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S E C T I O N  I I

Pharmacology
“Take me, I am the drug; take me, I am hallucinogenic.”

––Salvador Dali

“I was under medication when I made the decision not to burn the tapes.”
––Richard Nixon

High-Yield Clinical
Vignettes

High-Yield Topics 
Pharmacokinetics
Antimicrobial
CNS
Cardiovascular
Cancer Drugs
Toxicology
Miscellaneous

Preparation for questions on pharmacology is straightforward. Mem-
orizing all the key drugs and their characteristics (e.g., mechanisms,
clinical use, and important side effects) is high yield. Focus on un-
derstanding the prototype drugs in each class. Avoid memorizing ob-
scure derivatives. Learn the “classic” and distinguishing toxicities of
the major drugs. Do not bother with drug dosages or trade names.
Reviewing associated biochemistry, physiology, and microbiology
can be useful while studying pharmacology. There is a strong empha-
sis on autonomic nervous system, central nervous system, antimicro-
bial, and cardiovascular agents as well as on NSAIDs. Much of the
material is clinically relevant. Newer drugs on the market are also
fair game.



PHARMACOLOGY—HIGH-YIELD CL INICAL VIGNETTES

These abstracted case vignettes are designed to demonstrate the thought processes necessary to 
answer multistep clinical reasoning questions.

■ 28-year-old chemist presents with MPTP exposure → what neurotransmitter is depleted? →
dopamine. Pharm.53

■ Woman taking tetracycline exhibits photosensitivity → what are the clinical manifestations?
→ rash on sun-exposed regions of the body. Pharm.15

■ Young girl with congenital valve disease is given penicillin prophylactically. She develops bac-
terial endocarditis → what do you give now? → beta-lactamase-resistant penicillin. Pharm.44

■ Nondiabetic patient presents with hypoglycemia but low levels of C peptide → what is the di-
agnosis? → surreptitious insulin injection . Pharm.20

■ African-American man who goes to Africa develops anemia after taking prophylactic medicine
→ what is the enzyme deficiency? → glucose-6-phosphate dehydrogenase.

■ 27-year-old female with a history of psychiatric illness now has urinary retention due to a neu-
roleptic → what do you treat it with? → bethanechol.

■ Farmer presents with dyspnea, salivation, miosis, diarrhea, cramping, and blurry vision → what
caused this? what is the mechanism of action? → insecticide poisoning; inhibition of acetyl-
cholinesterase.

■ 55-year-old man undergoing treatment for BPH has decreased levels of testosterone and DHT
as well as gynecomastia and edema → what is the drug? → estrogen (DES).

■ Patient with recent kidney transplant is on cyclosporine for immunosuppression. Requires anti-
fungal agent for candidiasis → what drug would result in cyclosporine toxicity? → ketocona-
zole. Pharm.43

■ Man on several medications, including antidepressants and antihypertensives, has mydriasis and
becomes constipated → what is the cause of his symptoms? → tricyclic antidepressant. Pharm.60

■ Patient presents with renal insufficiency → what alterations in doses of digoxin and digitoxin,
respectively? → decreased, same.

■ 55-year-old postmenopausal woman is on tamoxifen therapy → what is she at increased risk of
acquiring? → endometrial carcinoma.

■ Woman on MAO inhibitor has hypertensive crisis after a meal → what did she ingest? → tyra-
mine (wine or cheese). Pharm.6

■ After taking clindamycin, patient develops toxic megacolon and diarrhea → what is the mech-
anism of diarrhea? → C. difficile overgrowth.

■ Man starts a medication for hyperlipidemia. He then develops a rash, pruritus, and GI upset →
what drug was it? → niacin. Pharm.8

■ Patient is on carbamazepine → what routine workup should always be done? → LFTs. Pharm.49

■ 23-year-old female who is on rifampin for TB prophylaxis and on birth control (estrogen) gets
pregnant → why? → rifampin affects estrogen metabolism in the liver. Pharm.45

■ Older female goes into OR for emergency surgery; after administration of succinylcholine, she
requires respiratory support for over 4 hours. Later it is determined that she is receiving medica-
tion for glaucoma → what is she on? → acetylcholinesterase inhibitor.

