








	SUBMODULE E





ANTIBIOTICS AND CHEMOTHERAPY





Overview


	


	The antibiotics and chemotherapeutic agents are perhaps the most frequently used (and abused) drugs in the armamentarium ($5 word) of physicians.  The antibiotics and chemotherapeutic agents, in contrast to other drugs, are not intended to alter the metabolism of the host, but rather that of the parasite, so that the host can overcome the infection.  The ideal antibiotics therefore are those that affect the parasite without affecting the patient.  The controlling concept them becomes, "What is the mechanism of action of a given antibiotic and is the metabolism of the parasite more susceptible than that of man?"  Much of this material is in the Pharmacology module, so review as needed.





	Because of common biochemical pathways between man and certain parasites, most antibiotics are not devoid of toxicity.  In addition, the body's ability to bind, degrade and excrete potentially toxic chemicals extends to antibiotics and chemotherapeutic agents.





	Don't memorize every name, but place agents in mechanistic and therapeutic groups.





I.	General Objectives for ALL Antibiotics and Chemotherapeutic Agents.


	Review Chapter 13 of Sherris and Chapter 29 of Schaechter.  Do not memorize dosages.  	You have learned specific therapies under individual bugs and diseases.  Review the general 	pharmacokinetics of antibiotic drugs.





		 		A.	Rational use of antibiotics





				B.	Mechanism of action





				C.	Clinical use (microbial agents affected by each drug)





				D.	Resistance to the antibiotics





				E.	Nature and intensity of toxic and allergy reactions





				F.	Susceptibility testing and monitoring





II.	Factors Affecting Antibiotic Use





	A.	Antibiotic of choice for a given syndrome and etiologic agent may depend on the patient.


	


	B.	Preferred route of administration.  Eventually, you will have to learn when antibiotics 			are used prophylactically, changed during therapy or used in combination.





	C.	Mode of elimination of drug from the body (renal, liver, etc. for Pharmacology module)





	D.	Absorption, distribution, protein binding and excretion





	E.	Concentration in fluids and tissues in relation to the MIC of an organism (I think that Dr. 			Ayers references Katzung here, but she does not exactly say Katzung).





III.	Specific Objectives


A.		Chemotherapeutic Agents


			For the following chemotherapeutic agents, the specific characteristics to remember, in 			addition to those under "General Objectives," are:


			1.	Sulfa drugs 


				Of the specific sulfonamides, the most important are:


				* Sulfadiazine


				* Sulfasuxidine


				* Sulfisoxazole (Gantrisin)


				* Sulfamethoxazole, sometimes in combo with trimethoprim (Bactrim, Septra)





			(1)	Mode of Action (MOA)


					Sulfonamides are bacteriostatic inhibitors of folic acid synthesis		


					Antimetabolites of PABA, they act as competitive inhibitors of dihydropteroate 					synthetase. 





			(2)	Mechanisms of Bacterial Resistance


					May be caused by decreased intracellular accumulation of the drug or


					May be caused by increased production of PABA by the bacteria or


					May be due a change in the sensitivity of dihydropteroate synthetase


					Clinical resistance to trimethoprim results from the formation of dihyrofolate 					reductase with a reduced affinity for the drug.





			(3)	Why humans are not affected (biochemically)


					Humans are not affected because mammalian cells can utilize preformed folic acid 					from the diet whereas bacteria cannot.





			(4)	Precautions taken during administration of sulfonamides


					Most adverse effects are due to hypersensitivity reactions, resulting in fever, 					rashes and a serum-like sickness.  


					There may be cross-allergenicity between the individual drugs.


					Stevens-Johnson syndrome has occurred (was mentioned way back in respiratory. 					submodule).





			(5)	Sulfa drugs should not be used because of toxicity to patients, fetus and 				newborn.


					"Long-acting" sulfonamides (e.g., sulfamethoxypyridazine) have a very slow 					urinary excretion rate.  This results in prolonged drug levels and has resulted in 					severe toxicity.  With the exception of sulfadioxine (in Fansidar), they have been 					withdrawn in the U.S.  


					Sulfonamide of "intermediate action" (e.g., sulfamethoxazole) have no advantage 					except convenience of dosage, particularly when formulated in a mixture of 					trimethoprim (Bactrim).





			(6)	Clinical Use of Sulfa Drugs


					Uncomplicated UTIs (E. coli), given PO (by mouth)


					Eye infections, topical


					Burn infections, topical


					Ulcerative colitis, PO


					Nocardia and some chlamydial infections 


					Meningococcal infections PROPHYLAXIS during epidemics





			2.	Antimycobacterial drugs 


				The following antimycobacterial drugs are of importance


				* Rifampin or Rifamycin


					- 	Not used alone.


					- 	It is bactericidal to M. tuberculosis and, if given monthly, delays the emergence 						of resistance to dapsone in leprosy.


					- 	Inhibits the DNA-dependent RNA polymerase of many microorganisms.


					-	Mechanisms of resistance includes modifications of DNA dep. RNA Pol 						decreasing the affinity for rifampin and decreased permeability to the drug.


					- 	Penetrates into all fluids and tissues, including CNS.


					- 	Adverse effects include hepatotoxicity, thromobcytopenia, skin rashes, 						decreased antibody responses, a "flu" syndrome and, something to tell your 						patients, it will turn their urine, sweat, tears, saliva and feces orange-red.


					*	Decreases the plasma level of drugs metabolized by the P450 system, including 						warafin, digitoxin, steroids, methadone, metoprolol, propranolol and quinidine.





				* Ehtambutol 


					- Replace PAS in most instances.


					- MOA unknown


					- Most common adverse effects are dose-dependent visual disturbances.


					- Other neurotoxic effects include headache, confusion and peripheral neuritis.


					- Resistance develops rapidly.





				* Streptomycin


					- We shall look at this one under aminoglycosides.





				* Isoniazid (INH)


					- 	While the MOA of INH is not stated, recent publications (circa1995 from 						OSU) indicate that hydroxyl formation resulting from interaction between the 						drug, H2O2 and a catalase peroxidase is the probable MOA.  So, it is like 						treating the mycobacterium with a strong base, only minus the toxicity that you 						would see if you actually treated the mycobacterium with a strong base in vivo 						(because drinking 12M KOH is probably not a good idea).


					- 	Adverse effects include neurotoxicity (peripheral neuritis, restlessness, muscle 						twitching) is alleviated by pyridoxine administration.  Also hepatotoxicity, 						inhibition of drug metabolism, hemolysis in G6PD deficiency syndromes and 						allergies.


					- 	Resistance can emerge rapidly, so INH is given with other drugs except when 						used as prophylaxis.





				* Sulfones


					- 	Mode of action is probably similar to the sulfonamides.  


					- 	Dapsone is used in the treatment of leprosy


					- 	Adverse effects include GI irritation, fever, rash, methemoglobinemia. 	 


						Hemolysis can also occur with G6PD deficiency. 


				


				* For some reason pyrazinamide is not on this list even though it is included in texts.


				


			3.	Antiviral agents 


				You can read Schaechter Chapter 43 or see the Peds. Redbook, 424-525.


				To avoid repeating myself (especially considering how successful I have been thus 				far), please realize that if a drug is a nucleoside analog then it is going to inhibit 				DNA polymerase (which makes perfect sense anyway).


				* Acyclovir and Ganciclovir


					Antiherpes and Anti-CMV actions, also useful in treated shingles (so it must 					have some anti-VZV action as well).


