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Antimicrobial Drugs  

Clincial Use of Antimicrobials
Classifications of Antimicrobials
· Inhibition of cell wall synthesis ((-Lactams:  Penicillins, Cephalosporins)

· Inhibition of protein synthesis (Tetracyclines, Aminoglycosides, Chloramphenicol, Macrolides) 

· Alteration of membrane permeability or active transport mechanisms

· Inhibition of nucleic acid synthesis. Quinolones
· Antimicrobials for Tuberculosis infections
Definitions

· Antibiotics: substance derived from one living organism that can kill another (e.g. soybean curd, one of the lst antibiotics used by Chinese for carbuncles, boils).

· Selective toxicity: (Theory) Selective killing/harm to the microorganism and not the host.  Need specific target, even though the drug designed for prokaryotes, it will effect Eukaryotic cells.

· Bacteriocidal : kill bacteria (may fail), may cause resistance (e.g. penicillin, Cephalosporins, Aminoglycosides)

· Bacteriostatic: temporarily inhibits the growth of bacteria; requires some immune response from the host, can get relapse when the drug is withdrawn (e.g. tetracycline, sulfa drugs).

Gram Positive = GP

Gram Negative  = GN

Therapeutic index is more useful for determining usefulness of these drugs.

Alternative:  Also enhance the immune response.

Enhancing the immune response - Antimicrobials help to control the infectious agent until the immune system can recover - use when immunity is overwhelmed (bacterial), or when immunity is depressed.

Legend Substances: Penicillin G, Erythromycin and Tetracycline (Doxycycline)

Berberine Alkaloids(Hydrastis canadensis, Berberis spp., Mahonia spp.): Some direct antimicrobial action, but also can inhibit adherence of many bacteria and help prevent infection.

CLINICAL USE OF ANTIMICROBIALS:

· Susceptibility testing, cultures, ID of organism 

· Why are Antibiotics not as effective now as 20 years ago?: 


1. ( resistance to antibiotics


2. often given unnecessarily (Upper resp. tract infections)


3. Overused (low doses in cattle feed)


4. Wide vs narrow spectrum antimicrobials (avoid wide spectrum except in Emergency situations)


5. Complete dosage not taken - Selects for resistant organisms


However, Not as definitive as it sounds (i.e.: Penicillin is still used!)

· Ideally: 

1) organism isolated in culture 

2) sensitivity to antimicrobial is determined (Minimum Inhibitory Conc. (MIC)) 3) 

3) most specific (narrow spectrum) antibiotic used.

However, sometimes the disease causing organism cannot be identified from normal flora - but patient shows signs of infection:  Fever, loss of appetite, warmth at a particular site, ( white cell count, ( C-reactive protein.  Other information can sometimes give a clue about the disease causing organism.  Such an approach is used in life-threatening/serious infections.

· Wide vs Narrow spectrum antimicrobials:

· Narrow spectrum = gram positive only  (penicillin, effect peptidoglycan and some gram neg - Neisseriae), Myco.+ mostly  (Penicillin G, 


effects PG layer and some gram - (Neisseriae, but not normal GI flora), affects Mycobacteria (Acid-fast) mostly.

· Wide spectrum = gram positive and gram neg (tetracyclines)




Problems w/ Wide-spectrum Antimicrobials:  1) Kill off normal flora - diarrhea  2) superinfections  3) ( antibiotic resistance. 




All wide-spectrum antimicrobials that alter GI intestinal flora decrease the bioavailability of Estrogen/Progestins.  GI flora increase the 




bioavailability and enterohepatic recycling of estrogens through deconjugation.

· Managing side-effects, superinfections: 

· Drug fever: hard to distinguish from signs of infection: if # of bacteria ( but fever is still present then suspect the drug

· Superinfection (2 options): 

· Complete course of 1st drug and add 2nd (concurrent) to which the org. is susceptible.

