Pharmacology Notes 2
Sulfonamides and Antimicrobial Antifolates 9/15:

· Ehrlich was the father of anti-microbial chemotherapy and also the father of immunology.  He came up with the idea of a ‘magic bullet’ that had a different toxicity for the parasite than for the host.  His principles for discovering anti-infectives included the notion that synthetic compounds can cure infections, you need to systematically explore structures and activities, you needed standard infection models with reliable endpoints, you strive to raise the therapeutic index (LD50/ED50), and that drug resistance may arise in the pathogen against a class of chemicals.  He worked with arsenic and azo dyes, discovering the uses of compounds like Salvarsan (agent 606 for syphilis), and trypan red/blue or afridol for trypanosomiasis.  

· Gerhard Domagk thought dyes would potentially make good drugs, since they bound proteins in wool.  He contributed to the discovery of Prontosil, the first highly effective and reliably nontoxic antibacterial agent.  Prontosil is a sulfonamide (-SO2NH2).

· It was determined that the Prontosil is metabolized to Sulfanilamide (SA), its active form.  SA was active both in vitro and in vivo, and is produced from Prontosil by metabolic activation in the tissues.  Regardless of whether SA or Prontosil is administered, patients excrete SA.

· Sulfonamides structurally resemble PABA (p-aminobenzoic acid).  Their mechanism involves the inhibition of folic acid synthesis; they competitively inhibit dihydropteroate synthetase by competing with PABA:  
· Pteridine + PO4 (pterin pyrophosphokinase)→ __ + PABA (dihydropteroate synthetase)→ __ + glutamate → dihydrofolate (dihydrofolate reductase)→ folate.

· The most common way resistance arises is by mutation in the dihydropteroate synthetase enzyme to escape the effects of sulfonamides.  Resistance may also arise from reduced permeability to sulfonamides, increased expression of dihydropteroate synthetase, or increases in PABA to outcompete the sulfonamide. 

· Sulfonamides are selectively toxic against microbes because they synthesize folic acid, whereas we cannot.  We don’t have the enzyme dihydropteroate synthetase.  Furthermore, microbes are impermeable to folic acid, so even if it were present in the environment, they still wouldn’t take it up.  We actively transport folic acid.  
· Lots of derivatives have been synthesized, but only a dozen or so have reached clinical use, and only three are now used.  Sulfanilamide is insoluble in the urine, and may result in stones.  Substituting at various locations on the molecule may influence the antimicrobial spectrum, therapeutic index, solubility, metabolic pattern, half life, permeability, distribution, absorption, etc.  
· The sulfonamides presently in clinical use are Sulfisoxazole (Gantrisin – most widely used), Sulfamethoxazole (Ganatol), and Sulformethoxine (Sulfadoxine, Fanasil – 150 hour half life, used sparingly).  

· Toxicity:  Adverse reactions requiring cessation of therapy are rare (3%), though in AIDS patients they are quite common.  They may include fever, rash, joint pain, and lymphadenopathy.  Very few of these reactions are dose-dependent.  Long acting sulfonamides may cause serious Stevens-Johnson syndrome, so should only be administered for good reasons.  

· Sulfonamides should NEVER be given to newborns.  Very high death rates were observed in premature infants treated with sulfonamides.  Deaths were associated with kernicterus, yellow staining of the basal ganglia due to bilirubin deposits in the brain.  Sulfonamides bind to serum albumin and displace bilirubin from being bound to the albumin.   This leads to more free bilirubin, and more gets into the brain and binds there.  Total serum bilirubin levels will be LOW, since a lot of it gets displaced and the unbound form equilibrates with other body compartments.

· Sulfonamides are cheap, orally bioavailable, and continue to be used.  They may be used for prophylaxis of simple urinary tract infections from gram (-) bacteria.  They are the drug of choice for Nocardia, a genus of gram (+) bacteria.  They may be used for other things too.
· Related compounds are used for leprosy (mycobacterium leprae – Dapsone) and tuberculosis (p-aminosalcyclic acid – PAS).  

· Many drugs are structurally related to sulfonamides.  Some for goiters, anti-diabetic agents, gout, acetazolamide (diuretic), etc. 

· Elion and Hitchings developed trimethoprim, as well as mercaptopurine, pyrimethamine, acyclovir (antiviral), and allopurinol (gout).  These two studied purine and pyrimidine synthesis, and spent a lot of time studying diaminopyrimidines.  Aminopterin and methotrexate are folic acid analogs, and they are diaminopyrimidines.  
· Elion and Hitchings synthesized trimethoprim, which was a highly effective antibacterial agent.  It inhibits folate biosynthesis at DHFR.  Resistance to it may result from reduced susceptibility to the drug, or less commonly over-production of DHFR.  Both humans and bacteria have DHFR, but trimethoprim is selective for the bacterial DHFR.  The human and bacterial versions are different, even though they carry out the same reaction.  

· Trimethoprim toxicity is pretty rare.  It may be rash/nausea/vomiting.  Or you can get folate deficiency in nutritionally deprived patients, resulting in anemia, thrombocytopenia, and neutropenia.  

· They then tried combination chemotherapy with both sulfonamides and trimethoprim, and found a synergistic result.  This combination of trimethoprim and sulfamethoxazole was sold as Bactrim/Co-trimoxazole.  It had a broader spectrum of activity than either drug alone, was less likely to have bacteria develop resistance, less toxicity due to smaller doses of each drug, and is bacteriocidal rather than bacteriostatic.  It’s useful for UTIs, otitis media, shigellosis, chronic bronchitis, pneumocystis carinii, salmonella typhi, and MRSA.  
· Pyrimethoprim is another diaminopyrimidine that is combined with another sulfonamide (sulfadoxine) and sold as Fansidar.  

· Know the top 1-3 toxicities of each of the main drugs presented here.

Introduction to Antibacterials 9/15:

· An antibiotic is an antibacterial substance produced by a microorganism.  Basically drugs that kill or stop the growth of bugs.  

· Individualizing therapy requires that you integrate clinical medicine, microbiology and pharmacology related to the particular infectious disease.  Patients with the same underlying problem may be very different and have different needs based on the clinical syndrome, organism, appropriate drug class and individual agent that best balances cost, convenience, side effects, etc.  
· You begin with broad, empiric therapy.  To do this, consider the probability of different organisms given the clinical syndrome, patient, and geographic factors (community vs. hospital [nosocomial] acquired).  Hospital acquired stuff is usually more resistant and lethal.  You should consider the lethality of possible, but less probable, pathogens as well as local antibiotic sensitivity patterns.  
· Eventually, you want to work toward a definitive therapy that is narrower.  You’d like to choose the best drug for the organism, but also for the patient’s situation.  This isn’t as dependent on probabilities. 

· You want a narrow spectrum of coverage to avoid unnecessary resistance, unnecessary adverse side effects, for simplicity of management and to reduce cost of treatment.  

· There are lots of obstacles to choosing the right antibiotic.  They include syndromes caused by multiple agents and agents that cause multiple syndromes, variations with population/geography/age, agents may be unidentifiable by clinical findings, or simply not knowing the cause of a syndrome.  There are also so many organisms and so many drugs, it’s tough to put it all together.  

· We should try to know, for a class of pathogens, the antibiotics that incrementally cover them.  And groups of organisms with similar antibiotic sensitivities.  Basically, know the grid.   

· More things to consider when choosing the right drug are:  mechanism of action, selective toxicity, spectrum of activity, bacteriocidal/bacteriostatic, combination antibiotics, synergy vs. antagonism between drugs.  

· The selective toxicity of an antibiotic is the relationship between the toxicity in bacteria in relation to toxicity in the host.  Selective toxicity = bacterial toxicity / host toxicity.  The therapeutic window = host efficacy / host toxicity.  

· Selective toxicity is often due to the different biochemistry between eukaryotes and prokaryotes.  There are differences in cell wall (cell wall active drugs), DNA gyrase (quinolones), RNA polymerase (rifampin), ribosomes (ribosomal inhibitors), folate synthesis/transport (sulfonamides), and dihydrofolate reductase (trimethoprim).  

· Even though human and bacterial receptors may be only distantly related, drugs that act on bacteria still produce a lot of side effects in us.  

· The adverse effects are often unrelated to antimicrobial effects:
· Β-lactams:  CNS, bleeding, nephrotoxicity, allergy

· Vancomycin:  histamine release

· Aminoglycosides:  nephrotoxicity, ototoxicity, neuromuscular

· Tetracyclines:  discoloration of teeth and bones

· Erythromycin:  hepatitis, GI

· Clindamycin:  pseudomembranous colitis

· Chloramphenicol:  aplastic anemia, bone marrow

· Quinolones:  CNS toxicity, arthropathy, QTc prologation

· Sulfonamides:  hemolytic anemia

· Trimethoprim:  folate antagonism.

· Bacteriocidal drugs kill the microorganisms.  A bacteriostatic drug alone (with immune dysfunction or in a sanctuary site like the CNS) will prevent proliferation.  A bacteriostatic drug with good immune system and penetration will kill the bugs as well.  Generally, bacteriocidal drugs include penicllins, cephalosporins, quinolones, aminoglycosides, and trimethoprim/sulfamethoxazole.  Bacteriostatic drugs include tetracycline, macrolides, chloramphenicol, clindamycin, sulfonamides, and trimethoprim.  

· The distinction is variable, with some drugs being cidal for some microorganisms and static for others: 
· Macrolides:  static against atypicals and GNR, cidal against S. pyogenes and S. pneumoniae.

· Chloramphenicol:  static against S. aureus, cidal against S. pneumoniae.

· Linezolid:  static against Staphylococci and Enterococci, cidal against Streptococci.

· There are a lot of situations where either a bacteriocidal or static agent may be appropriate.
· It may be good to use combinations of antibiotics for mixed infections, preventing resistance (for TB since it’s particularly prone to developing resistance), initial empiric therapy for a serious infection, or for a synergistic effect (more than additive).  Synergy is pretty uncommon, an example might be penicillin and aminoglycosides.  

· Antibiotic tissue penetration depends on all the usual stuff (concentration, size, protein binding, transport, etc), but also inflammation.  Inflammation may make a membrane more permeable for some drugs.  But for β-lactams, pumps that remove the drug from the CNS are less active in inflammation.  So these drugs accumulate in the CNS during inflammation.

· The extravascular characteristics may also alter drug concentrations.  If there’s a large reservoir, big changes in serum concentration may only manifest as small changes in the tissues.  Or, if a tissue has pumps getting rid of the drug, extravascular concentrations of the drug may be quite low regardless of serum concentrations.  

· Loading doses may be used to rapidly achieve a target concentration.  

· Various drugs have different distributions to the CNS, urine and other compartments.  In the CNS, penicillin has medium penetration (1% normally, but 5% with inflammation).

· Barriers to drug penetration include the outer membrane of gram (-) bacteria, cell walls, periplasmic beta-lactamases, the cytoplasmic membrane, and cytoplasmic pumps.  

