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Sympathetic Autonomic strategy

I.
Adrenergic Agonists


A.
Adrenergic Receptor Types - catecholamines
1) Alpha (()  - located on vascular smooth muscle, presynaptic nerve terminals, platelets, fat cells, and brain. they are further divided into alpha 1 and alpha 2.

2)  Beta (() - smooth mm, cardiac mm, some presynaptic nerve terminals, lipocytes and brain. There are beta 1,2 and 3 receptors.

3)  Dopamine receptors - subclass of adrenergic receptors located in the renal and splanchnic vessels and in the brain.


B.
Types of agonists


1.
 Direct acting - bind to receptors (( or ()



2. Indirect acting


a.
Displacement of catecholamine stores (amphetamines and tyramine)




b.
Inhibit catecholamine reuptake (cocaine and tricyclic antidepressants)

II.
Adrenergic receptors
A. Alpha 1 ((-1) receptors: 
1. Location/effect



a.
vascular smooth muscle (vasoconstriction) ( total peripheral resistance, ( blood pressure, may induce reflexive bradycardia.

b. dilates pupil

c. erects hair

2. Mechanism of action of  (-1 receptors:  IP3 increases cytosolic calcium and DAG (Diacylglycerol)

B. Alpha 2 ((-2) receptors:  

1.
Location/effect
(a) presynaptic nerve terminals - inhibits NE release by ( cAMP.

(b)  platelets – aggregation

(c)  fat cells - inhibits lipolysis


     
2.
Mechanism of action - inhibition of adenylate cyclase

C.
Beta-1 ((-1) receptors: 


1.
Location/effect



a. 
Heart - ( heart rate (chronotropic) and ( the force of contraction (inotropic)

b. Kidney - ( renin secretion ( angiotensin II (direct vasoconstrictor) ( ( aldosterone ((Na+ resorption in collecting duct) ( ( blood volume ( ( blood pressure  (slow response:  hrs to days)





-ACE inhibitors:  ACE = peptidyl dipeptidase (also converts bradykinin…..)





-3 major controls of renin secretion:  ( Na+/K+, ( BP, (1 receptors




c. 
Fat cells - stimulate lipolysis



2.
Mechanism of action - stimulates Adenylate cyclase

D. Beta-2 ((-2) receptors
a. Respiratory smooth muscle (Lung), uterine, skeletal muscle vasculature and all other vascular smooth muscle ( relaxation/dilation.



b.
Mech. of action - same as (-1 receptor ((cAMP)
III. Potency series for each receptor Adrenergic Agonists
Alpha (() receptors: Epi > NorEpi >> Isoproterenol

Beta (() receptors:  Isoproterenol > Epi >> NorEpi

IV. Structure of adrenergic agonists

A. NE is a Catechol + beta hydroxylated ethyl amine
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1. 
Agonists with hydroxyl groups at the 3 and 4 positions of  the catechol have the highest potency.



2.
If the drug is NOT a catechol t1/2 ( because COMT cannot metabolize it. COMT is ( in the intestines, so 




catecholamines (Epinephrine) cannot be given orally but adrenergic agonists that are not catecholamines 




(Indirect agonists: Amphetamines)  can be given orally.

3. ( the size of the amino group (substitution) and ( specificity for Beta receptors. Isoproterenol is the most potent for Beta receptors



4.
Alkyl substitution on the alpha carbon blocks MAO oxidation and ( the t1/2 (ex: Ephedrine/  Ephedra / Ma Huang).

B. Tyramine – breakdown prod. of TYR (aged cheeses, wines, pickled fish, chocolate).  Little direct effect - Instead ( NE release:  lacks (-hydroxyl and phenyl hydroxyls.  Normally metabolized by MAO.  If pt. is on MAO inhibitor ( tyramine enters blood stream ( if enough it will act like NE


C.
Indirect agonists (amphetamine and ephedrine): ( release of cytoplasmic NE (this small pool of NE is rapidly depleted and leads to: Tachyphylaxis = tolerance w/ short t1/2).



Also:  Proportion and Density of receptors determines the effect:


D.
Scenarios:

1. Skeletal muscle vasculature has both (1 and (2 receptors - What will epinephrine do in skeletal muscle vasculature?




At low (Physiological) doses Epinephrine binds to (-2 receptors in the skeletal muscle (Vasodilation) – 




but at higher doses Epinephrine binds to (-1 (Vasoconstriction) and (-2 and the (-1 effect 




predominates.