· Stop 1st drug and just use 2nd (monitor original infection).  Ex:  Stop 3rd gen. Cephalosporin and add Vancomycin to stop AAC with 

        C. difficile.

· Drug interactions:  Some Antimicrobials can inhibit sterol metabolism and can ( blood levels of contraceptives (oral).

· Combinations of drugs (Multi-drug therapy) 

· Due to resistance (i.e. Mycobacterium TB)

· b/c of mixed infections, rare - first try one drug that hits both org.

· Allowing entry = Amoxacillin allows Aminoglycoside to enter gram + bacteria.

Misuse of Antimicrobials:

· Generation of resistant organisms due to over prescription/inadequate compliance (stopping, skipping, self-administration).  Ex: 1980 (Hungary) -Over 50% Pneumococcus infections resist. to Penicillin. 1992:  (  to 25% due to less use (US: 5-10% resist.)

· Blunting immune response: ( IgG titer (less time for class switch and ( suppression (( activation of CD4 T cells due to ( antigen).  Useful for autoimmune rxn( for example,  Rheumatic fever) but ( overall resistance (IgG and IgA) can lead to recurrence of infection (Strept. pyogenes).

· Sepsis - antibiotics can exacerbate gram negative sepsis by releasing endotoxin (LPS) which is triggers the sepsis rxn - specific Lipid A receptors on Immune cells that can trigger sepsis reaction and ( TNF-( and IL-1.

Antimicrobial Mechanisms of Action:
Inhibition of cell wall synthesis:  (-Lactams and  Cephalosporins
Bacteria have a cell wall due to a high internal osmotic pressure (3-5x greater in gram positive than gram negative).  Gram negative have and outer membrane and less peptidoglycan.  The outer membrane of gram negatives can block Penicillin entry.

Bacterial Cell Walls:  


The peptidoglycan layer (PG) consists of alternate NAG/NAM  polysach. (unique to bacteria) which are crossed-linked by short peptides


by transpeptidase enzymes.  PG is crucial for cell wall stability.  Transpeptidase is inhibited by (-lactam antibiotics (both Penicillin and 


Cephalosporins) because they bind to Penicillin-binding proteins (PBP). The PBP-Penicillin complex then irreversibly inhibits transpeptidase 


(acylation) and inactivates an inhibitor of cell wall lysis leading to ( cell wall lysis. 

· (-lactam antibiotics have a (-lactam ring which is structurally similar to D-alanine-D-alanine substrate of transpeptidase.  (-lactam antibiotics have specificity for bacterial due to the lack of PBP's and bacterial cell wall in animal cells therefore, penicillin is one of the least toxic antimicrobials.

· Susceptibility to (-lactams:

1) Amount of peptidoglycan:  low PG = low susceptibility,  many gram negative bacteria.  Although some gram negative bacteria are still susceptible if the form of Penicillin can get through outer membrane. 

2) Receptors (PBP's), pores (in outer membrane), various cross-linked peptides, activity of autolytic enzymes (for Gram negative 


bacteria, drug must penetrate outer membrane.  Therefore, hydrophilic moleculess are able to penetrate best  i.e.: Ampicillin and 


Amoxicillin.

3) (-lactamases are clinically the most important mechanism of resistance to (-lactams as these enzymes inactivate the antimicrobial by breaking the (-lactam ring. (-lactamases are ncoded by/on bacterial plasmids and can be transferred to same or other species (primarily by conjugation).





Giving Penicillin to someone who has (-lactamase producing bacteria is ineffective and increases the chance of an 




allergic reaction because the penicilloic acid produced from cleavage of the (-lactam ring is major cause of hapten 




formation. (See Side Effects Below)

· Resistance to (-lactams:
·  Staph aureus (GP), H. influenza (GN), many gram negative enterics.  These bacteria are often are also resistant to other antibiotics 


due to multi-drug resistant plasmids.