■ Patient develops cough and must discontinue captopril → what is a good replacement drug,
and why doesn’t it have the same side effects? → losartan, an ATII receptor antagonist, does
not ↑ bradykinin as captopril does.
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PHARMACOLOGY—HIGH-YIELD TOPICS

Mechanism, clinical use, and toxicity of:

1. Motion sickness drugs (e.g., scopolamine).
2. Antipsychotics (neuroleptics), low and high potency.
3. Opiates (e.g., analgesic, antidiarrheal, antitussive), receptor types, agonists, mixed agonist–

antagonists.
4. Myasthenia gravis drugs.
5. Hormonal treatments of cancer (e.g., leuprolide, flutamide, aminoglutethimide).
6. New oral hypoglycemic agents (acarbose, metformin, troglitazone).
7. Stool softeners (e.g., psyllium, methylcellulose).
8. Angiotensin II receptor blockers (e.g., losartan).
9. Dermatologic agents (e.g., corticosteroids, retinoids, antifungal agents).

10. Other new pharmacologic agents (erythropoietin, RU486).

Know about:

1. Complications of empiric antibiotic use (e.g., resistance, fungal infection, pseudomembranous
colitis).

2. Secondary effects of common drugs (e.g., heparin and osteoporosis, thiazides and hyperlipi-
demia).

3. Fundamental pharmacodynamics (e.g., partial agonists, physiologic antagonists, efficacy).
4. Drug efficacy and potency as demonstrated on dose-response curves.
5. Pharmacogenetics: drugs whose metabolism is affected by inheritance (e.g., isoniazid).
6. Anesthesia: physical properties of gaseous agents (MAC, blood:gas partition coefficient, rate

of induction), different IV agents, toxicities (e.g., malignant hyperthermia). 
7. Treatment of anemia (e.g., erythropoietin, B12, folate, testosterone, iron supplements).
8. Prevention/treatment of cerebrovascular disease (e.g., aspirin, thrombolytics).
9. Treatment of rheumatoid arthritis.

10. Vaccines: indications, potential side effects.
11. Chemotherapeutic agents: risk of possible secondary cancer.
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PHARMACOLOGY—PHARMACOKINETICS
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Pharmacokinetics
Volume of Relates the amount of drug in the body to the plasma concentration. Vd of plasma 

distribution (Vd) protein-bound drugs can be altered by liver and kidney disease.

Vd = amount of drug in the body 
plasma drug concentration

Clearance (CL) Relates the rate of elimination to the plasma concentration.

CL = rate of elimination of drug 
plasma drug concentration

Half-life (t1/2) The time required to change the amount of drug in the body by one-half during 
elimination (or during a constant infusion). A drug infused at a constant rate reaches about
94% of steady state after four t1/2.

t1/2 =
0.7 × Vd

CL

Dosage Loading dose = Cp × Vd/F In patients with impaired renal 
calculations Maintenance dose = Cp × CL/F or hepatic function, the 

where Cp = target plasma concentration loading dose remains 
and F = bioavailability unchanged, although the 

maintenance dose is 
decreased.

Elimination of drugs
Zero-order elimination Rate of elimination is constant regardless of C (i.e., constant amount of drug eliminated 

per unit time). Cp decreases linearly with time. Examples of drugs: ethanol, phenytoin, 
and aspirin (at high or toxic concentrations).

First-order elimination Rate of elimination is proportional to the drug concentration (i.e., constant fraction of 
drug eliminated per unit time). Cp decreases exponentially with time.

Phase I versus Phase I (reduction, oxidation, hydrolysis) yields slightly Phase I: cyt. P450
phase II metabolism polar, water-soluble metabolites (often still active). Phase II: conjugation. 

Phase II (acetylation, glucuronidation, sulfation) yields Geriatric patients lose phase 
very polar, inactive metabolites (renally excreted). I first.

