
SCOPE OF PHARMACOLOGY 
 
 A. History - It is of intellectual interest to the physician to know how drugs are 

discovered and developed. Often in the past, this was based on folklore or 
intelligent observation (e.g. digitalis leaf, penicillin). Nowadays, new drugs 
are mostly developed by the organic chemist working with a pharmacologist, 
increasingly from basic knowledge about key molecular targets. Usually 
some sort of biological screen is used to select among organic molecules 
for optimum pharmacological activity. 

 
  1. Francois Magendie (1783-1855), a French physiologist laid down the 

dictum "Facts and facts alone are the basis of science."  Experimental 
procedures with animals are the testing grounds for determination of 
drug action. 

 
  2. Claude Bernard (1813-1878) worked in Magendie's lab, investigated 

the plant extract curare and proposed a site of action for this agent. 
  
  3. Rudolph Buchheim (1820-1879).  In 1847 Buchheim established the 

first laboratory devoted to experimental pharmacology in the basement 
of his home  in Dorpat which is known as the cradle of experimental 
pharmacology. 

 
 4. Oswald Schmiedeberg (1838-1921).  In 1872 Schmiedeberg set up 

an institute of  pharmacology in Strasbourg, France (Germany at that 
time) which became a mecca for students who were interest in 
pharmacological problems. 

 5. J.N. Langley (1852-1925 and Sir Henry Dale (1875-1968) pioneered 
pharmacology in England, taking a physiological approach. 

 6. John J. Abel (1857-1938) established the first chair of pharmacology 
in the U.S.A. (U. Michigan, 1891) after training in Germany. Able went 
to Johns Hopkins in 1893, and trained many U.S. pharmacologists. He 
is known as "The Father of American Pharmacology". 

 7. The second world war was the impetus for accelerated research in 
pharmacology (the war time antimalarial program) in the U.S., and 
introduced strong analytical and synthetic chemical approaches. 

 B. Chemistry - Chemical structures of drugs can provide information about 
mechanism of action, pharmacokinetics, stability, and metabolic fate. 

 
1. Structure-Activity Relationship - A modification of the chemical 

structure of a drug may accentuate or diminish its pharmacological 
effects, often providing clues as to the mechanism of action. A picture 



of the biological reactive site (the receptor) can be developed in such 
studies.  Also, drugs are metabolized by body systems, which may 
convert the parent drug to a more active or a less active form.  The 
drug structure can be modified to enhance or diminish the rate of 
metabolic conversion. 

 
  2. Sites of Action - The organ or cellular target of drug action. 
 

3. Drug Receptors - Macromolecules in cells or cell membranes with 
which drugs interact to exert their effects. Usually the interacting forces 
are reversible ionic and Van der Waals bonds of relatively low energy, 
but sometimes covalent bonds are formed (e.g. organophosphate 
insecticides). 

 
 C. Pharmacodynamics - The effect of the drug on the body. Pharmaco-

dynamics is the study of the relationship of drug concentration and the 
biologic effect (physiological or biochemical). For most drugs it is necessary 
to know the site of action and mechanism of action at the level of the organ, 
functional system, or tissue. For example, the drug effect may be localized 
to the brain, the neuromuscular junction, the heart, the kidney, etc. Often the 
mechanism of action can be described in biochemical or molecular terms. 
Most drugs exert effects on several organs or tissues, and have unwanted 
as well as therapeutic effects. There is a dose-response relationship for 
wanted and unwanted (toxic) effects. Patient factors affect drug responses - 
age, weight, sex, diet, race, genetic factors, disease states, trauma, 
concurrent drugs, etc. 

 
 D. Pharmacokinetics - The effect of the body on the drug. To produce its 

characteristic effects, a drug must be present in appropriate concentrations 
at its sites of action. Thus, it is important to know the interrelationship of the 
absorption, distribution, binding, biotransformation, and excretion of a drug 
and its concentration at its locus of action. 

 
  1.  Absorption (oral or parenteral) - A drug must be absorbed and 

achieve adequate concentration at its site of action in order to produce 
its biological effects. Thus, when a drug is applied to a body surface 
(e.g., g.i. tract, skin, etc.), its rate of absorption will determine the time 
for its maximal concentration in plasma and at the receptor to produce 
its peak effect. 

 
  2.  Distribution - The blood, total body water, extracellular, lymphatic and 

cerebrospinal fluids are involved in drug movement throughout the 
body. Depending upon its chemical and physical properties, the drug 
may be bound to plasma proteins or dissolved in body fat, delaying its 
progress to its sites of action or excretory mechanism. 

 



3.  Metabolism - This is how certain drugs are handled by the body in 
preparation for their elimination and includes the fate of 
drugs-biotransformation (e.g., hydrolysis, conjugation, 
oxidation-reduction). 

 
4.  Excretion - The kidney is the most important organ for drug excretion 

but the liver, lung and skin are also involved in drug elimination. Drugs 
excreted in feces are mostly derived from unabsorbed, orally ingested 
drugs or from metabolites excreted in the bile and not reabsorbed by the 
intestine. The physical and chemical properties, especially the degree of 
ionization of the drug, are important in the rate of excretion. 

 
5. Biological Factors Modifying Pharmacokinetic Aspects - Normal 

variations occur in population pharmacokinetic constants (absorption 
rates, elimination rates). Other factors include age, weight, obesity, 
edema, concurrent diseases, other drugs (various interactions including 
effects on protein binding or metabolic rate), diet, dose interval and route 
of administration, genetic variations in elimination rate. 

 
 E. Clinical Pharmacology and Therapeutics 
 

  1.  Indications and Therapeutic Uses - Emphasis is placed on the 
therapeutic use of drugs for the treatment of disease in clinical 
pharmacology, internal medicine and therapeutics. There are specific 
clinic disorders or disease entities for which a given drug may be 
prescribed and the physician must weigh the potential benefit of drug 
use against the risks of adverse effects. 

 
  2. Contraindications and Factors (e.g., liver disease) May Modify 

Drug Action - where detoxification of the drug by the liver is important. 
It is important to know that the presence of disease or organ pathology 
may influence the actions of a drug. Conditions such as age, 
pregnancy, concomitant administration of other drugs and disease may 
alter the patient's response to a given drug. 

 
  3.  Posology - Is an archaic term describing dosage regimens. 

Consideration of dosage schedules is a part of pharmacokinetics. 
 
  4.  Bioavailability - The fraction of drug administered which is actually 

absorbed and reaches the systemic circulation following oral dosing. 
Preparations of the same drug by different manufacturers may have a 
different bioavailability. 

 
  5.  Prescription writing - It is important that the physician write clear, 

error-free directions for the drug provider (pharmacist) and for the 
patient. Physicians must guard against prescribing too many drugs, or 



preparations of little value. Drugs of unproven clinical value should be 
avoided, as well as potentially toxic agents if drugs equally effective 
but less dangerous are available. Risk-benefit and cost-benefit should 
be considered. Drugs may be prescribed by generic name, since often 
a less expensive drug product can be obtained in this way. A particular 
manufacturer may be specified if the physician has reason to believe a 
better or more reliable preparation is available from that manufacturer. 

 
 6. Drug Nomenclature - In addition to its formal chemical name, a new 

drug is usually assigned a code name by the pharmaceutical 
manufacturer. If the drug appears promising and the manufacturer 
wishes to place it on the market, a United States Adopted Name 
(USAN) is selected by the USAN Council which is sponsored by: 

 
1) The American Medical Association 
2) The American Pharmaceutical Association 
3) The United States Pharmacopeial Convention 

 
 F. Toxicology - That aspect of pharmacology that deals with the adverse 

effects of chemical agents. Toxicology is concerned not only with drugs 
used in therapy but also with the other chemicals that may be responsible 
for household, environmental or industrial intoxication. 

 
  1.  Forensic Toxicology - Addresses medicolegal aspects of the use of 

chemicals that are harmful to animals or man. Analytical chemistry and 
fundamental toxicological principles are hybridized to underlie this 
aspect of toxicology. Nonetheless accidental poisoning with drugs is a 
health problem of major significance. More than 1/4 of the fatalities and 
about 1/2 of all poisonings occur in children under 5 years of age.  All 
common household articles that are poisonous should be made 
unavailable to children, and poisonous rodenticides and insecticides 
should not be placed in the home. 

 
  2.  Clinical Toxicology - Focuses on toxic events that are caused by or 

are uniquely associated with drugs or other chemicals. 
 
  3. Adverse Drug Reactions Toxicities and Side Effects - No drug is 

free of toxic effects. Some untoward effects of drugs are trivial, but 
others are serious and may be fatal. Side effects often are predictable 
from a knowledge of the pharmacology of a particular drug. Examples 
of chemicals or drug-induced toxicities are given below: 

 
   a. Allergic reactions - The number of serious allergic reactions to 

drugs involving antigen-antibody reactions is low but when they 
occur the physician must have sufficient knowledge to manage 
these problems. 



 
   b. Blood dyscrasias - These are very serious and sometimes fatal 

complications of drug therapy. They include: agranulocytosis, 
aplastic anemia, hemolytic anemia, thrombocytopenia and defects 
in clotting factors. 

 
   c. Hepatotoxicity and nephrotoxicity - Because many chemicals 

and drugs are eliminated and metabolized by the liver and kidney, 
damage to these organs is seen commonly. 

 
  d. Teratogenic effects - The thalidomide tragedy dramatically 

emphasized that drugs may adversely influence fetal 
development. 

  e. Behavioral toxicity - This is a term used to describe suppression 
of normal anxiety, reduction in motivation, impairment of memory 
and learning, distortion of judgement, impairment of reflexes, 
adverse effects on mood, etc. 

  f. Drug dependence and drug abuse - The repeated 
administration of some chemicals may lead to drug dependence. 
Drugs likely to be abused and upon which drug dependence may 
develop are the various psychopharmacological agents such as 
opiates, barbiturates, amphetamines, nicotine and ethanol. 
Dependence on tobacco (nicotine) is also well known. 

  g. Carcinogenesis - Carcinogenesis is a delayed type of toxicity 
with a latency of many years. 

  h. Pharmacogenetic toxicities - Certain genetically-predisposed 
individuals have a markedly toxic reaction to certain otherwise 
safe drugs. Examples are prolonged apnea after succinylcholine, 
or malignant hyperthermia associated with anesthetics. 
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Twelve contact hours are recommended at the beginning of the course to 
provide the foundation for reinforcement and application of these principles 
throughout the course. 

