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I. QUINOLONES

A. All useful ones are fluoridated

B. Nalidixic acid:  original quinolone came out in 1960’s, not used, not on test, resistance appeared to it easily

C. Tough, friendly, and everywhere

D. Tough:  used on important microbes

E. Friendly:  now that being used more and more, finding out more side effects, powerful hit a lot of organisms, oral, all have to take parenterally

F. Recognizing the quinolones:  the useful ones, on test, have –oxacin in name

G. Once you know that, you certainly know the mechanism of action, they overlap a lot in organisms that they are good against, there are more recent ones that have broad spectrum, in terms of side effects, there’s always that one that sticks out with certain side effect

H. New, ciprofloxacin, is only about 15 years old now, and only about 15 years old, considering how powerful and potentially useful they are, for the broad classes, from the AG’s, tetracyclines, we waited a few years, before we got a broad set of drugs, great pharmacokinetics, interesting, won’t find first choice for different infections, mostly because new or newer

I. Drug of choice, falls to old one people more familiar with, well, fluoroquinolones can be used too, resistance too, but if give it time, resistance pops up to everything

J. MOA

1. These drugs inhibit bacterial DNA gyrase

2. In order to replicate, DNA must be unwound

3. Force permits unzipping to be read by RNA polymerase to be read to make proteins

4. With DNA don’t have simple staircase, have supercoiling and bunching up on itself, classic example is phone cord, after while, maybe flipping and putting down, basically same thing, how make it unbunching, will you be able to relieve the tension, take the cord out of your phone, let it untwist, this is not too far off MOA of how these drugs work, that in order for the bacterial enzyme to read the DNA and essentially unzip it as it goes along here, it clips off DNA here and allows other DNA to be read

5. in bacteria, enzyme is called DNA gyrase, a similar enzyme ahs a different MOA in humans and called the topoisomerase, two different sorts of enzymes, you inhibit this, you can shut down protein synthesis enough for it to be bactericidal in these organisms

6. Have secondary MOA inhibit bacterial topoisomerase IV prevention segregation of newly formed DNA

K. Pharmacokinetics

1. Reasonable oral bioavailability available

2. Flouroquinolones are well distributed in the body with some crossing BBB (ofloxacin)

3. For UTI

L. Antibacterial spectrum

1. Gram negative organisms:  including pseudomonas, only choice for Pseudomonas taken orally

2. TB regimens, second line

3. UTI

M. Uses:  empirical and gram negatives

1. Fluoroquinolones are commonly used for UTI

2. Bacterial diarrheas:  shig, e coli, salm, typhus

3. decontamination of digestive tract:  orally don’t do well, exception, giving rectally or else sometimes with GI surgery can give IV to prevent systemic infection secondary to that

4. Pseudomonas, staph infections, gram negatives, osteomyelitis if due to gram negatives

N. RTI

1. Early fluoroquinolones do not possess enough broad rnage activity against gram positive organisms for empiric therapy in community-acquired pneumonia

2. Newer ones including sparfloxacin, geprafloxacin, alatrofloxacin do (check list because may need to know one of these)

O. Uses, other

1. Now being added to mycobacterium (Tb + leprosy) therapies

2. May be useful for malaria

3. Prophylaxis

4. Gonorrhea, chlamydia

5. When talking about anthrax, everybody wanted cipro, everyone wanted cipro, but listed as 3rd choice, maybe because they might have other problems, should have gone with geprafloxacin for RTI

P. Side effects

1. p450, some metabolize in liver, theophylline

2. hemolysis like syndrome:  if drug has quin in its name, quinine, used for malaria, cloroquine, used for malaria, all major malaria drugs have quine in their name, partly because similar chemical structure, floroquinolones also have quin in their name, and have hemolysis like syndrome

3. Anemia without hemolytic action

II. SULFONAMIDES

A. Identifying the sulfonamides:  almost all have sulf- in their names

B. First ones found, broad spectrum antimicrobials

C. MOA

1. Don’t worry about chemical structures

2. Sulfanilamide looks like PABA, which is used to created folic acid then tetrahydrofoalte which is used in reactions to add methyl group, useful in creating thymidine, useful for making new DNA, doesn’t even show up in RNA, just in DNA, useful when cell dividing, which means that you inhibit formation, ultimately, you inhibit formation of thymidine, prevent cell from replicating, these drugs tend to be bacteriostatic, this step in here, is performed by folic acid synthetase, and this step doesn’t take place in humans, it’s a vitamin in humans, we don’t manufacture in ourselves, folic comes from leaves, in leafy vegetables like spinach, since we don’t have this process we don’t have this enzyme, so we don’t have to worry about this inhibiting us this much, but bacteria synthesize folic acid (substrate:  PABA)