					MOA is inhibition of the viral DNA polymerase.  In order to be active, the drug 					must first be phosphorylated by thymidine kinase.  HSV encodes a thymidine 					kinase that phosphylates acyclovir far better than does the host's own kinase.  					The resulting monophosphate is then further phosphorylated by cellular 					enzymes to generate acyclovir triphosphate, which inhibits the DNAP of some 					herpes viruses (it is actually halts chain synthesis by acting as substrate 					analogue, which will be pretty obvious to you if you check out the structure of 					acyclovir and ganciclovir).


					HSV is the most sensitive to the drug, followed by VZV.  Acyclovir does not 					block CMV DNAP well because CMV does not encode a TK.  However, 					ganciclovir does block CMV so it must differ in its MOA, even though, 					structurally, it is very similar to acyclovir (i.e., both guanine analogs).


					Greatest benefit of acyclovir treatment is in prolonged or severe mucocutaneous 					HSV infections in normal or immunocompromised hosts.


					Does not prevent or terminate latency of herpesvirus, so infections are just as 					likely to recur.


					Acyclovir is useful in the treatment of shingles while Ganciclovir is useful in 					the treatment of CMV infections (e.g., retinitis, pneumonia, esophagitis).


					Both drugs can be given PO and IV.  Acyclovir is also given topically.


					Both drugs undergo renal excretion.


					Toxicity includes systemic effects, delirium, tremor, seizures, hypotension, 					nephrotoxicity (Acyclovir precipitates in renal tubules).  Bone marrow 					suppression can occur with ganciclovir (neutropenia, thrombocytopenia and 					granulocytopenia).


				*	Concurrent use of zidovudine (AZT) with ganciclovir may potentiate bone 					marrow suppression.


					


				* Adenosine arabinoside (Ara-A, vidarabine) 


					Used for herpes infections, specifically keratoconjunctivitis, HSV encephalitis, 					and neonatal herpes, but not on genital lesions,  this adenosine analog is 					converted to active (triphosphate form) in cells.


					Also used to prevent dissemination of VZV in immunocompromised patients 					(i.e., suppresses shingles).


					Given IV and topically and undergoes renal elimination.


					Adverse effects are mostly GI, including anorexia, nausea, vomiting and 					diarrhea.  Paresthesias and tremors, with occasional convulsions reported.  					Hepatic dysfunction is possible.





				* Azidothymide (AZT or zidovudine) 


					This analog of thymidine is phosphorylated to active in cells and inhibits reverse 					transcriptase (so this only happens in virally infected cells) of HIV.


					Temporarily reduces the morbidity and mortality in HIV + patients and slows 					the rate of progression of immune suppression.  Does not increase long term 					survival.


					AZT can cross the BBB and placental barrier.  Because of the latter, AZT is 					now recommend for HIV + females to take from 14 wks gestation to delivery 					and for infants until 6 wks after birth to decrease vertical transmission of the 					virus (down from 25% to 8%).


					Given PO and undergoes renal and hepatic clearance (see below for warning).


					Toxic effects include bone marrow suppression, granulocytopenia, 					thrombocytopenia, headaches, agitations and insomnia.  There have been 					reports of seizures as well.


				*	Drugs which compete with AZT for glucuronidation (e.g., probenecid, 					acetaminophen, aspirin, cimetidine, morphine) will decrease 					zidovudine's clearance and potentiate toxicity.





				* 5-iododeoxyuridine (IDU) or idoxuridine


					Topical thymidine analog converted to active in cells and incorporated into both 					viral and mammalian DNA (this gives you a clue as to why it is only given 					topically and not used for systemic infections).


					Used for HSV keratitis.


					Side effects can include conjunctival irritation and photophobia.





				* Ribavirin


					Inhibits the replication of both RNA and DNA viruses by interfering with 					guanidine monophosphate formation (and thus nucleic acid synthesis).  Requires 					phosphorylation to active by human kinases. 


					Used for respiratory syncytial viral infections primarily, but is also used for 					Lassa fever (arenavirus) and Influenza A and B viral infections.	


					Side effects can include anemia and a worsening of respiratory symptoms, so 					the respiratory status of the patient must be carefully monitored, especially in 					babies (big target of RSV) and adults with COPD and asthma.


					Given IV or by aerosol.





				* Amantadine and Rimantidine					


					Inhibits the uncoating of the Influenza A virus after it enters cell by blocking 					bidirectionally the viral M2 membrane protein.  The M2 protein forms a pump, 					which moves H+ into the endosome (thus lowering pH).  The new, lower pH 					facilitates viral uncoating.


					Rimantidine does not cross BBB as well as amantadine does.  As a side note, 					recall from Pharmacology that amantadine is also anti-Parkinsonian.


					These drugs are better used prophylactically, but they may modify symptoms of 					influenza A infection if given early in the infection.


					Toxicity can include CNS effects, more common in the elderly, such as anxiety, 					confusion, insomnia, ataxia, dizziness and slurred speech.  GI side effects can 					include anorexia and nausea.  Anticholinergic effects include dry mouth, urinary 					retention and blurred vision.


					s Given PO.


				* 	Tetrogenic:  do not give to pregnant women.





				* Methisazone (marboran)


					Active against pox viruses, by interfering with the synthesis of a late structural 					protein, resulting in blockade of particle assembly.





				* Didanosine (ddI dideoxyinosine) and Zalcitabine (ddC or didoxycytidine)


					Active against HIV, these respective nucleoside analogs are phosphorylated to 					active in host cells and inhibit reverse transcriptase.


					These drugs are indicated in patients who are intolerant to AZT or who have 					advanced HIV infection (T-cell count < 300 cells/mm3).


					Major side effect seen with both drugs is a peripheral neuropathy.  ddI can 					also cause pancreatitis.


					Both are given PO and undergo renal excretion.





			4.	Interferons 


				These glycoproteins originated from leukocyte, fibroblasts or immune cells and 				are now produced by recombinant DNA techniques.


				Clinical uses include prevention of herpes zoster virus dissemination in cancer 				patients, suppression of viremia with HBV and cancer chemotherapy.


				Toxicity includes GI irritation, fatigue, anemia, myaglia, mental confusion and 				cardiovascular dysfunction.





			5.	Antibiotics affecting the cell wall of bacteria 


				b-lactam compounds  (this is quite disorganized, so be prepared for the madness to follow)


					1.	The penicillins


							a.	Compare the prototype with the other agents listed with regard to:


								(1)	Bacteriostatic v. bactericidal


									* Penicillins are bactericidal, but only affect metabolically active 										bacterial cells.


								(2)	Antimicrobial spectrum - mechanisms of resistance


								(3)	Susceptibility to the action of penicillinase (b-lactamase)


								(4)	Oral usage


								(5)	Degree of protein binding


								(6)	Nature and intensity of toxic and allergic reactions.


								(7)	Probenecid (blocks penicillin secretion from kidney)


									* Blood levels of all penicillins can be raised by simultaneous 										administration of probenecid, which impairs tubular secretion of 										weak acids.





							b.	Prototype is Penicillin G.  This subclass of penicillins have a limited 								spectrum of activity and are susceptible to b-lactamases.


									You can see the very exciting b-lactam ring if you turn to page 192 in 									Sherris (figure 13.1).  Please look at Table 13.1 (194).	


 									Clinical uses include therapy of infections caused by many 									streptococci, gonococci, meningococci, Gram-positive bacilli and 									spirochetes.


									Most strains of Staph. aureus are resistant.


									Activity against Strep. viridans and Strep. faecalis is enhanced by 									aminoglycosides.


									Penicillin G is acid unstable, so the drug is destroyed in stomach.


									Penicillin V is oral and used mainly in common strep infections.


									Procaine and benzathine Penicillin G are used as "repository form" 									(IM).


									Little action against most Gram-negative bacilli.





							c.	Semi-synthetic congeners.  There is continuous production of new 								b-lactam antibiotics.  Know the principles of their action and resistance.