· The time course of a drug often doesn’t parallel the time course of its effect.  Some drugs’ effects are concentration dependent (quinolone, aminoglycosides, tetracycline), but others are not and may be time dependent (beta-lactam, vancomycin, oxazolidinone, macrolides, clindamycin).  For time dependent ones, as long as the concentration is >4xMIC, increasing the concentration gives no greater effect.  

· Many also exhibit a Post Antibiotic Effect (PAE), in which cidal/static properties continue after a short exposure to the drug.  Beta lactam antibiotics exhibit PAE against gram (+) organisms, but not gram (-) ones.  Aminoglycosides and quinolones show PAE vs. gram (-) organisms. 

Cell Wall Inhibitors I/II 9/16:

· Gram (+) bacteria have a surface of thick peptidoglycan, with some teichoic acid, overlaying the plasma membrane.  Gram (-) bacteria have an outer membrane with LPS (may act as a barrier for some drugs), a periplasmic space with a single layer of peptidoglycan, and an inner membrane.

· The peptidoglycan of the cell wall is made of chains of alternating NAG and NAM, which are cross-linked by peptide bridges.  Gram (-) rods have a modified amino acid, DAP, followed by d-Ala d-Ala.  Gram (+) cocci have a lysine with a pentaGlycine followed by d-Ala d-Ala.  Cross linking occurs at these residues just before the d-Ala d-Ala.  

· Transglycosidase joins NAGs and NAMs, and transpeptidase cross-links strands of NAG/NAM.  Several other enzymes act to lay down peptidoglycan.  In the process of producing peptidoglycan, you have to break down and displace some of the existing layer.  So there’s continually new wall being synthesized and broken apart.  
· The d-Ala d-Ala sequence is targeted by transpeptidase for cross-link formation.  D-Ala isn’t present in vertebrates.  The terminal d-Ala is cleaved, and the remaining one forms a covalent complex with the enzyme.  This covalent bond to the d-Ala is then replaced with the peptide bond cross-link to another chain of peptidoglycan.  

· The beta-lactam ring of penicillin and other beta-lactam antibiotics holds these molecules in a conformation that is homologous to the d-Ala d-Ala on which transpeptidase acts.  Penicillin inhibits transpeptidation by forming a covalent complex with the enzyme.  Autolysins (peptidoglycan hydrolases) continue to dissolve the cell wall, and since it’s not being synthesized the wall becomes depleted.  In a way, the bacteria’s own enzymes destroy it.

· The enzymes that bind penicillin and are involved in peptidoglycan synthesis and remodeling are called penicillin binding proteins (PBPs - transpeptidase, transglycosylase, etc).  They may have various specific functions, like elongating the cell, maintaining shape, forming septa, etc.  Their sensitivities to beta-lactam antibiotics also varies, and not all PBP inhibition is lethal.

· Beta lactam antibiotics can cause significant morphological changes in the microbes they affect, due to alteration of cell wall parameters.  
· These antibiotics have selective toxicity (toxic for bacteria more than us) because bacteria have cell walls, d-Ala d-Ala, and transpeptidease whereas we do not.  

· Penicillin G:

· Acts on gram (+) Strep as well as oral (above-the-belt) anaerobes.  When it first came out it was effective against most microorganisms, but resistance has changed that.

· It is acid unstable and erratically absorbed, so you can’t take it orally.

· It’s distributed into 50% of the body weight, and has poor penetration into the CSF due to an organic anion transport (OAT) pump.  Inflammation inhibits the pump and increases penetration into the CSF.

· Only 10% of it gets metabolized, but some of the products may be allergenic.

· It has a very short half life of 45 minutes, and is excreted by the kidneys through glomerular filtration and secretion by an organic anion pump.  Probenecid inhibits this pump and lowers the excretion rate.  

· Beta-lactam antibiotics are bactericidal, have time-dependent killing (the more time you spend over the MIC, the more you kill), and have a post antibiotic effect (PAE) for gram (+) bacteria.  The PAE is suppression of bacterial growth that persists after short exposure of organisms to antimicrobial agents.  It allows dosing to be less frequent that suggested by the half life.  

· Resistance to penicillin may arise by alterations in penicillin binding protein sites, reduced permeability of the drug, or production of beta-lactamase to degrade the antibiotic by opening its beta-lactam ring.  Beta-lactamase is plasmid mediated, and this enzyme is excreted.  It is constitutively expressed and present in the periplasm in many gram (-) bacteria.  To counter this, we have developed beta-lactamase inhibitors:  Clavulanate, Sulbactam, Tazobactam.  
· Clavulanate competes with penicillin for access to the beta-lactamase active site, and the beta-lactam ring of clavulanate is opened instead of penicillin’s.  

· Augmentin = clavulanate + amoxicillin.  Much more potent that amoxicillin alone.  

· Beta-lactamase inhibitors have limitations.  These include activity against only class A serine hydroxylases, though tazobactam is active against other classes.  Also, the inhibitor is degraded after binding.  Some resistance has emerged, and multiple classes of beta-lactamase may be produced by one organism (or multiple organisms present may result in the presence of several beta-lactamases).  Finally, clavulanate induces beta-lactamase expression, which is counterproductive.  Future development will be focusing on expanding the classes of enzymes on which the drugs will work, as well as increasing membrane permeability.

· Adverse effects of penicillin include hypersensitivity (any type may occur, but type I is rare/life-threatening).  The most common toxic side effect is GI symptoms with oral drugs.  Ticarcillin may result in a sodium overload.  Rarely, you may see bone marrow depression, hepatitis, platelet aggregation, or seizures.  
· If someone has a history of type I anaphylactic reaction to penicillin, they’ll give a skin test before administering a beta lactamase antibiotic.  If the skin test is positive, 50-70% of patients will experience anaphylaxis with penicillin.  A positive skin test will also be cross-reactive against cephalosporin 30% of the time.  If the test is negative, only 1-3% will have minor cutaneous reactions which aren’t a big deal.  

· Drawbacks of penicillin include its short half-life, instability in gastric acid, inactivation by beta-lactamase, poor treatment of gram (-) bacteria, and its allergenicity.

· You can modify penicillin side chains to try to increase its stability against beta-lactamases, increase its binding to PBPs, alter its pharmacokinetics, make it more acid stable, or make it more permeable to gram (-) bacteria.  

· Derivatives of penicillin have been made to increase its spectrum against gram (-)s (amoxicillin, ampicillin, ticarcillin and pipercillin), improve its pharmacokinetic parameters (penicillin V, penicillin G benzathine/procaine), and be resistant to penicillinases (methicillin, oxacillin, cloxacillin, dicloxacillin).  

· Longer acting penicillins like procaine penicillin, benzathine penicillin (very slow!) and orally available penicillin V made the half life longer.  Benzathine penicillin is good against syphilis, because you need a really low dose for a long time, and it gives just that.

· Aminopenicillins:  
· Ampicillin acts on some gram (-) bacteria including H. influenza, it is 50% orally bioavailable, and it doesn’t cause allergy (though it does cause diarrhea and rash).  Combining these with a beta-lactamase inhibitor can be very effective against beta-lactamase producing Staph, Neisseria, and H. influenza.  Amoxicillin + clavulanate = Augmentin (oral).

· Acts on gram (+) Pneumococcus, Streptococcus, and Enterococcus.  Acts on gram (-) H. influenzae, E. coli, Proteus mirabilis, and Salmonella.  

· Augmentin increases spectrum to include beta-lactamase producing S. aureus, H influenzae, M catarrhalis and many gram (-) rods.

· Amoxicillin is 100% orally bioavailable.  Combining these with a beta-lactamase inhibitor can be very effective against beta-lactamase producing Staph, Neisseria, and H. influenza.  Ampicillin +sulbactam = Unasyn (IV).

· Antipseudomonal aminoacylpenicillins:  piperacillin, piperacillin/tazobactam, mezlocillin, azlocillin.  

· Piperacillin covers what ampicillin does, but also more nosocomial (class II gram (-) rods), Pseudomonas aeruginosa, Bacteroides fragilis.  Tazobactam extends coverage to beta-lactamase producing strands of staphylococci and many GNR, though it’s no better against pseudomonas than piperacillin alone since pseudomonas doesn’t use beta-lactamase.  The combo is used for serious gram (-) infections. 

· Ticarcillin shows time dependent killing.  In this situation, a continuous infusion could be used to avoid falling below a minimum or rising above a maximum desired concentration.  Continuous infusion actually showed better results than intermittent dosing too.  

· Gram (+) bacteria produce “penicillinase” which is basically the same as beta-lactamase from gram (-) bacteria.  Penicillinase resistant penicillins include methicillin, oxacillin, cloxacillin, dicloxacillin, and nafcillin.  MRSA isn’t resistant to the antibiotics because of beta-lactamase, rather due to altered PBPs, so it’s also resistant to all beta-lactam antibiotics.  

· These penicillinase resistant penicillins are active against penicillinase producing Staphylococci, Pneumococci, and group A Streptococci.  

· Staph aureus and epidermidis (MRSA and MRSE) are resistant to these.  They are also resistant to cephalosporins and imipenem.  

· Dorothy Hodgkin figured out the structure of penicillin.  

· Pharmacokinetics of penicillins:  Generally (except ceftriaxone) they have short half lives, renal clearance predominates, and have variable protein binding.  Their distribution is poor to the eye, brain, CSF and prostate, and inflammation usually enhances penetration.  
· Dosing:  despite half life of .5-1.5 hours, you can dose every 4 hours because of the PAE.  The exceptions are for meningitis you want every 2 hours, amoxicillin only needs to be given every 8 hours, and benzathine and procaine penicillin have very long half lives.

· Penicillins are one class of beta-lactam antibiotics.  Another is the cephalosporins.  They also have a beta-lactam ring, they have a broad spectrum of activity [gram (+/-) and pseudomonas], they are resistant to beta-lactamases, and are safer than penicillins.  There are four ‘generations’ of cephalosporins based on their spectrum of activity.  Generations progressively increase in their coverage of gram (-) bacteria.  
· 1st:  cephazolin, cephalothin, cephalexin - good for strep and staph aureus.  

· 2nd:  cefotetan – better gram (-) coverage, a little worse gram (+).  Surgeons use a lot, good for Bacteroides fragilis and interabdominal infections.

· 3rd:  ceftriaxone, ceftazidime – even better gram (-) coverage.  

· 3rd/4th: cefepime – more resistant to some beta-lactamases.  

· Cephalosporins show PAE against gram (+) organisms.  They are characterized by time dependent killing, so continuous infusion is better.  

· Adverse effects of cephalosporins include hypersensitivity and anaphylaxis (same as penicillin, but not as common).

· Unique cephalosporins:  Ceftriaxone (3rd gen) can be given once daily, whereas most are 3x daily.  Cefotetan (2nd gen) is particularly good at battling anaerobes.  Cefepime (4th gen) is particularly potent against pseudomonas.  

· A third group of beta-lactam antibiotics are the carbapenems.  These include meropenem and imipenem/Cilastatin.  Pseudomonas have a protein in their outer membrane just for the drugs in this class, and allows the drugs to get in.  In some cases, these pores are the only way for drugs to get into these gram (-) bacteria.  

