv<•nt~~..s of 
alooh(ll exlr:u::ti•)O :tre lh•)~t t<t ind~ OO•~n. 
muion ol the in&'TtdiciU nnd improveJ :l~)l'p(i~)fl 
from the intcStin..~l tmct .. Alcohol c:<uncrions 
ll'Udly ta~e bad to pets and mu5t be tl.ddN to 

~u,VIhtr i r\(!Jl:Ji~~l ll tv rmpt('IVC ("ll.\l~lhil rty. 

~h'>St of 1h<: currcnr Josing o( bo1anicals 
for anim1d,s is e:<trapolat<'\1 from human Jo~"b~ 

in(orm:)tiOr) bc:C:.luse (t w herh:\l p~txlucu :1re 
produced specifically for 11nimals. Oos:.1g~ rc<om· 
mendations vary b<twcen forms and between 1.":<· 
lrll<-l dilutions (c:.g., a 1: 1 ~xtract will be: dos-ed 
di((en;ntly tkm <l ) :I exu~•<;.t ). 

Summary of Herbal Medicines 
Hl•rbal ml'dicil\t' hit$ adde-d aO(I(ht'r dimension 
o u t.,ide o f oorw<:ntion"'l th~rap)· tv the treattm.:nt 
(If vel~ti •'l..'l r)' J'll l lt:nts. I I.S l)r:)r::rice pr<t\' ides :l hl)ll$
uc apptooch tO \'et<:rin:U)' l\dlhh C1Uc tOr th\16<: 
w tcrinnriaru and c lients who wis.h w USl' it ~lS ~ln 
ancillary method. or wht·n C(mvt•nti(mal r:net.hod::! 
h:-)vt:: f:,.:~n t xh.al•Sted. Until ~tric,;[ rtgtdali\111 (1f the 
bou.nk:.ll lndustr)' li :-.chl<:\'ed, hO\I.oe\'er. \'etctll\:-. ry 
ll'Chni<inns shouiJ counsd d iems with judicious 
infonmuion about tht'ir usc:. The followins factoN 
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m.a·r be tMfuJ YJhcn \lfiC' u aJ"ising chenc' ill>wt 
hC'rf:tal "*': 

• Th~· USC' of herbal mc:Jkinc: should nor k- ~llml-J 
wtthout dl'(;u.s~lon ••( the:" prQ('~S with the: tit 

lel'klinR \'t-rrrin.ttt ll ll. 
• CHcnts s.houlJ ru~h.M rroducr.s from rvr111.at-lc 

manufacturttS arrrtn<'d t_.y clw: Nauorul Anun1.l 
~C'Simt Cct.mcd ({lo;ASC). 

• Chtnt- C<Ul hnJ r'f\•,ftl(-1 c,;~lwc-•.m mf.•ml..llt~ll1 
:u the Consum.:rLlf'l ,.,~bme. 

• Rt.."<cmmen.k'\1 d!)l;.,tt:e .shooiJ be ((>ll,)\\'(!,1 c:J,,.,...Jy. 
• Herbs ma~· call'ie h.umful iml•rattions wtth <.:vn• 

,·entional dru£'• 
• Hcrh u!C l'n:lil' ~v-< '"'"'-.Ju\i!, H~n,Je,K.tc:• Jurln~ 

.!JUfi:teal procNun._.._ 
• A~"'ttSC" :sde et'tn:t. ,-c hnbs. should ~ rqvna.l b.l 

du: Vc~ri:naq· 1\l(;mH::.tJ Mcdl(inc: A~,uCit~:>n 
;md lc) the nt.t~nul.~tltll\'t. 

Box 18· I indu,k-. 1.1 IJ ~t o( u.seful herb.• I 
rc(,•rct\Ces. 

T~~N~ 
Tht """"""" ~ of ..,..,.,._., N!COm· 
mends that l)«tt:nts should <.isconooue dll herbdl 
medicines 2 to J wHks bdore eleaive surge')' 
procedures are performed. 

AI.O£ 
Alort tno is a rtuw n~11vc- tl.l Afro th.u • h u1ot'J 
II' eilrlf ;u 1500 a.~,..(,,, the tn:onmmt ol \'OUM:,. 

l.Uc'ldltt(ln:~ .mJ •" ,, ".uh.u111;! (\'(l'!o·nn ,m..l h'u.:cn-, 

I. ~bOn&l Atwnal Supple-menl COuncil 

2 \lelerirloly - ··-Assooa>oO 31>ug~ 
• l'llbl.l<d 
5 Consumert..ab 
6 Cochrane Col'*nJIIon 
7. He<bMed 
8. M~n ASSOC.1obon of J=eed Control Offi0<1lt 
9 Ame:rican Herb81 Products Association 

.?007). T~'ll.ll), rc i3 used pnmanh h,,.- chc 1rcat· 
mC'nt f!( Nrn~ .1nd .skin mlhmm-'tWn- Some 
ht rb.•li;h httll,·ve ti\.J I alllC.l .~fllnul.uc1 wolmJ 
healln_u. 

BLOODROOT 
~ rhc..llfnc' ,,. s~ ~\t\ ~ 1r.tdttM.V'I .. 

31~ N.!n """'.J .b..,.. n('«ltlr.ln( W\J '"'~-'' te.r• .. 
1":11101) ~ur.ltb.~M hlt l'font::hlll~, atthm;;~, :and 
~us_ h t\ <~I..., «-portC'd co hii\'C' Jncnnflamma
t()f)' <•nd <tnchnu:rvh~<• l e((oc.tl'. 

ECHINACEA 

Echinocta Plltf'!lir..-o is a commlmll• u~N rcmedl' 
for cokh anJ Bu 1n peorle m che UnttN Sutcs 
and Eun'lf'<'. "'hr": ~<ttch h·h ~ done
to )hi'- ch.u u u ,\f\ u•nmunn-.un•uLmL It "' Je. 
riveJ rr~m.mh· (mm the Amc1t..:"n c11nello.>wer. 
No mHJnr 1111.le t-ffec:t'i have h<:('l'l r~porccJ 
other tlmn tlw on:u~innal alltr).!h; rC"~• (.; tion 
(F':Hr.elli, I 9'9~). 

GAALIC 
G.ubc i• • r"'rmn~ootl bulb in che hit f.t~ntdl fA.IInu. 
-"lttt'lmiJ ch.u to r~l.t~ted to th~t ""'-"'· Th,, rbnt 
h:b betol\ ,._,_.J k•r l..tol\tl.lflb (cw lh lt:jX•n.xl me~ 

Jidnal \'llhw. (lc"'fflc ha,•c cl:t~m('J th.n n pro-
duc~s dasinf~"tllmt, Jiur~tk, Rntl/or CXJ'l'Ctorom 

dfcc~ Evi,kuu: "UJ!!;!~t$ that it d~:~' lvwer cho-
lt!~tar.l \·.•lu"• tn f'l'<'!plt!. N<1 e"lJ~·clt(:oe, ho~·e,·er, 
~~ tlu1a,~rho. h;K an) \'alu~ in 11'w cruuncnt of 
rarasnrs 1n •nnn.als Garlic can r"f\-.dUCC' Ht"in: 
boJy anrmn m en' ;md t'Ofltl-ty 1n J.,,_.., .at h1gh 
do:oa~ 

'MNW.NSC.C( 

W>ffW-\tw'nlOI& 

-~ -j)<lllmtdp 
YMw<onsul'neflab.oom 
vw.wcochrJne org 
v.vJW.helbmcd.org 
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disodium eth)'l~·ncdiaminctetraacctate, and ~>odium 
rnkium cclctatc.-. 

Clinical U!e! 

In vetcnnnry medicine. cakium EDTA is uscJ fN 
the: UCtltm<:nt of lc:ad {'Oisoning. 

IJ,UUJI:e Fcmn$ 
I. Cllcium Otwdium Vcr.scnou.:: inJI.Xtion 

(human labd } 
2. Mcta•lA.'Il<: 

A.dt.'e'l"se Side £!feces 
These indudc renal toxiciry, Jcpr.::s~i\)n (dogs), ~od 
vomiting/diarrhea (~). Zinc d·diciency may oc• 
cor (T(lfn lon,;;•term th.er;.py. 

T~~No&¥ 
I . O!lctum EDTA should not be: used in anunc pa· 

tients,. aod caution should be tll:ercised when it is 
used _.. patients wiln tenal insufficiency. 

2. Cliburn EDTA should not bt adnunistered Oflllly. 
:s. Oo not cOO-fuse with edetate disodium,. 'llhc:h 

miJY e<~use severe hypoca.lcemia. 
4. Magnesium sulfate (Epsom salt} or sodium sui· 

fate may bot used 01ally to pr~cnt further •ntesti· 
nal atmrptioo of lead. 

Methylene Blue 
Med,ylen~ bh•e i.s :.) 1hi:o.:int: J)'t! 1h;u <)J}Pt!<'l'$ :~ J\•rk 
gr~ Cf)'$tal~ Of crysrallltle po"'dcr wu:h a broiUC· 
like lu:ster It is tan oxidating a.&~nt that hdpe; to 
co•wcrt methemoglobin (a compound (ormcd from 
hi.:m<Jglobin t.y ()JCidt'ltio:•n o( the •r<m aw•n) (rQin the 
(e:rl'()ufl (fe! '-) to the (ettlo:: (fe~•) st:ue. It does 1\()r 

func.rion as an \)X)'i,'en cnrrier to hemogl\)bin. 

Clinical Uu:J 
Me1 h vkne blue t~ u:.etl ')r 1 he 1 rt::'IU1lt:tu "" methemo. 
globloem.la Olu..;ed by m'kb.1tive agcl\ts (e.g., nlultcs, 
nitmtt.'S, chlol'l'lt~) in ruminanG. h may be used for 
cyt~nid~e toxicity in ruminants. It Gltn be u:i<'d in d¥ 
tO:• irltf<ll.lpCr.'hvdy ~~u:n J'l<'n\Cito.lt JC i$":t ¢til tiJfUV!'$ 
pn'.(erenoolly :l1'W:I ((J( rreaunem o( U'o.'lla:tnlnophcfl 
poisoning. 

Dos<Q:e F-onm 
I. Meth)·lell(' bhte" inj« .tkm ~'t'ncric} (human L•bel} 
2. Mt lh)·loi;n.:: blue r:a hlet~ (~:~neric) 
3. Melh)'I('OC blue powder (iCncrlc) 

Adeem•; Si(k. E/ft:cU 
The.~ includt: tho:: -.k\·ei•Jpmtnt o( Htiru h.tclv ane .. 
mi:l clr rfi(ltph,.,l;*ic o::h:tnge; in rOO bk11'<l tell$ :tnd 
.,k(relSl.J reJ bl..-xxl edt hfe .s.p:tn. Mcthemoglo· 
bint.'lt\ia may <.\Ccur but is usually dose anJ ~pedes 
o:k"})):ndent. Tis.-.oe ll«:rosis mil}' QC't:.ur with ~ubcuw• 
J't:O:)•.Ii ;\du'l ini$1r.,ll h.tn vr txlr.•va.');ui.;m during hur,,, 
vcnou~ lnjccri\)1\. 

T~~Notiw 
I . Methylene blue USll.la'lly •s con1r.unc:hcated in e<11s. 
2.. Dogs .and horses l'l'lay show a greater OCC\.I'renre 

of stele effects tNn l\lfflinants. 
3. Me1h.,-iene blue should not be used in patieniS 

m1h renal insuffic.ency. 
4. &lfety during pregn.;~ncy is uni<no'wn. 

Acetylcysteine 
t\c.etvlcys.teinc 1:. :t while Crf-"lalllnc pt)wder rhar Is 
soluble in W"Jter or alcohol. lr nlso nuay be r.::ferred 
to as N-acet)·ky~teim• or N-au:wl· L·q-srdnc. 

CUnicaJ Utes 
These ifld ude oral therory for 3Cctaminophcn p\)1· 
soning in d,-:ogs and cars. It also may be used as a 
mucQiytk ~'t'nt (OJ }"Jimonary (via nebulirotion) or 
(•phthtalm.c (\·ia topic\•1 ~pplic.-tivn) cunditi(•t\S.. 

Dos~e F'onn.s 
I. Mucomyst (human label) 
2. MuCQsil (hum~n lahd) 
l . J\cer'{lcy.i.teine (hum:m bbel) 

Ad.:em•; Side E/fecu 
Thc:o;c indudc: tlllW<:il, \'Oft'l iti~ and Qe<a-si on.:~lly 

urtiC<)ri<) (fuves) wh<:.:n ;~fulini.!J(tred ur.•llr. Ch~1 
tttthu"W.-s~. bl\'lflchoco~trlclio•\. bf\)I)Chtal N tt:l.

cheal irrit~don. ~nd ncct)'k~'Sh~ine hYJ"Cf$<'1\Siti ~·it)' 
arc m~ but ro~iblc $.ide effc:n~ when ndminiwm:d 
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inh') the rulmonal)' rmn. Acet)•lcystcine may cause 
brom:hos~sm in !iOmc puticnt~ r«:dnng treatment 
\•l:l •he J)llill'l(m~•ry tr:~. 

T~¥N~ 
I. Ac~:tykystcinc is incompabblc 'M'Ih amphotCflC!n 

8, c:hiOftetJacydine hydroc:hlo1ide. el)•thromycitl 
lactobionate, C)).ytetracy'l::ine hy(lrochlorade, 
ampicilin sodium, tetracycline hydrochlonde, 
io6zed oil. hydrogen peroxide. c:trymotl)'psu'l, 
and tl)'psin. 

2. Activated dlarcoal may adsorb acetylcysteine, 
rcduoog •ts dfcctrvcness in t1oattng 4Ciet&nmo· 
~lOOOO!y. 

,3. Clrefully monitor patientS lhclt ha'A:! bt'onch~tic 
d•seascs and th!lt reccl\'1': P\,tnoN!ry ttoatmML 

4, Oral ~lubOf'l has a bad taste, and a masking 
agent (e.g ... colas. juices) m~~y be usec:L 

S. Open vials should be refrigerated and discarded 
aftc1 96 hours. 

Dimercoprol 
Dimerc~•prol is a dithiol chdatin.g agl•nt thin 
i)(;(;lH"$ (LS <\ (;l))<)rl t:"~ l)l ll<e;.trl y (.()!(nlt$S 'OI~(I~,t;~ 

!.quid "'ld1 :'1 Jl~s:teeable ,"XIM. The « •mmercl::tl 
solurion ma~· bt clouJv or ma~· contain smaU 
amounts of flaky matcriul or $ediment. This is 
nonnal ancl dox:~ nm indic.:<•t(' d<.'tcrioro•tion of 
the fle'•,.,.-Jucl. h ::.ll!v m:)y bt ,eferr~l w l.l$ HAL, 
Brllish :mulcwls.llc, dimcrc::lptoproponol. or 
dilhioglyct>rol. 

Clfnic:al U.~ell 
Dlm~n::ap«,l Is us.:!d prunarll~· for [he tte:umcm l)( 
tl')Xicity rcsubing from nrscnic comrounds but may 
be uS<d for lead, metx:ury, or r;old toxkit\·· 

O,u(Qte Fcmta.t 
I. Dimercaprol injectiM 100 mg/ml (human kibei) 
2. BALin oil (human Lube I) 

.o\dt...:r.ft! $ide E/{«.1'$ 
lnfl':.lmwcular lnjectlot\.S :'Ire pall\ful. Vorrutln2 and 
sci!urcs may lXCur "'id'! high doses. It is J-'O(cmially 
nC"J)hrotoxic.. Most side cff«ts w;h!,idc quickh· be• 
C<IUlie 1.1/ rapid d itnin.1tir>n ol the drug. 

Prolidoxime Chloride 
Pmlidoxi.l:n< ~hloridc ils a quaternary •~mmonium 

(lximt chol i •M!littr.•.~e reac.tivat(lr. It r('.vtr:i4.'.'! ~he 
;.lcrlon o( cholltM':Stf'r:l.iC lnhlb.rors suc_h :.H CNiau\ 

organophl')SJ)h~tcs. It als..., m~y be r..-fcrrcd h') ns ~ 
2-PAM chloride or 2-pyridine aldoxime" mcth\·1 
chlmide. 

CAi.lical Uses 
Prnlid<.,xinw chloride is uSt-d for or;.ll trt'3tment 
of organopho~'J)hate poinmi.ng. It may ht' us-ed 
h' .::()1\j\mcti(ln wi~l · :ltn~r~in('. ;u•fl ~nfi-J'•vrtin': 

lhCI':'lpy. 

Dos«ge Fonn 
Pn>t•J~Ull injc:ct iVn (hutn<Ul label) 

Adt.oerse SJde Bffecc.s 
These are un~ommon_. but rapid intrn\•cnous inj~.-"C· 
ttOn may ~aust" t<•ch)·c.-rdi~. wu~le rigidity, tr<lll .. 

l)itlll tl~or<•tnu.~t:ul:~r hlock:«le_. :.lr'M II;lrynJW~p;t.~.nl . 

T~¥N~ 
1 PfalidO!Ome, M 'lllat to other antich~te~ 

may potenfi:tte the ~aion of barbiturates. 
2.. Patients vlith impill'ed renal function require a 

k:n\'1':1 dose ..-.d ca•clul monitonn.g. 

Penicillamine 
Penic:ilhunine is a chd1•ting <~tent of met<•ls such 
~* ¢VJ'rer, l-ead. irvn. 01n.l tutrc..•ry. h i$ ;'I ~.l t#l'i'l" 
J:uuXI product l'',.f pcntC.IIIIns bur does oo.t have 
"mimtC.n-lbial tacti\•iry. It nlso mny be rcfcrrt--d 
to as O•renicill.tlmine, 8, B-dimt"th)kysteinc. or 
D.3 .. mt"r('.a pto\·ali ~. 

CU,lical U.se.t 
Pcnicilluminc is used for coppcr-11ssociawJ hcpa· 
top11thy and for long•t.:nn oral treatment of leud 
J)l)i~nil~ ~md ¢)·~111 1('. \lr()li! ln;t:'!i~. 

Dosage Fonns 
I. Dcpen TttrMtalxi, tabl.:ts (human label) 
2. Cl•rrimine Cti.J-'."t..lt:~ (human li•lxl) 
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Adt>et'se Side Effect$ 
Th..-s.c include: nausc:.~ nnd \'ontiting. Other t:'lre 
.side ('((('(.ts include b·('r, lymphadenop11thy. :ok.in 
hrpen;;en-!iit,vh)· ~<\Cti(lll.,, th)l.l immunt .::omplex 
Klomctult)neph 1\)p:u:hy. 

T~J-N~ 
Absorption of ~ilamine m<ry be tedur:::ed by 
concunent admintstration of food, antacids. or iron 
Sc:llts.. 

Sodium Thiosulfate 
Sodium thiosulfate U$e! th(' ('ni:)'m(' rhodane.~ to 
OOn\·~;;rt qtmidt: to t1 nonwxi¢ thi«:.ytm;•tt: iOn, 
'ol.•hich Is excreteJ In urine. 

Oinical Uses 
Sodium thio~-ulf<~ t(' i$ u~«< in th-e- t«utm('nt ..» q·a· 
,, ,.:Je f")i3<.'1ling in hcor.;~ ~tnd rumi•':~lll$. It m~·~· be 
used ill Cl)ffib1nauon wilh soJium moJ~·bd:u~ (Oot the 
u..-:umcnt ()( copp..-r poi.so:ming in ruminnnu. h nlso 
hn,.s b«n used fo1 th-e- tr('-lltmt'nt o( IU$t'nic poison• 
mg. \'Vhe" (lf'plu.-:d tvpiocally, $odium thio-ndf<lte htt~ 
anufun)Cal propenteS. 

Dos«gt-Forms 
I. C)'a•dote lnjec.:ti c;~n 
2. ~.lium Thk1$ulf:~le {(I-f lnjt:e1ivn 1S% 

(human label) 

A1k-er,-c Sid€' Effect$ 
ll~e a.re ll rlcOrntu<Jn. 

T~¥Notiw 
'Mlef\ sodium thiosulfate is administered inttave· 
t\Ously. it should be giYeO slowly. 

Ethanol 
Eduool ls :l l\ :1\w l\.ol th:u Is a compcutlve mhlb1tor 
of cthylcn..- glycol n)Ctab()lism. It :.]so m.ay be rc· 
(("rrt'd to as (:lUI'(' gmin alcohol, grl\in ~tloohol, or 
eth)·l ~·kohol. 

Clinical Use-s 
Eth11.nol i.s usc:d to treat ('thyl('ne glycol {antifTC(i(') 
J)l)i:;c)ning. 

Dos~e Fonn 
Eth1mol 

Adv-erse Sfde E/fuu 
E.th:tnol reJuccs body temper;lt urc ~1nd ovt>rd<'Jt;C 
can b..- fatal. 

T~lr'N~ 
I. A 20% to SO% solub:>n of pure ethanol •S acJ. 

ministered intfaveoously unli the animal is c:o· 
matose .and doe$ not respond to a toe pinch. 
Adrrwnrs-uation is repeated as needed to maintain 
., comatose stMc for 3 days. 

1. Sodium bic.lrbonate is USI.ta!ly administered to 
control metaboliC acidosis. 

Fomeplzole 
f'()(ncr ilolc is ~ mmpctiti\'C inhibitor of alc,.,hol 
Jc:-hycl.rog~enii.:!C· Its actio lt prev..-nt:o the conv('n;ion 
of ..-:th}·li:ne g.lycol i.nt(l #lycoaldehy(lt (lnd iJtht r 
h1xk met."lbolltcSc. ThiSc a\lo'ot.tS ethy)el)e ~~:lycol w be 
excrete-d primnxily unchan&~d. It also mn~· be r~· 
fcrn:d to as 4 ro<:thylpyr:uol<: (4MP). 

CUnicaJ Utes 
Fomcrl!olc l!i used to treat cd\~-lt-nc gh·col (anti· 
fr~."C!..-} poisoning in dogs. 

l.>6,-axe Fon:n 
Anllwl· VN 

Adeem•. Side E/fecu 
Oinin•l 11ign~ vf JX11S$ihl-e •~n.-phyla.xl$ include t.,..;hy, 
pnt'<'l, J!;l~in.u_. exce;si ~'t! :;;1li\·:u ii)n, and tternhling. 

T~!r'N~ 
1. Fomepiro5e ~1 be diluied 'A~h 0.9% Na() 

before rtttiS'Venous r.je'CbOn. 
2. Dogs treated >~~ithio 6 hiX.I'S of i'lgeslion have a 

benet prognosis than those treated 10 to 11 hours 
after •ngesbc:(l (Plumb. 2005). 
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REVIEW QUESTIONS 

1. A Z·ye:lt••'kl b~gle h .. 'ls cllnlc:d SI):IU •>f le:ld 
toxicity :u\d a history to supron th~ diagnosis. 
\Vhkh 8,!,'t'flt \I.'OUIJ be the drug o( choke for 
treating this <:ondttion r 
~. Yohunl•int HCI 
b. 2·PAM 
c. Calcium EDTA 
d. ~·!ethy lene blue 

2. A ¢hC"nt .;;•Ill! itnd S<IYS thc'lt "he hiLS t-..::C"n giv• 
102 het em iylennl ((l.f :l limp. Nc1w tht>: c:n 1~ 

brc.nhing fast. its face is swollen. "'nd it is nm 
active. You should tdl thc client to __ . 
;t. giv..- th(' t.<tt hvd~~n pC"roxide orally 
b. $t:e whether $he c:~nt.•-c:t 1 he ~~ 1<1 c::\t 

c . bring the cat tet the hosrltalto smn treat· 
ment with hydl\'>&'<'0 peroxide 

d. bring the- <:at to tlw h<»rital to start treat .. 
meot whh (lcoetyi¢)'Stt:int 

3. Yohimbine HCI aS; a t'f'Vet!'.:'l1 axem for __ . 
f l. romrun 
b. accpronwzil\t' 
c. pc::ntooth(ll 
d. t>X"yuuorphooe 

4. Penldll:.lmlne sh\')uld be administered _ . 
n. with f.:Xtd 
b. on an emptY stomoch 
e. with <~nt<'l¢i•b 
d. wlth Cl)f)per 

5. Name foor druss that naloxone effC<ti\•ely rc-

vc~cs. ----------

6. BAL h1Ui been admi.nistt.'fl-d to a 4·ycar·o1J 
mixcd•bll."Cd <loo..: for amnjc poi.soni.ng. R~ults 
vf whkh uf tht foll<)wm,g: l ~•bvnlt(lry {.,. ... H$ 
sh<'luld ])(' montrorod dO!idVi 
n. Pad:cJ <ell \,,.,lumc (PCV) 
b. Blood urea nitrogtn (BUN) 
e . \Vhit~: blood ctll ¢(".1nt {WBC) 
d .. >\l:lnto.e olmln,)tr.'lnsferase (ALT) 

7. Gl)'«l>:.llllU'It'J!ly<'::tns <•ccur n:nur.)lly 1n \vh:u 
pan(s) of t:h~ b..'Xlyr 

8. What rol..- do glyc.o..~mino.dyctms (GAGs) 
pr<widt: in the tre;umenr (I( de~ner.)uve jonu 
cot\dttlotu! 

9. Ddi.nc nutrnceutkal. Give an c)(amplc. 

10. A proJucr usually Is determined to.' I'* :t Jrujt if 
its lnbel has ~l dn.im that indic;n~s n thcupeu· 
tic or prC\'Cntiw intent. 
a . True 
b. Fal..,e 

I I. What Au made dlet:..uv surplet~ms ns vitn· 
mins, minerals, amino ndds, herbal pl\-xJucts, 
ltnd su~tam:es thiH supplcrncnt the diet by in.
cri:"a~mg t•>tal dit:t\11)' mt<'!l:t "(ll()•l" ,.,,,1 .ex~ 
c.h.:Jed them (n'lffi. A)A r~w:ul:ui,)n! 

12. supplcm~nt~ltion 

luu; b..-t.•n shown w be u~..ful in trt.-ating ct.•rtain 
denm•tol~lf,'Y c.onditiun< in d(.IJPI tu1d l<•U.· 

1). Wh:u :.'Ire twl) pt~•hlc: .side effect~ fc.r ~n~ 
fimy adds a~ n dietary supplememi 

1-1. What is 1111:-ti\'atcd <:haocool u:oied for! 

! 5.1o vcttru\:try mOOu::u\c, l::'l ld um EDTA Is uM-'\1 
prin\:trily tOr the treatment ~11 

16. Petrol<:um jelly is nQt rocon.lmcn~.l..-(1 ~"<• lul-ri• 
c:.'\1'11 bec:.lu~e It i~ n<.)t 

17 is a M rcotic anms· 
Qnist uffd (or th..- trcatt:n..-nt. prevent tOO, or 
OOntrOilJ( n:lr(;VIIC: <f(!'J'rt:.•i,•u. 

IS. Autn..'l!Cnll ls u..eJ 10 reverse 1he ~ffccts of 

19. A <licmry suppktmnt for w.pport of normMI 
M"nJ~urt ami func.tii.IO rJI tht Livtr is 
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CHAPTER 19 
Inventory: The 
Veterinary 
Technician's Role 

I E&RNitiC.JlBJECII\IES 

I. Exrl.un ""hl h.wu'!W Jn l.n\·cmcof) comrol ")'qcm tt impona.nr • 
l. [):."ril-e W>l)-~ U\ "'h~~th m\·cnto:•f) coouol bm~u a busin.:ss. 
J F.-rl·••n """l' ln..-cnt1Jfr tum~n·cr t~ llltf't"'-<'nt. 
-+. I >.,u,, "'·')' ,14 l-t'-'-''m•nw ul dbdenc in~~' ' '"''( ~c~euml m:ln~r. 
S. I \:,..r•N- v.u"•ull lm en tor~- tOClUd·kccptng S'f~enL>. 
6. ~ri~ the ~t.ffcrtn~t" in vcn..klr t'(I"!C:S. 

1. f'Jc·•crihc 1-:11'~ C'lnlmu•'k.-tk>n tl):hmquc"' that c.~.n be u~ with 
"''le\ n.:pl't'M' n 1:u iVt'!l, 

ft. Dt~U"' w.l~'' tluc Hh.-rlnary m.m.•.-cmcm comrutcr s-.-itwal\! ,,l!,k 
In rhnntl .l(,.~·utl( 11\\'Cnt<JI)' 
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EY TERMS 
AVERAGE COST OF INVENTORY ON HAI>ID 1WeRge 

cost of inventory on haOO is determined bv ad<klg 
the year's beginrVng iwentory to the yeats ending 
ii'I'Ventory and dMding by 2. 

OEA FORM An official f«<eral governmetrt a11bM 
form used for <1rdering C<lntrolled su~iWKes. 

0ELAY£.D Btl.LING A benefit that some companies 
offer the buyer who is purchasing increased 
amounts <Jf merch¥\dise. The date the statement 
must be paid is usually longer than 30 to 60 days 
away. 

f ·IFO First in, 6rst out. 
FOB Acronym fOf "free on boatd."' 
FOB DESTINATION Tille of possession passes from 

tM pha.rmac:eutic com~ny to the buyff (i.&., the 
purchaser) ~ the shipmeru is deliveted to the 
buyer's bvsness destination (i.e., the vecerinary 
facility}. 

FOB SHIPPING POINT I. passes from the pharma
ceutic c~ny to the purchaser 'hhen the \lendOf 
places the goods in the possession of the canier 
(e.g., tklited Parcel SeM~. Federal Express,~ 
E>press). 

f ULL·SEitviC£ COMPANY A pharmaceutic company 
that offers ful service (e.g .• the company ~lor.; 
sale5 representatives (reps) who visit ~erinary 
facilities), usually with a limited number of 
products. 

INVENTORY The quantity of goods or assets th!rt a 
'Veterino'Y faciity posses"SeS, requiring proactive 
(Ontrol to keep ~plies stable and oorrent 

INJBODUOION 

Conuo) of inventory is an import::lnt concern fm 
"'m~.ni~s both lar!,~ ttnd :>mall, and Vl'tcrinary 
I-M.1~mc:~~ ;;.rc.= nn exception. Pro;•<:tivdv m.-int.-m• 
11\J,! ('h:ltnl;..C:t:UIIC llh'~llltllY b :l.ll Clll{:•)U)J,! 

cnJe:-.lVN (,"'r vc•crin;:~ry hoc;l'ital~ (FiJ,.<Uh~ 19·1 ). 
L"'k·ddin~=: how mlKh rra..l~ or SXOI.'1'ic nome rrOOun 
to hur. kl"(-ping exrirro itetn$ ltff the ~hdv<s, and 
pcrf..•nuint: a I'II)'Sic:;ll in\.'(:t\{(•1)' art! :1ll mtt:$:1\ 11 
p~lrt$ ,)( ko:cplllJl :1 vtlo:rlnal)' facl l ir~· fw,cli,l'fllna;: ;.s 
a healthy Mincs.s. When a rh.,Juct i:; derlct'--d be· 
fore: 1he n<xt on.ler arriv~. it is fru$trotil\g for both 
\.'cterin<~rr ~t<tff <trn.l the dientde. When <1 pnldut.::l 

ICM (INVENTORY CoNTROL MANAGER) A person 
(mony times a licensed vtterinary medical te(hni· 
c;ian (LVMT)) responsible for monitOfing. ordering. 
and maintaii'Wl8 irwentory in a \leterinary facirty. 

INVOICE A form ~ted by a company that dOOJo 
ments the e~uantity and price of each item ordered 
by the iwentory control manager. 

MAIL ORDER DISCOUNT HOUSE A company that 
accepcs Of'ders from the buyer by telephone; 
a good sourte 101' O«Jering items such as gaw.e. 
cotton, isopropyl alcohol, or paper towels. 

MARKUP The amount of money over cost tNt a 
product sels foc Markup percentages vary f10m 
pl'aCtice to praaice, bvl all malt:ups reflect a retail 
v61ue ewer v.holesale value. 

PACKING SUP A docunent wpplied by the 'VendOt 
that a~;~nies a pvrd'lase. A pa~;king slip gener· 
alty reflects ~ntities ordered. not prices. 

STATEMENT A document generated bv the vendor 
that details the quantity and pric;ing ol all goods 
P'-fthased (usually i-1 1 month} by the bl.t,oer. The 
total bal;,oce is generally e:cpected to be pad in 
full witt'Wl 30 days, 

TURNOVEII: The number of times a prodU('I is sold 
Of used up in a veteMaly facility. The minimum 
turnover mte should b4! estlbllshed m four times 
a yeiJI. 

VETERINARY SuPPLY 01STRI8UTOR AA i-ltetmeciate 
company (i.e,. not fun service, not ml!'il order) th!rt 
generally stocis a large W'Nentory aod empiO')'S 
sales repr~ v.ho visit veterilary tacilities. 

is tM)f (1\'<nlt)hl¢, il qmnv1 h~ •vl.l tm.l lw pr.)ht <:<In 

he n1:1dto. DtcJdll)]l: wh kh o:mt~lo~co: to cmru ... t wlrh 
rhis rcsponsibil•ry is :tn imron:tnt decision (or 
Wll'rinary proctk(' ()"'fWn> thm :>houiJ t-c: maJ(' 
with <:~mdul t.::liOSiJer~tion. Th<rdor<". the ..-ml'lov<e 
<:h1~n fM th1s JClh .s.h\)uld trt:at liM'- J'!Nlllllll with 
fo,_".)f'('ct .10J make .:wry dfo-tr hl he frugal with rho: 
employ'-·r•s money. 

Thl· 'll't<'Titmry tl'(hnid :~n oftc:n i~ th~· l'tn .. 
pluyc~ l:hllllt!n IV pt:dvnn this j()k Tht~n;f,,n:, 

l::nowleJ~~ .A' ph.:lml~lCI.'ullc$ ~md th~ ;:tbiliry w 
obs~rvc quantities o( product useJ within a momh 
me imr-ortnm tnlents that the \.'cterinory techni .. 
<:i<m mu~t f'i'~St:~s. 
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FIGURE 19-1 
A \'tttri~l'f ttthr.ici.)n tdl.il'lg imoei'IIO!y. 

T~vNotiw 
Along with kt\O't~iedge or nu~ing sk.llls. accepting the 
tole of ICM (lnYentory control •ane&er1 boostS 
the V\i'terinary tedlnician'$ \'<tlue as an employee. 

In <tur rcchn~)t~ically ndvanccd society, phnr
maceutics change rapidly, in that new producu 
an:: con~t~ntly bemg dtvdopor.l. The veterinary 
tt:chniei~ul wh,) b charged wil h 1-xing the ICM 
mw.r be willing to l~arn about new products and 
to pnss rhi! informat ion on to the who!.: vet.:ri· 
n11ry smff. Communication anJ b"'od ('<'oplc skill$ 
<lrt u.$tf1.1l when one i.:s de;:alini;: with pht'mn:ta¢e\•tic:. 
!'.:lies repreo~nt:ulves;. Sales rep!< are lnv:tluable to 
veterinnry pucrices bcC11us.: the~· arc .nmeJ with 
all a\'ailable information about drugs, both ol<l 
:md new. 

Tht ICM has an:m'{ re~fllllll)Jh,fitie~. T~ re· 
~nsibiliri\$ include keeping the st:~.tT inf\'liJ'tn..xl 
regarding JU.:ominu .. -..:1 items, knowing the dares on 
whkh hl•ck.'(lfdcn::d item~ wil.l be: rdc<tScd from t.hc: 
v~,l((~u. p:lekmg UJ' S.VOd$ ;)w-;)hin,g rt lUrn 10 cht 
vcndl'>r (e.lit·· explreJ itcnu), 1\)tatln): smck cor· 
reed y. msinwining current ptices on all produus, 
OQ,.tanbng invc:mory for easv location and count• 
mg, re.::civnlg ~od iN{'tetiJ1,g ~lll'd~r.s uron arri\oa.l 

m the veterinary (~~ili r~·. and 1..-arning nbout n.:w 
produc~ Thc.$1:: me:. onl)· a few of the r~pon.sibi· 
liu~ tht ICM wallu\t:et d:t~ilr. lnvtml)ry ~~14)\lkt bt: 
handled a; :1.n OOjll)in!l proc.e~t'>. &1ch Jay, hwemMy 
must bC' visually c\'xmrcd and physical in\'enmry 
must be done at lc:ast once o month for good 
rc-:wh$. 

INVENJORY 

T~o~-Not'0.\-
The vabR of all assets O'(Jned by the veterincuy facility 
has .mpo!'lant tax Mel 10Sur4ncc implications. 

