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Sections:
• 1.1 Concepts of Pharmacokinetics/ Administration
• 1.2 Drug Transport and pH-based Ionization
• 1.3 Drug Absorption and Bioavailability
• 1.4 Distribution of Drugs from Plasma to Tissues
• 1.5 Phase I and Phase II Drug Metabolism
• 1.6 Elimination and Kinetics
• 1.7 Loading Dose vs. Steady-State Calculations

Pharmacokinetics

1.1 Concepts of Pharmacokinetics
and Drug Administration
Pharmacokinetics (ADME):

- The processes involved in determining the concentration of a drug at its target  
   organ.

• Absorption
  Mechanism by which a drug reaches the systemic circulation
• Distribution
  Mechanism by which a drug moves from the blood into the target organ/tissue
• Metabolism
  Mechanism by which a drug is converted into non-toxic (or toxic) forms and/or  
  more easily excreted forms
• Excretion
  Removal of a drug or its metabolites from the body (through urine, bile, sweat,  
  etc.)

Intravascular Administration
OR

Extravascular Administration

Absorption
OR

No Absorption

Effect
Metabolism

OR
Excretion

Distribution

% Free Drug

Fat

Whole Blood OR Plasma Drug

Therapeutic

Toxic

Protein-bound
Drug

Figure 1.1 Key elements of pharmacokinetics
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Routes of Administration:
• Oral

› Variable bioavailability 
  (5-100% f=0.05-1)
› Due to first-pass effect,
  GI motility, changes in pH, etc
› Easy, Common

• Rectal/Sublingual
› Variable bioavailability (30-100%)
› Avoids most first-pass effects
› Avoids gastric pH
› Avoids the need to swallow (e.g. incapacitation, children, etc)

• Intrathecal
› Direct administration to the CNS/subarachnoid space 
› Bypasses the BBB but requires lumbar puncture

• Inhalational
› Fast (similar speed as intravenous with certain drugs)
› Difficult to control exact dosing
› Highest addiction potential

• Subcutaneous/Intramuscular 
› Better bioavailability (75-100%), fast absorption
› Painful, smaller volume than IV
› No IV needed
› Lipid formulations allow for slower “depot” injections

• Intravenous
› Fastest route for most
  medication administration
› No need for absorption
  (Bioavailability 100%, f=1)

• Transdermal
› Allows for steady drug delivery
  without first pass effect
› Only allows for small doses/day and
  depends on blood flow to the skin
  and body habitus; can cause irritation

Nitroglycerine is very lipid soluble and 
rapidly transported through membranes. 
However, it undergoes massive hepatic first 
pass effect, so if swallowed its oral 
bioavailability is practically zero. So, in the ER 
when patients have angina we utilize 
sublingual, intranasal, topical, or intravenous 
formulations which are not subjected to first 
pass metabolism.

"In the ER"

Figure 1.2 Intrathecal injection

Figure 1.3 Cutaneous injection
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Bioavailability (f)

1.2 Drug diffusion or transport across cell membranes

Question:
Why is the opioid partial agonist buprenorphine administered in a pill 
combined with naloxone (Suboxone™), an opioid antagonist, for patients with 
opioid dependence disorder?

› Taking Suboxone™ orally allows for buprenorphine absorption (good   
  bioavailability), but not naloxone, (poor oral bioavailability)
› If the pill was crushed and then taken intranasally (“snorted”) or injected to  
  achievea faster “high”, the naloxone in the pill would prevent this
› Naloxone achieves a strong opioid antagonist effect when given intranasally  
  or intravenously

• Bioavailability is the fraction of administered drug that reaches the circulation. It  
  can be quantified as a percentage or absolute amount “f”, where 1.0 describes all  
  of a dose reaching the blood (e.g. IV administration)  down to 0 if none is  
  absorbed.

Figure 1.5 Modes of transport  across membranes

Figure 1.4 Drug absorption and distribution
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Simple Diffusion

Diffusion rate of a drug across a membrane is 
proportional to:

› �C: the concentration gradient (difference) across the
  membrane
› S.A.: the surface area of the membrane
› SOL: the lipid solubility of the drug
  (proportioned that is non-ionized)

Diffusion rate of a drug across a membrane
is inversely proportional to:

› T: the thickness of the membrane
› SIZE: the size of the drug (i.e. molecular weight)

Example:
Ethanol, easily passes through cell membranes 
given its small size and lipid solubility

Facilitated Diffusion
• Drug transport using a carrier protein
• Saturable (i.e. it has a maximum transport rate 
   per carrier protein)
• Does not rely directly on ATP
• Transport rate depends on concentration gradient 
   of the drug across the membrane and the number of 
   carrier proteins
• subject to competetive inhibition

Example:
SLC family of proteins (solute carriers) transport a 
wide variety of small molecules, including L-dopa,
amino acids, etc.

Figure 1.6 Diffusion

Figure 1.7 Facilitated diffusion
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Active diffusion (aka active transport)
• Drugs are “pumped” against their gradient using an
   ATPase or are coupled to a second concentration gradient,
   as in secondary active transport, usually the Na/K ATPase.
• Transport rate is saturable and a specialized carrier molecule
   is required

Example:
P-glycoproteins (P-gp, MDR1) actively transport many drugs 
out of the cytosol in an ATP-dependent way

Endocytosis
• Transports drugs too large for diffusion or carriers
• Drug  uptake is through membrane vesicle formation

The effect of environmental pH and pKa and drug ionization on drug 
transport. 

• Most available pharmaceuticals are weak acids
   (i.e. they have a carboxylic acid group (R-COOH) dominating its acid/base  
   status).

› Most of the remainder are weak bases (i.e. quinidine, lidocaine,   
  methamphetamine, etc.), having an amino group (R-NH3+) dominating its  
  acid/base status)

• A simplified paradigm used commonly in Pharmacology is that drugs exist in  
   ionized and non-ionized forms. Uncharged drugs are lipid soluble and diffuse  
   more easily. Ionized drugs are water soluble and are excreted more easily.

• Whether a drug is ionized or non-ionized depends on:
› The pKa of the drug (specific for every drug)
   pKa = pH value of the environment at which the drug is 50% “ionized” and 50%  
   “non-ionized”.
› The pH of the environment (variable) 
  Remember, low pH = acidic environment = High H+ concentration

Figure 1.8 Active transport
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Weak acids: alkaline environments prevent transportation
• As pH rises (alkaline environment), pH-pKa rises.
  (i.e. the gap between the pH and pKa). 
• Weak acids become charged (ionized) in
   alkaline environments, and are less likely
   to cross membranes.

Example 1:
Drug X (weak acid) has pKa of 4, in an
environment with pH=6.
What percent of the drug is ionized?
99% (pH – pKa = 2)

Example 2: 
Drug Y is a Weak Acid.  Its pKa is 6.  The pH of
its current environment is 5.
What percent is non-ionized?
› 90%   (pH-pKa = 1)                                           

Weak bases: alkaline environments promote
transportation

As pH rises (alkaline environment), pH-pKa rises.  
• Weak bases become uncharged (nonionized) in
   alkaline environments, and are more likely to cross membranes.

Example 1:
Drug Z (weak base) has pKa of 9, in an environment
with pH=7. What percent of the drug is ionized?
99% (pH – pKa = -2)

Example 2: 
Drug Y is a Weak base.  Its pKa is 10. The pH of its
current environment is 11. What percent is
non-ionized?  › 90% (pH-pKa = 1)                                    

pH
R-NH2+H+

pH
R-NH3+

Figure 1.9 pH deviation from pK
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Drug ionization and renal clearance
• Drugs in their “free” state, both charged and uncharged,
   are filtered into the urinary space in the glomerulus.
• Once in the urinary space, charged (ionized) drugs
   (i.e. water-soluble form) are more likely to stay in the
   urine and not be re-absorbed in the proximal
   convoluted tubule.  

› This leads to excretion (clearance) of the drug.
• The urinary pH affects the charge of the drug.  
• Urine can be “alkalinized” by the administration of: 

› IV sodium bicarbonate
› Acetazolamide (carbonic anhydrase inhibitor)
› Urine pH 7.5-8.0 is “alkalinized”.

• Alkalinization of the urine is used clinically to help clear weak acids from the  
   bloodstream (e.g. aspirin, tricyclic antidepressants, etc.). It is also important in  
   preventing the recurrence of uric acid kidney stones.
• Acidification of the urine can be utilized similarly using ascorbic acid and other  
   molecules to clear weak base toxicity (methamphetamines, et al.)

Local anesthetics: effect of ionization in acute inflammation
• Local anesthetics are weak bases with pKa values of approximately 8-9

› At physiologic pH of approximately 7, roughly 1-10% of the molecules will be  
  non-ionized and able to cross the nerve membrane
› In an infected tissue (e.g., abscess) with pH of approximately 5, less than 0.1%  
  of the molecules will be non-ionized, making it more difficult to anesthetize

Figure 1.10 Ionization and excretion

1.3 Drug Absorption
• Extravascular drug absorption leads
   to a maximum plasma concentration
   (Cmax) at a certain time point (tmax).
• The rate of absorption is inversely
   proportional to tmax.
• Cmax is directly proportional to the
   dose administered and the bioavailability.