# of half-lives 1 2 3 3.3

Concentration 50% 75% 87.5% 90%



PHARMACOLOGY—ANTIMICROBIAL

Antimicrobial 
therapy

Mechanism of action Drugs
Block cell wall synthesis by Penicillin, ampicillin, ticarcillin, piperacillin, imipenem, aztreonam, cephalosporins

inhibition of peptidoglycan
cross-linking 

Block peptidoglycan synthesis Bacitracin, vancomycin

Block protein synthesis at 50S Chloramphenicol, erythromycin/macrolides, lincomycin, clindamycin, 
ribosomal subunit streptogramins (quinupristin, dalfopristin)

Block protein synthesis at 30S Aminoglycosides, tetracyclines
ribosomal subunit

Block nucleotide synthesis Sulfonamides, trimethoprim

Block DNA topoisomerases Quinolones

Block mRNA synthesis Rifampin

Disrupt bacterial/fungal cell Polymyxins
membranes

Disrupt fungal cell membranes Amphotericin B, nystatin, fluconazole/azoles

Unknown Pentamidine

Penicillin Penicillin G (IV form), penicillin V (oral):
Mechanism 1. Binds penicillin-binding proteins

2. Blocks transpeptidase cross-linking of cell wall
3. Activates autolytic enzymes

Clinical use Bactericidal for gram-positive cocci, gram-positive rods, gram-negative cocci, and 
spirochetes. Not penicillinase resistant.

Toxicity Hypersensitivity reactions.

Methicillin, nafcillin, dicloxacillin
Mechanism Same as penicillin. Narrow spectrum, penicillinase resistant because of bulkier R group.
Clinical use Staphylococcus aureus.
Toxicity Hypersensitivity reactions; methicillin: interstitial nephritis.

Ampicillin, amoxicillin
Mechanism Same as penicillin. Wider spectrum, penicillinase 

sensitive. Also, combine with clavulanic acid 
(penicillinase inhibitor) to enhance spectrum. 
AmOxicillin has greater Oral bioavailability than 
ampicillin.

Clinical use Extended-spectrum penicillin: certain gram-positive Coverage: ampicillin/
bacteria and gram-negative rods (Haemophilus amoxicillin HELPS
influenzae, Escherichia coli, Listeria monocytogenes, kill enterocci.
Proteus mirabilis, Salmonella, enterococci).

Toxicity Hypersensitivity reactions; ampicillin: rash;
pseudomembranous colitis.
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PHARMACOLOGY—ANTIMICROBIAL  ( cont inued )

Carbenicillin, piperacillin, and ticarcillin
Mechanism Same as penicillin. Extended spectrum.
Clinical use Pseudomonas species and gram-negative rods; susceptible to penicillinase; use with 

clavulanic acid.
Toxicity Hypersensitivity reactions.

Cephalosporins
Mechanism β-lactam drugs that inhibit cell wall synthesis but are 

less susceptible to penicillinases. Bactericidal.
Clinical use First generation: gram-positive cocci, Proteus mirabilis, 1st generation: PEcK

E. coli, Klebsiella pneumoniae.
Second generation: gram-positive cocci, Haemophilus 2nd generation: HEN PEcKS

influenzae, Enterobacter aerogenes, Neisseria species,
Proteus mirabilis, E. coli, K. pneumoniae, Serratia 
marcescens.

Third generation: serious gram-negative infections 
resistant to other beta-lactams; meningitis (most 
penetrate the blood–brain barrier). Examples: 
ceftazidime for Pseudomonas; ceftriaxone for gonorrhea.

Toxicity Hypersensitivity reactions, increased nephrotoxicity of 
aminoglycosides, disulfiram-like reaction with ethanol 
(in cephalosporins with a methylthiotetrazole group, 
e.g., cefamandole).

Aztreonam
Mechanism A monobactam resistant to β-lactamases. Inhibits cell wall synthesis (binds to PBP3). 