Acc.,unrn\K ,..,( IR\'el\h)ty henu IS \'ery u'flpt)rt.:'lnl 
when <tne is riling income raxes or in the event,)( a 
li.rc or naruml dis~tSter. V.:terinary pmctic.:s pro.,..id· 
ing an acnn11tc: invcntol)· of their OO$in..-~s a~C't:s 
<)fl! ~urt:d 1 h:)t their in:;ur:)nce cxuntxmiJo".) will rt, 
lmbut~ the bu;sln~ nccur:~.tdv ~houlJ a dJsa.o;t.et 
occur. The r rirnary gULl\ of inventory is to haw suf· 
fi.dent quantities o( in\'entory avaiJab*e to .SC:f\'¢ 

<;lients' netd~ wh1le at t he :!<\me tirue minirui;.i"ll: 
1he roM of c:'ltt)•ln!it rh.:u uwemory. Purch:'lMfij!: h)() 
many untts <tl n slow-selling item can C06t the ptac· 
tic< money, and not rurchasing cnoogh of a hi~· 
:sdlin~ it<:m o~n Ul~<: nockoots ~nd frmtmtiQn 
(Lihhy, Uhh)·, ;:.,\d Shf'"· 1004) fcor the vereril'l;uy 
1\'ilffi. 

An accounting system plays thrc.: rot .. '$ in me 
inventory management proce:ss: 

I. The system must proviJc: accurate infonnation 
for prC'pOU"ation Q( pc:riOOic 6nam:ial stat~m~nt:s 
;.)nd tax recun,$. 

2. It muM prov!Jc up~ro-dat.e lnfmmatlon ~ln II\· 
v~o-ntory quantitit'S anJ costS, to fuc ilitftt.: orJer· 
ing <led~ ions. 

}. Since invenwfit;$ ar.e suh1«.t t<1 t hc::(t ar)l.l Othc::r 
fo.)ffi)S n.f misuse, the system :llso must pro\'id(' 
the in(~')mt:.uion need\'\~ h) ph)h.Xt assets. 

So .,.,,hat exac.1ly Is 1hc dcfinluon of hwcnwty! h 
is tangible pi\)J).:rty that i!.solJ in the nornml course 
of 11. busin~ day. In \ 'Ctc:fiMry medicioe, this 'ti.'OOid 
ind~•de ~h itc"" 1).$ ti.Tlttbil)tics. anthtltninttcs.. 
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shnmroOtt. topi<al medicati,')ns.. pn~cription (e .. -ds, 
and c\•en thC' di.sf'('nsing bottles USC'd to cli:>pt:ntiC: 
Ji1.11Jid lllO:Ji~;ati(lrt, tl.' well ;~ tho;; $yrin(::el lj~lld Ill 
diems !hat th ey mu~r u!OI" ro om\ly medicare theu' 
pets ar h\)m..-. Di~ruing OOtdes, syringes, needles, 
ointmtnt tim, and so forth could be: <:las~ficcl as 
r<1w lll<lt¢nals h~cau-.e th~)· a.r..: C<mlel'$ for th..: .-c• 
t\J:~ I tnt'dk.oe 1-h:u I ~ heU\g pre5C1thed and dis· 
p.mscd. l lowe\fCt. r:uv m:utrnls Co.'JoS( the pt:Ktict: 
mone\\ just 8$ phamwceUlks do. h is just .as frus· 
tmting to run out of these itC'Ill$ as it i$ to run (IUt 
vi a hm:~l·$pe;Ctrum :.\mih•vtte.. 

Ml~t veterln:uy pt:lCUCt-'S u!\oe lflc tin.t m, fi rH 
our (fiFO) merh\'XI of inventory. This ts not nee· 
~stuily done by choke, but nnher be<~• usc: o( the 
expir\•tion di!te~ <m nH.:n.:handi-< th<4t the procti« 
uu~. Gener..llly ~,'loeakin$:. the expiration J:u e 1haf 
is the eatlicM should be sold firsL A pcl'("l>tu::~l in· 
vcntory control .system, which is a d<'rniled record 
(o, each t)'~ Q( merchalldi~ stod:«<, $hQw$ the 
((l!ll)wtl\.g:: 

• Umt-~ :md Ci.l~1$ o( the beginnin~ lR\'enwry 
• Utnts 31\d t!(t5.t.S , \ ( e~ch l'urcha .. ~e 
• Units and eosu of m~ gooJs (('I! CllCh t.:r.l1e 
• Units and costs of the !.,'{'10\k on hand ~u an~· 

point in time: 

Luckily. mm;t vc:tl'finnry computer mana&~ment 
~1W<11e progrur~U do the ilhove Listed itC:nt$ <'UtQ• 
m:utc:'lll)·· In t<Kb'{'~ l'<U$ir'lt>:§ wt)fld, irwentory IS 
much c:.l!ilcr w lc~ep up with th:ln it ""'•H in the .ll~'S 
of periodic invcntOfy, when busincs.scs did not hnve 
computc:r.s (~bby, libby. 11ncl Shon, 2004 ). How• 
t~·t:J. it~ beU>tr t<) u~ ;\ b,l\.:in\Ct b<:tween ;:t ("lt'l'<t\1011 
nWl'ftfl)l')' comrol ~'{Sh'!lll anJ a !)\"Modic rm·emoty 
because som<'times the amount o ( dlch item listed 
within the comput('r $\'&c:tn rna~· not b .. • a t rue reftec· 
ti(ln of wh:n Us ~tutlll}' c..m h.-md. NQthing .;(ln cv..-r 
take tJ)t' pl:~ <of:) fltrindic invc:Ot.)fy ar\d ph'{:,.teally 
counting the nm .. ')um o( each item on hanJ. T lw 
prillUiry dis.'tdvantaf;!..' (.)f a pcfiodk inv<'ntory system 
is t.h\· lack o( i.nvenwry information thut Us ••vail;tblc: 
r~.> d\e pr.:a<.:ci<;e vwner; th;;.c ~...~ wttrin:ll)' m~m;~e· 
mcm Sl"lltw:lte makes lnvemory ca;ier lx"Caur.e ir 
sh\'>WS up·to-J:uc: amoums o( c:3eh item s.,')IJ, along 
with trc:nds J uring the: .summer m wintc:f montlu 
th~t C~tn hdp s:Hd'f in decidin~ h(r.v much inventrJry 
t~eds tn he purcha:,ed In the comulS: )'t:.u'l). 

lnwnrory is an on~;oing process, a.nd ucnds 
within the pruc:tke m'"t be ~tvc:d daily. ThC' 
ICM mtl:>1 be: :-1bl<:: u ) reo:'P'i.:e the '''~xh•Ct$ ch.tu 
tath \'C'h':rinarian tn th e pracltce useSc and Jts.. 
pc:nsc:s.. to ensure that it<'ms arc \)n hanJ when 
nee-.ied. Nothing i:s more frustrating th!m n«din.g a 
drv~ 'Jr (l(htr invenwry item tv tteitt <1 pi•tient with, 
(lnly to tind i! t.S no1 in 5M•ck. Comf'l'uet sn(rware 
Jes•gneJ for !he vctt>rin.ary businC';SS 01n hdp tn>· 
mcndously with t r<lCking tfc:nJ~ within the 
pructice. M(XIt ~oltwa~ has the 11biliry to r rovide 
print(IUI~ (l( tkty•l•y~tl :-)y, wo!t:k•I')'•Wtc:l: , nll)nd1~ 
by-momh. :'lnd y~arly salesc lrends (fi~urc 19·2). 

Through esublis.hmctu \)fa workable inv<'nmry 
control S)'Hcm within a re;,li.stk budget, ell:pc:nsc::o 
c;;m h.: kepc: at t1 minimum. 

T~~No-tlw 
FOf many vctenn.a'Y p1ad1~ rnvro.101y t~plesf:nts 
the second·hi.ghest ~ Payroll is usually the 
highest overheiKI item. 

After determhl,<\ti<)n imd implenu::nr.nivn 1.1( <\ 
reall~rlc 11\.dk:CI th~u m~Stlll be b3S()(( M dtc mlision 
stmcment of the (:Kiliry ~1nd pr;lctiee n<'cds, lol· 
lowl'd b~· implcmcnnnion of that bud~t, thcre will 
he nQ dl~llJ:,'\"f Q( 1'\Htni.n~ oot v( inventQry item.'!i be,: .. 
C;)u $l" t:ht:,e ;,~.l w:!)'l!' will he ~u(6ctttll q u;)r\1 ilk's <of 
product oo h~md. An :Ull\ual 11\WlltOI)' C\f~lluation 
is beneficial when a \•ision (\)r !he prnctk<' and its 
JXI(c:Tltinl growth has bec:n clc:vdopcd. 

When onc i-'5 Jell ling with inventiJ'ty, 01) eqm•tiQn ill 
tl\(lrt lfnl)ntmm ch:tn 1ht 1~\lk;twnl),:: 

T nne = Money 

A Mt<lugh ir ~' imp,m:\nt •v h.;:wc: mtrdt~J,Jik <)n 
hand (or re1all sale. ::1 6nc balance lSc n~'>.k.J to k~p 

pr..-,Jucts from sinins (().') ll)Og on pharm..cy .shdves. 
Produc.ts thnt 4tay on (h<- shdffor too long will not 
mal:e monty (,J, the veterinii.J)' pr<~.;;tice. ln~u: .. d, 
1h~ iS; l)IIOil:u to pl:~culJ! money ul :.1 jar :.md hutyln~o: 
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it in th.: backyard; the: money is there:, bU[ it is not 
('<Jrning intc:rC$t and it l$ not working f(lr you. &:. it 
1$ wilh invt:nlvrr pt'OJucu. A hne hwt ntl)ry l"~<:ll<ltM!t 
tS crucial w th~ rin:'lflcaal he:.lth of ~' busu\ts.i. & . 
s:idcs, dicnrs J,.., oOot like to buy products that hnvc 
bttn -!-iUing on ph!lrmacy ~c.+··" for a long time 
~<1.\1~ the ~~b t-ecvmc ~nud~ and dmw. 

A p~ri.xHc ev:l.IWII•)n •>( invenw.ry is cnac.t:)l tO· 
ward lct>cping rhc 00\ancc in ti.tw adjustmcl\1, Items 
thnt arc not .selling wdl or t11.: u.sc-d infn."qucnd y 
within thc.- rr~ticc: $houkl b ... ddctcd from th(' in· 
v~nt(U)' ul~.~t~r lt~t :mel a),VI.,Id no t I:H: t)fde~d m rhe 
future.. ThtS is whuc tutt\Over b.x.<'lm.:s :m lmp<)r· 
~m issue. 

Turnove 

T~¥Notlw 
Turnover is the nul'Tibt1 of time!i 4 product rS sold 
Of used in ·h~ on an acmual basis. 

lkca\l.Se tht rt are 12 nw nths in (t yc:~r, the ide.1l 
sltu:uloo Is h' a.se ;lll lnvenrory ~;---.h 11\t)nth and 
remder in time to begin the next month.l lowever, 
in the real world, thiti .simply doc:.s not happen. 

T~¥Notlw 
Four turnoVers is a workable goal, and 12 turnovers 
may be set ~$ the ideal goal. A mean turnoVer •ate 
of eight turns per yea1 ~ acceptable fo1 most \'et· 

erinary pracbU!S. 

Calculotlng Turnover Rate 
The (i,lkowil\~ equ;,l!M)O i$ uso:d h ) d~tt:ttnine tu rn· 

ovcr rmc: 

Th<:" (\.,Uowing cquntion detcnnincs the a\·cragc 
c;ost of im·entorr on h;md: 

~we,. cost of ill\'ertCiy on h:n:l = 
Yeifsbegrringi~+Ye¥$end~iwentoty 

2 

!lSO.CXXl +S:SS.O:O = S9~SOO 
2 

CONTROLLING INVENTORY 

F.$wbli.Shin.g o,::(fecti\'c inventl.lf). <;vntrol in (I vtto:ri• 
nary prJ<:tl<::e ~ssit.:H~ pl:'tcil\1r: a l'li:l":iilllln chal'f!e 
of ordering t~nd stocking .supplie.s.. An ;Kidinon;tl 
pc.·r.son uaim-d M a bnckup is a must b«.aUM: when 
th(' ICM goes on vucatiQn m i$ .!lic:k, wmron~ d.sc.
anu~t ~ l.:~l cowle<lgelt.le ''"":mt the sn•etn. Th~e 
f\l'\') people e:'ln wotL: effectiveh• t~s a ream to keep 
pr..'XIuct supplil':S \)n hsod. 

The duties o( thc: JC~·I !llt.' intc:nsc:. This pe~n i.s 
rC!lSf''"·1ible f<Jr keeping <\n adequate: $upply vf .-.n 
prnJucrs ~~. Jis~t\>00. ~1nd s.,-,IJ; i'\lt~lnhln~ ln
ve:mory ncms for easy loca1ion: iJe:mil)ring when 
product.s should be reordered: L:t.'C'ping aocurnte in· 
venwry re<.:vnh; '-"dcring, rcc.:c.-win,g, aod arupecting 
l!hlptoo:r\1$; <tnd •naint;tining price :.l1Ki !)fi«: u1xbt€'$ 
f<)r :.ltltrems. The: ICM :cllso is resp<>tts1ble for romr· 
ing stOCk, keeping expired iu.'lti.S \)ff rhe .shd\•.:.s, 
learning ab:>ut nC"w products, and kc:cping the pr~.; 

1tet o",' <:r ;;)n)ri:<J (1f 1ht l!p<ci:ali! that ~\rppli<:rii 
m .. 'ly of'tCr. Th~ re.~f.'I)I\Sihlllry musr be aetOO upon 
C\'<:ry Jay. The vctcrin~ry tochnicinn wh\., accepts 
thC' role: of 10.1 must be able to p«fonn clinical and 
nu!lin~ .4:ilb and k\!f:r an ..:)'c.- Qn inv.:nwry kvd~. 

T~¥Nottw 
The obiectives of an inventory control system ate 
I'M:)fotd: 
I. To m~kE: certain th~t items are on h;,nd when 

needed 
2. To be able to pu~thase needed items y,hile staying 

Vllthn 4 budget-ed amount 
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> 1J Proactive Inventory Control System 

for an lnwmory (.(ltltrol SfStem m be wotkabl~, 1t 
must be easy to us.c and haven turnover r:ue ,'>f at 
kttst four turns JX'T p:ar. It is the in\'entory c.ontrol 
m;mi~<:r':s j(•h t() make :sure th:c1t all ~plies are (m 
han.l when oee(k,l. Expenses .::an bt re.luced \vhen 
uw~ntmy nnw:~unts are ord~reJ prop::rly. 

Prorer hanJiing of Drus Enforcement Admin is· 
tmtjon (DEA) subMtmcc~ is ~l.fl im~XIftant concern. 

T~:rN~ 
Controlled subs.tances (e.a .. Sleepaway, diazep.1m) 
must be kept in a laded cabmet thirt has been 

bolted to the Roo•. and 811 8mounts used must be 
correctly fecor<.ied in the controlled substclnce bg. 

I)F..A forn1s ( F'igur~ 19#}) n\u:!J bt! fiii ~J (M.,11 
pro~rlv by lndudln~ the corrc<:1 .s.pdlin~ oi the 
.subsr-.mcc to be ordered. d .. xumenring the ex;~~ct 

llfl'iOu.nt and milligmms, 1md obtaining thee signa· 
tu~ ()( tht veterin(l rian. N•J li(ll• id ~per n~y be 
used d l ' t h eiOI! fottn.i. anJ n.o Mtik(l(lur.s ~lre ~)lll'w.teJ. 
In ::~J.iition, rhcsc f,'>mls must ~filled out with nn 
ink pen or n typ.._•writcr. 

E.<.~·h i.nVQif;c (fi,b"UI'\" 19-4) th<Jt <Jrnve~ ~t the 
velenJ\;,J.r'f h(~piml ~lll.'uld !'It !!he:ckt>J 10 ~·enfv 
:unounrs ordcl\.xl and r rKes th~ f"'':K:tk e •~ cha~. 
A ~1cking$1ip (F'~'Ure l9-S). a.n im'Oice, anJ a smtc· 
mC'nt (Figure;: 19·6) 1ue thn:c dilfC'rent forms. Mi.s• 
t::,ke." c,.':,)n he m<~~lt <.•n Lhe..-<e {.;..,u\$ unmcentilK\;)11 ~· bv 
me product vf'odo'lC', but h m:l'f fall m the ICM 10 

audit 1hese mi~tnl:.t.-s anJ nocify the vendm so chc 
nccount can l:c ndjust«< co nxci\'e PI'Opl:f crc:di t. 

6.-ck~ordct('(l nem" <:<m prC'~nt prublem ... 
1\)ck-onle .... ::.l iten\S :.\rt t h(ltte hem$ n<'t no h:ul tl a• 
the ''~nJor tOr nny numb~r o( rcaf;Ons. S..'>tn~timc.s, 
the produet mny lx on back order (or manufnctur· 
ing reu.son.!; another r('.;oon nwy be that the manu• 
(-a-c•u~r ffl re.;.fe.,~n ing d•e llr(ll.luct '~ );)beL fh•}'Vllt! 
of l:ull~ ph."l rtnac~utk COffX'I':'l.tkJoi"I.S -:'l )so can C..."lus.t. 
produce h '> h..- on back order until all minor dctnils 
nre worked out concC'mi.ng the rocr~>er. 

ldentillcatwn o( <:>:pir<:(l it~:m.s m<ly he vne v( the 
n\•'X>C frmwuin~ l'.Xp~r~~nce:. an ICM mow face. 

T~~N~ 
r..o\:::lQ p!Oducts hao•\? an e>piration date oo the label. ~ 
lhese must be d!ecked freqJerrtly so they can be re
mO'I.Ed from the pharmilr.y Vlhen they are OJt of dale. 

VetC'fm<Jry procttee mit.n~~ment .~y~tCill$l!IJitw.-~ 
can he an U\~·a lu:)l"!k :J!o.l in et:"Kkin,ll: e:<piretl .(t:n\S.. 
When r roducts are 1\.X~ived. the l>arlie.sr ..-xpimriol\ 
date should be the one dun is recul\kd in the com· 
putcr ~)':;((ttl. Thc:rcfore, at the bt.1:inning of e•och 
m(!ll!h, t ht! ~YII'II'Ut~r w•ll rdl~(;l rh(~ I''O"Iu.::tii 1h-a1 
expire 6rs1. and the ICM ctn rrlm a list <'If th~ old 
J russ and quickh• rt.-m.o~'C thc._'lll from the {'h;~~nnac)'· 
A.s $000 as the old product:s have bem R'llloved from 
tht phaJmil(.y .')htl\'e!, th e.: next t~rfit:;t (')(pir<•ttvn 
date I ~ re.:x)nle,d In the compu1er. Some p.harm:.ceutlc 
COOl (\lnies h:tw pohc1es th:u cnode the prac.cice to 
free rc:rlacement of e.xpin-d itt.-ms. Howc\W, otl\-1..'1" 
vendoo d(> not OOI"'(UT with thi.s ow.mg('ltlcnt: thC're~ 
f1)r(!.. rh.~ ICM nh.~t I,.: :-)ble •v <li.~• iO,{ . .'\.Ii$h 1\'hich ex~ 
plted pmduc.t will pc-oducc ~l fret- roroduet refund al\d 
which will n..x. s,)ffie phamwttutk com~nks prcf ...... 
to <:l"t'dit th-ee fucility':s account inst..-~•d (I( ~ndin.g re-
p(:;l.:ttnent nltrthaJ,dL>;t; other$ (-/rer n,l) n;:imht''*' 
nwnt "'" \-:'ltSI'IC\'er fi)r ex:plrcJ ih'Ol:>. 

h is hoped th:u pi)f~r~~ will Mt ~xcur in tfl~ 

vcterin:uy facili ty. Ho~A'CVCr, an efft.-cri,•e in\·~·ntol)' 
control ~·stem will det('r empk1ytt~ who m(l'( d«1 w 
$1..::'11 hec:mse chey k1lc"•w 1h:)t uw~nrory IS cwmed Nl 
~l r~'l.llar ba.iis. Likewl~. m~n:.lwndi:s~ Jispln~<ed {~.Jl .. 
leru;hes, C~'>llar;, g.ampoo. grooming brush.."-;;) in the 
rtceptKJn an:a o( a vctcrinal)· facility can ~ eentidng 
u) .o~Vme -clien t$ w~1<• m(ly 'k.;;idt t<) "l'i(;k vp" a'' ittm 
lnsfl:•·.ld o( (Xlyln): for h. Thli li Moth~r rea:oon why 
r ror<:r inv .. 'fltor)' control pb ys nn imporwm role. 

An order!)· way of ket.-pins u nck of data rc~rdins 
imentory should be- l"tnplo~-cd . M<.~t ~'C(eerinal)' 

f.-.cil•ties in thi* ;) J<:< vf CX"•mputotr u:<:hn(ll,~y lh'-t ~it~ 
W'.ll\" ..k-sli-tlb.l csp«.lally for Lh.e \'Creruury bu,.ln~ 
Remember, when Jcaling with computers, the old 
ad~'('-.. garb~'C in, ga~~~ ou~ ("'GJOO'")-<an 
dett(l(:t from t he qu:1lity v( infOnl1<1t ion th.1t <1 Cllfl1 ~ 
pu•er .:x-..-uaJM. 
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The Pharmaceutical Warehouse 

PACKING LIST 

Ship To: 
All Pets Veterinary Hospital 
1785 Lawrenceville Road 
Lawrenceville. Georgia 37965 

Bill To: 
All Pels Veterinary Hospital 
1785 Lawrenoeville Road 
lawrenceville, Georgia 37965 

FtGUR:E 19-5 
A sanll*! ?ad!llg dip. (SOfl'le ...endots do oot re<«d p!lc:es ac' thoeil pad«~ sit:~~) 

• 
Inventory Records 

Man~· t~l'l~ of i1w emo ry rt."<:mds may be used in :. 
\'etc:fin.o•ry fllcility. At lc;o'"' ~e of the following 
~lut•ld he u:\lt-d, <thhwl!h !.()me l'r.'tet ieti tu-a}' d~¢et 
to use them :'Ill. 

A rcmder log, sometim($ called a ''want book .. 
(Figun: 19·1), is an dT«tiv(' way to track rroducu to 
be.- i.trdtrOO. E•~h m..-mh..-r v( the: vc:tc:rin~l)' AAA' can 
ut< dh~ ll)(: .,., tt!Colt'd i11::1nS t hat ~h,luld I~ •)1\lt!~tl. 

T~vNotiw 
All vete!V\ary personnel should know the impOr· 
tance of moW\t:tining inventory and shovld make 
etery effort to •ecord in the reordet log ~ny ptodua 
that ha!. been depleted. 

In :) hu~y l'r.~tice, 1h1" h:~hh t~ (I( uunn!tll impt'll'~ 
r:mcc bcc:.lusc cncc Sl.{'PI!es have OO!n ~xMustt--d. 
obmining inu • ..-im pr.:xl.u::t from rh<: neighlx:oting 
vcterinar,· l'acilit)' bx<Jtn($an "WlCQ.~nq." Aftef\\o-urd. 
1~1t; (lmV\nlt~ b..MT(AA~~I mta..-t be rtpla.QI:~I or p\lid (,,... 

T~o~-Notiw 
The reorder p01nt IS the ~oel readied that necessi
tates a piOduct •eord~t 

It is the "-*"P(INibilit)' of t he ICM to Sl"t th(' «' .. 

urdtr l'<)int. I( orderl! :ln; J'l-a~;eJ t:-leh wed.:, th~n :\ 
minimum of a 3·wcd: suppl~· ~hould be kept u\ 
stock. larger veterinary hospirols, emergency d in· 
ic:s, 1md colle!.~ of \'<"tcrinl\1)' mcdid ne rna}' require 
thilt in\'c;ntl'l)' h~; onlerl'd vii• a pun:ha~~; onler. A 



Hidden page



Hidden page



Chaptec 19 l•' ~'e•HOq': 11u!' Veterhl.ary Technician's Role 397 

An in\'enh'>l)' m;.lst.:r list pl\wtdes endlt.'$ qu~Jn· 

tit~ of infonnation. E•~c:h v('terill<1ff proctk< 
~\<•t•kl ~•rive t<) l.:ee;p ~ ¢1Jrrt.nt li$t ..,(;til prlKivet$ in 
!>tOo."'lc An lnvf'otory m:'lStf'r list provides mforma· 
ti~'>n such as name ~'>f the produ<.t, item number 
code. usl~'t", order stntus, and price. Some \'etcri• 
nary mi•.rwgcmcnt ~Jftwa.re indudt<i inf•Jrmau(m 
re~:H\-Iin~ t ht-: se:t~l"lll\;ll u:>e ,..( produ<:t.i. One C:Ht:· 
gory in which this may~ important i:s tht: area cl 
flea and tick productli. Todn)'~ computer .software 
designed (or \'cterin:•.ry b1.1.si~s hu,s the aNlitv to 
n:fleer ~he ni•.1n1 h:;durin~ whk:h •he gre:-)tt:n ;,'lrnvunl 
of pmdu<'t was sold. For lr\.S{:l.fl<'C, It may~ dt:'ll tl.c:'l 
anJ tick shantpt)\'> is purchased more fre<J ucntly dur· 
ing the months of March through Sc..-pt<>mbe-r a$ 

..:tJmp<~reJ with •>thtr times vi tht ~'t<lr. By u(infi! th i.~ 
informafu)n. rhe ICM can beuer J)h~dkt hnw much 
mcrch:mdi~ .sh .. 1uld be ordered. The m:tSt~r list nlso 
retlec~ trade name."$. ,l,.!(:ncrk names, unit .si!t.', 
.. uength. n.arm: of th<> prod1.1ct~ unmufoctu.rer, 
phvne 1\IJll\htl'l!, atUre$je$, pr.)CI ic:e :. cc(M.n\1 n1.1ffi• 
~N. order ln(orm:ulol\, unit r r!ce. ~10d a (Mmub 
(or calculating marirup. (Some ,')( rhcse items arc 
optional.) 

T~J-Nottw 
Markup is the amount ol money (usually a per· 
centage) 0\let cost that an rtem G sold fot. 

Th..-re is a difference b..-rw .. ·•en CO$( and rer.lil 
\'Uiue. Cost i~ what the Pf<Ktic:c pa)·~ for an item. 
Total C(1$t i.s fhe OlliUJ(Hit du~ htm ~(~IS ph~ 
ClX. Thf' tN:'lll rrkf' Is the ~ln\llul\t the pracrke 
charges a client (,'>ran item. Retail pnce usunlly 
includes a profit margin (i.e., markup). Each pr<K• 
tic.:< hao: a way o.f fi~uring marl:up, and the ('(T• 

cenmges use.! m:))' v:lry. A Cllll'lm<)l'l W.l'f h) iigul'<:!' 
total CO<-it is w multiply dW: product's oosr by the 
aprropriatc: t;.lX. When the: total colit of an item is 
OOwined and i5 multiplied by two, u IOO?r! markup 
(i.e., re~il11rk.t) i~ the re$•1,. 11'i3 is illt.•$cr..l•ed 
~k)\1.'. 

Cos-t • Tax - Total cost 

Example: 

Amoxici!lin (100 mg. tOO~ount bottle) cost • $1:6.7$ 
Tax(@ tO%) - .100 

$26.75 X . 100 = $2.675 
£26.7; - !2.&75 = S29A25 

To Filld Retail Pritt @ 1~ Markup: 

total cost of the item x 2 = Retoil Price@ 100% 
ma<kup 

S29.43 X 2 • $58.86 

Then: S58.86 diVIded by 100 tablets in the bottle = 
.sa86 o< SOS9 "'"' 

So. each tablet cnn lx> retailed(« $0.59 (,'>t $0.60 
to make occounring e.ru;ier) • 

Reorder Quantity 
Who.'.n tho.'. rf'•'>nlf'r quantity is Jero.'.rmh\f'd. a Rood 
iJcn i.s h'>$Ct the amount equal t..'> a 1-monrh .supply 
By or<kring ll J .. JT\Qnth supply of product, the ICM 
will nvt h;:.ve tv tni(;.nJfl\<m~~>t. nwtnt()l)'· The r.eQr .. 
Jet quanmy C:lO he p.lHOO ()1\ the <'t)mputer) ma!'
to.'.r inventory lisr. 

Rabies Vaccine 
Rte<1fd~ ret:.rding r:'lhic:$ \';Kcin.e l.lrc: VU)' hnp(K~ 
tam. Ench mblo.'.s <.crtificato.> rel1.xts th.: vaccine's 
expir..~tion Jate and. .scrin) number {Figure 19-8) 
Th<>re(ore, the ICM must enw~ th.t•t the ccrtilic:atc:s 
rellect tho::.t ntunht~ b)' <:hecl:int;: th;lt the *""'' 
numb.:r ~1nd f'"P•ratlon d:uf' ~lre ~rOO <'O.tr~cdy u\ 
the computer. This i..s not optional: it m14sr be d .. me. 

Pharmacy and ICM Office 

T~vNottw 
A room in the veternary facility that is set up to 
seNe as the phannacy office and the tCM office 
pro'Mies a p!.xe to otg:anize catalogs, purnals., 
megazines. and sales lists.. 



ftfJ f• to Nt"C(fj,t .•. 
1"hcc1 llwtw $1GC'd.naud' agaln$t rabin tM ""''""' de•~ Hlow: 

Slped:,--;;--;--:---::=-:-------------
T~I.or L~ V\11..1 

VacclDatlono admlnlote:;.:re= cl:=· ==~ 
V-IMi ::0 
RV /DA2PP/CV I Bordetella 

: 
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Other items, such a;s DEA order records.. Oc< up a· 
donal &afcty and Health Admi.nh1r.•tion (OSHA) 
m:lnt•;,l$, ""'t~ri~ l 3<l(e1)' (l t~n• $hei;l') (M$1)$,), ~nd 
!iUpplh~rs' c::ualojpt. :l)!>t' C'IO be MOrcJ In lh.:- phar· 
macy olfice. 

Organizing Inventory in the Veterinary 
Hospital 
The id.:-al ~itu:ltion (or rugnni!in g invemory 10 the 
\'eteriJUJry hosriml is to est:.~bl ish a cenrrally lo· 
o•t«-1 phanrwcy IUCil· In this lrnm.ncr. <tU plwnna• 
OI:Ui k$ ¢.ln he oountt:J ~<l~il y. 

T~;- Notlu.-
tnventory within the pharm~ area can be arranged 
w' a variety of wayS. The m~ common ways to ar· 
range I)(OOJcls ore olphabe6ca!ly, by d1e.-opeutic 
use. o• by dassific.ation of the drvg. 

l\n easy "'l.lY 10 Of1tlOI!C lnvemosy is to print the 
m~ster inventory list and then Sh'Xk products on 
tht' $1\df in the same: WilY that che~· are l"t.:d ott the 
n~'ter li~t. ( I) t~u<: way, whtn it ii time; w perfvnn 
uw~nrory, pi\"XJucu are mr.lOKe..i on the ph."ltmaey 
shelve~ in the .s;.lm<: orJer they nppe;tr on the mas-ter 
im·.:ntory li.st-(hereby enabling im·entory to be: 
t<llric:d (.1\lt in (I timely (;'Shion. 

Stoff Memos 

T~vNot!w 
The ICM should desig1late a bulletin boa1d to1 
memos to the veteriNry staff. 

t.o\emos atklched to a bulletin board can alert all 
hospit.ll st.lff of company buyouts, disconbnued 
Items, and b~k-ordered items. Ust of a bulletin 
txwd J)(C:Wides the ICM '~~;th freedom from frustrat· 
ing intef'l'\4)lions by office sl.:lff c::ooc:erning ~ntory 
questions. Additionally, this bulletin board is a good 
locauon for the teoldel log c~ .... wan! boon. 

Special Conditions 
Some spc:da) condition,s mu!( be recognized when 
r>ne i$ ~rrongin,g invtnt(''1'· Prvdu<;t<: th~t r..xJuire 
rtfr-igetarkm h:we ()Illy :l lu\lite.l :.\to()Ull l 1J 

scora~*t' $-pace in tht• re(rir;ermor. Cnre ~hould be 
taken w twoid orJeri.ng too l:ugc •• quantity of 
1 ht-~e Item!!; l-t<;ause 1he ~vai lablt t•mll\lllt l,( r.:~ 
frl~ctatlon m~ly not be ;lble t.:. eOI\Il.lln 1he order 
amount, DEA substances should be kept in a 
locked cabinet that has been bolted to the tloor. 
The ~p<4Ce withm the: <:ttbintt ,sho>ulcl be <:on~kl~ 
eted btfote inerea~ an'u)unu •)( l'fh':rchandi$e :.He 
orden'<J. 

Monthly Inventory versus Rotating 
Inventory 
I."A::cidm,g when tmd lww .:itc:n tv ptrf'orru thi$ nt»
esoat\' fun«u)O Is t h e qu~llflf'l. One e(feetwe 

method is to perform a rm;ttin~ im·cnror)'. A rotat· 
ing im'l'ntory nen~siunes the divi;sion of like prod· 
oc1.; into c~• te.L,'Oric.$. Th~,se c~• te.L,'Orie$ itrc: gi\'..-n .
number o( <)lle 1 hr<ou~h (our. ~Or ex;,~mple, ~)ch 
C3ttROr~· desiQn;ncd as one i!< .::duntc..l J uring the 
month of January. Each <ntcgm)' dcs:ign~rcd ns two 
i,s countc:d during the month of Fd:lruary; chrC'(" is 
<:O:>vnte•l in M\u't;;h, a.n d (•Jur in A pri l. During the 
month o( Ma)', the hwemoty ~In~ :ls:;lln, :.mflinK 
with those categories designated with nun\h.er ~me. 

Thus, l'<'l.::h category i,s oountl-d three timl'li n )'l"al 

(Fib"Ur~ L 9~9) . Altho.>~ this nwy nQt b..- a«<rt~bl..-
10 ;1l l \'ett:fh'la.ry ~'lf;)l!l ll!e Owllt:r~ i1 «:rl;~i l\ly c:ln he 

~1n efficient W:l~' tet perform a physical mvcntol)'. 
Many times, only one persetn i$ re-sponsible (\'>t in· 
ventory control within the veterinary fi•cilicy, tmd 
<:Wnting every item Sttl(:l:.:J in '' 1~<:tice m::w t•lkt: 
~l sin)Ole pcr.;on I to 2 d:l)'S f1) complc.te. If lnvel\h)ry 
is Jone \)n a momhh• basis (i.e.. sll items ooumcd 
each month), the ICM c:a1mot p<:rform oth-..'1 nuw 
in~ or tec-hnical $k.il~ 1)11 th-e day inv..-ntory is t<l.ken. 
When :l nlC:ll u\)! mt'd\l)d iS: uS:ed, ;' ll'ln:\llet :'U'1Wun1 
o( in~·enror)' is comued each month, thu$ ('nabhng 
the ICM to have timt' nvnilable to (X'rform ocher 
job dutie$. 

T~.vNot0.1' 
Nothing is as effective as performing a phys1Ca1 
inW!OtOty. 
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Some pmctice owners may require a monthly 
invC'ntory oount. H(lwe\•er. pC"rfonni.ng inventory 
1)11 ~· r('ll ;,ti.:•n.<~ l }• t<) 4·m(Jnth .;.yde m:\k~ lhe 
ICM'!> jl)b easier. A \'l"tcrin .. 'lry technki.-.n may 
pcrf\)ml tn.'ln)' fu ncri,)n:; in :\ \1Cteri1Ulty r~""-*Cricc; 

USC: of It Tottlting inventory CIUUTC$ 11.n at<Uil'ltC 

I.XIUnt and ~;vod t.l<c CJ( the \ 'tttrinary te..::hniciom'.< 
nursin~ ll:ilb. 