D. Resistance:  due to altered enzyme, by itself most organisms are resistant, if used by itself

E. Pharmacokinetics

1. Lipophylic, readily orally available, some cross BBB, strongly bround to plasma proteins, which some lipophylic drugs are, metabolized in liver, have liver side effects for that too, and they get conjugated before they are eliminated

2. Get enough of a fraction that is not megtabized by liver, gets showed up in the urine, so used for UTI, so if have total metabolism going on, before it ends up getting excreted by the kidney, then you don’t have an effect

F. Clinical uses

1. Sulfonamides are rarely the drug of choice

2. This set is annoying that must learn all side effects, because not used that often, most S.E. not that severe, some are

3. Uncomplicated UTI, if you read up small group discussion, patient used sulfa drug by itself early on, if not resistant can go with this

4. Malaria, sulfa drugs can be alternate of choice for leprosy

5. for burn prophylaxis partly because can give high enough concentration to overcome resistance, still get some use against strep, useful for prophylaxis in rheumatic fever

G. Side effects

1. Hypersensitivity

2. Don’t get anaphylaxis, good news, but bad news is can get severe rashs, steven johnson’s syndrome, with severe mucosal ulcerations

3. Cross hypersensitivity occurs:  drugs that have sulfur in them

4. Reversible anemias

5. Hemolytic anemias, with G6PD def, kind of rare, especially in small group discussion coming up, so if you’re here, you have that clue

6. Hepatotoxicities

7. Kernicterus:  when have a newborn, they’re turning over hemoglobin from fetal to adult hemoglobin type, when break down hemoglobin have bilirubin present as metabolite, it is a potential neurotoxin, this isn’t a problem in adults, because doesn’t cross BBB well, in newborn, don’t have fully formed BBB, so if bili present in high non conjugated level in blood, can cause seizures in newborn, its usually bound to albumin, these drugs also bind to albumin, push it to make it free, and have a potential toxicity to newborns (on exam)

8. P450 inh

III. TRIMETHOPRIM

A. MOA

1. Goes hand in hand with sulfonamides, remember have production of folic acid from PABA, which gets converted to THF.  DHF to THF is done in both bacteria and human, and the enzyme is different in the two

2. Binds to the dihydrofolate reductase in bacteria to inhibit this conversion

3. Similar to sulfonamide

B. Pharmacokinetics:  similar to sulfonamide

C. Side effects:  similar to sulfonamide (rash, anemia, p450 inh)

D. Uses:  uncomplicated UTI

E. Get 20-25% resistance, not used alone, but used with sulfa drug (sulfamethoxazole), and when used in combo, block first step in production cycle to make folic acid, and block last step with sulfa, so when block first and last step, shut down thymidine production and can be bactericidal

F. Would have same effect if given with other sulfa drugs than sulfamethoxazole, maybe not, because sulfamethoxazole has the same half life, so can have both drugs in system for same amount of time, synergy, can get less of side effects

G. Co-trimoxazole (combo of sulfa plus trimethoprim)

H. HIV more sensitive

I. Use (for test)

1. UTI:  DOC, giving co-trimoxazole, overcomes resistant to either one by itself, works well for RTI, including most basic ones there, also useful for otitis media

2. Bacterial prostatitis, some of the ones here, E Coli, etc, good for bacterial diarrhea, and has some other misc uses like PCP in HIV

IV. MISCELLANEOUS ANTIMICROIALS

A. Metronidazole

1. In common with nitrofurantoin MOA, anaerobes not doing a lot of oxidation reactions, does more reduction reactions, this drug takes advantage of this, inside organism, gets converted to reactive molecule, kind of free radical binds to things and destroys things