· # of PBP receptors, under genetic control or change the protein at the binding site

· (permeability of outer membrane to Penicillin

· alter autolytic enzymes activated by Penicillin

· No cell wall (Mycoplasma, L-forms and metabolically inactive bacteria are not killed)

· Avoidance of Resistance 

· Nafcillin/Cloxacillin

· (-lactamase inhibitor: Clavulinic acid, which has no antibacterial effect alone. Amoxicillin + Clavulinic acid  = Augmentin, 


which often given for resistant otitis media, sinusitis and pneumonia although it has limited effectiveness due to absorption 


(problems and resistance.


Penicillins:

· Structure of Penicillins and Cephalosporins:  Thiazolidine ring 



(-lactam ring, which cleaves to produce penicilloic acid and inactive product R1-group.  The R1-group determines the drugs stability to (-



lactamase and acid hydrolization ( + ability to w/stand stomach acid)

· Types of Penicillin: 

· Penicillin G (natural penicillin) - 1st mass produced penicillin and has the highest activity against GP, but is not effective against 


GN. Penicilliin is susceptible to (-lactamase and is for IV only. Penicillin V can be oral.

· Methicillin + Naficillin (less side effects) - resistant to (-lactamase, used for Staph.  Now Methicillin-resistant Staph. aureus 

(MRSA) have developed, which implies resistance to all Penicillin type agents.  Inactive against gram negatives, IV only. Cloxacillin is a similar oral form.

· Carbenicillin - highly effective against gram positive and gram negative bacteria; susceptible to B-lactamase

· Aminopenicillins: Amoxicillin + Ampicillin - stable to gastric acid (orally administered)




Similar to Penicillin G in action ( active against gram positive and some additional susceptible GN, however, most GN are now 




resistant.  Susceptible to (-lactamases.  NOT for Staph.)

· Carbapenems (Imipenem):  Active vs most GP and GN bacteria except Pseudomonas, Clostridium difficile.

· Pharmacokinetics of Penicillin:

· Oral : depends on acid stability and protein binding; Not after eating --one hour rule

· Lipid insoluble (Penicillin G), does not enter living cells well (eukaryotic cells).  Low levels reach the eye, prostate and CNS, unless 


meningitis is present, then increased bioavailability in the CNS due to increased permeability.  Thus, penicillin can be effective for 



Pneumococcal and Meningococcal meningitis. 

· Penicillin is excreted in the urine  (15% is excreted in the sputum and milk).

· Bovine milk can have Penicillin residue and lead to allergic rxn.

· 3 Major Side Effects of Penicillin: Penicillin/Cephalosporins have the least toxic adverse effects of antimicrobial drugs but:

1) Allergic reaction (Primary side-effect): Risk of allergic reaction is higher with (-lactamase producing strains.  Penicilloic acid is produced by (-lactamase and forms a hapten causing allergic reaction, which is Type I hypersensitivity rxn (IgE-mediated) usually, but can also cause Type II-IV.  5-8% of  patients claim allergic reaction  but only 10-15% of these people will have an allergic reaction on second  exposure to Penicillin - anyone claiming allergy to either Penicillin (any type) or Cephalosporin should be given alternative drug or confirmed w/ skin testing (95% accurate).  Oral desensitization is also possible.  

Symptoms:  Drug fever, rash, anaphylactic rxn can all occur due to the drug vs the infection.  Discontinue drug if evidence of drug fever!

2) GI side effects: Diarrhea, Nausea, Vomiting.  Diarrhea is more of a problem with wide spectrum (Gram negative) forms (Ampicillin, 


Cloxacillin).  Destroys normal gut flora, enhance yeast overgrowth (Female genital tract), enhance resist. Staph. overgrowth.

3) Superinfections (in wide-spectrum Cephalosporins):  Yeast, and Clostridium difficile - major cause of Antibiotic Associated 


Intestinal Colitis (AAIC).  May progress to “pseudomembrane” formation.

· Interactions:  decreased effect caused by tetracyclines.  

Cephalosporins are derived from Cephalosporium fungi and have the same mechanism of action Penicillins ((-lactam ring, also requires 


Penicillin-binding protein and activates autolysins), but are more (-lactamase resistant and more wide spectrum.  Adverse effects are similar to 


pencillin (see above).