 
1. Introduction, Roots, and Definition of Terms 

 
a. Definition of Pharmacology 

 
The discipline that is concerned with understanding the 
interactions of chemical substances with living systems, and the 
application of this understanding to the practice of medicine. 

 
b. Relation to Other Disciplines 

 
Basis in Chemistry, Physiology, Biochemistry, and Molecular 

Biology 
A foundation of medical practice, including historic perspective 
Relationship to Toxicology, Pharmacy, Therapeutics 
 

c. Key Terms and Concepts 
 



1) Drug - a substance that acts, often by interaction with 
regulatory molecules, to stimulate or inhibit normal 
physiologic processes. 

2) Drug Receptors - molecules with which a drug first interacts 
to eventually affect biological function.  There is often a strict 
structural requirement for this interaction.  Drug targets 
include receptors for endogenous substances 
(neurotransmitters, hormones, etc.), enzymes, transport 
proteins, ion channels etc.  Some pharmacologists prefer the 
term "drug targets," and reserve the term "receptor" to 
describe the macromolecules that serve as receptors for 
endogenous substances. 

3) Agonist (full, partial, inverse), antagonist (competitive and 
non-competitive)  

4) Drug-receptor interactions – affinity, intrinsic activity  
5) Selectivity of drug action - all drugs have multiple effects, 

both desirable (beneficial) and undesirable (adverse effects, 
or “side effects”).  Selectivity is partly intrinsic to the nature of 
the drug-receptor interaction.  The astute physician can 
maximize selectivity by attention to pharmacologic principles. 

6) Pharmacodynamics - the study of drug effects on the body.  
The dose-response relationship(s) and drug-receptor 
interactions for each drug are of particular importance. 

7) Pharmacokinetics - the study of the effects of the body on 
the drug, and its travels through the organism.  The 
understanding of plasma drug concentration as a function of 
time is of particular importance. 

8) Time-action relationships - function of dosing schedule and a 
combination of a drug's pharmacokinetic and 
pharmacodynamic properties 

9) Dose-response relationships – graded and quantal 
10) Efficacy, potency 
11) Long-term effects of drugs (including tolerance, regulation of 

gene expression) 
 

d. Course Goals 
 

1) Describe the principles governing drug actions in humans 
2) Describe the specific knowledge related to the different 

classes of drugs, and important distinctions among members 
of each class, in relation to the organ systems they affect, 
and the diseases for which they are used therapeutically.  

3) Develop a basis for continued education in medicine 
4) Establish a foundation on which to build a rational approach 

to the use of drugs in clinical practice 



5) Develop a foundation to effectively use the medical literature 
to evaluate new drugs in the context of evidence-based 
medical practice 

 
2. Qualitative and Quantitative Pharmacokinetics  

 
a. Chemical Aspects  

 
1) Weak acids and bases - the Henderson-Hasselbalch 

equation; relationship between pH and ionization of drugs 
2) Lipid solubility of drug species; polar and nonpolar drugs 
3) Properties of biological membranes, mechanisms of drug 

movement across membranes.  Passive and active 
processes 

4) Ion trapping of drugs.  Specific examples of stomach 
contents and urine as ion-trapping compartments 

5) Chirality - drugs that exist as mixtures of two or more 
stereoisomers 

 
b. Absorption 

 
1) Concept of therapeutic window 
2) Relationship of lipid solubility, blood flow, and site of drug 

placement  
3) Effect of pH- absorption of weak acids and bases from 

stomach vs. intestine - influence of age 
4) Absorption from oral, IM, SC, and other routes 
5) Manipulation of absorption - dosage form, depot 

preparations, delayed release preparations, transdermal 
patch 

6) Special sites of absorption; buccal, pulmonary, rectal, 
transcutaneous sites  

7) Systemic absorption of drugs applied for local effects: 
intraocular, intranasal, dermatologic preps 

8) Concept of bioavailability as a function of absorption and first 
pass metabolism 

9) Developmental, age-related, and disease-related changes in 
drug absorption 

 
c. Distribution  

 
1) Plasma protein binding, its effects on distribution 
2) The lymphatic system and drug distribution 
3) Factors affecting distribution: Tissue perfusion, ease of 

access, tissue binding and solubility coefficients 



4) Distribution ("redistribution") as a mode of termination of 
drug action. 

5) Distribution of drugs into special compartments.  Nature of 
the capillary endothelium at the liver sinusoid, the skeletal 
muscle and brain.  Why lipid solubility of a drug is important 
in the brain but not at the extracellular receptor of the 
neuromuscular junction.  The blood-brain barrier and tight 
endothelial junctions.  Drug penetration across the placenta.  

6) Concept of apparent volumes of distribution; relationship to 
physiological volumes.  One and two-compartment drug 
distribution models.  

7) Developmental, age-related, and disease related changes in 
drug distribution. 

 
d. Metabolism 

 
1) Importance of drug metabolism for excretion (conversion of 

non-polar xenobiotics to polar metabolites which can be 
excreted in the urine).   

2) Biotransformation: activation vs. inactivation (detoxification) 
of drugs: prodrugs, toxic metabolites 

3) Major pathways of metabolism:  
Phase I vs. Phase II, general properties 
a) oxidation, reduction, hydrolysis 
b) conjugation -glucuronides, glycine, sulfate esters, 

acetylation, glutathione, mercapturic acids 
4) The cytochrome P450 system.  Liver, other tissues.  Major 

P450s involved in drug metabolism: CYP1A2, CYP2B6, 
CYP2Cs, CYP2D6, CYP2E1, CYP3A4.  (For isoforms see 
section on Pharmacogenetics) 

5) Enzyme induction: mechanisms, time course, clinical 
implications, and examples of common inducers (e.g. 
phenobarbital, rifampin, polycyclic hydrocarbons, 
environmental factors) 

6) Enzyme inhibition: clinical implications 
7)   Developmental, age-related, and disease-related changes in 

drug metabolism  
 

e. Excretion 
 

1) Definition of excretion as the loss of drug molecules from the 
body; excretion of parent drug vs. excretion of metabolites. 

2) Major sites of drug excretion: renal, biliary/alimentary, 
pulmonary (a major route for inhalation agents only). Minor 
sites of drug excretion: sweat, milk 



3) Renal excretion: role of filtration, secretion and reabsorption-
-importance of plasma protein binding, molecular size, 
polarity, weak acids and weak bases, urine pH 

4) Biliary/alimentary excretion:  biliary transport, direct secretion 
of drugs from blood to intestine, importance of plasma 
protein binding, molecular size, polarity, weak acids and 
weak bases.  Consequences of enterohepatic circulation. 

5) Developmental, age-related, and disease-related changes in 
drug and metabolite excretion 

6) Differentiate excretion from pharmacologic concept of 
elimination (the sum of metabolism and excretion) 

7) Clearance as the pharmacologic parameter that 
characterizes the efficiency of elimination process 
a) general definition of clearance: Cl = rate of 

elimination/[C] 
b) additivity of organ clearances, e.g Cl tot = Cl hepatic + 

Cl renal + Cl other 
c) organ clearance--extraction ratio and blood flow Cl = E 

x Q, high and low extraction ratios and effects of 
changes in blood flow and plasma protein binding 

 
f. Quantitative Pharmacokinetics 

 
1) First order, dose-independent kinetics 

a) single IV bolus dose, one  and two compartment 
systems 
i. definition of first order process, explanation of why 

metabolism and renal elimination are often first 
order, distribution and elimination phases of log C 
vs. time plot 

ii. pharmacokinetic parameters that determine the 
plot and  can be estimated from it, and their 
interrelationships: Vd1, Vdextrap, Vdarea, AUC, ke, 
elimination t1/2, Cl 

b) single oral (or other non IV dose), one compartment 
i. effect of ka, ke, and dose on Cmax, tmax, and AUC 
ii. estimation of bioavailability by ratio of AUCs 

c) constant IV infusion, one compartment 
i. definition of steady state, the plateau principle, Css 

= IR/Cl 
ii. time to steady state as a function of half-life and 

effects of stopping infusion or changing infusion 
rate  

iii.  calculation of loading dose 
d) repeated dosing one compartment 



i. drug accumulation and plateau principle: Cssav = 
DxF/T x Cl, independent of ka 

ii. peak to trough variation as a function of dose, F, 
t1/2 , dosing interval(T), and ka:ke ratio 

 
2) Deviations from first order (dose-independent) kinetics 

a) Zero order and "Michaelis-Menten" elimination kinetics, 
definition, and implications (dose-dependent kinetics) 

b) Saturation of plasma protein binding, implications 
c) Dose-dependent absorption and bioavailability 

 
3. Pharmacodynamics - Relationship of Distributional Factors and 

Protein Binding, to Concentration of Drug at the Receptor Site 
 

a. Receptor Theory 
 

1) Introduction 
a) Historical development 
b) Definition of a receptor (signal transduction) 
c) Occupancy theory: EA/EM = [A]/([A] + KA) 

2) The log concentration-response relationship 
3) Agonists 

a) Interpretation of log concentration-response curves 
b) Potency (ED50 and EC50) vs affinity (KA) 
c) Intrinsic activity vs efficacy  

i. Partial agonists 
ii. Inverse agonists 

4) Antagonists 
a) Competitive, reversible, surmountable  
b) Non-competitive, irreversible, unsurmountable 

5) Receptor reserve 
 

b. Quantal Response Relationships 
1) ED50 (potency) vs LD50 or TD50 
2) Therapeutic indices 
 

c. Structure-activity relationship (SAR) as a mechanism for modeling 
receptors, active sites, and developing modified drugs. 

 
d. Types and subtypes of receptors - therapeutic action vs side 

effects 
 

1) Receptor superfamilies and mechanisms 
a) Ligand-gated ion channels 

i. Nicotinic ACh receptor 
ii. GABA-A receptor 



2) G Protein coupled receptors  
a) Muscarinic ACh receptors 
b) Three major types of adrenergic receptors (alpha-1, 

alpha-2, beta) 
c) Guanine nucleotide regulatory binding proteins 

3) Tyrosine kinase receptors  
a) Insulin 
b) PDGF 

4) Transcription factor receptors 
a) Receptors for steroid hormones 

 
e. Receptor Regulation 

 
1) Down-regulation and desensitization 

a) Inverse relationship between agonist concentration and 
receptor levels  

2) Up-regulation and sensitization 
 

f. Non-receptor targets as sites of drug action 
 

1)   Enzymes - acetylcholinesterase 
2)   Nucleic acids as site of action of drugs - actinomycin D 
3)   Target uniqueness as a basis for selective chemotherapy - 

penicillin 
 

4.   Pharmacogenetics/genomics 
 

a. Pharmacogenetics is the genetic basis for differences among the 
human population in drug therapeutic response and/or toxicity.  
Pharmacogenomics is the application of genomic information 
towards the discovery and development of drugs with new and 
more specific targets. Rational, individualized selection of drug 
and/or drug dose based on patient's genetic information will 
increasingly replace the paradigm of one drug and/or one dose 
fits all.  The pharmacogenetics knowledge base is expanding 
exponentially since the publication of the human genome.  The 
"idiosyncratic" drug response will increasingly be predictable, 
preventable, and unacceptable (i.e., considered malpractice).  
Effective drugs previously discarded because of a high incidence 
of toxicity will be useful when targeted to patients of appropriate 
genetic profile.  