In a bu~y \•Cte:rlnary (:lC.ilir'{, ~1n ide:l\ ~ltuatiC~n is ro 
deal with as fell.' .wpplicrs as possible. The ICM will 
constantly be: im·oh·c:d in an l~pointmcnt with 
~1!~ n::prtl!C"ntl)tivt:s j( vinit,._,:S Vl!nd!Jr.< <Jre u-.ed. 
r)e;)Ju\J( wu:h :b few !>U(lVhe.rS :lS pt)!>.ilhle Tt':IC;).~!> the 
ICM w pcrfmm re~ul::tr nursing nnd u.xhniClll du· 
tks rcquin-d by the faciJicy.lf .wlcs reps an• asl:t-d to 
ITI.ltkC' ~tn appointm('nt, th<: ICM will kn(lw whC'n W 

t':lC~CI :l \'hil ~· nil e:.n heu er pref<•re th~ ll(IMit.'ll 
ll.'Ot'L: rlcdulc ~1round thi!< vlsit. The JCM .should 
cruurc that s.1les rcpn-scnrativcs arc nwarc ,)f lunch 
breaks and quitting time:; ()therwi:!e. th~· m11.y just 
"p<)p in" tv malt~.<~·"",)!;" whhtJIJt oon.sicltrirtg the 
ICM'!> schOOuJc. 

In d~:.1ling with ph:tmHtccutk nod .supplier .so.1lcs 
rcprescnrntin-s, it is advamaseou$ to be: awml• o( 

"'t'V<JO•I thill.J,.~· (KnQwlor..IJ:,>e v( the following infor• 
m:ll i.m wtll m:1l:e 1he ICM fn•)r~ effective ut tht:. 
re~poosibil1ty olitwcmory mai•tte1wncc.) Quanttty 
anJ ~lSSo.')rtmem disc,')unu tilt' ways thm ph..·mnaccu· 
tic compani~ Cllll ol(cr incrC'ru;cd qu!tntities o( 
~lKl'l. Uiill illly, the Cx)nlJ'(lny wtll vffer ~ di..«c-.~.mt 
(or buyinr: l:'ltiL'Cf al\l;)UiltS, but sevcr-.11 ront .. htkJt\.S 
must b~ considered by the ICM. First, how f.m c:m 
amounts o( the product sold in the practice be in· 
c~ta:sor..H RC"mC"mber. t ime illi mon<}'> <u¥..1 rn.xlm.:t h:ft 
s.iltin8 in 1he ph;)rnucy f,)r ~x•~nded et:ti<•ds will 
cnJ up cos.tin g the pmcticc money, C\'Ct\ though 
the mcrchandisc ma~· haw been bo~.~ght at a dis· 
c.ountc:d rute. Ab(•. where will the O\'erMock be: 
~IIJfe.:.H IX~ dw;: pr.u;;[i<;c: h:\vc: lill ffi<;i~nt IV(IIll IV 
~>tote uKre:'ISOO qu:ll\th.es eo( proJuct! Sometuncs, 
quantity discounts arc 0(1( what the)' arpcar to lx. 

Delay<'d billing is another fcatut(' thnt some: 
pharru<'l<;c:uti<; and supplier comp;mie:s tntW IJ«er. 

When d iscounts for quantity buying nrc offen-d to 
th(' vet('rinary pr;•cticc, the: st<•tcmc:nt often will 
rd ltct :~ Jel~yc:d billing OJ'tion (t.e., 1ht $t~•tt· 
mcm doc~ OM hMc ro be paid within the ~~al 
30-dny span). lnstc:ad. the: \)ption ol paying Wtthin 
a 6Q .. to 90-day period will e:-;tcnd the discount. 
u .... ut-lly, n() intertn i$ charged tht hu~·er, ~nd th~ 
pr:lc.ttce i1wn er may be ahle It) purchase inc.1eas.ed 
~1mounts of .ShXk m a reduced rate with\)Ut the 
trial of coming up with funds to pay for it all 
within ~· JO•dPy limit. Conl!iiderlltion mu$1 sti ll bC' 
~iven t () wh.:ther ()r nOt there L• $v01(a~nt r<I(Jm 

for !>tora~ \) f ~wcr.!otocl: :l.nd how soon the product 
C:'IO bc .sold. 

Wht•n 11.n ordl'T is placed, man}· companies wai"e 
tht! ~hipping fee i( th~ ve~~;:rim\ry pra<;ti<:<e orders.
minimum :.lm<'uot d PfOJucL f;t-t e:<ample, I( rhe 
minimum mder ~\mount is $250 per order, th(' ICM 
can ~vc rhc practice ~hipping f<'t.-.s by ordering the 
minimum ••mount. KC'ep in mind dwt a ~hipp-ing 
fe:e o( $10 when nlulriplie.:.l vver 10 o..'l\la$ :\Jtl$ up 
h ) $100. Shippin;: c&..rs multir lleJ by 12 mol\ths 
c,1Uid bc uSot.-d to buy ..xhc r pr~.'XIuct.s instead of being 
s(X'nt on $hipping (e<'$. 

SIJmt phl)nll;'l<;c;:utk t~.nd :iUPJ'Iie. cvmp;Anit$ 
offe1 JISC(MU\TS (;)r c:1rly pa'{lnt.IH. Vcretln~lty prac.· 
IKt>S can save mon~· by ('a}'ing the statement c:trly. 
This too i:s a way to 6<1\'e the practice money. On 
the flip sidc, pc::nalti(:l!l tUPY be im~«< ((lr swtc: .. 
u~nt~ p:lkJ :~.f1er I ll~ 10-tby 1 im~ li•ntt. Th~ :lnwunl 

paiJ in penalties cal\ also buy produc.t insre:ld o( 

lx•ing spent on late iCes. Every rr.Kricc should 
endeavm to pay within 30 dll)'S· 

11le ICM ~hovl .. l he (;lm,ltiu with each vc;: ,,d.)r'$ 
rehun policy. hems. thm :lre f'xpireJ m:1y h:wc 10 be 
rctuml-d. alon~ with :any item that is not s-elling 
wc:ll. & me \'Cndor.s will allow r roduct to b: re .. 
turned ~nd will credit the: rroctke'll c•<:coont ac.
<:iJnlingl)'· lteu'IS th:lr have expired .nay be p•cl:ed 
up by :l !lr.lb 1\"PR>Scnrati 'lt' nod rcplattJ. It should 
bt.• n0100 that expired conuoiJcd subst:.:tnces cannot 
he pkkcd up by the sal~ fl'Pt('Sl'ntative (elf return 
IV d1-t.'. Jlh.<lnll:\C<VI i.;: OOnlp.'lny. 

Incoming Freight 
The inventory oontrol man"J.~r must be: 11.lcn to ros-
sthlc dam~c i.n<;urn:(l w (n::ight du.rin~ $hipping. 



T~rNcrt:Jw 
AI the time freight is being un&o.ded at the vtteri· 
N"f fool"f, me ICM should ......,.,. d'«<. fo< d.lm· 
• .,_,. .,.,-""' ...... ..-. w ........ 
••.,. "'-"''"'""., moy roc.>~e ~>oeo~<ase o1 
the conten~, and boxe$ should be covmed and the 
number ~1red vt~th the numbe:t ol conlollners 

.,..d On lho po<kioor ollp. 

A~ ... ,...., a'~ ;arm""· • thookl ~ (lf'l:'lteJ :md 
;my d.:ttu.~'t' ~ohould he lloh.J. En .. le-n~:t> nl ~bm.'*-"t" 
d-.ooiJ he f t_'t'(u1cJ 10 1hc v~1\.lilt :'ll> SOo..,.. a~ l"~""i lllc 
so tlut cn:Jh cl'ln be r.."CCt\'i:J nnd/llf d:tm;•M•.:J hems 
K'placC\1 ..;.,~ com(XII'Iln h..w~ u 24·hour rq-."lftrng 

f'C"U."' CJA" .. .. n t.b~ ,,l"M .. cmN ~ ~r--.t\'\1 
w~dun 24 hn . .lft ,'r[ artnJI1 unw). l}Jim*I).:J lf''ll...b 

shou.IJ he m:umcd ro the \..-:nJnr from ~,~·hi..:h 1hey 
'ol.'l'R' onkrcJ, in th(' ongin11l 4\ipping carton with 
thlt' danu~C\.1 ~l!Xb imide-. In this "'"Y· the \'cnJor 
l.'::'t:n :.~e>.-.,..., dw J..:u~~ .mJ \:,lfr\'Ctly :.rrl• ~--rn.tu •v 
f.he \d~IU\.at'f ixilll) ·~ OIII.:(,IURC 

FOB Rulet ond Shipmtnt Contracts 
A \'<;!rM.I•W ddi\'~n. in-:i,l!;ht t•l t lw 1'1\•TCh<•>.:c;lr. 11lc vel\"t• 

11\:.lTY (<K.iiiJ)' lll3'f m:.1kt> :tl\ m.k!r wlc:h o1 tt.'k'f!tlt.u'\le 
repr~nu1t\", ~nJ or Lu. .. I"'Khast orJn. ,.., nuke 
an O£dn Wtth the-~ ~tM1'"t" duJm~: h" (If 
hC'f ar'rl"ntm.:nt .-t tht- n·t ... nnary f<'l('thtr. A ~lur• 
mel\t ~•'lllt;t\.1 '' llne •n whlth the ~Iter tum .. d'W
~s <wc-r tu a canicr (or ddlvcry to the bu)'l'l, The 
sdkr tu, nt,) ~bilat)' rl-. ~ing that th.c J,'lMJo..is 
~ thr.r Jnunarion. In" -harmmt ~~.roth 
1;1tkanJ n.~k •• kilo>)~ tnt h.: na,~ • .f.nt d~ ~--~ 
are Jtl..,cn hi rh<! c:urle1. Shtr1m.;o-n1 contr.l(.U 1*1\) •'lit en 
dCS<~gnat~~l hy th~ term I;OIJ P'lt~u of Shipm11111 (~i~;Kh 
as FOB O"mlcn. Arkarw") When gouo.~ .. un;- '<'nt 

FOB ((n-c '"" 1:\.w-J) lull•~'~~>·nl.,,· r~ ul •lurmmc. 
~ .. 1111-..: .. ld ... eMJ (,~ ,,, th&o rbot .,( Jt~. 
'Th.c ~~~ mw.t fG) all Jlll"r'~ ~ ih-.cn there 
tO £he p11Kt' l.j Jestinauon, 11l<" t('flll$ inJ.ictUC that 
titlt' to lit< ;..•ot.1J:s anJ ri•k t•f k--ss pitS! Ql th,· pomt 
vi vrt.)!b' IMiv~ry tu dll' L.•rr...-r t-.y dtot :~dlcr ;n~l 
:K.::t:p(MKI1 t, the c:anwr (um('kt:t: dw mm.t....r cl 
bach ntk and ritsl: cl b. TI~~tt<bt". the ~"('f 
ac«'f''• fu11 "'~ibiht)• Junng rht tmrn.Jt c~ ~1ds 
(&<J•••cn un~.l Suk)'<lio 2006). 

A vendor usa a form n( rransportatulll 10 1>1."od 

t('(}~• h.:,J lt.:m:s tQ tht' "<:tttin:u)· h~pitQI (c ~-:.,UPS 
(Unhal 1\utel St:"·l~~l. t\\~riu E:tl"f~:~~. Fll'\kr.JI 
ExJIN'~. U.S. P«>C:~~I ~n~~). One« ttk: "'"n..Jm 
tflC"8.ton lft"Lgfu to ~ earN"r. the fft"td't• brcomcs 
sul-J«l t\1 two FOB n1le"' FOB d~lmatll•n and 
FOn ~luprin~ p<>uH. 

T~l'N~ 
~Dil ~~ drff~nt ~~ of delwry on fre.ghl 
that 15 leavtng a pharmoceutiC facity &osu:ally, FOB 
rules <;{!lte ~ bvs.tneS<; (vendor or buyer) has 
the t•dt tO treigtrt and v.tlo will be rep<>n5ible in 
caws ct loss of ft¥11 '1\then !he vendot uws out· 

>Ode ·-- 10 - goods. FOI destination m~ns t'hat d'le tJtlie of owner· 
shtp (ffeight) is betng pdssed from tht vendor to 
the purchaser, and s.:11d freight becomM !he prop
erty of m~ pu~ when the shcpmtnt 5 deW
.. .., 10 ~ - ._..... fOB "'lppio& 
,_ ...... thai ... .,. ol ""~ (~) 
pa!tSH from the vendor 10 the purchase~ when the 
wndo1 pi.Kes the goock •n possess•on of ll cMrier. 
F06 sh•pptng potr\1 teqw~s the: purd'"~' to deter· 
m•n<e v.h.at responstlll•ty !he ~frief ~A~tll t.lke if ~ 
._.. O<ioss oaus 1o >..p The ICM should -
""' ~ ""' be n!lused (nol •lf'Od 1<>1) 
upotl delivery. In such cw:-s. rf the ICM deems that 
ddmagc has <>r may have occurred bee4use of the 
cond1llCIIn ~ the ~IPP•ng cooldiner_ the Vl.pment 
mllf bt refused. tn which use 1he umer ~~oil& send 

lho p>ds batt. .. .n. -

Receiving Freight 

T~l'N~ 
k ~ be<IIO-~ i><"'O ..... iJio«d ... oodeo 
•• urc>0<1< me teoi)i11 onco lhe cnler hos boon 
received. 

It 1h.: ur.Wr b II'Kott~. t:hoe pt:f!io.'ln v.h., pbca.l 
1hc 1W..kr 'l'itl ~· It uncnNi.:ncll. •hcft'oJS .a ptt· 

Kll'l unJ'IIIC\ang frt'u~ht ~i'tCI did 001 rhcc the ordt'J 
will 11111 know wh111 h curi'{'Ct. Sc'·<'rtd !lfl(llllrclfll 

li.ll 
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quesri,'>ru should be a$-)u.-d when one is unpacking 
an order, $1JCh as "Did I !,'t't ¢)(lKtl\· what I ord~red!"'; 
"Oid I get lht: uglu dn.~# ((lrm (i.e., .;;,p$tllt$., t~h\.et :;, 
or powde.rH": WDIJ I r~Xewe th(' corre.:-f si!c and/01' 
strcnsthf"; "ls the produn's expn111ion J:nc a l~'>ng 

way into tht' future:: "DoC$ the in\'Oice list the 
price I wa.< quuted by the rhont ~p .... , .~le:s rep!"'; 
"fJo.:s thi$ •)tder o.;.;t nwre than the l:ht (•nk t d the 
Slmc itemsr: ~Is anything bac.k-order.:d. :md if So.'>, 

"''hen will 1hm iwm be: shippl-dr': "'fli any fre ight 
daroab't'd or m~:>in~!"; and "h; thC' on:l.er correct. and 
,( ~. (::•n tht: bill ~ l~id!"" (t~,~ken~ :nul 1,.;-)nJon, 
1993). By askltlJt all these qui.'Stton~. !he ICM IS 

assured that thl." wterinsry facility will lx- neatcd 
fnirly b~· th..- v..-ndor. 

T~¥N<X:lw 
It should be rcmcmbcrtd ....nc:.-n shclvtos are stocked 
that t~ei\~Y r~ items should be placed behind 
olc:ler item$. so thatlhe old i:; us.Kt and/or sold first 

When ~tv<:k i$ N)t<lttd 111 d~l$ mtmnt r, tht f<l(;il• 
It}' JSc :llil>uted !hat 1h~ J)l\~uct Is soiJ de used by dle 
hoe.--pitnJ before the expir.n ion dtue. \'Vhen stocking 
.4ld\'CS, it is !,.'OOd co rt.-cord ~·xpimtion datt.~ . The 
C<lllit'l:lt d<1t<: ::~hookl t'<: the (m(' rec.:vrded in th<: c:o;m• 
pUler ~ th~ :;oltw;tre will presc:nt :)ll :.ccur:u~ lh• •i 
expired nems when !he eomm.."lnd is given to prim 
an ..-xpirlxl items lisL Smd;ingshdves also presents 
a conv~nient ti.me to du:;t and wipC' off labds and 
lid$ (In pn::,dvc'"' thM h;)ve l'll:tn ~ittint:: •.K~ the $htlf 
(or l'!xrended f*tlo..is. It sht)ukJ b~ nmOO !hat af1~1' 

dcanmg, r roJuetS .sht'>UkJ be n-plnced in .S.pt_'Cific 
locutions to fudliwtc: aec.urate inventory. 

vendt:Jrs 
Several J iffe rent l')'~S of ''Mdt'>I'S may be us..."'<<. The 
ICM mulil have lkk"<Juatc knowk-ds~· t~f these typC$ 
to COIToctly plitc:e an ordt'r. Som·e vc:nd(lt'$ aUow 
..,..(lenng b}· phvn..:; <~tht~ rt(llurt tl•t~t tf,;;; (lrder be 
lith·cn to :1. salesc rep. Still others r.:qulre a (axed t)r· 
der ,')r an order scm through the mni1. 

Full•::~ervi\':C" companioe$ a re those thm send o 
.•:c1l~ rer t'J vi•it tht \•ettrinary (a.;:ility M d (lifer (till 

service. A technical mff, usually mode up of ~·..-t· 

eriluuiaru, is t'mployed. Full•::~t'r"kC' C(lmpanks u.su• 
ally ~rf)' ,, linut..:J pr<l<.iuet lint. Somt '"'l)dtiC:t$ 
nt."ly ~ ~wly d('vtloped ptoducts that snll l'ct:l.ln :t 
patent with the fcdeml govc-tnment and 'annot be 
on:krcd through a distributoohip. A full·servke 
<;Omp;my h."l~ ::~.:-b n::p$ who c:•il vn the \'C:tenntU)· 
h~ilal nod t~l:e tJttders. M<*H (ull~.sen·~ oomtx~~ 
nics "'ill replace ootdateJ prodUtCt wirh new m ""'ill 
crC'dit thc hospital's a<:coum accordingly. 

T~¥N<X:tw 
The sales rep mil'{ not pick up expired controlled 
su~arnces; these must be mailed back to the 
company. 

A full~scrvice company may ha~·c sc.-vcrnl'\k-als" 
thllt th~ ICM rowt decide to acc,ert (~r dcdine. 
l;.x:u-nple$ (I{ (ulk•~n·ice C(ltnf(mit-~ it'cluJe Ph~r 
A•tlmal llcallh. Pharm.."lCI:t·Upjohn, Schcrlng Ani· 
OUII Health. and Fmt Dtxib~ Anim~l Ht.-alth. Th..-se 
compani~ emrlo)· \'cterin.ari<~n$ as technkalsup-
J'Orl $W{f, and th.ei r pn.)(lt•.;t lint$ <'r.e o(tt;:n limited 
~h Ct)mparod w1th dl~tJ'Ibuft)t!'t.hlrs. Howc\·er. fu ll~ 

service OOffiiXlOics arc forerunners m the develop· 
ment of new drugs protected undl·r U.S. pat<.-nt 
lo•ws, in whic;h <.:a...:.c they muy no1 h(' l!~llcl under .
~t:r\.enC n~utc unt il d •t: totem expire:;. 

M . .niJ order discount houses prO\' iJt. a JO:ood 
SOYJ(I." (,')r ordc:rinr; itl."ms such ~ls gauze. s)·rinf;l':S. 
needles, paper towels, ~~r drupes, and t'VC'Il i.so
J'r<'pyl ~le~.~lwl. Ordering (rom tin$ type <l ~·tndvr 
occurs ovf't 1h~ relcphi'lOe ~'<'-:luSt: mt"Xif do Oo:JoT 
employ S!!le.s. reps h'> visit the h,1SpitaL although 
catalo<.;s may be: suppli<"\1 and mailc:d to tht' bu\·l•r. 

Veterinary ~upply di11trib u tors provid(' the oM.~ 
C()(IU\lf lll W"J.'( <)( Oleqolril'l{: :,upphc!$ fl)r r;h~ ~·ecc:tin:~ry 

fxilit)'. A di!itributor is an imernwdia~ b:otwct>n :t 
full·s~'f\'kc comrx~ny and the mail mder discount 
hoo:se. I( u (ull«n·ke oomranv givt'l:l it:l approvo•l and 
<1 CiJill r.:t..;t i* ~-igued hetwtt:n twv cvm1J<:m\el, $1)1nt: 
products t\Omlally oold only thl\~h :1. full-service 
comr.my m:ty be ~'>brained from a d1~ributm. Many 
ti~. rroduc:ts rold by t he full .o;!crvie<- oompa.ny to 
tht di:miht•tor ttre d'IIJ$<: with a p."l.tent ab.:'Ut t() l"'Xpu~ 
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added to amounoo alrwdy ~ted in the computer. 
&r coding is avaihl.ble on mmt pharma~euti~ prod• 
UCt$. U~in{! :' (lt\• i(.ie ~J"<lhk <'( rt;~ling bM ¢(xJ~ 
li(rl!:uly enhance!< d\e coumlt1a anJ mall\lalt\11\£ cl 
irwcnwry. 

Addition1dly. mo~"t $0ftwa~ can be: used to pro• 
d\1<:-. autvmt-tie ex.riri'lri~m li ~t! from ~.X.Jmput~;r 61 .... < 

e:~ch ffl•)nl h. The Wt::.ll :.ltn<•utU of money~~ i•n 
uwemorv 10 "' d:1y, wed::, month, Of .,•car cat\ be 
obtained when comrutcr soft-wan.- 6)'stt'ms arc usc,_o.J, 

It nmnot he: overemphMiz«l how important inven• 
to:~ry « mtrol i~ t () th-. vet-.rint-ry 1'-.t<:ilit)'· The vtttri• 
1\::'l tV technid:m who 1!< wtllu\jt [<) mke iMI\ thi!< Ok'lded 
rcspomibi l i t~· will lind himsdf or herself :m invahJ· 
able ml•mbcr of the staff. Kt.'Cping in mind that 
mventory is the :>«:ond·highest ('Xpt'n.....- for the 
v~t t:rin:lt')' h¢pit:.l wlll \~n..-.ble the ICM 10 u$e <::1~ 
.. d'ldl con~lderina sales offers. Undet$L'ltWing d-w 
practice's mission is crucial in invemory C\')ntrol. 
R('m('mbcr, time is mol\<:\\ and prodoc.t left sitting 
l)f) the iJ1elf (N extc.:ndeJ pc.:ri<Jd* dod n(lt benefit 
tho:! f:tc1llry. Kcepu\j!: a lutl\<lVl!t 1)f a t le:lst ft)t.lf I urns 

per yc:u is n minimum S•'Xl l. Tmioing a blckur per
son to monitor inwntory dwing dmt.os of vacation 
or sicl:n~ expt"ri..-n<.:«< by the ICM is crvci.-1. Rc· 
mi1\dn\J! t:mJ\I <•~>et$ during ~taff u\t:t:cintp. ->( 1he im· 
porrance \)("GIGO" :md Jocumcntio~ ouwges on 
the re.:mlcr log will enable the facility ro never run 
out o( need«! product. DEA produc:.ts must~ (.(Ill• 
u,JIJed lv)· c;:((e¢tive Ji.ICl•mtn~ti<mo( the ir ui;t in :'1 

1,-,g bo..'>k kept sokly for this purpo!<e kg .. conuoll .. -d 
:IUbsmnce lOG book). 

€$tabli:;hint:: :'1 formul:l for m.-.rkuJ' i$ critic:.\ I. The 
w:l~· ltwel\h)l)' Is :ur:~n~OO within the pharmxy h.-.s 
a great deal to do with the case of couming it. No 
bc-ner method o( counting in.,.emory can rcplnce 
doing.:- r hysic.:al inv.:ntmy. Keer $ale:$ rep< t~hn:i~ 
(I( lunch hre:~k.i :•nd le:.wing rin\t:$. Carefully oh
Sl!l"\'f' all frcighr tOr dam:~"f'. :md rej}\)rl cl:tim.s tiS 

soon a$ po.s.sibk after rt.'Cei.,.ing tht.• rroducL Always 
r01at..- product on $hd.,.c:s :10 that the oldest produc.t 
i$ ~)1..1 ftrs1. 8t: kn(Jwledgc:;•ble ~~I'!Wt rhe Jiffere.n t 
l\'PC'$ 1)f Vi!'nJor.;. Decide "'hkh meth<'d of Invert· 
tory counting is most M.vamagcous co y\)Uf ('\'lrticu· 
lar ~ituation by d«"iding ":hether w oount all 
invenwry O)lmthlv Or On ;I r\)1<4tinfi! b.'liii~ Kc:t:p ~ 
$:"().)d rtl:ltk•n5tup with :) loc:'ll ph:lttnaq• hec..-.use 
these businesses serve tiS a .1.-ooJ .source \'){know). 
edge and l'IUiblc the.- n-tcrinarinn to order human 
prodU<.:t:!- not normally :sold thr~ \•et<rioMy ven• 
<lor$. lk.::~o.1e wht:.1her ;\ nt:uh.r;)ll)r ;\ c.,'tll\fi\Jteri:eJ 
system Is best (M Vl)u t facility. In thl.s ;we o( tc<h· 
n,')logy, it is ben to use a computcr $)'Stem to fa.cili· 
tate l'fficicnt work flo~·. 

REFE RENCES 
6r(IWn 0\ll, &,1l.')\; f'A: ~it'l•"&6 l~w ,..flh UCC J.lllpl~linn<, 

ed II . New York. NY. 1006, McOrnw•H,IIltwm. 
L!l~ R. Lil~v P. Sh•m OG: f'l.oon(:ral <lOOOvnline. <>J 4. 

New ' ',vi.:, N\'. lCtH, McGnow•Holllrvrnn. 
U1kcru RL bodon R.M~ A. gu,Jc tu invcnwrr nun~c1ncnt 

(Of ' 'etefiflk•f't· P11'11:1k¢>' ¢[OCII\~ UwcmQtf o:vmml, Wen· 
~hcncr, 1':4, 199J. SrnnhKione fk-echmn Anim~l H.:nh h. 

MeAIIi~l.'r S!Jf'tw;orl.' 5,')1\!111:1: AVI-M;ork Vcotcorin:otr Scit· 
W'JO: $~'$1(;1\~, l'l~'l.fiOOnt, M•'= :.wi.rlw.rl:~ll.'H).I\!¢1 
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REVIEW QUESTIONS 

I. Wh.-u li irweowty? ~c---;----.,..---
2. :-.hme the tive princ1plcs used to contml 

expense..~: 

... ---------
1,.--------

<.======== d. 
··~~~-~---

3. \VhtJl (l.;:~ling with IO\.'¢nt01)\ it i$ (lUCia I tv 

re.netnber th:n time i~ -4. \VIun 1$ turnover? 
5. Cukul<atc: the: tunwv~r rot~ bv u~ing th~ fol,. 

lvw-ing iofonna1 ivn: Ye-:.Tiv invenwrv e,.penl)e 
= $125.000: :.wt-ragc co~t of mvcnmry oo 
hand = $31.150. 

6. Cill<:uhne tht: ~vtrtl:,b<e .;:ost vf lrwemvry vn 
hand b~· uMI\X the followinx lnf(Jttn:ltu)(l: 
Ye11r's bcsinning inventory = $7S.OOO: p.•·.u's 
~oding im'l'ntory -= $130,000. 

7. N:lme two objecli~·e! ,,f :.)t\ u\\'ti'U o.)l)' oor" rol 
system. 

··-------
b.,-------,--.,----

8. \Vh;·n &S ~· ~dmg shp? 

9. \Vhm is :~n invoicd 

10. \Vh.-'11 i.~ <1 stiHcm~nt! 

I I. \Vh:u is the roordcr poiml 

11. Why i$ R:tQrding the <xpir.nion date and 
$\'.rialtwmlx;r for rahi .;.<i \.'~«:int $1) nl'lp<'lrl;\nl r 

13. Once rhc reorder potnt is rcac.hcJ, a bas:ic rul..
of thumb 1$ to order a 

----------·~uwnth ~vpply. 

14. Na.me son\l': 11\."Ht:n:)ls ll\:\1 m:)y he L:epc in 1he 
phaml:.lc~· libr.lry. -,:,----,,.,.,-,,---

1 S li$t soml•ru]es for ti lling out a DEA form. 

··-------b. _____ _ 

c.======= d. 
··--------
(. -...,..,------

16. 'lime = Mil>lh~)'· 
a. True 
b. False 

L7. A fU(:Iln turoov~r rot~ v( __ i~a«<pt~bl ... 
(cor nl(l:,'l v4!U:m\;)I)' J'r:'•CtiC:t:$. 
a . 12 
b. 4 
c. 2 
d.S 

18. lovcorory ;.houiJ be pbc.:!d M ph:wnac.y 
.IDdvc.s in such :l way .SO.) ns h ) t'ns:urt' _ . 

•· ULO 
b. FIFO 
c. F06 
d.ICM 

19 DEA f.:mru arc issued by _. 
a. :sn•te go\'~mmen~ 

b. ~<•vnty g.)vc:rnments 
c. dty ):Overomeot.i 

d. 1hc tedi'r:~l &oo~·cmmem 
20. An item ma)' be plac.c:J on back ordl•r just be· 

(<IU:Se tht' phann<lc..-utic.: (;1;1mpany is cll<~nging 
th~ !!()lor <•f 1 h~ drut::'s l:.lhd . 
a. True 
b. False 

2 I. Tht price <1 vc:t<rimu)' ho-spiwl ~r~ for an 
h t!lll ~~ lnM)WI\ :\$ __ , ;)nJ tht ~fll(lllflt 1.)1! 

hol{.lltal sells 1he Item m a diem (,,.r ts l::thlwn 
as _ price. 
a. retail cost 
h. CO<t; rl!t<til 
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22, The cxpirtttioo date and the ~erial numbt.'f of 
rcl.bi~ \'aC'I;i.ne administered must l'C' recorded 
on t;.ch ptl'.i r~bi tlf Oi;rtili c.-:,ne. 
:l. True 
b. FaJSoe 

23. Ddayl"d billing has no (X'tks for a \'¢terinary 
prOCtil;e owner. 
:l. True 
b. F.lllOe 

24 \Vhcn a ~hipment tlfrivt~ at a vereri!Uiry h,');S• 
piw.l. if the ddi\'cl)' c.llrton ~appellT.S to be. Jam• 
~ed. the KA-·1 does n.:•t h.-\'e l () <•.¢C:t.1'1 the 
sh!pmf'nt from thf' c:miet. 
a. True 
b. F11.lse 

zs. When t• DEA (vnn i.$ u<t<d tv order t• <:~m, 
r:tolled suhst:mce, it Is :'l«ept:lhle co dr:'lw :l 
lint thmugh <1 miSS{'('IIcd word :.1nd then write 
it correcdy bcsiJ l· the mistake. 
a . True 
b. r:,.t,e 
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41 4 Append ix C Resouro."e- l nforn\atlon 

Oruj[ lnformation Resourees 

~-erse drug reacttons 
Assoc~ation$ 

American Aatdemy of ~terinary Consultants 
American Academy of Vetennary 

Pharmacology ~nd Thcr<!ptubCS 
J\Jnerican lvWI'lll Hospical Association 
American College of Veter'i\ary CliniCcll 

Pharmacology 
J\Jnerican Yeterinal)• Medical AssoOation 

Governmental .;tgencies 
Drug Enforcement Agency Office of Oi....ersion 

Control Registration Scaion 
Food and Orug Adm.'lis"tlation 

Center for Veterin.;try Medicine 
Office of M¥\Ogcmcnt ()Od Commumcal10t'6 
Offtee o.t NeN Animal Drug Evaluation 
Office ot Su~illance and Compf!ilnce 
Office of Research 
Commuf'liCcltiOns Staff 

United States Department of Agriculture 
Animal and Plant Heabh lnspectton Service 
CcntetS for 01seasc Control <'nd Prcvt'nbOn 
Center fOt Eptde.rniology and Arlimal Heolth 

Centel for Heahh Monitoring 
lntetState ~p•ng 
Center for Al'lim<tl Hearth Monitoring 

Occuptational Safely and Health Adminis:ttaiion 
~ennary Information Network (subscnpbons) 
Compounding and ~ounding phannacies 

Professional Compounclng Centers of America 
Foonu:1aries and drug databases 

Antibiotics: Medial College of Vt\Seonsin 
Antibiotic Guide 

Interne~ Oru.g Index Rxlist 
Formulary MediCal College of W.stonstt'l 
Physicians Ge1lR;ll (bv subscriptioll only) 
OooeCaku Online (dose Co31k:ulatioos) 

He.llth soences of f'lfomtatton gate\V<'IV srtes 
Animal H-ealth lnstitute-
WWI/1.1 Virtual library: Pharma()• 
National library of Medi~ 

Ptlisorwtg <1ntdotes (SSO consult.'!tton fee) 
Resed1Ch info,mation 

Morris Animat Foundation 

Phone Number 

60()-248·2862 

80().238-7332 

301-~94-17~~ 
301 ·594·1752 
301-594·1620 
30HllH644 
301-827-8010 
301·827·6514 

eoo-545-8i32 (voice 
response Qnt,t) 

800.700-4636 

60Q-331·l496 

888-426-4435 

Website 

www.f.da.ga.../cvm 

tpvec..unl.edu/public/~~h.tm 
vt~vN.a;wptorg 

vtww.aahclf'tec.org 
'II\ VI\', aoJCf)J;)tg/ 

www.usdoj~/dea 

VAV'o\',fda..<:vm 
'11\V\V.fd~g0¥/0101 

W\V\V.aphis.usda.gov 
'IAVW.cdc.g<)V 

VAV'o\',aphis.usda.gov/VS/<eah 

W\V\\'.cdc~/cdc.htm 
YAVo\'.aph1S.Us00.gov/VS/StegS 
vAv.v.aphis.usd.~.gov/'1$/<.eah/cahm 
W\V\\'.osha.gov 
'IAVo\',W\COm 

w\v.\•,intmed.tn<:W.edu/ 
AntibioticGuide.html 

W\V\V.rxlistcomj 

•oVHIOO'by.com/M"'by/ph,ce.-IW 
vAv.v,meds.<:om/Ochorne.html 

VI\V\\',ahi.O(g 
vAv.v,pharmacy.org/ 
W\V\V.nlm.nih.gov 
VAvw.aspca.org/ apa: 

W\V\V.Morris.Anim.a!Foundation.org 
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Vet e:rinary P hannac:eut:ie ComJll'lnies, Oistributors, al\d Otl\er lmporLanl N umbers 

Company Name 

Abbon Laboratories 
AgriPharm}Dea!er Distribu-tion of America 
Alpharma, Inc. Animal Health ONision 
Jvwnal Blood Bank 
Aspen Yeferinarry Resources, Ud. 
Bayer Corp. Agriculture Oi..;sion. Animal Hoeillth 
8Jopure Corp. 
Boehringer lngelheim vecmedica, Inc. 
BO'Me Cattle Ciry Calf Jack 
The Butler Co. 
C.E. Kord Animal Disease Laboratoty 

Nashville, Tenn. 
Columbus Serum Co. 
Duovel, Inc. 
DVM Pharm4CC'!uticals. Inc. 
EIMICO An1mOO Hca!lh 
EVSCO Pharrn!!ccutie;,ls 
Fort Dodge An1rrn1l li!Mith 
G.C. HaniOtd M4nufactunng Co. 
H410Clltbon Laboratories 
Hest.a Cocp. 
Hils ~ NutntiOr\ Inc. 
IOEXX Laboratories. In<:. 
lntervet Inc. 
UO>xi LabOfatories.. toe. 
Witpold Pharmacevlicals, Inc. 
Meri.;tl, Ltd. 
Merritt Wterinary Supplies, In(. 
Nasc:o\~ 

Neogen Corp. 
NO\I¥tis Animal Health us. Inc. 
Orthopedic Found.:Jtion for Ani'nals (OFA) 
Pel-1\g. 0\(. 
Pfi1er rnc .• North AJneri(cln Region, 

Animal Health (,.rovp 
Piize1 Animal Health 
Phoenix Pharmaceutical. Inc. 
Phoenix Scientdic. tnc. 
PRN Pharmacal 
Schering·Piough Arumal Heallh Colp. 
Sunbeh Veterinary Suppty 
\fedco, Inc. 
Ve1·A·Mbl, a d\\•1sion of Lbyd, Inc. 
Veterinary Products 

lilboratories 
~s Animal Health 
\brtedl PharmaceUilcals. Ltd. 
Webstet Veterioal)' Supply 
'Wildlife Pharmaceuticals. Inc. 
Zinp(O Co1p, 

Telephone 

666·299·1416 
901·366-4442 
20 1·226-5074 
800·24.1·$7>9 
816·4 1 ~·14411 
800·6:1.1·3"196 
61 :r-23oll·6!>00 
000·821·746? 
800·631<>960 
614·?61-909$ 
615·36().()125 

800-848-1090 
816·229-9101 
800·367-4902 
800-428·444' 
856-691·2411 
60().533-6536 
800·234·4263 
SOo-33.9·5803 
800·GO·HESKA 
800 354·4557 
800·248-2483 
800·247-4836 
800·63 HJ004 
600·4!>6·0163 
666·637·425 I 
600·972-4744 
800·5:;8·9595 
800·525·2022 
800·332·2761 
~73·4-41-()416 

800·323-6676 
800·73H500 

800-793.0596 
800· 759· 3644 
816·364~3777 

800-874-9764 
800·648-2118 
800-476.4343 
816· 238-8840 
800-831.()()()4 
80(). 720.0032 
en. 2158, 2283, 01 2284 
800·92~BURNS 

800·52 t-4686 
800·225·791 ' 
970-484-{i267 
800·445·6145 

Website 

wr\w.abbon.com 

wo\w.alpharma.com 

Wo\W.ba')-erus.com/ah 
Wo\w.biopure..com 
Wo\w.bi·vetmedica.com 

WNII.durvet.com 
WN11.0VMPharm4<X!utiQis.com 
w.w,.clanco.com 
w.wi.Mcopharm.com 
w.w1.ahp.com/fortdodgc.htm 
w.wl.h&nford.com 
w.w1.halocarbon.com 
w.w1.heska.com 

whw,lloydinc.com 
whw,loitpOid,oom 
\Vhw,merialcom 

\Vhw,neogen.com 
\Vhw.ah.novartis.com 
whw.otta.org 
whw.petag.com 
whw.pftler.com/ih 

\Vhw.pflretcom/ah/ 
\Vo\W.ph~tmaceuticatcom 

\Vo\W.sp-annnalhealth.com 

Wo\W.vedco.com/~•monly/ 

WNN.Jloydine.com 
Wo\W.vpl.com 

Wo\W.burns'lel.tom 

wowl.wJdpharm.com 
wowl,tinp(o.com 
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41 8 Append ix 0 Controlled SuMtaiH'tS hlfcmnadon S~ounmary 

Drugs th:l.[ IUJw been Jetermined to have (X'Itentinl 
for abuff" b}· pwple ar(" dassi6ed a.:s oontrolled ~ub• 
~· ~u•ee:;. <)), 11 ro lied ~h~t;\nO::$ :.lrt n:g~.-•l;•teJ clu~Jo0i! h 
the eff,,m ,,f the U.S. DtuJt E.nfor<"cmct\t A£cncv 
(DEA). which enforces the regulati..)ns ol the 
Controlled Su~tan~ Act (CSA) and the DEA 
n:gul.-ti()n< oflitle ll. Cxle <.Jf F«<e.-..1 Regul.l'ti()n< 
(CFR), l):,ns IJCO t.' 13 16. Mucl\ or.l loohlt it~fm· 

matiol\ rdnteJ t.') th.: CSA al\d the CFR i:s avail
abk online at www.deadi\·en;ion.usJoj.,!.'O\', 

lnfmmation that tml\' ~ found at tlw DEA 
Oive~i(m wc:llSite induJe$ b~•r ii! n<lt liulite.:.t •v du:. 
(o1JowifiR: 

• Applications and online forms, including Fonn 
IC(), Rtp<m ,Jf TI)eft ~nd LO$s of Umtr<'Jile<l 
Sul'»t:.lOO::es 

• A comrlet.: list of connoUOO subswnces anJ the 
sch~.--dule of ea-ch 

• A list of 0~ and Chemicals of' Concern thllt 
uldtde.t l-coth c:vntn>lled :nlJ 1\l)llOOtl l r(llled 
drugs {c.{: .. Tmm:ldol) who.-.e abuse 1)\)1\'l\lial 
concerns the DEA 

• lnfonnation 11.-bout p1~d or new l't'J:ulation.s 
undtr tho: (."FR 

• ()(fic.cs ~md Ou·co::rotlcs, indudlo~ a list of DEA 
offices and \)fficinls duoughout the United St:.ues 

• A Pr(ICrilioncr'.s Mcrmml that rummari!~·s moch of 
the CSA and CFR 

SCHEDULES OF CONTROLLED 
SUBSTANCES 

Druw~ th:n :u~ w\dcr 1h~ c:onuol of the Conuoll~ 
Subst::~nces Act arc pl..ced i.nm five sch~.-.Jules, m 
dns~s. according to tht'ir potential for abu~. Thi$ 
~h...xluk i$ d~i~'fltttcd by u "C" with a RQmttn nu• 
m..:r.ll {I, II, Il l, IV, \)r V) u\Side 1he C. 