Synergistic with aminoglycosides. No cross-allergenicity with penicillins.
Clinical use Gram-negative rods: Klebsiella species, Pseudomonas species, Serratia species. No 

activity against gram-positives or anaerobes.
Toxicity Usually nontoxic; occasional GI upset.
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Imipenem/cilastatin
Mechanism Imipenem is a wide-spectrum, β-lactamase-resistant With imipenem, “the kill is 

carbapenem. Always administered with cilastatin lastin with cilastatin.”
(inhibitor of renal dihydropeptidase I) to ↓
inactivation in renal tubules.

Clinical use Gram-positive cocci, gram-negative rods, and 
anaerobes. Drug of choice for Enterobacter.

Toxicity GI distress, skin rash, and CNS toxicity (at high plasma 
levels).

Vancomycin
Mechanism Inhibits cell wall mucopeptide formation. Bactericidal. Resistance occurs with amino acid 

change of D-ala D-ala to D-ala D-lac.
Clinical use Used for serious, gram-positive multidrug-resistant organisms, including Staphylococcus 

aureus and Clostridium difficile (pseudomembranous colitis).
Toxicity Nephrotoxicity, Ototoxicity, Thrombophlebitis, diffuse flushing—“red man 

syndrome” (can largely prevent by pretreatment with antihistamines and slow infusion 
rate). Well tolerated in general: does NOT have many problems.

Protein synthesis 30S inhibitors: “Buy AT 30, CELL at 50”
inhibitors A = Aminoglycosides (streptomycin, gentamicin,

tobramycin, amikacin) [bactericidal] 
T = Tetracyclines [bacteriostatic]

50S inhibitors:
C = Chloramphenicol [bacteriostatic]
E = Erythromycin [bacteriostatic]
L = Lincomycin [bacteriostatic]
L = cLindamycin [bacteriostatic]

Aminoglycosides Gentamicin, neomycin, amikacin, tobramycin, streptomycin
Mechanism Bactericidal, inhibits formation of initiation complex and causes misreading of mRNA. 

Requires O2 for uptake, therefore ineffective against anaerobes.
Clinical use Severe gram-negative rod infections. Synergistic with β-lactam antibiotics. Neomycin for 

bowel surgery.
Toxicity Nephrotoxicity (especially when used with cephalosporins), Ototoxicity (especially when 

used with loop diuretics). AmiNOglycosides.
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PHARMACOLOGY—ANTIMICROBIAL  ( cont inued )

Tetracyclines Tetracycline, doxycycline, demeclocycline, minocycline
Mechanism Bacteriostatic, binds to 30S and prevents attachment of 

aminoacyl-tRNA, limited CNS penetration. 
Doxycycline fecally eliminated and can be used in 
patients with renal failure. Must NOT take with 
milk or antacids because divalent cations inhibit 
its absorption in the gut.

Clinical use Vibrio cholerae, Acne, Chlamydia, Ureaplasma VACUUM your Bed Room
Urealyticum, Mycoplasma pneumoniae, Borrelia
burgdorferi (Lyme disease), Rickettsia, tularemia.

Toxicity GI distress, discolors teeth and inhibits bone 
growth in children, Fanconi’s syndrome, 
photosensitivity.

Macrolides Erythromycin, azithromycin, clarithromycin
Mechanism Inhibits protein synthesis by blocking translocation, binds to the 23S rRNA of the 50S 

ribosomal subunit. Bacteriostatic.
Clinical use Upper respiratory tract infections, pneumonias, sexually transmitted diseases: gram-posi-

tive cocci (streptococcal infections in patients allergic to penicillin), Mycoplasma, 
Legionella, Chlamydia, Neisseria.

Toxicity GI discomfort (most common cause of noncompliance), acute cholestatic hepatitis, 
eosinophilia, skin rashes.

Chloramphenicol
Mechanism Inhibits 50S peptidyl transferase. Bacteriostatic.
Clinical use Meningitis (H. influenzae, Neisseria meningitidis, Streptococcus pneumoniae). Conservative 

use due to toxicities.
Toxicity Anemia, aplastic anemia (dose independent), gray baby syndrome (in premature

infants lacking liver UDP-glucuronyl transferase).