Toxic and Effective Concentrations
• Minimum Effective Concentration (MEC)
   is the  lowest plasma concentration
   required to achieve a therapeutic effect.
• Minimum Toxic Concentration (MTC) is
   the minimum concentration found to
   cause significant dose-dependent
   side effects.
• The Therapeutic Range is the optimal
   concentration zone for desired clinical effect

Bioavailability (f)
• Bioavailability is the fraction of a dose that
   reaches the systemic circulation when 
   administered extravascularly.
• Intravascular administration has
   a bioavailability of 100%
• Bioavailability is calculated using the
   integral (area under the curve or AUC)
   of concentration/time plots.
• FPO= AUC PO / AUC IV

› This equation assumes that an equal
  dose of the drug is given orally and intravenously
› Students will not likely have to do this calculation on the USMLE Step 1
› Just be aware of how this number is calculated.

Figure 1.11 [Drug] kinetics curve

Figure 1.12 [Drug] kinetics and its effect 

Figure 1.13 Bioavailability (IV vs PO)
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• If two preparations of the same drug
   (active compound) have the exact same
   pharmacokinetic properties, they are bioequivalent.
• In contrast, some drugs have long-acting and
   short-acting preparations, i.e. metoprolol

› Metoprolol Succinate – long-acting, t1/2 ~ 24 hours
› Metoprolol Tartrate – short-acting, t1/2 ~ 6 hours

These are not bioequivalent.

Bioequivalence

1.4 Distribution
• Distribution describes the movement of a drug from the systemic vascular  
   circulation to target organs and tissues.
• Distribution depends on many factors, including the:

› Size and permeability of the drug
› Affinity of the drug for plasma proteins
› Capillary bed barrier properties of the target organ
› Cardiac output and blood flow rate to the target organ

Plasma Proteins
• Plasma proteins may bind drugs, hormones, and toxins in the bloodstream.

› Albumin is the predominant plasma protein
At normal plasma albumin levels, it is rarely “saturated” with drug.  This leads 
to predictable and constant “free fraction” or active % of the drug.

› Other plasma proteins that can bind drugs include gamma-globulins,   
  apoproteins, glycoproteins, thyroid-binding globulin, etc.

• Certain drugs or toxins can “compete” for plasma protein binding sites, leading  
   to idiosyncratic drug-drug interactions (e.g. sulfonamides, warfarin, etc).

Figure 1.14 Drugs not bioequivalent

Unique barriers to distribution
• Placenta:
    › allows small, uncharged drugs (< 500 Daltons) via passive diffusion.

› blocks large drugs (heparin, insulin, etc) and
  charged/ionized drugs
› The placenta actively pumps many drugs
  out of the fetal space back into maternal circulation
› The placenta also contains multiple metabolic
  enzymes (Phase I and II) that metabolize drugs
  before they reach fetal blood.

• Blood-Brain Barrier:
- Tight endothelial cell junctions (by the protein family of the occludins) prevent  
   paracellular transport
- Decreased pinocytosis vesicular density
- Lack of fenestrations

› Most drugs that cross the BBB do so via passive diffusion (low MW [<500Da]  
  and non-ionized)

- Drugs that are too lipid-soluble may not enter the CNS
› Drugs that strongly bind plasma proteins also do not cross the BBB quickly
› In inflammatory states (meningitis), certain antibiotics are more likely to cross  
  the leaky BBB and be effective (e.g. vancomycin)

Question: Which anticoagulants are safest in pregnancy?
Heparin does not cross the placenta and is safe in pregnancy. Warfarin does 
cross the placenta and is contraindicated in pregnancy unless there is a 
mechanical heart valve. In this latter condition, benefits may outweigh the risks.

Apparent Volume of Distribution (VD)
• The apparent volume of distribution (Vd) is a pharmacokinetic parameter of a  
   drug that correlates dose with resultant plasma levels
• Vd= dose (D)/C0

• Where C0 = drug plasma concentration at time zero
› Must be extrapolated from the elimination phase (next section)

• Vd expressed either as unit of volume (e.g., liters) or as volume/weight (e.g., L/kg)
› If expressed in L/kg, need to convert to liters by multiplying by patient’s weight  
  in kg

• Can calculate Vd by using the dose if one knows or can calculate C0

Figure 1.15 Fetal circulation
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• Drugs with high VD tend to diffuse out of the blood into tissue quickly 
› Fluoxetine - VD is ~2500 L in a 70 kg human
› These drugs do not tend to bind plasma proteins, but have high tissue protein  
   binding

• Drugs with low VD tend to stay in the bloodstream
› Furosemide – VD is 7.7 L in a 70 kg human
› These drugs tend to bind plasma proteins tightly

Plasma protein binding and furosemide
Plasma protein binding is particularly important for loop diuretics like furosemide.
Furosemide is greater than 90% albumin bound when in circulation and for this 
reason is not filtered by the glomeruli. It exerts its action by being transported to 
the proximal tubule via an organic acid transporter into the lumen. In patients with 
hypoalbuminemia the effect of loop diuretics is diminished and larger doses are 
needed. The addition of albumin infusion with loop diuretic has been widely used 
clinically in treatment of patients with nephrotic syndrome, hepatic failure, and 
heart failure with diuretic refractory edema.

Volume of Distribution

Figure 1-16: Apparent Volume of Distribution (VD) of a Drug Depends on 
Plasma vs. Tissue Protein Binding Characteristics

Examples of Drugs and their VD

Drug Volume of distribution (L/kg)

Chloroquine* 200

Nortriptyline* 20

Digoxin* 7

Propranolol* 4

Phenytoin 0.65

Theophylline 0.50

Gentamicin 0.25

Aspirin 0.14

Warfarin 0.10

* - Drugs with very high Vd distribute out of plasma to tissues

Redistribution
Lipid-soluble drugs (e.g. IV anesthetics such as propofol, thiopental) will 
re-distribute into lipid compartments (as well as the intended target organ, the 
brain). In Figure 1-16:

- The rapid fall in bolus infusion is 50% due to redistribution to the brain. This  
   leads to rapid anesthesia.
- Note that distribution is not constant over time but decreases as body tissues  
   equilibrate with plasma and become saturated. 

This leads to a longer recovery time the longer a person is exposed to that  
medication.

Figure 1-17 Propofol levels following infusions of different durations
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Drug Metabolism
• Drug metabolism converts a foreign substance (i.e. the drug) into inactive,  
   more water-soluble metabolites that are more easily excreted.
• These metabolites may have:

 › Much less or no pharmacologic activity compared to the “parent” compound  
   (most common)
› Similar or more pharmacologic activity as the parent compound (“active  
  metabolites”)
› Toxicity (e.g. acetaminophen, meperidine, etc.)
› Some combination of the above

Pro-Drugs
• Active forms of drugs sometimes are not easily absorbed due to multiple factors  
   (low bioavailability)
• Pro-drugs can be administered, which “hijack” the metabolic systems of the 
body     in order to become activated
• Examples:

› Azathiopine - > converted to 6-mercaptopurine via non-enzymatic reduction
› Codeine - > converted to morphine via CYP2D6
› Clopidogrel - > converted to active R-130964 via CYP2C19, other CYP isoforms 
› Lisdexamfetamine (Vyvanse®) - > D-amphetamine + lysine via hydrolases

Drug Metabolism

Drugs may go through phase I only, phase II only, both phase I and II, or not be 
metabolized at all.

Figure 1-18. Drug metabolism
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› Some combination of the above

Pro-Drugs
• Active forms of drugs sometimes are not easily absorbed due to multiple factors  
   (low bioavailability)
• Pro-drugs can be administered, which “hijack” the metabolic systems of the 
body     in order to become activated
• Examples:

› Azathiopine - > converted to 6-mercaptopurine via non-enzymatic reduction
› Codeine - > converted to morphine via CYP2D6
› Clopidogrel - > converted to active R-130964 via CYP2C19, other CYP isoforms 
› Lisdexamfetamine (Vyvanse®) - > D-amphetamine + lysine via hydrolases

Drug Metabolism

Drugs may go through phase I only, phase II only, both phase I and II, or not be 
metabolized at all.

Figure 1-18. Drug metabolism

Phase I and Phase II Metabolism

The CYP450 Enzyme Family
Extremely elaborate family of metabolic enzymes

Enzyme Property

CYP3A4
Involved in the metabolism of steroids, vitamins, and over 50% of prescribed 
drugs; displays less genetic variation due to its importance in nutritional/
hormonal metabolism

CYP2D6 Involved in the metabolism of 25% of prescribed drugs and shows 

CYP2C9 Metabolizes warfarin

CYP2C19 Converts clopidogrel (Plavix ® ) to active metabolite

CYP1A2 Metabolizes tricyclic antidepressants, other drugs

CYP2E1 Metabolizes ethanol and acetaminophen. Important in toxicity.

Figure 1-19. Metabolism of phenobarbital
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Inducers of CYP450 isoforms

These medications tend to “induce” CYP450 activity by activating transcription 
through:

Binding the PXR (Pregnane X Receptor), which binds the RXR (retinoid receptor), 
and binding the promoter of the gene, increasing mRNA expression of the 
CYP450 gene

CYP Inducers
• These will increase metabolic degradation of a number of drugs, including oral  
   contraceptives.

› Classic Boards questions: 
-  A woman on oral contraception who becomes unintentionally pregnant  
   because rifampin (or another inducer such as St. John’s wort) induced the  
   CYP3A4 enzyme that metabolized the estrogens in the OCPs
-  In a patient receiving the anti-rejection drug cyclosporine (or tacrolimus)  
   following an organ transplant, an inducer can lead to low plasma levels of  
   cyclosporine/tacrolimus and possible rejection of the organ.