 
b. All proteins are gene products and many (perhaps most) exhibit 

genetic polymorphism.  Single nucleotide polymorphisms (SNPs), 
gene deletions, gene amplifications determine protein structure, 
configuration, and/or concentration.  When a protein is important 



in drug action or disposition, then genetic differences between 
individuals in that drug's action or disposition are expected.  

 
c. Differentiate genotype and phenotype.  Discuss methods to 

determine phenotype and genotype.  Discuss polymerase chain 
reaction, restriction fragment length polymorphism; allele-specific 
amplification; DNA microarrays. 

 
d. Pharmacogenetic polymorphisms affect drug response as well as 

drug disposition and toxicity.  Examples should be provided 
illustrating both drug disposition and toxicity (i.e., NAT2, CYP2D6) 
and drug action (i.e. beta adrenergic receptors). 

  
e. Monogenic pharmacogenetic traits often discriminate populations 

into discrete phenotypes (polymorphic distribution).  Polygenic 
pharmacogenetic traits usually provide monomorphic 
distributions. 

 
f. Frequency of pharmacogenetic polymorphisms often differs with 

ethnic group.  Polymorphisms are genetic differences in germ-line 
DNA and are not "mutations."  Individuals with polymorphisms are 
healthy and are not "aberrant" or "abnormal" unless challenged 
with inappropriate drug or drug dose. 

 
g. Illustrate clinical relevance with examples such as:  
 

1) NAT2; isoniazid, procainamide 
2) CYP2D6; debrisoquine, codeine 
3) CYP2C19; mephenytoin 
4) CYP2C9; warfarin 
5) Serum cholinesterase; succinylcholine 
6) Glucose-6-phosphate dehydrogenase; analgesics; 

antimalarials 
7) Thiopurine-S-methyltransferase; 6-mercaptopurine 
8) Beta-2 adrenergic receptors; albuterol 
9) Dopamine receptors; antipsychotics 

10) Malignant hyperthermia; inhalation anesthetics 
 
 

5. Principles of Drug Interactions 
 

a. Prevalence of multi-drug therapy; importance of complete drug 
history including herbal and other complementary medicine and 
recreational drugs 

 



b. Types of interactions by mechanism--pharmaceutic, 
pharmacokinetic, pharmacodynamic-- with illustrative examples 

 
c. Types of interactions by outcome--additivity, synergy, 

potentiation, antagonism-- with illustrative examples 
 
d. Not all drug interactions are bad:  beneficial, planned interactions 

vs. unintended adverse interactions 
 
e. Awareness of drug-food interactions, and drug interference with 

diagnostic tests 
 

6.  Development, Evaluation and Control of Drugs 
 

a. Preclinical Development.  The goal is to develop therapeutic 
agents with known mechanism(s) of action, maximal therapeutic 
indices, and favorable pharmacokinetic properties.  Drugs emerge 
from both rational design as well as serendipity.  Rational drug 
design involves structure-activity considerations, modeling, and 
computational chemistry.  Advantages and limitations of in vitro 
and in vivo screening. Difficulty of extrapolating animal toxicity 
studies to humans.  FDA criteria for clinical trials approval. 

 
b. Clinical Trials.  Sequential trials and outcomes.  Rigorous 

requirements for clinical trials.  Controls including concurrent 
versus historical controls.  Placebo effects. Institutional Review 
Boards - informed consent and patient confidentiality.  
Investigator conflict of interest.  FDA requirements for efficacy and 
safety. 

 
c. Regulatory System. Legal mandates of the FDA and DEA.  

Classification (Scheduling) of drugs with addiction potential.  
Influence of drug scheduling on medical practice. 

 
d. Post-Marketing Surveillance of Drugs.  Adverse drug reaction 

reporting mechanism.  Problems with subpopulations such as 
children, the elderly, the mentally impaired, pregnant or lactating 
women.  Limitations of statistical analysis.  

 
e. Drug Information for Practitioners.  Textbooks, journals, FDA 

alerts, poison control centers, and electronic databases. 
 
f. Pharmaceutical Industry:  Duration of drug patents;  branded 

verses generic drugs. 
  



 Influence of marketing (from sales representatives to television 
advertising) on medical practice. 
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In general, medical students enter medical pharmacology courses with a 
sound background in the anatomy of the ANS, but a somewhat inadequate 
grasp of its physiology. Therefore, we need to spend considerable time on 
the latter and little time on the former in ANS pharmacology. The importance 
of autonomic pharmacology is greater than that of its collective therapeutic 
agents. It is the foundation for understanding other areas such as 
cardiovascular pharmacology and pharmacology of the central nervous 
system. Autonomic nerves and/or their effector cells are the sites of action 
responsible for the side effects of many drugs whose primary sites of action 
are elsewhere.  

 
1. Introduction to the Autonomic Nervous System (1) 

 
a. History 

  
1) Describe the anatomical projections of the sympathetic and 

parasympathetic autonomic nervous system.  
2) Describe the evidence for development of the concept of 

neurotransmitters, cotransmitters, and end-organ receptor 
specificity. 

 
b. Define words containing the suffixes, -ergic,-mimetic, -lytic and -

ceptive. 
 



c. Describe homeostasis, fight-or-flight and rest-and-repair with 
regard to sympathetic and parasympathetic activity. 

 
d. Describe the central control of the autonomic nervous system. 
 
e. List and describe the responses of end organs to activation of the 

sympathetic and parasympathetic nervous systems. 
 
f. Describe the concept of predominant tone. 

 
2. Cholinergic Neurotransmission and Muscarinic Agonists (1) 

 
a. List the steps in the synthesis, storage, release and inactivation of 

acetylcholine, and drugs that interface with those processes. 
Explain their mechanisms.  Describe the types of receptors, 
nicotinic and muscarinic. 

 
b. Acetylcholine-muscarinic and nicotinic receptor sites 
 

1) List the locations of and the differences between muscarinic 
and nicotinic receptors. 

2) List the the therapeutic uses of muscarinic agonists.  
3) List the adverse side effects of muscarinic agonists 
4) Important or prototypic drugs: acetylcholine, bethanechol, 

and pilocarpine. 
 

3. Anticholinesterases (1) 
 

a. Compare the two major cholinesterases: acetylcholinesterase 
(AChE) and butyrylcholinesterase (BuChE) as to anatomical 
locations, sites of synthesis and function. 

 
b. Explain the chemical makeup of the active site of AChE (anionic 

and esteratic) as to attraction, attachment and rates of breakdown 
of various substrates and inhibitors. 

 
c. Relate the onset of action of anticholinesterases, routes of 

administration, and the duration of action of anticholinesterases 
with sites and type of attachment to the enzyme. 

 
d. Explain why anticholinesterases are reversible or irreversible, and 

indicate which anticholinesterases are in each category. 
 
e. Describe the effects of accumulated acetylcholine at muscarinic 

and nicotinic receptors in the periphery and the central nervous 
system. 



 
f. List therapeutic uses for and adverse side effects of 

anticholinesterases. 
 
g. Distinguish the mechanism by which pralidoxime reactivates 

phosphorylated AChE.  
 
h. Explain the role of enzyme aging in the enzyme-inhibitor 

interaction. 
 
i. Explain why anticholinesterase agents can be used as 

insecticides (malathion, parathion) and chemical warfare agents 
(sarin, VX series). Explain why PRALIDOXIME is not effective 
reactivating all phosphorylated AChE. Explain the concept of 
differential toxicity of  malathion and parathion in different species. 

 
j. Important or prototypic drugs: physostigmine, neostigmine, 

edrophonium, pyridostigmine, echothiophate and pralidoxime.  
 

4. Antagonists at Muscarinic Receptor Sites (1) 
  

a. Describe the mechanism of action.  
 
b. Explain the rationale for the therapeutic use in diseases such as 

bronchoconstriction, excessive salivation, and motion sickness. 
Explain the rationale for the therapeutic use to produce mydriasis 
and cycloplegia. 

 
c. Explain why muscarinic antagonists cause xerostomia, blurred 

vision, photophobia, tachycardia, anhidrosis, difficulty in 
micturition, hyperthermia, glaucoma and mental confusion in the 
elderly. 

 
d. Explain why muscarinic antagonists are contraindicated in 

glaucoma, obstructive disease of the gastrointestinal tract or 
urinary tract, intestinal atony. 

 
e. Important or prototypic drugs: atropine, scopolamine, tolterodine 

and ipratropium. 
 

5. Drugs Acting at Autonomic Ganglia (0.5) 
 

a. Nicotine 
 

1) Describe nicotine’s agonist and antagonist properties. 



2) Explain why it is not used clinically (except as a smoking 
deterrent), and its historical, social and toxicological 
significance. 

 
b. Antagonists acting at ganglionic nicotinic receptor sites 
 

1) Describe the pharmacological effects, and understand the 
role of predominant tone. 

2) Explain rationale for original uses in treatment of 
hypertension and autonomic hyperreflexia. 

3) List the adverse side effects.  
4) Important drug: trimethaphan 

  
6. Antagonists at Nicotinic Receptor Sites in the Skeletal 

Neuromuscular Junction (NMJ) (0.5) 
  

a. Describe the selectivity of drugs between ganglionic and 
neuromuscular nicotinic receptors. 

 
b. Describe the physiology and pathophysiology of transmission at 

NMJ. 
 
c. Classes of neuromuscular antagonists 
 

1) Depolarizing agent  
 Explain the uses and limitations. 
2) Competitive antagonists at NMJ  
 List the adverse side effects. 
3) Important-prototypic drugs: succinylcholine, tubocurarine, 

mivacurium. 
4) Contrast and compare the depolarizing and competitive NMJ 

blocking drugs. 
 

d. Explain the rationale for the combination use of antimuscarinic 
and anticholinesterase agents in reversal of neuromuscular 
blockade. 