								 	All oral penicillins should not be taken with food to reduce binding and 									acid activation (and thus penicillin inactivation).





								1.	Oral preparations


										Ampicillin


										Penicillin V


										(Dicloxicillin)





								2.	Antistaphylococcal 


										Methicillin


										Oxacillin


										* Oxacillin is the most strongly bound to food (i.e., protein-bound).


										Nafcillin


										(Dicloxicillin)


										* These agents are not affected by b-lactamases, but they 											have a narrow spectrum of activity.  Their sole use is the 											treatment of known or suspected staph infections. Methicillin- 											resistant staph may be resistant to multiple antimicrobial drugs.





								3.	Extended spectrum 


									* These have a wider spectrum than does Penicillin G, but they 										remain susceptible to b-lactamases.


										Carbenicillin


										* Carbenicillin has activity against several Gram-negative rods, 											including Pseudomonas sp., and is synergistic with 											aminoglycosides against such organisms.


										Ampicillin


										* Clinical uses of ampicilin include indications similar to penicillin 											G and also infection due to E. coli, Proteus and H. influenzae 											type b (some other strain are resistant).  





								4.	Broader spectrum 


									* These are still susceptible to b-lactamases.  They have activity 										against some Gram-negative including Enterobacteriaceae and 										some Pseudomonas.  (Carbenicillin does too, but not Ampicillin)


										Ticarcillin


										Mezlocillin


										Piperacillin


										Azlocillin





								5.	Combinations


										b-Lactamase inhibitors (e.g. Clavulanic acid) + Amoxicillin 										(called Augmentin)


										* Given PO.


										Clavulanic acid + Ticarcillin (called Timentin) 


										Sulbactam + Ampicillin (called Unasyn)


										Piperacillin + Tazobactam (Zosyn)


										* Given IV.


											


							d.	Mode of Action at the Molecular Level


								* b-lactam antibiotics are bactericidal.  They inhibit cell wall synthesis by 									the following steps:


									(1)	Binding of the drug to specific receptors (penicillin-binding 										proteins, PBPs) located in the bacterial cytoplasmic membrane.


									(2)	Inhibition of transpeptidase enzymes that cross-links linear 										peptidoglycan chains which form part of the cell wall.


									(3)	Activation of autolytic enzymes that cause lesions in the 										bacterial cell wall.


					


							e.	Toxicity & Guidelines for Administration


								Allergic reactions include urticaria, severe pruritis, fever, joint swelling, 


								hemolytic anemia, nephritis and anaphylaxis.


								Methicillin causes more nephritis than the other penicillins


								Ampicillin frequently causes maculopapular skin rashes that may not be 								from allergy.


								GI disturbances occur with oral penicillins, especially ampicillin.


																


					2.	The cephalosporins


							There is a list of drugs by generic and trade name for REFERENCE on page 							55.  Don't learn specific dosage levels or all the trade names, but be able to 							answer the following questions.  Make a table from your readings in this and 							the Pharm module.  If the information is not there (where?), it is not known 							or not relevant.    


									(1)	Is the drug bacteriostatic or bactericidal? 


											*All are bactericidal on dividing bacteria


									(2)	Which drugs readily enter the CNS?


											* The 3rd generations enter the CNS and the 2nd generations enter 												the CNS when the meninges are inflamed.


									(3)	How do the derivatives compare with the prototype cephalosporin 											and, after reading below, with penicillins in terms of:


											(a)	which are oral agents


											(b)	susceptibility to b-lactamase


											(c)	antimicrobial spectrum


											(d)	protein binding, plasma levels (qualitative)


											(e)	excretion and urine concentration


											(f)	allergic side effects (both in type and intensity)


											(g)	any cross allergenicity with penicillins	


												*	In general, the cephalosporins now in use are of low 														toxicity and can be given in large doses for complex 														infections.  Hypersensitivity may develop, but 														cross-sensitivity to the penicillins is unusual.  This is in 													 	Sherris, but in several other sources say that, in 													 	fact, patients who are allergic to penicillins should not be 													 	given cephalosporins.  


																													Also, probenecid (uricosuric agent) delays the tubular secretion of most 						cephalosporins, except moxalactam, and results in elevated plasma drug 						concentrations.  This interaction is also observed with many penicillins. 


									


		Some points to keep in mind regarding generational differences:


			(1)	Decreased Gram-positive activity


			(2)	Increased Gram-negative activity


			(3)	Increased resistance to b-lactamases


			(4)	Increased CNS penetration (only 3rd generation can pass BBB)


			(5)	Increased potency and broader spectrum of activity


			(6)	Increased cost!





	On page 195 of Sherris, we are advised only to learn a few of the cephalosporins and to learn 	them well and to use them on our patients (well, if they need them).  So, go ahead and pick 	the ones you like the best.  





The following information I found in the USP DI 17th ed. (1997), 771-774.


   


I.	First Generation Cephalosporins


	This list covers everything in the module plus cefadroxil (not listed in module as 1st gen)


	First generation spectrum includes S. aureus (penicillinase producing and nonproducing) 	and streptococci (other than enterococci); E. coli; Klebsiella sp.; Proteus mirabilis.  Poor 	anaerobic coverage (e.g., B. fragilis is not sensitive to 1st gen. cephalosporins), but 	peptococcus and peptostreptococcus are sensitive.


	Urine concentration is usually very high.


	A.	Cefadroxil (Duricef)


			 Given PO


			 95% bioavailability


			 Volume of distribution = 0.31 L/kg


			 Protein binding is low (15-20%)


			 No hepatic or renal transformation


			 t1/2 = 1.2-1.5 h (normal renal function)


			 t1/2 = 20-25 h (impaired renal function)


				


	B.	Cefazolin (Ancef, Kefzol)


			 Given IM and IV


			 Volume of distribution = 0.12 L/kg


			 Protein binding is high (85%)


			 No hepatic or renal transformation


			 t1/2 = 1.4-1.8 h (normal renal function)


			 t1/2 = 3-42 h (impaired renal function)


				


	C.	Cephalexin (Keflex)


			 Given PO


			 Bioavailability = 95%


			 Volume of distribution = 0.26 L/kg


			 Protein binding is low (10-15%)


			 No hepatic or renal transformation


			 t1/2 = 0.9-1.2 h (normal renal function)


			 t1/2 = 5-30 h (impaired renal function)


				


	D.	Cephalothin (Keflin)


			 Given IM or IV


			 Volume of distribution = 0.26 L/kg


			 Protein binding is moderate to high (70%)


			 20-30% is biotransformed in the kidneys and liver


			 t1/2 = 0.5-1 h (normal renal function)


			 t1/2 = 3-18 h (impaired renal function)


			 At high doses, acute tubular necrosis may occur.


				


	E.	Cephapirin (Cefadyl)


			 Given IM or IV


			 Volume of distribution = 0.13 L/kg


			 Protein binding is moderate (44-50%)


			 40% is biotransformed in the kidneys and liver


			 t1/2 = 0.5-0.8 h (normal renal function)


			 t1/2 = 1.5-2.7 h (impaired renal function)


				


	F.	Cephradine (Velosef)


			 Given PO, IM or IV


			 Bioavailability is 95% when given PO


			 Volume of distribution = 0.25 L/kg


			 Protein binding is low (8-17%)


			 No hepatic or renal transformation


			 t1/2 = 0.8-1.3 h (normal renal function)


			 t1/2 = 8-15 h (impaired renal function)


				


II.	Second Generation Cephalosporins


	Second generation spectrum includes all of those in first generation plus some more 	Gram-	negatives, including Haemophilus.  None are active against enterococci or P. 	aeruginosa.