Inhibitors of CYP450 Isoforms

Ketoconazole is a stronger 3A4 inhibitor than other “azoles”  (voriconazole, 
itraconazole, et al)

Rifampin**** (very active)
Enzalutamide/Apalutamide (antiandrogens)
Phenytoin
Carbamazepine
Phenobarbital
Efavirenz/Nevirapine (NNRTIs)
St. John’s Wort
Chronic alcohol abuse

Ketoconazole (inhibits CYP3A4)
Cimetidine
Erythromycin, clarithromycin
Chloramphenicol
Ciprofloxacin
HIV Protease Inhibitors (ritonavir, et al)
Proton-pump inhibitors (CYP2C19)
Trimethoprim-sulfamethoxazole  (CYP2C9)
Grapefruit Juice (inhibits intestinal CYP3A4)
Acute ethanol toxicity
Many others
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Cimetidine Co-Administration with Theophylline

Phase II Metabolism
• May occur after a phase I reaction or may occur directly.
• Usually results in inactive, more water-soluble drugs.
• Only a few drugs have active conjugates (e.g., morphine-6-glucuronide).

Theophylline alone

Cimetidine 1200 mg/day

Theophylline
+ cimetidine

Study Day
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Figure 1-20. Inhibition of theophylline metabolism by cimetidine.

Figure 1-21. Types of Phase 2 conjugation.

PHARMACOLOGY

21



Glucuronidation
• Common form of phase II metaboism

› Examples: acetaminophen, chloramphenicol, and morphine
• Neonates have reduced ability to “glucuronidate”

› Infants can easily reach toxic levels on drugs such as chloramphenicol that  
  require glucuronidation for inactivation

• Important for acetaminophen (Tylenol®) metabolism.
• Overdose of acetaminophen saturates
   glucuronidation / sulfation pathways

› Acetaminophen is then converted by normally
  minor pathway (P450 2E1) to a toxic metabolite.
› NAPQI – oxidant, inactivated by glutathione

• Treat acetaminophen overdose by giving N-acetylcysteine, which supplies  
   substitute thiol groups and increases glutathione 

A 24 year old man is brought to the ER by his parents for abdominal cramping, nausea, and 
vomiting. He had recently moved back in with his parents after losing his job and going through a 
bad breakup. He admits to being depressed for the last few months and gives limited answers but 
is otherwise oriented and conversant. Patients initial vital signs including HR, RR, BP, and temp  are 
all within normal parameters. IV ondansetron is given for vomiting and labs are drawn. Labs result 
showing normal renal function and electrolytes. Hepatic function panel shows AST and ALT > 4x 
the upper limit of normal, and an INR results at 3. The patients parents think he may have ingested 
medications from their bathroom last night before they went to bed at 9pm, it is currently 1pm the 
following day. You suspect possible acetaminophen overdose and order a level which will take 1hr 
to result. What do you next?

A-Protect the patients airway and start rapid sequence intubation
B-Administer 50g of activated charcoal PO
C-Start bolus IV dose of N-acetylcysteine at 150mg/kg by protocol, followed by continuous infusion
D-Wait on acetaminophen level to result, consult liver transplant team
E-Start oral N-acetylcysteine 140mg/kg loading dose orally followed by 70mg/kg orally every 4 hrs  
for 72hrs

Answer: C. Start bolus NAC followed by continuous infusion. Tylenol toxicity can be fatal if not 
treated rapidly. Though airway protection is important in all emergent situations, the patient has 
normal vital signs and mental status so there is no need for intubation. Activated charcoal has a 
role if the last known ingestion was within 4 hours of presentation, and may have a role beyond 
that but given patients vomiting it is unlikely to help. It is very possible that patients liver failure 
could progress to complete failure requiring a transplant for management but until the cause of his 
liver failure is known this is premature and patient remains stable. It would be inappropriate to wait 
on a tylenol level with the evidence of hepatotoxicity. There are no negative side effects to NAC 
therapy so this should be done empirically while waiting on a level. NAC is administered IV in this 
case due to nausea, vomiting, and elevated INR level above 2. If patient had no evidence of 
hepatotoxicity than oral NAC would have been appropriate.  

"In the ER"

Figure 1-21. Acetaminophen
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N-Acetylation
• Modification of drugs with the N-acetyltransferase enzyme, adds an acetyl group
• Important pharmacogenetic variation
• Half-lives of hydralazine, procainamide, dapsone, sulfasalazine and isoniazid  
   influenced by whether an individual is a ‘fast’ or a ‘slow’ acetylator

› Fast acetylators break down the drug more quickly.
› Slow acetylators are more prone to adverse effects such as:

- Drug-induced lupus (+ anti-Histone antibodies)
- Peripheral neuropathy
- Hepatotoxicity

Elimination
• Removal of drugs from the target tissues and the body.
• Major modes of drug elimination are

- Excretion via the kidney
- Excretion via other organs including the bile duct, lungs and sweat
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Figure 1-22. Elimination of a drug versus time.
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Plasma Concentration vs. Time

Elimination
This is the method used to determine C0 to calculate Vd.

  Vd.  =   Dose / C0          where Vd = volume of distribution and C0 = Concentration at  
  time zero

Rate of elimination is based on measuring serum drug concentration (level).
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Figure 1-24. Estimation of [drug] at time zero.

Zero-Order Versus First-Order Elimination
• Zero-order (= saturation) kinetics means that elimination occurs at a constant  
   rate and is independent of drug dose and concentration.
• First-order means that elimination varies proportionally with concentration in the  
   plasma.
• The majority of drugs follow first-order elimination kinetics at therapeutic doses

› Zero-order kinetics would only occur at very high doses
• Phenytoin, ethanol, and salicylates are classic drugs which show zero-order  
  elimination at therapeutic doses.

Zero-Order Elimination
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Figure 1-26. First order
 drug elimination.
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Figure 1-26. First order
 drug elimination.
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Drugs with first-order elimination have predictable rise in drug 
concentrations

Drugs with zero-order elimination are difficult to dose due to rapidly rising 
plasma concentrations

Phenytoin toxicity due to zero-order kinetics

Figure 1-27. First order kinetics: rise in concentration at different  doses.

Figure 1-28. Zero order kinetics: rise in concentration at different doses.

PHARMACOLOGY

26



Elimination Half-Life (t1/2)
• Time needed to eliminate 50% of a given amount of drug (or to decrease plasma  
   level to 50% of a former level).
• Only calculable / useful for drugs showing first-order elimination kinetics
• Not calculable for drugs showing zero-order kinetics

Zero-Order Elimination
• Drug concentration starts at 100 mg/dL of drug and 10 mg/dL is eliminated every  
  6 hours
• Initial                       100 mg/dL
• 6 hrs                         90 mg/dL
• 12 hrs                        80 mg/dL
• 18 hrs                        70 mg/dL
• 24 hrs                       60 mg/dL
• 30 hrs                       50 mg/dL
• Drug concentration starts at 60 mg/dL of drug and 10 mg/dL is eliminated every  
  6 hours
• Initial                         60 mg/dL
• 6 hrs                          50 mg/dL
• 12 hrs                         40 mg/dL
• 18 hrs                         30 mg/dL
• 24 hrs                        20 mg/dL
• 30 hrs                         10 mg/dL

First-Order Elimination
• Drug concentration starts at 100 mg/dL of drug and 50% is eliminated every 6  
  hours:
• Initial                        100 mg/dL
• 6 hrs                          50 mg/dL
• 12 hrs                         25 mg/dL
• 18 hrs                       12.5 mg/dL
• 24 hrs                     6.25 mg/dL

Time (hours) Zero order1 First 
order2 

Initial dose 60 100 100 
6 50 90 50 
12 40 80 25 
18 30 70 12.5 
24 20 60 6.25 
30 10 50 3.13 

1. eliminated at 10 mg/dL / 6 hours, 2. 50% every 6 hours
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Elimination Phase for First-Order Kinetics is Linear on a Semi-Log Plot

Half-life and “k” – elimination constant

Zero Order

Time

D
ru

g
 C

o
nc

en
tr

at
io

n
Regular Plot

First Order

Time

Lo
g

 D
ru

g
 C

o
nc

en
tr

at
io

n Semi-Log Plot

1

2

3

4

5

9

8

7

6

10

k - constant
of elimination 
k = the slope of 
the elimination 
phase on a
semi-log plot

0 90 180

D
ru

g
 P

la
sm

a 
C

o
nc

en
tr

at
io

n
(x

10
2 
ng

/m
L)

Time (min.)

t1/2=
0.7
k

1 half-life

50
%
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Figure 1-29. First-order kinetics on a semi-log plot.

Loading Dose Equations
• Used to rapidly achieve effective blood levels, especially for drugs with long t1/2

› E.g. Amiodarone (t1/2 = 3 months)
• Does not technically allow patient to reach steady-state faster but can attain  
  effective therapeutic concentrations more rapidly
› Remember that “steady-state” requires that elimination rate = administration rate  
  and it will always take ~4-5 half-lives for this to occur.

• LD = (Vd x Cp)            
› for IV administration

• LD = (Vd x Cp) / f  
› for oral administration

• Where: 
› Cp = desired plasma concentration
› Vd = volume of distribution
› f = bioavailability (f = 1 for IV administration)

• This is the same equation as the Vd equation from before, except instead of Co,  
   we use Cp.