 
7. Sympathetic Neurotransmission, and the Adrenal Medulla (1) 
 

a. List the steps in the synthesis, storage, release and inactivation of 
norepinephrine and epinephrine, and the drugs that interfere with 
those processes. Explain their mechanisms.  

 
b. Describe the types and subtypes of adrenergic receptors, their 

locations, and physiologic response to activation.  
 



c. Describe the receptor selectivity of norepinephrine and 
epinephrine.  

 
d. Important or prototypic drugs: epinephrine, norepinephrine, 

monoamine oxidase inhibitors, metyrosine, reserpine, and 
guanadrel.  

 
8. Indirectly Acting Sympathomimetic Agents (1) 
 

a. Describe the difference between actions of direct and indirect 
adrenergic drugs. 

 
b. Explain the mechanism of indirect acting adrenergic drugs. 
 
c. List the therapeutic uses. 
 
d. Important or prototypic drugs: tyramine, ephedrine, 

pseudoephedrine, cocaine, amphetamine, and 
methamphetamine.  

 
 9. Alpha Adrenergic Agents (1.5) 

 
a. Alpha-1 Adrenergic Agonists 
 

1) Explain why alpha-1 adrenergic agonists are important in the 
treatment of nasal congestion, hypotension, paroxysmal 
atrial tachycardia, and are used to cause mydriasis and 
vasoconstriction (with local anesthetics).  

2) List the adverse side effects. 
3) Explain drug interactions with oxytocic drugs and monamine 

oxidase inhibitors. 
4) List the contraindications. 
5) Important-prototypic drugs: epinephrine, norepinephrine, and 

phenylephrine.  
 

b. Alpha-2 adrenergic agonists 
 

1) Explain the mechanism for the use of alpha-2 adrenergic 
agonists in the treatment of hypertension, and for the topical 
treatment of glaucoma.   

2) List the adverse side effects. 
3) Important or prototypic drug: clonidine  
 

c. Nonselective alpha-1, alpha-2 adrenergic antagonists 
 



1) Explain the limitations of the use of nonselective alpha-1, 
alpha-2 adrenergic antagonists in the treatment of 
hypertension. 

2) List the adverse side effects. 
3) Important or prototypic drugs: phentolamine, 

phenoxybenzamine. 
 

d. Alpha-1 adrenergic antagonists 
 

1) Explain why alpha-1 adrenergic antagonists are used to treat 
hypertension and benign prostatic hypertrophy.    

2) List the adverse side effects. 
3) Important or prototypic drugs: prazosin, terazosin, 

tamsulosin 
 

10. Beta Adrenergic Agents (1.5) 
 

a. Nonselective beta adrenergic agonists 
Compare and contrast the pharmacology of epinephrine and 
isoproterenol.  
 

b. Selective beta adrenergic agonists 
  

1) Compare and contrast the pharmacology of beta selective 
adrenergic agonists isoproterenol, albuterol, salmeterol, and 
dobutamine. 

2) Explain the mechanisms for the use of these drugs in 
diseases such as cardiac decompensation, asthma, 
premature labor, bronchospasm and emphysema.  

3) List the adverse side effects. 
 

c. Beta adrenergic antagonists 
 

1) Compare and contrast the pharmacology of propranolol, 
metoprolol and atenolol. 

2) List the adverse side effects. 
3) Important or prototypic drugs: propranolol, metoprolol and 

atenolol. 
 

d. Compare and contrast the pharmacology of the nonselective 
alpha and beta blocking drug labetalol, with selective beta 
blocking drugs.  



 
 

Minimum list of drugs in autonomic and neuromuscular pharmacology 
 
ACETYLCHOLINE ALBUTEROL  
AMPHETAMINE ATENOLOL ATROPINE 
BETHANECHOL Botulinum toxin CLONIDINE 
COCAINE dobutamine DOPAMINE 
ECHOTHIOPHATE EDROPHONIUM EPHEDRINE 
EPINEPHRINE guanadrel ipratropium 
ISOPROTERENOL  labetalol malathion 
METHAMPHETAMINE METOPROLOL metyrosine 
mivacurium NEOSTIGMINE NICOTINE 
NOREPINEPHRINE parathion phenoxybenzamine 
PHENTOLAMINE phenylephrine physostigmine 
pilocarpine pseudoephedrine PRALIDOXIME 
PRAZOSIN PROPRANOLOL pyridostigmine 
reserpine salmeterol sarin 
scopolamine SUCCINYLCHOLINE tamsulosin 
terazosin+ tolterodine trimethaphan 
TUBOCURARINE TYRAMINE VX series 

 
 

PRIMARY DRUGS - All uppercase letters 
Secondary drugs - lowercase  letters 

 



DRUGS ACTING ON THE  CENTRAL NERVOUS SYSTEM (21) 
 

 Subcommittee: 
 

NAME SCHOOL 
Richard M. Eisenberg University of Minnesota Duluth 

reisenbe@mail.d.umn.edu 
Paul Carvey Rush 
George Condouris New Jersey Medical School 
Brian Cox Uniformed Services University 
Adrian Dunn LSU in Shreveport 
S. J. Enna University Kansas 
Carl Faingold Southern Illinois University, Springfield 
Joseph Goldfarb Mount Sinai School of Medicine 
Israel Hanin Loyola University Chicago 
Billy Martin MCV 
Gary C. Rosenfeld University of Texas Medical School at 

Houston 
Lynn Wecker University South Florida 

 
1. Neurotransmitters, receptors and neurochemistry (1.5) 
2. General anesthetics (2) 
3. Local anesthetics (1) 
4. Opioid analgesics, agonist-antagonists, antitussives & expectorants, 

other pain-relieving agengs (3) 
5. Drugs used in treatment of motor disorders (1) 
6. Antiepileptics (1) 
7.  Antidepressants and mood stabilizing drugs (2) 
8. Antipsychotics (Neuroleptics) (2) 
9. Sedative-Hypnotics, anxiolytics, and centrally acting muscle relaxants 

(3 hr) 
10. Substance Abuse (4.5) 

a. Drug dependence(0.5) 
b. Stimulants and anorexigenic agents (0.5) 
c. Ethanol and alcoholism (1.0) 
d. Hallucinogens and designer drugs(0.3) 
e. Marijuana (0.3) 
f. Organic solvents, inhalants (0.3) 
g. Opioids, sedative-hypnotics, anxiolytics(1) 
h. Drugs and the law(0.5) 

11.  Treatment of Alzheimer’s Disease (.25) 
 
 
Introduction to Pharmacology of the Central Nervous System 
 



Understanding how drugs affect the central nervous system depends upon an integral 
knowledge of neuroanatomy, biochemistry, physiology, and basic pharmacological 
principles.  A core medical curriculum in pharmacology of the central nervous system 
requires at least 25 hours. 

 
1. Neurotransmitters, Neuromodulators, and Receptors 

 
a. List the major neurotransmitters in the brain, their predominant 

anatomical pathways, and their associated relevant disorders. 
 
b. Compare and contrast G protein coupled receptors and ligand 

gated ion channels. 
 
c. Describe how neurotransmitter receptor function may be altered 

as a consequence of chronic agonist or antagonist 
administration. 

 
d. Identify the molecular, cellular, and biochemical sites where 

drugs can act to affect neuronal function. 
 
e. List the factors that determine whether a drug will gain access to 

the central nervous system. 
 

1)  Endogenous Agents 
ACETYLCHOLINE (ACH) 
ADENOSINE TRIPHOSPHATE (ATP) 
aspartate (Asp) 
beta-amyloid 
beta-endorphin 
bradykinin 
DOPAMINE (DA) 
epinephrine 
dynorphins 
endomorphins 
enkephalins 
5-HYDROXYTRYPTAMINE (5-HT) 
GAMMA-AMINOBUTYRIC ACID (GABA) 
GLUTAMATE (glu) 
glycine 
histamine 
leptin 
nerve growth factor (and other growth factors) 
NOREPINEPHRINE 
nitric oxide 
SUBSTANCE P 

 



2. General Anesthetics (2) 
  

a. Define the terms “general anesthesia”, “neuroleptic analgesia”, 
and “dissociative anesthesia.” 

 
b. State the objectives of general anesthesia, characteristics of an 

ideal anesthetic, and the stages of general anesthesia. 
 
c. Explain how the solubility of a gas in a liquid is defined.  List the 

conditions that must be specified to determine the concentration of 
gas in the liquid phase. 

 
d. Define MAC (minimal alveolar concentration), name the physical 

property of an inhalation anesthetic that correlates best with its 
MAC, and explain how the concept of MAC is used in 
anesthesiology  

 
e. Describe how the physical properties of inhalation anesthetics 

influence the rate of equilibration of anesthetic in the inspired air to 
anesthetic in alveoli, blood, brain, muscle and fat.  Explain how 
this information is related to onset and recovery from inhalation 
anesthesia. 

 
f. Define “second gas effect” and explain why it occurs. 
 
g. List and explain the complications that may ensue with the use of 

Nitrous Oxide as a direct result of the high concentrations at which 
it is administered and its solubility in blood relative to that of 
nitrogen. 

 
h. List the current theories of the mechanisms of action of inhalation 

anesthetics, of intravenous anesthetics. 
 
i. Compare the available inhalation anesthetics with respect to their 

pharmacokinetic properties, effects on various organ systems, 
biotransformation, and disadvantages and advantages. 

 
j. Compare and contrast commonly used intravenous induction 

agents—their adverse effect profile, speed of onset, and duration 
of action.  Describe the relative roles of distribution and 
metabolism in determining duration of action and how duration of 
action may change with repeated administration of an iv 
anesthetic. 

 
k. List clinical conditions that make general anesthesia hazardous 

and alternative means for preparing patients for surgery. 



 
l. Describe malignant hyperthermia, list some common triggering 

agents, and discuss its prevention and treatment. 
 
m. Describe the utility and adverse effects of drugs commonly used 

as preanesthetic medications or as adjuncts to anesthesia.  
Include: atropinics, neuromuscular blocking agents, 
benzodiazepines, and opioids in your discussion.  Indicate how 
the concomitant use of these drugs may affect the concentrations 
of inhaled anesthetics used to maintain the anesthetic state. 

 
Drugs to Consider: 
alfentanil 
desflurane 
enflurane 
etomidate 
FENTANYL 
HALOTHANE 
ISOFLURANE 
KETAMINE 
methohexital 
methoxyflurane 
MIDAZOLAM 
MORPHINE 
NITROUS OXIDE (N20) 
PROPOFOL 
SEVOFLURANE 
sufentanil 
THIOPENTAL 

  
3. Local Anesthetics (1) 

  
a. Discuss the mechanism of action of local anesthetics. Explain how 

the actions of clinically used anesthetics might be influenced by 
the frequency of impulse transmission in peripheral nerves, pH, 
and by the vascularity of the injected area. 

 
b. List the factors that influence the sensitivity of different classes of 

nerve fibers to local anesthetics. Explain how this relates to the 
order in which function is lost upon application of local anesthetic 
to a peripheral nerve. 

 
c. List the significant differences between amide and ester-type local 

anesthetics. 
 



d. List the common adverse effects of local anesthetics and indicate 
appropriate treatments should they occur. 

 
e. Describe the common routes of administration of local anesthetics.  