· They have a broad spectrum.  They kill gram (+)s except Enterococcus faecium and MRSA. They kill gram (-)s including pseudomonas.  They also kill anaerobes.  And, so far resistance to them is rare.
· They have a PAE for gram (-) and (+) bacteria.

· Carbapenems are associated with seizures, though the incidence isn’t well defined.

· Meropenem has a 1 hour half life, but can be given every 8 hours due to PAE.  It is also metabolized in the kidneys, in addition to being filtered and secreted there.  Proximal tubular dehydropeptidase I hydrolyzes the meropenem in the urine.  The metabolite is a renal tubular toxin, though, so it’s often administered with Cilastatin to inhibit the renal dehydropeptidase I.  This allows more of the meropenem itself to be excreted.  
· Aztreonam has only gram (-) coverage with no cross-allergenicity with penicillins, so you can use it without fear of anaphylaxis.  It’s also a non-aminoglycoside.  

· Vancomycin is a huge molecule, and it only works on gram (+) bacteria.  It H-bonds with the d-Ala d-Ala and pentaglycine of gram (+) peptidoglycan so that transpeptidases can’t link them together.  Some Enterococci are vancomycin resistant.  Resistance may arise by changing d-Ala d-Ala to d-Ala d-Lac.  

· Vancomycin enters the CSF poorly with uninflamed meninges, but improves with inflammation.  There is little metabolism of it.  It is excreted renally.  Half life is usually around 6 hours.  Its killing is time dependent.  
· Vancomycin toxicity includes allergenicity (drug fever, rash, not anaphylaxis), phlebitis, and red man flushing with a rapid IV dose.  No good evidence for oto or nephrotoxicity.  
Ribosomal Inhibitors 9/17, 9/19:
· The prokaryotic ribosome is a complex of protein and RNA.  All together it is 70S, and it includes a 50S subunit and a 30S subunit.  tRNA may bind to an A-site, P-site, or E-site.  There is a peptidyl transferase cavity where the main reaction occurs; lots of drugs act here.  There is also a peptide exit tunnel where the elongating chain sits.  

· Polypeptide elongation:  empty tRNA is in the E-site, tRNA-polypeptide is in the P-site and exit tunnel.  A tRNA/AA half-enters the A-site (A/T), then fully enters (A/A).  The polypeptide is moved to the tRNA in the A-site.  The empty tRNA leaves the E site, and the remaining tRNAs shift (P/E and A/P).  Then they fully shift to the E-site (E/E) and P-site (P/P).

· Gentamicin (aminoglycoside): bacteriocidal, acts at the 30S A-site.  Blocks initiation, terminates, and causes misreads.

· Tetracycline:  bacteriostatic, acts at the 30S A-site.  Blocks tRNA binding (A/T to A/A)

· Chloramphenicol:  bacteriostatic, acts at the 50S A-site.  Blocks peptidyl transferase.

· Clindamycin:  bacteriostatic, acts at the 50S A and P sites.  Blocks peptidyl transferase.

· Linezolid (Oxazolidinone):  bacteriostatic, acts at the 50S P-site.  Blocks fMet rTNA initiation complex.

· Erythromycin (Macrolide):  bacteriostatic, acts at the 50S exit site.  Blocks the peptide exit tunnel.

· Aminoglycoside antibiotics (Gentamicin, Tobramycin, Amikacin) all have 3 hexose sugars linked by O-glycosidic linkages and one or more amino groups.  They can act by allowing mismatched codon/anticodon pairs to bind with high affinity and incorporate the wrong amino acid.  They may also act by premature termination and breaking apart the ribosome, or blocking initiation.  It’s not clear which mechanism is most important.  
· These bind the 30S subunit at the A site.  The aminoglycoside antibiotics are actively transported into bacteria through an illicit polyamine transporter, accumulate, and are retained there.  

· Aminoglycosides are inhibited by chloramphenicol (antagonist), anaerobic environments, and acid.  They show synergy when used with beta-lactams (good against Enterococci or S. aureus)

· It has a post-antibiotic effect against both Gram (+) and (-) bacteria.  Its killing is concentration dependent, so a transient high dose can have a long-lasting effect.  The higher the peak concentration of the first dose, the more resolution of infection you see.  Affected bacteria show morphological changes.

· They are selectively toxic for bacteria because our ribosomes don’t bind these drugs well.  Also, our cells don’t transport aminoglycosides (except cells with a megalin membrane transporter, such as the proximal tubule epithelium, inner ear, and pigmented retina).

· The spectrum of action of aminoglycosides includes Gram (-) Rods.  They may be used synergistically with beta-lactams to combat some aerobic Gram (+) bugs.  Aminoglycosides are used clinically for severe gram (-) rods infections (toxicity, so only used when severe), and may be used synergistically with penicillins against S. aureus, Enterococci, or Streptococcus pneumoniae.  Aminoglycosides may also be used against TB (streptomycin) and some rare other cases.
· These drugs are pretty inexpensive.

· Resistance to aminoglycosides can occur by enzymatic modification of the antibiotic (acetylation, phosphorylation, adenylylation).  One enzyme may inactivate all aminoglycosides.  Most enzymes that act against gentamicin also inactive tobramycin.  Very few can inactivate amikacin.  Ribosomal or transport mutations can also result in resistance, but there are rare.

· Toxicity is not immediate, and can be taken for about a week with virtually no toxicity.  This can allow you to give them until your culture and sensitivity tests come back and you know for sure how to approach the infection.  Recall that proximal tubule and inner ear epithelia have the megalin membrane transporter for aminoglycosides.

· Nephrotoxicity occurs 10-20% of the time and involves reversible proximal tubule changes.  Rarely, glomerular changes can occur and result in severe toxicity.  The drug accumulates mostly in the cortex, and a little in the urine which can help with UTIs.  Risk factors include age, volume depletion, hepatic dysfunction, normal renal function (because filtering a lot of it will allow it to exert toxic effects).  Administering with antibiotics like vancomycin/amphoB/clindamycin/cephalosporin or loop diuretics is also a risk factor.  NEVER give with ethacrynic acid, it’s highly toxic.  
· Ototoxicity is uncommon, but 50% of the time it is irreversible.  This is a huge change in someone’s life and a pretty big deal.  Because the drug is pumped in, you have sustained concentrations in the perilymph even as the serum levels fall, so progression may occur after you stop taking the drug.  You lose high frequency hearing first, may experience imbalance, vertigo, etc.  These effects are cumulative.  Risk factors include age, renal disease, previous use of the drug, previous auditory damage, long treatment, and certain mutations.  
· Neuromuscular paralysis is extremely rare.  Risks are increased with an infusion time <5’, myasthenia or succinyl choline.  

· Aminoglycosides have poor oral bioavailability, so are given IV.  They get into the interstitium fine, but not well into the CSF or cells.  They are excreted via glomerular filtration, and may accumulate in proximal tubule cells.  2-3 t1/2, though it’s variable.

· Aminoglycosides may be given with a once-daily dose regimen.  This achieves a high peak concentration since they are concentration dependent, and it also provides a drug-free period to minimize toxicity and make sure that post-antibiotic effects don’t decrease due to constant stimulus.  This reduces nephrotoxicity and has no difference in efficacy against the bacteria, as well as being more convenient.  
· It may be wise to wait ~30 minutes after delivering a dose for the drug to distribute before measuring blood drug levels.  Therapeutic drug monitor may be good because PK parameters vary so much, concentration is closely related to efficacy/toxicity, and good assays exist.  Individualized dosing reaches the right targets faster, has a smaller change in concentration between doses, and decreases nephrotoxicity and hospital costs. 

· When choosing an aminoglycoside, it depends on the local pattern of resistance.  Gentamicin is standard.  Tobramycin is more expensive, but not worth it (slightly less toxic and resistant too).  Amikacin is much less resistant, but much more expensive.  Streptomycin can be used for TB.  Neomycin for topical pathogens or hepatic coma.  
· Aminoglycoside advantages:  chemically stable, broad spectrum of activity, rapid action, rare allergic side effects, syngery with beta-lactams.

· Aminoglycoside disadvantages:  nephro/ototoxicity, inactive against anaerobes, low CSF and bile concentrations, and can be inactivated

· Tetracyclines:  Doxycycline, tetracycline, minocycline (not that common).  These act by blocking the transition from unstable (A/T) to stable (A/A) tRNA binding of the ribosome.  They act by binding the 30S A-site.  
· Tetracycline structure includes a non-region that can be changed (for kinetics, which relates to convenience and compliance) without losing activity and a polar region that interacts with rRNA.  
· They are selectively toxic because they are actively transported into bacterial cells and accumulate there.  They enter eukaryotic cells passively.  
· Their spectrum of action used to very broad, but they all share an R-factor that alters the active transport and confers some resistance.  Spectrum of action:

· Chlamydial infections:  Useful against Chladmydia pneumoniae, which is a common cause of pneumonia in young adults.  Chlamydia bacteria are related to STIs, PID, lymphogranuloma venereum, inclusion conjunctivitis and trachoma.  

· Borrelia burdorferi:  Lyme disease

· Helicobacter pylori:  tetracyclines given with other abx and bismuth subsalicylate for ulcers. 
· Borrelia recurrentis:  relapsing fever

· Brucellosis (treated with tetracyclines and gentamicin in the seriously ill)

· Calymmatobacterium granulomatis (granuloma inguinale)

· Tetracyclines are orally bioavailable (doxycyclin ~100%), but also available as IVs.  Doxycycline and Minocycline have longer half lives and can be dosed 1-2 times daily, whereas tetracycline requires 3-4 doses.  

· If given in the first six years of life, these drugs become chelated with calcium and deposited in teeth and bones, resulting dark bands on the teeth when exposed to light.

· Doxycycline has the least GI side effects of the tetracyclines.  

· A novel drug, Tigecycline, in a new glycylcycline class has been developed.  It overcomes two major resistances that emerge in tetracyclines:  active efflux of the drug from cells and protection of ribosomes.  This has a broad spectrum including GPC (MRSA, VRE), GNR (not Pseudomonas), and anaerobes (Bacteroides).  It has good pharmacokinetics and few adverse effects as well.

· Chloramphenicol inhibits the 50S A-site and blocks peptidyl transferase.  It shares a common binding site with linezolid, clindamycin, and macrolides.  This drug is rarely used in the US.
· Chloramphenicol is selectively toxic because it doesn’t bind to our ribosome or inhibit our peptidyl transferase.  But it does inhibit our mitochondrial peptidyl transferase.  

· Resistance can arise when bacteria acetylate the drug.  

· Its spectrum of action includes Strep. pneumoniae (cidal), Neisseria meningitidis (cidal), H. influenzae (cidal), many gram negatives (static), and many anaerobes (static).  Clinically, it is used for CNS infections of these bacteria.