· First generation Cephalosporins: Prototype is Cephalexin (orally), short-acting (short t1/2)

·  used for urinary tract infections

· don't penetrate CNS

· active against gram positive and a few Enterobacteraceae (Proteus, E. coli, Klebsiella).

· Second generation Cephalosporins:

· prototype is Cefaclor (orally), slightly higher half-life than first generation.

· less active against GP and more active against GN

· Used as second line of treatment for otitis media, sinusitis, which tend to be refractory to drug treatment anyway.

· Third/Fourth generation Cephalosporins:  Prototype:  Cefixime (Suprax, oral), Cefipime, 4th
· More active vs gram -, even less active vs gram +
· enter the CNS and can be used to treat meningitis by Pneumococci, Meningococci, & H. influenza.  May be effective vs some 


Pseudomonas species.

· Interactions:   potentiates nephrotoxicity of aminoglycosides

Other (-lactam drugs:

· Carbapenems = Imipenem (prototype, newer) - binds 3 PBP’s , same mechanism of action. Exhibits post-antibiotic effect - killing after 


discontinuation.  Active vs gram + and gram -’s.  Similar resistance and side-effects (allergy) including seizures as side-effect.  Unique (-


lactamase susceptibility.

· Vancomycin  - Structurally unique.  Bacteriocidal for gram positive organisms.

· Mechanism of action:




-binds to the C-terminal end of D-ala-D-ala and prevents elongation and cross-linking (step before transpeptidase).



-not wide spectrum so won't destroy the gram negative bacteria in Gut.

· Uses: not absorbed orally, given IV (unless given for enterocolitis than oral). Drug of last resort for Methicillin Resistant 

Staph. aureus infections.  Now resistant strains of Staph aureus and Enterococci.

· Adverse effects: early preparations caused phlebitis at the site of  injection, rash, ototoxicity and nephrotoxicity (( with the newer 

drug  synthesis), flushing (red man syndrome histamine release with rapid administration).

Protein Synthesis Inhibitors: Tetracyclines, Aminoglycosides, Chloramphenicol, Macrolides (Erythromycin)

Mechanism of action (selective toxicity):  bind the 30S and 50S ribosomes. Bacteria have 70S vs mammalian ribosomes which are 80S. All are wide-spectrum 

· Tetracyclines (Tetracycline, Doxicycline, Minocycline):  Large group of drugs w/ 4 ring structure.  Originally isolated from Streptomyces aureofaciens

· Mechanism of Action:  Enters microorganism by active transport, NOT transported into Mammalian cells.  Binds directly to 30S ribosome and prevents docking of the aminoacyl-t-RNA.  Prevents new amino acids from being added to the nascent polypeptide chain ( bacteriostatic (prevents cell from dividing),  need host response to kill bacteria.





· Resistance: Plasmid mediated resistance is extremely common among gram negatives.  The bacteria develop an efflux pump (encoded on plasmid) to ( the intracellular concentration.  Resistance to tetracyclines is increasing:  No longer used alone for N. gonorrhea. Tetracycline has been used in animal feed (banned in Britain) causing increased resistance.

· Clinical uses of tetracyclines:  Mycoplasma, Chlamydia, Rickettsia (Intracellular or no cell wall), H. pylori

· Adverse effects: 

· GI:  Broad spectrum -  Nausea, Vomiting, Diarrhea, Superinfection w/ C. difficile.

· Hepato- and Nephro toxicity with higher doses or with outdated Tetracycline.  CAUTION:  Old Tetracycline MUST be thrown out 


as it  generates toxic breakdown products.

· Chelation of divalent metals by Tetracycline leads to discoloration of teeth, bone (Calcium)

· NOT for kids under 8, or pregnant women.


· NOT w/ kidney failure except for Doxycycline (not eliminated in urine).


· Interactions:  interferes with (-lactams

· aminoglycosides:  Originally dervied from Streptomyces spp.

· Mechanism: Binds to 30S ribosome:  Blocks formation of initiation complex,  leads to misreading of mRNA causing a non-functional proteins to be produced.