2. For anaerobic infections, bacteroides and clostridium dificile (vancomycin also used for C dificile)

3. Antiprotozoals:  amebiasis, trichomaniasis

4. Brand name: flagyl, cheap

5. Used for H pylori infections

6. Side effects:  not severe, GI, headache, metallic taste

B. Methenamine:  structure that breaks down in acidic environments, when breaks down releases formaldehyde, a disinfectant, not generally good idea to give formaldehyde in blood, but needs below 4.0 pH to breakdown, would need to acidify urine, which would then sterilize the urine, its useful for UTI, you don’t even want formaldehyde in stomach, and given inside coated pill, don’t have to worry about stomach acid activating it, gets absorbed in intestines, when enters low pH of urine, becomes formaldehyde

C. Nitrofurantoin

1. Activated by bacteria

2. Works for E coli and enterococci, useful for UTI, has short half life, excreted, even though can give orally available for somebody, will not have it last for more than a few hours, at least in systemic circulation, but will be present in the bladder, that’s why its useful for UTI, hits a lot of UTI organisms, not good against klebsiella, another clue of what will talk about on wed morning, can get crampy, if person uses this for a long time, can have weight loss, diarrhea, can also have rashes, it can be a carcinogen, its still a fairly popular drug, I was reading one of the brands, a 150th best seller, it’s a drug that has a niche

V. ANTITUBERCULAR DRUGS

VI. General

A. Now talk about bug and lots of drugs useful against a single drug, needs lots of drugs because its hard to get rid of

B. Bacterial infection, intracellular parasite, most of drugs, go after the intracellular form of the parasite, to infect the cell, has to break out of cell to infect, one of drugs goes after extracellular form, when inside cell, need lipophylic drug, but get side effects of lipophylic drugs, well have to be metabolized through the liver, get liver S.E. and cross the BBB, can have CNS S.E.

C. Over course of 90’s, worldwide death due to TB, 88 million, its interesting, depends on how you count it, some count it as most common means of death by infectious agent worldwide, can also put people with AIDS on list, but AIDS people get TB, so both on same list

D. Lot of organisms, resistance can be selected for, even during course of therapy, if give single drug, bottom line, will get resistance, and need long therapy

E. Lot of same issues come up with HIV in terms of resistance occurring during the course of therapy, hitting with multiple drugs because of resistance, this was a model of what we went after HIV

F. Drug choice for TB

1. First line therapies:  isonizaid, rifampin, ethambutol, pyrazinamide, and streptomycin

2. Second line therapies;  ethionamide, aminosalicylic acid, cycloserine, fluoroquinolones, amikacin, kanamycin and capreomycin

3. first line are safer or more efficacious, some first line, safe like fluoroquinolones are efficacious, and some efficacious aren’t that safe, which is pretty much the rest of them there

4. Usually start with 3 or 4 drugs at first, see 5 on first DOC, so grab them to use, go in order of safety is probably isoniazid, rifampin, pyrazinamide

5. Streptomycin not very safe, used at beginning of therapy to knock down organisms, for extracellular TB

G. Isoniazid

1. Discovered when people found that high dose of Vit B6 had some efficacy against TB, so cam eup with this, some side effects, even cures of side effects are related to this fact, this is called narrow spectrum drug, works for Mycobacterium, but only tuberculosis and kansasii

2. Can be bacteriostatic or bactericidal (not test question)

3. Pharmacokinetics:  since tend to be intracellular, tend to be lyphophylic, good GI uptake, good distribution, set up intake, that ends up making a big difference in the character of what happens to the isoniazid, some people and tends to break down according to ethnic groups, some eliminate very quickly, those are fast acetylators, and I give examples here, in U.S. its mixed 50/50 slow/fast acetylators, so if look at graph, see how long half life is, one bell curve with short half life, and another bell curve with longer half life, this makes difference because slow acetylator, have more toxicities because builds up, if have fast acetylator, eliminated quickly and not useful drug, so useful to find out who giving to

4. Toxicity:  competes for functions of B6 without being able to form the functions of B6.  give B6 at same time to get around this (pyridoxine), 20% get peripheral neuritis

5. possible hepatitis and abnormal liver function tests:  hallmark toxicity, clinically severe 1% which is high for first choice of first line therapy, with jaundice, all sorts of things, if continues, which probably won’t, because will take patient off drug, will cause hepatonecrosis

6. Resistance occurs in 1 out of 1 million organisms are resistant, since have infection with 10 billion organisms, can’t use this as single therapy, will select for resistance within patient if single therapy, 20% resistant to isoniazid