· It is well absorbed, but tastes bad so is given as an ester that’s hydrolyzed in the gut.  It is insoluble, and must be made as a succinate ester (later hydrolyzed in the liver) for IV formulation.  It distributes well in the blood, insterstitium, and CSF (quite extraordinarily).  It is metabolized in the liver by glucuronidation, which occurs more slowly in younger children and neonates.  It undergoes renal elimination, mostly in the conjugated form.  Bioavailability may be greater than 1, since all of the oral dose gets in but some of the IV dose may get excreted before it is activated.

· Toxicity:  

· Bone marrow suppression: It is transient/reversible and dose related.  All bone marrow elements are suppressed.  Marrow becomes vacuolated, you get depleted premature RBCs (reticulocytopenia) and elevated serum iron.

· Aplastic anemia: this can result from a single dose, and is irreversible in 50% of cases.  It is often fatal, so people really fear this and prescribe the drug less because of it, even though the incidence is 1:40,000.  
· Gray Baby Sydrome:  if administered to neonates, it’s hard to predict how much glucuronidating activity they’ll have.  They may have inefficient conjugation of chloramphenicol, get high blood levels, turn grey, vomit, refuse to suckle, show cyanosis, diarrhea, flaccidity, hypothermia, and death.

· Clindamycin inhibits the 50S A and P sites and blocks peptidyl transferase.  It shares a common binding site with chloramphenicol, linezolid, and macrolides.  

· Clindamycin is selectively toxic because it has no action on eukaryotic ribosomes or peptidyl transferase.  

· It spectrum of action in clues most anaerobes, gram (+) cocci like S. pneumoniae, group A Strep, and S. aureus.  Resistance to this drug is seldom a problem.  

· Clindamycin can be taken orally every 6-8 hours.  

· Its toxicity is primarily pseudomembranous colitis.  Unabsorbed drug alters the gut flora and allows overgrowth of C. difficile.  Some strains of C. difficile make an exotoxin that produces diarrhea and pseudomembranous colitis.  This strain may be widely carried in some institutional settings.  This toxicity is associated with several antibiotics, but most commonly with clindamycin.

· To treat C. difficile, you can use metronidazole or oral vancomycin.  

· Linezolid binds to the 50S P-site and blocks the movement of fMet-tRNA into the P-site required for formation of the 70S initiation complex.  It also blocks the A to P-site translocation and peptidyl transfer.  It shares a common binding siite with chloramphenicol and clindamycin.  This can cause the drugs to have antagonistic effects on one another.  
· It is selectively toxic because it doesn’t bind our ribosomes.  

· Linezolid is bacteriostatic (though it is bacteriocidal to S. pneumoniae).  It has a PAE for a couple hours against gram (+) cocci, and its killing is time dependent.

· Its spectrum of activity is against the worst, most resistant gram (+) organisms.  This includes VRE (E. faecium), MRSA, and PCN-resistant Strep pneumoniae.  

· Macrolides are large rings attached to 2 monosaccharides.  These drugs occupy the exit tunnel and limit the length of the newly formed peptide.  Erythromycin and Azithromycin have 1 sugar blocking the exit tunnel, Spiramycin has 2 sugars, and Carbomycin has an isobutyrate.  They interact with the peptidyl transferase cavity, but don’t exert their effect on that reaction.  

· Macrolides act at the same site as clindamycin and chloramphenicol, so they have cross-resistance.

· Macrolides are selectively toxic because they don’t bind our ribosome and inhibit our protein synthesis.  Resistance is becoming a problem.  

· Their spectrum of activity is against atypical organisms, often intracellular ones.  These include Mycoplasma pneumoniae, Chlamydia pneumoniae, and Legionella pneumophila.  It also works against Strep pneumoniae and group A strep, so it’s a good alternative to penicillin against strep when patients are allergic.  Was used in military recruits to get rid of Strep.

· It is orally bioavailable.  Erythromycin is given every 6 hours, but clarithromycin and azithromycin every 24.  Azithromycin has very good macrophage penetration, and cellular uptake in general.  This is the safest of all antibiotics, and really only has side effects of nausea and vomiting. 

· There are several groups of macrolides, the most important being Erythromycin (cheap, dosed 4x daily, GI side effects), Azithromycin (given in a z-pack, 1x daily, expensive, but few side effects), and Clarithromycin (expensive, dosed 2x daily).  

Drugs for Mycobacterial Infections 9/24:

· Mycobacteria have a very distinct cell wall that stains acid fast.  It contains lipophilic mycolic acid, which makes it a good target for chemotherapy.  But, it’s still closely enough related to gram (+/-) cell walls so that it’s susceptible to some antibiotics used for other bacteria.  

· Mycobacteria also have special metabolic features.  They can reproduce intracellularly or extracellularly, they can be dormant or inactive for prolonged periods (during which times they’re less susceptible to killing), and they require prolonged therapy for treatment. 

· Primary resistance to antimycobacterial drugs is based on the mutation rate and the chance that an organism already present is resistant to one of the standard anti-TB drugs before treatment is started.  The chances of resistance (1/106-8 per cell) increases with organism load, so load is an important factor for deciding if there will be resistance in a patient.  A large load likely has bacteria that are resistant, which is why no mycobacterial infections are treated with only 1 drug.  1 drug would just drive selective pressure that would initially kill off most of the bacteria, but some would remain and repopulate.  Primary resistance almost never occurs to two drugs.  Subclinical cases (ones that just test PPD positive) have smaller loads and likely don’t have resistant organisms, so may be treated with just isoniazid.

· Secondary resistance occurs when patients become asymptomatic before all of the organism is gone (a consequence of slow mycobacterial growth and metabolism in cavitary or caseating lesions).  Non-compliance with prolonged treatment provides selective pressure for the emergence of drug resistant organisms.  This leads to the development of a lot of resistance and transmission of resistant strains. 
· Multi-drug resistant (MDR) bacteria are resistant to isoniazid and rifampin.  Exceptionally drug resistant (XDR) strains have resistance to all first-line drugs and represent the most lethal and dangerous strains in the world.  All cases should be treated with four drugs for the first two months, followed by four months of treatment with two drugs to which it is susceptible. 

· Drug resistance in mycobacteria is always acquired through chromosomal mutations (M. tuberculosis not permissive for plasmids).  Multidrug resistance is a gradual process facilitated by noncompliance, and doesn’t happen all at once.  

· Isoniazid (INH):  It is a nicotine analog.  A metabolite of this drug was more potent, but more toxic, and led to development of MAOIs for depression.  
· Isoniazid is bactericidal and inhibits the synthesis of mycolic acids.  Less importantly, at high concentrations it inhibits metabolic pathways.  The drug accumulates inside mycobacteria, and the bacteria convert it into an active form that kills the bacteria.  It forms oxygen radicals to damage bacteria.  

· Resistance can occur due to mutation in the katG gene (for catalase-peroxidase enzyme) necessary to activate the drug and form oxygen radicals.  If katG is mutated, the drug isn’t activated.  Resistance can less commonly occur through the inhA gene, which encodes an enzyme for mycolic acid synthesis that binds INH analogs.  Mutations in inhA allow mycolic acid synthesis to return to near-normal levels even with INH present.  inhA is homologous to fatty acid synthesis enzymes in other bacteria.

· Isoniazid is metabolized by hepatic N-acetyltransferase, and depending on acetylator status the half life varies between 1-6 hours.  Rates of slow acetylation vary among racial groups.

· Toxicity includes hepatitis, which is more common in older and slower acetylating individuals.  So, you don’t treat people over 35 with INH for a positive PPD.  Hepatotoxicity occurs particularly when INH is given with rifampin.  It is reversible and shouldn’t ever be fatal is appropriately monitored.  
· Toxicity also includes neurotoxicity (peripheral neuropathy) that can be prevented with coadministration of vitamin B6.  Hypersensitivity and lupus are also important toxicities.  

· Rifampin:  This macrocyclic molecule is derived from Streptomyces.  It has broad spectrum action and inhibits bacterial DNA-dependent RNA polymerases.  It’s bactericidal against most gram (+) and some gram (-) bacteria.  It’s commonly used to eradicate nasal carriage of Neisseria meningitidis (post-exposure prophylaxis), and is also used for staph, strep, and haemophilus.  Resistance emerges rapidly if used alone.  

· Rifampin is metabolized by deacetylation and undergoes biliary excretion and enterohepatic recirculation.  Its half-life varies with deacetylation speed, and ranges from 1.5-5 hours.  Its pharmacokinetics are non-linear and can accumulate quickly if given in high doses.  
· Rifampin is a potent inducer of cytochrome P450, including 3A4, so can reduce the effects of the pill, cyclosporine, and coumarin anticoagulants.

· Resistance arises as a result of point mutations in the RNA polymerase gene.  

· Toxicities include orange discoloration of urine/sweat/tears/contacts, hepatitis (more common in kids) and hypersensitivity reactions with flu-like symptoms.  It can also cause light chain proteinuria in over half of patients, but doesn’t indicate kidney disease.

· Rifabutin and rifapentene (better PKs and toxicitiy) are similar.  Rifabutin is more potent in vitro with a longer half-life (16 hours).  It’s only approved for prophylaxis of M. avium in AIDS patients.  It works in vitro against M. tuberculosis, but isn’t used because of cost.  Resistance arises by mutation in RNA-pol and cross-resistance occurs with rifampin.  Rifabutin has orange/brown discoloration toxicity, as well as uveitis (unlike rifampin) that is dose dependent, it has the same but less-potent drug-drug interactions, and rare granulocytopenia/rash.  
· Pyrazinamide (PZA).  Like INH, PZA is a structural analog of nicotinamide.  It is highly bactericidal and active at acidic pH.  It’s good for killing intracellular mycobacteria, but is ineffective against dormant organisms.  

· Its metabolite is renally excreted.  It has a longer half life (12-24 hours) than the above drugs.  

· Toxicities include hepatotoxicity (like rifampin and INH) with high doses, hyperuricemia (elevated uric acid), and photosensitivity dermatitis (rare, skin eruptions with sun exposure…can be avoided by dosing at night).

· Ethambutol is bacteriostatic, but its mechanism is unknown.  It inhibits RNA synthesis and mycolic acid metabolism.  
· Toxicities include peripheral neuropathy, especially retrobulbar optic neuritis with color blindness and eventual loss of peripheral vision.  Importantly, most people can’t detect insidious onset colorblindness.  So, patients should be monitored with frequent ophthalmic exams.  

· Aminoglycosides and quinolones:  

· Streptomycin (aminoglycoside) was the first drug shown to be clinically beneficial in patients with tuberculosis.  It’s less nephrotoxic than other aminoglycosides, but more vestibulotoxic.  Other aminoglycosides (amikacin, kanamycin) are active, but more expensive.  These aren’t widely used because of expense or toxicity.  

· Fluoroquinolones, especially moxifloxacin, are highly active and increasing used for resistant strains.  

· Macrolides (clarithromycin and azithromycin) can also treat mycobacterial infections.

· Features of antimycobacterial therapy include the ability to use intermittent therapy, since mycobacteria grow so slowly.  2-3x weekly regimens are now used.  This allows for DOT and an increased duration of treatment.  