2.
What will the effect of Epi and NE be on B.P. and TPR?


-Vasoconstriction at  (1 and (1, but  not effective at (2: (1 ( constriction ( ( TPR ( ( BP ( ( HR











     (1 ( ( HR



NE is weak at (1 and  is overwhelmed by the vagal reflex (ACh) ( ( H.R. (baroreceptor reflex/reflex 



bradycardia 
due to ACh competing  w/ NE)

***What if the atropine is used as a pretreatment before NE is given?***




atropine:
vasculature:  atropine has no effect
heart rate:  muscarinic antagonist ( ( HR




NE:


vasculature:  splanchnic vasocontriction ( (TPR ( BP







heart rate:  normally ( HR d/t vagal reflex, but the reflex is blocked by atropine ( ( HR



3.
Epi (low dose, physiological): binds (1 (stronger than NE)( ( HR, binds (1 (, (2 (  (( reflex than Epi) = overall little change in blood pressure.  TPR? ( TPR = BP (-) /C.O.(.


***What would Isoproterenol do (very potent nonspecific( agonist)?***

vasculature:  (2 ( dilation of skeletal vasculature ( ( TPR ( ( BP ( sympathetic reflex ( ( HR


heart rate:
 (1 ( ( HR



4.
Dopamine - drug of choice for blood loss shock (hypotensive).  Why?   (( blood vol., BP in shock) - short acting:  



a.
 High dose affects (1 receptors ( Vasoconstriction - ( blood pressure

             b.
(1 effects: ( HR and C.O.
c.
Dopamine receptors: causes vasodilation of vasculature to the kidney and other viscera. Prevents kidney shut down, NE will vasoconstrict the kidney.


E.
Alpha Agonists: What are the effects?  Phenylephrine and oxymetazoline are alpha specific agonists.



1. Clinical Uses:
a. Control Hemorrhage: Constriction of blood vessels during superficial surgery (Why?).  Usually Epi is used – also injected w/ local anaesthetic to localize effect.

b. Anaphylactic Shock:  : Epinephrine is the drug of choice: (1 ( swelling (constricts blood vessels) and (2 
relaxes bronchial airways.

c. Nasal decongestant: Phenylephrine ((1 specific agonist, in nose spray) cause vasoconstriction ( relief of 
congestion (temporary).  





What is the problem w/ repeated use of a nasal decongestant (rebound effect)?  Also, Ephedrine 





and phenylpropamine (Indirect-acting agonists) ( NE which will bind (1.  Can become addictive 





(receptor down regulation).  



2.
Amphetamine/Methamphetamine/Dexedrine/Methylphenidate (Ritalin)



a. Indirect acting sympatomimetics ( releases stored catecholamine or block reuptake



b. Non-catechol, so orally active (not broken down by COMT  in the GI tract)



c. CNS stimulant, ( alertness, (appetite - but not effective for long-term weight loss  (Why?)



d.  (  (1 binding can ( BP, strain heart



e. Side effects - same with all amphetamine variants:  





i. stroke





ii. nerve damage





iii. psychosis




Weight loss is only temporary w/ amphetamine - after 2 weeks no sig. weight loss in most people. Phen/Fen 




act slightly diff. (more on Serotonin) - cause heart valve damage (signs?).




f.
Ephedrine (major component in Ephedra sinica = Ma huang)



First orally active sympathomimetic, not a catechol so not metabolized by COMT (so long t1/2), ( 




bioavailability.  Excreted in the urine unchanged (it is a weak base so it's excretion can be (  by acidification).




g.
MAO inhibitors - Antidepressants (Why?) ( NE, Dopamine prim. in CNS (cover later - many 




interactions/side effects).





i.
Tyramine (can be a by-product of tyrosine metabolism) is found in high amounts in fermented foods, 





cheddar cheese, pickled fish, yeast supplements. Normally metabolized in the intestines by MAO. If on 





MAO inhibitors, tyramine can enter the bloodstream and act like NE and ( blood pressure.

ii. 2 forms of MAO enzyme: A, B.  Most MAO inhibitors are irreversible antagonists of both enzymes. 




      MAOa  is more closely associated w/ neurons and deamination of NE and Dopamine.  MAOb is in GI 




     and other areas.

V. Some Botannicals affecting the autonomic nervous system:

A.
Ginkgo biloba - active constituents are flavone glycosides. They are indirect sympathomimetic and causes ( Epi and NE release which results in smooth muscle dilation of the bronchioles and skeletal muscle vasculature. Also stimulates EDRF release so vasodilation via muscarinic receptors.