Clindamycin
Mechanism Blocks peptide bond formation at 50S ribosomal subunit.
Clinical use Treat anaerobic infections (e.g., B. fragilis, C. perfringens).
Toxicity Pseudomembranous colitis (C. difficile overgrowth), fever, diarrhea.
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Pharm.39UC V

Pharm.27UC V



Sulfonamides Sulfamethoxazole (SMZ), sulfisoxazole, triple sulfas, sulfadiazine
Mechanism PABA antimetabolites inhibit dihydropteroate synthase. Bacteriostatic.
Clinical use Gram-positive, gram-negative, Nocardia, Chlamydia. Triple sulfas or SMZ for simple UTI.
Toxicity Hypersensitivity reactions, hemolysis if G6PD deficient, nephrotoxicity, kernicterus in 

infants, displace other drugs from albumin.

Trimethoprim
Mechanism Inhibits bacterial dihydrofolate reductase. Bacteriostatic. Trimethoprim = TMP:
Clinical use Used in combination with sulfonamides (trimethoprim– “Treats Marrow Poorly.”

sulfamethoxazole), causing sequential block of folate 
synthesis. Combination used for recurrent UTI, Shigella,
Salmonella, Pneumocystis carinii pneumonia.

Toxicity Megaloblastic anemia, leukopenia, granulocytopenia.
(May alleviate with supplemental folinic acid.)

Fluoroquinolones Ciprofloxacin, norfloxacin, ofloxacin, grepafloxacin, Fluoroquinolones hurt  
enoxacin (fluoroquinolones), nalidixic acid attachments to your bones.
(a quinolone)

Mechanism Inhibits DNA gyrase (topoisomerase II). Bactericidal.
Clinical use Gram-negative rods of urinary and GI tracts (including 

Pseudomonas), Neisseria, some gram-positive organisms.
Toxicity GI upset, superinfections, skin rashes, headache, dizziness. 

Contraindicated in pregnant women and in children 
because animal studies show damage to cartilage. 
Tendonitis and tendon rupture in adults.
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PHARMACOLOGY—ANTIMICROBIAL  ( cont inued )

Metronidazole
Mechanism Forms toxic metabolites in the bacterial cell. 

Bactericidal. 
Clinical use Antiprotozoal. Giardia, Entamoeba, Trichomonas, GET on the Metro!

Gardnerella vaginalis, anaerobes (Bacteroides, 
Clostridium). Used with bismuth and amoxicillin 
or tetracycline for “triple therapy” against H. pylori.

Toxicity Disulfiram-like reaction with alcohol, headache.

Polymyxins Polymyxin B, polymyxin E
Mechanism Bind to cell membranes of bacteria and disrupt their osmotic properties. Polymyxins are 

cationic, basic proteins that act like detergents.
Clinical use Resistant gram-negative infections.
Toxicity Neurotoxicity, acute renal tubular necrosis.

Isoniazid (INH)
Mechanism Decreases synthesis of mycolic acids. INH:
Clinical use Mycobacterium tuberculosis. The only agent used Injures Neurons and 

as solo prophylaxis against TB. Hepatocytes.
Toxicity Hemolysis if G6PD deficient, neurotoxicity, Different INH half-lives in fast 

hepatotoxicity, SLE-like syndrome. vs. slow acetylators.
Pyridoxine (vit. B6) can prevent neurotoxicity.

Rifampin
Mechanism Inhibits DNA-dependent RNA polymerase. Rifampin’s 4 R’s:
Clinical use M. tuberculosis, delays resistance to dapsone when RNA polymerase inhibitor

used for leprosy. Always used in combination with Revs up microsomal P450
other drugs except in the treatment of meningococcal Red/orange body fluids
carrier state, and chemoprophylaxis in contacts of Rapid resistance if used 
children with H. influenzae type B. alone

Toxicity Minor hepatotoxicity and drug interactions (↑ P450).

Anti–TB drugs Rifampin, Ethambutol, Streptomycin, Pyrazinamide, RESPIre
Isoniazid (INH). INH is used alone for TB 

prophylaxis.
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