· The WHO thinks leprosy may be eventually eliminated like smallpox. 

· Dapsone is used to treat leprosy.  It is a sulfone (a sulfanilamide analog) that inhibits folate synthesis.  Resistance is now common.  It’s also active against Pneumocystis carinii/jiroveci, which cause life-threatening pneuomia in immunocompromised hosts.  

· Toxicities include hemolytic anemia (particularly in patients with G6PD deficiency), methemoglobinemia and subclinical hemolysis, hypersensitivity, agranulocytosis and fatal mononucleosis-like syndrome (rare), and erythema nodosum leprosum due to lysis of bacteria and release of toxic stuff that precipitates a ‘reversal reaction.’
· Dapsone is metabolized by N-acetylation and has a half life of 10-50 hours.  Genetic polymorphisms in acetylation are similar to INH.  

· Other useful anti-leprosy agents are clofazimine, rifampin and ethionamide.  Today, treatment involves 2-3 drugs for ~6 months.  

· For pauci-bacillary leprosy – rifampin and dapsone for 6 months

· For multi-bacillary leprosy – rifampin, dapsone, and clofazimine for 12 months.

· These treatments will cure the disease.

· Future antimycobacterial chemotherapy may target ATP synthesase or fatty acid synthetases.  The business model for drug development is challenging, since making a profit can prove difficult.
Quinolones 9/25:

· 1st generation:  Nalidixic acid.  Treats gram (-) UTI.

· 2nd generation:  Ciprofloxacin, Levofloxacin, Norfloxacin, Ofloxacin.  Treats gram (-) UTI and gram (-) in the tissues with a little gram (+).  

· 3rd generation:  Gatifloxacin.  Treats gram (-) UTI, gram (-) in the tissues and also gram (+) in the tissues.

· 4th generation:  Moxifloxacin, Gemifloxacin.  Treats gram (-) UTI, gram (-) in the tissues, gram (+) in the tissues, and anaerobes.

· 2nd, 3rd, and 4th generation drugs are based on the fluoroquinolone pharmacophore.  

· These drugs act by inhibiting prokaryote the type II topoisomerases DNA gyrase and topoisomerase IV.  Type II topoisomerases produce a double stranded break and pass a DNA strand through to catenate/decatenate (link/unlink) circular DNA or alter DNA supercoiling.  This is important for DNA/RNA synthesis, recombination and DNA packaging.  

· Gyrase introduces negative supercoils and relieves positive supercoils.  

· Topoisomerase IV segregates replicating chromosomes.  

· Type II topoisomerases are A2B2 tetramers, with two DNA binding domains and two ATPase subunits.  They work by binding DNA, forming a double stranded break and a covalent link to the enzyme via active-site tyrosines, passing the strand of DNA through the break, and ligating the ends back together.  The ds break leaves a 4 bp overhang.  

· Fluoroquinolones work by stabilizing the DNA-topoisomerase intermediate.  This intermediate is called the “cleavable complex.”  It basically keeps the DNA and topoisomerase bound to each other, and when a replication fork for DNA or RNA synthesis collides with that complex, you get DNA strand breakage, induction of SOS repair and irreversible bactericidal killing.  It does NOT work by just inhibiting the topoisomerase activity.  

· Quinolones form tetramers that hydrogen bond with the 4 base-pair overhangs on the DNA.  

· Fluoroquinolones work primarily on DNA gyrase in gram (-) bacteria, and they work primarily on topoisomerase IV in gram (+) bacteria.  

· These drugs are selectively toxic for bacterial DNA/topoisomerase complexes, and they have much less activity in mammalian homologs.  The newer compounds are increasingly selectively toxic.

· Resistance occurs mostly by mutations in the gyrase and topo IV genes.  They occur most in the DNA binding subunits of the enzymes.  For gram (-) bacteria, DNA gyrase is first mutated in resistance.  For gram (+) bacteria, topo IV is first mutated in resistance.  Mutations of other genes may subsequently cause additional resistance.  

· Resistance may also arise from altered transporters of the drugs, or rarely by plasmid-mediated resistance that encodes a protein that mimics DNA.  This plasmid mediated protein associates with topoisomerase and prevents formation of a cleavable complex with real DNA.  You can’t use the topoisomerase, but it prevents ds breaks and cell killing.  

· Increasing levels of resistance are a serious concern with quinolones.  

· Quinolones are very quickly absorbed, and with good bioavailability.  Absorption is decreased by coadministration with magnesium or aluminum containing antacids, or with iron.  Later generation drugs have longer half lives.  They are widely distributed, even to the brain and testes and other difficult-to-access sites.  

· Ciprofloxacin is 15% metabolized.  This occurs by phase I enzymes (oxidation), but cipro is mostly excreted renally in its non-metabolized form.  Moxifloxacin is 35% metabolized.  This occurs by phase II enzymes (conjugation), and it is mostly excreted in the liver in its conjugated form. 

· Elimination of quinolones is mostly renal, but some is biliary and transintestinal.  In cases of renal failure, drugs except for moxicillin should be adjusted.  You don’t need to adjust for hepatic failure, because hepatocytes retain enough phase II function.  

· Toxicities of quinolones include GI (2-11% nausea, vomiting, diarrhea), CNS (1-7% headache, fatigue, dizziness, sleep disorder and rare hallucination/depression/seizure), skin (20% phototoxicitiy and 1% hypersensitivity), arthropathy shown in juvenile animals, and rare cases of tendon rupture that produced a black box warning.  

· Very rare side effects that caused drugs to be pulled from the market include:

· Temafloxacin causing hemolytic anemia, renal failure, hepatic dysfunction and coagulopathy. 

· Grepafloxacin for causing prolonged QT interval and ventricular arrhythmia.  

· Trovafloxacin was withdrawn for serious liver toxicity. 

· These show how important post-marking surveillance is.  Clinical trials often miss very rare, but potentially very serious, side effects.
Antimicrobial Drug Resistance 9/26:

· Microorganisms must reproduce in such that they will maintain or increase the body’s burden of the microbe.  If they don’t, the microorganism will become extinct.  

· The reproductive number, R, is the number of new infectious organisms or infected cells produced after some period of time during which the organism is replicating.  Think of it as the ratio of:  (final amount of infected stuff) / (initial amount)

· When R>1 the organism will continue to grow and reproduce.  If R<1 then the organism will expire in an individual or go extinct in a population.  R is always less than one in the presence of effective antimicrobial therapy.  R is greater than one in a drug resistant organism in the presence of antimicrobial therapy.  

· If a resistant organism is present, antimicrobial therapy will provide a selective pressure that will allow the resistant organism to outgrow the wildtype and establish a new steady state.  

· Genetic events that confer drug resistance are capable of occurring continuously.  The use of antimicrobial drugs reveals resistant organisms by providing selective pressure.  The drugs don’t facilitate resistance-conferring changes, they just differentially promote the growth and survival of existing resistant bugs.

· Primary drug resistance predates drug therapy, for example acquiring MRSA which is already resistant.  Effective therapy of primary resistant microorganisms involves treatment with a drug to which the organism is known to be sensitive, or treatment with a combination of drugs where at least one will reduce R to less than one.  Most primary drug resistance occurs because of overuse or improper use of a drug at some point in the history of that pathogen.

· Secondary resistance (acquired resistance) occurs during drug therapy.  If an effective drug is being taken irregularly or incorrectly, drug concentrations can decrease to levels adequate for bacterial survival and replication, and the drug presence provides the selective pressure that would allow any new mutants that appear to proliferate extensively.  Non-adherence to a drug regimen causes most secondary resistance.

· There are four main cellular targets for antibiotics:  folate synthesis, DNA/RNA synthesis, cell wall synthesis, and protein synthesis.

· Mechanisms of antibiotic resistance include 

· Inactivation of antibiotics:  beta-lactamase inactivates beta-lactam antibiotics, acetylation/adenylation/phosphorylation inactivates aminoglycoside antibiotics, actetylation inactivates chloramphenicol.

· Modification of antibacterial targets:  the d-ala d-ala target of vancomycin is altered to d-ala d-lac, penicillin binding proteins get point mutations and aren’t sensitive to beta-lactams, methylation of rRNA blocks binding of macrolides and clindamycin, point mutations in RNA pol block rifampin binding, point mutations in DNA gyrase block quinolones.  

· Efflux of antibiotic cells:  responsible for resistance to tetracyclines, macrolides, and quinolones.

· Resistance mechanisms in pathogens are similar to strategies bacteria use to protect themselves from antibiotics they produce to affect other microorganisms.  For example, S. antibioticus inactivates oleandomycin by glycosylation, exports if from the cell, and secretes an enzyme to cleave the added sugar and reactivate it outside of the bacterium.  Also, S. erythraeus modifies rRNA (where erythromycin acts) my methylation to protect against naturally produced erythromycin.

· Resistance determinants are clustered near the genes for antibiotic production in antibiotic-producing organisms.  Resistance determinants can be transferred horizontally to or acquired by neighboring organisms through:  transduction (via phage), transformation (uptake of naked DNA, maybe from lysed bacteria), or conjugation (most common).  This permits development of resistance and genome modification much faster than could be achieved by mutation alone. 

· Combining antibiotics with different modes of action reduces the chances of emerging resistance-conferring mutations.  It’s important to communicate this to the patient taking the drug.  

· Selective removal or restriction of antibiotic classes can reduce the likelihood of resistance to those classes.  So our last lines of defense like vancomycin and linezolid need to saved for when we need them most.

Anti-HIV Drugs:

· 20 years ago HIV was uniformly fatal.  Now, it’s a treatable chronic condition.  

· Antiretroviral therapy is based on the knowledge that CD4 T-cells are depleted as a direct result of HIV replication, so treatment seeks to inhibit HIV replication as much as possible for as long as possible.  

· HIV replicates very fast, with a half-life of only 6 hours.  

· Drugs probably can’t eliminate HIV from the body, because it resides in long-lived memory T-cells.  Drugs show rapid first-order decline in plasma viral RNA, but then it plateaus.  It doesn’t really matter what body compartment a drug preferentially goes to, all regimens are about equally effective.  

· Because HIV mutates so quickly, if any single agent is used, a patient will quickly develop resistance.  

· Drug targets include receptors used for entry, reverse transcriptase, integrase, and the protease needed to facilitate maturation of HIV virions.  

· Nucleoside analog reverse transcriptase inhibitors (NRTIs):  Zidovudine (AZT).  This is a thymidine analog.  It was first made as an anti-cancer drug, was shown to have retroviral activity, and once it was shown to anti-HIV activity in 1985 it was quickly approved by 1987.  

· Zidovudine is a nucleoside analog that is phosphorylated by cellular enzymes to a triphophate form (AZT-TP).  This inhibits the HIV-encoded RT.  It also acts as a chain terminator.  It reduces plasma levels of HIV-1 RNA by .5 log when used alone, so isn’t that potent.
· Zidovudine is well absorbed.  It’s eliminated by phase II glucuronidation.  It has a very short plasma half life, but a long intracellular half life, which allows for infrequent dosing.  AZT is rapidly converted to AZT-MP, so it disappears quickly from the plasma.  This is then slowly converted to AZT-DP and then to AZT-TP.  