B. 
Hawthorn - also flavone glycosides - also direct actions on heart


C. 
Ginger - # of components are Cholinergic agonists, vasodilates skin, ( peristalsis

D.
 Ergot alkaloids: Primarily (1 agonist.  Derived from ergot fungus (grows on rye and other grains).  Ergot poisoning: Confusion, depression, hallucinations common in villages in the middle ages. Used for migraines (Why?).LSD - Lysergic acid diethylamide is an ergot derivative, has diff. receptor for hallucinogenic properties.

VI.
Specific Adrenergic Receptor Agonists


A.
Alpha-2 ((-2)  specific agonists:  Clonidine and (-methyl dopa (Aldomet).  What will this do? ( NE release.


Clonidine:  Useful in withdrawal from alcohol and opiates.  BUT!: Sudden withdrawal from Clonidine can lead to 


hypertensive crisis (Why?).  Has CNS and peripheral effects that lead to ( BP, used as antihypertensive.


B.
(2 specific agonist:  Terbutaline (Brethine) and Albuterol (Ventoline) - - What would this do? Bronchodilator 


with a long t1/2 used for asthma + little heart effects.

C. Dobutamine - (-1 and Isoproterenol - (-1,2 specific agonists are used to stimulate the heart in cases of heart 


block, bradycardia.

VII.
Adrenergic Antagonists - Block adrenergic receptors

A.  
(-blockers (non-selective):   Phentolamine, Phenoxybenzamine: Little clinical use - too much orthostatic 



hypotension, tachycardia.  Why?.

Pretreat with phenoxybenzamine (irreversible (1 antagonist), then Epi will only produce (1 effects and there is a ( TPR and BP.  Why?


B.  
Selective (1 block: Prazosin - ( NE (sympathetic) effects.  Less orthostatic hypotension, but tachycardia. Why is tachycardia a problem? ( BP, ( NE release at heart - (1 NOT blocked by Prazosin.  Can aggravate angina.


C.
Labetolol - blocks (1, (1, and (2 (everything except (2) used in hypertensive emergencies.

D. Reserpine (from Rawaulfia): Prevents packaging of dopamine into vesicles.  Leads to eventual depletion of NE 


(catecholamines)- initial release.  Used for hypertension.  Side effects include orthostatic hypertension, 


depression (10-15%), and increased GI motility.  Upregulation of receptors can produce a supersensitivity to 


sympathomimetics - such as a nasal decongestant).

E. Yohimbine (from Yohimbe tree (Pausinystalia johimbe)- (2 selective antagonist:  blocks (2 receptor 


(presynaptic, inhibitory)  and increases NE release. Promoted for impotence - can induce hypertension and  


anxiety attacks (Why?).

VIII. Beta - Blockers
A. Description


1. Most are reversible antagonists



2. Structurally similar to isoproterenol (lg. alkyl group on the amine)



3. Propranalol is the prototype (-blocker, blocks both (1 and (2.



4. Oral absorption, but large first pass effect.  ( bioavailability.



5. Large Vd because lipophilic and cross the blood brain barrier.



6.  t1/2 = 2-5hrs.  Nadalol has the longest t1/2 due to ( metabolism.


B.
Effects of B-blockers:


1. 
Given to ( BP (BP = CO x TPR):  blocks (1 (  ( HR and Force of Contraction (  ( CO (temporary)




 Effect on blood volume (long term) - mediated by ( renin release (blocks (1 recept. on kidney 




juxtaglomerulus).



2. 
Stage Fright:  Blocks the sympathetic over-responses.



3. 
Eye - Glaucoma (Open angle glaucoma (chronic)): treated with (-blockers to ( production of aqueous humor by the ciliary body. Eye drops limit peripheral effects.  Systemic effects of vasoconstriction and constriction of the pupil.   (new potential Tx is PG-F)

C.
Adverse effects of (-blockers: Bradycardia, hypotension, bronchial constriction (can be severe).



Not to be used by asthmatics, careful w/ heart disease, and (-blocker withdrawal can precipitate 



tachycardia, angina, MI, and sudden death!

D.
Examples:

1. Timilol - most commonly used, long t1/2. Can be used in conjunction with Cholinergic agonists which will 


             also ( pressure in the eye. (What other side effects will pilocarpine cause?).  



2. 
Propranalol ((1 and (2 blocker):  Used for angina, hypertension and arrythmias. Contraindicated in congestive heart failure (but is used for renin effect)


3.  
Metaprolol and Atenolol - (1 selective - less bronchoconstriction ((1 selective)



4.  
Butoxamine - (2 selective blocker constricts bronchioles no clinical use.