List anesthetics that cannot be used topically, that cannot be used 
for infiltration.  Explain why these routes are not effective. 

 
f. Describe methods used to restrict local anesthetics to a desired 

site of action and indicate how these methods reduce adverse 
effects. 

 
g. Discuss epidural and intrathecal administration of selected opioids 

and local anesthetics 
 

Drugs to Consider: 
BENZOCAINE 
BUPIVACAINE 
cocaine 
LIDOCAINE 
prilocaine 
PROCAINE 
ROPIVACAINE 
tetracaine 

  
4. Opioid Analgesics, Agonist-antagonists, and Antitussives (3.0) 

  
a. Opioid Analgesics and Antagonists(2.0) 

 
1) Present the clinical indications for the opioids and opioid 

antagonists and explain the basis for their use. 
2) Describe the pharmacologic responses associated with the 

stimulation of the Mu-, Kappa-, and Delta-opioid receptor 
subtypes. Correlate with the pharmacological characteristics 
of the various endogenous opioid agonists (endorphins, 
dynorphins, enkephalins, endomorphins). 

3) Describe the distribution of opioid receptors in relation to the 
types of pain and pain perception, and how morphine 
interferes with these processes. 

4) List and explain the advantages and disadvantages of using 
mixed opioid agonists/antagonists. 

5) Describe the pharmacological effects and sites of action of 
the prototype opioid agonist, morphine, and its utility in 
relieving different types of pain.  In the description of 
morphine's pharmacology include its actions and major 
adverse actions on the following systems:  CNS, 
Cardiovascular, G.I.-biliary, respiratory, genitourinary. 



6) Describe the pharmacokinetic processes affecting morphine, 
absorption, distribution, metabolism, excretion and how 
these are relevant to its therapeutic use. Describe the 
distribution of opioids in the body, including their ability to 
cross the blood-brain barrier and the placenta. 

7) Discuss the salient differences in pharmacology between 
morphine and each of the following full agonists: meperidine, 
fentanyl, methadone.  List other opioid agonists that are 
metabolized to morphine and indicate the salient differences 
in their pharmacology from that of morphine. 

8) List and explain the major drug interactions of morphine. 
9) Contrast the analgesic effects of morphine with those of the 

nonsteroidal antiinflammatory drugs, with those of 
antidepressants, and with those of carbamazepine. Discuss 
the rationale for using mixtures of opioid analgesics and 
NSAIDS 

10) Explain how agonist-antagonists and partial agonists differ in 
their utility and adverse effect profile when compared to 
morphine. Contrast the pharmacology of pentazocine with 
morphine.  Describe why TALWIN-NX is useful in reducing 
the abuse of pentazocine. 

11) List the contraindications for morphine and its surrogates. 
12) Describe the characteristics of opioid tolerance and 

dependence. Describe the opioid abstinence syndrome and 
how it differs from that for sedative-hypnotics. 

13) Discuss abuse liability for opioids and how it differs among 
the various drugs. 

14) Describe the symptoms of morphine and heroin overdose 
and how they are managed. 

15) Discuss the salient differences between naloxone and 
naltrexone and how these are reflected in clinical use of 
these drugs. 

16) Define precipitated abstinence and indicate under what 
circumstances it might occur following the clinical use of 
opioid analgesics or antagonists. 

17) Explain the rationale for using methadone to treat heroin 
abusers.  List the aspects of methadone’s pharamcokinetics 
and pharmacodynamics that make it useful for this purpose. 

 
Drugs to Consider: 

a) Agonists 
 CODEINE 
 diphenoxylate 
 fentanyl 
 heroin 
 HYDROCODONE 



 l-alpha-acetyl-methadol 
 levomethadyl acetate 
 loperamide 
 MEPERIDINE 
 METHADONE 
 MORPHINE 
 OXYCODONE 
 d-propoxyphene 

combinations - opioids plus acetaminophen and ASA 
 TRAMADOL 
b)  Agonist/Antagonists and Antagonists 
 BUPRENORPHINE 
 butorphanol 
 nalbuphine 
 nalorphine 
 NALOXONE 
 NALTREXONE 
 nalmefene 
 pentazocine 

 
b. Antitussives, Expectorants and Mucolytics (0.5)  

 
 Describe the cough reflex and the sites of action of antitussive 

drugs, expectorants and mucolytic agents. 
 
 Discuss the mechanism of action of antitussive drugs. 

 
Drugs to Consider: 
CODEINE 
DEXTROMETHORPHAN 
HYDROCODONE 

 
5. Drugs Used in the Treatment of Motor Disorders (1) 

 
a. Describe the major anatomical pathways and neurotransmitter 

systems involved in control of motor function. 
 
b. Understand how the “Balance Hypothesis of Straital Function” 

predicts management and side effects of all extra-pyramidal 
movement disorders. 

 
c. Discuss current hypotheses about the etiology and 

pathophysiology of Parkinson's disease. 
 
d. Describe the rationale for the use of levodopa in Parkinson's 

disease and the rationale for its use in combination with 



peripheral L-amino acid decarboxylase inhibitor.  Discuss how 
the drug combination alters levodopa's therapeutic and adverse 
effect profiles. 

 
e. Differentiate the two major classes of direct DA receptor 

agonists, and indicate how they are used therapeutically and any 
significant differences in their adverse effects. 

 
f. Discuss the use of other classes of drugs in treating Parkinson's 

disease: anticholinergics, MAO inhibitors, COMT inhibitors, 
amantadine. 

 
g. Discuss drugs that can induce Parkinson's disease and specific 

treatments. 
 
h. Describe Huntington's Chorea and discuss drugs available for its 

treatment and their effectiveness. 
 
i. Discuss the pathophysiological basis of spasticity and muscle 

spasm. 
 
j. List drugs useful for treatment of spasticity and compare and 

contrast the mechanisms of action and adverse effects of 
benzodiazepines, baclofen and dantrolene when used for this 
purpose. 

 
k. Describe how the therapeutic utility of cyclobenzaprine for 

treatment of muscle spasm differs from that of baclofen and 
benzodiazepines. 

 
Drugs to Consider: 
AMANTADINE 
BACLOFEN 
BENZODIAZEPINES 
BENZTROPINE 
BROMOCRIPTINE 
CARBIDOPA 
cyclobenzaprine 
DANTROLENE 
DOPAMINE 
ENTACAPONE 
haloperidol 
L-DOPA 
pergolide 
PRAMIPREXOLE 
ropinerole 



SELEGILINE (deprenyl) 
trihexyphenidyl 

 
6.    Antiepileptics (1 hr) 

 
a. Describe the pathophysiology of seizures, and the types and 

incidence of epilepsy. 
 
b. Discuss each of the following with respect to their possible 

relevance to the initiation and spread of seizure activity: mirror 
foci, kindling, post-tetanic  potentiation, long-term potentiation, 
paroxysmal depolarizing shift. 

 
c. List the major classes of antiepileptic drugs, the seizure types 

against which they are effective, their cellular mechanisms of 
action, and how these actions might be relevant to their roles as 
antiepileptic agents. 

 
d. Describe the pharmacokinetic factors relevant to appropriate 

therapy with antiepileptic drugs. Explain why the clearance of 
phenytoin changes with dose.  Discuss the rationale for the 
common practice of monitoring plasma concentrations of many 
antiepileptic drugs 

 
e. List the antiepileptic medications that  induce of hepatic enzymes 

and describe the consequences for treatment of epilepsy and for 
interactions with drugs used for other conditions. 

 
f. List and describe the adverse and teratogenic effects of the 

major antiepileptic drugs. 
 
g. Define status epilepticus and explain how it is managed 

pharmacologically. 
 
h. Discuss the therapeutic use of antiepileptic drugs for conditions 

other than epilepsy, including their use as analgesics and as 
mood stabilizers. 

 
Drugs to Consider: 
acetazolamide 
CARBAMAZEPINE 
clonazepam 
DIAZEPAM 
ETHOSUXIMIDE 
felbamate 
GABAPENTIN 



Lamotrigine 
LORAZEPAM 
PHENOBARBITAL 
PHENYTOIN 
primidone 
TIAGABINE 
topiramate 
VALPROIC ACID 
vigabatrin 

 
7. Drugs Used In Affective Disorders (1 hr) 

 
a. Describe the concept of affect, the current neurochemical 

theories regarding affect and how it can be altered by drugs. 
 
b. Define depression and list its symptoms, signs and causes.  

Define bipolar disorder and its subtypes, and describe its signs 
and symptoms and its natural history.  Describe manic disorder. 

 
c. List the major classes of antidepressant drugs and their primary 

cellular targets. (Tricyclic ADs, SSRIs, SNRIs, atypical 
antidepressants, and MAO inhibitors) 

 
d. Explain and contrast the time course for the neurochemical 

mechanisms and therapeutic action of the different classes of 
antidepressant drugs. Discuss the importance of active 
metabolite formation. 

 
e. Describe and compare the most common adverse effects of the 

major classes of antidepressants, and where known, explain the 
mechanism for these effects.  Identify significant drug and dietary 
interactions. 

 
f. Describe the signs and symptoms of overdose with each of the 

major classes of antidepressants and the appropriate treatment 
tricyclic antidepressant toxicity, serotonin syndrome, tyramine 
effect). 

 
g. Discuss the utility of the various classes of antidepressants for 

other indications: Obsessive compulsive disorder, neuropathic 
pain, smoking cessation, enuresis. 

 
h. Discuss the use of herbal antidepressants, such as St. John’s 

wort. 
 



i. List drugs useful for treating mania and describe the major 
theories explaining their presumed mechanisms of action 
(lithium, antiepileptics, antipsychotics).  Describe the effects of 
lithium on CNS neurotransmitter systems.  Distinguish between 
acute control of a manic episode and prevention of cycling. 

 
 j. Discuss the pharmcokinetics of lithium and its relationship to the 

following:  alteration in dietary sodium, effects of exercise, use of 
diuretics, monitoring of plasma lithium levels, and treatment of 
lithium overdose. 

 
 k. Differentiate adverse side effects of lithium from signs and 

symptoms of lithium overdose. Explain why there is a 
contraindication to the use of lithium in patients with impaired 
renal function or cardiovascular disease. 

 
 l. Discuss the use of antiepileptic drugs for treatment of bipolar 

disorder, their efficacies and toxicities relative to that of lithium. 
 