· Its toxicities include bone marrow suppression and anemia/granulocytopenia commonly in people with advanced disease.  It also rarely causes myopathy or lactic acidosis/steatosis.  This may result from zidovudine also inhibiting mitochondrial DNA polymerase in addition to RT.  Newer drugs in this class don’t have this toxicity.  

· Resistance requires multiple mutations that each confers incrementally more resistance.  Resistance is generally slow to develop, because if you mess up RT, it really hurts the virus.  There is little cross-resistance to other nucleosides, but the more resistance mutation you accumulate, the more cross-resistance you see.  

· Non-nucleoside reverse transcriptase inhibitors (NNRTIs):  Nevirapine.  This class of drugs can have structures that vary widely.  It is only active against HIV-1, not HIV-2, and it was developed specifically for HIV-1.  
· Nevirapine doesn’t require intracellular activation.  It functions as a non-competitive inhibitor and binds RT away from the active site to induce a conformational change that makes it less efficient.  Since it doesn’t act at the active site, the binding site is non-essential and can easily mutate.

· The same site doesn’t necessarily exist on HIV-2’s RT, so it has no activity for HIV-2.  

· Nevirapine is pretty potent, reducing plasma RNA levels of HIV by 2-3 logs when administered alone.  It is also well absorbed and has a long half-life, allowing infrequent dosing.  It is eliminated by oxidative metabolism (cytP450 3A4), and also acts as an inducer of cytP450.  

· Toxicities include rash (quite common) and more rarely Stevens Johnson Sydrome (severe rash and skin sloughing that can be fatal) or hepatotoxicity (can be fatal).  Drug interactions (P450 inducer) are also important to note.  

· Resistance arises with a single AA change, and can confer 1000x resistance.  It happens rapidly (days to weeks), and often leads to cross resistance with other NNRTIs.  

· HIV Protease inhibitors:  Ritonavir.  

· HIV protease converts an immature virion to an infectious virion.  The immature ones are still release, they just don’t get activated.

· Ritonavir doesn’t require intracellular activation.  It is a competitive inhibitor of the HIV protease, and acts as a transition state peptidomimetic (mimics the sequence at which the protease normally cleaves, but binds it tightly and inhibits).  The drugs in this class all share similar structures.  

· The drugs in this class are all equally potent, so drugs are chosen based on their PKs and toxicities.  They reduce plasma RNA levels of HIV by 2-3 logs when given alone at high doses.  They even partially restore CD4 counts.  

· Ritonavir has good selective toxicity too.  At very high doses (more than are used clinically), it causes GI intolerance and hyperlipidemia.  It can rarely cause glucose intolerance and diabetes.  

· Ritonavir and other HIV agents (NRTIs, particularly stavudine) may cause changes in fat distribution.  For ritonavir, it causes lipoatrophy (thin face/arms, enlarged abdomen/breasts and a buffalo neck).  May be associated with the mitochondrial toxicity (esp of NRTIs) and HIV-associated metabolic changes.
· Other ritonavir toxicities include rare hepatic transaminitis, parasthesias (numbness, tingling common to the class of drugs), and cytP450 inhibition.

· Ritonavir has variable bioavailability due to first pass metabolism and autoinduction.  It is highly protein bound.  Ritonavir is eliminated by oxidative metabolism and has a medium length half life, so is dosed twice daily.  It is a potent cytP450 inhibitor and hepatic enzyme inducer.  Rather than be used for its antiretroviral properties, it is often given with other protease inhibitors to prevent their metabolism and improve their PKs.

· Resistance arises in a medium amount of time.  A single AA change confers 3-5x resistance (primary), and subsequent changes can accumulate and induce up to 100x resistance (secondary resistance).  This emerges in weeks to months and doesn’t necessarily occur in all patients.  The more you accumulate, the more cross-resistance you get.  
· In general, these drugs have a dose-response curve, so that’s why it’s used to raise the concentrations of other drugs.  

· Today, retrovirals are only used in combination chemotherapy (HAART).  Popular regimens include 2 NRTIs with Efavirenz or a potent Protease Inhibitor.  

· Combination chemo with at least 3 agents is essential to prevent drug resistance.  Synergy probably doesn’t play a role.  Future work strives to reduce the pill burden (via co-formulated drugs), provide better long term tolerability, and improve resistance testing.  

Vaccines:

· A vaccine is a formulation able to elicit antigen-specific protective immunological memory, which results in a faster, more robust secondary response upon subsequent encounters with that antigen.  It’s based on natural development of immunity after an exposure.  This approach has failed for HIV, malaria, cancer, etc.  

· Vaccines hope to get a strong, fast immune response to a pathogen.  No vaccines are sterilizing and prevent infections, they just limit the extent.  

· Live, attenuated vaccines involve antigen encoding by the pathogen’s genome and synthesis in the host.  It’s basically an infectious agent, which comes with some inherent risks.  These induce a strong innate inflammatory response; they are natural adjuvants.  They induce the best immune responses, with B/T cell responses and long memory.  
· Inactivated vaccines include isolated/recombinant protein or polysaccharide antigens only.  These are administered locally and distribute to regional lymph nodes.  It elicits a weak innate inflammatory response, so may require addition of an adjuvant.  These mainly induce antibody responses, and weak CD8 responses because they don’t infect intracellularly.  

· A vaccine must present the antigen to the immune system properly.  Sugars may require conjugation to proteins to be presented on APCs and induce a good CD4 response, inactivated vaccines may not be intracellular and may induce a weak CD8 response, conformation may need to be conserved to expose the normal epitopes for antibodies to bind, etc.  T-cells recognize only linear AA sequences presented on MHC, but B-cells recognize the 3D structure so may require linear or conformational epitopes to be present. 

· Vaccines must also stimulate the immune system properly to shape the adaptive effector responses.  This may require adjuvant in the cases of purified protein or polysaccharides.  Protein will induce IgG via CD4 T-cells.  Sugars alone may only elicit IgM (non-CD4 dependent) responses.  With polysaccharides alone, you will make short-lived plasma cells, but once the antigen is gone there is a faster decline in antibody levels without production of memory cells (T-cell activation is needed for memory cells, so immunity only lasts a few years).  If that sugar is conjugated to protein, it’ll elicit a T-cell response and produce IgG, memory cells, and most lasting immunity.  

· Common adjuvants are aluminum compounds.  Other adjuvants may be agonists of host cell receptors or proteins known to be immunogenic (toxins, etc).  

· The route of administration is also important for immune modulation, antigen processing/presentation, and possibly for mucosal immunity if necessary.  

· B-cell responses include antibody neutralization that blocks the biological function of antigens (prevents infection, doesn’t eliminate the presence of the virus) and antibody opsonization to accelerate the clearance of the antigen (eliminate the virus). 

· CD4 T-cells secrete cytokines to support B-cells and CD8 T-cells, promoting cell activation, proliferation, maturation and memory.  CD8 T-cells are cytolytic and kill infected cells.  

· Viruses are addressed with neutralizing antibodies (against surface glycoproteins) or CD8 T-cells kill viral infected cells by recognizing cytoplasmic, non-structural proteins usually.

· In a plaque reduction neutralization assay, opsonizing antibodies may enhance phagocytosis, but infectious virions still persist and can kill cells causing plaques.  Neutralizing antibodies will prevent the infective action of the virions and there will be no plaques.  

· Bacteria are addressed with opsonizing antibodies against surface polysaccharides or envelope proteins and anti-toxin antibodies (neutralizing).  

· Because they are given to so many healthy people and children, vaccines require a high level of safety.  They also need to be highly efficacious.  This may be accomplished by providing high individual protection, or also by herd immunity.  Even moderate levels of immunity can drastically reduce the spread of infection.  
· There are lots of vaccine-preventable diseases.  Most of these are viral or bacterial, but the future may see more against cancer, allergies, etc. in the future.  

· Live vaccines are whole organisms.  They may be attenuated by mutation or in other species, or they may be recombinant mutants that we purposefully mutate to weaken them.  

· Live-replicating organisms make the best vaccines, but they are not always possible to produce.  It may be impossible to attenuate pathogenicity while preserving immunogenicity.  These viruses may be unstable and hard to store.  Route of administration depends on how the virus acts.  They can be developed by inoculating a virus in a different species for several generations, allowing it to adapt and mutate so that it’s less pathogenic then be reintroduced in humans in an attenuated form.  Or, they can be made by reassortment of animal and human viruses so that a mostly bovine virus that can’t replicate at pathogenic levels in us makes a human-viral protein that you’ll make antibodies to.  The replicating organism is a natural adjuvant, and viral antigens will have natural conformations, access to class I and II MHC presentation, and elicit good antibody, CD4 and CD8 and memory responses.  

· Inactive vaccines may be killed whole organisms or subunit vaccines.  These subunits may be purified directly form the organism, or made by recombinant production.  
· Inactive whole organism vaccines require inactivation with preservation of immunogenicity, which isn’t always possible.  This inactivation may be done with formalin, but the process could damage important antibody targets.  This will weakly stimulate the immune system, and requires an adjuvant.  The technique provides good access to MHC II, but not to MHC I so a poor CD8 response is observed.  It can induce a good antibody and memory response though.  
· Polysaccharide subunit vaccines require purification and inactivation of any toxic properties.  These don’t require epitope mapping, and they may need stabilizers or preservatives with the formulation.  They stimulate the innate immune system via PRRs like TLRs.  CD4 presentation depends on protein, so they don’t get activated or lead to memory cell production.  They do still activate B-cells independently of CD4 and you get IgM production and a short-lived antibody/memory response (rapid decline in antibody titer).  
· Polysaccharides may be conjugated to protein.  These act the same way, and don’t need adjuvant, as above.  But, you get a CD4-dependent B-cell activation and IgG production due to the protein.  This provides you with a longer memory response.  

· Recombinant proteins are made by expression in genetically modified organisms.  The pure formulation is usually inert, so adjuvant is needed.  These proteins result in CD4 dependent B-cell activation and IgG production, and the accompanying long-lived antibody response.  
· Vaccines may be used for active immunity (produced by the person’s own immune system and is long lasting) or passive immunity (transferred from another person/animal for temporary immunity.  Passive immunity occurs naturally by placental transfer of IgG (only IgG) antibodies, and these could interfere with vaccination if the mother’s antibodies neutralized the vaccine and the child didn’t respond to it (particularly important for live, attenuated vaccines).  The immunization schedule is either adjusted to account for this or supplemented with a boost.  Sources of passive immunity are blood or blood products, of pooled human antibody or antiserum.  

· Neonates are immunologically immature.  But, because the mom’s immune status isn’t always known, we immunize as early as possible and boost as needed.  Neonatal innate immunity is not yet fully active.  But, maternal antibody helps protect them and can have a major effect on live, attenuated vaccines.  
· The elderly also have immune differences.  The repertoire of T-cells produced decreases with time, so response to new organisms may be weaker.  So, when you immunize them, you need more stimulation to achieve the same amount of response.  