7. G6PD deficient patients, fluoroquinolones, hemolytic anemia, quinine, sulfa drug patients, did mentions that

H. Rifampin

1. bind to bacterial RNA polymerase preventing mRNA formation

2. kills intracellular mycobacteria

3. has organ color to it, this is a side effect that is not harmful, but to prevent patient from freaking out, should mention it, that their clothes will have orange added to it, sweat, tears (contacts) urine

4. Rashes, allergies, induces cyt p450, lot inhibit, they come up again and again, not many induce cyt p450, that’s increasing the amount and action of cytp450, so can speed up elimination of other drugs

I. Ethambutol

1. MOA unknown

2. Same pharmacokinetics

3. Adverse reactions include impaired vision, rash and fever, hyperuricemia, which can precipitate gout in susceptible patients

J. Pyrazinamide

1. MOA unknown

2. Hepatotoxic, hyperuricemia (almost all have hepatotoxicity)

K. Streptomycin

1. An aminoglycoside, acts on extracellular bacilli

2. Included in first line therapy for life-threatening TB infections

L. Other drugs

1. Won’t ask about second line therapies that much on the test

2. Quinolones interesting, figuring out where to use them in therapy, have some efficacy in TB, so the other ones, tend to be toxic, so ethionamide, roughly the same as isoniazid, just multiply the side effects, cycloserine, and aminosalicylic acid

3. Prophylaxis isoniazid, given as single therapy, notion don’t have billions organisms yet, have someone exposed, TB test turned positive

M. Other mycobacterium

N. Multidrug resistance to antitubercular therapy

1. Resistant to several first line therapies, kills patient rapidly, transmitted from patient to Dr. so can pick up from patient in hospital, kind of rare, usually first person who has it tends to be AIDS patients, but then, the physician up in NY who died from it didn’t have AIDS, survival time is 2-4 months, how do know if have this, is really one of the biggest problems, take this organisms, grow in culture, then test for antimicrobial resistance, usually takes long time to get culture results back anyhow, if don’t respond within 14 days with standard therapy, might start suspecting this, usually appears in clusters, not just one person has it

2. Second line therapies, high neuro and nephro toxicity

3. Outbreaks in NY, Miami, one in Amsterdam, certainly scares hospital people to death

4. How to treat, 30 more days to culture, isolate patient if suspect, go to second line therapy if no response to first line therapy, problem is getting them over to second line therapies in time, might not recognize this as a problem right away

VII. ANTI LEPROSY DRUGS

A. Dapsone

1. Folate acid synthesis inhibitor

2. What else to say about it, by itself, just use dapsone alone, have some resistance, overlapping side effects, give with sulfa drugs, also good for neumocystis carini

B. Rifampin:  also used for leprosy, second line drug

C. Clofazimine:  not on exam, can turn somebody’s skin red-brown to black

D. Thalidomide

1. Causes birth defects in Europe with short arms, hands at shoulders

2. Must avoid in pregnant women, have to request it for an individual patient, its good for leprosy, for multiple myeloma, probably won’t get pregnant anyhow, there are worse drugs out there than thalidomide, that you have to make sure you don’t give to certain patients

VIII. ANTI FUNGALS

IX. AMPHOTERICIN B

A. MOA

1. bind to ergosterol:  membrane lipid peculiar to fungi and increases permeability of ungal membrane

2. Pore through fungal membrane, causes the fungal cell to lose its integrity, the ions, swell out, doesn’t have control anymore

3. used IV

B. Use

1. when used systemically, for serious infections

2. so toxic that hospitalized for administration, toxicities include:  anaphylaxis, thrombocytopenia, phlebitis, and anemia, renal function impaired 80%, 50% chills, 20% vomiting, test renal function

X. FLUCYTOSINE

A. MOA

1. Most antifungals are broad spectrum, but this is good for yeast infections and that’s it

2. Gets converted to fluorouracil, its anticancer agent, it prevents essentially thymidine synthetase, the action of thymidine synthetase, so starting IV for DNA

B. Spectrum of action:  yeast infection

C. Pharmacokinetics:  lipophylic so gets into CNS

D. Use

1. Adjunct to amphotericin B, allows to lower concentration use of amphotericin B, lower toxicities than Amph B

2. Bad news is synergistic effect works well for yeast, but not for other uses of amph B

E. Toxicity

1. Being converted to anticancer agent, while that is selected for fungal cells, it suppresses bone marrow formation, and GI side effects