	Most second generation cephalosporins have limited CNS penetration; however, some may 	cross the BBB, when the meninges are inflamed.


	A.  	Cefaclor (Ceclor)


			 Given PO


			 95% bioavailability


			 Volume of distribution = 0.35 L/kg


			 Protein binding is low to moderate (25%)


			 No hepatic or renal transformation


			 t1/2 = 0.6-0.9 h (normal renal function)


			 t1/2 = 2.3-2.8 h (impaired renal function)





	B.  	Cefamandole (Mandol)


			 Given IM or IV


			 Volume of distribution = 0.16 L/kg


			 Protein binding is moderate to high (70-80%)


			 No hepatic or renal transformation


			 t1/2 = 0.5-1.2 h (normal renal function)


			 t1/2 = 3-18 h (impaired renal function)


			A disulfiram-like reaction has been noted with this drug (due to blockage of LADH 			resulting in elevated levels of acetaldehyde).


			Associated with serious bleeding due to thrombocytopenia or platelet dysfunction.  			Usually seen in the elderly, poorly nourished and those with renal insufficiency.  Give 			Vitamin K.


			You might do well not to choose this one as one of your favorites. 	





	C.  	Cefonicid (Monocid)


			 Given IM or IV


			 Volume of distribution = 0.11 L/kg


			 Protein binding is very high (> 90%)


			 No hepatic or renal transformation


			 t1/2 = 4.5 h (normal renal function)


			 t1/2 = 17-56 h (impaired renal function)





	D.  	Cefoxitin (Mefoxin)


			 Given IM or IV


			 Volume of distribution = 0.16 L/kg


			 Protein binding is moderate to high (70-80%)


			 Slight hepatic and renal biotransformation to an inactive metabolite (0.2-5%)


			 t1/2 = 0.7-1.1 h (normal renal function)


			 t1/2 = 2-20 h (impaired renal function)





	E.  	Cefuroxime (Zinacef or Ceftin)


			Given as an oral suspension or in tablet form


			Bioavailability is variable, depending on whether drug is taken with food (52% 			bioavailable) or during fasting (37%).


			Protein binding is moderate (50%)


			No hepatic and renal biotransformation; prodrug is rapidly hydrolyzed to cefuroxime


			t1/2 = 1.2-1.9 h (normal renal function); half-life is significantly longer in neonate


			t1/2 = 17 h (impaired renal function)


			Can cross the BBB well enough to treat meningitis (especially H. influenzae) and 			sepsis.





	F.  	Ceforanide (Precef)


			Given parenteral


			This was not mentioned in any of my reference texts.





III.	Third Generation Cephalosporins


	Third generation spectrum is expanded to work against enteric and other Gram-negative 	rods.  High activity against H. influenzae and Neisseria gonorrhoeae, including b-lactamase-	producing strains; active against Pseudomonas aeruginosa and many Gram-negative 	anaerobes.


	Be aware the using third generation cephalosporins opens the patient up (figuratively 	speaking, of course) to bacterial superinfection caused by Gram positives and fungi due to 	limited coverage of these organisms.


	A.  	Cefoperazone (Cefobid)


			 Given IM or IV


			 Volume of distribution = 0.14-2.0 L/kg


			 Protein binding is high to very high (82-93%)


			 No hepatic or renal transformation


			 t1/2 = 1.6-2.6 h (normal renal function)


			 t1/2 = 2.8-4.2 h (impaired renal function)


			 Excreted through bile into feces (which may cause more frequent diarrhea)


			 Alcohol intolerance (disulfiram-like reaction) & serious bleeding


			 Does not have very good CNS penetration


			 Adequate activity against Pseudomonas





	B.  	Ceftazidime (Fortaz)


			 Given IM or IV


			 Volume of distribution = 0.21-0.28 L/kg


			 Protein binding is very low (< 10%)


			 No hepatic or renal transformation


			 t1/2 = 2 h (normal renal function)


			 t1/2 = 13 h (impaired renal function)


			 Adequate activity against Pseudomonas





	C.  	Cefotaxime (Claforan)


			 Given IM or IV


			 Volume of distribution = 0.25-0.39 L/kg


			 Protein binding is moderate (38%)


			 30-50% hepatic or renal transformation to active and inactive metabolites


			 t1/2 = 1 h (normal renal function)


			 t1/2 = 3 h (impaired renal function)


			 Some of the best CNS penetration of the 3rd generations





	D.  	Ceftizoxime (Cefizox)


			 Given IM or IV


			 Volume of distribution = 0.35-0.40 L/kg


			 Protein binding is low (30%)


			 No hepatic or renal transformation


			 t1/2 = 1.7 h (normal renal function)


			 t1/2 = 30 h (impaired renal function)


			 Some of the best CNS penetration of the 3rd generations


			 Adequate activity against B. fragilis





	E.  	Ceftriaxone (Rocephin)


			 Given IM or IV


			 Volume of distribution = 0.12-0.14 L/kg (0.3 L/kg in peds pts.)


			 Protein binding is high to very high (85-95%)


			 No hepatic or renal transformation


			 t1/2 = 5.8-8.7 h (normal renal function)


			 t1/2 = 11.4-15.7 h (impaired renal function)


			 t1/2 = 4.3-4.6 in neonates with meningitis after a 50-75 mg/kg dose


			 Excreted through bile into feces





	F. 	Moxalactam (Moxam)


			 Given IM or IV


			 Alcohol intolerance and serious bleeding			


			 Adequate activity against B. fragilis





IV.	Allergic Side Effects of Cephalosporins


			Sensitizing and may elicit a variety of hypersensitivity reactions, including anaphylaxis, 			fever, skin rashes, nephritis, granulocytopenia and hemolytic anemia (this is rare, but the 			positive Coombs reaction is common). 


			The frequency of cross-allergenicity between cephalosporins and penicillins is between 			6-18%, so penicillin-sensitive patients may tolerate cephalosporins (but never attempted 			in cases of penicillin anaphylaxis).





					3.	b-Lactam Relatives


							a.	Carbapenems (Imipenem) 


								 b-lactam ring with substitution of carbon for sulfur in thiazolidine ring.


								Administered with an inhibitor of renal dihydropeptidase (Cilastatin).


								Highly resistant to most b-lactamases


								Wide spectrum of activity (including CNS).


								P. aeruginosa and B. fragilis are covered, but methicillin-resistant S. 								aureus is not affected.  Pseudomonas may develop resistance during 


								therapy.


										Given IV or IM and excreted unmetabolized in the urine. 


								*	Do not give to epileptic patient due to decreased seizure threshold.


								*	Do not give to individuals allergic to penicillins (high risk of being 										allergic to imipenem due to cross-sensitivity). 	





							b.	Monobactam (Aztreonam)


								Only binds to transpeptidase of Gram negatives.


								Resembles aminoglycosides in spectrum of activity


								No cross-sensitivity with penicillin.





					4.	Non-b-Lactam Antibiotics Affecting Cell Wall Synthesis


							a.	Vancomycin


								Bactericidal inhibitor of the synthesis of cell wall mucopeptides and 								resistance is minimal.  Rapidly bactericidal for dividing Gram (+)s.


								Binds with high affinity to the D-alanyl-D-alanine portion of the cell 								wall precursors and prevents polymerization of peptidoglycans.


								Effective against all Gram (+) bacteria, including MRSA.


								Normally it is used when it is the only drug to which the organisms are 								susceptible (this is the big gun in the arsenal of weapons).


									Used for serious Gram (+) infections in penicillin-allergic patients.


									Used for pseudomembranous colitis (PMC), can be given PO to treat this 									C.difficle superinfection because of its poor GI absorption.