· Vaccine recommendations:  Inactivated vaccines are given early, then boosted.  Live, attenuated vaccines are given a little later, around 1 year.  Even if the mom is immune to some of the strains of the viruses you’re immunizing for and her IgG affects it, she’s probably not responsive to all of them, so vaccination can still be worthwhile.  Very safe vaccines may be given very early (like HBV, especially if the mother is HBV+).  Adults get lower doses of diphtheria, tetanus, and pertussis.  HPV vaccine is recommended, even if you have one serotype, since it can protect you from the others.   Live, attenuated vaccines may be contraindicated during pregnancy and immunocompromised people.  

· Vaccine use has always been controversial, and people are always afraid of things it’ll do.  There’s lots of public misinformation about autism, but many large studies have found no link.  The study that started it all was based on 12 kids, and 10 of the 13 authors retracted the study’s interpretation.  Autism usually does become apparent around the time of the MMR vaccine, but there is no proven causality.  It has multiple components, including genetics.  The form of mercury called thimerosal has been shown to cause nervous damage, and though no harm has been proven, it’s been taken out of vaccines as a precaution (except some flu vaccines). 
Antivirals:

· Immunological approaches are much more effective at preventing, rather than treating, infections.  Organisms that suppress immunity (HIV) or evade it (flu) are big challenges to vaccine development.  As we use more chemo/transplants and populations become more dense and mobile, therapeutic antivirals are needed more and more.  But viruses are widely varied, drugs need to be less dangerous to the patient than the virus, and viruses mutate very quickly.  Biotech advances may make it possible though.  
· We hope to develop therapies that specifically target something unique in the virus.  Hepatitis B virus requires RT, flu requires neuaminidase, herpes’ thymidine kinase is a good target.  
· HBV:  its small, partially dsDNA covalently closes after infection.  This genome is copied from an RNA, and requires reverse transcriptase.  

· Alpha interferon is useful against HBV.  IFN stimulates many cellular genes with interferon specific response elements (ISREs), and these gene products interfere with the virus life cycle at all stages.  This therapy works, but it wears off as patients develop tolerance.  In addition, HBV can make a protein that interferes with it.  It’s given IM or subcutaneously.  It can be pretty toxic with flu-like symptoms.  

· Limivudine (3TC) inhibits RT.  Limivudine is a nucleoside analog that inhibits viral RNA dependent DNA pol (the drug also works on HIV) by blocking chain elongation.  This drug is effective at low doses, is orally bioavailable, has negligible toxicity.  Resistance can develop pretty quickly via mutations.  
· Influenza:  a segmented ssRNA virus.  

· Amantidine and Rimantadine target the M2 ion channel needed to let protons into the virion and allow uncoating.  It also has the secondary effect of causing a conformational change in HA that decreases the release of infectious virion.  Low concentrations are effective, and the drugs have good bioavailability.  Side effects, often CNS, are common for amantidine since it crosses the BBB.  Rimantadine doesn’t cross as much and has reduced CNS toxicity.  Resistance is a huge problem.  It develops very quickly, and so much resistance is out there now that they’re really not used any more.
· Zanamivir and Oseltamivir are neuraminidase inhibitors.  They interfere with the release of virions.  These compounds mimic sialic acid, the substrate for NA, and they bind more tightly to the active site than sialic acid.  Oseltamivir has the stronger binding of the two and is more bioavailable.  These drugs must be used early in the infection (first couple of days), but function well at low concentrations.  There is minimal toxicity.  Zanamivir is not very bioavailable, but oseltamivir is good.  Resistance develops inefficiently, and if it does, the mutants have reduced fitness.  

· Herpesviruses is a large, linear dsDNA virus.  It has tons of genes that make for lots of unique targets, like docking of the virion at the nucleus to get DNA in there, thymidine kinase needed to separate replicated DNA, or unusual budding proteins.  But only viral DNA polymerase inhibitors have been found.  

· Acyclovir is an analog of deoxyguanosine.  Viral thymidine kinase phosphorylates the drug, then cellular enzymes add the remaining two phosphate groups.  It inhibits the DNA pol a little, but more importantly incorporates into DNA, and because it lacks an OH, it terminates DNA chain elongation.  Acyclovir has much higher affinity for HSV TK than cellular TK.  It is effective at low concentration best against HSV1 and 2 and HZV, but not active against CMV or HHV6.  This is well tolerated, even for chronic use.  Resistance is a problem due to viral TK mutation or viral DNA pol mutation.  

· Vacyclovir is a prodrug form of acyclovir that improves bioavailability and is rapidly converted to acyclovir in the GI tract.  

· Gancyclovir has an OH group added and in potent against CMV.  It’s not as good a substrate for viral DNA pol, but it accumulates much more in CMV cells so that it has better activity.  Gancyclovir doesn’t act as a chain terminator, and may just be incorporated into DNA, but it does act to inhibit DNA pol.  This drug isn’t very bioavilable, but still gets the job done against CMV.  This has serious toxicity, including inhibiting bone marrow progenitor cells and inhibiting lymphocyte blastogenic responses.  Resistance may occur via kinase mutations.
· Foscarnet is a generic herpesvirus inhibitor.  It is a pyrophosphate analog that inhibits all herpesviruses, reversibly binding DNA polymerase and inhibiting cleavage of PP as part of the elongation mechanism.  It affects viral DNA pol 100x more.  It has broad action against herpes in general.  It’s orally bioavailable, but has serious bone/kidney toxicity so is only used primarily for life-threatening situations when other drugs aren’t working.  Resistance occurs, but it can still work against acyclovir and gancyclovir resistant strains.  

· Fomiversen is an anti-sense inhibitor of CMV.  It is a single stranded oligonucleotide complementary to a CMV mRNA encoding an essential protein.  It’s pretty unstable, mostly useful for CMV eye infections, and it’s expensive.  It’s the only anti-sense based drug approved.  It’s the only herpesvirus antiviral not targeting DNA replication.  

Antiparasitic Drugs:

· Parasitic infections afflict a huge number of people with increasing prevalence for some, yet we really don’t invest a lot in them.  More than 1/3 of the world’s popoulatino is infected with a parasite, including 1 in 5 Americans.  Those at particular risk in the US include immigrants, migrant workers, overseas travelers, the poor (rural), kids in daycare, transfusion recipients, and IV drug users.  

· Parasitic infections, especially with helminthes, tend to be chronic cause a lot of morbidity, suffering and economic loss.  

· These infections may be protozoan or helminth.  Or they may be classified as GI or tissue/blood.  

· General principles of parasitic chemotherapy:  Selective toxicity can be based upon parasite location (in the GI tract, you can use drugs that aren’t absorbed well and expose the parasite to a high concentration while encountering a lot concentration in the host tissues), differences in metabolic pathways, differences in isofunctional enzymes, or concentration of drug by the parasite.  Parasites often have complex life cycles with multiple forms, and each may have different drug susceptibilities.  No vaccines prevent parasitic infections in humans, we rely on drugs only for prophylaxis and treatment.  

· Because these drugs are potentially used in large numbers of people, many of whom are uninfected, asymptomatic, children, or pregnant women, the drugs should really be safe, orally effective, curative in 1 dose, and inexpensive.  

Helminth Infections:

· Adult worms don’t typically multiply in humans, so we can’t target their reproduction.  Most effective drugs are active against their motility or their energy generation.  

· The worms have complex nervous systems, and attacking their motility via the nervous system keeps them from resisting peristalsis and allows them to be carried out of the body.  

· Drugs affecting helminth motility:

· Ach works in helminthes like it works in us.  The drug bephenium prevents ACh reuptake, leading to a spastic paralysis.  Peperazine works by an unknown mechanism to cause a flaccid paralysis. 
· Pyrantel is an AChesterase inhibitor and induces a spastic paralysis of the helminthes.  It is given as a pamoate salt that is poorly absorbed, causing the worm to see it in high concentrations in the GI tract, but having relatively little effect on the host.  

· Praziquantel causes tetanic contraction in schistosomes by altering calcium transport and membrane integrity.  When paralyzed, they get swept from their primary site to the liver or lung where they are killed.  This drug revolutionized treatment of schistosomiasis.  The basis of this drug’s selective toxicity is unknown. 

· Drugs affecting helminth energy generation:

· Enteric helminthes live in pretty anaerobic environments and have developed special mechanisms for generating energy.  

· Mebendazole is a broad spectrum anti-helminth.  It has minimal toxicity, except that it’s a teratogen so shouldn’t be used in pregnant women.  It is an inhibitor of glucose transport and prevents glucose from getting into parasitic cells.  Mebendazole is selectively toxic because it’s not absorbed well into our tissues from the gut.

· Pyrantel pamoate is also pretty broad spectrum.  It has minimal toxicity and is safe for pregnant women.  It’s also selectively toxic because it’s poorly absorbed.
· Thiabendazole acts only against Strongyloides, a tissue parasite, so it must be well absorbed.  So, GI and CNS toxicity may occur.  It inhibits NADH dehydrogenase transfer of electrons from NADH to rhodoquinone.  Humans don’t have this process, so this is selectively toxic.  Thiabendazole also inhibits the final step in helminth electron transport, mediated by succinate dehydrogenase (converts fumarate to succinate).  Humans also use a succinate dehydrogenase, but the differences between ours and the helminth’s enzymes (isofunctional enzymes) cause the drug to preferentially affect helminthes.  

· Praziquantel is useful for tapeworms and trematodes, and has really revolutionized treatment of schistosomiasis (a tremtode).  It is well absorbed for action against tissue organisms, and may have GI/CNS toxicity.  

Protozoal Infections:

· Protozoa are capable of proliferating in people and may cause fulminant disease.  
· Malaria affects huge numbers of people.  In the US it’s most common among immigrants or people who traveled abroad.  

· The four species of Plasmodium that infect humans are:  P. flaciparum (widest distribution, most morbid, most likely to be drug resistant), P. vivax, P. ovale, and P. malariae.  The Plasmodium falciparum species can cause cerebral malaria, hemolysis, renal failure, fever, and in 10% of US cases, death.  It is a medical emergency.

· All malarial species of Plasmodia undergo the life cycle in which a female mosquito inoculates the protozoa, they go to the liver as a sporozoite and infect hepatocytes, are released into the blood and infect RBCs, fill an RBC (now a schizont) with protozoa, lyse to form merozoites which may differentiate into gametocytes that another insect can take up if they bite this host.

· Persisent, latent parasites in the liver (hypnozoites) are responsible for clinical relapse, and they only occur in P. vivax and P. ovale.  In these cases, there can be a long time between the exposure and the need for therapy for severe symptoms/infection.  
· Malaria is potentially lethal, but entirely preventable and curable with the right therapy.  
· Class I antimalarials (including chloroquine) act against the asexual RBC stage of the infection.  This is the stage that produces symptoms, so the drugs in this class can prevent symptoms from occurring.  