· Types of Aminoglycosides:

· Streptomycin:  rarely used except for Tb due to toxicity.

· Amikacin: replaced Gentamicin due to ( resistance.

· Neomycin:  topical ONLY (or before bowel surgery), often used in combination with Polymyxin and Bacitracin.

Combination topical ointment (Neosporin):  Neomycin (Aminoglycoside, wide spectrum) + Polymyxin (Gram neg. 

membrane as detergent) + Bacitracin (inhibits transfer of the mucopeptide to bacterial cell wall, acts on gram + cell walls).

In combination helps ( resistance, kill a wider variety. 

· Gentamycin:  Used for resistant Staph., but is synergistic with (-lactam antimicrobials.  Used in severe infections and injected IM or 


IV.


· Toxicity: Ototoxic (potentiated by loop diuretics) and nephrotoxic (potentiated by cephalosporins, vancomycin)

· Interactions:  interferes with methotrexate and carotenoids

· Chloramphenicol:   Chemically synthesized:  given to over 800,000 people from 1948-1951

· Mechanism of action:  Binds 50S ribosome, inhibits peptidyl transferase.  Prevents new protein synthesis. Bacteriostatic.

· Clinical uses/Toxicity: limited due to effects on the bone marrow and rare occurrences of aplastic anemia ( 1 in 25,000), toxic to newborns (( glucuronate conjugation).

· Resistance:  Chloramphenicol acetyl-transferase (CAT) or CAT gene breaks down the drug (plasmid encoded).

· Macrolides (Erythromycin, Azithromycin):  from Streptomyces erythreus, large 14-16 carbon ring (lactone) with sugars.

· Mechanism of action:  Binds 50S ribosome and inhibits translocation step. Erythromycin antagonizes Chloramphenicol binding, but different mechanism of action.  Bacteriostatic, broad spectrum

· Clinical uses: Gram positives, Mycoplasma avium Complex (MAC, AIDS), Mycoplasma pneumoniae, Legionella, Chlamydia.  Erythromycin can be used a Penicillin substitute in case of allergy to Penicillin.

· Resistance: plasmid-encoded methylation of the RNA on the 50S ribosome, Coliform bacteria have resistance due to an esterase that hydrolyses the lactone ring.

· Adverse effects:  GI (Nausea, Vomiting, Diarrhea).

· Drug Interactions Inhibits hepatic metabolism and decreases clearance of Theophyllin (can be toxic), Warfarin, Carbamazepine, Methylprednisone.  

Quinolones:  Ciprofloxacin, Flouroquinolones

· Mechanism:  Inhibit DNA Topoisomerase II (DNA gyrase) and DNA Topoisomerase IV.  Bacterial DNA is supercoiled and inhibiton of gyrase inhibits the relaxation of the DNA and availability for transription.  Mammalian DNA is NOT supercoiled.  Inhibition of Topo IV may interfere with DNA separation during cell division.  Bacteriocidal and can kill stationary organisms.

· Clinical uses:  Most MRSA also resistant to newer Quinolones.  Used primarily for gram negatives.  Limited clinical experience w/ Mycoplasma, Chlamydia - some effectiveness vs Tb.  Effective vs some STD’s and UTI’s.

· Adverse effects:  GI effects, NOT in children due to cartilage effects, photosensitivity.

· Drug Interactions:  H2 antagonists (Ranitine/Cimetidine) ( clearance of Quinolones.  Can ( Theophyllin levels (can be toxic).

Antimycobacterial Drugs
I. Types of Mycobacteria


1. Tuberculosis


2. Leprosy


3. "Atypical" Mycobacterium


4. Mycobacteria avium complex (AIDS, Immune def.)


A. Tuberculosis: re-emerging disease due to resistance, ( in immune deficiency.

1.  Tb symptoms: Chronic disease (primary infection may present ( symptoms, slow growing bacteria, grow intracellularly in macrophages.

-can be "isolated" in caseated granules, can form Ghon complex (seen on chest X-ray) or seed apical post. lobe.