									Except for PMC, it is given IV (due to poor GI absorption).  Penetrates 									most tissues and is excreted unchanged in urine.


									Ototoxicity and nephrotoxicity occur, but not as common now.


									Can cause "red man syndrome," flushing and itching of the torso, 									neck and face when infused too rapidly.





							b.	Bacitracin


										For topical use, this bactericidal drug is useful in the treatment of 									  	superficial skin infections.  It is too toxic to use systemically. 


										It prevents the dephosphorylation of the phospholipid that carries 									  	peptidoglycan across the cell membrane.					 





			6.	Antibiotics affecting protein synthesis 


				1.	The aminoglycosides


					a.	Prototype is Streptomycin	


							* Streptomycin is rarely used now because of high-level of stable resistant 								mutant bacteria.  This usually involves permeability changes across the outer 								membrane which leads to increased resistance to all aminoglycosides.


							* Streptomycin is used for TB, tularemia and the bubonic plague.





	* Regarding the aminoglycosides, you should know:


			(a) General MOA 


				* Bactericidal inhibitors of protein synthesis with cell envelope penetration via O2- 					dependent active transport, and they have little activity against strict anaerobes.  


						- This transport system is also inhibited by cations and low pH.


				* These drugs interfere with the initiation complex by binding to the 30S subunit and 					induce the misreading of mRNA.


				* Also cause the breakup of polysomes into nonfunctional monosomes.





			(b) Mechanisms of Resistance:


					(1)	Alteration in cell surface, interfering with permeation or active transport


					(2)	Change in receptor protein on the 30S subunit


					(3)	Production of deactivating enzymes





			(c)	Absorption from the GI tract


				* Aminoglycosides are not absorbed orally & there is no significant metabolism.





			(d)	Toxic effects and possible mechanisms for toxic manifestations in patient, 				relate to plasma levels


				* Ototoxicity can include auditory and/or vestibular damage and may be irreversible.


				   It is related to high plasma levels of the drug, especially with renal dysfunction.


				* Nephrotoxicity includes ATN that is usually reversible.  More common in the 				   elderly and in those receiving cephalosporin antibiotics.


				* Neuromuscular blockade can occur at high doses and leads to respiratory 					paralysis.


				* Allergic skin reactions may occur, especially with neomycin.





			(e)	Inactivation and excretion


				* No significant metabolism & glomerular filtration is the major mode of excretion.





			(f)	CNS penetration


				* Due to their polarity, BBB penetration is minimal.





			(g)	Antimicrobial Spectrum


				* These are primary drugs (gentamicin, tobramycin, amikacin) for treatment of 					serious infections caused by facultative and aerobic Gram-positive and Gram- 					negative bacteria, including:


							* E. coli, Klebsiella, Serratia, Proteus, Pseudomonas


				* There is little activity against streptococci, except when the cell penetrability is 				   increased by the synergistic action of a b-lactam antibiotic.





					b.	Other aminoglycosides


							(1)	Gentamicin 


								* Severe infections caused by Gram-negative bacteria that are likely to be 									resistant to other drugs (E. coli, Klebsiella, etc.)


							(2)	Netilmicin - this is probably the strongest aminoglycoside


								* Iatrogenic infections in immunocompromised and severely ill patients 									at very high risk for Gram-negative bacterial sepsis in hospital.  									Reserved for organisms resistant to other aminoglycosides.


							(3)	Tobramycin 


								* Similar to Gentamicin, but with greater antipseudomonal activity.


							(4)	Amikacin 


								* Chemically similar to Kanamycin with greater spectrum and includes 									Pseudomonas.  In general, amikacin is susceptible to only a few 									enzymes and is relatively more active than other aminoglycosides.


							(5)	Kanamycin for topical use only


							(6)	Neomycin for topical use only


								* Used in combination with erythromycin for bowel sterilization in 									preparation for surgery.





				2.	Tetracyclines


					a.	Tetracycline, oxytetracycline & (newer) doxycycline and minocycline	


							(1)	MOA 


									Bacteriostatic inhibitors of protein synthesis.


									Accumulated intracellularly via energy dependent transport systems 									present in bacterial membranes.


									Binding site is 30S rRNA:  the bulky drug interferes with the binding 									of aminoacyl tRNA to the A site on the ribosomal complex, which 									prevents peptide bond synthesis.


									Mammalian cells are safe because they lack the transport system.





							(2)	Bacterial Resistance


									Widespread due to bacterial conjugation (transferring plasmids 									carrying genes encoding proteins factors mediating resistance).


									Resistant organisms show decreased intracellular accumulation of the 


									drugs, probably from a decreased uptake of the drug and the 									development of active extrusion of the drug.


									There are no deactivating enzymes (unlike b-lactamases for penicillin)





							(3)	Antimicrobial spectrum


									Broad-spectrum, active against most common pathogenic species, 


									including Gram-positive and Gram-negative rods and cocci and both 


									aerobes and anaerobes.


									Active against cell-wall deficient organisms (e.g., Mycoplasma) and 									L-form cell walls (B. anthracis) and some obligate intracellular 									bacteria (e.g., Rickettsia and Chlamydia).


									Doxycycline has some activity against tetracycline-resistant anaerobic 									Gram-negative rods B. fragilis.


									Minocycline has greater activity than tetracycline against 									meningococci and Nocardia.  In fact, minocycline is used as 									prophylaxis against meningococcal meningitis.


	


							(4)	Major Indications


									DOC for infections caused by Mycoplasma pneumoniae, 									Chlamydiae and Rickettsiae.


									Alternative drugs used in treatment of syphilis and gonorrhea.


									Used in treatment of respiratory infections and in prophylactic 


									treatment of chronic bronchitis.


									Treatment of bacterial enteritis and Lyme disease (doxycyline) and 									meningococcal carrier state (minocycline). 


									Acne.


									Polymicrobial infections or infections of unknown etiology derived 									from respiratory or GU tracts.





							(5)	Preferred Route of Administration


									Orally active.


									Divalent cations chelate (Greek for bite, I think) the drug, so 									absorption is impaired by dairy products, antacids and alkaline pH.


									There is poor BBB penetration (except for minocycline).





							(6)	Excretion				


									Both bile (feces) and urine (glomerular filtration).


									Enterohepatic circulation prolongs serum levels.


									Doxycycline and minocycline are almost completely absorbed from 									the gut and are excreted much slower.


									Doxycycline does not require renal excretion.





							(7)	Toxicity and Precautions


									GI Effects range from mild nausea and diarrhea to severe colitis.


									Disturbances in gut flora can lead to candidiasis (oral and vaginal) 									and, more rarely, bacterial superinfections by S. aureus and C. 									difficile.


									Fetal exposure due to drug crossing the placental barrier.  Drug has 									avidity for developing teeth and bone, leading to teeth enamel 									dysplasia and irregularities in bone growth.  This precaution extends 									to growing children.  


								*	Do not give tetracycline or its derivatives to children under 8 yrs 									of age nor to pregnant or lactating women.


									Photosensitivity reactions.


									Vestibular reactions, including vertigo and dizziness, with 									minocycline.


									Hepatotoxic effects have followed high doses of tetracyclines in 									pregnant patients with a history of renal disease.


			


							(8)	Emerging Resistance


									Tetracyclines are grossly overprescribed, which has contributed to the 									emergence of resistance even among highly susceptible species.


									In hospitals, this has resulted in an increase in mycotic infections in 


									severely ill patients.


									These drugs have also been used in animal feeds to increase the rate


									of growth, which has led to increased spread of bacterial resistance 									and plasmids that promote it.  It sets up a situation in which animal 									workers are at an increased risk for acquiring tetracycline-resistant 									infections.