Drugs to Consider: 

1)  Antidepressants 
  AMITRIPTYLINE 
  BUPROPION 

citalopram 
clomipramine 

  desipramine 
  FLUOXETINE 
  fluvoxamine 
  IMIPRAMINE 
  NORTRIPTYLINE 
  PAROXETINE 
  phenelzine 
  SERTRALINE 
  TRAZODONE 
  TRANYLCYPROMINE 
  VENLAFAXINE 
 

2)  Antimanic drugs 
 CARBAMAZEPINE 
 LITHIUM CARBONATE 
 VALPROIC ACID 

 
8. Antipsychotics (neuroleptics) (2 hrs) 

 
a. Describe schizophrenia and discuss the theories regarding the 

underlying neurochemical basis. 



 
b. Discuss the current theories regarding the therapeutic mechanism 

of action of antipsychotic drugs.  Include in this discussion acute 
and chronic effects of these drugs on major dopaminergic systems 
in the CNS.  Distnguuish the properties, relative efficacies and 
side effects of the major classes of classical (or typical 
antipsychotic drugs, the low potency and the high potency. 

 
c. Describe the time course and symptoms of antipsychotic drug-

induced acute dystonia, akathesia, Parkinson’s syndrome, tardive 
dyskinesia, and neuroleptic malignant syndrome. Discuss the 
management of these conditions.  Where known, discuss the 
receptors/pathways mediating the drug effects. 

 
d. Explain how atypical antipsychotics differ from classical 

antipsychotics in their cellular actions, efficacies and side-effect 
profiles.  Contrast the mechanisms of action of phenothiazines 
and haloperidol with clozapine, risperidone, and olanzapine.  
Describe the implications for the theories of the mechanism of 
antipsychotic action. 

 
e. Discuss the hypersensitivity reactions to antipsychotic drugs 

including those affecting liver, blood and skin. 
 
f. List nonpsychiatric uses of phenothiazines and butyrophenones. 
 
g. Discuss the use of dopamine antagonists in Tourette’s Syndrome. 

 
Drugs to Consider: 
CHLORPROMAZINE (CPZ) 
CLOZAPINE 
FLUPHENAZINE 
HALOPERIDOL 
OLANZAPINE 
quetiapine 
RISPERIDONE 
sertindole 
thioridazine 
thiothixene 
ziprasidone 

 
9. Sedative-Hypnotics, Anxiolytics, and Centrally Acting Muscle 

Relaxants (3 hr) 
 

a. Sedative-Hypnotics  
 



1) Briefly describe the concepts of sedation, hypnosis, 
anesthesia, and coma.  List and describe the stages of 
sleep. 

2) Briefly discuss benzodiazepine action, and the action of non-
benzodiazepines acting at the benzodiazepine site, as they 
pertain to the induction of sleep; explain the mechanism of 
action; and describe the primary side effects (an expanded 
discussion of benzodiazepine is included in the section on 
antianxiety agents). 

 
b. Barbiturates 

 
1) Discuss the relationship between the chemical structure of 

barbiturates and their pharmacokinetics (absorption, 
distribution, biotransformation, elimination). 

2) Describe the actions of the barbiturates on the CNS, 
(including tolerance), respiration, cardiovascular system, 
kidney, and liver. 

3) Discuss the consequences of barbiturate and 
benzodiazepine induction of enzymes, specifically on 
aminolevulinic acid synthetase (porphyria) and on vitamin D 
metabolism (osteomalacia).  Explain the significance of 
redistribution vs. metabolism on duration of action. 

4) List the therapeutic uses of barbiturates, and indicate a 
prototype for each use; discuss adverse reactions. 

5) Describe the interactions of barbiturates with other CNS 
agents and their effects on the metabolism of other drugs. 
Indicate the effects of combining barbiturates with alcohol 
and other CNS depressants on CNS function. 

6) Describe the effects of ionization and lipid solubility on tissue 
distribution and duration of action of barbiturates. Describe 
the effects of altering urinary pH on the rate of barbiturate 
elimination. 

7) Describe acute barbiturate intoxication and its treatment. 
8) Discuss tolerance development and physical dependence to 

barbiturates.  Describe the symptoms of barbiturate 
withdrawal and treatment in a barbiturate dependent subject. 

 
c. Non-barbiturate, non benzodiazepine sedatives and hypnotics 

 
1) Discuss the use of non-barbiturate, non-benzodiazepine 

sedative/hypnotics (chloral hydrate, hydroxyzine) and 
compare therapeutic application and side effects to 
benzodiazepines and barbiturates. 

 
Drugs to Consider: 



alprazolam 
chloral hydrate 
diphenhydramine 
FLUMAZENIL 
FLURAZEPAM 
hydroxyzine 
lorazepam 
oxazepam 
phenobarbital 
TEMAZEPAM 
TRIAZOLAM 
zaleplon 
ZOLPIDEM 

 
d. Drugs use in the treatment of anxiety disorders 

 
1) Present the general pharmacology of benzodiazepines and 

buspirone (other categories of agents, i.e. antidepressants 
are referenced but their complete pharmacology is 
presented in another sections). 

2) Define anxiety, its relationship to the amygdala, and 
differentiate the major anxiety disorders. 

3) Discuss drugs other than the benzodiazepines and 
buspirone that are used for treating various anxiety 
disorders:  generalized anxiety, panic disorder, obsessive 
compulsive disorder, specific phobias 

4) Discuss the relationship between benzodiazepines and the 
GABAA receptor.  Describe how benzodiazepine action 
differs from that of drugs acting at the GABA recognition site. 
Define inverse agonism at the benzodiazepine receptor. 

5) List the therapeutic uses of benzodiazepines, and how the 
pharmacokinetics of the various benzodiazepines is related 
to their particular therapeutic uses (short, intermediate, and 
long-acting active metabolites). 

6) Compare the dependence liability, toxicity, side effects, and 
therapeutic actions of benzodiazepines the barbiturates and 
hypnotics. 

7) Describe the effects of benzodiazepines on sleep 
architecture and anterograde amnesia. 

8) Describe the interactions of the benzodiazepines with other 
CNS depressants. 

9) Describe the mechanism of action of flumazenil and its uses. 
10) Describe the pharmacology of buspirone and compare it to 

the pharmacology of diazepam. 
 

e. Centrally-acting skeletal muscle relaxants 



 
1) Discuss the pathophysiological basis of rigidity, spasticity, 

muscle spasm (if not previously discussed under motor 
dysfunction) and the assorted agents that are used to 
promote skeletal muscle relaxation. 

 
Drugs to Consider: 
ALPRAZOLAM 
chlorazepate  
chlordiazepoxide 
DIAZEPAM 
FLUMAZENIL (antagonist) 
LORAZEPAM 
OXAZEPAM 
 
2) Non-benzodiazepine 

BUSPIRONE 
  

10. Substance Abuse (4.5) 
 

a. Drug dependence (.5) 
 

1) Define and describe physical dependence and tolerance on 
drugs.  Discuss drug craving and positive conditioning as an 
issue in maintaining substance dependence. 

2) Discuss the economic - social issues of drug dependence. 
3) Describe the personality characteristics of an individual 

susceptible to substance abuse.  Discuss the role of the 
nucleus accumbens in reward gratification and dependence 
liability. 

4) Describe the clinical characteristics of drug dependence, and 
understand the concept of ‘gateway” drugs. 

5) Describe the withdrawal and detoxification techniques for 
different drugs of abuse. 

6) Review the mortality and morbidity of dependence to various 
drugs. 

7) Compare dependence on and associated abstinence signs 
of opioids, CNS depressants, stimulants and other drugs 
subject to abuse 

 
b. Psychostimulants (cocaine, amphetamine, methylphenidate) and 

anorexigenic agents 
 
 

1) Discuss the major groups of psychostimulant drugs, and 
discuss current theories of their mechanisms of action.  



2) Discuss the therapeutic uses of central and 
psychostimulants as appetite suppressants, in attention 
deficit hyperactivity disorder, and in narcolepsy.  

3) Discuss the current theories of substance dependence on 
stimulant drugs and the influence of pharmacokinetics on 
dependence liability.  

4) Describe the adverse effects of stimulants on the CNS and 
on other organ systems. 

5) Discuss the role of adenosine receptor antagonism in the 
action of caffeine. 

6) Discuss the effects of caffeine’s actions as a 
phosphodiesterase inhibitor on its CNS and peripheral 
nervous system effects. 

7) Describe the major differences in mechanisms between the 
psychostimulants and anorexigenic agents. 

 
Drugs to Consider: 
AMPHETAMINE 
CAFFEINE 
COCAINE 
ephedrine 
METHAMPHETAMINE 
METHYLPHENIDATE 
phentermine 
sibutramine 

 
c. Ethanol - alcoholism (1 hr). 

 
1) Summarize the therapeutic applications of ethanol. 
2) Describe the acute CNS actions of ethanol and discuss their 

relationship to blood alcohol levels.   
3) Discus current theories about the mechanism of action of 

alcohol in the CNS 
4) Describe the pharmacokinetics of ethanol, its absorption, 

distribution, metabolism and excretion. 
5) Describe the acute and chronic organ toxicities of ethanol. 
6) List drugs with which ethanol shows cross-tolerance and 

cross-dependance. 
7) List drugs, both prescription and over the counter, that would 

entail a patient refraining from the use of alcoholic 
beverages. Explain the nature of the potential interactions. 

8) List the signs and symptoms of the ethanol abstinence 
syndrome.  Compare and contrast these with abstinence 
syndromes following barbiturates, benzodiazepines, and 
opioids.   



9) Discuss the treatment options for acute ethanol intoxication, 
and for the ethanol abstinence syndrome. 

10) Discuss the use of disulfiram and naltrexone in the treatment 
of chronic alcoholics.  Describe their effects and the 
mechanistic rationale for their use. 

11) Summarize the therapeutic applications of ethanol. 
12) Discuss the mechanism for the synergism between chloral 

hydrate and ethanol. 
13) Discuss the management of methanol toxicity. 
 
Drugs to Consider: 
DISULFIRAM 
ETHANOL 
METHANOL 
naltrexone 

 
d. Hallucinogens and Designer Drugs (0.3) 

 
1) List the major classes of hallucinogens and describe their 

mechanisms of action. 
2) Describe salient differences among the behavioral and 

hallucinogenic effects of the various drugs and compare and 
contrast drug-induced states with endogenous psychoses.  
Describe the cognitive, somatic, and sensory effects of the 
hallucinogens. 