Loading Dose Example
• How many mg IV should give for drug X, with a Vd of 2L to achieve a Cp of  
  20mg/L?
• LD = (Vd x Cp)            

› for IV administration
• LD = 2L x 20mg/L = 40 mg IV

• How many mg PO should give for drug X, with a Vd of 2L and bioavailability (f) of  
  0.25 to achieve a Cp of 20mg/L?
• LD = (Vd x Cp) / f  
• LD = 2L x 20mg/L / 0.25
• LD = 40 / 0.25 = 160mg PO

Clearance
• Clearance = volume of blood cleared of a drug per unit time

• Cl = (VD) x (k)
• Cl = Ux/Px x V

› Ux = urine concentration of X
› Px = plasma concentration of X
› V = urine production rate

Patients with pulmonary embolism are typically started 
on heparin, initially with a loading dose followed by 
continuous infusion. This is done to more rapidly achieve 
therapeutic concentration to prevent subsequent emboli 
but does not change the on set of steady-state. 

"In the ER"
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"In the ER"
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Maintenance Dosing

Continuous IV Maintenance Dosing
• At steady-state: 

› Amount of drug put into body = amount eliminated 
-or-

› Rate of administration = rate of elimination
› Dosing rate (k0)(mg/time) = Css x Cl

- Where Css = plasma concentration at steady state and Cl = clearance
- Css (mg/vol) X Cl (vol/time) = mg/time

• Example: 
› Drug has clearance Cl = 20 L/hr
› Desire steady-state plasma concentration of 5 mg/L
› Rate of administration (k0)  = Css * Cl
› Infusion rate (k0) = 5 mg/L * 20 L/hr = 100 mg/hr
› Infuse drug at 100 mg/hr IV.

Time  (multiples of elimination half-life)
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• The goal of maintenance dosing is to achieve a steady-state concentration of the  
  drug in the therapeutic range (plasma concentration that is effective but not toxic)
• Maintenance dosing can be continuous (k0) or intermittent (MD) every (τ) unit time

Figure 1-31. Dosing and the steady state plateau.
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Discontinuous IV Maintenance Dosing
• Example: 

› Drug has clearance  Cl = 20 L/hr.
› Desire steady-state plasma concentration of 5 mg/L.
› Want to inject drug every 8 hours.

- MD (maintenance dose ) / τ (time interval) = Css X Cl
- MD / 8 hr = 5 mg/L * 20 L/hr = 100 mg/hr.
- MD / 8 hr = 100 mg/hr.
- MD = 800 mg every 8 hours

Discontinuous Oral Maintenance Dosing
• Example: 

› Drug has clearance  Cl = 20 L/hr.
› Desire steady-state plasma concentration of 5 mg/L.
› Want to give PO drug every 8 hours.
› Drug has Bioavailability (f) = 0.5

- MD (maintenance dose ) / τ (time interval) = (Css X  Cl)/f
- MD (po) = (5 mg/L  x  20 L/hr  x 8 hr) / 0.5
- MD (po) = (800 mg every 8 hours IV) / 0.5
- Or, give 1600 mg PO every 8 hours.

Loading Dose + Maintenance Dose
• When the goal is to reach therapeutic doses quickly and maintain them.
• Commonly done in practice

› Calculate the loading dose and give it at time = zero
- LD = (Vd x Cp) / f  

› Then begin continuous or discontinuous therapy
- Dosing rate (mg/hour) = (Css x Cl) / f

› This strategy is used for heparin, antibiotics, anti-seizure medications,   
  amiodarone,others.
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Chapter 2
Pharmacodynamics
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PHARMACODYNAMICS
Pharmacodynamics is the study of how drugs act on the body and their specific 
effects on receptors.

• Agonist – drug produces an “activation” on a receptor
• Partial agonist – drug produces a sub-optimal response on a receptor

› Can result in partial inhibition of a receptor in the presence of competing full  
  agonist
› Can result in partial activation of a receptor in the absence of full agonist

• Antagonist – drug prevents binding of an agonist to a receptor
› Can be competitive, allosteric, irreversible, etc.

• Allosteric activator – drug promotes agonist activity but cannot usually  
  activate the receptor alone
• Inverse agonist – drug that causes a receptor to produce the opposite effect  
  of its canonical response

› Implies that the receptor has “constitutive” activity (i.e. a baseline activity)  
  that is not affected by traditional antagonists that is reduced the inverse  
  agonist.
› Rare in clinical pharmacology – (e.g. - antihistamines, naloxone/naltrexone)

Effects on receptors

Effects of drugs on receptor activity

Basal
activity

Figure 2.1 Effects of drugs on receptor activity.
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Affinity
• Affinity is the measure of “tightness” of a drug binding to its receptor
• Affinity is measured by Kd (dissociation constant)

› Kd = Concentration of a drug at which 50% of the receptors in a population /  
  system are bound to the drug

• The lower the Kd, the more affinity the drug has for the receptor.
• Drugs with higher affinity are often more potent and effective than those with  
  lower affinity.

Potency
• The quantity of drug (mg or mg/vol concentration) required to achieve a desired  
  effect
• Primarily influenced by a drug’s affinity for its receptor.
• Calculated as EC50 or ED50

› Concentration (EC50) or Dose (ED50) which produces 50% of a maximal effect
› The lower the EC50 or ED50, the more potent the drug is.

• Potency describes the downstream effects on the receptor, while affinity only  
  describes the ability of the drug to bind to the receptor

Efficacy
• Measure of the maximal effect a drug can achieve at any dose/concentration
• Different than potency

› Efficacy is not related to dose, it simply describes the maximum effect  
  numerically at any dose a drug can achieve
› Potency involves how much effect can be obtained for a given dose

Potency vs. efficacy (Log dose - response curves)

It is counter intuitive that a lower Kd has a higher affinity. This inverse relationship 
occurs because, in the binding situation [A] + [B] ⇌ [AB], Kd is defined as 
[A][B]/[AB] (the multiplied concentrations of unbound over bound) at equilibrium. 
If one took a molecular census, a higher Kd means that there are more unbound 
molecules,
while a lower Kd means that there are more bound molecules.

Log drug concentration Log drug concentration

Figure 2.2 Potency
versus efficacy
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Antagonist vs. partial agonist in the setting of a full agonist

Effects of antagonists and activators on efficacy 

Population Pharmacology
In contrast to receptor effects (i.e. biochemical effects), population pharm deals 
with a patient’s experience and phenotypic changes (i.e. a patient’s physiologic or 
psychologic response to a drug).
LDR curves (Log Dose-Response) are useful for determining therapeutic and toxic 
responses in a population to a medication.

Competitive

Figure 2.3 Antagonist versus 
partial agonist effect

Figure 2.4 Antagonist and activator e�ect on e�cacy

Therapeutic index and range

Types of drug receptors
• Intracellular receptors

› “Transcription factors”
› May be found in the nucleus or cytosol, or both
› Upon binding drug, usually then translocate to the nucleus and bind to DNA  
  regulatory regions (enhancers / promoters)
› Lead to changes in target gene expression / splicing
› Examples: Steroid receptors, Vitamin D, Vitamin A, thyroid hormone, retinoic  
  acid receptor.

• Ion channel receptors
› Drugs can bind these receptors and affect ion currents in or out of the cell
› Usually on the cytosol membrane
› Can cause hyperpolarization or depolarization of a cell, leading to multiple  
  downstream effects
› Examples: Nicotinic receptors for Acetylcholine (Ach), GABAA receptor.

• G-protein coupled receptors (GPCR)
› Drugs can bind to a 7-transmembrane domain receptor on the cytosol  
  membrane
› Activation of a heterotrimeric G-protein

- The alpha subunit carries GTPase activity
- Different alpha-subunits have different downstream effects

• Gαs      increases cAMP      activates PK-A
• Gαi      decreases cAMP      inactivates PK-A
• Gαq      activates PLC     increases IP3, DAG, and [Ca++]      activates PK-C

› Multiple downstream effects
› Examples:

- Gαs - > beta-1, beta-2 adrenergic receptors, D1 receptor
- Gαi - > alpha-2 adrenergic, M2 muscarinic, D2 receptor
- Gαq - > alpha-1 adrenergic, M1, M3 muscarinic

Figure 2.5 Therapeutic index
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Therapeutic index and range
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  regulatory regions (enhancers / promoters)
› Lead to changes in target gene expression / splicing
› Examples: Steroid receptors, Vitamin D, Vitamin A, thyroid hormone, retinoic  
  acid receptor.

• Ion channel receptors
› Drugs can bind these receptors and affect ion currents in or out of the cell
› Usually on the cytosol membrane
› Can cause hyperpolarization or depolarization of a cell, leading to multiple  
  downstream effects
› Examples: Nicotinic receptors for Acetylcholine (Ach), GABAA receptor.