				3.	Chloramphenicol	


					(1)	MOA 


								Bacteriostatic; binds to 50S ribosomal subunit of bacteria and inhibits 


								peptidyltransferase, which is necessary for peptide bond formation. 


								Can also inhibit mitochondrial protein synthesis in mammalian cells.


					


					(2)	Bacterial Resistance


								Plasmid-mediated formation of acetyltransferases that inactivate the drug.





					(3)	Preferred Routes of Administration


								Effective orally and parenterally.


								Distributed to all tissues and can cross BBB and placental barrier.


								Most of the drug is inactivated by a liver glucuronosyltransferase


								Something to be aware of is that chloramphenicol inhibits the metabolism 								of oral anticoagulants, probenecid and tolbutamide.





					(4)	Indications


								Chloramphenicol is broad spectrum, but it is also quite toxic; therefore, its 								use is reserved for severe infections caused by Salmonella and	 								Haemophilus (there is some resistance) and for the treatment of 								pneumococcal and meningococcal meningitis in penicillin-sensitive 								patients.


								Sometimes used for rickettsial diseases and for anaerobic infections (such 


								as Bacteroides).


								Commonly used topically.


								Also used for intraabdominal anaerobic Gram-negative infections and 								some cases of cerebral abscess.





					(5)	Toxicity and Precautions


								Gray baby syndrome involves cyanosis and cardiovascular collapse.  								Occurs through drug overdose in neonates who are deficient in the 								glucuronosyltransferase activity.


								Aplastic anemia is rare (1/25,000-40,000) but can be fatal.  It is probably 								so rare because it only occurs in patients who are G6PD deficient.


								GI disturbances from direct irritation and from superinfection.


								Dose-dependent bone marrow dysfunction including delayed RBC 								maturation.





				4.	The Macrolides


					a.	Erythromycin is the prototype.					


					b.	Erythromycin estolate (note special side effect, acute cholestatic hepatitis)


							Erythromycin stearate


							Erythromycin ethyl succinate





							(1)	MOA 


									Bacteriostatic by inhibiting protein synthesis via binding up 23S rRNA 									of 50S subunit and preventing translocation.





							(2)	Bacterial Resistance 


									Plasmid-mediated formation of enzymes that methylate the receptor, 									preventing drug binding.		


									Among coliforms, there is a plasmid-mediated esterase that destroys 									the drug.


	


							(3)	Spectrum and Indications


									Effective against Gram-positive organisms, especially pneumococci, 									streptococci, staphylococci and corynebacteria.


									Neisseria, Mycoplasma (DOC), Legionella (DOC), Chlamydia 


									trachomatis, Campylobacter jejuni and certain mycobacteria are also


									susceptible.  This is because erythromycin and derivatives are active 									against intracellular organisms (can enter macrophages, neutrophils 									and fibroblasts).





							*	DOC for Legionnaires' disease and Campylobacter intestinal infections.


							 


							*	Corynebacterial infections (diphtheria, sepsis, erythrasma)





							*	Pertussis due to Bordetella pertussis.					





							*	Respiratory, neonatal, ocular and genital Chlamydial infections.





							*	Pneumonias caused by Mycoplasma and Legionella.


	


							*	Very useful as a penicillin substitute.





							(4)	Administration and Excretion


										Can be given PO, IV or topically.


										Excreted primarily in the bile, though there is some renal elimination.





							(5)	Drug Interactions and Contraindications


										Inhibits P450 enzymes and increases plasma levels of astemizole and 										terfenadine.


										Binds the same site as chloramphenicol so concomitant use may 										decrease efficacy of both.	


										Macrolides kill gut flora needed for the metabolism of digoxin.


										Erythromycin is contraindicated in patients with hepatic dysfunction.


							


							(6)	Toxicity


										Mostly minor GI side effects, rashes and eosinophilia.


										Possible acute cholestatic hepatitis with erythromycin estolate.





					c.		Clindamycin 


								Not a macrolide, but MOA is similar, so here it is.


								Clinical uses are few, aerobic Gram (+)s and anaerobes.  No Gram (-)s.


								(1)	Anaerobic infections including B. fragilis, Clostridium sp., but not C. 											perfringens.


								(2)	Acne due to Acne vulgaris


								(3)	Encephalitis due to T. gondii (use with pyrimethamine)


								(4)	Pneumonia due to Pneumocystis carinii (PCP) 


								Can cause antibiotic-associated pseudomembranous colitis because 								clindamycin has NO activity against C. difficle.  Administration of 								antibiotic allows the C. difficile to grow unhampered by other normal gut 								flora.  Its necrotizing toxin causes a bloody diarrhea.  PMC can be fatal.  								Treat with oral vancomycin or metronidazole.





				5.	Rifamycin (Rifampin)


					a.	Look under antimycobacterials from earlier in this submodule.


			


				6.	Spectinomycin


					a.	For the treatment of gonorrhea, but not syphilis


					b.	Be careful not to confuse this with Streptomycin (the prototype 							aminoglycoside) 


					c.		This drug is listed in baby Katzung (313) as an aminoglycoside, so I do not 							know why it is not listed with this class in the module handout.





				7.	The Polymyxins (for topical use)


					a.	Polymyxin B is the prototype


							* It is used as a last resort in Pseudomonal infections.


					b.	Colistin (Polymyxin E) & Colistimethate sodium (no longer used)


							


					(1)	MOA


							* Cationic detergent effect by interacting with a specific LPS component of 								the outer leaflet of susceptible Gram-negative organisms, alter their 								permeability and lead to loss of essential cytoplasmic components and 								bacterial death.  Thus, the polymyxins are bactericidal to Gram-negatives.


					


					(2)	Antimicrobial spectrum


							* Due to extreme toxicity, the use of polymyxin is quite limited; it is used 								mostly for resistant Gram-negative infections, including those caused by 								Enterobacter and Pseudomonas.


							* Bacterial resistance in Gram-negatives is rare.





					(3)	Toxicity


							* Pretty toxic in general, can cause ATN with hematuria and proteinuria.


							* Can also cause neurotoxicity, including paresthesias, dizziness and ataxia.





					(4)	Excretion


							* Mainly renal, which may be damage by the drug if administered 								systemically.  This is probably why the drug is mainly used topically for 								treating otitis externa and skin infections (both frequently are Pseudomonal 								in origin).





				8.	Quinolones (organic acids)


						a.	Nalidixic acid


						b.  Norfloxacin (given PO only)


						c.	Ciprofloxacin (given IV and PO.  All others listed are given PO only)


						d.  Enoacin


						e.	Ofloxacin





					(1)	MOA


							* Inhibits DNA gyrase (analogous to topoisomerase II in eukaryotes), which 								leads to inhibition of nucleic acid synthesis and replication.  So it is 								bactericidal.


							* Permeability mutations and mutations in DNA gyrase can cause resistance.


							* During therapy, Staph, Pseudomonas and Serratia are prone to develop 


								resistance.





					(2)	Antimicrobial Spectrum


							* Fluoroquinolones inhibit Gram-negative rods, including Neisseria, 								Pseudomonas and Enterobacteriaceae.


							* Gram-positive organisms and intracellular pathogens (Legionella) are 								inhibited at higher drug concentrations.


							* Anaerobes are less susceptible.


							* Ciprofloxacin and ofloxacin have excellent tissue penetration and are used 								for systemic infections.


							* Norfloxacin is found in high levels in urine, but plasma levels are low.  								Thus, norfloxacin is not used for systemic infections.





					(3)	Toxicity and Drug Interactions


							* In general, these drugs are well tolerated.


							* Most prominent effects are nausea, vomiting and diarrhea.