3) What are the three chemical classes of hallucinogens? 
4) Discuss the variability in inter-individual responses to 

hallucinogens and the interaction between the social setting 
in which hallucinogens are taken and their behavioral 
effects. 

5) Discuss tolerance to and cross-tolerance among the various 
hallucinogens. 

6) Describe how the pharmacokinetics of different drugs may 
influence their duration of action and their detection by 
screening tests for illicit drug use. 

7) Describe general principles of treatment for anxious/agitated 
patients with known ingestion of hallucinogens 

8) Describe how the effects of the anticholinergics differ from 
those of the hallucinogens. 

9) What are the common side effects of the anticholiergics? 
10) Know what a designer drug is and how it differs from a 

hallucinogen 
11) Discuss the differences and similarities among 

anticholinergic, hallucinogen, and designer drug overdose. 
12) Discuss the social use and abuse of hallucinogens. 
13) Discuss legislative control of designer drugs. 



14) What are the effects of ketamine and PCP on the NMDA 
receptor/sigma receptor 

 
Drugs to Consider: 
atropine, scopolamine 
KETAMINE 
LYSERGIC ACID DIETHYLAMIDE (LSD) 
MDMA (methylene dioxy-methyl amphetamine) 
MESCALINE 
PHENCYCLIDINE (PCP) 

 
e. Marijuana 

 
1) Discuss cannabinoid receptors and their proposed effects in 

brain 
2) Understand the role of genetic source and growing 

environment in THC content 
3) Understand the difference in THC content amoung marijuana, 

hashish, and 2nd hash oil 
4) What are the proposed health benefits of marijuana?  What 

are THC’s health consequences? 
 

Drugs to Consider: 
donabinol 
MARIJUANA/THC 

 
f. Organic solvents, inhalants (gasoline, glue, fire extinguisher 

accelerants, nitrous oxide, toluene, carbon tetrachloride, 
flurocarbons) 

 
1) Describe  the relationship between abuse of these drugs, 

hypoxic effects, and the ability to uncouple oxidative 
phosphorylation of these drugs. 

2) Describe the toxicities of these agents according to their 
particular type. 

 
g. Discuss opioids, sedative-hypnotics, and antianxiety agents with 

respect to their substance abuse aspects. 
 

Drugs to Consider: 
HEROIN/other opioids 
MARIJUANA/THC 
Organic solvents 
NICOTINE 
pentobarbital 

 



h. Drugs and the law (0.5 hr). 
 

1) Define the characteristics of drugs in each of the Drug 
Enforcement Administration classification of controlled 
substances into Schedules I, II, III, and IV, and give 
examples of some specific drugs that are included in each 
schedule.  Discuss the ways in which this classification 
affects the clinical use of drugs. 

 
11. Treatment of Alzheimer’s Disease 

 
a. Discuss the drugs used for the treatment of Alzheimer's disease, 

their presumed mechanisms of action, their efficacy and their 
adverse effects. 

 
Drugs to Consider: 
DONEPEZIL 
GALANTAMINE 
RIVASTIGMINE 
tacrine 
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1. Histamine (0.5 hr) 

 
a. Distribution and synthesis  
 
b. Storage and release (immunologic and nonspecific)  
 
c. Metabolism and elimination  
 
d. Receptors (H1, H2 and H3)  
 

e. Pharmacologic actions: smooth muscles, exocrine glands, 
cardiovascular, and sensory nerve endings 

 
Drugs to Consider: 
betazole 
HISTAMINE  

 
2. Antihistaminic Drugs (1 hr) 

 
a. Mechanisms of action: on receptor subtypes (H1, H2 and H3)  
 
b. Pharmacological properties and side effects (desirable/adverse)  
 
c. Therapeutic uses 

 
Drugs to Consider: 
H1-antagonists:  
brompheniramine  
CHLORPHENIRAMINE  
DIPHENHYDRAMINE  
FEXOFENADINE 
hydroxyzine 
loratadine 
promethazine  
 



H2-antagonists:  
CIMETIDINE  
FAMOTIDINE  
nizatidine  
RANITIDINE 

 
Antidegranulating drugs: 
CROMOLYN SODIUM 
nedocromil sodium 

 
3. Anti-motion Sickness Drugs (0.5 hr) 
 

a. Understand the mechanisms of motion sickness and the 
differences in mechanism and action between the phenothiazine 
neuroleptics and those drugs that affect the vestibular pathway. 

 
Drugs to Consider: 
DIMENHYDRINATE  
promethazine  
scopolamine 

 
4. Serotonin (5-HT) and Pharmacology of Migraine (0.5 hr) 
 

a. Distribution and synthesis 
 
b. Storage and release 
 
c. Metabolism, elimination 
 
d. Receptors 
 
e. Pharmacological actions (cardiovascular, cerebral vasculature, 

gastrointestinal, sensory neurons) 
 
f. Treatment of migraine (drugs for prophylactic and abortive 

therapies, relative efficacies, their pharmacokinetics and adverse 
effects, and primary cellular sites of action) 

 
g. Treatment of chemotherapy-induced emesis 

 
Drugs to Consider: 
antiemetics (metoclopramide, ONDANSETRON) 
ß-adrenergic antagonists (atenolol, propranolol) 
caffeine 
calcium channel blockers (amlodipine, verapamil) 
cyproheptadine 



ergot derivatives (ERGOTAMINE, dihydroergotamine) 
METHYSERGIDE 
NSAIDs and analgesics (aspirin, acetaminophen, ibuprofen, 

indomethacin, naproxen) 
phenelzine 
tricyclic antidepressants (amitriptyline, nortriptyline) 
triptans (SUMATRIPTAN, zolmitriptan) 

 
5. Nitric Oxide, Donors and Inhibitors (0.5 hr) 

 
a. EDRF 
 
b. Synthesis (nNOS, eNOS, iNOS); constitutive vs inducible 
 
c. Pharmacological actions (cGMP; vasculature; erectile dysfunction 

etc) 
 

Drugs to Consider: 
nitrates 
nitrites 
SILDENAFIL 
sodium nitroprusside 

 
6. Eicosanoids (0.5 hr) 
 

a. Synthesis of prostaglandins, thromboxanes, and leukotrienes 
from arachidonic acid. Know which are the key enzymes in the 
overall pathway and what drugs affect each enzyme. 

  
b. Pharmacological actions of PGE2, PGF2, PGI2 

(PROSTACYCLIN), TXA2, and the leukotrienes (LTA4 thru LTE4): 
vascular, airway, uterine, and GI smooth muscle; microvascular 
permeability; platelet function; sensory nerve endings; gastric and 
intestinal secretions; temperature regulation center.  

 
c. Termination of action. 

 
Drugs to Consider: 
alprostadil  
dinoprostone  
epoprostenol  
misoprostol 
montelukast  
ZAFIRLUKAST  
ZILEUTON 

 



7. Treatment of Asthma (1.0 hr) 
 

a. Know the disease process of asthma involving airway 
inflammation, bronchial smooth muscle constriction and mast cell 
degranulation 

 
b. Mediators (histamine, acetylcholine, proteases, leukotrienes C4, 

D4; prostaglandins; cytokines) 
 
c. Describe the mechanisms of action, adverse effects of each anti-

asthmatic drug 
 
d. Know the routes and limitations of drug administration, systemic 

and inhalant 
 
e. Describe the types of therapy available: short term relief and long-

term control 
 

Drugs to Consider: 
ß-adrenergic agonists (non-selective, epinephrine; selective short-

acting, ALBUTEROL, bitolterol, METAPROTERENOL; selective 
long-acting, SALMETEROL) 

anticholinergics (IPRATROPIUM bromide) 
antidegranulating agents (CROMOLYN SODIUM, nedocromil sodium) 
glucocorticoids (BECLOMETHASONE, budesonide, flunisolide, 

FLUTICASONE) 
leukotriene inhibitors (montelukast, ZAFIRLUKAST, ZILEUTON) 
methylxanthines (THEOPHYLLINE, aminophylline) 

 
8. Hypersensitivity and Immunopharmacology (0.5 hr) 
 

a. Role of immunoglobulins (IgE, IgG, IgM) in drug allergy 
 
b. Differentiate different types of allergic reactions (Type I-IV) and 

factors (e.g. cytokines, MHC) involved 
 
c. Learn the release of allergic mediators, and process leading to 

hypersensitivity 
 
d. Understand the site of action of selected immunosuppressive 

agents on the immune response. 
 

Drugs to Consider: 
CYCLOSPORINE 
mycophenolate mofetil 
PREDNISONE 



tacrolimus 
 

9. Bradykinin (0.5 hr) 
 

a. Synthesis and metabolism of kinins: know what 
pathophysiological factors trigger kinin formation and how 
bradykinin can influence the eicosanoid and EDRF pathways.  

 
b. Pharmacological actions: compare and contrast with actions of 

histamine and eicosanoids. 
 

Drugs to Consider: 
aprotinin 
BRADYKININ  

 
10. Analgesic, Antipyretic, Antiinflammatory Drugs (2.0 hr) 
 

a. Antipyretic-analgesic drugs  
 

1) Understand the physiological basis of body temperature 
control and peripheral sensory pain fibers.  

2) Understand the role of eicosanoids and bradykinin in 
causing local pain, edema and fever.  

3) Opiate analgesics (morphine, etc.) are covered under CNS 
drugs.  

4) Understand the difference in mechanisms of action between 
acetaminophen and aspirin. 

5) Compare the pharmacological properties of acetaminophen 
and aspirin.  

6) Understand the metabolism of acetaminophen, the role of 
cytochrome P450, and the mechanism of acetaminophen 
toxicity, as well as its reversal by N-acetylcysteine.  

7) Understand the adverse effects of aspirin, as well as the 
acute toxic effects of aspirin overdosage.  

8) Understand the factors that affect the absorption and 
elimination of aspirin.  

9) Understand the hepatic metabolism of aspirin.  
10) Understand the potentially detrimental consequences of 

plasma protein binding, zero-order metabolism, and 
irreversible cyclooxygenase inhibition shown by aspirin.  

11) Understand the adverse drug interactions possible with 
aspirin (coumadin anticoagulants, oral hypoglycemic drugs, 
alcohol, others).  

12) Understand the principles of treatment of salicylate 
intoxication. 

 



Drugs to Consider: 
ACETAMINOPHEN  
ASPIRIN and related salicylates  
NSAIDs other than aspirin 

 
b. Antiinflammatory drugs (NSAIDs and glucocorticoids) 
 

1) Understand the pathophysiology of acute and chronic 
inflammation.  