• G-protein coupled receptors (GPCR)
› Drugs can bind to a 7-transmembrane domain receptor on the cytosol  
  membrane
› Activation of a heterotrimeric G-protein

- The alpha subunit carries GTPase activity
- Different alpha-subunits have different downstream effects

• Gαs      increases cAMP      activates PK-A
• Gαi      decreases cAMP      inactivates PK-A
• Gαq      activates PLC     increases IP3, DAG, and [Ca++]      activates PK-C

› Multiple downstream effects
› Examples:

- Gαs - > beta-1, beta-2 adrenergic receptors, D1 receptor
- Gαi - > alpha-2 adrenergic, M2 muscarinic, D2 receptor
- Gαq - > alpha-1 adrenergic, M1, M3 muscarinic

Figure 2.5 Therapeutic index
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• Cyclic GMP / NO signaling
› Nitrates and hydralazine are NO donors
› NO     activates Guanylyl cyclase     increasing smooth muscle cGMP      smooth  
  muscle relaxation

• Enzymes / transporters
› Multiple examples

• Transmembrane enzymes
› Tyrosine kinases
› Guanylate cyclase

• Cytokine receptors
› Interferon, EPO, growth hormone

Chapter 3
Federal oversight of drugs

PHARMACOLOGY

38



• Cyclic GMP / NO signaling
› Nitrates and hydralazine are NO donors
› NO     activates Guanylyl cyclase     increasing smooth muscle cGMP      smooth  
  muscle relaxation

• Enzymes / transporters
› Multiple examples

• Transmembrane enzymes
› Tyrosine kinases
› Guanylate cyclase

• Cytokine receptors
› Interferon, EPO, growth hormone

Chapter 3
Federal oversight of drugs

PHARMACOLOGY

39



Federal Oversight of Pharmaceuticals/ Safety and Controlled 
Substances

The Food and Drug administration (FDA) regulates the safety and efficacy of drugs in 
the United States. Development of a new drug is difficult and costly. Of 10,000 
chemical compounds that show promise in screening assays, fewer than 10 get to 
clinical trials and of these, 2 might be approved. This process takes an average of 
10-15 years at a cost of $1-2 billion dollars.
The FDA has a more limited oversight of nutritional supplements and herbal remedies.

SECTIONS:
• Clinical Trials
• Teratogenicity
• Controlled Substance Labelling

Phases in Drug Development

• Compound or agent is
 identi�ed
• Tested by Aca, Uni or
 Pharm R&D
• Tested in Cell Lines or  
 Animal Models

• Identify any potentially  
 toxic metabolites
• Not used for all drugs
• Very low doses given to a  
 small number of human  
 volunteers (10-30)

• Focus on adverse e�ects,  
 metabolites, safety, and  
 pharmacokinetics
• Therapeutic doses are  
 given to healthy volunteers  
 (10-100 subjects)

• Long-term safety and  
 e�cacy
• Post-FDA approval   
 surveillance

• 1000’s of patients
• Expensive, large,   
 placebo-controlled trial,  
 randomized
• Powered for superiority  
 compared to established  
 regimens

• First trial in parients   
 suggering from the disease  
 in question
• Small Trial (100-300   
 subjects), dosing, focus on  
 e�cacy, and non-inferiority  
 to established regimens

Figure 3.1 Phases of drug testing

Pregnancy 
Categories Drug Description

A Vitamins, minerals Controlled studies show no risk to fetus

B Aspirin, acetaminophen, 
penicillin, erythromycin

Animal studies show no risk, but no human 
studies or Animal studies demonstrate a 
risk, but human studies have shown no risk

C Gentamycin, NSAIDS, Animal studies demonstrate fetal risk, 
but no human studies have been 
performed

D
Sedatives, seizure 
medications

Positive human evidence of fetal risk, 

X
Warfarin, statins,
chemotherapeutic agents,
hormone therapy

Animal and/or human studies demonstrate 

Teratogenicity
Prescribing drugs to women who are pregnant or might become pregnant requires 
a risk-benefit calculation for both the mother and fetus. Many drugs have not been 
systematically studied in pregnant population, so risk evaluations cannot be made. 
For this reason, the FDA places drugs into 5 categories, based on the information 
available. Note that these categories are not strictly scaled for risk.

The risk to the fetus varies with stage of development. Before the 3rd week, most 
toxins result in fetal death and spontaneous abortion. Between weeks 3-8, 
organogenesis occurs, making this the riskiest period for teratogenesis. Examples 
of teratogenic drugs in this period include isotretinoin for acne and ACE inhibitors.

Table 3.1 FDA drug risk classification
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Potential For Dependence   highest lowest

I II III IV V

No Legal Medical Use Restrictive Medical 
Use Accepted Legal Medical Use

Ecstasy, Heroin, LSD,
Mescaline, Psilocybin 

Cocaine, Codeine, 
Crystal Meth, 

Morphine, Percocet

Anabolic Steroids, 
Ketamine, Lorcet, 
Codeine, Vicodin

Ambien, Atvian, 
Rohypnol, Tramadol, 

Xanax, Valium

Codeine-based 
cough medicines, 

Lomotil, Lyrica, 

Controlled Substances
The Drug Enforcement Agency (DEA) oversees the use of controlled substance. 
These are generally defined politically and include drugs with the potential for 
abuse and harm. 
Drugs are classified into 5 groups based on their potential for abuse versus 
possible medical benefit.

Table 3.2 DEA schedule of controlled substances

Chapter 4
ANS pharmacology
general principles
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Autonomic pharmacology, general principles
For complete discussion of the anatomy of the autonomic nervous system, see 
the Medical School Companion textbook: Neuroanatomy Essentials, 2nd edition, 
Chapter 4 .
These medications primarily target the efferent pathways which target 3 tissues; 
smooth muscle, cardiac muscle, and glands., The ANS is comprised of two types 
of neurons:
> Preganglionic Neurons

• Cell body is located in the central nervous system
• Limited/thin myelination
• Release acetylcholine (Ach)

> Postganglionic Neurons
• Cell body is located in a peripheral ganglion/plexus
• Unmyelinated
• Parasympathetic – release Ach
• Sympathetic – primarily release norepinephrine (NE)

Figure 4.1 Efferent pathways of the peripheral nervous system
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Autonomic Receptors and Their Actions

Sympathetic
 < Organ >

Parasympathetic

Action Receptor Action Receptor

Heart

 β1 SA node, heart rate  M

 β1 AV nodal conduction  M

 β1 Contractility  (atria only) M

Vascular Smooth Muscle

Constricts α1 Skin, splanchnic - -

Dilates β2 Skeletal muscle - -

Constricts α1 Skeletal muscle - -

- - Endothelium Releases EDRF M

Dilates β2 Bronchioles Constricts M

Sympathetic
 < Organ >

Parasympathetic

Action Receptor Action Receptor

Eye

Dilates pupil 
(mydriasis) α1 Radial muscle, iris - -

- - Circular sphincter 
muscle, iris

Constricts 
pupil (miosis) M

Dilates
(far vision)

β Ciliary muscle Contracts 
(near vision) M
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Neurotransmitters of the Autonomic Nervous System
• Acetylcholine (ACh) is the neurotransmitter at both nicotinic and muscarinic  
   receptors in innervated tissues.
• Preganglionic and motor efferents use ACh.
• Postganglionic signaling in the SANS system may use:

- Norepinephrine (NE) at most SANS synapses
- Dopamine (DA), causing vasodilation in selected vascular beds (renal) (D1  
   receptors)
- Acetylcholine at some sweat gland terminals

• Epinephrine (E), a hormone that circulates and activates α, β1, β2 receptors

Sympathetic
 < Organ >

Parasympathetic

Action Receptor Action Receptor

Gastrointestinal Tract

Relaxes α2, β2 Smooth muscle, walls Contracts M

Contracts α1 Smooth muscle, 
sphincters Relaxes M

 β1 Saliva secretion  M

- - Gastric acid secretion  M

- - Pancreatic secretion  M

Bladder

Relaxes β2 Wall, detrusor muscle Contracts M

Contracts α1 Sphincter Relaxes M

Ejaculation α Male Genitalia Erection M

Table 4.1 Autonomic nervous system receptors and their actions 

Chapter 5
ANS cholinergic pharmacology
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Chapter 5
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Acetylcholine (ACh)
• The dominant neurotransmitter of the autonomic nervous system
• Also present as a non-autonomic CNS neurotransmitter

- Binds nicotinic and muscarinic receptors (depending on location) after being   
 released from a pre-synaptic neuron
- Is degraded by acetylcholinesterases both at the synapse (specific) and in the  
 blood plasma (non-specific)
- Ach is synthesized from Choline and Acetyl-CoA by the enzyme Choline  
 Acetyltransferase (ChAT) and degraded by Acetylcholinesterase (ACE) back into  
 Choline + Acetic Acid extracellularly.
- Choline is recycled back into the nerve terminus.

Figure 5.1 Metabolism of acetylcholine
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Cholinergic Synapses

Figure 5.2 Cholinergic synapse
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Muscarinic Receptors
• Five subtypes (M1 – M5)
• G-Protein Coupled Receptors (GPCR’s)

- M1 – “neural”
- M2 – “cardiac”
- M3 – “glandular/smooth muscle”
- M4 – “newer neural”
- M5 – “neural”

• Even-numbered (M2, M4) inhibit adenylyl cyclase and
  reduce cAMP (Gi).  