							* Headaches, dizziness, insomnia, abnormal liver function tests or skin rashes


								are occasional effects.


							* Arthralgias and joint swelling when given to children.  May cause cartilage 								damage and arrest growth plates.


							* Be aware that quinolones will increase plasma theophylline levels (this is 								the stuff in chocolate that makes you feel good, but it is also a cardiac 								stimulant).


							*	Fluoroquinolone absorption is reduced when ingested with Mg2+,  Al3+ 								and Fe3+ salts in antacids or supplements.


							*	Contraindicated in neonates and pregnant women.





					(4)	Uses


							* UTIs & Prostatitis


							* Infectious diarrhea (gastroenteritis)


							* Infections of soft tissues, bones and joints


							* Intra-abdominal and respiratory infections


							* STDs (e.g., gonococcal, Chlamydial, chancroid)





				9.	Antifungal agents (Sherris, Chapter 45)


						a.	Amphotericin B (quite toxic)


							(1)	MOA


									A fungicidal polyene that binds to ergosterol in fungal cell membranes 									and changes the permeability and transport properties of the membrane.  									(i.e., it punches holes in the membrane and all hell breaks loose).


									Active against:


										* Blastomyces, Coccidiodes, Cryptococcus, Histoplasma, Candida 											albicans


									Also has some activity against the following diseases:


										* Sporotrichosis, Aspergillosis, Leishmaniasis, Mucormycosis





							(2)	Administration is by slow IV infusion.  It does not cross the BBB, so 									it must be given intrathecally to reach the CSF and treat cryptococcal 									meningitis (given with flucytosine).





							(3)	Toxicity


									Extensive, including fever, chills, electrolyte imbalance, hypotension, 									neurotoxicity, nephrotoxicity and cardiac toxicity.


									~ 25% of patients experience acute febrile reactions, including fever, 									chills and vomiting with infusion.





						b.  Nystatin 						


							(1)	MOA


									A fungicidal polyene related to amphotericin B, same MOA.


	


							(2)	Administration 


									Given PO, but because the drug is NOT absorbed from the GI tract, 									this oral administration basically results in "topical" treatment along the 									GI tract (oral and esophageal candidiasis).


									Also used for superficial Candida and dermatophytes.


  


							(3)	Toxicity


									Very few adverse effects.





						c.	Griseofulvin 


							(1)	MOA


									Fungistatic; inhibits mitosis of cells, by disrupting spindle formation.  									Binds to tubulin involved in mitotic division and arrests cells in 									metaphase.  May also bind to other proteins such as keratin.


	


							(2)	Administration 


									Given PO, but the drug deposits preferentially in keratin which results 									in the clearing of infections from the inner to outer layer of dermis.


									Works to clear up dermatophytic infections only of the skin, hair and 									nails.


									Absorbed better with fatty foods.


									Excreted unchanged in feces.


  


							(3)	Toxicity


									CNS effects include headache, photosensitivity and mental confusion.


									GI effects include nausea and vomiting.


									Bone marrow depression & hepatitis also occur.


			


						d.  Fluorocytosine


							(1)	MOA


									Narrow spectrum; antimetabolite - inhibitor of DNA and RNA 									synthesis.


									Converted to active 5F-dUMP in cells, now an inhibitor of thymidylate 									synthetase.


									Membrane permease allows drug to enter fungal cells.  Remember that 									host cells lack permease so there is little effect on host cells.


	


							(2)	Administration 


										Given PO and penetrates CNS well. Renal excretion.


										Used for Cryptococcal infections (meningitis) and candidiasis, 										both in combination with amphotericin B.


  


							(3)	Toxicity & Side effects


									Major side effect is bone marrow suppression, occurring in 15% of 									patients.  This includes leukopenia, thrombocytopenia and anemia.


									Of course, GI effects including nausea, vomiting and diarrhea.





						e.	Azoles -Ketoconzale, Fluconazole, Itraconazole, Miconazole & Clotrimazole


							(1)	MOA


									All of these drugs have basically the same MOA:  They block 									ergosterol synthesis by inhibiting the cytochrome P enzymes.  This 									causes depletion of ergosterol, resulting in disruption of the 									permeability of the cell membrane.					


	


							(2)	Administration 


									Ketoconazole, Fluconazole, and Itraconazole are given PO.	


									Ketoconazole and Itraconazole require an acid pH for absorption.  This 									is why these two drugs cannot be given IV; however, Fluconazole 									does not require a low pH for activation, so it can be administered 									IV.	


									Fluconazole does penetrate the BBB well; it is the only one of the five 									listed that can be used effectively for CNS fungal infections.


									Miconazole and Clotrimazole are given IV and topically. 									


							(3)	Clinical uses 


									Ketoconazole is used primarily for blastomycosis, oropharyngeal 									candidiasis, coccidiomycosis and histoplasmosis.


									Fluconazole is used for oropharyngeal candidiasis (DOC), cryptococcal 									meningitis and coccidiodomycosis.


									Itraconazole is used for blastomycosis (DOC) and histoplasmosis.


									Miconazole and Clotrimazole are both used for treating mycotic 									infections (i.e., "yeast" infections).





							(4)	Toxicity 


									Includes GI effects (diarrhea, vomiting and nausea) and rash


								Hepatic dysfunction can occur, especially considering that the drugs 								might also affect the hepatic P450 system in addition to the fungal 								system.  This may lead to a decrease in the conversion of lanosterol to 								cholesterol resulting in lower levels of various hormones including 								cortisol and testosterone. 





						f.	 Tolnaftate (MOA unknown)


							(1)	Clinical Uses 


									Used against dermatophytes (athlete's foot, ringworm, etc.)


									Available OTC 





				10.	Antiparasitic Drugs (Hopefully you learned these well in Pharm and under 						each major parasitic disease.  Review in Peds. Redbook if necessary, 506-520.  						Notice the long list of adverse effects on 521-523.)





Therapeutic Agents for Amebiasis
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I.	Protozoan Infections 


	A.  Amedicidal Drugs (Entamoeba histolytica)


			1.	Metronidazole


				DOC in all forms of amebiasis except asymptomatic cyst carriers.


				Also useful for Trichomonas vaginalis and Giardia lamblia.


				MOA involves metronidazole acting as an e- acceptor to deprive cells of required 				reducing equivalents.  Antimicrobial activity results from the formation of 				chemically reactive species which interact with DNA and proteins.  The nuts and 				bolts of this (if you are interested and because I love organic chemistry and think 				that this is quite neat) is that basically you generate free radicals (in a round about 				way) in the cell. DNA is a great free radical scavenger.  The only problem is that in 				the process of scavenging the radicals, the phosphate backbone is broken.  In other 				words, the strand looses its integrity and is basically a bunch of oligomers floating 				around in the soup of the cell now.  				


				Metronidazole has a direct amebicidal effect and is effective against systemic an 				intestinal forms of the protozoa.


				High failure rate when used alone; therefore usually used in combination with 				diloxanide.


				Given PO, but may cause nausea and vomiting.


				Toxicity includes dizziness and headache (CNS), leukopenia and rash.


			 * 	Do not give to pregnant women and do not drink alcohol (disulfarim-like reaction) 





			2.	Diloxanide Furoate


				DOC for asymptomatic cyst carriers ("cyst passers").


				MOA is unknown


				It's cheap and it effects cures.


				Apparently lacks serious side effects in humans, though flatulence is common


				Ineffective against hepatic abscess unless it is combined with another drug.





			3.	Alternate Drugs


				a.  Iodoquinol (di-iodohydroxyquin)


				Directly amebicidal to trophozites and cysts & used for intestinal amebiasis, but 				it is ineffective in acute amebic dysentery.