Schcduk I ~ubstanCC'$ haw no {t\r conuovc..'tsia}) 
a<:ccrted medical~ and a high potl·ntial 
f<>r ,,h.., ~e. LSD {1}"'-trt:iC- ae-iJ J i.:d•yl:.)mide), 
heroin, Cl"..lck COC;:'liflc. tn:.lujuat\.."1 , anJ JX>yore 
are su~t:.mccs in this class. The use \')f medicinal 
m.·uijuanll in human medkinc: is contro~·("r,;ial 

hut may he permitted 1n l!OIIll! st~tes. 

Schedule II Jrugs have accepted medic.nl l.tiC'$ but 
have •• high potential (or tlbu~. A p:•rtti~l li.sl of 
~:~¢hed••l..: II dn.tt.~ ul(;h•Jes nl(lrphine, mtperiJint, 
codeine, cocaine, ox~·n-wlrph\'me, :lmphct:.ltnuU'!S, 
and pcnrobirbiroJ. Orders fm sc:h~.--Juk II d~ 
mu.st bt mwJcon DE.A Fonn 222 (~ F4,..,•rc:I9·J). 

Sch..xluk Ill ~b$t<ln(;t:S h."l\'t I~ f'IJttnu-a l for 
:~huse th."ln dw;e '" ;,c:h.::dule II :md ulcl~le Hv~ 
cod~ln. parc.goric, barbiwr~ucs such as thi<lmyM 
Of thiopc:nwl, and anabolic swroiJs. 

Sche'dule lV drl.lglS lu•vc: lowc:r <1bu~ potl•nrial than 
thC\.~ in ~l•tJ\tle Ill. lf&dudOO in thi~ da.$5 ;u-.: 
pilcnolxubh:&l. dta:zcp.lm. :lnd pe-ma:ocm~. 

Schedule V drugs are the lowC$t on the- sc.nle o( 

abu.sc potentinl and include mosch· antidillrrheal 
Q.nd amioough n)t<.hcatilm$. I...IJmOril and R1Jbi• 
Ius..; in wlrh coden-.e ;)re llllh!.i schedule. 

RE!i!SJBAIION REQUIREMENTS 

F.wrv per.;on l.'lf emh~· du1 h:10dlcs Cl.'lnttl)lled 
sub>tanCC$ mu~t be registered with the DEA m be 
exempt undl•r the r<:guhuioru. OEA kgUc-nuion give::; 
p~titMJfli:~ t he auth~.wity tv 1-.."l.ndle evntrtJlleJ $ub
sr:lt-.ccs. The DEt\·re~.srcreJ l"fa<.tii \OI)et may en· 
go~'C on I ~· in those ~lcnvities that .nte nUowcd under 
.sta«: Jaw in rhc statl' in which the pmctke is loct~ted. 
In ~mc 1.-::<~, .st.•tc lew.• is OW«" l!tTi~cnt than kd· 
er:~ l L--.w. In :lll case,.. 1he nl<lM nm~t:tll regubhnn 
l:tl.:es pro."'Ccdo."'tl(.('. To obtain OF..J\ regisua1ion. a 
pr.Ktitionl•r musr .nrrly IJ!.ing DEA Fonn 224, which 
can be: .wbmittc:d as harcl copy or online:~ 

A l'r.-etititmer m~.-•~t be rt#*ttr.e<l with th.:: DEA 
In ~:'ICh sure whet~ co.mrolled subtit:&nci!Sc are pre. 
scribed, administered. N J i.srcn!i>t..J. Also. a sepo1ate 
registration i.s rcquin.-d (m e<~ch p)ac:-<: ol business or 
rrocti<:c where <:vmroiiOO ~uhscan<:('~ 1:1re :;w~l or 
d.sp.::n~eJ. An e:o:t:nlJ"Il•m i$ rn:tde 1ha• allow~ a(fiJi, 
~ueJ (cmpl•)vec) veu:ril\:trians to ~let Oil bchnlf of 
r~.--gi~terl-J wterinarinns to administer or dispc.•ru;e 
controlled .subst•~m:c..s. Th(" af6liated PfllC.titionc:r 
C<lnn(lt write pr~\;riptilm~ uuder 1hlS uempti(ln 
and M."l}' nceJ stale rcwlnr:ulol\. 

The pcrs..)n o,~.•ho h\)lds the r~.--gisuati\)n must keep 
tht' information on the rcgi.stration cc:rtili.c<~tc cur• 
re-nt. A letter ,:J neqi)(:St must he made tv ith.::r the 
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nam.:or address, or to aPrJOVC a clmnJ,'l." in schedule: 
on tht' <:C'ni6cate. A DEA modi6cation must h: is• 
,;td bc,:(..,..e ''''J'hc~nivn$ rtl;lte~.l h) the n':i.Jll~$t m;:.y 
~carried ou1 by the rc~istl"..lnt. Re!itJS{I",ltionSc must 
be rcnc~·cd .:vet)' 3 yw~. 

SECURITY REQUIREMENTS 

CFR rt"gUiatioM r~-quire rhm all rer;isuants provide: 
dfec'tl\•e m.:a.:>lllC$ a.ml procedlUC$ to guard agt~irut 
che(t o)T ~ l i\'t:~wn Q( conu ltUed ~.ui'S1~m(~. Tht:. 
DE.'\ PnxritiOtltr'~ .\.lmu.ca.! lisu !tl-'Vtt:tl l~lCh)rs !hat 
may lx: used ro determine rh.: adequacy o( sccurity 
meltsUfl:$. Those factor.; include the foliO'o\•ing: 

• Locarion ,.,r th.: premises 
• Type- of building and its CQOStroction 
• TYJ>e ~n,l 'lll<lntily (•f (ontr(llled St•l~t:luotil kept 

oo the prCn\1!1.(>~ 

• T Yf'C of s.tot::~g.: cont:ilin.:r 
• Control ol public UCCC'-$$ to thC' focilit)' 
• .~ulequac.:.)' f)( rr..-mi.:e monitoring ll)'$tem' 
• Av:ul;lhihl'{ (I( pstlice l'">recriinl 

R4'\1l.1tion~ require th:tt .s(;htdul~ II tbr<'Jugh \1 
wntttli!OO subif:l llCei bt' noteJ 1n a "!i('Cutel'{ 
locked. subst~lnti nll~· conmucrcd cabinet." I( the 
rer;istrant ston•s carfc:ntanil, e((lrphinc:, and/or 
dirncnQrphine. ~~ ;~a(e Qr ned t<ahino:::t equhr.•lt<nt to
" u.s. o(l~·en,m.:nl C ltl5$ v *Curily CNI{:)/tH:r 

(General Str"kcs Admini.$tr . .uion srecifications) 
mu;~t b.: used, 

Rc::< .. 'lllmions ;~t;l t\" that a registrant ~hould li.mit 
<l«e..'$ t<) c."'nuvllt~l ~~~t;\n c.>c;:$ ~l(¢vri,l ing t<) tht. 
(oll<twlnw KuKidine>. Aaes.i .s.h1)uld be denieJ to 
the (o11~)wing: 

• An~· perwn coll\'lcteJ o( a felon~· related to a 
conoollcd subsume~ 

• Any p.:rsoo denied ll DEA r..-gilltrarion 
• Any pcrScm whv hi\~ I"''' i;'l DEA re~i"'-rt'lti<m 

I'C\'\ )k \ld 

• Any person who has sutrcndcreJ n DEA license 
(or caust• 

Rc.-gistomts mUM n..xify the DEA of an~· theft or 
"signilicom loss,. o( controlled $Uhstonc" u:si~ DEA 
fllnl.l 106 ;~.s ~V()Il as the theft Vf' IO'S$ ill .,h~r)vtft>.i. 

RECORD-KEEPING REQUIREMENTS 

R.:gi~tr;..nt3 unda the CSA 111\1..'( rn;lin~in :>l lt<afic 
re<:ords. The Pmclir.il)ner'.s Man.w( st:ues th .. "lt recot~.k 
invcnrmics, sr.d records of subsmn~ in schcdu.lcs I 
and II must b\" mai.ntained SC:(X'Imtd~· from nil othe-r 
re<.:vrds. It further ~tt:,; that rt¢1Jrd< vlllub:;u.rn;c;$ tn 
schOOlllei Ill, 1 \~ :lnd V mu~• be tn .. "lim:~uled sep:v 
mrdy or .on a tOrm dun is readily rttricvablc from 
ordinary bus:in~s n:-<:ords: of the practitioner. So, the 
rc:-gistr<~nt mu:;( have two sc:p<u<•tc:- ~ts Q( reoords for 
(~1nnulled ~1'\StW\t:l.:$. 11":: n:t:on.~ fvr ~~he...t..•\.e$ Ill, 
IV, and V c:lll ~ l:ept with records (or 1\0I\Cl'lC'Itrolled 
sub>tanccs if they can ~ c."asily retrieved, Schcdul..-11 
rc:-<:ords are uY.wlly kept in a ooot:roH<d rubstnnCC$ 
1~. Wld schedt•l~; Ill, IV, Wld V (I rug( ;m: kept in~ 
cnmmlled suhit:.l~S loj! :_l,.J/or In :1 compute1 In· 
wntory .S)'Mtm. Thi.' Am-erican Anim11l ll~'l!>pital 

Asstx:iarion publishes a controlk-d sub;tance.s log (or 

purduts(' that nwy avoid pitMls ..,( h(XIpiwt/c:lini(,.. 
cuntM't.cteJ 1~. f1luie$ in the I~ JJhookl be .n:\de 
In ink with great care, :.1r.d mistako.'S i>h~)uld ~ 

nuuh ...J thr..)ttgh, COfl't'Ct~...J. anJ initi::.I~-J. 

Eac:h l't'gi~trant must maintailt a .. complete:- and 
~¢CUI'~Ite r«:~ml vf tho:;: OOfltT\liJ.e\1 l:\lbSt <'IIW:I,:$ iJil 

h:lnd ~11\d Jate the Inventory W:\Sc C1)nJ u.::tcd." This 
rccorJ muSt be in wrinen. rypewrin~n. or printed 
fonn and nwjmained at the regist-ration location for 
l y\"~u:;. A(tcr tho:: 6r~ invt<ntory ill taken, ll new 
inve:nt11r'( •'flu~' he c:trrte:,I•JUI ever)" 2 ye:.u'$. Regul1~ 
nons st:.ltt that Cl'lch i.twtmory tnUS( contain lhc 
follo~·ing inf.:mmuioo: 

• Whether the invtml)fy W<1$ wkc:n at the 
hl-1:lnntnlit or the end of lhc bu~lnt->sSc <by 

• Names o( the COilfl\)llcd su~tances 
• Each fonn o( the conuolled substanCe$ 

(c;:.~ .• 50.m~ tablet) 
• Numbet n( di)S:JJ:.>e ut\ili in .:ach C()M:tin et 
(~.g .. IOO·tablet bon b) 

• Numbt•-r of cum.mt"fdal comainefs of each (onn 
(e.g .• two IOO•UlbiC't bottl($) 

• l l•l-'IX~it ivn <~( the OOnU•)lted 1il•b$t~mC:!:$ 
• Name. ~dro."Ss, and DE:'\ rei,:iStr:utOn numbl!r of 

the r..-gin rant 
• Signature o( c-hc (X"f$<>n p«forming the 

invtntvry 
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426 Review Que:srion Answe-rs 

ANSWERS TO CHAPTER I 

1. :t. An <'gQni.)t i.s a drc..•g th•'t: lt."1$ ~·fli nity (or 
a r~Cf'pmr and sttmul:ues the rcc~pwt to 
action. 

b. A contraindication is a I'C'a50n oot to we a 
dro~ in .. IJ"rt i..:ul.:-r :situation. 

c. Efi~C)' li t ht.' .. lt1tree to whteh :.1 dtug 
produces its desirtJ e((ccts in "' f".ltie:m. 

d. An oveHhe--counter drug is one that llUIY 
bC' pur("h~ u.nd uS<d without a pn:snip
liv •' from;) "~ft.' Tin~ui;u1. 

e. :\ pre~rlruon di'U{: tSc onl! that mus1 bo! usOO 
unde-r th..- supervision of a \'eterinarinn. 

f. A I'C'ceptor is u ~;roup of $p«ialized mol~· 
w it$ on or in a cdlth.:-t bi.nd with;) tlrug 
to pl\xluc.e an e(foct . 

g. The ther:lpeutic index ex-presses 1he rda· 
tionship bcrwc..-en a drug's thempwtic and 
lu•rmful d'fcx:t.;. 

h. The wili'M lrJ~tl t u ne i ~ th~ ;•mVI.n'll vf umt: 
!hat mu~l d.n~ between the ~nd o( ..-lruR 
rherapy and the diminarion ~')f that drug 
from rhe patk·nt':s risSI.te'S Of produ<:-ts. 

i. The v.;tetintlri<'' '-elicnt•pOtient rdc'fti•>n• 
ship 1:. the relatk,nship th .. "l t must (')(1st 
between 1he wteriMri-n.n, his N her 
patient, and the JW~tit.'f'lt's owner bt-foi'C' 
pn::smption drug:; nwy h:: di$p<.'rucd. 

2. four l!WI'Ces ft., \'t:tc:fifl.."lr)' dru~ ~rl! :.u)iutal 
rc-oducts, r l:uu matcti.lls, minerals, :m..-1 
synthetic products. 

3. A drug regimen indudc..s th~ doliC~ the route 
ti :\dmininr;,ti.;m, d1~ (rtqlr<:ney (>f ~.!mini$-' 
uarlon, and the ..-lur.uio" d( :.Jmlnisnalh"lO. 

4. Fc•r u valid vctcrin:uian·dient·~tient rcl;uioo· 
$hip to ~xist, (I) the vet«iiUU'ian must nsw.mc: 
f¢$JX~n"'ibility (or making dinic.1l jud,gm<'nt:~ in 
rela1 in•' t () tl~ he-Jh h 1-i 1 he :~ni.n:)l, (1) the 
veterinanan must ha\'C tocel\lly ~n dw 
aniltUII and be acquuintcd with its care, anJ 
(3) the \'et.:rinarilln mu:;t h: available few 

fuUo~)W•\11~ c~~ of the ;.)nim;:.l. 
5. It Is :'1 t~c:hmdan Sc respot~btliry to carry out the 

veterioori..1n 's orders corrr.'<:d ~'· The tt.'<:hniet:an 
$hattld n:ad the drug label three tim4:S to ~nsurt' 
th<4t d\c pnJper (lrw; lS bcin~ <l.<lrnini<.tc:re(l tu1J 

.shoukJ tak..- care: to admini~er the COTI't'(t dose 
by the CCWI'l"'(.t rout~. The t«:hnician should also 
he :\ .... 'tl.rt vi lhe elCpe¢t~d e«eet~ a"d th~ l'llto:.:r..
ual ad\'m\' s.:Jc elfCc.IS t<l be able m monrh)!' 
the ('<!lticnt in a rcspoi\S.Ibk way. In n l.n&>e 
animal practice, the technician .should be: aware 
<J( 'vithdr.~W<~I tiutoe:s aOO poc.c:nti.:-1 residoe 
pl\•hlem$. 

6. A drug is 6m abliOrbeJ (m directly r l:.1ced) 
into the: bloo..-~Mream . In the bk\Od, the: drug 
muv bind with a pl~mu protein or nwy C'Xi:lt 
in the frtlt J!.f:ltt. 11te d rc•rl;u in~ bl.;xlil oli$tntp 
utes the drull h) the caplll:lry levd, where the 
drug lc~\'CS th.: circulation and enters the in· 
ter::ttitial IJuid. The inter::ttitialiJuid b11rhes th~ 
(dl tUld itll()w( the drvg to ~:n to:.:r th!! <:-ell or 
bind with surface rt.::t:ptor.>. ' l'he ~:ltus: t ht'tl 
exits rhe cell {m tts surface), mo\'CS bad: into 
the inter::ttitialltuid, reenters tl"-• citculation, 

:<Uld i$ tr\Ul$("(.111«1 to the li\'('f for mc:t<•boli~n. 

.-'.ftcr il i:. rl)e.1<lboli:ed, 1he met ~t!)..)lil t: i$ 
IT:UlSjh)rttd to 1ho! kidne~'S fot e.x<-redon. 

7. {I) The oral route pro\•iJe; a simple route 
of administration. Many (actors tnllY in • 
lluc:n« t h e: rat~;: <Jf tt~ljttivn, tul<.l the 
or:ll route m .. "ly J)t'\.f be approprlare If the 
:mimal i.s vomiting. 

(2) Subcunuwous ttdministnnion ol drugs i.s 
u:;ually" simrl<' procedure. Ahsorptron 
frf•m l)Ub<:ut:.llt:<M l)rr~ rnav he l)lltw, 
a1\d hrpenonic s~')lutlons $hould not ~ 
given by this route, 

0) The intnunuK.uhr.r rout~ produc~ fa.ster 
:\b:;<)rpt k•n thtm the 3~11)CtJWne<)U.$ n')liU:, 
~~r care must be taken "'hh m:lOf Jru~ 
not h') injeCt them inh) blood vcs...;d s. 

(+) The intravenous route allows immcodiate 
ar.:<,;('~ to th(' bkw .. ll.l ~tre<lm a.ml the dtlu• 
tkot) of ltnt:.llu~ .lnrf!$. A h)Xk ,)r :.•llet• 
~ic reaction c~1n be a side cffeu. 

(5) The intrttpt'riw~) rout.: may be used 
to •l.dmimster fluid$ 11.nd wm.e other $(1-' 

IuttOn~ wht.n (It her rt'llle$ :ln: IM)( ~rva il · 
able. Abwrpdl'm from Lhe ptrltoneal 
ca11it)' is slow, hm~-ever. 

(6) The intraart~rilll rout~ is a seldom used 
route thvt may prl)(lucc .!<i::u~ vr .. l~th. 
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(i) The intrac:ardiac 1\lU.t(' is used rrim::.rily 
for adminil>tering c:rocrgcnc-y drug:; or for 
~u1h::u•~•.$ia. 

(8) The intram\XIull~lrV fO.Ih~ mav be us«! 
to administe r lfuids or t-J .. ')()d to small 
animals or those: wich dam~"Cd vdn.s. 

(9) The inhitlation route is utitJ t~) admini.s~ 

1t-r .!tugs li) 1he r~pir:n .. )l')' syHem. 
Srt><ial eqwpnwm mav be required. 

( I 0) The topical route rna~· b.: used to plac.: 
d~ Qn ~kll\ Qr mucoo:; membr.ut<$ ;md 
u~y l-.e (;teilh;m'!d by the u.<e uf ~nric:f 
sub.uanc~ In ~me u\s.tartc.es. 

( I I) The intradcnnal routc is us .. -d primarily 
for alk!J:Y ccscing and for dia~nosin~ 
when:ul0$t~ 

8. The :lbs.)ll) f ino •)f ol Jtuli: may be intluenced 
~·( I) the mcth .. -,J of absorption, ( 2) the pi I 
o( the drug and ir.s ioni:;:acion ~tatus, ( 3) thc 
abliOI"('tive surfa.<:e tUcil, (4) the blocxl $Upply 
t(l rhe ;\~;\, ( 'j} rhe $C•Iubility (I( 1 he <Jrug, (6} 
the do.saRC form, (1) the s.tarus of the ~astroh\· 
tcstinal tr:Kt. nnd (8) interactions with oth t.'f 

clruJ:s. 
9. b. liver 

I 0. a. Kidneys 
1 1. Rcttrrors 
12-. rropril'tary/u adc 
13. Th(' si)( icctU$ th<~ t mU$t be: on a drug lflbe l 

:ll't! 1he dn1~ name$ (~c:neric :.lnd u ;.Je), 
the drug coocel\tratioo and qunntity, the 
name and addt1.'$S of the mnn ufa<.turcr. the 
ooncrolled :~ubs1ance .!>1atus, the manufiiiC" 
wrtr':; « muvlor lot nombtr, tlnd the dr1.1#:':\i 
c:<pir..ulon Jare. 

14. The government a.~o'<'nC-ics that rC,!,rulatc the 
dc\'dt'Pment, tlf'PT0\'31, and use ol animal 
~lth pnxh~~.:t• are the FDA, EPA, and USDA. 

IS. M~ny velc:tnl<lt'f cl11\b disp.::n~ ra1her th.'ln 
pres.:ribe druw> b..x11u.sc ol the rtofir earned 
from scllins rhc prod:ucts. 

16. Veterinary pharmacc:uticub rna\· be purd ut."'Cd 
direc-•lv frorn 1he m;tnuf;~H•n: r, (rx>rn J htn biJ" 
tors, or from f:'CI\eric mall onkr comJY.lnics. In 
somc ifi.S{anccs, druss nmy be sold unJct onc 
]abd to graduate vctc:rituLriaru and undc:r an• 
othtr itS .-n i.lver•dle-<:o.)unter prvdocc. 

Revlt:w Question Aoswe.s 421 

I i . The Gr...-en Book 
18. FARAD provi~ R:SOOJt($ c.ooc<rni~ clw 

tiV<,Id<)nCt ,:,( di\IJ! re;.iJ \•i:$ m ~t.nin~•l* . 
19. r\ M DUCA (Animal MOO,cln~ll Drua Usc 

Clsrihcntion Act) 
20 . Compounding rcf«s to the dilutins or combin• 

ing ~1( exiSting ~Jrug(. 
Z I . Otug res:idut>~ ill ;11\ml:d producb may cau;e 

nllcrgic h':.lctions or n~orl.-.sia in poopl~, and 
they may cause tlw dcvdopml'nt of nntibiotk· 
T('~i$tant stroins o( bi•cterU.. 

ZZ. Ph:.)nn;~:wJynamte, J•h.arm;~kmel k, ;.)nJ 
pharmao:eurk 

23. Liver 
24. An .. ~thic.lll "' product i$ one .sokt only thr~ 

vetcrimu ia rl!i a.~ i• p~Jiicv of the mtmuf~twtr 
t:!thet rhan b'( Ff)A requirement. 

z.;. Metabolite 
26. b. indication 
27. :01. pruc:.tic..J e~rerknc(' 

Z$. h. u:--ing " dru~ in ;:. \lo':W ''•)I ~l~eeili.c:<l by 1 he 
bhtl 

29. ~. The V('tcrinarian has .seen and tr~.--ntcd 

all the client'$ rcts except a dog for which 
1hoe ~)1.\·ntr w<)okl lik~ tv 11l•Y he~rtw<1nn 
preventi\·e. 

30. c. pharmncoki.neucs 
31 . b. b~· i.njecrion 
)2. h. melabo;li:>m (l-iQUitlll!(o;rmatiQn) 
.)3. c. eJiicacy 
34. b. f~lliie 
35. c. AVM A 

ANSWERS m CHAPTER 2 

L Dru~s for oral ndministn'!t ion, dru9 for paren· 
t('rol <dminilltrat ii)Tl, drul}~ fvr mhalatii.ln. 
dru~ (,,.. 1\)ptc:\l :Jdminbt r:)l l\)1\ 

2. L.1tge: balling gun 
3. Injections, implants 
4. Si.ngl('•, multi~ 

S. Sh :.)rp$ (Olll;lin t r 
6. R~hr patient, rii:,ht dtu)l, rij:.ln d.)C;c, u)llu 

r\')Utot . right tim..- anJ fli."<J U<"nq· 

7. Vomiting 
s. Rarid 
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9. 12 
I 0. La11;c-
I 1. !)tilt, (),vu~r:~ n:lme, p(llttnt ·~ 1\<lmt;;, (fn.tg 

name, arnount dl~~ns.-'\1 or :ldmlt\lsh"h~.l. 
name(~) of pcrsonnd ndministcring 1hc drug 
w the (nlticnt 

12. The pl~i~; :~yrin~;C mit}' ~:~bSCJrh th<: ~olrug. 

whu.~h may C;)UM' il tO !!It" le$S effoctive. 
13. lucr-lok. s lir · lip, ~ccemri c.. <::uh.e1cr-up 
14. I 
15. ln$ulin $Yfi~"<" 
I(,, J. C(lvruen'ni~u't 
I 7. c. suspo."t\Sion 
IS. d. lucr-lok tip 
19. b. C4lrotid artery 
20. (L n 
2 1. c. $; 12 
zz. b. enr 
23. I> IS: JO 
24. d.24: 411 
zs. d.l)..)lh b ;)!)( ) c 

ANSWERS TO CHAPTER 3 
Ratios 

t. kt: 0.25 
7; 

2. JS:IOO: -
100 

4 
3. +.100(}. I COO 

I t . - :O.OJIS so 
5. 9:100(}. 0.009 

I 6. - :0.031 
Jl 

Proportions 
I. ;o 
2. s 
3. 2.5 
4. s 
5. ZOO m• 
6. 37.; n.g 
7. 31.25 ma;: 
8. 118.25 ml 
9. S ml 

10. u; t~:~blc.:~ 

Problems Using the Metric System 
L O. IS g 
2. 2000 rnl 
3.2.25. 
4. 5000 ms 
5. lL 
6. 1000 g 
?. soo~ 
8. 0.005 kg 
9. o.ooms 

tO. 4 mg 
I I . 2.05 fll!l 
12. O.QJ ~ 
13. SOO ml 
14. 0.751.. 
15. OM} mg 
16. 2500 Jl.K 

Problems Using the Apoth~ory 
ond Household Systems 
I. } pt 
2. 1.5 .. 1 
3. I Tb<p 
4 . 12 cu~ 
5. 6 pint.~ 
6. 4 TI"'P 
7. 128o: 
8 . 16 Oi 

9. } t.) t 

Problems Combining Both Systems 
L 480 ml 
2. JOml 
J . 1 5~e 
4. 161)% 
,;. 0.013 rt 
6. IS"" 
7. 4; tnl 
8. l3 I~ 
9. 0.52 pt 

10. ISO ml 
II. 15.9 ko 

Problems Measuring Oro/ Medications 
L. 2 wbl<'ts 
2. 1.5 mblcu 
3. 4 wblell! 
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-4. 7 tablelS 
5. 1.5 tllhlC't~; 7.5 ttlblC'U 
6. 20 t<'blet$ 
7. 200 tn!l; 100 ma: 50 mJU'ml: 4 ml; 2 ml; 44 ml 
S. 0.5 tablet each rMmins :md t~fternc,:m 
9. 60 tab let~ 

1 o. o.; tahlct; 4.) wblt:t(li 
II. 6.S kit; 6$ tnJ!; 0.75 rahlet; 31.5 t ::~hlets 
1 z. 4 tu~s 
13. I 00 oz or 3. 125 qt {containing 3 oz powder 

per quart ol wat<r} 
14. 0.5 t;~hlet ; 7 wbl~t .s 
15. I.Oml 

Problems Meosuring Porenterol Medications 
1. 0.'1 ml 
Z. 0.80 ml 
3. 17 ml 
-4. 1.5 rnl 
5. 2.1 ml 
6. J.9S n~l 
7.1 5ma 
S. 0.74 mt; 0.37 mg: 0.37 ml 
9. 2500 mg; 25 ml; 2.5 botrles 

t 0. H 11\#i 0.5-4 ml 
I I. 3.5 ml 
I Z. 0.1 ntl 
13. ~1.5 mg: 1.9 ml 
1'1. 30 ml 
IS. 15 ml 
16. 0. JSml 
17. 0.36 ml 
18. 1.5 ml 
19. 0.3) ml 
20. 1.1 ml 

Injection Problems 
t. 2 ml 
2. 5 ml 
3. 1.5 ml 
'1. 3.75 ml 
5. 0.2.5 ml 
6. 2 ml 
7. 0.75 ml 
S. 1.5 ntl 
9. 0.6 ml 

10. 0.22 tnl 

Revlt:w Question Aoswt:rS 4 2.9 

Preporing Solutions 
L V I XC I - V2XC2 

V I X 100:. 100 X 10 
VI X 100 = 1000 
V I = 10 
10ml 37% formllldC'hyd< + 90 ml watC'r 

2. V I X Cl - V2 X Cl 
V I X 5o = ICOJ X 5 
VI X 50 = SC\XJ 
V I = 100 
I 00 ml SO% dextrose + 900 ml 0.9% NaCI 

.}. V I X C l = V2 X C2 
VI X 50 = 100 X 5 
V I X 50 = SOO 
V I • 10 
10ml 50%dcxtn:.X'!c + 90ml W<lttr 

4. V I X C l = V2 X C2 
VI x 0.9 = 500 X 0.45 
V I X0.9=U5 
V I • 250 
250 ml 0.9% N;\(;1 + z;.o ml 5% ..lexuo~ 

.S. VI x C J = VI X C2 
V I X 50 = 2000 X 2 S 
V I X 50 - 5C\Xl 
V I • 100 
100 ml ~ Jcxttme + I'X.JO mll:lct:.ueJ 
Rif\.b-cr's 601ution 

6 . VI XCI =VlXCl 
V I X 50 - 50 X 5 
V I X ;o = 2;0 
VI = 5 
5 ml 50% dextrost + ~5 m) w~tcr 

7. VI XC I • VlXCl 
V I X50 • 500 X 2. ) 
V J X50=1150 
V I = 25 
l5 ml 50% dextrase + -1 75 ml 0.45% NaCI 

a Rem<.'tnh:r: 10% olQIUtion - 100 mg/ml pa<:ketll 
o.)mainii\J! 50~ = 50,000 m~ 
V I x C l = V2 X C2 
V I X 50,000 = 1000 X 100 
V I X 50.000 • IOO.OOJ 
V I = 2 

2 pacl:cot .. Hi 50 a GG powder + 1000 ml warcr 
9. Rcmcmbe~ 8% solution = 80 mg/ml 

OnC' 5·g \' ial c.ontains 5000 mg 
V I X Cl - vz X Cl 
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IX5000=V2X80 
;ooo - vz x so 
62.5 = Vl 
62.5 mlru_"<'ds to be :Wded to o.ne 50-!i,: \'Jal ro 
r reparc an S% s~1lution 

10. Remember: 2% solution • 20 mgfml 
VI X C l - V2 X C2 
VI X 100 = .l X 10 
VI X 100 = 100 
VI =I 
l ml of Sand immune (nx:b('Qrinl") + 4 ml 
v-irgin ()lh·e <11l 

I I. Remember: .37% (ormaldehyJe = 100% 
formalin 
VI X C l • Vl X Cl 
VI X 100 • 50 X l 
VI X 100 = 100 
VI =I 
I ml 3 7% fonnaldehy.:k + -49 ml water 

Problems Colculoting IV Drop Rates 
I. 42 £1:r/mln or :lpproximatel~· 0.69 r:n/S~tc 
2-. 60 b'tt/min or I b'tt/S« 
). 30 ~'tt/min or l ~:tt/l$ec 
~. O.l) ml/min or 9 gttlm•n 
5. 0.5 ml/mln f•r 30 Wrt/mu) 
6. 1.52 ml 
1. ISmljhr 
8. 20 rnl 
9. 1.) ml 

I 0. 33 ml 

ANSWERS TO CHAPUR 4 

1. An agonis.t is. a drus thar combines with n 
r<:C('ptor to bring about an action, wher<:as an 
omt.-gonio;t oomh.inc:$ with.- N:1:e)'tor .-n~.l 
bll)C]cs dlE: :JCII()Il. 

z. A ncurotral\sminer is. 3 d\t:mical ~bsral\tt 
rdeased by ~l rwn•e ending at me synapsc:. It 
IKb on thl" udjucent neuron to stnuulate, in• 
1\lb-h, vr d~n{!e h$ ~cth·•ty. 

3. b. Thabmu!< 
4. lnterrurung rhe b~ne~tion or conducti\)n of 

n~·n•e impulses; int~·rfering with 
5. Epinepluine vr nr>rtpintphrinc: 

6 . Mimickinr; 01.'\lmoansmincrs. interfering with 
ncurotwnsmitt('f rdeasc:. block in~ the: 
•••wdune••t (>f n <:.:~• rllt~nSJn•tii:T$ tV rec.tp1or~ 
-and lmer(crln): Wlth fhe hre:!L:d''"'" o( 
ncurotmnsmincrs 

7. To conuol vomiting. to treat urinary rc:tcn• 
ti~:m. tO ~imulatt git~u·(•intc..'4ina l a<:tivity. tO 
1 rell ul:)uC•Jll\."1, :~nd t~) aid i1\ 1he d•~nos•s. of 
myusthcm;t gravi!< 

8. Cholinergic blocking agents (anticholinergic) 
9 . Adrc:ncrgic (~npathomirnctk) 

I 0. ,t. Stw bi(X!l:<r 
11. BI':'IJ~x-:ll\lb and h}'j)\)tCI\Sion may be :liHa)l(l· 

nizcd by using ath1pine; r~pirtnory ..kpr<:s$i~1n 
or excesih•e CNS depression tnllY h: anwgo-
ni;cd b)' usi.ng yvhimhml!. 