· Class II antimalarials are unique in that they act on the hypnozoite (dormant) stage in the liver, in addition to acting on the initial liver stage.  As a result, they are not useful in treating symptomatic malaria, but may prevent it from becoming latent.  They also treat the gametocyte RBC stage.
· Class III antimalarials (including atovaquone/proguanil) can prevent malaria by acting on the initial liver stages, and it can also treat symptomatic malaria by acting on the asexual RBC stage.  
· No antimalarials act on the initial sporozoite that gets inoculated and goes to the liver, so we can’t really prevent it.  

· Chloroquine is one of several substituted quinolines used to treat malaria that selectively inhibit the detoxification of heme in parasites.  Heme is toxic to membranes, so we break down heme into bilirubin, and Plasmodium breaks it down into polymers of hemozoin, aka ‘malaria pigment.’  Chloroquine blocks the conversion of heme into hemozoin in Plasmodium.  It is the drug of choice for P. ovale and P. malariae.  It can cause retinopathy, very rarely.  It is selectively toxic because the mechanism it uses isn’t present in humans, and also because the drug is concentrated 100x in infected RBCs.  Its long half life allows it to be dosed once a week.  Chloroquine resistant P. falciparum is a huge public health threat, and occurs because resistant organisms have lower drug levels due to point mutations in a transporter that increases drug efflux.  
· Meflorquine is a prophylactic against chloroquine-resistant P. falciparum.  It’s not really idea, since it’s expensive and causes lots of CNS toxicity.  Resistance to this drug is also rapidly emerging.  
· Quinine is the drug of choice for treating chloroquine-resistant P. falciparum.  It has a narrow therapeutic window with side effects described as cinchonism (tinnitus, headache, nausea, visual disturbance).  A more readily available stereoisomer of quinine, quinidine (normally an antiarrhythmetic, may be substituted in an emergency.  

· Pyrimethamine + Sulfadoxine (Fansidar) is a synergistic combo that blocks folate synthesis by the parasite.  Utility is limited due to resistance and fatal cutaenous reactions (Stevens-Johnson syndrome), making it unacceptable for prophylaxis.

· Primaquine (class II) is the only antimalarial with significant, reliable activity against extraerythrocytic (early hepatic and hypnozoites) parasites.  So, it’s useful for wiping out hypnozoites and preventing latent infection.  The mechanism is unknown, but it can cause a hemolytic anemia as a side effect in patients with G6PD deficiency.  

· Atovaquone + Proguanil (Malarone) is a synergistic combo that has become the drug of choice for prophylaxis of treatment of multidrug-resistant flaciparum malaria.  Atovaquone inhibits electron transport at cytochrome b (which also impairs pyrimidine synthesis), but point mutations rapidly confer resistance. Proguanil is converted to cycloguanil, which is an inhibitor of DHFR.  Together, they effectively collapse mitochondrial transmembrane potential and block pyrimidine biosynthesis.  The only reason it’s not more widely used right now is its cost.  

· Investigational drugs include halofantrine (may have cardiac toxicity and cross-resistance with meflorquine, acts on RBC stages), qinghaosu (artemisinin, main problem is a short halflife, acts on RBC stages), and tafenoquine (active against hepatic stages too).
· Antimalarial Chemotherapeutic Regimens:
· Prophylaxis:  Chloroquine if traveling to areas of sensitive P. falciparum.  If not, use Malarone, doxycycline, or mefloquine.  If warranted by exposure history, may need primaquine on return to kill latent hypnozoites (test for G6PD deficiency first).

· Treatment of moderate illness (vivax, ovale, malariae, or early falciparum):  Oral therapy. Chloroquine if it’s sensitive.  If not, malarone or quinine+(doxycycline, tetracycline, or clindamycin).  If indicated by exposure history, once recovered add primaquine.

· Treatment of severe illness (late falciparum):  IV therapy.  Quinidine/quinine + (doxycycline, tetracycline or clindamycin).  If indicated by exposure history, once recovered add primaquine.  
· Drugs for other protazoa:

· Metronidazole requires an aromatic NO2 and is useful against anaerobes.  It absorbs electrons in the pyruvate-phosphoroclastic reaction, forming a nitro-radical.  In the presence of oxygen, it’s converted to superoxide, which we can detoxify.  In anaerobes, two of them combine and form a very unstable moiety that alkylates DNA and breaks strands.  For some reason, DNA with more AT content is more susceptible.  It is widely used, against Trichamonas, Entamoeba, Giardia, and Helicobacter.
· It is debated whether or not metronidazole is a genetic toxin.  It is mutagenic in bacteria and animal models in anaerobic tissues, but most of our tissues are aerobic and there is no evidence of such activity despite active study.  Since teratogenicity is unclear, it shouldn’t be used in pregnant women. 
· More generally, it produces GI (nausea, metallic taste, disulfram-like effects) and neurotoxicity (headache, ataxis, neuropathy, seizure)

· PKs are good, being absorbed rapidly, distributing well.  It has an 8 hour half life, and is metabolized in the liver and excreted in the kidney.  

· Tinidazole may be better tolerated, more effective, and has a longer half-life.

· Nitazoxanide is an analog of metronidazole for G. lamblia but also Cryptosporidium parvum.  It acts without free radical formation, which is great.

· Lumenal anti-amebics:  amoebas proliferate in the colon and may become commensal, infective, or invasive (penetrate and spread into the liver, brain, lungs).  For asymptomatic carriers, a lumenal agent alone suffices.  For cases with tissue invasion, a lumen agent and a tissue-active agent should both be used.  

· Lumenal agents:  nonabsorbable, maintain high colonic concentrations.  Paromomycin.  

· Tissue agents:  absorbable, effective against invasive trophozoites.  Metronidazole or tinidazole.  

· Pentamidine is a structural analog of synthetic insulin.  It’s used for many infections, but most notably for treatment and prophylaxis of Pneumocystis jiroveci (PCP) which occurs in 85% of untreated AIDS patients.  Pentamidine is actively transported into parasite and accumulates in them, which is critical.  Once there, it disorganizes mitochondrial DNA, inhibits mitochondrial topoisomerases, binds ribosomes, and inhibits phospholipid synthesis.  

· The big drawback is toxicity.  In 55% of AIDS patients you get toxicity like unpredictable hypoglycemia, leucopenia, hepatitis, rash, etc.  So it’s not a first line drug, but is still very effective.  

Antifungal Drugs:

· Humans and fungi share a common biosynthetic pathway for sterols from squaline (via squalene 2,3 epoxidase and other enzymes) to lanosterol (via 14-alpha-demethylase and other enzymes) to zymosterol.  After that, humans go down a cholesterol synthesis pathway, and fungi down an ergosterol synthesis pathway.  

· Amphotericin B is an amphtoeric molecule.  It binds to sterols (ergosterol) in fungi cell membranes, and in this hydrophobic environment it forms a pore with the hydrophobic side out and the hydrophilic side in.  This allows small molecules to leak and the fungal cell to burst.  Amphotericin B binds more avidly to ergosterol (more hydrophobic) than cholesterol, but the selectivity isn’t great.  

· Amphotericin is given IV for potentially fatal fungal infections like invasive aspergillosis or disseminated candidiasis.  

· It has many side effects like nephrotoxicity, fever/chills, and hypotension (shake n bake)

· Later lipid formulations are equally efficacious but with less toxicity.  They are more expensive, though.

· Nystatin works by an almost identical mechanism.  It is a topical preparation and treats oral, vaginal or cutaneous candidiasis.

· Azoles inhibit 14-alpha-demethylase, part of the shared sterol biosynthetic pathways of humans and fungi.  This results in less ergosterol, more membrane permeability and leakage of small molecules.  Side effects include GI distress, rash, severe hepatotoxicity (not common), and because it its target, 14-alpha-demethylase, is a cytP450 enzyme, it can have drug interactions. 

· Ketoconazole – Only oral, with a 12 hour half life.  It’s degraded in liver and excreted in urine.  It’s a good alternative to amphotericin B for systemic and mucocutaneous fungal infections, because it has less toxicity.
· Fluconazole – Good oral absorption, independent of gastric acidity.  It penetrates well into the CSF and eye.  Most elimination is renal in an unmetabolized form.  The half-life is 20-50 hours.  It’s fungistatic, and is used to prevent progression of Cryptococcal meningitis or to prevent candida infections (as in transplant patients).

· Itraconizole – erratic oral absorption improved by food or acid (so may be given IV).  It’s metabolized hepatically and inactive metabolites are excreted in urine and bile.  It has a half life of 20-30 hours.  It’s used for systemic fungal infections with fewer side effects than ketoconizole.  

· Vorconazole – 85% bioavailable, improved by an empty stomach.  It’s metabolized hepatically and inactive metabolites are excreted in the urine and bile.  Used for invasive aspergillosis and candida.  

· Allylamines inhibit ergosterol biosynthesis and also increase membrane permeability and leakage.  Allylamines inhibit squalene 2,3 epoxidase very potently, with a 2000x selectivity for the fungal enzyme over the human analog.  So, they don’t really affect cholesterol synthesis much.  

· Naftifine – topical

· Terbinafine – oral or topical 

· Flucytosine (5FC) gets converted to 5-fluroruracil (5FU), which can be modified and incorporated into mRNA to interfere with fungal protein synthesis, or can be modified to inhibit thymidylate synthesis (inhibiting pyrimidine production and therefore DNA synthesis).  
· Our enzymes can’t convert it to the active 5FU form, so it’s not too toxic for us.  The GI flora may do this and lead to the presence of 5FU in us, which can cause some side effects.

· Resistance develops rapidly, so it can’t be used as a monotherapy.  It’s given with amphotericin B for systemic candida and Cryptococcus infections.  
· Generally, it’s well tolerated, but it can cause bone marrow depression, GI distress or reversible hepatotoxicity.  This may arise from the GI flora converting it to the active 5FU.

· Griseofulvin is actively transported into fungal cells where it disrupts microtubules and leads to cell cycle arrest at mitosis and the formation of multinucleated cells.  Mammals lack the active transport system for this drug.  It’s used for severe infections of the hair, nails, palm and soles where it accumulates in us.  Griseofulvin may produce GI distress or headache, but even these side effects are well tolerated.  It’s absorbed very well and is distributed to the skin, hair and nails.  
· Cell-wall synthesis inhibitors:  Caspofungan, micafungin, anidulafungin.  These irreversibly inhibit 1,3-beta-D-glucan synthase, a key step in cell wall biosynthesis.  It is fungicidal, and its unique mechanism means no cross-resistance with other classes.  It’s used for aspergillus, and also for candida.  

· Caspofungan is used for salvage therapy in cases of invasive aspergillosis, for esophageal candidiasis or candidemia.  

· Micafungin is used for prophylaxis of candidiasis in bone-marrow transplant recipients and treatment of esophageal candidiasis.  

· Anidulafungin is used to treat candidemia.

· Toxicity occurs in ~14% of patients, and it manifests as fever, nausea, vomiting, and complains at the site of infusion.  
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