				Toxicity includes hypersensitivity reactions, GI effects, headache & fever.





				b.  Emetine (dehydroemetine)


				Used for acute amebic dysentery and extraintestinal forms in combination with 				chloroquine.  Directly cidal to trophozite, but not effective on cysts. 


				GI irritation and cardiac toxicity are common.





				c.  Chloroquine 


				This is an antimalarial so we will talk about it more when we get to that section.  				For now, be aware that it is helpful in treating hepatic amebiasis only when 				metronidazole therapy is not successful.  It is ineffective for intestinal amebiasis.





				d.  Paromomycin


				Poorly absorbed, appears to be an aminoglycoside with direct activity against 				luminal amebiasis.  Used as a second line agent with diloxanide furoate.  Can 				directly kill trophozites as well as intestinal cestodes. 


				GI side effects include diarrhea. 													


	B.  Giardiasis (Giardia lamblia)


			1.	Metronidazole 


				DOC with quinacrine as the alternate therapy.





	C.  Leishmaniasis (L. braziliensis, mexicana and others)


			1.	Sodium stibogluconate


				Pentavalent antimonial that is considered DOC for the treatment of leishmaniasis, 				which is transmitted by sand flies (we studied this in micro, but it did not show up 				in this module for some bizarre reason that I cannot explain).


				MOA is unknown for certain, but it is thought to inhibit glycolysis.


				Side effects include GI problems and cardiac arrhythmias.


				It was feared that military personnel involved stationed in Arab countries might 				contract Kala-azar (visceral leishmaniasis) and bring it back to the States.





	D.  Antimalarial Drugs


		Plasmodium vivax and P. ovale can induce a latent infection of the liver which can last 		years before a relapse.


			1.	Chloroquine


				Kills erythrocytic forms of P. vivax, P. ovale, P. falciparum and P. malariae.


				Also used to treat rheumatoid arthritis and systemic lupus erythematosus.


				Rapidly and almost completely absorbed after oral administration (high VD).


				Accumulates in the liver, which may account for activity against hepatic amebiasis.


				Very long t1/2 (~ 7 d).


				Toxicity is dose-related, including ocular toxicity with retinopathy and corneal 				deposits ("bulls-eye"), GI distress, CNS hyperexcitability and rashes.  Pruritis is 				common, especially in dark-complexed persons.


				Contraindicated in patients with G6PD deficiency (hemolytic anemia), porphyria, 				pregnancy and psoriasis.





			2.	Primaquine


				Destroys exo-erythrocytic merozoites and sporozoites (P. vivax, P. ovale, P. 				falciparum) and is gametocidal against all four Plasmodia species.


				Used as prophylaxis and radical cure against  P. vivax and P. ovale due to its 				activity against the tissue forms.


				Given PO, but does not distribute well into tissues.  Metabolized to active in liver.


				Toxicity includes anorexia, nausea, vomiting, cramps.  May cause 				methemoglobinemia.


				Contraindicated in patients with G6PD deficiency (hemolytic anemia) and in 				patients with a predisposition to granulocytopenia (SLE and rheumatoid arthritis).





			3.	Quinine


				Traditional agent now largely replaced by the newer drugs; however, it is still 				useful in drug-resistant strains of P. falciparum. 


				Given PO weekly (long half life)


				Toxicity includes cinchonism, which is headache, tinnitus and diplopia (remember 				that quinine was original discovered as a component of the cinchona tree bark), 				allergic skin rashes, hypotension, myocardial depression and renal damage 				("blackwater fever").  Can also depress skeletal muscle and cause DIC.  Hemolysis 				is seen in G6PD deficient patients (just like all of the other quinine derivatives).





			4.	Dihydrofolate Reductase Inhibitors
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				All compounds inhibit dihydrofolate reductase.  Resistance to one of these drugs is 				tantamount to resistance to all of them.


				All three drugs can cause weak inhibition of human dihydrofolic acid reductase, 				which results in megaloblastic anemia.  Folic acid administration (drink your 				orange juice!) will remedy the anemia without interfering with the chemotherapy 				(because microorganisms cannot utilize preformed folic acid). 


				All three drugs act slowly.  Erythrocytic and exoerythrocytic forms are inhibited.


				Recently a combination of pyrimethamine and sulfadoxine, known as fandisar, has 				been used to treat chloroquine-resistant P. falciparum.  Fandisar is sometimes used 				in combination with quinine.


				Stevens-Johnson syndrome can result from Fandisar administration.





			5.	Mefloquine


				New antimalarial developed for treatment and prevention of chloroquine-resistant 				P. falciparum.


				Well absorbed and well tolerated.





			6.	Quinacrine


				Old antimalarial now used for treating tapeworms or as an alternative to 				metronidazole for giardiasis. 


				May stain skin yellow.				


	


	E.  Pneumocystosis (Pneumocystis carinii pneumonia or PCP)


			1.	Trimethoprim + Sulfamethoxazole (a.k.a. Bactrim)


				 DOC for PCP





			2.	Pentamidine - Can also be used for HIV+/AIDS patients





	F.  Trichomoniasis (Trichomonas vaginalis)


			1.	Metronidazole 


				 DOC for trichomoniasis





	G.  Miscellaneous Protozoan Infections


			1.	Toxoplasmosis	


				 Pyrimethamine + sulfadiazine (or sulfadoxine, as in Fansidar)





			2.	Trypanosomes	


			 	Suramin, pentamidine or melarsoprol for various forms


				Treatment depends on whether or not there is CNS involvement in the sleeping 				sickness:  Neither suramin nor pentamidine penetrates BBB while melarsoprol 				does cross the BBB.


				


II.	Metazoan Infections 


	A.  Nematode Infections (Roundworms)


		


�embed MSWorks.Table.4 Object1 ���





		1.	Mebendazole 


			 Mostly unabsorbed.


			 Binds to and inhibits tubulin synthesis; inhibits glucose uptake and larval development.


			 Few side effects, including occasional abdominal distress and diarrhea.


			 Contraindicated in pregnancy and drug allergies.





		2.	Pyrantel 


			 Noncompetitive depolarizing neuromuscular block so that the worm is paralyzed.


			 Some mild and transient GI, CNS, skin and hepatic reactions.





		3.	Thiabendazole 


			Rapidly absorbed.


			Larvicidal for cutaneous larvae migrans.


			Frequent mild, transient side effect (vomiting, nausea, lethargy, dizziness) reduced by 			giving after meals.  Hepatotoxic and at higher doses can diminish mental alertness.





		4.	Piperazine 


			Produces a competitive block of ACh on worm muscle so worms are paralyzed and 			eliminated alive.


			Well absorbed, causing only mild, transient GI effects and rash sometimes.





		5.	Ivermectin 


			New drug that paralyzes the worm by increasing GABA-mediated neurotransmission 			in nematodes.


			DOC for river blindness caused by Onchocerca volvulus.


			Mazzotti Reaction occurs in patients with onchocerciasis within a few hours after 			taking the first dose.  This reaction results from the death of the parasites and is 			observed as a skin rash, lymphadenopathy, sometimes fever, tachycardia, hypotension, 			arthralgias and headaches.


			


	B.  Cestode Infections (Flatworms)
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		1.	Praziquantel


			New broad-spectrum antihelminthic effective for a variety of cestode and trematode 			infections. 


			Well-absorbed and well tolerated; no major adverse effects have been reported.


			Increases permeability of cell membrane to Ca2+, causing spastic paralysis of worm 			muscle, followed by disintegration of its tegument. 





		2.	Niclosamide


			Not absorbed.


			Inhibits oxidative phosphorylation and glucose uptake.


			Infrequently causes mild GI upset.





	C.  Trematode Infections (Fluke)
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The End