12. ihlohatbinti'Jtes :ue •·ery soluhle In fa1, which 
nets like a srongc to wke the h.ubiturote out 
of rhc circulation and awa)' from the CNS. 
Thin animals have rc:ducc:d fut l('vd:s. which 
n~u~$ 1h:'1 u\(ore ,>( 1he 1htol.x"bitu r<•te n.~. 
mains 10 dlc bJ,'lOdsue:un nnd m."ly c:wJOe cx
cc.ssi\'C depression o( the: CNS. 

13. Anul~-esia, incr~"<~ mu..~lc: tOf\e, mui.nt('• 
•·wm;e <)( ph\lryn~l/laryn~>tt~l rdltxt$, mu:<.le 
treti\Ots, anJ lo.;s ,.,(the blink rcde>: 

14 . Respit:lh')l)' deprcssit1n, card inc dcprt.>SSion, ~lS:· 
itarion, excitement, or sciour\~ 

15. Naluxo>nc .-nd ntllorphinc 
16. ~li.ISc: (I( its ten.knc)· ll) l)!'eCiplt."lte (lu t <o!' 

solution when ~torOO 
17. rA1.1Caprom (D.')prnm) may be adminisrer .. -J on 

or und('r the tMguc, into the umbilicnl vdn. 
()r hy intr,)U1U3(;0it~r inje.::t k m. 

18. &,me I)COtoba.bltal a.dtaoa.iia ~cors have ~l 
red dye aJdcd to distinsuish them from pcnto· 
barbital agent$ that tiUIY be use-d for anesthe· 
~ia. Bec.:(!Ul!c th(."~ l;\b"<Ot:l ;;.n: l"l\:'!ily identified 
U$ eud':)O:t~•:) :l{!O::!Ul!>, •he)' howe lei~ p.,,end::~l 
for ~1busc. 

19. Ncurouan.smittcr 
20. Burning 
2 I . Pn>J)I)(vl 
22. GAGA 
23. Di$!Cf\lm 
24 . Clomicalm 
25. Anipryl 
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Z6. b. endocrine 
27. a. nmmtic: 
28. J. 1\otlll'()ll 

29. a. away; mwarJ 
30. b. false 
3 1. b. unconscious 
32. (1. ilof;~tyldwlin~; 
JJ, c. cn.mmutuc:nitm will\ S(eln tell$ in 11\e bM1e 

marrow 
14. d. yohimbine 
.)5. a. yohimhiot 

ANSWERS TO CHAPTER 5 

t. N()itril~, n~~l Ci•vity, ph<41)'1\.X,Ii•ryn.x, 
u:tehe::t, bMnc.hl. :'1.1\d broi\Chl<'l.es 

z. Th.: four functions ol th(' rcspi1:\[o.')l)' sysrcm 
al'<' ox)ll~·n--carbon dioxide.• exchange. regula· 
tion of a-cid·base- ht~hmce, bod}' t~mpe-ratun.

regul:)tic>l\, ~1\d v(uoe f'n.xlucl i()f'l. 
3. Strucrures In th~ fUlSal p:lSsagcs tiltcr, 

warm, and humidify inspired air. The -cough, 
snee_zc:, and reverse- sne<:;:~ att<:mpt ro
remvv~;: (.;mei#tl m;)t¢ntll th\1{ h tLt entered the 
resplr:Ht)ty syucm. The mucocill.:uy 
mech~1nism nl.s.,') removes foreign mmerinl 
(rom the: respiratory system. Ma-c.rophagcs 
and ilnmuno.>.gk-.bulins ina<.:th·<•tc vr de;! troy 
inv:lsive (!T£;~'''~m~. 

of, The rhree impotr:lnt prit'Kiplcs of r~ir:'l.toty 
therapeutics are C\)Rlml of s .. ··crcrioos, conool 
of rdlcxcs, and maint('ru•nGt' o( normal a irflow. 

S. Pl'()(lu¢twe 
6. Thr<~u~h th~ bre.1l:Jown 1)f dis.1llide chemlc:ll 

b.,')nJS 
1. Ac('t}'lc)'Steine is admini~1t::n:-d b}' nc:bulimrion. 
8. Throu~h t.k·pr~ion of th(' cv\~oh c.;nter in 

the b-r:un 
9. ScheJulc V 

10. Rdt.oasc of acct)•kholint•, rdcase olhisrnmine. 
;md block<l.dt of htta .. l-ttdrc:n<'rgi<.: r<:ce-pt<.n~ 

1 1. Epin(:phrint :tnd ;tlb1.11ei'(J! 
I 2. Phoe;phoJiestcr.L..;e 
J J, Trcanncnt ol insect hires nnd treann-cnt of 

h('~1~$ in hQfl:I('.S 
14. -nmine 

Review Question Aoswe.s 4 3 I 

15. Treatment of rc!Jlirntory dcprCS$iOn as;ooci:ucd 
with an($thelii<• and stimult~tion o( re-~pir.ttion 

in newl'()n' llnun;d-t 
16. 22.7 k~ X 0.12 ma/ka = 4.9 ma; 5-mrr: tabler.s 

nrc nvnilable, Oispcruc 14 rnb1ets. 
17. I. As a mucolytic <'~Stilt. 2. As an IUUidotc for 

accrnmin0:1phen toxiCity. 
18. E 
19. I tO 5 micmtu 
20. Albutcml 
21. e .. prodw:tion of $odium hic:arbonatc to uid i1t 

re~ul;:. t iu1' ~,( the ~dd-b;.l:;e: l'(ll:tnoe 
22. d. expe<.tor:un!< 
23. 11. aRiitussivcs 
24. b. butorphanol tartrat(' 
25. d. Cl•" II 
26. :l. preJnJSOJ,,nt>: 
27. c. mcrhyh.:anthine 
28. b. d .. "Con&'('stants 
29. ;;1. an1ihh1amin('(l 
.)0. c.. prOOil\.)l)l(lne NJ l!vccin:•te 

ANSWERS TO CHAPTER 6 

1. Kldoev:., urctet!<, hh1d.kt, urethr:l 
z. Romrun nnJ Kcrasct 
3. Prercnal, ll'na), ~ocn.1.l 

4 . Oiv""tic$ work ~· R1m(,IVing cx,:e..-s extraceJ .. 
lula.r flus.:J, h)· in.::re<l$ul~ vrioe v•>lmne an.! 
s~"ldium excretion. and b~· d~Xtc:l..;lng hyper· 
tcnsi,')n 

5. Potassium (K) 
6 . . <\ngioten~in II 
7. Sttu\'lte 
8. El)·duopoietin. d«rt.'11J>C 

9 . Loop diur<:tic~ inhibit th(' wbular r...absorp
tivn o( $~Jdium. 

I 0. P<lS.ICn()r (lill.lit~t)' j!br\d 
l l . b. origmarc (mm th~ kidneys ~lnd connect to 

th(' urinary blnJder 
12. e .. hypl'ltC:ll:UOO 
13. h. <XIr.t<;t!lltrl;lr 
14. b. po!itcrlor 
15. d. pornssium 
16. b. uroli1hs 
l7. a. heln • .,nu1t• 
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IS. b. rubules 
19. b. fal.se 
20. t':. *udi\110 

ANSWERS TO CHAPTER 7 

I. The ri)!h t :ltrium :~n.l rl~ht Vfflttlcle serve 
(unctiottnlly ;liS \'>ne pumr (m cje\:ti:n.g blooJ h ) 

the: lungs, and the: ]eft atrium nnJ ldt vc:ntti· 
de pump bk«< to th..- ~y.st..-mil· ~in:-ullltion. 

2. $yn<:-}'timn ( i nrt: r~X•nnected en;u.'!;) 
3. Sodium {N:f• ). cakJum {Q.!• ), (X)t:u.~i u.m. (K t ) 
4. Rcf~Ch')l)' period 
5. Chronorro(Jte rc:f<"~ to th<' rnt..- of c:ontrtiC-tion, 

where\-s inotrOP.c re:f~ril t() thoe (urc::e (» .!trength 
,..j C(l·llti"',\Ctit)tl. 

6. Prell'Xld is the v,')(LJme .-:i blood in the vemri· 
dl~ at the end of J iru;wle (thl• amount of 
blood thc•t m~t be pumped oot). Aftc:fl(IOO is 
t h < r<$1$1;\n ce in th\~ <trt<ries rh:•t the "enmde 
nl i.JS.( O\'eroomc h ) p1.1mr blo..'XI. 

7. Increasing thl.' hcan rntc, iocrc:uing th l' 
~o1rok<" \'Oiume, increasing the: efficiC'ncy of the 
h«~rt mu~l~. ami het~l1 enlaq;rt.-nem 

8. Conut'l tlw thm disturbances.. m:1inr:1in l)t In· 
crea-se cnrdiac output. relieve tl.uid ~lcntmub· 

tions., in<rt'rue the OX)'Sl' na ti-oo of blood, and 
("f'(l\'ide Ql(}:gen/sed<lti\'<'S 

9. Btnc:tlcaa.l J(ect!! ind ude inlprMeil C:\1\lil.lc 
contrx rihcy. decreased hcan r.ue. annar· 
rhythmic eff('ct, nnd d .. x r..-ru;.._-d signs of d~·.s.

fflea. A toxk effoct is vomiting. 
I 0. Stilllllf;,, i.;m .:•( c~rdl;.C. C~lf\fr(l(;t i(IU in c;,nli~¢ 

attest 
II. C.Onditions that cn.usc hyp,)Xill; d enmlyte 

imktlances; increased lc:vd .s Of liensiCi\'ity co 
C.1t~hola.mi.n (.Si <c:..-rtain d~ soch <t.S Ji~ital i:s. 

both•tur.ltt~, :.t nd ()the~; :.1nd C:JrdL:U:: t r.)uma 
\'lf di!ie:l!iC 

12. Clnlis !A-quinidine~ d aS! I~Jidocainl.'; 

du:ss IC--flecainidl•; dit!s ll- propranolol;. 
da'!;~o 1 11-bn: tylium;d.."lto." IV-Jih~::a.:~lll 

13. H~'!lr..l la::m~af[<'tiol:lr dilah'llf; nttro)itly~tln
vcnodilator; prazos:in~ombincd: cnalnrnl
oombint'd 

14. Lit'~ i x i$ l,.(l llc:\1 0;1 loo11 da'ur(lk: ~<'1\l:iC it tnhibit• 
re::tl~ntphf•O nf S(l..lnun u\ 1 he IMifiS ill Het~le. 

15. Porns.sium 
16. Broochodilation, ox)-gen t her.tp)·· sedation, itS ' 

J"r<ltkJn, ~nJ <;~nte!ii~ 
I?. Oc~)Llltl-::.ulol\ 
18. CarJiac \')Utput 
19. Congesti\'(' h~~trt fu ilur~ 

20. An~iotcn~in I t() a.n~tot<n!:!in II 
21. Wenr ~),)\'e$; rfot:ue appl.c:.l hirll .;itef>; dt) 

not pet the llllimal m th e apr lication site: 
m('as.urc the dOttag~· in inches: and <onrnct 
the VC't<nnarian tf u rash 11ppw.rs tit the 
(tppli~ll i.;m ~ite . 

22. UlSc< 
23. An abnormally lm~· poussium l('vd in th l' 

blood 
24. The primary g~.~~~~ a.re (I ) ::-Jdiutn resuic.uon 

:~nJ (Z) m:)imenanc:e t)f ):'tiOd Mdy w~is:ht :~nJ 

oonditil)ll (r.:xlu.c: tion of ~)bcsity ,')r ct~chexia). 

In some in.stan<('S, spl"<ific nutrient dclicit'n· 
~ies, concur~nt di:lt.'i'$<'• and/or d('(twlycc 
J*-.,1\IU$ nt:ay rl~l h) he :nklre.,~ed . 

25. (I ) hK.re:~scJ force l'll C()ntl'.lCti .. )n: {2} 11n In· 
<rct~s..· in blooJ pressur('; (J) d cvtucd bll')()d 
glu<:ose lcvd.s 

26. h. Fi)I.IT 

2?. c.. mchycardtll 
28. b. t~rrhythmin 

29. -a. decreasing hc:art tall' to such an extent thac 
th..- m)·oc~utlium is J-"flltCi.:teJ from d<~m<•~c 
<::.lu~ed I~· 1 he: n\Crea...,ecl wl)r\: ),~:.J 

30. d. dlllphr.tgmatk hernia 
Jl. c. <Mdiac glycosid..• 
32. a. decre~ed 
.)3. h. (~1$4:. 
34. b. doc.te:l~ 
35. b. hypokalemin 

ANSWERS TO CHAPTER 8 

1. Entry of food and fluid into the bod~·. absorp
t iO'n of nutrk nts, and ('l(C~tion of waste 

J' r<XIUCt$ 
2. 0..~"· c:lrs, nod prlm.'lh'S 
3. RuminantS have a system of for<Sh')machs, 

including ell< reticulum, rumen, anJ omasum, 
which ~UtJW$ them tv tlig~t <:():~r<:e r l<'lnt mit~ 
te rioll. lll) well :ll) :l ln.te swmx h (nhom:J~um). 
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-4. Rcgurgittnion is a normal proc<'~S ,;( ruminnnts 
th:tt pC'nnits thC'm to bring up panially Ji .. 
ge<ttd foodmtff for rechewing. V(Jmiting l$ 

the forcible expuls..on of Q:tStrlc wmems and 
is scncraUy c~1nsidcr<'d ro he potholog'ic. 

5. Mkroorg101isms in thC' rumen 
6. The aut<»wmic ner\'OH~ l!)~em, honn0n.1l 

cont:rt1L and chemi<:::tl (his.ta..nin~. prfltt(:))!\an· 
din. a..nd others) control 

7. &ct<'rial cndotoxins ma)' incrca.sc the pcnnc
llbihty of int~tinal blood V($.~b. r('~tlt in,g in 
mcrea..-t'fl fl ui<l lo~. TI\~Y ;.)):<() tn:ty it~dutt 
(~\'~rand IOttime shock. 

S. Chemical Sl.lbs~oct.-s (digitalis comp..;unds, 
ure.a, k<'tOn<' bodies, and othe~) and impub<'s 
from tht innc-r c-tt.r 

9. Cemr,,tly :l(fit)S!-apt)O\orphu\e :.lOd xyl:1:ine; 
peripherally 3ning-syrup of irec;K 3nd 
lll i.ISULTd 

tO. AntiC'm<tH:~ 
I I. R""ludng 1 he ~creti<••' of h)'-.fr(lchloric acid 

b~· g:tmic mucoe;al cell~ 
12-. Cimctidinc and mnitidine 
13. Pcristab-i.s (a WllVe of contraction) and 

~gmenroti<)t) (tl mndr)g a~ion) 
14. Wld\h(l\dlnw: o( fnod ft'lot 12 ro 24 hours 
15. Rats and horses 
16. By rt'"taining w;n<'r osmori<ally in the !,'Ut, 

these <tgC'nt.: <:.,_u.~ nit('n in~ ~.r the l!twl. 
17. l' $yllium 
18. By mlmid:in.g the cf(..xt of ac-tt~·tch~;linc 
19. Mcu..;nid:u\11<' 
20. C. E. T., NolvOOcnt, Oml OC'nt. 1md Oxydent 
2 I. P~ri$t~M$ rtfer.~ t<) a ~vt v{ evmr.u:;tion th;u 

ft\O\'CS coorenrs ~'ton~. :lnd s~me.tuat it)fl 
r<'fers to inres.unal c~;rutrictimti thm mix 
C.OntCOl$.. 

22. F~l-< 
23. 80% 
24. By (()J'ming ll p:tSte·like b:lrner over the sur· 

fac<' of gastric ulcers 
25. Felin~ 
26. d. exe~tion <'f lt rine 
27. b. equine~ 
28. a. troc 
29. b. food stOJ~(' 
30. ;·•. ilium 
3 1. d. apo"WI'J'hlne 
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32. Ht rc:ccptor anta.g-.1ni.u 
3.). d. laxati\'C! 
3 4. e. Ep:;om $(~ It s 
J.S. d . l)t)th b :u\d c. 

4NSWERS m CUAPJER 9 

L. Rdcasin~ factors (RF.s) 3re messenger~ mad.: 
b\· the hypothalamus in respon~ co its d<'tl'<:· 
tio-n o( hormone le,•ds in thC' blood. RF~ Sl"lld 
n~~es to dtt l)ituhary rv stimuh,tt ti t~; 

~land ro tn3nuf:lcrure rtophk hOt'ml"lifiC~. Tro· 
phic honnoo..·s. in tutn, stimulate a spcci6c 
tissue or gland to rroduce the hormone in 
(jlt~titJn. 

2. ihe 1\l:.ljN endnctlne ~r:l:u\ds ::tre the pln1h:uy. 
the thyll.;id. the ov~uies. th.: testicles. thl' .-.J. 
rcnal.s, and thl• pancrl•.ns . 

.). TQ ~orrec:t tl ddi.denq· •~ncl to ohw.in ~ d~ired 
c:ffect 

4. ( n rhe OOd~·: extem~ll 
5. The pituitary glnnd is klcatcd ac thc base o( 

thl." bmin ''entral w the hypoth..'Llam~. and ill> 
primary functiOn i$ tV <;(mtr()l the a(.th•ity <~f 
the othet tr~Jo.:rln~ ul:.,nd.i. 

6. A negative fccdb.1ck mechanism \'>Ccu~ when 
thc hypothalamus !t<'nsc..~ a high 1l'\'d o( a $pe• 

<:the hvrmQne in t.he blood and in resrvtul." l't"• 

due~ th.e ;:.m<)unt <)( nde<l$ulJ! (:)Ch ) r (RF) fClr 
du~ hormotlt. A reduced amount of RF causC5 
a decrc:.lSt.-d amount of uorhk hCJm\)n<' to be 
produ~ed bv the pituitary; this ~Its i.n Je .. 
er~t.ii«< pt'O~I l,Cttt.lfl (rl 1he h(lnu(.ue h~· tht h~r· 
~et (JI'):':ln . 

A p..'>Sitivc f<'edback nt<'chanism occuts when 
the hypothalamu.s !t<'OS<'$ a low ll·vel of th<' 
hQnnQne in que.....r:ion and i rM.:~ea.se..s it~ pn:.xlue• 
1 ''m <)( Kf. I1\Cll':l.,ed R~· cau:;c:$ an incre:.\St 10 

rrophic horroooe :mJ a tcsuhal\1 increase in 
activit)' of tht• tarr;~·t organ. 

7. Neutohonnonal reflex 
8. Oon;~I(Jtr<)pin 
9. Pr~esltl\S 

10. f..;trus synchr..;nilati\)n, to induce aborti~;n, 

and to induce estrus 
l l. Pn::gmmt; <l~thm~ti<;ii 

12. Estt\)J!.en and progesterone 
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13. Th..- reproductive tr,\Ct has been ~amin .. -J for 
block~l{.'t' or touion, and thl•t the ccrvbc h.'!$ 
Jil~t.:J . 

I .f, Trllodmhyn:mlne (T,) :tnd rctratodothyroi\IM 
( T,) 

15. So1oxine and Synthroid 
16. Sh<nt•«ti~ (fl:':!.<~.•larJli:sprol~p.m), intenncJi~:~t~ 

actinst (Nf>H/P"LI/Lente}, loo~·U:til'+:! (0 b t¢.ne/ 
dcrcntir) 

17. R..-.~,oular 

18. N PH/PZI/Lent(' 
19. \Vt-..o:•knt$~. :U;.)xi;), .)h<)k ing, :.nJ l!ehiJrt:$ 
10. Rr~mg r urpilM!S 

2 I. BccauS<' 1)f th.: potential for ~bwc by human 
Rthletcs 

2 2. Phe:n)ltl(JOe~ 
13. We:.r 2love5; :~nJ/for :l\'1)id ~tt-ttl n): the dt uJi! flO 

rhe skin 
24. R.:sidues of DES "We shown to have a likd y 

link w (<f\'icill (lilnc:cr in women. 
15. 0Jt'J)U$lut.:un\ 
16. d . uterus 
27. c. trophic 
28. d. hypmhlllamus 
29. t1. e~uaJivl cyri<m<:~ tc: 
30. b. (:.lsc 
3 1. a. trlk' 
3 2-. c. oxytocin 
3 3. b. the ..dn.:n~:~l oort .... x 
H . d. v~l<·~ 
35. b. hypmhyroldism 

ANSWERS TO CHAPUB 10 

1. Dilnt.: 
2-. Glaucomtt, keratoconjunctivit is sk ca 
3. Purill <~rv 

4. Ophth:)lmic ~I :tins are u* d :l<; .:II:)S.f1'111MIC a•d:,; k··r 
dcre<:ting dir.:-.1se in both the amerb.")r nod paste· 

rior S(gmt'nn; and in the nasolacrimal ~t)'St~·m. 
5. flooR:Kc:in 
6. Aur.ll 
7. Tl)f'lcalarhth:.lmlc...; (<'.1.\.., ou\tmtms.. drop;) 
8. Bee a uS<' the c~tc Sl"C rctcs tc.nrs, the medication 

ma~· b(' quickl)· diluted; thus rcaPrlicat ion b('· 
""vmd ne<:~$:lry. 

9 . To pro,ridc 11'x:al ane~thcsia to the eye 
10. Fal,sc 
I I. e. third ep:lid 
11. :l.dllate 
13. b. mydriasis 
14. a. d oS<"d 
15. h. 1'<-l~ 
16. :l. 5: 10 
I 7. b. mrnc:.l ulcers 
18. c.t-quincs 
19. b. lab< 
20. ,t. .A.~exx 

ANSWERS TO CHAPTER II 

I . i h ret, h\te):ume.l t:'lty 
2. Prope:r nuuition 
3. Pro tl"Ct ioo, tcmpt'nttur.: regulation, storage, 

ilmuunor.,..~;;uhulon. secrt1ion, viwmin 0 pro-
J u<:ticlll, :)nd *-n.~i)J)' J"'!rcel~ti•.'ll 

4. Five ro ten 
5. Antis.:borrhcic 
6. lnflammiltOI)', debridement. repair. 

m(ltiJmti(lt) 
?. H:'IS dr)'i t~ and .::k:lnslt'l.St pt~.~nles 
8. True 
9 . Systemic 

10 . To keep the animt~ l from exce..~it,.,.. -.elf·lickin.g 
:lnJ/<~r mut ilati<ll'l 

I I . b. t~l l!i&' 

12. c.skin 
13. a. true 
14. h. (~ l:;e 

15. :l. ttu<' 
16. d. 6 
17. b. collag~·n 

18. h. lab< 
19. d . 1-rt:'l.llul:u iln) 
20. c. Korerwx 

ANSWERS 10 CHAPTER 11 

L. Grnm 
2. Blue 

3. ~"' 

Copyrighted material 



-4. Naxcd 
5. TC'tTU.q'<lines 
6. Tew.t<;yclint 
7. Oto--, ncphro· 
S. Ocrmatophytru.is 
9. S~ctrum 

10. True 
I I, b. (:\l~e 
I z. ;\. tmc 
13. a. fu ng3\ 
14. b. false 
15. ;\. c.:eph;lltxin 
16. b. false 
17. d. a teoa<yd i.nc 
18. b. fMI$C 
19. c. llul.lfvqui.nt.llone 
20. a. ttlk'-

ANSWERS TO CHAPJER 13 

I, Prt'dmor-prey, commensalism. muruah~m. 
r.hmesis. parasitism 

2-. Pamsitil~ is oc<-u~ whC'n an animal is infc:ctc:d 
Wtth rin~~it~ but IM) d ini(tt) Si#Jl$ (:(11\ be 
~~etved . 

3. Parasitoois \'X:Cuts when an anim.:.1l is infcct\C'd 
with parnsitt.'$.. a.nJ clinical sir;n.s can bt
o.hcrved. 

4. Et::t (rp;u:\~ilej nll'e.st tl 1e (11.1t~ide <of the h,,.:J)'· 
5. Endoparasltcs mfoct th~ tnside of th~ bcJy. 
6. Infected: infcst~o-d 
7. An anthelmintic is ndminiflcred to rid the 

t:\>~.ly ()( end!JfXl r~L'httli . 
8. Ore.lMpho~phare 
9. lnSt."<- t gmwrh rcgukltors 

I 0. Tape\I.'Orms 
It. d. ph~)JC~ i ~ 

12. :.\. :.l \'t:rmec.tin.s 
1 3. d. dicthylcarb.lm<l!il\e 
14. c. amitrn:: 
15. b. Profencler (C'mode~id-e-/pnuiquantd) 

16. c. nu: l:ll'$l)llline dihydn)(;hltJJidc: 
1 7. d. Valh:t:el\ 
IS. a. troc 
19. b. fie~ ticks 
20. (\. rltlll:J tO:Jd~ 

R evlt:w Q uestion AMwt'rS 4 35 

ANSWERS TO CHAPJER 14 

1. No,;tctpt.:m;: 
2. locre:tS\'d heart rat€'. IOC:rc:l.'ied n"spirmo.rv 

mre, voc~li:zation, guard ing the pai~tful.!>ite, 

resti(';Sl;n~. &~livt~tion. fu ilun: to groom, unl('· 
Sf'Omi\•enc;:....;s, abmmnal gi1it. :.hnonn.:-l l!tan<;c. 
:lll.l mil in~ 

3. COX·l 
4. Oa.strointCMiMI ulceration and/01 bh-Ji.ng 
5. Cau men•bolite <U{'irin \ 'Cl'V l!l.owly. 
6. F.-l ~e 
? • Fc,u;uwl 
8. False 
9. Th~~ substMnces re!,'UIIttC' decuol}·t~ and 

w:t to:r hai<Utot in tl1e ~lr. 

10. t\lretn;u e day dosl.o): ma~· he lp prevent lmM· 
l."Cnic hyro:tdrcMcortic ism: nJministmtion 
shoold lX'" rnrcrc..-d ()(( gradu.all )'> ~·1.'.1)' large: 
do:~.::s roay bC' u.;c:cl in <:C'rt<•in cmc~~n<:y l!ltw• ~ 

li(l·n $; Cl)rtic.x;te.r(li&. :,:hcoulll be :.WClidOO wh1~1\ 

corneal ulcers :ue tr~arOO : u10e ~l!if'pdc tech· 
niqu..- when inje<:ting inm joil\ts, 

11 . Ca~ ~· the doc.toJ 
12. Sh<•n•tcnn (:(feet$ <i OOmC(Jsttr<•iJ u:;e in• 

d uJe pi.J~·u tl-:\, polyJ.p~l:~. pl)lyrh~lll:ia, M«i de· 
Lnycd hen ling. l ollg·term cfft->Cts include thin· 
ning of till• skin, gasu ic ulcers. ()~teororosis. 

:~.nd i<•tro,b>t-nH: Cu11hmg'l! dbeo~. 

13. I.,('IC;'t l :lne;thetics pre~·e•u ~n<r.utnn :ll't{l oon. 
duction of t\e.rw •mrull'Cs b~· pcrirherol 
1\('1\'e S, 

14. \...c:lcal an($thctics Ill~ u~d foJ in6ltmting 
int(' I•Jcal ;lrt~l$ fv r $ll tltnflg W\)liiU.l$, (1)'1 
1\e.r\'t' blocJ.:.s (l:~menos~ e:<:unlnatu)n), for 
nnriarrhythmic cf(ects, for topiC'll usc, ~nd 
other.;. 

15. h. c:ndoll'hinl! 
16. c.. p~·ro~~ 
17. b. nspirin 
18. a. phenylbutazone 
19. d. NSAID 
20. h .... ,~M;:u ivn 

21. b. n\otphm e 
22. n. histamine 
23. d. kC'toprofc:n 
24. a. true 
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12. Trcatmt'IH ol autoim mune: hemolytic nncmia, 
UC'IItmcnt o( lymphoq·tic.oplll.$11lUC')1ic enttri• 
d~. tn:~unen! (l rhetnn;•t<>lid :•nhrit i.s, ;tml 
HI':0\11\l('IU o ( lupus 1'!1'\'th ro-t:H O!Iu S 

13. Because most anrin .. "'plasric dru~ arc \'Cry ir· 
ritating to tissue and may ca~(' sloughing 

I 4. l1esignatt a spt<:ibt.: lo¢,1tkm for looldling. W~n 
1\·I!I)J'Il"ffnl"'<lble l:lrex ,ll4fweS; when l\.1odJu~. 
Cover \l;·ork iitu6ces with a di:spoc.":lblc, pbttic · 
lx.~cd shi.'C(. w~-ar an ~lppropriat~ laboratory 
~'Qt\l <•tld 0011.1k . R«on:>titiJt(' all mato:rillb 
caro:(ully rv :W(JiJ ;~rowlr.<"~r ivn. C lt:<m n:cor.
.!>thutcd muerlal of :'In~· cont:ltnn'lo.ltion. olOd 
properly mark anJ d.1t(' it. Dis~ o( conwmi· 
nuttd matcrial in l('ak•proof, puncturc.-r($Umnt 
((ln r.. incT$. Wn$h hiuub th()~hly. 

IS. In rht- ktd r'~Y 
l 6. Epogcn (erythroroictin) 
17. rlwnin 
18. H(:pari.n 
19. II m <1y < l~rvr• rhe while bl\)1.)(1 eel I.~. m~kll'lt! 

idcntl!i.c~uion dlfficulr. 
20. It chdn~ (binds with) c::.Jcium. 
2 1. Anaphylac.tk. ,.._._.•ctions, immunosuw res:s.on, 

\'(ml•tin#, drtlrtht~, h:.ir IV$'!. cy:Hitl'!-. p;:lin tL'i• 

S(oCI:.u ed w1th admlnlsu atlon, and l lisue dam· 
0\J.~ (rom cxmwasation 

22. Body surf..~Ct' arc:a 
23. LymphQid ne<'f'IU!ii<l 
24. lm erfer<•ll 
25. Doxmubtdn 
26. b. b:mc: marmw 
27. d . tO ~arry 0 1 tO tht tiSSU(!$ 
28 • .;. Ht mmm i($ 
29. d. ReKu·Mate 
30. b. false 
3 1. c. 5 U/ml 
32. d. gn:t n 
JJ. d. K1 
34. d. EDTA 
35. d. fdin c:s 

ANSWERS TO CHAPnR II 

1. Routin(' ch(!ckups 
2. Hc-a.lthf~,._, t)'pt; of \'(1~ne i•o.ftnin.isten:J, M.rt~; 

•i :~.lmltuMI".)I inn, COI)(.utrenr ln.::uh:.utno ,)f 

R evlt:w Q uestion Aoswt:rS 4 37 

in{~'(tioiJS dlse.11sc:, C:X('~urc to an inti.·crious dis· 
<a.'<' bdO«" immunity is f'(ac;hod, dJ\lg theropy 

J . . 6..n ir~cfivl•ted v~¢cint h;\S (l~~ni3m$ cxnn• 
n-.ooly treu OO by ch('mlcals to kill Jhe \)r)lan • 
ism, OOt very li ttle ch.nnsc occurs in th..- nnri· 
g(!m that stimull\tc prot('Ctivc im munity. 

4. A lh·~; v~in~; i~ pn::p<U~(I (·rum livt mkroor~ 
jr.l01SnU t1r viru~es. 

,;. MoJi600 live vaccine h:u o rganisms that h;w~ 

uodcrgonc a pr<.\Cc.~s (ancnuation} to loS~C 
tho:ir \' inJienc:c:, ~ that whe-n inoculattd into 
the bt.x.l)·, they l:au:<e: ;ln inunune r~p<•n.,e in· 
nc-..1d o( drse:ue. 

6. A toxoid is a vaccin..- used in producing im· 
municy to a toxin rothcr than bacterium or 
VIM. 

7. 1-\n :.momxln IS :'1 spec,llc anrl->erum almeJ 
fl~:l.itu( a roxin that c~'mwjns n conccnu·~tioo of 

t~ntilx.xlk-s exua.::tcd from blood r lamla of a hy· 
v«i.mmuniJ:ed, hc:ahhy animal (usually •• lw~). 

$. T IH! ~(KHO:IU.$l!houkl be UJ)plcked :•n~ l pb ced 
II\ tile refrlgt!r.uor. 

9. U.!oins druss to srimulat..- rhc b..'XJ~··s immune 
r~nsc: to di~ 

I 0 . ActrnaJU)t)n 
I I. b. f~ll!ll! 
12. d. t~dministcring :'1 medic~ted bath prior h ) 

o,:accination to d~-an t he $kin~ surfucc 
O . c. im•cti\'atc:d (dt<l.d) 
14. :~ .11\'e 
15. b. modified live 
16. b. nntih">.'<in 
17. <;. both a nnd h 
IS. h. hkphar~Jii~'l~m 
19. " · bi)lh b :md ~ 
ZO. c, re.::omhin':l..nt 

ANSWERS TO CHAPTER 18 

l. c. cnk ium EDTA 
2. d. Bring the: cut fO the hosp-i t<•l to- start crellt• 

nM:nl wid• :lctl}'I.::Yl!tt:ine. 
3. :l. Ro.mpun 
4. b. on a l\ empty .s.~omnch 
5. Ox}'morphonc, Torbug('.sic, Talwin ..V, and 

Nuklin 
6. b. MooJ u tl.';l 01W~~n (I}UN} 
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7. Ankular carril~e and conOI."<Iivc tilisu~· 
8. GAG.s act as chondroprotccti\'(' ag<"nts. 
9. A n<:lt lr:)Ct\tti~;•l h <UIV n.;m1v.xk. f.;"xl cvmpv

nem th .. "lt h:t~ !iCiet\tl li.ca\ly provet\ heo\lth ben~ 

diu.. including disease trc:ument :.nd pi\" \'Cn· 
tion. Gluoo!'<lmine/chondroitin $ulfate 

10. True 
II. The Olel;l t)' Supr lemen1 H~hh ~nd !:due:~.~ 

tion Acr ~)( 1994 
12. Omega·6 and om..-,!,."<1·3 l'luw acids 
13. lnc:rw~ bl(!(din.g time unJ po:~sible de~ 

e~;L.~d immum~ funelivn 
I 4, To prewm or reJuce the s~>S.tenuc :.l~r)XIon 

(l( inge;u.J. dru.b"S or h')lCins 
15. Le~1d poisoning 
16. W<4t¢r<'$Oiuble 
I 7. N::ti(IX"Mll~ 

IS. Bemodi:.l!epines 
19. s~denm\·lmcthionine 

20. Ethyl..-ne ~]y(.ul ( itlltilrec~) 
l l. t;.. (;tlse 
n. b. (alse 
23. a. true 
24. b. fal.sc 
25. r.. (aLse 
26. :1. true 
2.1. a. trlk' 
2S. b. fal.sc 
29. a. true 
JO, b. l';.lse 

ANSWERS TO CHAPTER 19 

I, l!w e.mor)' l~ the q u:HHtcy of f(11o.)Cjr. preSt~m u\ 
the vctennary f!lCiliry. 

2. l1t·vd op a bud,!.'('t: keep abrea.st of expl•nses on 
a "'gulru- OO$i:l; once a ~litem h<tll hoen f'l,lt in 
pl ~)l.'!e, kt:~p it olcth ·e; bud2e1 :mal~~i.i ~houkl 

mirrm the r rac1ice's phiiO!tO('hy: M<lh-:·ing 
Cll:pcnses provides a comprehensiw vkw of 
th e: conditio-n of the pral'tice :and hd{'IS $h<tpc: 
i~ fuH•r.,._ ~<:ndt.-\'Vf$. 

3. Mol\ey 
4. Th.: number of times a product L$ us~.-d andre· 

plenished eac:h )'el\r 

5. 4 rums 
6. $Joz,;co 
7. M;•ke wre 1t<:lll* ;ue on h;tml when n..:~le<.l. 