XI. SYSTEMIC AZOLES

A. Systemic ones and ones used topically

B. Systemic ones are the ones that are better tolerated, all of these drugs they can be absorbed well enough if given orally, but you don’t give them orally, because they can be too toxic, inhibit ergosterol synthesis

C. Inhibit the fungal cyt p450, this is important, because ketoconazole also inhibits human cyt p450

D. Because can’t create ergosterol, precursor to ergosterol builds up

E. Pharmacokinetics:  ketoconazole:  more S.E., less utility than other ones, absorption requires acid dissolution, this case the stomach acid helps it to be absorbed, so bottom line, is more useful ones are more expensive more recent ones, fluconazole and itraconazole

F. Uses

1. Broad spectrum:  they hit lot of different organisms, don’t worry about the spectrum too much, doesn’t define their use

2. Can give orally for dermal infections, this is true for 2-3 of drugs for antifungals, accumulate in lower dermis, go after the root of the infection, can give griseofulvin

G. Toxicities and precaution

1. GI, headache if cross BBB, photophobia

2. P450 interactions with ketoconazole, this is interesting, that sometimes taken advantage of, sometimes, its given in some syndromes where people are overusing androgens which go through the cytochrome p450

H. Drugs primarily used for dermal infections

1. Nystatin similar to amph B but more toxic, so don’t give it systemically, roughly the same sorts of toxicity as amph B, nystatin discovered by NY State Univ and that’s how it got its name

2. MOA: same as amph B

XII. GRISEOFULVIN

A. Different personality than others, it binds to fungal spindle, and if you remember the spindle involved in division of DNA and dividing cells of any sort, so prevents mitosis from occurring, or the actual division of the cells from taking place, cells become multinucleated, and then binds to other microtubules, because spindles are microtubules themselves

B. Thing peculiar, it binds to keratin, protein found in high concentrations inside of skin, take drug orally, absorbed in GI tract, goes into systemic circulation, not much side effects, ends up getting secreted or eliminated through skin, and binds to precursor cells of skin, get high concentration, prevent fungus for having foothold there

C. Uses:  only good for dermatophytes, it doesn’t concentrate itself besides skin enough to have a real effect systemically

D. Pharmacokinetics:  other than eliminated through skin, not even through the sweat, which sounds like it would make sense

XIII. TOPICAL AZOLES

A. Too toxic to take orally, so reserved for topical use, the ones used orally, can also be used topically, but these can’t be used systemically, can go systemic out, but can’t go topical in, because ones reserved for topical are too toxic

B. When get used, for topical infections, ring worm, in case you don’t know is not a worm, it’s a fungus

XIV. TERBINAFINE AND NAFTITINE

A. Terbinafine, essentially does what the azoles do, but a little powerful, more efficacy for fungal infections, right now, its basically used for dermatophytes, give orally, eliminated through the skin, so have effect of dermatophytes that way, inhibits early step in production of ergosterol, its terbinafine has been around for 6-7 years, naftitine for 2-3 years, lot in common with azoles, though slightly different MOA

B. My next slide is on onichomycosis, which is nail infections, which look nasty, which probably the primary thing about them, whether hurt patient, another matter, can’t give antifungals topically for nail infections, the topical ones don’t dig enough under nail, so must give oral choices, usually go with systemic azole or terbinafine, which has shown better one in preventing relapse, this is when have cosmetic ugly looking nails, and it’s a multi month course of therapy, works well, then relapse comes and drives the person crazy

XV. TOLNAFTATE

A. MOA:  unknown

B. Epidermal dermatophytes

XVI. Pneumocystis carinii

A. Opportunistic infection, fungal infection, or were you taught bacterial infection, moved from believing protozoal over to believing it’s a fungal infection, this is first year I moved it out of the protozoals to fungals

B. When does appear, its opportunistic, shows up in AIDS, number one common fatal disease in AIDS

C. Go after it, special drugs, that coming up with first time, co-trimoxazole useful, AIDS patients have more rashes than non immune deprived patients, also pentamidine

D. Pentamidine

1. Has a few different uses

2. Can give IV, inhalation, the nice thing by giving by inhalation, get to organism in higher concentration without fully being absorbed into system causing side effects

3. Hallmark side effect can get is its toxic to pancreas, if give to period of time, can put patient into irreversible DM

E. Atovaquone

1. MOA not well understood

2. Mention some side effects in notes

3. Used against PCP