-  transmitted by droplets (dried), 2ndary reactiv. of disease

2. Drug therapies:

a. Combinations of drugs, can lead to ( resistance:  Isoniazid (INH), Rifampin, Ethambutol.  Addition of Pyrazinamide to the combination shortens the duration to 2 months (now recommended). For extrapulmonary infections a 6 month regimen is usually used, patients become non-infectious in 2-3 wks.

3. Tuberculous meningitis or miliary TB (Disseminated)

Th1 vs Th2 people:  Th1 type immune response leads to ( killing and less disease - Why?  

Most people have little response to 1st infection - reactivation is the problem (Consumption).

Implications of chronic drug treatment:  ( resistance, (side effects.  

A.  ISONIAZID (INH): most effective drug for Tb since it can enter Eukaryotic cells Tb grows in Macrophages, but ( resistance.  Structure: small molecule, water soluble


1. Mechanism of action: Inhibits the biosynthesis of meromycolic acids,  precursors of mycolic acid (Mycobacterium major cell wall component) unique to Mycobacterium (Acid-fast). 

Bacteriocidal for rapidly dividing Mycobacterium and Mycobacteria in Macrophages, and for slow growing Myco. in caseating granules.

Dormant bacteria are NOT affected (only Rifampin or Quinolones may work).


2. Resistance:  may involve deletion of catalase gene, reactive intermediate of Isoniazid may be the active metabolite.  Resistant mutants appear in 1x10 7 bacteria, so selected for in a single person (10 9 in some infections).


3. Pharmacokinetics:  t 1/2 dependent on rate of metabolism, rate of acetylation, genetic differences in acetylation rate:  fast acetylators : t1/2 = < 1.5 hrs, at risk for hepatotoxicity



    slow   "     "      : t 1/2 = 3 hrs, at risk for peripheral neuropathy.
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During active disease the difference between the fast and slow acetylators has little effect, a daily dose is used. During maintenance (so-called prophylaxis in asymptomatic or subclinical infections), the fast acetylators have a ( effective concentration, doses are given 2x weekly.


4. Adverse effects: Hepatotoxicity, peripheral neuritis, insomnia, muscle twitching, convulsions due to depletion of pyridoxine (( excretion of Vitamin B6).  B6 is directly bound and converted to a Hydrazone, B6 should always be co-administered with Isoniazid.

INH may lead to pyridoxine deficiency in breastfed infant due to high levels found in breast milk.

Hepatitis : risk is greater in alcoholics and in older people

INH can ( the adverse effects of Phenytoin, Carbamazepine due to competition for metabolism (( of t 1/2),  particularly important in slow acetylators. INH can ( Ketoconazole concentration.


B. Rifampin = Rifampicin (Europe)
1. Mechanism of action:  binds to the (-subunit of bacterial DNA-dependent RNA polymerase.  Inhibits bacterial mRNA synthesis.

2. Clinical uses:  usually administered with INH and Ethambutal for Tb.  Bacteriocidal for leprae and "atypical" Mycobacteria,  can be used for H. influenza B prophylaxis, given for susc. contacts (exposure).

3. Resistance:  One step resistance in 108 org. due to an alteration in affinity of the RNA polymerase.

4. Adverse effects:  Include nausea, vomiting, rash, fever.  Jaundice (rare): not to be given with liver damage

Rifampin affects hepatic metabolism of estrogen (( levels of Verapamil, Corticosteroids, Quinidine, Dig., (-blockers Benzodiazepines) - Also Erythromycin has a similar (but ( effect).  Watch both these antimicrobials with birth control pills.  Orange colored urine, tears and contact lens (harmless - see Gatorade commercial).


c.  Pyrazinamide:  Older drug now used short term as first line Antimycobacterial.

1.  Mech. of Action:  Bacteriocidal vs intracellular organisms in acidic pH, exact mech. is unknown.

2.  Can be given weekly or twice weekly to get good compliance.

3.  Toxicity:  Hepatotoxicity, ( with lower drug doses and shorter duration of therapy.  Also ( gout (( serum uric acid).