:lnd mlnlmt:e the cxrense: o( kC(>plt~ hcrns In 
noek, 

8 . A packing $lip is found in the: carton in which 
fn::ight ~ shipre,l. It d<x:.,uuent$ ho"' m;;my o( 

t;lch ile.n is shipped. h tn .. "ly '"' fl'l:l.'i n.)l in
d ude the prices of the itcm(s). :thhou&oh most 
commonly it does no1 

9 . An invoic..- i$ doc:.uml·ntatiott o( tUl order 
~hin't:(l l () 1he veh~rin;)ry h(X!)pital. h m~· ~· or 
may nm acc~")mpatw rht p:~.d:ln:g slip In the 
shiwing carton. 

I 0 . A .suuement is m()$t commonly mailed to the 
vetcrimuy rrttcti~e. It ,l<.lC\lmcnt$ the ittml! rt~ 
~hreJ ~'{ rhe h<liS{lh:\1 a.nd rhe :unouot d ue •)fl 

fiCCOUI\l. C')mm,)nh•. j [ must be paid wkhin 
30 days so th.1t no late fl't.'S nrc incuiTc:d b\· the 
busine$. 

I I . The 1l0in1 :lt which'' pmdue-1 u allowed II) 1:-.c 
soiJ or u~d ln·housc befOre new pmduc.t Is 
orJercd 

12. Thi~ numb('r is included on rhe rohieH-c:rti fi~ 

catt ~1\'(:n (<) the client; l\lso, r\1lm'!:S •$ a :(IV• 

n<•tlc dlse:..lSe, and the V('te.rln:~.tlan must ~lC· 
count fN the cxr irati,')n Jntc of the vaccine 
and thl• .serial numbl.'r. 

13. I 
14. OEA invt:n wrv :\t\ ..1 liS:ll.>t. OSHA •n-anu;\ls, 

MSDS shet"l, supplier's carol~ 
15. All infomun ton on the (\)nn muSt be corrcct, 

no marl:.outs af<' allo-wt"d, no- liquid paper can 
he l•:<~l. llll.l'4 h.<IVi! <:vm:~t iipelling, tn~t h~·~·e 
cmte(.t sttenlitlh. anJ lhc vcrctln~lrt:l l\ muM 
sign lhe form. 

16. a. true 
l 7. d. $ 
1s. b. ~1ro 
19. d. 1he feJeml g-,wernm~nt 
20. a. true 
2l. b. <:ost; r('tail 
22. ~. tru.; 
23. b. (,, ):;e 

24 . fl. true 
25. b. fu iS< 
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il<:f't) kbol.ine A htui·Ott.lnst'l\itl('r doat fllloYlS a .wn•e 
imP\lJ'<' to ("l(lji th\' syrw.ftk jon(.tion (car> het""«'ll 

f W(I t\('f'\'1' (il,cn; ('f I'C'rw<-i•n ~ 0 0:1'1<! flher I.U~ 010 <Jt'gAO 

(<"·II-·· m!Ddc.gbnd ). 
il<:f't)k-bol.ine~ttr-.&s.t A 1\ etr.'('O~ dl.at brhl~ t~l"'ut the 

lvenkdoum of acct)'kholln\' tn the ·WMJ'lk l-~ 
a.:tiw.- immunity l!nmunity t~t 0.:1.-'llr.l by :m ;mim.,\')' 

own i.u\Oiu!W' M~'IOI•se f•fttr e.-:~x.,urt 1(1 i(.rtigtl 
oml~n. 

Addlwn ',c dl~~ A Ji!-.~ m ~·nrlmmto c.hnr~•cri :o-1 
~· in:ad~u:nC' :o.mmmt., ,;.( aJiftiaJe~tcro.d honuonc:~. 

11Jjuvant A l<\1~:.\tli'C ~i•·tn •·ith fl•l :•tuigol'n tO " ''' 
hancc th<' imm1,1n<' rc~n~ 10 1hc. 1\nli;J:cn. AJJ\l'llolnt~ 
m:ay fiJifln a lu.:::ali~ s r.m•o.lom:• :11 the. in jc.cti.lm Wtc. 
o r mav jlt\IJUI.'t .. yl>'ltfllk hyptflo('lh.iti\•it)'. :\J ju'l'.kl'lb 

h~\'t' rfi"lt'ivt'\1 OliJ,~h attention a.s a r."$ult o( ll posslhle 
(Nr no1 pro\'cn) lin\: wuh 1he intl\"'..ol•o.'l;l inciJe ncc. of 
GOO~uco1m:u in \':,cdn.:ucd c11u. Ex;:unpb of ~nlj u

V>ants are aluminum hydrox.i~k. a.lummum pho~ph.'Ut', 
S~hJminvm pol!lli:l"it•m ,;ulf.11o:.. watN in oil, ~p:>nin, anJ 

dic.1hyl:m1i"'lo:th)·l (OEAE) di'Jimn. 
ll..ln!ttergk :\ tt nn IbN tO dtst:nk- :11\ :•~tiVr\ ur a rtl'.e(>' 

101 dw ~ awvatt'd h)• cpl.not'phrl.not' or norcptncphrint·. 
lld!<Qrb~'fl t A Jr•J2 1haf in.hibm C:l a~rrrion .;,t( JrV£~. 

tl))( ii'IS, \If (ho.'uhC:lb b)• :lnli•O:.ti~ :ulo.! hoiJi~ dwnl 

tOUHurhtcc-. 

lld\'er~ dn•J: t~\·tinn An unJ~ir~hle ~~~ to u 
d mg by :, Jl'•lie nt. It m1ty \'llf)' in W\'aity from miW 
w fnt:tl. 

9\'rO!OOii:~uioo The omw~r%n o( o li<.~uW Into a 6n.: 
m ut IJ¢ ooiiOtCbl JuJpcn.~ion in ;air. 

aftt>r lo:'IJ llw rh i){a''""' ({lfCSsurt) ul :uttrit!i th:u ulu){ 
l:ot' 0\'('f\'\)fl)(' (() COlf't)' blood frotn th\" \'Ciltrkk-. 

lllt()fl i ~t A dn.IJ: 1h\lr hri.nJ:• 11.00ur o •pec.itK ac.ti\'11'1 ly,· 
bin.J ini with the :•ppropri.\ltc n :cc.rc(l¢, 

alk~·btk-tl Fvmfittlll)f\ d :'llinl::JiSt L-et..-'\'tll :1 "''bst:11\Ce 
;11\1.1 I).~A d\<ll Cl:IU.~ irrever$ihlc in.hiNuon of 1hc 

DNA muk"<:ule. A lkyl:,tinv dru~t~ ;uc UM-.J m chc!mo
tho."rn~~y trt:'UIIltiU Of C:Ul>C('f. 

Bnaboti~ Th<' OONO'\IOh'c phase o( n,.._~holt;m In 
which boJy «:II• repon 1md rerln.« c-it-.~¢. 

11 ffili¥C-)ia The :o~il:ll'noc (l( the ,;cnlollli.m r>f f"l!in. 

9Ral~ ,A, ('ht:mi..:t~l oon.l~'OUnd MwlJW a tot:rO('turc ~tnl· 
l~r tl) ~noth<;r b\•1 Jifl(:ri.nJ: (rom iT tn t~<:omo: way. 

aru~phyla.xi,; A )pt~.·mic, llt'\'C~ alle:raic rc:n:.tio1n. 

lln'l',.thc!>A Th~ lo~ d all """h:·•tion. M:l)' be Jeloeril:o.'d 
& local (:li(cult~ a smaU art'a), rcglon:tl , o r !-lll);ical 
(t'Cwmpmi¢.) hy ult(;On<c.iou.;n~~). 

angiot,~nc!lb 'Ow J~·~lupu\cru ui bkxll.! \'O•d~ 
91'l l:igonh t A d rus: that inhibns. a ~P\'i:i6c aolon br 

hinJing with 11 JWti<.:ultu r«cpwr. 

a n dwlrl'lintk 011.\S used 10 d i.ll1i.n:lt(- hdm.imh ~'l<,r.l.'!iteJ 

(c.,~:., 1\)und..,\'ICTOs) (wm a~~. 
"'ntibo-ct~ri:.J An a~nt thlill inhibit~ t,:.c.tC'Illll growth, 

imJ"-.Jel n..T'lk;'ti" n ,;.( h:o.ctcri:l. ur l:ill)' b:o.tte:ria . 
.&n tibiotk :\n ~·g(!flt produced b\' :1 f'lliCroorg;ll\il•l'n or 

fl."nusvnthC"tk.,.Ur thot has th~" ahllity to inhlhlt tht' 
gr;w.·th of'~ kill micuxJ!f8:•nbnu . 

.&n hbody An ilnt'l\unO.!;IoOOlin n'IOI\'(ulo.' th;.t Ulf'llbi!WJ 

••ith tht· sr«Ui.c ru\t~·n that tn\1uct·d !('<; i...,..m:l.tloo. 
"'ntich~inajtic Blod:ml! n¢1¥(' tmp.•l.-:c- rrnn.~ml~n 

duul.l8h the. p:•r.l"')'ltlf!:•t hctic nl"rvom :~y,c<!m: :1lw 

.::.:tUeJ p;was,mpa~lwl,lk. Antidhllitlt~ic Jrug:. •:O:k)' 
i,o: 1~-d (or thr c-watmo:nt of di~rrhto.c~ or vornitin£. 

ant~n A ny .. ub.c:lfliOl' th:•t c:m inJuoe:allf'CCibc inum.nw 
t\'Sj"\\IUt, ~h :•> tOJWls,li.Jn~l ~'ll«(!ill" b:ll.'t.tn,,, :nlJ 
\ 'lruS..'t>. 

"'ntimio:robi:.l An ~·nt thllt kil l"< miorll)MJ.'l.IJl~~m~ r>r 

~•rprc,.'ICJ thl"ir multi{llic:ahon or t;roW1h. 
anritus~l~ A dr~ that i.nluhi tSor sopJl'I'('SS« th<' coo~;:h 

f<'~C'X. 
anhythmi:. (dy) rhythmia) A \':•ri:llitln ~lnl the n" nn:!.l 

th~·thm .. 
as.u~nt An llg._'1'1t thrl.t .._~ oontMCtion aftcc 3(1pli· 

"'WO)' Th~ :•bs~"f'\oCt \)( l:itl:k of "'"'"':'1 cun.:- or :>tr\'1~th . 
autonu.tk h)' Thc ll.btllt)" o{ ClUI.IJll.~" ruusclt to t:~"f'K'mtt' 

i"'fH,Il'<Cf. 
autonomic net" ..,, .. ,.)tcm ~I pent ion,;.( the nl"fVou~ 

:>)'U~I'l\ that cumn>ls hh·olmlU•ry actw itkJ. 
a\X'N>f;\' 0:06t of io•·ca t()t)' on baOO A\'l'f'lli;.'l' c.ost olin· 

wntory 'm h:md i~ d~.--tcmli n.t.od hr l!ddiUi the )~r~ 
bo.'l!in ning illW11Wry h) tht ~~i•r\ e t'ldit\!; uwtntrn')' 

and dhiJIN: bot" l. 
,u; r .. de nt The inu.bi.l11y of ;tn in.f«t;.:;...~~ru t() rrOO~ 

p:~tha&uf<k dJccc11. 

kat to:rill Singk·ccUtJ n·•iCf<X~imi.'>tl'l> tlt.al usu:·•JI)· 
h;we 11 ri~i.;l t<'ll 'o\<lll l:'nd 11 ro.wn.J. roJ•lil:c, r>r •p•rn.l 

l>h:•rc. 

ka<tcfkidal An tQ;:Oll ••dth tho: C1!~'1.'tbih1y cu kill 
bacteria, 

\xl..r1ain A lvlkJ h.:ld'i\11 ~<tne. 
hact .. 'til•a;at i~ A n llit!nt 'h:1t inh ibit., the IIW'ol'lh or 

n-rreo.luolon o.l ~~\~ria. 
hct"'·b.:.um~~C' En:v~ that r«tu« the o:(fe<ri\'tfi~S 

o1f n'f'IOiin :.ntibi>l»ie~: b.,.,~l~tl•m:U•<! I i:~ p.-.nkillin:•~: 
bet.11·lm'1am:•~ II b c..-l~h:::•k)(>tXKinaot . 

OOc" Lal'\'~ of S('VCt:'ll 1\y $pedes (\".g.. UruiYO~It..S. 

'-"'>· 
klld'('.tl'fh)'thntill. Br~l:~~rJi:t :lliM!d:.teJ Wtth :nl irrtf,'U· 

bntv o( h.:-an rh~thnl . 
\)rad~·enrdi~ A $1ower•rha.n-notn\:ill 1\(",UI f'l'll¢. 
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eff~IVt A ~-tfnlJ , ~inl.OI tl.'>lut tMt 1\..,f'J(\J.-, to.wn•e 
$Umul.it0on u'ith a !JX'C ilk acoon. 

cffica.:y Th<' c•xrcm wwhteh 1.1 driJI,! all~~~ imcnJo.l 
C"ff~.-"CU in :• )'Qiient. 

dt.:tn:tl~ tt A lilhtlu\o,'_(' that JisWO:i;lloC:S ill iU iutlS y,•h\'cl 

rlllord In t<Oiucloo. hc-<om.lt~ capahk of conducong 
dot.•dtidty. 

tli.xir A hyJI\J;•kohulic hQu.id that CQOt;tilll> J>v.·tettl\· 
('~ 6~\'0rlng,. anJ a rtH•dk:inlllll~nt. 

cmc,-i.< Th¢ uc.t of ~"('Tflilit'J:. 
empir ical B:a.'II..J un ol»oef\'Oittl>n :mJ fll't:llm:ll I.".Xfll"t"i• 

ttl«. 
cmul•ion A mc,1trinal ~cnt tha• O:'oJUtll~ c:-f Qity told,.. 

Jt:uw:e~Jbp~J in :m :~queou' nk'Jium with :•n .,JJi, 

ti\'C' w ~wbiliu the di~rsion. 
cndom<'ltium Th\' mucous mtmbtane linin$: .:,/ the 

•JtC'n••· 
el'td(tpllU!(itc A J"W.ulle th:u lh·ell iruiJc the hotly eli ib 

host. 
cnd(l(hdia l layer T h¢ M'J)O.')(h la~'i'r of cpirhdt.,l c.d l~ 

th:u line h&!xxl \'C'I)I.".I~o. 
e«•tr<Jf!k>ll A rullit-s inw:~t~J (i.e., WW'.krd dw oornea) or 

tho." tf('UJ. 
cqu i\'ilkn l wd~tht I J:" mokcvl.u wcidu ((r,...m rcrw-..lic. 

c hart) d inJtd L'Jo' tM wt:tl ~tive ,-aknl'.e or 1ht m:•· 
I t rial. 

cr~·thc-ma Ro..-J~· ~.,( rh(' $kin Glll,lfb.i ~· ("nl.~rt<m of 
the t:!pill:uie~. 

et)'thn)p{)icsi.,. n~ ffinl'I;Ui\)4) Vf trythrvt)'th. 
cr)'thl"(l(llI<-tln A ~lfOOI'l(otcln hon~f«ro:tc\1 mainly 

~· th..., kidnl.-")': 11 :ICU on lllt'ln cdiHlf the bone m'llrtoYt 
w "imubttt n.od bluvd cell pll.~C'Iiun. 

cud~)·f'CMd A norn.\a.l thvrotJ ~lnnJ . 
c.~pC"o:tQriln t A Jn•g cl\1;11 o:nh(IJl(:ct the ¢Xf'\ll~i<)n <)( ~ .. 

<:fl.-"'ion:~ frl)ln the rcl{lnmory tn~~tt. 
c:\:tralllbcl u~ ThC' u~ uf a Jrug th..•:n b n<Jt !>J"-'tifieally 

liMe..! on 1he U.S. FoN IIJ\J l'lrve AJmini.~rru tion 
(f'D.'\) .-Apt'«>\'1.-.J l:ll:cl. 

C);Ud:..tiun l~k;.~ or fluid, o..'tlis, (I( .;:titular Jtbri~ 
ttom bi«>J \'CSSd~ and 1~1r dtposJ1ktn m (I(' on tho: 
ri.q,ue. 
f~k Th..., fl.-"'lll'n (If "'me of the output product of :1 

rrOC'<'u a~ lnf\lt I.A a w:w that controls dw pro.:¢Ss. 
fo:<:d dfidcncr Tho: mte 111 whi(:h Olnim~l,; c~mvo::n fceJ 

into 1 im 1..._, It i~ l"Xpre,_'ICSf 11.'1 dw munbL'f of pount~ Of 

kill:~gr:·•m> .:.J fool n~>d tu 1'f'(xluu:- I lb '" l •s or 
animal 

6bri f';C)I y~i$ Fibnn (dot) llwlk<J,:,wn thrn~h 1tw: ouion 
d tht i'll!)'ll'le pla:-1run. 

1~11;0 Fuse In, fust Ot•t· 
F08 t\c.t()J\yrn f~'ll ~fr« ~m ~rd." 

FOB dt~tlnaliO•) l11l.e d ~~~iVIl ~'ltlsll.'S fnnl\ dw: 
phannOC{'UIK OOIUplll\)' (o.) the hiJ}'('I' (i~ .• th¢ (!Ur· 

ch(lie'r) wlwn th<' ,;hirmcnc i~ ~ldi,·t·n:J "'the "'J~'<'r'$ 
hu,ine:.." Je!oCin.:ltion (i.e .. the vete"rin:u·y f:, ;:-ility). 

FOB ~hipping pOin t Title J'Xl.ik~fi\Jnl the phann:l«ull~ 
('(lfll~n'( 10 th\~ ~1\'hll~l .... 'hl,·n the V~ rlaOCS tfw:. 
~XJd, m the' )'(~,.,..-ion <1f the arrkr (e.g .. Unit~ ~r· 

Ci'l 5\"''Vio,'_(', F\>J~~·I EJipre», A\·e,in b:pre»). 

full~orrvkc ('(loru~ny A ph:l(fl)i'lC('I,Itk COO\J\in'( th.at 
oftt-u f~·ll $crvlce (<!.J!., rhe cornp.my <-rnpk~'$ $<11<'.$ 
replC' .. )o,••nt;lti\'U h t'tu) who) n~il \'e1t'lin:lt}' f:u;:-ili tie~) , 

mu:t\1~· wilh a limitt<d tlull\l'<.'r u( prodocu. 
fun~iddal An ;ij,'\.'111 th(lt ki ll~ f1tru:1· 

funari:~tatk An :li8Cnlt~l inhihiu the sro.,..'lh oHuniP. 
gan:,;lionk ~) l)llp!it 111~ ~itoi" u( d~ :.~tl~ ~tWi'Cti 

nruron on\~ <tnd n\'won tv."' of me :wwru)t)l k ntt\'ous 
~wr¢m. 

i lautom:.. A IP'<"''P <1f e'T J illl'illo<.":: th...,mctt'ri:ed h)· in• 
crt:•ff."J lnuaocular prt~c th.n rc~uh.s l.n dam.w to 

dw rNma ;md the ('oi'C"ic. nl!t\'e. 
jll)nad.,tr.,Pn A hmm<1ne th:u Jtunubtc:~the ()\•;uie~•" 

I CHi'~. 

gr.tnulatlon d~(' Nc"'' ltm~t form<"d ln thr hc.alln:~: 
of wovnd~ of the w(r n.~wo:. (.(ln!Unne of (Onn('((i\~ 
ti»U~ c'tllli :ul>l illl!!rown ~uung ,.t~ls: il ultimatd)• 

for~m a &ell!. 
lulf·life T he wnoum <)( timo: (\lwalty ¢x-pr~~ in 
~••r.~) th:u it t:1i:ell f,'lf the qu:mtity of :• dmg in the 
bOOv t<> bt f\..-Ju«-.1 bv 30%. 

bd•nlnii\S P.Jra.<Jt.: worms, incl ... d tng. nematode~ Ct"S· 
1ade1, 1mJ UC:IniUIJdel. 

ben~:.~tcnwo~ob VOtnitb.g ,;,( bto.:lO.l (dw \'uu'titu) t...rrcn 
~tmbl~'$ coff\"C gro.JnJ~>) 

hernaturio\ Blood in me \IFin¢. 

hUto.mine A ch\•miolmcdl:ltor of the inll~mn101tory re• 
~>ut't'O&: rtle;.,...">J from m;~t o.'\:11!'. HL<.t;•miot m;•y cau:.e 
,1tl:ui~'ln ~nd i n<;rc:~~-d J'(:IMo.."''!hi )iry d ·~II blood 
\'e~k ton.¢rktion of lllnilll ~ifWil 'fll, intri.-'IUed ~tte• 
tiun d mucus in the :'lirw'ly" :•t\d l'l.~b,, 

hu mldi6catloo AJJi1ion o( l'noi~l\' to tht alr. 
hrl:>ridoma A «:II (:l,lltvre th.~r ((ln.~i ~t~ of o d~m¢ of"' 

h~·brid cdl f(om.cd h)· funnv: cell, rof different type11, 
S\l~~h as slimulatt·d ~ pl;um:a orlls anJ m~-clo,')I'M 

.:.¢llf. 
hyperbkmi:• An e>:ce~.~ of po1:1""ium in the hlonJ. 
brl*n~ucn•ia An \'.xo..'\~hd iotxliu•n in tM blo.:lO.l . 
h) l)('rltlbioo P~r~~u·nch• h igh bk'OJ J'r~~~l\". 

hrr'¢rtO<Ilus Th ... stole dwnu<:r~t hy a.n i.nl:~ed 
wni<:i t }' vr ttn.-,ion. 

b)'Jl'Obl<'n'IJII Abnormall~· I~YA' f'X3S~ufl'l co.'lf\C'tmraoon 
in 1h<: ht.,.,.)l). 
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hypon11 t~11tia A Jdi..:i~W::V u( wJiuu\ in th(> bl.,.,-1, 

bypoph)'stlll portlll S)'ilcm Th" " the ronal S~fl¢m 
d dw pir11imry ~l;md in whi(;h vc•nvlc~; fCXMT~ rhc hy· 

('(>lh:•l:umu conned wid1 Clpill:u·ic.."' ,i the :mtc-riOf 

pihdt:uv. 
bypo .. "Xllcmla Dc\~rc::~FCJ \'Oiumc ol cucub11n~ hlood. 
i:o.tfUjlcnic C:n..,c-d h)· the ph)'~id:•n h·cteJin.,ri:•n). 

ICM (hw('nt<»)• o:Qf•trol ntana~r) A pti'Wf\ {t'l\i.'IIW 

times 3 IJco."ns~ ... -t ''t'«'ri.narf ruedt<td tedwuc:il'ln 
ll .. VMT)) respon~hlc (or monuorine. on;l¢ri~, unJ 

m:•inr.-.iniftll invl.!ntury in :• \"t!tl..-in:u-v f:~eility. 
lt;A Cia>~ o( :ki\Ul"t.'ol)' pro..~~,~\>J .. m mucw.-, O)('tnl'f'ane 

~~rrf.+rc~;, ,.,.,,(;hIt" tho:.- o)( ~~ re$pir<~mry rruc.t. 
inutrl)pi.: AITcctinv; tlw fon::c of c:1rdi:•o:: mulo(:le c.,n .. 

tr:t.:tton. 

lMpl~oS~~~tcd Th.ickc:I"K'd or JtiN out. 

inh'«ume nttlr)' ~<)"lottm P~!rt.liniru:: ro, or c:oml)fl'll•d ,')(, 

skin. 
lM'tnwry The quanmv oi ~-If. OJlr!i.Sttithat a '~tc:rl· 

nul')· fslc.il ity pn".Sc~..s. rc•witin;t: proac•ivc ronm>l t() 

kt.'t'p "''pplic:~ Jt:,blc ;,nd c!llrcnt. 
l 11 viuu \'41idlifl :m :u-tili,..i:ll (>rwi.n.'<Oil'I'-"Ot. 

ln vh·o Within the lhtfng ~y. 

im~kc A (o)tm 1-...,.no:r.-u:rl hr u cornpmy rh.~• J(JC.\1• 
1¥1•'1115 th~ 4u~n'ltily a r'ld pritc uf ct~~:h 1t('fll unkn>d by 

th.~ ln,~nt«)' control mli.Mi:\'1. 

im~luti()fl ~ r<-~vm o( u rc:pn)d....:;ri,•t- r>rJ.'l.IJ\ tOll()~'• 
m;•l:~i:c ;.Jter ddivery. 

k!Joplwr A •' iudi»(' CVu\f)Oullll wid\ a lor\g~'f ;JCtivity 

~ri.oJ t:Mt n•sultJ> trom th.~oon.•bi.nation o( ioJi.rK· anJ 
;, arricr mokn1k th:•t rck:ue~ io.wline 0\'cr tilnc. 

k"'r.tti tb '''lbnun~•tiun ~'JI 1ht corn~'!.!~. 
k\"rntol ~·tk An 3S,'t·m t.hllt promoc..::s loosefli.f\1: .,, ~Pil· 

r<~tion "'the: hom r l<ayo:r of rhc c:pi.Jc-rmi!. 

ke r .. ul'Jllalltk An ilatent th:.t rl'l:•fii()CCS n<mn:.li:;uion of 
th<" de\·ci<.tmJo('nt .:or ki'r~•tit'l. 

le l'l) i ~omcr l.eft4t..kd :Hru.RJ:~'fOc:nt ~.,(a mQI«;ul<- th<lt 

•m•y cxi"1 in ~ ld'v or ~ ri~eht-~idcJ ~onlilt'I I".Uilm. 
L\"\'U a.r'ld d(')(lf\> i f,;lfll('~ lia,•c thc ~me mu~cul:.r 

1\lfn.lub. 
linimen t A nw:di<::irw: in WI Qil~'. t~o,'ll;'pr, or ;~\<;oholi(. ''"" 

hkk w he ruhh-.J on the ~in to Tdk-ve p:oin or to :K:t 

1'1$. a ~'«•tncrirrhllnt. 
lower motc>r ncourc>n~ l"¢nl'hc:l'.'l n~vrvn..~ \\'hex <;.c;\1 

h"!din li~ in dw n'fltml j;m)' column~ nf the 11('irml 

curJ a.nJ whc'~ ttrudmui<:.ns IW in ~kckt:·•l•nu;(k, A 

:sulf'id\'nt numbet o( 1.:-f.lonf. o( low\'1 motor nturonf. 

<;<i.U!C mu<cle$~~ie..l hy the 1\<:rvc to anoplw. n:~t .. 
b\f; in wtak rtfltX('l> :md A~tid p~•l".)l )'~il>. 

!l'laiJ ONkt d~ut hou~ A ..:ornJ'<.ln'( dw ll.:<'l:l)t$ 

QrJo::r~ from rho: huy.c;r hy rc:lerhon~~ a J!l.'lo.'ld $0\.I.T<::.c; f\!C' 
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vnl.-..i tlf,: lll'(ll'l :.llch it'~ g;;~u:c. tutwn, iwpt•'f')·l :1\.c:,,. 

001. Vr p;l~t tu...,~lll. 

manufa~(luinJ! The huJk proJucdon o( Jru~ loc res:~k· 
oubi>.k of tlw. <Mtcnn:•ri:m-<:1 il'flt •j)Qtit:nt wl:tti4M'l."'hip. 

tl\llt k up 1M au\Ourn o( mon('}' o .... x-, 00!>1 d\at ;.\ prod· 

uc' ~u~ (or. Milrkur pc:~nta,~:e~ V:IJ)' from practioc
"',. pruc.-rkC', bur .lll m..;ukuJll$ Tc-1\.-c.t I' rNtlll \'Uiuc r>\'N 
,..·hules:1k v:eluc. 

tnd,.n:a D.uk or H•d ~lt.'IOI> t.h:•t rt.s\•h rn."" blwJ 
:.-rninint. f\l(>i•diru: hn~ ('('A't1m:J in ~~ l'nld'il)r f"'U "' 
the Gl tr.u.:t. 

mctabolk adJo~is 0.,"(1'\':.~;t.!\l OOJ.y pH o.'a'~ l~· ~)(~\":>• 

h~'<.IIO~cn kln:s In thC' <'Xtra«'llular ~u.kl. 
mceal.>nlic u lk~ ll'l~<i.< ln(;tC'U~I h:trJy pH eo~~crl by o:xc~~ 

bic:u+.on:llc in the cur-.-cdlul:~r lttliJ. 
mc,aOOU:sru (blouaru.formation) The btoc:h."TT)i¢1'11 pro· 

oe.u thut !i\l fC'~ ~ drUJ: (tl)m !lin t.~C:riv<- f..,m ro:t a f.,.-m 
th:1t U in:u .. '1iw or th."'lt mn be d imin:,tcd (rum dw 

bodv 
me,wasl!> Oc:ncm.lly rd{·rf. to th.~ uandc:r o( atn..:cr 

c.d l~ &.:,m one ~rc ' " u.nothcr. 
ll'lcdwnl<~t,:lobilwntiil nw pr~'lo('Jll,'_(' or llll"'htn~lubi.ri 

In the blooJ ¢1'luscd b'( Injury or wxl.: ;l.!:•'nts t:Mt oon· 

\'crt <'\ lu.rJ:o:Nhnn-norm~l pro)p<)J'Iio;tr\ ()( ho:~b.'lbin 
in to ml'>lhcn"lVIobin, which &:.c!J n<>t (un~tion ;u a n 
uxyj,.'(!n o!1orri('r. 

rukrofi.laria A prdarval swcc: .:.fa filllrill.l 11.'0rm tmru· 
mittetl w dw bitini: in~o«t (rorn the J"''indr>~l hl.~e~t 
{~~ .. 611!nal "":ItS" ,;li Dm:l/iltllla 'l)'''htb}. 

mkr()()C'gan.istn An u~nl:sm tim ts m.lc~ (C'.e,.. 
tx..Gic:rium, ptolmn,,n, Rid:cwi<l, virv¥o. u.nJ huij:u<). 