- Heart (M2):
› Activation of K+ channels, inhibition of Ca2+ channels 
› Slow heart rate (reduce If “funny current”) and decrease AV nodal conduction    
  velocity

• Odd numbered (M1, M3, M5) act through inositol triphosphate (IP3) pathway (Gq).
- Blood vessels

› Ach binding to M3 on vascular endothelium causes increased cGMP which    
   activates NOS, nitric oxide diffuses to smooth muscle, causes vasodilation 
› (Paradoxical given that M3 receptors on smooth muscle cause constriction in lung)

- Lung
› M3 - Bronchoconstriction, increased pulmonary secretions

- GI tract
› M3 - Increased motility and secretion

- Bladder
› M3 - Contraction of detrusor, relaxation of trigone, voiding/incontinence

- Glands
› M1, M3 - Increased salivation and sweating

- Eye
› M3 – Sphincter muscle contraction – Miosis
› M3 – Ciliary muscle contraction – Accommodation for near vision

Figure 5.3 Generic M receptor

Direct-acting muscarinic receptor agonists

• Uses:
- Glaucoma – ciliary muscle contraction leads to opening of the trabecular
   meshwork     release of aqueous humor
- Neurogenic bladder 
- Asthma - “Methacholine challenge” test for hyper-reactive bronchioles
   (i.e. bronchospasm) 
- Sjogren syndrome - increase salivary secretions – Sjogren’s Syndrome
- Stimulation of sweat production in sweat chloride test for cystic fibrosis

• Action: Activates muscarinic receptors
• Side Effects: Related to an increase in parasympathetic tone
• Interactions/Contraindications: Not for use in severe asthmatics and patients with  
  AV nodal block or severe symptomatic bradycardia. 
• Antidotes: Atropine can reverse bradycardia and inhaled epinephrine/albuterol can   
   improve pulmonary symptoms. 

Acetylcholinesterase Inhibitors

• Uses:
- Central 

› Alzheimer disease
› Parkinson disease

- Peripheral
› Diagnosis of myasthenia gravis vs. cholinergic crisis (edrophonium)
› Treatment of myasthenia gravis (neostigmine, pyridostigmine)
› Paralytic reversal (for curare-like paralytics) (neostigmine)

- Combined 
› Atropine toxicity (physostimine)

• Action: Causes overactivation / “rescue” of muscarinic and nicotinic receptors
• Side Effects: Increased parasympathetic tone (mnemonic: DUMBBELSS: see below)
• Interactions/Contraindications: Not for use in severe asthmatics. patients with    
  AV nodal block or severe symptomatic bradycardia.
• Antidotes: Atropine can reverse bradycardia and inhaled epinephrine/albuterol can  
   improve pulmonary symptoms. 

Bethanechol Methacholine

Carbachol Pilocarpine

Cevimeline

Acetylcholine

Central-Acting:
Rivastigmine
Donepezil

Peripheral:
Edrophonium 
Neostigmine 
Pyridostigmine

Combined: 
Physostigmine
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Irreversible Acetylcholinesterase Inhibitors 
(Organophosphates)

Myasthenia Gravis(MG): 
Myasthenic Crisis vs. Cholinergic Crisis
In patients with MG, insufficient medication (myasthenic crisis) can mimic excessive 
medication (cholinergic crisis)

• Flaccid paralysis with intact DTR’s
• Bronchospasm
• Respiratory failure

Short-acting AchEI (edrophonium) can help delineate the two.
Edrophonium – improves myasthenic crisis, worsens cholinergic crisis.

Nerve Gases:
Sarin, Tabun, Soman

Insecticides:
Malathion, Diazinon

Glaucoma:
Echothiophate
(rarely used)

• DUMBBELSS
- Diarrhea
- Urination
- Miosis
- Bronchoconstriction
- Excitation / Paralysis (muscle and   
  CNS)

› Nicotinic and muscarinic effects

- Lacrimation
- Salivation
- Sweating

• Antidotes: 
- Supportive care (airway, breathing,   
   circulation)
- Atropine (reverses muscarinic   
   activity)
- 2-PAM (pralidoxime)

› AChE regeneration

› Removes Organophosphate from the   

  AchE enzyme

PHARMACOLOGY

52



Direct-acting Muscarinic Receptor Antagonists

Nicotinic Receptors
• Nicotinic receptors are ligand-gated ion channels

- Pentameric, with α-subunits binding to Ach
- Na+/K+ co-conductors
- Activation of the nicotinic receptor results in cellular depolarization and   
  excitation of the cell

• Two main types:
- Neuronal (NN) - CNS, autonomic ganglia, adrenal medulla.
- Skeletal muscle (NM) – motor end plate

• Atropine
• Mydriasis Drugs

- Tropicamide
- Homatropine
- Cyclopentolate

• COPD/Asthma Drugs
Ipratropium 
Tiotropium

• Motion Sickness
Scopolamine

• Parkinson’s / EPS 
- Benztropine 
- Trihexyphenidyl

• Bladder / GI
- Oxybutynin
- Tolterodine
- Dicyclomine

• Uses:
- Atropine – Symptomatic bradycardia in unstable        
  patients
- Others – ocular mydriasis, COPD/asthma, motion   
  sickness, Parkinson disease, bladder/GI spasms

• Action: Inhibits muscarinic receptors
• Side Effects: Atropine toxicity (mnemonic:__as a __)

- dry as a bone (decreased secretions, urinary   
   retention, constipation)
- blind as a bat (cycloplegia, mydriasis)
- hot as a hare, red as a beet (hyperthermia->   
   vasodilation)
- mad as a hatter (behavioral excitation /   
   hallucinations)

• Interactions/contraindications: not for use in   
   patients with closed-angle glaucoma or BPH.
• Antidotes: physostigmine

PHARMACOLOGY

53



Nicotinic agonists – varenicline
• Use: Nicotine may be given orally or transdermally to treat nicotine dependence.  
 Varenicline has been shown to help treat nicotine dependence. 
• Action: Partial agonist at α4β2 subtype of the nicotinic cholinoreceptor (located in  
 the central nervous system), prevents “reward” of nicotine 
• Side Effects: This drug had a “black-box” warning from the US FDA for causing  
 psychiatric side-effects including suicidality. (removed 2019)  It may also cause  
 nausea, headache and insomnia. 
• Interactions/Contraindications: Not for use in patients with depression or other  
 psychiatric illness. 

• Uses:
- Initially used for hypertension in the 1960’s and 70’s.
- Replaced with newer medications with fewer side effects

• Action: Inhibits neural nicotinic receptors (NN)
• Side Effects: 

- Atropine-like (mydriasis, cycloplegia, xerostomia, tachycardia, urinary retention)
- Hypotension

Nicotinic receptor antagonists (ganglion blockers)

Also, succinylcholine/suxamethonium  (to be discussed in the neuromuscular blocker section, despite 
being an agonist)

Mecamylamine TrimethaphanHexamethonium

Figure 5.4 Nicotine receptor antagonists (ganglion blockers)

No longer used clinically, 
but may be on the board 
exams.

Nicotinic receptor antagonists 
(neuromuscular blockers)

Insecticides:
Malathion, Diazinon

Glaucoma:
Echothiophate
(rarely used)

Nerve Gases:
Sarin, Tabun, Soman

• DUMBBELSS
- Diarrhea
- Urination
- Miosis
- Bronchoconstriction
- Bradycardia
- Excitation / Paralysis (muscle and CNS)

• Nicotinic and muscarinic effects

- Lacrimation
- Salivation
- Sweating

• Antidotes: 
- Supportive care (airway, breathing, circulation)
- Atropine (reverses muscarinic activity)
- 2-PAM (pralidoxime)

• AChE regeneration
• Removes organophosphate from the AchE enzyme
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Chapter 6
ANS adrenergic pharmacology
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Norepinephrine (NE) synthesis
• Tyrosine is taken up into the neuron 
• Tyrosine     L-dopa (tyrosine hydroxylase)

- Rate-limiting

• L-dopa      dopamine (AAAD, aka DOPA decarboxylase)
• Dopamine       vesicular Dopamine       NE (vesicular dopamine β- hydroxylase)
• NE     released into the synapse

- Primarily removed from the synapse via reuptake

• NE is also metabolized by COMT and MAO into metabolites.

Nor-adrenergic synapses

Guanethidine

Figure 6.1 Nor-adrenergic synapse
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Catecholamine Metabolism
• Dopamine

- MAO     Dihydroxyphenylacetic acid
- COMT      3-Methoxytyramine
- Combined      Homovanillic acid (HVA)

• Norepinephrine
- MAO     Dihydroxymandelic acid
- COMT      Normetanephrine
- Combined     Vanillylmandelic acid (VMA)

• Epinephrine
- MAO     Dihydroxymandelic acid
- COMT     Metanephrine
- Combined     Vanillylmandelic acid (VMA)

MAO – A (mnemonic: “Anywhere”):
• Ubiquitous
• Metabolizes catecholamines,   
   tyramine, & serotonin

MAO-B (mnemonic: “Brain”):
• Neural
• Metabolizes dopamine,  
   and phenethylamine

Adrenergic Receptors

Alpha-adrenergic receptors actions
• α1 receptors increase IP3, diacylglycerol, and intracellular Ca2+ (Gαq )
• Activation causes

- Mydriasis (no cycloplegia)
- Vasoconstriction (arteries > veins)
- Contraction of bladder trigone and sphincter (urinary retention)
- Contraction of smooth muscle of prostate

 • α2 receptors inhibit adenylyl cyclase (Gαi)
- For presynaptic α2 receptors, stimulation leads to decreased calcium influx and  
   decreased release of NE

Figure 6.2 Adrenergic receptor subtypes
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α1-adrenergic receptor agonists

α2 adrenergic agonists

Phenylephrine Midodrine

• Uses:
- Hypotension – acutely raise blood pressure through peripheral vasoconstriction
- Nasal decongestion

• Action: Activates the α1 receptor
• Side Effects: Limb/tissue ischemia, hypertension, reflex bradycardia

Glaucoma:
Apraclonidine
Brimonidine

Muscle Relaxers: 
Tizanidine

Antihypertensives:
Clonidine
α-methyldopa
Guanfacine

• Uses:
- Hypertension

• Clonidine stimulates brainstem α2 receptors – decreases release of NE at  
   autonomic neurons
• α-methyldopa is a pro-drug, converted to active form (α-methylnorepinephrine)  
   via dopamine β- hydroxylase.