D. Ethambutol
1. Mech. of action:  Not clear - but affects mycolic acid.

2. Clinical uses: Bacteriostatic for most Mycobacteria strains

3. Adverse effects:  visual disturbances (vision testing during treatment), symptoms regress when drug is discontinued

Second line drugs used when 1st line resist. is encountered or failure of clinical response:


e.  Streptomycin (Aminoglycoside):  How does it work? Only effective outside 
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mammalian cells.  Therapy for active Tb usually start w/ 4 of the 5 Antimycobacterial drugs due to the possibility of resistance.

Prophylaxis:  INH is used to treat subclinical infection (( in PPD size above 5mm or more than 15 mm in a year).  INH alone should NEVER be given for active infection.  Other risk factors: AIDS, Alcohol abuse, other countries, malnutrition, ( immune function or T cell response.

Other drugs that are used vs Tb:  Quinolones (Ciprofloxacin, Amikacin, Ethionamide (Bacteriostatic).

B. Mycobacterium leprae, avium complex (MAC)

Drugs used:


1. Dapsone (inhibits folate biosynthesis), also vs MAC. and Pneumocystis carinii pneumonia (PCP).

Adverse rxn: hemolytic anemia (esp. w/ G6PD def.)


2. Rifabutin (Structural analogue of Rifamycin):  Active vs MAC and M. tb.  Rifabutin and Clofazimine have been used to treat M. avium complex.


3. Clofazimine (Phenothiazine dye, binds to DNA):  for Dapsone resistant leprosy.  Adverse rxn: skin discoloration, nausea, vomiting, headache, dizziness.

DNA Inhibitors (Rifampin + ..)
A.  Sulfonamides (prototype = Sulfamexazole)


1. Structure:  Similar to PABA, with varying R group at R1 and R2.


2. Mech. of Action:  Structural analogues of PABA (competitive inhibitors). Susceptible organisms require PABA to synthesize folic acid for DNA synthesis.  Animal cells do not synthesize folic acid (obtain in diet).  Sulfonamides replace PABA and form non-functional analogues.

PABA ( Dihydrofolate ( Tetrahydrofolate (  DNA synth.

Sulfonamides
Trimethoprim    (Sulfonamides & Trimethoprim are synergistic (SXT))


3. Resistance to Sulfa drugs:

a. alteration of the dihydropteroate synthetase enzyme so that there is ( affinity for PABA and ( affinity for the sulfa drugs.

b. ( PABA synthesis (b/c competitive inhibitor)

c. ( inactivation or ( permeability of sulfa drugs so that there is a ( in the effective concentration.

Gonococci: Most resistant to sulfa drugs now.


4. Clinical uses of Sulfa drugs: (For bacteria, fungi, and parasites)

a. Nocardia

b. Urinary Tract Infections (Sulfa-Trimethoprim = SXT).  Why is it used here? 



c.  Pneumocystis carinii (fungus) - treatment of choice, used in combo with Trimethroprim, used IV with AIDS 

d. Toxoplasma gondii (parasite)
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5. Side effects (( when Trimethoprim is given in conjunction):  Allergy (all are x-reactive), esp. skin rash, must be discontinued (‘except in AIDS). Urinary tract, sulfa drugs may ppt. in urine at neutral or acid pH (need to alkalinize urine).

B. Trimethoprim

1. Mech. of action:  Inhibits Dihydrofolate(DHF) reductase 


2 . Often used w/ Sulfa - Sequential steps are blocked (Bactrim, Septa, common combos).


3. Resistance:  Plasmid can encode for skipping DHF reductase step.  Use of Folate from bloodstream (( Folate uptake). 


4. Clinical uses:  Trimethoprim (weak base) and concentrates in acidic compartments (urine). Used for : UTI’s, Otitis media, Sinusitis, Bronchitis - for Strept. pneumoniae, H. Influenza, B. pertussis, PCP (AIDS) and some other parasites and fungi.