Juilli.equi,-.-lent 1/J~o( 11n "4"i\':llcnt weiv;.ht. A tl'ttn 
m.._>J t(• expi\'!<S th~ C'Of'l(\'11tr:ll iull uf ~(('(tt\Tolytes iu n 

~~~·too. 
mi.t!!Oi~ CnmT.lttion a( dw pupil. 

Jrt.'>llulilti(llfl Tlie tn<ldi6c.att<>•' <li I)I.'Cieepth•(> t.ntlll>· 

mission . 
ml'n~w;~l c:m A ~"mo:, t~ntir<:rvm, ()f <~n fit~'txin ck\'.c;l• 

oped ~-ciliC~~IIy fOr :1 :~i ~lc: IUUi;cn or orpnl~m. 
motlHt' A hvnoonc :St( ~t~-d hy cdls m th.~ duo..l~ntt.l 

muo::q;a ;hu.t Cll\lfo¢$ o:.Jr.rruc.-•ion of int~rinal ~ 
ma.t~tk. 

ll'IUwl)·tit H:h·i.ng th~ ~•bil 1ty to brtal: J<ra•r' TO~u>. 
ru\·~carink 1'(-(ClKOC'!> R.~c\~ ncth•at.:J b)• :~..:,~tvl· 

c:holin_c u.nJ m\•·c~rinc: th~t Dr.:: founJ in J.olon.ds. dw: 
M~•n. :•nd s.rn()l)th mu~l.:-. A n ~•C:I'I'mynl fur «'11ll'1'nl"'r· 
ing mu!oC<Irlni< d(eos is "SLUlY': S =- :S.'llh•atlon: L = 
III.Uiroation; U • unn~fion, 0 • Jo::f«<~rion 

tU)-dria:~U Oil11tion of the pupiL 
ID)'cknna A m~•lign:·ml nhrpbun·l d pbun'!."' celh 

{U·I~t:n(lh<x')'to:-~) 
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~"~•ydo$upp"""ioll lnhibi l i~ bone rnttrru .... • :lO:Ii\'il)' 
chat ~Jn; i.n dl·creo<...-..1 pro.juuion ofNoo.J ~db nnJ 
pl:n<'IN~ 

m yofibril A tnln(k fibril Cl)lflplllll:t.l uf muni'!I'(JOII~ In}'\,.. 

{! (:tfl'lti\IS, 

MOOIJu don Th\~ proo._-esE. of co•wcnilij: liqu!J rocdk;o
ticlru into :• .. pr.•r tlut c:m be c:u-ricd into' dw r~ir.1 • 
tvry S)'H"<'ul by lnh:ti\>J fli.r, 

Mfl.UIIo..ics t)nrasitlc WOITO$, lndudl.nc imeson1!.1 round· 
worm.~. 6bnn\ worm'<, lunL•'II:~:.•rmf>. kidnC")' wonnc, 
lw:utwomu, :1nd (lChuliO. 

1'1\"'pfu·olog)· The~~~· uf tM urill!lf)' {1\_W.•I) ~yMtcn. 

nephron Tiw Jxt.:ic; fiJnfrif>naJ vnit <:<( rho: 1:-irln<.':y. 
n~rw Mock A ~ uf fo:dinll or .•Cfl.'l:ll • • ll\ rr•xluocod. hy 

inj~ting •ttl M~th<'tic :~-til l :uvunJ a M rw 10 il'lh~r· 
k rl· whh In; nbiiJty 10 conJuu lmpu~. 

n ic"tin N.: rcaptc>n~ Rc«pto~ <lCfi\'(lt¢.( bv <turykhl>' 
line ;mJ 1\K:utinc u,.md;u the ncun,.nm..:ul:u· junction 
cJ the sk~ktll.l rousck and lit the l})nglklrlk ~)·nopscs. 

n itri)J:en !.sal~ ncr. 11w C(lr!J irion of the body a~ it rd;uc~ 
"'protein int:1ke :md u."'>C. P•.uitive niU\Ii'Cn b.l:u'K:e 
implit!i n ntl g:"'' in l'>l)jy PM .:ill. 

nvnpt"odt)(d''<' N ugh A oough that Joc.s not r\~ult 
i.n cou:eh ine up of rnuw~. •.:c:r~'Cir>nf>. m ckbri:< (;~ (lry 
CUII{;h }. 

nutr~wd..-..1 Anv ~toJCk foo\i com~nt th~t ha~ 
$1::tenti6~11v J'«)\'cn he.;~hh l-ene6rf. 

Qin tme nt A $Cnli:i~>liJ prcp:u·.uion ch:1t conmin~ ""'' 
J i.::hul !l,i;o.'!l'lb rur ft~~~·l k:ll iull h) dw !>lin <n i'}'el. 

oocock pcc~osurt Tho." v~·oo1k rr~urc: gcrw;mt<J br 
rliL.'<IMil pmteim in the bkXJd. 

o.'lpt'n •a lll;k gt..uC()fna A l}~ ai prul'l!lr)' gb\I;;Ul~\a ur 
th\~ c~-c in ...,·flkh the: an~l\~ of the ant\~rioc c hanlbc:t 
rem.11ins open, b~" lihrution <:<( the ~~¢1.)0~ h~•mor i~ 
i:flt..:hmll)' n,_.J uccd, CIIIU~ing ;m inci'\"Me in in tfll(l(:\ll:•r 

l'«''~' re. 
o~norh\'!iph:11r. A ~~mncc d.a• (;<In mt<.':rfNo: wuh 

the functi(ln of chc n<:rw:ou.'< $y~o:1n h,· inhibiting the 
tn~·m~ (h.:•1inl'~\'r:·•..c. 

~'ll(ki~ sUp A Jo;:utncnt s~kJ hy the ''tndor t.hat 
.&eoomP<~n~ 11 purch.,•e. A J'l<td:me tllir J:cnernlly , ,.. .. 
!lcd:HfU:.OIItid ,,.J..,..~,.J, not pric:L.'ll. 

~'~~'"~ltluJS- A condltlon ln.,.. hkh an aniffi<'ll ha.rlxlts an 
~1\i.iop.lru,:itc Qr a.n o:u~iu;. h.Jt no cli.ni¢<~1 $ij:n~ 
uf infc.:ti>iln or in/c,;r.,tif\n a rc cvid\'f\1. 

para;.i toe~i., ,lo, (unJII«':orl in wh icl' an anlm:·,J h:•rbor, !In 

~ndoj'\<lm~>ito." or an \"':'Wf\!lllS.it\~. :md cllniet~l ~~~ o( 

i.nf«:tii.VI or inktlu.ation <Ito: ~\·iJcm. 
para, '(lnpatht-tiot n\'T''UUl< ' ' 'lltC'ID Tha1 (lUrlit.•n .:li thi' 

autonomk ~o'OI.KS$ysttm t.hat ar\stS- f-rom th\~cmnlo> 
~<tCJ<'II rort~ of tk< ~l'in~l cont i~ Ut¢..1iatW bv •he 

nt'Urotr.ln."<mitt\!f ac:d}·ld\l,line, ;mJ i~ conocm.._.J. pn• 
m tn••l)' with oons\'n'ill~ :u')j f("jfiJru\j; 11 SI\'3Jy ~•at\' ln 

thl· OOdv. 
p;ar.u\·rnp;athomimc-lic A dn 1g th.,t mimic~ thC' o:ITcct.. 

u( ~in1u l:u i~ tb\' p-:ll'il~'fOl!XUhctic (t('n'l..'oU~~v~ttcn. 
pan:-nt(fill Th\~ routo." o( admtn~muioo. of inl\'<ta.bl~ 

drvL>);· 
p;arict~l cdl A cdl lm :•tc..J in the t;:IMtk muw"• th.:lt 

S«t~ts hydrtXhlurk a<:W. 
pg.reirio:on COtffid cnt Th¢ rnno <:J t~ ~ohJ~ilit)' ,')( ~~·b· 

$!:..nco (c.~. g:1:1 :mc.Mlwt,ic.,;) ~tWI.-"'n t"'u Jt:.tc~ in 
whiCh they l'fl:l)' b\' ruunJ (\'1; .. blovJ and~· g;.,1t,,J 
rubht·c $:lX'b). 

P'L.""ivt- im mu nicy lrnm1tniry th(lt 'XX'ut• br S~tlmini~r.a• 
cion c:l 111ntibudy pn..t.locrtl in ~nother indavidu:1l. 

"'~rlsuaiS-I~o A u'ilw; of~ musck OOfltm ... ~tioo. that 
pa.~:~ ;~l<>nJ: ~ f'Ut,..,l~r $tniCtVI\: (\.1 r>t .:)(her) a nrl 
nMwe~ the al¢Ucnt.~ of th,,t :~tructmc f1nw:u'>.:l. 

Jl()l)xlips.ia ExccsJi.,.i' thi.rn ul:l.nili'~N by b~l\"aS\'J 

fl'iltC"f COI\$UlllptiOO.. 
PQiruri:a E)(«'~U'It' vrin11tion. 
p(llp•al>ent A v fK:Cil,\', flnlfitruUl, (l( aa~hiOXui :lcti\ot 

~ain.st multipl~ anti~I"'S or on:anl!ll'IS; ml:<c:d \'I)(Ctnc. 
prciNd T he w•lvrnt-of~ in the \'<'ntride$ lit the 

end of J illl.'ltule . 
JlC'Cfll<ll\lrc \'Cntri~ubr C()nlrftC'li()ft (PVC) CulltrtiCtiOn 

v( the: v~;nuklcS- "''ithoot a c~J'")OJJng 0:\)1.\ttacdon 
or the illlilL, pvc~ :>n'll' fn)tn :>n imr.1biC' (OC\IJ Of f<IC-i 
ill thi' V\':IIUI>CI<'S. 

pres(riptloa Ut1:cnd) drug A drt~:~: that " llruitc;d to 

u!>C vntlo:r the ~po:rvi~n o( It W(<-rin~ riiiJl. bL'CI:IU."'o: of 
pot\'f\tillll d,,ngc:r, d wffi.:ult)' of :•dmini~o~:t01tiolm, m other 

C(lfVlider:nkon,. nw l~nJ lh:u dt~:ut> n ~ri~\· 
t ion J rug $lil t~-$ the follow me: ·~uri,'ln: Fo:do:r~l l~w 
te~tricr:~ thi'< J n •K co UJe by or em the order of a h· 
«n~ 'lt'li'rin.:lr~•~ ... 

prcscr,•ath't A $U~tanot, ~ucl\ lib an andblotk, antt· 

in/cai\'e, OC' fu.n.~:~u• l, th~l '"' aJJ<:J to .,. pro.i\•Ct to 
dcrtmy <'It in hibit muhiplic:•rion (-/ microma;;mi,;m,, 

prlrl'lat)' h)'jl(l(h) r\ll<ll~>rn l lyJ'<)(hyrotJif.M I'('Suhln$: 
fmm s J!(lthol~iG conduioo m tho: •h~wid. 

ptoducli \'l' C(IUih A CO!J$h th.,t ~$\llb m Cllll.l:hinK "P 
uf muo:Ul>, !O(oCreli\IC'l.~ • .::wr dtbrli. 

pros.t•I;JIIn.din A ~b6canc(' !O}'nthtul.:-d l:>v cd l:s fron.l 
mchMon te a<:iJ thut $CI"'.'L'$ <1• a mo:JiatOC' <:1 infln.ro• 
m:.Wn a nd ll.ill> ucMr ph~·5.olvg;c f~lllO:ti.:lfl.i. 

prurltus h chlfl$:. 
pyodrrmn Any ~kin di'"¢!1!-C Wru.c;-•o:n:o:\i ~· me ~· 

o."TK:e or lf>nn:ui.m of p11,;. 

f«Qinbi.man t DNA ta:htwd\)jl.y A pnx~ th:u 1'\"rllO\-e> 
a ,~:cnc (ron.' on\~ or,~:IUll!ll\ 0 1 patOO;cn and lns~'fts it 
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Ca1~•k-b). 28-19, 29f 

Cvllt~. witb I'Qiut~tblc ~l.'<&t~t"S, 

lnN 
~·~li!Jmitu~:Crtrt~ ~.r. 36· 31. 36(, 37{ 

C•rwl'fi\,IZJ.I-4}, H3TN 
C~trnf.ue (Aocmll<llc-), 160 
Cllrl'illl (,lidlt) kllrblr•~in~ .. itmt~). 

!(\5 
Cnrl»nw.reo, for flc:a und uel: oonuol. 

lB. Zi3TN 
C~tri'wn)•kho)l rroe, it> 
CMixlf)'l. 273. 21ll)l 
Cii•L~ (carbim:wk), 18.5 
C':~tr"""'n":tll!n m,hn)·l -l,.~m. Ill 1 
Carbenicillin r n:plr .. liOI\$, 231 
Q.rl'\'1\i(i.IUn f<ld:lum, Uh 
C11rbunu:ole, fo)t hvre"hrw•.:lt~ln, IS; 
Carb:!11k 111lh)dr-"'""' inhibitco 
asJw~. 121, ll iTN 
loqaluuoom1. 199 

Carbopll1tut, .} 39•, 341 
C~tn.lill( ll~. m ::llll'nellt rof 

a;lrcne~ :li:Cnl."l W , SO 
f'J\'I:'W'""tiUil cA l.'piuo:pluitt" f,,,. 

8<YTN 
Cardi;oc di-"""'lbl:". S...rC;u-dio...--.:.ob.r 

tr)~tf"l'n di"""l~n. 
C11rdiuc tf)'<CA:b. 1 JS ... I J.6 
Cardiac output, 13J 

.:akuluuon vf, 133 
m heun fn1lurc:, 141 
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QmliaqiiUl (•luinU.Iil-.r 
l~vl:u;:n•roo:.(c-), 1}8 

O..rd..:y,·,,feub r sy,rem 
llt\IIU!(II) 11111.1 pll)'!!iol~-y of. 130·1 H 
CDmJI<'nmt•'t)' mechun t<n:t< ..,/, 

I.H·llS. I-ll 
O\r..it(w;I9Cubr sy:l~IJI<.IWnJm. 130. 

l.ll--1 JS 
:o11ci.lb r}' trl':•unent of, I ~ S 
diWJry ~11("1\1 ()(, 144·145 
dnov "srd in. 12'9·130 

for anf1)1JU1li:1~ I lS-141 
diutt'liC, 143·144 
U'IOU1)pie, Us, IJ.S 
rl'f~lf'l~ un. 14 ).J -10 
IC\ lew \l~li(;J}.$ (It\, )41). J4{1 

for \'II>~Xhl:ota'la, l.fi·I·U 
1."-'1«t.h'(>S itt ut.auncnl vf, US 
l'f~\·(1\(-~ d, I }4 
't:l!li.'J of. 1111J ue~tme11t, ll St 

CarJL!'nl\ J'fq'liii':)U.,)US {JiltiiCtUI}. 
12). 141 

Canlul (~lol). 140 
CaNOJlll\ (Ji:).ox.it\ cli.dr), I }6 
c.m'tlltll ll tl, {)8 
Qulylene (lll~»:bylyh:). Ill 
Qwmib.x r ... w~. ~ Doltu, 163 
('.~trpro-.fcn, 2$4·~) 

C\:rs11vftn (~·W~:) Oiplm . lSS 
Carr .. w ct W'-"'nd l~lllf:, ll9 
Omicr (vdudc-), 10 
Cartoolol. !00 
Caf•·edilol, 140 
Oaoowr.,il, I~ 
Cm.kf'Sr, 10. S6 
U\t(lo:h.-\bmlnei~). 70, SO, Il l 

(.....- o:IU\.1i.:.v-......nobr d.-.:lcu, 
1)6.1}7 

i nluh11~o:~n o( ~· Joc.m a:l«11~ 
l1ntl1gt)l1i)(J. 122 

QU}\('(('1 f (•(')ft(('lnt'Ot, IO fni_I(W('DO\JS 

d«•a: "'llnin uumio:ln, 4al'N 
Ouhde• tip •rrin~ot. 31l 
Ca1l.:.nic detttf:'enu, ar:s<.lhinlee~:-m5. 

HSr. H7 
C.b 

llCO:HllTIHY\I' hf:ll f<~r, 
conrr.aindk llrion I <). IOS'f1.1 

hy!'t'rlll)'~"'"l in, 184 
i111~~~ r11rn~h01 in,~t'fue~ f«, 2)-tl 
inn-.anlu~u);., or ,.,,b:\,rmltO'IoJ 

u1jo:o:don of. 41 
innA\'cn<:~u~ boJ .. ,, :.~tm uli!<ttAiio'n 

tu,4l.4} • .JS 
iiun••envu~ fluid aJrl\itl~ti..,n 

10, +4 

C-u~(C.mrbu,dJ 

l:l'Ulmu~ !!nd '""rrluno: i-nf....-'"" 
f,,, p;.~~in wnuol in, 62 

Ktr.b('t u1jo:o:don of. pr<~pe• 
l'f\'IC~IIC, 16 

11~t.1bollc lirnit."'tion• m, I I 
<Xal ildlniniStrati(lll vf liquid> t<>. 37, 

lif. 18{ 
<lfll) :tdll•ini:nr;o,tio.ln ui tableu« 

<:fi!'WI<S, 36· }7, 36f 
,~oca.u"U:wu ......J rra~'lli\'o:' he!olhh 

l:t't.'V..,' fur. 356.358. l«.'t:o-l61b 
Omit 
~e(, ('ll o:Vfflti"l' he:.ld! ~r.un for. 

361b·l62b 
J~try, l'fl."'l('fl(h'(' he$hh f 'I\)J:nlltl 

fod6lb 
intr.l''t'IOu' iiJnlitu,troLWn (•f 

•oc,.J""IIOtl to, 4 ). -16f 
<~r.~l :J•ninbtr.Jbel•l (J(NJ~ to. 37. 11i 
Oral ildlnin.litratiVn vf Ji,~uid 

IOI;<,Ill;fll),"'ll ft'• }7, }8f 
YliCCtlll'' !Of, }SS. }63·164 
xyllcineJ~ r.,., S3TN 
llyb:inc- h}-.:ll'l~hl(ltidt ~N; u< 

~ti\~ ((,,, SJ 
Olu.illc P\YNikt, U3 
C11u<1in., 21:} 

C.A. VM (oomplementary an..l 
t'll to:tru\1 l\""t ' «o:tin!lry rocdh:lnt ). 
112-n; 

CCNU (l..,n)u~u*). HSt 
C«lot (o:eftll:l(!t) ,l}<l 
C'dxln,xtl. 2.l1t 

J•;tStl,l:t fOt"tll~ of, 134 
<:o:f<ln'l<l•~'l<:". 13lt 
c ... Wdin. 2J3t 
J~· f00tl~vf.134 

(;C'f<'ptnw, ZH 
c ... &x;,., (ceiOc..-t;on), 234 
Qfuw\lti\C',l34 
Cc6rn.:in n, Zll1, !'H 
Cef):OJoxitne, H4 
O:fut:ldlm<:-. b'll:'e lotm~<l. 234 
Cefrioftll.d.."':.llc forrnJ of, 2 H 
Co:ftiuftor HCI. Hlt 
O:frlr.ftol <cl(i111m, 2Ht 
Cdl q'C-1~:. l~·llS, lHf 
Cdl q·de rtu•u(:«:iflo,'., )26 
Cdl q"<:l~: $pt(if.c. H6 
Cdl menthlon,.. 

Jrus ~..,. dmJufb, 9 
r«CI'f•"~ ,,.,, ll•H. llf 

Cdox gr.onule~ H2 
Cellto:f iv1 Vt>ttrhl:u') Mt>JICifW 

(CVM).I7.J71 

Index 4 53 

C..ntml lll'f'N~ ~)')l l'IU (CNS), 
70..71, H. Hi 

,1n,.:;o th:.• ;oct on, S 1·9S 
bitrbitUtol!""'. 84·8) 
lr.or J.dl:.''"''rnl •hc:rnP\'• 9Vn 
<li.«<c:Qtiv~. 86 
il'a o:~tth:Jn:hi3. 97 
inhulaan1 :Oile$1hcuo•. 9.).92 
miKcll;ont'o.l""-92·'93 
n.curvltptiinal~ ... ~. 89 
neuromuKulllr hl.:ocl:ina.,.-.1$, 

94·9'> 
()J'iOid >1):01\iih, 86-88 
opioid :.nr:alooin~. 88..89 
fif't'rO:IICO:>Un, 97·98 
ft'\'i<'tr.· ~('.jlioJtU on, 99·1 00 
in ,;:r.~ f>ll'''C'ntion ;•nd 

oonuvl. $9-91.1 
$llmul ~ntJ:. 9}·9-f 
u-... nquili:t'n :m.:l lii:O.I;oti\· .. ,, .'12~4 

pili.r'\ .CI'®tiVn u\,l79·lS1,2Stv 
rhnnn.~c(!lt~i(all'( lml'\"''fta tu .-r~ 

of. 74, Hf 
6l~ts"" ithin. ; 3 

Cemrnl ~"'(in!llu.nn. 2$> 
C..nuil~.r (arll.illl'f't'llll:IUI.dt'), ?!), I S 1, 

161 
<~rn11cx-in. 2 J lt 
'~ f~lnn, vi. H 4 

C('('halosr•--.rlns..l}l-234, Z}}TN. 
!HTN 

P•~'l~ti~ «. Z34 
lncludhll! lndiCIIU()m and 

ll11140f~UU, 2H1 

CtrMI•Jthit'· n 3~, H4 
(',~;~nln, Zl3t 
Co:~lu\C'c,H .f 
c(','flub; ( l.oetulr«-), 163 
C".crm: (o:d'r11:idime), !}4 

Ce1cbn•m. 74 
C('r('Oil,t (tll!.!ro('lli'lOt (ttl'lllt'), ~I )8 

<.:tmlyu.:.. 20d 
Cenmll."n, 28 
Co:nt1'll<1\C'. 206 
Co:nuni1c, ?07 
Ceut'x (t'p1ipr.ontd), 263 
Ccmloilet, l) I 

dn.tp effccrh·o: liCIUill l, 263 
wpk:•I .Wutic.'ll'J f,,,, 264 

C.E. T. NAI hwene !!nd ("lf;Vo:nnVC" 
rnxlueu, 168· 169 

C hdatitlj: ~'l.'nt(,) . l70, }76·317. 
177TN 

C he1niatol nant<. ~ d111g. 17 
Ch~•n ... ~vr ~~~ t()r'W" (CRn>. 

ISO. l Si 
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454 lndt'X 

0\f':uwth<.'r:opeutic dl'lll!)o. 3J.4·}44 
IJdnun~rrolri(ln f'l, tU'III r r.;Cll"tinM, 

lJ1b 
llllybtbi~~~IUI. }36 
unrhrm:ydin..,_ l ~6-.HO 

:omiu~OOI!td, }40 
innuubulin ~'\'l'I.IS, 340·34 I 
b10Joeic r.:if'lnse •nodrlio:u, H :!·H l 
t:•t<.'g.,rk, of. }36 
t:Ornhu\aliV•" .:4, a.kl &ilk tfi«:t1, 

.US •. H6 
ti).IIUUoJnl)• W>ll'l.l, 3J8t • l"'l'11 
tfftcth•tn~v(, 335 
im.uu.nau•r~~. H..._JiS 
•nblotll:.at'Ot'OW, J.JI·H2 
('1.\lil:l'll tdU.:l\:liM ftl'(l\111, !'IOd 

ch<.'rnorhcornPf, .l}6 
~lUi' (Av~.., (trul'()l ... w no,>). 179 
Qd(k Ark.l3f(•~ \~toe. 351 
Otlo»• T nn:.etcm. (chlorplwnit~nin\' 

Ulilk3tt), 289 
0\lo:.r,.()(io;,l~ 
Otk.r.d lwJ:r.Jto:/lu.Q;I'>Oh.IIU $u.ffilt<.', 9J 
Ollvr~ntbuci1. 31St 
(l'llnr~ntphcmool, ZlS. !lBTN 

tOI\lt',lindkatiou w ''~ .;4, 206 
l.ba~c lotro\$ ¢(, US 
rwhihm,;l u~o: '' ' · ;u O:ll'trOib bc:l 

drug. n 
lntoplo;alojtlthrd•nl.;, ~l'iltiO•"• 

20! 
i.l\ !opk:al o)tio.' rro.>~'ll\l"tio)l~ • .K\") 

0\lr,rJri!()llC', 203 
Cll.lot~1fknn M.-dn\um ShantJ'«ll, 

liS 
(l'llnrl\exl!(hne 

;., diAnf~t. 24Sr, 1'1i 
!'IS coMc~•l M ti.S..>p(io;. 217·218 

C'l'll,..tftt.cl:ldrne ~•lfikul ~111 iom, 
dihoted, for fl~.t~hing <'iU e. .. n:.l .• 
l06 

Ol.lorinmcd hydt~.'Kilrbonf,. (or tb 
:ond tid: nmtrul, 173, ?1JTN 

0\lr,rinC', as <.lt•lnf~:ct(l!'lt, l45r.l46-. 
146TN 

O•limllh~:nide. 120. 1« 
(l'llnrrh~:m~minC' ~IC!lte,l89 

Otlorrronu:ino:-.32, IS6TN 
:" IUIIillll.'tk, 156. i56TN 

(]',lnrpm(Y.lmt.:lo:, fo)t 1~111U und 
pol,xltpM;. in 1nilJ dU.~ 
i.nsipiJu5. l lJTN 

O.lmrvnf·~· Z7J 
Otlo:one~r~~l il'><, USt 

00611~1' ion·~(){, l3; 
Ol."lkq'Jr<!kinm, IB·I Si 

O ovl ... ,lyl SA (d~1ph~·llirod, 109 
(:h(lltl'll:tl!k • ..lcttnitinn rl. 10. I SO 
Chulm.,ryi.:: ~nu (~l"!lts), 78-79, 

I l l 
a:h'I!~":~Ctff...:c~of. 79. IZI'fN 
d ir« t •:.cting. iS, 165-166 
as l::buvinto.>~i•)ltl pt'l.llnnt>tk& 

16S-166 
imfi~ct .. .u:ting, 18·19 
h\ tN" I(){u-s winiltJOc\, I l l 

Cholmergk "-llr~"u, 79 
:~t~ :•nt.t:U)I'tio;:,. I ) 1 
as bNt\chv..ld:l.tv•1, 109 
fnr prornoring ""~ r"'""'icn. 

1l 1·122 
for ut3uncnt ;)( JWuht!l, 162 

Cholme"tgk Hocku. S« Cholin«gk 
ant~«thu. 

O"lolo'ltr,£1.; fW:I'\(•OJ~$)~tem. 5« 
P:.r.•1f11'11:'Q.tiW!Ik (eholi.nngk) 
1~1\ \IU$$~'01('11), 

{.;h(oiH•wr,£1(, r~J'((•rh). ~<J. 
77. lS 

Chvlu'K'•):iO: t.)~io:•t v. Sil;llS <Jf. iltld 
~midoc<', I ! I TN 

Q ,,,,.Jtvilin J>Uif.tte, Jn 
Chon..it'OJ'f'Vh'Cti.\'ts, 370 
(:h.,ri.,nk ~'lnadolropm. I n' 178 
Q.,,ruJon (o:h•Jri,onio.' gotlil,lotfi.II:Vn), 

111 
Chronom.'plC cffo:.:u.. oo he..-ur rnrc. 

13¢. 132 
CI IX 0\l(lrd, 168 
C.ll"'l)' ~I"'JSII\, chol u'll!r.~[k Ho.::ldne 

I)J.'tnts for. 19 
Can~tidlnc:-. I';~ l'i9, l l9n.l,189 
CiFfl"llC!xa.:in, !38 

in l<.)!'iC3Itlflhthiilmic pttiW.\lio)I)S, 
20J 

~pnJ.... I6S 
C<;!"'flttn. H91. }41. J.41TN 
Cm."" r holr lute Ibm~ u!lnuno: 

(CPDA·I). 131·33! 
(1JM.t~t. ZJ I (.;lltl l1\IC I ~"TT\f"I'IMla 

lt'lllflt>Ck.nal anrihro:ly UI).HJ 
Cbh.>r.lll (cefo>t&XUPC'), 234 
<.l;lm~ (,,, .;ronu oUme IV ihu.:l ~. 

310.31 1( 
Clnr < E:•r Cko;ul)it'ij 5\llutil.ln :md 

1-'Nyu'tl S.)l(ni(ln, !07. !18 

Cknw tine. 110 
Clenl'(llt rol 

ot< ht~.'lnt:h<XIdamr. I 09 
prohihitffi u:le !Ji, ~ C'XU'illlll:otJ 

"'"'· ll v««tnary 11p~w11J. f« hnn.c,., I 09 

Clidinhout, ,.,\J d\.loml~po.>xkl<.', 162 
Ch~:m o:di!t:!lrion 
W1t llnti~~itk n:""lic:.tio:.•u ;,n,1 

a lmtnbuauoo, 25}·25-4 
libo!11 ch<'1·ncuho:rn!"""lllo: 1hu1:~ nnd 

d!.en\()(h<.'r.•p)'• ).)6 

:.bvut ,lr~ 1tUd •ln.!(; 
a:lminiurnrion. SO 

in <.'ill' d<.':onii'IS :ondtJCk m~.Jkadon 
a.iululiM:ra.tliOrfl, !05 

ahour rout.,rui<llll ;m.uinlbntlmWl)' 

,In~ !Sl 
itl nvt•iciOt\ ~nJ ftn'di~~tion tv 

bb:lder sumed~ ... ·eiClpmenl 
(m )()ft ... dus brt-;~;1,}. 116 

~~ ~111~~~~251.251TN 

W it 4 in eai'C' '''"I l~:oticns Wor 
slm t:()W.Iiti..-.M. 21 1 
~~ f<Xilum r(:ftrtaiM In 

01.NI ~>J<~'>1:1Cu1:u dbl'il~. l.f5T'N 
about M:oo1 ~111plt oollt(ll{)(l, 

ZSJTN 
abcx1t tick IC'IQO\',ll,, 201TN 
it' v•il'llll'r ~ n."'''a.l cvn..lttions, 127 
~·t ''""dr1$1m, l-49·111:\ n; 

Clind:.ul\l\':in, 23~·2<10 
Cllnio;,.l crit~b. d new J l\(l."$, 21 
Clcln1 .... ..-ltn Cdo:.•nirrnmmd, 96 
Clv•nijlfilulu)('. 96 
CtoriOOt, 26-1 
Clcpt\'Kicnoi 14Cfium., 182 
Clvrii!C~t~, fOr flfb.t~ l"ll"'tnli"'-lo 

(l:ft(! (l"U.r.-.1. 89 
C l.:.n»: bl<'lld.. as di .. mfo:wt.nt,146 
Clvrsulatl, 263·l64. 264TN 
ClooueJ.~Ie ellll)(<,mll. 196 

oontr.omdre.:orinn to !!piner.hrinc 
in. 198 

C':l..ourrnr.~x IK':Ilwtc:<ein<', }')} 
ClumiJi"'" diffirik inf ... .::rion. 

\'(ltl(nnwctn {l)f, l40 
Clow;.,')(, J l2 
Clouinawk cremn, !2 1 
Clout~ fu.o:torc, }J h 
Cl.:.nrrl( puh"W)', blood, .ll<J. HCt' 
Clo:<at.':ilhtt, BOt 

~ f"''"' ,,f,l}l 
C l.:.ll"}'!;'n. 1 J I 
CNS. Stt Ccntr.•l•wn 'Vt.t> ~)'•' ""l· 
CoR I t!lr, m llnttoc:b,rrhek ~'(:nr.<, 

!IS. 2tSTN 
~litl~($), 4t, 10 
COOnn 60 (mn~in), Z6t 
Cucxdlll, 164 

dr~ tff«li,•t ~mt, l6-l, l64TN 
CNI11n li'JTUP, I 06 
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Cudt (l:•borntwy) IUUII~, ~,!rug, 11 
('~U\0:, g$, !.67 

ll' anrin,.,;i\~, 101 
(UIIuollo:•l ,ulJ,lilll~O: d:h1iJi~/IU(In 

(1/, and rode inc rot:nhinuuon,. 
IOTTN 

(~ft'J'XmtUOti~Vf. 107 
CAc:n:yrno: Q.l71 
Coloa.-.e (,~oo.,:•to: "-l<<ium), 164 
C.,lla~tn, 21 1 
Coll:•llcn ~1ion, m Y.'011nd 

ho."l•ling. 218-119 
Collai!t•' $h_i1:W5, lOl 

liPJIIic:.t~ (li, nn<'nho."W! l1nd 
w•luiu11,lOlTN 

Colkomcnd, 219 
Colloid, 299 
Cvlluid )()}uti..ns. in llui<.l lha.ipy. 

JJ4-315.31HN 
Ccllui!hl CI:IUI'Io.':t!, :u. a.nti(~ltitk, l16 
c..Mr~ 1\l:tllt($), 4l 
Cnmhln~t.,"'fl, <.ln•.J:, 10 

with Ulll.k.>irl'd <I)U.'>O:QIIo.'l~ 16, 16t 
Cottlbot {t•khlvrfoo),l61 
<;n.no;do le«n~l"n¢1), Zl l 
Cuu•f\lrt T.-:u, .?04 
Cotnf<,)ttiS (~~d), l7l 
(".rnn~rtmc"-1'11.<. SN &d)• fhoi.:l 

to•••riltttl'lo:m!l. 
C:lrni'JI11no: (('«<(hkxt'Cr-.-:lnd, 82. 

I S6 
C:nnt-'""'lil rUn~ . ...f '''~· 11 
Olm('lcmcnt<~fY ;md altrrnlltl\•c 

\'CI~rinury mo;l~oeinc (CA\IM), 
372·373 

Oltn('I ~;JnQe: l',llo;y l!'•ldeln\U 
(CfiCJ), 22 

(\)( comt....,onJ~t.lnu:J, ll 
(".rnnp(lur'lo.irJ'II .truv. z. zz,z l 

lind contpQ~IrnfinG r hann;oder;, 
tnf~)ffllatlon ro:K>\11'(«-. -11-lr 

Cornrre~h<e D«•v Ahu,c~ 
pt\',<enriun :ond Ccl\trol Act 
(1970), 17·18, l2t 

CornruOOk (~rrndiolunplnn• }, 190 
Cc!lCo.'ntr:lt.ofl gr~l ~~er1t, 10 
<;nno;o;ntrnunn ,,( $01v.co:. in ¥1f11rion. 

S9. JOI 
(.,., IV lluid adt•ti••b~r.ttWil (ifod\.Ji.t~~; 

o;nl.;l)bi101\C), 61.{)2 
•nitlio."qui'~ o.'XJ'~ncf,61, JOt 
lt'll~l <'OOI1ltVnl}· uMI O:~I"«S6ion 

.:wf. S9 
pettenl, lmd t:tkubti"n tl!ilm,pk!l. 

S9·60 
WilY',,( ~xp~ine. S9 

Om&'d•h·o: ho."an f:til~. 13of· l JS 
a.:ln-ntflVc lltcflfl' fo'l, SO 
tl1.1id ther:op)' k.r,lC6r 

Cuujug;tli,on, II 
CnnJunW\'111S, 196, 291 
Co~te prq1;or.uKlnJ (nuron;o:old. 

U I,H3 
Cnruil OenrJ~I, 169 
C..>1ut.,,,, r:•to." inh1~11 {CRI), lSS 

cakui(JA:I()r't txa.tnpk~ rv •• 61-6l 
Coruri('lo,fitln, drup f,,,, 16l~16f 
C..•m•~ (bc•·u~). 16} 
Co.ii'JSonoi.'Tlab, 'A'('\1 ~II(' Vf, fi'l, 31J 
Comr.oindiadoo., to u~ cf dnog. 2 
Cuuuoll<;'>.l oul-.,.:ltlo."o:$. 5, 11·18, 

49·50 
~ h"lf iJenribearion of. 49 
d~.>r..,,;tl of. HO 
lnfom\l\IIOn $\lrnl'l\ll.r,, 417·-IZQ 
in~-emmy lug ol. 49. sa. }91. 

391TN 
b"'~ilM f\'e\ll~lll)f\S ldc·ntl(vn~, 

<IS 
opivid ilj:Vnibt~ as. 87 ·SS 
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wnm.::1 ility, I82 .. 1SJ 

~'()(llli.kotropin• :u11.l SIJ•'IaJal 
I'IOr'I'IWt\i'S. I 71 ·ISO 

rb«~-11~. 18)· 181 
l:fl.•>t:J.bl:nll.lil~. ISO· IS! 

I('Vft"'' QvCf!)O('I$00, 193·19-f 
- IKC'.t of, :a...J tar;et lll~ :.CtiOili, 

175t 
th~·r()4J, I84-It\6 

H~ 

J«v•ni,li!W' lwJf1XhkniJi' (« 

~:ltlon/nnnqutl k:i!li(ln d. 5) 
inh;d,tt i"•Hhcro~py ut\ib fm, I OS 
intr4WOOU> adntin.ntrutivt\ uf 

•ncx.hCflllo,n to, ot;, 4M 
()QI a.lu•inbtrJbJI\ afbol~ u:o, }7, } tf 
00)) adlltiniSUi!llon of IL.)uid 

m~hcm•.,•uo. H. JSf 
vao.:unlltiVth iltl<.l ~·~ntiw ltr..t.lli'l 

('fi)J:n•m rot, })6, ))91, 
xyl;r.inc h~-.;ll'().':.hlo1idc we M 

~iw fur, 6J. 83TN 
II« i(!o.lt$. $.c:o• Mol•• ,~nna•~l<. 
HousehoiJ :S~'$1l'ln. ,,( n- ut>:rnml. 

S<'t Ar.;;ti)('CII•wtwlbdwtJ 
")'(f C:tn. 

Humu~ I8S 
llurn«t.m%. <It 
1·1 urn~lth,·!!l'ion.. olmspuc:d a ir, 102 

di.l\'lflli'C'I:I llir, 10} 
llurntl(l.(,ll6 
Hunt(!~ (dcm...:nn um IYollllidc). 

79. 199 
llurnulmN. 135-IS9, 1681 
Humultn k, ISS. I SSe 
H)'llluwt (hynlunm:ll \' .o;hum), !86 
l ly<tltorooi<,l:m. i 
H)·00Jc~n:t. l26 . . H2 
H )\.Vt.l;on ( 1\)-.lrvt'O.IUI,.- bit;otU'lllc), 

M, I().'!· IOi 
H)Jr.d:r.inc 

fw h)l't'tl\'tl:!ivll ill rt<'lll 
in~ll'ilcto:"!\C'j'. I H 

:ot~ ~ibtuf in hC"'.ut flulut\', 14! 
1-l)'Jr.l.l:iOn J~6cit. 3\15, 301 
H)-.;lro:-chlcowch!n;,.;lc. 120 
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H)\l~c. ,,,,J l'klll•ntf\JI:.•w. ft." 
nnnpmduo:nvc-Qeqh, ICXI 

H)-.;l~c hir.arrr.uc, SS 
il.$:tl1til\l>>h't, 106·107 

H)-.;lm::o.'Jdonc ">"''~'• f\'l'lcnc:, ICXI 
H)-.;lroOJURil (hvdrochklrothi;o;_..;l,.). 

120 
HyJfl.'ll.'lm pcmcridc.~~:~. dinnkaun1, H8 
H)\lroly.i:s. I I 
1·1)\lro)Pitd. 2.92. 
H)-.;lnn:yurco;~~. kif chelll(Khcfllj'l)'. l«lt. 

.34! 
I 1)-l.lro»:v:i.~. I 10, ZS9 
Hr lvt c£., &uh Oii/Co;ar U.nditwn<r. 

!16 
ii )~Yil.ll'lil)(', 162 

Wl(l phcnob:.rbit:ol. far ~Utl<"llf of 
,li:tuhea. 162. 

I l )llet~(trliCtstn, l uiJ thtl'~f"t' 
fm, lOOt 

l·l rJltrll~'('5i:., l&.:> 
l l)'(ll·rel!\()1-mia, (f(:IIU!'If'"l 1){, 316 
H)'P<t~l~'Oeudc ~-~.·ub'. 189·1')¢ 
I l)'f*tb ltu'IQ,l99 

tf(".l1nw::nr ol. ll (I 
H)'P<tllllt ..... m .... m 
J hlX'•'I'il:tncmauon.ZI I 
l·l n,.:ncn~l.:lf'l. II S 
~iatN "'ilh h.,....111 filtlurt. 141 
d~f\lt, l41·14) 

~Ll1od •11h rmal d)':d'unelion. 
I I;) 

dn_esf,u. IZO.Ili, IZZ.IZJ 
Hn~euhvroidimt 

Jo~ fvr. l8)+166 

Iehne. 184 
Hn>en onic ..:olutic•u, .304 

In 6\liJ tlK-~P'J. J IS, Jl STN 
l·l )lletl•"'~~'$• I !2 

,1dinit.:m <~f. II S 
I I )'J)I.'IImth ie ( SIIdiMl)'\)1\a{h)', ~til 

bl.xker:c in rreor1n1oem ,,f, 81 

H)~lt\'noxutid~•·· 292 ·Nl 
II )'P"C31Cetn!:a, tn:atmWC ()(, ) 16· 31 'I 
H)l'fXIcrrn..s. 21:!. :!l :!i 
H)-podcm•ocly,u, 7 
l l)"(ll''ei\'O:cono.:; fll:tt\1.< 

inj«tahk,l86· 1S9. SuoOO 
lu'>'•tin 

'Jrnl, 189 
H)td;,lenti;,, l iS. 299 

,_ itlh'\'nO: cfft.« ~of Wop .liun:tkS. llO 
sw; o.:h<c:tfc: cffco:c a( 1hi:m!l<' 

<li11m.o. 120TN 
pri'~-nllil)t} ()/, 120TN 
lfflll ll~nt rl . . 116 •. 11.'1 
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Hypun:n""u'"'· m 
HVI'1t'hl~l pnrt'<1l ~YJ.Cc-m., 171. I H. 

114f 
Hypowu.oo 

ll•lreJ'M"_I}!k ACCmt• for ll'filtmctu 
of,&l 

~~ic bl..xkin~ :11,.'\'t'l.b' hi 
rrommine.BI 

Hvp;~th:•burk-pitui t:uy-w.ln:n:•l :axh, 
290·291. 291( 

Hvtx"hnb uru,.. 1-t. Nf.J1l,J74.t74f 
tunlrol 1:1 n-proo.luct·h~ ~)'>h'lll b)'• 

116·177. 176( 
Hyp:othyroidiN'Il , I$+ ISS 

pri•nilry. diil!,!nOJbb ..,f. ISS 
Hvt'X•)I1h: foJh.Jtto.)tU, 304 
Hyp:otonus. dl'6ni rion al, I I S 
Hyp:y.'Ok>ruiil. 199 
Hvl'(r>*mh: foho(k, w lb..l AAut~$ 

far, J IHIS 
H~tilk.nol. Set' Oibydtotildoy~crol. 

I 
J,J.11.f<ll'h)l!Cnhyroidim~, IU 
lilu~oe~\iO:,Jo:6.•1iliOr't of. 278 
INrm{t-n, :u;.; 
ICM (nwffiwry ,,,nu ol m11n11p), 

3$6. S« ~w ln\'tnl()r)' <'OO.ItVI 
lnllfi ~J!C't'. 

ltb.nobiun, Jli, Jl9r 
ldii'(!Othk f('lil\c' lowtr uf'inM) lt$("1 

di~cllu:,amimrcrlin(' (.,, 
11S·t26 

ldi~TioCr..ttlo: dt\11! r('-1\("(i.;"l , IS 
ld.1x11n.:hne, 202, ZH 
lf~f.,milk. 33St 
I1:A. JOZ 

in muwdli:ur dl'k1uc mco:h11ni111U, 
104 

I1:E n+.<~~. bf'lltl nw 1 o:dl~ 2~ 
!CR. S« ln:oea t~rowdl ~ubtorJ. 
Ulot)'C:in, 139 
u.,J'"n in}l'(rian tdc-!t:Jl(lnthen.:ll), 166 
l1nio:l:odaprid, 269r, lH,l71TN 
lrnio..lildopriJ{nlvdJo.•,•tin, 267 
hni.:lildaprid,fpcrn"'rhrm. 2691, 111, 

211TN' 
lrnio..la:olo::s. z.fl·l<ll 
llnid11:orhiil:ol"- 262. 262TN 
hnirmmu~. 96 
ln1n11kibk 6ul"tota~~. S9 
l1n1nniu dc (lntb.r.o:onunc 

dihydroo:hloriJI'), 265. 261 
lmmUility, octu•c anJ ~i''<'· }49 
l1n1nu~ dn'!P· J.fS...l6S. $no abo 

V~tCo:inatioub>: V:t~ww(s), 

lmml.lf'lo.Xt'eubn, H4, 36>t, 366 

lllliUIUI~Iolbll\liatU!I. J.4l•)f4. )65.,M6, 
}6)( 

lmll\un(l$•1f'~i'T dn.gs, Jf4, .HS, 
365 

c<lfric:~C'1\lid~ n,._ 291 
znd df~u <:.\ immul~.tiP'f. 

3661}1 
fN ~kin di$()rd.eni,2B·2H 

luuuuno1 lwr.•J:.:.Itk dn'S'· 
342·344, 365·366. Set' 4dso 
&o!qpc tnpan>le n.OOi6c.u. 

bu.lkatkcl$ fw 11:1e vi, 365t 
f'('kfl.'fi(~Ofl. 366 
""'"""'' queMioo) an, 36 7 ,J68 

lnx,.,liu•n ( lvJ:u-Miu..k), 16? 
Lro('bnt~, }) 

growth hon:nonc, 190·191 
Lrut-lu$ H (~liOI/testWttrOO.,. 

lmpl:mt), 1ro 
llolplt!$S (n.u .... liol/prosi.'MI.'t\11~ 

i.rnplant), 190 
lnmmn (ll:llth toprin('), 167. H4 
In Syno:.h {ditl<JIIru>l trool~dtaminl'), 

lS I 
in \'liM. and in ''h'6. cfk4:11 l.'o:nc~• ,..,f 

"rnbnk~ial ~~~. 217. 228 
L!'lkth·t~~td V()((ill('S, })I 
l n.'lo:th~ (incn ) 1nvu;licnr.<, 1. ·h, 10, )) 
L!l!.leOll (pfOJ:w..:rnolof), 81, 121. 1~1. 186 
LI\Jmii..A (("f(ll'f'~ <'llt<·n~kd 

rdcu.:o: orsulao), HO 
l•Wtelili(IIU, b u.S.I\1: dru~ Z 
Ll\dm;<:t·fl(line<"hoUn~. 78·7? 
ln.:hrcct•O\Ctint hamwi'IC'.i, 174 
l!WI.J(.IiOn ~hiltnb<·r, 511'11111 ill'uoal, 41f 
l n.:J .,.·~Iml: o:llth««, 4il 
l neikcrh~ 01111~. JOJ 
Lnilll tnmatkln. Z1?. 281·181.181( 

at:uto: an.:l chn.,nt.:-, 179 
dn~f<ll'~unenrc/,167, !'N 
Mlih.f<HIIfl~, l$·Z89 
~C'1\'Ii.:k 1Bi·19i 
mu,:o:k ~bxa.np.. 289 
I'IOI'l$1<-roid.~\1! n 11 ! " ii.'\(1\Tnat()CV 

dn•cs. 281·286 
ltfl.'~«'!!()fl. 19) 
IC'/ll'\\' Qllo:foOOO~(Ifl , 296-];97 
rtl(lio:alorhthiiJmk .. 203 

iuhrbll""f ii1Cii~•r1 o:dNSAIIA "'· 
28 1 -2~!. !$1( 

I nfonn~ti(lll, ''l'tl'rin.:ary ~~~~~ anim:Ll 
htahtt. re"-"•rth '-"· 41tH 16t 

l n(un~h (n-rhinc-.s\llfllcc), 287 
Jnho..l:l.tlt ~nt::HI'ft'lio, 90·9? 

ah-dar Cv•t<OOntrttti~•n vf, 91.1 
MAC •·11tuc ()(, 90 

lnhal:•nt :UI~I«k• (C..,..ua'rurtd"J 
r~~r11 """' cod'lio::ient of. 90 
rhv,K:.~l rmrenic'lo<i cunc-:nrly 

.. ~. 91t 
\'lll''lt p 1C1o$Un' of, 90 
''C't«in;ayt«hlliu:wr ~·re w, 90 

lrdt::ibuon tho.'I"Jil'l'f 
~~o:l!nini~morW. af. 8, 46, -4i( 
lex rC$pir.ot«yd l:lt'iUC', lOS 
\IOi~ for kllilll aniulilb, lOS 

lnjwwnb). 7. lS·•fl ... s. 46. &.: Jm 
llltl'.ltll'lo..:ular (IM) injl'l:lkln; 
Sulxutiltlo!Vu$ (SC) ir\i«tio):ll. 

lnjcuicn o:ak:oLllltians. pr.octkC' 
rrohleoulb itl\'olving. 6S.U 

IMOV'.W·Vtt (f<'fWM\}1 and 
droper.lol), 89. ISS 

IMUll'iC~ •• f., earJAA·ii,Cobr 
d~rs.I)).JH 

Inotropic ciT«t, Oil h("att toli C', 130 
f'liltili'(UI~'I)t)~li( J\lefVo.)U$ ~lit~ll 

31f\d, I 32 
ln.-«t Sro'111h rq ubuon (lOR)), l H 
l~'t •<'rcllant~ 114 
lnf<'Q:Itlo:Jtc, 272·21'S 
lft!i7i.«''.l air, dbuibiJiion :mJ d rliu...X:.1 

;)(, 10>1 
I!Uf!i110.\lO.:l. definition af, 102 
ltl£(7®h'l.l mpiraWry n1uew, 106 
IAAJiio 

~~o:l!ni.ni~rnonon fl.'ll.ne:c far. 186. S.:t 
<hi (n,ulin wrif4'\~)). 

dAuUio:(lt~ Clf, 181· 135 
intcnncdiiltc 1111::1 in1 uuul!n, 

ISS. I 59 
ll'lfli M.tine ln.-..•hn, 1$9 
~;rains rnsufin. 188 

( li('J\1 ('\fucutivll about l'f'OOOO:b 
and usc, 189. 11WTN 

ooncemr.oLa'!n cf, in uniu J't'-r 
mllltluer, 187 

dt10.)nru'ol•cd pn.'Jdl1o:c~ c.mr11inin&, 
11!\lTN 

h)~~net~ of,ln ~«II 
1111tl01':1, 189-190 

pro.Jur:u Cilltlt.llwnly l.l:il'l.l k4 <I~ 
;m(l (M~ I 81$1 

JO~Jth<'lli['C'Utic,J86 

~llldlftk pn.,lur:tion 1:1, 186-187 
IMul1n &rc-ndem di:ohcr~ mdl oru~ 

JS6 
ln£<!uliLI liyrir'l!j('{$), 187l 

mllm,(x.l1•n<N af, 187r 
"''ith n.-«<lc- zttlltlwd, Hb. 3Jf 
tl'J*S ,,f,ll•~ r~lt ~. nce,n ... 

pugc, an.:l rllckll!£in~~o l$7t 
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huulil~<JUI:U. 1~·190 
lmei:IJ.n~r.-r~· ~~·~~em. ZI I·Zi l 
lntcmol {pn1jK.tno&ol """' JOiuli(ln). 

'"' lmcrcer wr (.nilhem}..-:in ()Xune), 
2661,161, 161TN 

hnerfO'Otl. 30 
recomb:tUm, :Ht l•U 

fntcrk\lkin,.. :~~:~ iiiUIMin~-.:~1 imulam;.. 
}4}, )6) 

lntcnncdint<' aain& mmlin, 187, 
188·189, I~TN 

h\lt£1)/;ut()t\~ 7 } 

lntcnruilll duid, ?99. 300( 
Cl'll\l"l'::ition af. )00. 30 I , 3oc
dl'\li: k\'d in, I I 

lnm1loncnal (lA) :tdminil>lndon, 1, S 
hnmilrueubr lldlhit~!Slnnivrt. 7. 8 
lni i"((C(lfdi(IC OOmlnlnl"(ltliOO. 7, S 
fntr:u.:dl. ?19 
lnu;)~dlula r ftuid (ICF), 29'-)·300, 

JOOI 
lntrnderuQI (10) ru.huinUtr:ltion, 7 
h\tliiMtdullary ~U'Iil'li!trahon .• d 

dn•ll'· 7. {J 
lntrnrtlut~eUbr (IM) rnj«tion, 7. 38 

il\')iJtB:e-Ki:niC fu.'f\'(' il'o, }9f 
cnnunon .-... ,.nrhc.ui..,nc nfr<lr. iO 
11i'i:iltl\'i' ~Titli:i' prt»un" in. 4\1 
rroccdl..rt fuf, 41, * 

lnmux\rb r .-rrc. So: Cls1110.'llnll. 
h~u;)~~ r;)utt, of llui<.l tJ·.,:·•apv 

admltusuiitlon. ~ 
fnunperitone.-,1 (IP) :ldminililmlion, 

7.$ 
d th~Ufll( ""~~ 106 

fnu-:llhcc;lllllimini.'Srr.uion, S 
lnuil~'4r'('ubt !luW. S« Plililti!J. 
lmrm-enoo~ ( IV) ."':lmmi~ri,..n S~·u, 

l09,)11f 
ll\U9\'t1\VuS (IV) ll uid &dmlnlSUil(ii)n, 

7, hi, -40. ·U·ib. 107. s;.,l' 41."' 
Fluid tlwrnpr. 

l'()(.us ••sine \'.tnj«:tlon ''t(', .J 5 
bol1o$ 1111h m.:lwdlu'J tnlr.!Vffitll• 

c:1tho.'to.'t, 43 
t;lll•"'ll~rim~ (.,r, ~·6Z. ~i-68, }05. 

J07 
c:1tlwto.'r Jq~~ltel•t bt, ..OTN 
J on:( l hoi""' H 
dur:•uon Wl(l drip r:ot<' akol;,uonJ 

({)r. JC6.)(19 

equipment rrcj'"t~fi..,n 1\,r. II l·l12 
wir.h itl(lwdlin; c:nh~t~r. +4, 4-ff, 

.. TN 
wu.h inli•illon ~11np. .J6 

lo\IN~,\'"'""~ (IV) fluid 
~lmmiiV\l1 oM ((:.Onmuotd) 

br mjccrion wirh Jytingo:-. JS. ~0. 40( 
I() I!Jr~i' :tnirnllls. 4 5, 46f 
I;,~ \'o)lun~ h.'ll•le Clt Ne m, !9, 

JOf 
oOO.UtOrir\g patkriC in. ~6. 46T'N. 

109, u o 
10 pcdi;ltric :onil1g,l,._ ill~ <"-Xilotic,.. 

,; 

11\ltml A (r«ornbin:ont irlto.'rft-ron), 
)4) 

lnrrorin (da,umind. SO. I !3 
lnwntvry. 385·}58 
~mlntS)1"1<'rRS f.x, J8i·3SS.. 

)89(, .f()4,.JOS 
oontn~Uiftt{ 
<lbJ«tl~ In, 390. }WJ'N 
v««imory tc.:holdan rule ill, 

386-387, 387TN. 3ro. 41.15 
S« ol$o loW<"f'll<l('f (-(lllln) l 

IU:IIlllgo.'t, 
Je4nilk:lt\ ()(, J$6, }87·388 
~~~~"\'e ,..(, In \'crcnMt)' f'41o;rlltk1n , 