- Glaucoma- α2 agonists reduce aqueous humor via decreasing cAMP in the ciliary  
   body
- Clonidine – used for symptomatic relief for drug withdrawal (opiates, alcohol,  
   benzodiazepines)

• Side effects: Low BP, fatigue, psychiatric side effects
• Interactions/contraindications: Should not be stopped suddenly; can cause severe  
   reflex hypertension.
• Antidotes: Supportive care

Figure 6.3 Effect of α1 stimulation on blood pressure & heart rate
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α1-adrenergic receptor agonists

α2 adrenergic agonists

Phenylephrine Midodrine

• Uses:
- Hypotension – acutely raise blood pressure through peripheral vasoconstriction
- Nasal decongestion

• Action: Activates the α1 receptor
• Side Effects: Limb/tissue ischemia, hypertension, reflex bradycardia

Glaucoma:
Apraclonidine
Brimonidine

Muscle Relaxers: 
Tizanidine

Antihypertensives:
Clonidine
α-methyldopa
Guanfacine

• Uses:
- Hypertension

• Clonidine stimulates brainstem α2 receptors – decreases release of NE at  
   autonomic neurons
• α-methyldopa is a pro-drug, converted to active form (α-methylnorepinephrine)  
   via dopamine β- hydroxylase.

- Glaucoma- α2 agonists reduce aqueous humor via decreasing cAMP in the ciliary  
   body
- Clonidine – used for symptomatic relief for drug withdrawal (opiates, alcohol,  
   benzodiazepines)

• Side effects: Low BP, fatigue, psychiatric side effects
• Interactions/contraindications: Should not be stopped suddenly; can cause severe  
   reflex hypertension.
• Antidotes: Supportive care

Figure 6.3 Effect of α1 stimulation on blood pressure & heart rate

β -Adrenergic receptors actions
• β1 receptors increase cAMP

- SA,AV nodes - Increased heart rate, AV nodal conduction
- Heart muscle - Increased contractility, stroke volume
- Kidney – increased renin release
- Ciliary body – aqueous humor production

• β2 receptors also increase cAMP
- Blood vessels (vasodilation in skeletal. muscle beds)
- Bronchioles - Bronchodilation
- Uterus - Muscule relaxation

• β3 receptors are linked to lipolysis and thermogenesis

β1 adrenergic agonists

• Uses:
- Bradycardia (isoproterenol)
- Cardiogenic shock (dobutamine)
- Asthma / COPD

• SABA – albuterol, terbutaline
• LABA – salmeterol, fomoterol

- Tocolysis
• Terbutaline

• Side effects: Tachycardia, tremor, palpitations
• Interactions/contraindications: Patients with coronary disease should avoid due to  
   risk of demand mismatch and myocardial infarction.
• Antidotes: Supportive care

Isoproterenol
β1 = β2

Dobutamine
Β1

Asthma Meds: 
Albuterol
Terbutaline
Salmeterol
Fomoterol

Β2

Figure 6.4 β-adrenergic receptor
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Isoproterenol
• Nonselective β-adrenergic agonist which lowers peripheral vascular resistance
  (β2 effect) and increases heart rate and contractility (β1 effect).
• Effects blocked by β-blockers.
• Used primarily in symptomatic bradycardia, sometimes as a “bridge” to permanent  
  pacemaker implantation.

Mixed adrenergic agonists (NE, Epinephrine, Dopamine)
Intravenous medications that must be given as continuous drip
• NE – used IV for vasodilatory shock
• Epinephrine – used in severe hypotension, shock, and for anaphylaxis (IM –  
  EpiPen®)
• Dopamine – used for all forms of hypotension / shock

Norepinephrine
• α1 > β1 agonist
• Used in septic/vasodilatory shock to increase blood pressure through increased  
  peripheral vascular resistance and heart rate.
• Will often cause a vagal bradycardia since most of its direct effect is via α1,  
  especially at low doses (similar to phenylephrine)
• At higher doses, tachycardia via β1 is observed. 

Figure 6.5 Effect of β agonist on blood pressure & heart rate

Figure 6.6 Effect of norepinephrine on blood pressure & heart rate
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Epinephrine
• β1, β2 > α1 agonist
• At low doses, increases HR and stroke  
  volume, causes vasodilation (like   
  isoproterenol) with a slight drop in blood  
  pressure.
• At medium doses, less vasodilation (due 
to    α1 activity).
  HR is elevated but BP does not drop
• At high doses, α1 takes over and a marked
  blood pressure elevation is observed (like  
  NE), and a possible vagal bradycardia can  
  occur.

Epinephrine “reversal”
•  Epinephrine given along with an α1 antagonist such as
   prazosin will result in a very low blood pressure (due to
   unopposed β2 stimulation)
•  Norepinephrine does not show this response due
   to lack of β2 stimulation.

Comparison of Epinephrine, NE, and Isoproterenol

A common test question 
tests your knowledge that 
epinephrine is a β2 agonist, 
but norepinephrine is not.

When in doubt, Norepinephrine is the 
pressor of choice for the unstable 
patient. Epinephrine is part of the crash 
cart and used during advanced 
cardiovascular life support or 
anaphylaxis. Dopamine is utilized 
primarily in the cardiac ICU under 
specific circumstances. For infusions 
both norepi and epi require a central 
line to avoid tissue necrosis.

"On the wards"

Figure 6.7 Effect of low-dose epinephrine on blood pressure & heart rate

Figure 6.8 Effect of epinephrine, NE & isoproterenol on blood pressure & heart rate
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Dopamine
• The canonical activation of dopamine is:

- Low dose: D1 receptor (increases renal,coronary, and mesenteric perfusion)
   • Gαs – coupled receptor, causes vasodilation

- Medium dose: D1, β1 – adds an inotropic and chronotropic effect, increased  
  cardiac output
- High dose: D1, β1, α1 – adds a vasoconstrictive effect

• Newer data supports norepinephrine for 1st line use in any cause of shock.
• Fenoldopam – D1 – selective IV drip that is used for hypertensive emergency.

Indirect-acting adrenergic receptor agonists
• Norepinephrine/dopamine “releasing” agents

- Tyramine – cannot cross BBB
• Effects are at peripheral sympathetic neurons
• Can cause hypertensive crisis in setting of MAO inhibition
• Present in expensive cheese, cured meats, pickled foods, certain beans, peas,  
  and beer/red wine.

- Amphetamines - can cross BBB
• Increase dopamine and NE in the CNS, increasing alertness
• May cause schizophrenia-like symptoms 
• Increased sympathetic autonomic outflow – tachycardia, palpitations

- Ephedrine – used rarely today, raises BP and causes vasoconstriction
• Adrenergic reuptake inhibitors

- Cocaine
• Blocks norepinephrine reuptake (peripheral autonomic effects)

- Vasoconstriction, possible MI. and stroke
- Tachycardia, possible arrhythmias
- Increased risk of cerebral aneurysms
- Fetal and placental cocaine effects

• Blocks dopamine reuptake
- CNS effects – euphoria, paranoia, hyperthermia

• No specific antidote to block the effects of cocaine on transporters
• Labetalol to block sympathetic effects

- Tricyclic Antidepressants (e.g. amitriptyline, imipramine )
• Serotonin / norepinephrine reuptake inhibition

  - Block SERT / NET
• Many other receptor properties (e.g. serotonin receptors, NMDA )
• Sodium channel blockade (cardiac toxicity, pain control)
• Further discussion in the psychiatric medications section
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α1,2 adrenergic antagonists

β1,2 adrenergic antagonists

• Uses:
- Pheochromocytoma (phenoxybenzamine)
- Hypertension
- BPH
- Postural hypotension (yohimbine)
- Antidepressants (mirtazapine)

• Side Effects: Low BP (α1 blockers)
• Interactions/contraindications: can cause
  severe postural hypotension / syncope
  (α1 blockers)

•  Uses:
- Hypertension
- Cardiac arrhythmias
- Heart failure
- Angina
- Anxiety 
- Tremors
- Glaucoma (timolol)

•  Side effects: Low BP, fatigue, depression, bradycardia
•  Interactions/contraindications: Should not be stopped suddenly; can cause severe  
   reflex hypertension.
•  Antidotes: Glucagon (raises cAMP in cardiac cells independent of the β-receptor)

Classic boards question compares use of 
phenoyxbenzamine vs phentolamine for 
pheochromocytomas. Phenoxybenzamine 
is irreversible so is started a week or more 
before pheochromocytoma removal where 
as phentolamine is used during the surgical 
removal of a pheo because you don't want 
the drug effect to persist once the tumor 
has been removed, leads to unsafe drop in 
blood pressure. 