2) Understand the adverse effects and potential adverse drug 
interactions associated with inhibition of the COX1 pathway. 
Understand the significance of COX2.  

3) Glucocorticoids are covered under steroid hormones 
 

Drugs to Consider: 
ASPIRIN and salicylates  
CELECOXIB  
DICLOFENAC SODIUM  
fenoprofen  
IBUPROFEN  
INDOMETHACIN 
KETOROLAC  
KETOPROFEN  
meclofenamate 
NABUMETONE 
NAPROXEN 
OXAPROZIN 
piroxicam  
ROFECOXIB  
sulindac  
tolmetin 
 

c. Disease-Modifying Anti-Rheumatic Drugs (DMARDs) 
 

1) Understand that these drugs have no analgesic or antipyretic 
activity; their mechanisms of action are largely unknown.  

2) Understand that their onset of action is very long and the 
drugs are very toxic.  

3) Understand the role of TNF in chronic inflammation. 
 

Drugs to Consider: 
azathioprine  
chloroquine and HYDROXYCHLOROQUINE  
ETANERCEPT 
gold salts (auranofin, aurothioglucose)  
INFLIXIMAB 



methotrexate 
d-penicillamine  

 
d. Drugs used to treat gout 

 
1) Understand the causes and pathophysiology of acute gouty 

arthritis and chronic tophaceous gout.  
2) Compare and contrast the mechanisms of action of 

colchicine, allopurinol, probenecid, and sulfinpyrazone.  
3) Understand the dangerous side effects of colchicine.  
4) Understand the cause and treatment of acute gouty flare-ups 

associated with the use of allopurinol or probenecid in 
treating chronic tophaceous gout.  

5) Understand that NSAIDs except aspirin may be used as 
substitutes for colchicine. Why is aspirin contraindicated?  

6) Understand the potential adverse drug interactions with 
allopurinol (i.e. 6-mercaptopurine).  

 
Drugs to Consider:  
ALLOPURINOL 
COLCHICINE  
NSAIDs (except aspirin)  
PROBENECID  
SULFINPYRAZONE  
 

 
11. Pharmacology of Migraine (0.5) 

 
a. Discuss the classes of drugs used to treat patients with migraine 

headache, their primary cellular sites of action, and their relative 
efficacies as prophylactic vs abortive therapy.    

 
b. Discuss pharmacokinetic aspects of abortive therapy for migraine.  
 
c. List the major adverse effects of ergot alkaloids used the treatment of 

migraine, and supmatriptan and related drugs. 
 
Drugs to Consider: 
butorphanol 
CAFFEINE 
calcium channel blockers 
CLONIDINE 
ERGOTAMINE 
METHYSERGIDE 
PROPRANOLOL 



PROSTAGLANDINS (carboprost, tromethamine, dinoprostone,   
dinoprost) 

SUMATRIPTAN 
zolmitriptan 

 
Drugs to Consider: 

 
ACETAMINOPHEN  ALBUTEROL ALLOPURINOL  
alprostadil aminophylline amitriptyline 
amlodipine aprotinin  ASPIRIN 
atenolol auranofin (oral gold)  aurothioglucose  
azathioprine  BECLOMETHASONE bitolterol 
BRADYKININ  betazole  brompheniramine  
budesonide caffeine CELECOXIB  
chloroquine  CHLORPHENIRAMINE  CIMETIDINE  
COLCHICINE  CROMOLYN SODIUM CYCLOSPORINE 
cyproheptadine DICLOFENAC SODIUM  dihydroergotamine 
dinoprostone  DIMENHYDRINATE  DIPHENHYDRAMINE  
epinephrine epoprostenol  ERGOTAMINE 
ETANERCEPT  FAMOTIDINE  fenoprofen  
FEXOFENADINE flunisolide  FLUTICASONE 
HISTAMINE  HYDROXYCHLOROQUINE hydroxyzine 
IBUPROFEN  INDOMETHACIN  INFLIXIMAB 
IPRATROPIUM bromide KETOPROFEN KETOROLAC  
loratadine  meclofenamate  METAPROTERENOL 
methotrexate  METHYSERGIDE metoclopramide 
misoprostol montelukast  mycophenolate mofetil 
NABUMETONE NAPROXEN  nedocromil sodium 
nitrates nitrites nizatidine 
nortriptyline NSAIDs  ONDANSETRON 
OXAPROZIN d-penicillamine  phenelzine 
piroxicam  PREDNISONE PROBENECID  
promethazine  propranolol RANITIDINE  
ROFECOXIB  SALMETEROL scopolamine  
SILDENAFIL sodium nitroprusside sulindac  
SULFINPYRAZONE  SUMATRIPTAN THEOPHYLLINE 
tacrolimus tolmetin verapamil 
ZAFIRLUKAST  ZILEUTON zolmitriptan 
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1. Review of Cardiovascular Physiology (2) 
 

 Review properties of the heart including contractility (e.g. excitation-
contraction coupling) and electrical activity (e.g. the action potential, 
automaticity, excitability, refractory period, conduction and the 
relationship to the electrocardiogram).  

 
 Review neuroendocrine properties of the heart (both response and 

output). 
 
 Discuss mechanisms of growth, hypertrophy and signal transduction. 
 
 Review the intrinsic and extrinsic regulation of the cardiovascular 

system.  
 
 Describe cardiac and vascular smooth muscle cellular pathobiology 

including mechanisms of apoptosis and responses to hypoxia, 
reperfusion, ischemia and mechanical and oxidative stress. 

 
   



2. Cardiac Drugs 
 

a. Anti-Arrhythmic Agents (3) 
  

1) Drugs and Drug Classes to Consider:  
 ADENOSINE 
 AMIODARONE 
 Atropine 
 β-ADRENOCEPTOR ANTAGONISTS (e.g. METOPROLOL; 

SOTALOL) 
 CALCIUM CHANNEL BLOCKERS (e.g. DILTIAZEM) 
 Digoxin 
 Disopyramide 
 Dofetilide 
 Flecainide 
 LIDOCAINE 
 Mexiletine 
 Moricizine 
 PROCAINAMIDE 
 Propafenone 
 QUINIDINE 
 Tocainide 
2) Principles and knowledge objectives:  

a) Mechanism of action 
 Describe the pathophysiologic mechanisms of cardiac 

arrhythmias (abnormal automaticity, triggered rhythms, 
reentrant rhythms and abnormal impulse conduction). 

 
 Classify antiarrhythmic drugs according to classes I, II, 

III and IV including other miscellaneous agents, though 
recognizing the limitations of this classification system. 

 
 Describe the slow (calcium-dependent) and fast 

(sodium-dependent) responses, their relevance to 
sinoatrial, atrial, AV-nodal and ventricular tissues, and 
their alteration by antiarrhythmic drugs.  

   
 Describe the electrophysiologic actions of 

antiarrhythmic drugs in normal and abnormal 
myocardial and conduction tissue, and their effect on 
the phases of the cardiac action potential. 

 
 Describe the indirect autonomic actions of these drugs. 
 
 Describe the effect of age on fast and slow channels 

and on the agents affecting these channels. 



 
 Discuss the pharmacogenomics of long QT syndrome 

and the relationship of genetics to drug selection. 
 
 Know the two forms of this disorder (i.e. drug-induced 

[or acquired LQT] and congenital) and which ion 
channels are responsible for each. 

 
 Know the classes of drugs that can produce acquired 

LQTS and that the therapeutic management of 
congenital LQTS depends on the genotype, despite a 
uniform phenotype. 

b) Actions on organ systems  
 Describe the relevant extracardiac actions of 

antiarrhythmic drugs with special reference to 
amiodarone. 

c) Pharmacokinetics 
 Describe the routes of administration, biotransformation 

and excretion of selected antiarrhythmic drugs. 
  
 Describe the pharmacokinetics and time-course of the 

cardiac actions of antiarrhythmic drugs (onset and 
duration of action). 

 
 Discuss the impact of reduced cardiac output due to 

myocardial infarction on drug half-life and 
pharmacodynamics.  

 
 Describe the influence of age on pharmacokinetic 

parameters, i.e., liver metabolism (lidocaine, 
procainamide, and propranolol) and elimination through 
kidney (digoxin and sotalol). 

d) Therapeutic indications 
 Describe the use of antiarrhythmic drugs in 

supraventricular arrhythmias (atrial flutter, atrial 
fibrillation, paroxysmal atrial tachycardia, junctional 
arrhythmias). 

 
 Describe the use of antiarrhythmic drugs in ventricular 

arrhythmias (ventricular premature beats, ventricular 
tachycardia, ventricular fibrillation). 

 
 Discuss the utility of antiarrhythmic drugs in 

combination with electrical cardioversion or implantable 
converters-defibrillators. 

e) Adverse effects, drug interactions and contraindications 



 Describe the cardiac and extracardiac manifestations of 
toxicity from antiarrhythmic drugs. 

 
 Describe the beneficial and adverse interactions among 

antiarrhythmic drugs and between antiarrhythmic drugs 
and cardiac glycosides.  

 
 Describe the significance of electrolyte and acid-base 

imbalance in arrhythmia generation and their influence 
on antiarrhythmic drug action.  

 
 Describe the possible contraindications of 

antiarrhythmic drugs in the presence of heart block or 
congestive heart failure, and the precautions and 
contraindications in other conditions. 

 
b. Management of Acute and Chronic Heart Failure (2) 

 
1) Introduction to cardiac inotropism  
 Describe the acute inotropic, dromotropic and chronotropic 

effects of catecholamines (e.g. epinephrine, norepinephrine, 
dopamine, isoproterenol). 

 
 Compare and contrast the management of acute and chronic 

heart failure.  
2) Drugs and Drug Classes to Consider:  
 ACE INHIBITORS (e.g. ENALAPRIL) 
 ANGIOTENSIN RECEPTOR ANTAGONISTS (e.g. 

LOSARTAN) 
 Amrinone 
 β-ADRENOCEPTOR ANTAGONISTS (e.g. CARVEDILOL; 

METOPROLOL) 
 β-ADRENOCEPTOR AGONISTS (e.g. DOBUTAMINE) 
 CARDIAC GLYCOSIDES (e.g. DIGOXIN) 
 DIURETICS (e.g. furosemide) 
 PHOSPHODIESTERASE INHIBITORS (e.g. MILRINONE) 
 NESIRITIDE 
 VASODILATORS (e.g. HYDRALAZINE) 
3) Principles and knowledge objectives. 

a) Mechanism of action 
 Describe the basic pathophysiology of heart failure and 

the cardiac and extracardiac compensatory 
mechanisms that are activated. 

 
 Describe the effects of cardiac glycosides on 

myocardial contractility. 