JSSTN 
fl FO mcthi)J ~. :J$6, JS8 
hurn:.n ('hnrrn:..:y, 404 
111\!IL:upof, }86, }97, 391TN 
fllOfl!hlv ~'<'rsu~ rot(lt i.f¢, }99·401 
arderine. 195. 197 
o..-g;uu:i~. 39i. 399, J99TN 
J'(rr<;hMine. 401·404 

dct,.)-M btlline in. JS6. 401 
o('l!ln\ rvl.ci« ill, 401 
$t<lll::nwm J'i'}'n'll.:nr m, iOI 
Vcttd!n ''~ m, 40l.-o101 
M~ ~~in(' 1"«1)(\k In, 39i 
t«f'i \·in, $hlj')ll'lf'nl I'd, 401-iOl, 

~02TN 
F0 6 rulctand wnu x r• tfl, 40~, 

.J01TN 
refl.'ffflc6on. 405 
r(l()fl.i(:r loe !n, }94, 394TN, 396l 
~dcr p.:!tnr l\,r,l94TN 
reoo.kr Qllllnti ty (o;~t, )97 
revte~~o'(li!CK.otl<.nn , 4~.J01 

~heM uoehna;. 11nd r rodu.:c 
rocation . ..OJ 

$~Ct.ll <M'derine:. 40.J 
rime t'>:IWIIion in cmm:tgint:. 3SS, 

m 
rumo~'ff<i J'fl.'ld.o~u m, }86, lro, 

)\)(ffil 

rtllt vf. 3'X> 
vcndon a( pr.'ld.om lru, 4l\l·~ 

lndtx 465 

lnwntOJf}'(.omtwl ot'o'.cn~.,., (ICM), 
l&i, l~7TN 
~ibilitic-:1 ol. JS6,)$7,l87TN, 

3?.'>. 405 
bnck>OI'lkrinf, 191 
w rurolkd :o~1l:.st.a~ h;o1ldli~ 

anJ ~ru~t. 391, 391TN 
So: abr..C(lnuo11~1 Mob

:.tance. 
DEA~J91,39U.404 

t'.Xpimuon date chcddna. J91, 
391TN 

FOB •uks Md Sh:lfi'l'ltnt 
oonm~ec. 402 • .J02TN 

imv-mury ta\i.ng. )99-40 I 
in\~ c!w(kinl:", 391. 393f 
ordering. 395.391.403404 
Ori:am:ing. 397, )99 
r(lckinl:" slip ch«kint. }91, l94f. 

40?.40?TN 
pllf~<ht~king, 391 
r...,...h:tr:sinll'o 40 1 • ..oz 
r.driel V'olcrilw r~:curJJr\g. 39'1, 

)98( 

t«c:ol·inll' Ill irnl¢nr, .fOZ-iO}, 
401TN 

f«oofil'li:" \le(Ulil('f, 391 
to:lflie:t p<Jim ~·nina. }9.J~ w;. 

J9<TN 
1'1..\Jc l'q)f(:$(•1\!(ll l\'f 

Co:lf!lmunklll11ln1o. .J{).f 
su« •ni'n\1). 399, J99TN 
~!('TllM\1 (hr.;kit'l!. 366.391, 

J9Sf 
tun\•.Wtr f.l((', 391, 391TN 

ln\'i'lict, }f<>,. 391, 19}( 
ln•·olunr;u)' ca-,trol, ol n«>'OIOJ 

S)'~l('tl\, il·il 
ln\'i'llotu,..n, 17l, ISZ 
Iodine 

asJJSinf«rflnt, l 45t. ?#.l#TN 
~~~' rork:.lnm~. Ziti 

Iodine• I 3 I , in u~;ouno.'m of 
twtocnhvwldl~. 186 

Iodine SlmlllflOO. ?1 1 
ladiow tinctlft., liS 

..sdtSinfrerflm, !.J(J 
lodaphor(J). 221. 2i6 
J..,pidinc {:.pr.tt"k'l'lid inc}, 200 
lpecnc or.,J $)'~~'1'· It;-; 
lp: .. htC'. 186 
lpl\.'ll'li~. pr-Ohobrted us.....,(, 11, 

('.l(ltnbfoel dnlj!, !1 
lt1.111 .:o1nr.oumh, J27,J?S, 32STN 
l rTil ilt\U, fvr ,SII•UVil1li'~tlll;tl 

Mimul;mon, IM 
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l~u (bolh .. .u~). 92 
lrollur"'n¢, 91 

rh)~ic;•l properriu (If, 91t 
h~o'(l!UJ'''I flkvlwi,2+4·24S 

10'Jt. ro<JO%, 211 
:., coum«irriunr, 222 

lq"~rvt~m)(')i. ro 
f,'lf IIU\)pme ~fl.o\nl 

b~\'Cllnfill, 131 
iii br()r't(hudibl<lr, 109 

IK!f'un (\~rnpu.mil), I ll, HI 
l)QJ•tin SR ho.'r.lp;omil), It I 
lq'ltO CatpiM (pikxarpin(' ), 18, 199 
f$0f1tO Hom;tm.,pim: {hoou.tropin..-
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Kil~'('«tulu• (l:iiulir\1'~"-"t'li!'l ), 162 
Ki'll'fl(l Ol'illrt e«cplon.. S7 
K~t~•A•LIIx (pcrrola!Um), 164 
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M..,cl<~~• wlm~ Ul8 
Mott:tl' 1wurvn, 1) 
Mv:<.ilk«it1, 161. 26 7. l6STN 
Mnxlll.\lC'.-;:b•, In r<~rucul f'.(lhlhulnu.: 

l'll.'~ .. liOI\0', 10) 
Mv:<.iWI)'t(' 

llC'I I('l'l o/, Md tn:hc.oUiOIU, 11(11 

l~te un nary ri'tCntiOn lrt',..hl)('nt, 122 
M P.'\. 51\l Mt'l.irox~·~i:t'Ctl"~;n(' 

Ao:Jer.ue. 
MTD (1t\l'l~tilt11.1llt IOitr&t~ J•M ) . H S. 

)J)I 

Mu ''~'C' II.'Cc('ll<ln. 87 
MU(.:.._ ilillt'Y d t ilr:Jt\CC, 104 
Muooly•i.;:(t l, U:.'l, 106 

d!er...pco.nic a.:tioo ol, 10-f·IOS 
MUCNrt)~t (a.:("()kntei.l)('), 106.. 377 
Mutf'll';ll r«J!IIrnli<ll\< bt.t:lylqwt<-lnc), 

IC\6, J77 
M vt'll!> u:'ICmiY'Jn('~fM.. 

~lrcnctV-": lli:cnu m ~ut:U't, SO 
Mut~.~~< $C'CfC'tion ;mJ mu\·cmcm. in 

Uf'(>c"f ~lr.U()fV tr~. tOJ. 104 
Muhiti:wc qytncc •. Ub, H i 
Multi.W,~: , ·iaJ(:.), 29. )0( 

('l)$ine liquiJ v:i lhdrll .. '/11 fmn1, 
41TN 

Multi)I)I·R. 31'1 
MuKAIInlt: R'ttf!lf'lf'M, 70, 77, It~ 
~hoKioc- 1d;u:mu . S« Sl;el«al mute!~: 

ri'b:c.~~u(s), 
Mu~ulm;l:ekr;a,l mlh mmrou inn, 

oonmt~:ruidf fer. 2$~·291 
Mr~.li\."J\i!l ~'·~. cbuhoo~ic lllt.'-''~US 

in diilpltt:~i:Hll, 7& 
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Mydu-.-:in Sc.C'fikOinUIIf'l'\1 , 240 
My.;rohu(tcrul .-.ell '':nil (r<leli.:ln, lMr. 
~ 

MV¢i.>J"'ll: Mi.nif<>t: {[).PIW'n<l\hn•d . 
m 

Mvcoxk~~; Pet Sl.anlpOO (O..tr..m 
iill~thri•l) . 273 

Myo;D:Iu peco~ Shan1poo ,,:ht. O oth.11}'1. 
m 

MV(l()o.k·x Tar iu)dSulfor ~~'()o), 21; 
M~•corhcnolntc roofelil. .WS 
M,·tlfrin (pho:n,·lo,•hn roe), 197 
Mvdriileyl (trvf'iC&U'IiJe), 198 
M)'!lri;,R<, 196 
Mydrillt" ~q;o:nh, 197·198 
M,·elin meyh, n, nr. n 
Mvdarn;•. 326. J.U 
M,·eiosUflpt(>$Sivn. Jl6 
Mvbn", l60 
Mvlqm11 (prin~i!Lno:), S9 
M~lll J~. 134 
M'Klfibrll(~•. 17} 

tunu-..ctility of uto:ri1w, IS? 
MYl)S:. .. I ~II. 218 
M)·-mMI, Ui9 

N 
N&lburhu~. Z$7 
N11k\rj,hinc (NIIIIrn¢), &$ 

;lllverK dk..-"U ('./, $9 
N&l()ll._mc, as, S9 

f.'!f bch:.vinr n'10o.-li 6e~~nan m sdf 
licking. 223 

f\)f ~11'-'l(li'Y ~molllli(ln In 
nnN:,..rk O'o-enk~. I l l 

in rc<\'ffllal uf :.pouwrphinc< 
ovt~, I).H N 

in ro:Vfflal <'f nareot~ m.·cnbc. SS, 
tl9, lSI. 381TN 

N11!.1x<~nc IICI i n,tceri<"~n, 88 
N;,hT<':Xone, ~ bch;wior mo:hlicllltnn 

in "'ll lkkin~ ll3 
Nnrnc~. af dru1:~. 16-1 i 
N;u\ll~mc. 124 
NIIL'Idro&on~ d«ll•~wh', 19l 
Nnr rcxen, 2SS 
N:•l:tfln}'n (n:.proxcn) , 2SS 
NilnHtJl/n.c.t•l'(J:t~tt. lM 
Nnn:nn (n:.l.:.xanc), H8,. 1$1 
N:•n:Qtiu. See Opw.J :ISO' 'IiMll. 
Ni!Stll (::1'1\' it .... dffi:l'll't Llli'(htltiSiiLb 

WHhin , 104 
N:IHt~yn {n;•wu•y~in) , ?0? 
Niitional r\nim.'ll S...rfktt\('f'lt 

Caundl 
lot:u ci, 311 f 
:u:u.I<)Vr•litV .:onuol c.fh<"rl:xll:s. HJ 

N';m:lbi•w ( \•i•~lba.lw) , HI 
N<'xd (Qd'unfur lio'ldtunt), 2 H 

;:,w rm•11l fo, ~ io <hotl}' 11nim;aiJ. 
m TN 

NLX~ (N;tri,...u i Druef'Ade) nutnhc:r, 
tln <I~ labeling, IS 

N"lv hr:ttiO:m, J(ll, 105 
af tnuootyria. lOS 

NecsUc-b>. 3%, 341 
fv• bl~'f'iv. 34f 
f," blccdin&. .Hf 
(.'()CIUIIOI'I glU.~'t'.J fat :-po:<:i.6c :UUil'l:ll 

$f\-"(lef, }Ot 
hub, lfln(t, a.nd bevd of, 341 
~'(V~...,.. ~.l....e&rduv; .A, 3STN 

N<'lot\tt l (rno)t~nt<'l l$tUtltt),l61·26Z 
N'c<m:~tOo.1c,, ?S I 

d•us• ~ff~cu\·e • il'l!c:. Z>3·MJ 
t<)l.'lo:ttl w luti(•I'<S fOf, 264 

N'c<tub.,t:ol (P"tu ob:.rbit:•I :IOI.Iimn). 
s5. s;, 

Nf'n)t)( (p}'rolnt~l (l.'lttlOOflf'), 261-l6l 
Neo-Qnlu:vle (c;ubinm:vlc-), ISS 
N~Pt\'dtf. lOJ 
N~$ynCf!hrtnt <rhc:nylcrhnn¢), 

80, IW 
N~lrnrx C\'lllhtalmk S.:.lutiOI\, 

'"'" Nt()ttlr-.:m. l36t,ZH 
<)((IIOlii(I(V of. l06TN 
in ,,,rknl q~hthnlmk rrrpo.rlllion<, 

ll13 
in t<ltliO:IIl « h; l"f'f"!f'.U~ 206 

Ncq'!l;u;,:nJ 
('-'(lU:I\ ilt\ J ll'lilli~t\ilt\t, J tff('I('I'\Ct 

I'<'C1I «n. 1 n-H<4 
dnq: thcr:•r)' fcr, l3)..l-f.4. Slit 0100 

Otcmvthl:t(Jt"<'tttk dtuj:S. 
N~l (q~ln.;ro'~inc-), rot 
N~mioc, 78,11)1 

as 31'1t(l£!l;nl~t t(l no~l~ru:•ne 

rleuf\)tnueca•Llr blrd:ine 

~"'""· 94 
as l:'(l•twint(t(tMI (IO)lanottio:, 166 

Nq:bml~)'· l iS 
N'c<~-hron,l2 . 1 !f.I I S 

fur;c;rirm r.(, I I r; 
Ncf(II:Unc (mcthnw lum!!k), 1\)9 

N"n ·o: lOO.:.k, 178, 2'9} 
Nerve libecr(~). 7l 

d PU:IC!IeU of, 1} 
tU)'('(m ~i'ldth Of. 7lf. 7J 
in rninU:-1\~llll.:lf\, 21Y·:UW. zgof 
p«g;mgliot'lk :uld Jl"S'So'f'SIKln>c, 

itt \IIU{VIIOnh (' ll~I~'\)U; )'(il.~l)\, 
7S, 761 

l nd t x 4 6 9 

N"''QIIHfli(O:'lll , 70 
slol'u~<wny nnd ph)'(i.,t.,ey r.f, 10-n 
llilltDoonue, 11 .. 12. S« .-..Ito 

Alttv•loOtl'lk n~r•'Oo; , y, ti'tn. 

th..-:r~tnk dn,eo ·""~~' ~(f«rt~ " " · 
7S.SI 

(dt~tal. 70·71. &t- obt)Ctntml 
nen •ou$1i)'l<lem.. 

<11\JIS.> th;tt llct Ql'l, 8 1·97 
3tW ~~~kxtcue S'fMi'(l'l, ittt<T.K-ti!):ll 

c f. l7J .. t ?4, 174( 
(UI'~io:m cA. 70 
im,-...l<oc'OOI\JU.:tioo thrw >:h, 7).. 7), 

Nl 
ll._..lllJI.r".lllo::!tUiUo:n in, J2.7J, 1J(, / ) 
<JII:(IL'Iil:\tiQtH'o(, ](). n, 7 If 
pl•t:ll';tn!'Qthe'rk , 72 
periph~ntl. 70-71. SdOO.O P~riph · 

<1tl.l fll:'n'l'll.li ~em. 
""""oWs..c u:nit .... r. 11-13. Sto: 11fm 

NtuM't{s). 
~'frlllilthct)('. n 

Nn•~'·nk •IOOrd..--r(.). u•imtry 
iL'ICOOtit\~)~~ ""· I zs 

Ncumh.'lrm,..MI ~ex, 176 
Nnrrolo:pt•tuJg-.-,;c,, 89 
N¢uh'ICl\.o~ul3r l:llvckil'lj: 31!\.'ftt~>. 94·95 

swoidtne: usc: ,,f llmin"i!l~o)l:idc:s 

.. ·ith. H 7TN 
dtolil'ltfl:)($ (I' (lflt\J(IIe$ t(o, i$ 

Nn •roo.b), 12. ]:!( 
ilfll!'lli9t u-t•mmiSl.i..m tluw >:b, 

72·1J. 7Z( 
Nn.rouan"miucrh). n .. n. 72£. 7S 

iL'I bthlh klral di.so: .. Jcn.. 95 
hl.--.;1.: inc ... 1. 7 }f 
nwl\w minc, 9S 
phvstoloj:k$.1 \\ICth ity of. 7 } f 

Nn 11cr<,..l. llH 
Nc.~tr:•ctut icai(J) 

dtlin ltiOl'l of. }]I 
M'oliWII'ion etf, for \'t lc:rinnry ,_., l71 
J:tbdi.n; lo:',SU.J:ttiat\ M , 3]J 

Ntf'X1.11oSdc <II~ vttO:(fi\C, })! 
Nc.x1100.nd. :!20 
NFZ 1\rfkr. 2-tl 
N k ef1XIIIn¢ 

a.:titm d . and 11\:hc:nio tu, 126c 
fcc un n;ory n.-to:tttlcct tftltll)o,'l\1, Ill 

NIC(I'Ioni.: r~el"fo,r(J), 70, 77, 78 
N it"<.:lirill.o:'c, ~"lf lmh,, huti;u.. 1-11 
Niti'L'I~'nllh, lN 
Nnm-BI.:I (ni.m.)l!l)\-.ertn •)imment). 

14!-14} 
Niuolur..t~. ~4 1. ~41TN 
Nnmlu:ranwin, 241 
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470 lndt'X 

Nitrofllr:t:QI~ lm'l'<lr:llio\xl,. 141 
Nnr(lfl:n hntl,l\(l:'c, 171 

JX>'iliv~. 191 
Ni~h'¢f'•in ..,itlliiW'l\1. 142·143. 

14JTN 
NiU~:~inli~. prul.ibittd ~~~of. l•J 

~ll.lOlbbel.ltU~g. ll 
Nnrol (nnmelvcenn omm1cn•). 

142·143 
Niwus o,:IJt, 91 

ph}'llicnlpt\1penieJ (1(, ~It 

Nitatidinc • .., g;.,troinlc~d•\3.1 

1-rokit\(ti('. 159 
Ni.roml (kcu>:cl1ll:olc) ~lltliUQI"'J. 

l4l 
NK·I l«'tl'(vl \'lll~ni~ ~~~ 

;•m.en~~eric" ISS 
No Sui~ Burrier Filtl\, ll\1 
Nlx.ic,·Pt()«...275..2i'9·Z60, lrot' 
Noct~1rA, I I S 
Nol'o'3o.ltnt Vl'lll dt;),r'ISn\1; w luti,)n, 

I~.H7 
NOJh-,.,ulitc, !07 
Nol·~ A•u~ti<'Oi.r\wl(':lu,ZIS 

Nl"l\~n rrtf!llrntkltu, l i7 
NOl•~-etl, 365•. ).66 
Nooo:at«holitmifu.~ 80 
Nnndc~ri:u1J: nc•rromuceub r 

bl ..... ki·~ ~~~till), 9of 
Noo.in!I.•IU\ ~ndc-nt d il'll'('t<'$ 

md lrrus,. 186 
N~l~~~.c fduw 1\'\lk\'T••ill, 

i'lt't\VIIOII <Je('nt$ f,u,l44 
NDI!fro.:luc:ri\~ cou&h. 102, lOS 

ilt\lltuS6avt~fUt,I06-ICt\ 

Nnn$1¢"Midlllln\ll lntl.-nmYilloty d"
<NSAIIA). 2St-286 

iiCtt illl'liOOJ'I)('n, !$4, l84'TN 
111:11(!(1 ()(,in 01nal~ !lnd fe..•cr 

tl'duccioo. 281·!8! 
l.._,Kfl)'>(lfl (Otnf\.,.i.lurn,284 
t:!lcm tduauioo Olh.l!U, 282 
der.-coxib. MS 
dimethvb1JifOJCt<k.28l·lM 
cuxlol;•.:. 2SS 
ii.roCQXlb. !$6 
lhnUltln n1ethnTIIA(:, l{J}, ~}TN 
h v:•h •roturc ..o:ln•m. 2S6 
itlhibitor)' :"tian ..,r, itt 

m!lammatiron, 181 ( 
ketarolltc, 286 
lfl('(klf~I'QIIli.: ar;.i\J, 286 
tndaxi(am, 2Sb 
~u·m,286 
p:.I)WihtN {:I~~'Bi~)'(';ll\. 186 

pr«llii1U<lfl~ Ul u-~t of, 2S2iN 

Nuu)fcNil.lotl ;~ulilllll:u•uuatury Jrup 
(N$AII):r;} f(:tmdnwd) 

PfU!*l"ic ;u;i;l <lcm•;m,.,.,. 284-,2SS 
!"Jrd:ol\•n~ 1-k•h'l!lh·<;>,, 28"2·28). 

18lTN 
~IK)'I;uc,_ 282, 2$2TN 
-;ek tuum 1t»J ''itar•tin E. 186 
side dfctt$ q(, 282 
IC'p.:!Xalin,286 
t<>pical, ~ opluhalmJC 

inllan\lnlltMn, 20l 
N'Ufi)(CNil.l"l ;~utipriU"ilk nlot'd•c.niviU, 

216-.211 
Ni!r.!drcnalin (norq'lincphri~). :ISO 
Noo:akipl'll,'l!l.,JI7 
Now .. ,on. (''«'urvnh.tu\ brorntJd, 9) 
Nan-piocphrin<>. 7S. 77, SO 

81),1 lxot\.t•li\11\ll ~~ ... 1.1\II'T.lp)'. 9) 
N~in.l3~ 

in topicnl oplnh;•Lttk prCI:'QTol'tiQtU, 
1l13 

N~.:,nc·(, l&J 
Nunu;d ,.,.finc !IQhtlWn, 313 
N<Wfti(IS())·M u~ S11.. Jtxtruoe, 314 
N<lmlr<'nl-lt, ll4 
Noo.•XIIl ,,_.,Xittilt).l.38 
N(lf\'tl~ (antiQJrrt•w). llJ. 141 
NM'<llin N, 188·189, ISS. 
NO'o-<>lin R. 188. ISS• 
N(I\'OloJ:, 168 
NI"H (Nemntl Protamine Hll6lO'Iorn) 

hi.Soltn, 163·189 
NSAIL)6. S« Nonlil('fl.'l,-bl 

;onrhnda.ntTIUll(lf)' dtuiP. 
Nubain (t111U"ri'u.w). 281 
N.,&t ln~¢;rt'l>k <I"IIJIII'In 

(tm'clliool), U9 
Nurnorf'hm (V>Cyrnortiwnt). 81,281 
Nu$.'11•1' Shamroo, 21) 
Nurn..:cutial(J), 370.)72 
J~nlrfon. ()(, }10 

Numenr n-rl;..:crnctu . .... ·itb ll\cid 
thempy. ) l.l·3H 
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(kvcrhyrot:inc$01lllllln},l84 

N')'lll.t, 21of 
N)'3't>ltln, 241 
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~it)'• c:.nine, dubt:qlti.k k;.-, 161·16$ 
01.-t«t dru~($). 16, 16c 
OcrtMOdc. l8~,190 

N .OC• )'I h.n-clolwl~cr•..-
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Oflici;•l•l:.tnc, af drug. 11 
(.)flruta.;m, m lfll!t~l ophcMitnt.;: 

pu:p;ar.uio.u, 2('1} 
Oit\Utlo.>tnh), 18 

ll(!rll~li"n of. JS,.f1·4S 
(lfhtl,;imie.,llf'lll.::mioo ci, 41-.fS . .f8f 

Ol~l:.tin~. 167 
Omq!rn:olc. 160 
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3()1'11~• ion ol. 47·48. 4-St 

r:•tient «k•c:•tian nbc:.ll, 196 
J'llt\'tnlil\j: ,_'\)l_\l ilttlt1'41io.il\ U\, 

liiTN 
fl-c orni6dal tcno. 104 
dt()i_(('<J{, (OIUiJI:f(ltiOO~ in, 196 
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r .... inAalt\ll\llti\ln,l03. 292 
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()pi:,H(' 1('(:('('((1~, 81 
()p..,,id nt~:mi~n, 86-SS. 2S6-l..'!S 

a.:tioo d. ill p;1in rd.ef. !87 
_ .. h~ (i((;(rc o(, SS 
Mll9lf'~Uill te> x rifln of. SS..S9 
oo~r~bin\.J widt :m~~;.nUu, !S7 
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OptiPr:onolol (uoo.'tq•rnnolol), 100 
Om•4't¢, 119 
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fo)l d~n-.-il\£., 107·2<.'6 
lnr drying. 107 
ouis.;:o:fbtl<NUS. 206 
"·(~an. 20& 
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0vuloe C'Cihyrnll \':ICUIW!, JSI 
Ox:,.:dlin. B~ 
Oxol'«\J,oM)It, ZS3 
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