"On the boards"

Figure 6.9 α1,2 adrenergic antagonists

Figure 6.10 β1,2 adrenergic antagonists
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Chapter 7
CDV antiarrhythmics

PHARMACOLOGY

67



Cardiovascular Pharmacology
• Antiarrhythmic Drugs
• Antihypertensives
• Drugs for Heart Failure / Pulmonary Hypertension
• Antianginals
• Antihyperlipidemics

Antiarrhythmic Drugs
•  Medications used to control abnormal heart rhythms

- Atrial fibrillation, ventricular tachycardia, others.
•  Vaughn-Williams classification of antiarrhythmics

- I: Sodium channel blockers
• Ia: Increase action potential (AP) duration, lengthen effective refractory period  
  (ERP) (are also K+-channel blockers)
• Ib:  Shorten AP duration, decrease ERP
• Ic:  Decrease Na+ conductivity, but overall little effect on AP duration/ERP

- II: β-Blockers
- III: K+-channel Blockers
- IV: Non-DHPR calcium channel blockers
- V: Miscellaneous

Cardiac myocyte/Purkinje action potential

Step 1 exam focuses 
on drug classification, 
mechanism and side 
effects, not on 
therapeutic use.

Figure 7.1 Myocyte/Purkinje fiber action potential
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Pacemaker (nodal) potential

Class I AADs: Na+ channel blockers
• Block fast sodium channels responsible for early depolarization phase of cardiac  
  muscle action potential (i.e. Phase 0).
• 3 different subclasses with different properties
• Cause use-dependent block (Ia and Ib)

- Block either open or inactivated state of the ion channel, not closed-state
- Block high-frequency excitation of the myocardium but allow for normal cardiac  
   function

Class I AADs mnemonic:
• Class IA “Double Quarter Pounder” (Disopyramide, Quinidine, Procainamide) 
• Class IB “Lettuce, Mayo” (Lidocaine, Mexiletine) 
• Class IC “Fries Please” (Flecainide, Propafenone). 

Figure 7.2 Pacemaker action potential
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Class IA AADs
• Quinidine, disopyramide and procainamide.
• Block Na+ and K+ channels, delaying both the depolarizing and repolarizing phases  
  of the AP.
• Preferentially block open state and inactivated state (”state-dependent” blockade)  
  of sodium channel.

- Fully repolarized channels (closed) do not bind the drug well.

Quinidine
• Orally effective with 6hr t1/2

• Now used infrequently except for some ventricular arrhythmias and atrial fibrillation
• Adverse events:

- Tinnitus, headache, dizziness, vertigo (called “cinchonism”)
- Ocular dysfunction
- Prolongation of QRS interval
- Prolongation of QT intervals associated with torsades de pointes

Procainamide
• Metabolized by N-acetyltransferase to N-acetylprocainamide (NAPA), an active  
  metabolite

- Slow vs. Fast acetylators
- Used infrequently except for some ventricular arrhythmias (e.g. WPW-syndrome)
- Adverse events:

• Systemic lupus erythematosus-like syndrome
• Torsades de pointes
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Class IA antiarrhythmics and the cardiac action potential

Class IB: Lidocaine
• Administered intravenously for ventricular arrhythmias (VT, VF)

- Following myocardial infarction
- During open heart surgery

• Very similar to phenytoin pharmacologically except very quick on/off time
  (t1/2 = 1 hour)

- Mexiletine is newer drug available orally with similar structure.
• More specific for ischemic/abnormal cardiac cells

- Binds almost specifically to active channels
   (i.e. in damaged tissue that is rapidly firing)

• Shorten the action potential likely due to blockage of sodium channels open during  
  the plateau phase in ischemic myocardium (window currents)

A

blockade

Figure 7.3 Effects of Class IA antiarrhythmics

Figure 7.4 Effect of lidocaine
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• Metabolized quickly by first-pass metabolism 
- Can only be adminstered IV

• Toxicity – CNS depression, hypotension
• Also administered as a local anesthetic
• Weak base!

Class IB Antiarrhythmics and the cardiac action potential

B

Figure 7.5 Class IB antiarrhythmics and the cardiac cycle
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• Metabolized quickly by first-pass metabolism 
- Can only be adminstered IV

• Toxicity – CNS depression, hypotension
• Also administered as a local anesthetic
• Weak base!

Class IB Antiarrhythmics and the cardiac action potential

B

Figure 7.5 Class IB antiarrhythmics and the cardiac cycle

Class IC AADs
• Flecainide, encainide, propafenone, moricizine
• Do not show preference for ischemic tissue or inactivated sodium channels (less  
   state-dependent)
• Have a much slower cycle length (long half-life, ~20h)

- Given orally
• Used to prevent refractory paroxysmal atrial fibrillation and in preventing      
  WPW-associated tachycardias
• Also used for refractory V-tach
• Slow the upstroke of the action potential
• Limited use since the CAST (Cardiac Arrhythmia Suppression Trial) study, which  
  showed excess mortality in patients treated with flecainide following a myocardial  
  infarction. (1989)

Class IC antiarrhythmics and the cardiac action potential

C

Figure 7.6 Class IC antiarrhythmics and the cardiac cycle
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Class II: β-Adrenergic blockers
• Decrease chronotropy and dromotropy (i.e. conduction speed in the AV node).

- Prolong phase 4 (i.e. prolong the PR interval)
- Prolong the action potential and the effective refractory period

• Used following myocardial infarctions  
Suppress PVCs and V-tach by prolonging the ERP

• Used mainly for supraventricular tachyarrhythmias (SVTs)
- For example, atrial fibrillation triggered by sympathetic activation
- Esmolol can be used quickly as IV drip

Class II antiarrhythmics and the cardiac action potential

Figure 7.7 Class II antiarrhythmics and the cardiac cycle
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Class II: β-Adrenergic blockers
• Decrease chronotropy and dromotropy (i.e. conduction speed in the AV node).
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- Prolong the action potential and the effective refractory period
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Suppress PVCs and V-tach by prolonging the ERP

• Used mainly for supraventricular tachyarrhythmias (SVTs)
- For example, atrial fibrillation triggered by sympathetic activation
- Esmolol can be used quickly as IV drip

Class II antiarrhythmics and the cardiac action potential

Figure 7.7 Class II antiarrhythmics and the cardiac cycle

Class III: K+ Channel Blockers
• Amiodarone is the prototype.

- Dronedarone is a new version of amiodarone with no iodine moieties
• Sotalol (also has class II properties)
• Ibutilide and Dofetilide also fall into this category
• These drugs block the delayed rectifier K current (IKr) 
• Prolong the action potential (by prolonging repolarization) and the Q-T interval.
• This prolongs the effective refractory period
• Toxicity:

- Prolonged Q-T interval and Torsades de Pointes

Amiodarone
• Effective for a wide range of atrial and ventricular
  arrhythmias.
• Blocks K+ channels but also has properties of all the
  other AAD’s (Na+, BB, CCB)
• Very long half-life (30–60 days).

- Dronedarone: 24hrs
• Decreases clearance of digoxin, phenytoin, quinidine,
  theophylline, and warfarin.

- Thought to be due to an amiodarone metabolite that
  inhibits CYP 2C9 and other CYP450 isoforms.
- Amiodarone also inhibits p-glycoprotein (MDR1),
  prolonging the serum half life of digoxin and many
  other medications.

Adverse Effects
• Blue-gray skin pigmentation

- Enhanced by sun exposure
• Pulmonary fibrosis
• Corneal deposits
• QT prolongation and rarely, torsades de pointes
• Thyroid dysfunction

- Chemically resembles thyroid hormone
- Can cause hypo- or hyperthyroidism

• Hepatic dysfunction

Other drugs causing 
pulmonary fibrosis:
- Bleomycin
- Busulfan
- Methotrexate
- Nitrofurantoin
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Class III antiarrhythmics and the cardiac action potential

Class IV AAD: Ca+2 channel blockers
• Verapamil, diltiazem

- Act as nodal blockers
- Non-dihydropyridine CCBs
- Blocks L-type Ca2+ channels, mainly in the heart

• Used as prophylaxis in
- Reentrant nodal and atrial tachycardias

• Help keep people in sinus rhythm
- Rate control in atrial fibrillation
- Contra-indicated in atrial fibrillation with Wolff-Parkinson-White syndrome

• Type II and IV antiarrhythmics block the AV node but not the accessory  
  pathway, cause uncontrolled tachycardia
• Choose amiodarone or procainamide instead

Other Class III AADs
• Sotalol – K+ channel inhibitor and nonselective β-blocker
• Dofetilide / Ibutilide – pure K+ channel inhibitors

Figure 7.9 Class III antiarrhythmics and the cardiac cycle
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Class III antiarrhythmics and the cardiac action potential

Class IV AAD: Ca+2 channel blockers
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• Used as prophylaxis in
- Reentrant nodal and atrial tachycardias
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• Sotalol – K+ channel inhibitor and nonselective β-blocker
• Dofetilide / Ibutilide – pure K+ channel inhibitors

Figure 7.9 Class III antiarrhythmics and the cardiac cycle

CCB adverse effects
• Dizziness/orthostatic hypotension
• Flushing
• Lower extremity edema
• Hypotension – decreased cardiac output

- Not recommended in patients with decompensated heart failure
• Constipation

Class IV antiarrhythmics and the cardiac action potential

Miscellaneous antiarrhythmics:
Adenosine
• Rapidly acting AV nodal blocker.
• Activates specific G-protein-coupled adenosine receptors which can affect Kach  
  channels in the AV node, prolonging phase 4 depolarization.
• Drug of choice for unstable paroxysmal supraventricular tachycardias (PSVTs).
• Helps to diagnose the type of arrhythmia one is dealing with as well.

- While the AV node is blocked by adenosine, one can see the atrial rhythm well  
  (e.g. A trial fibrillation/flutter)
- Adenosine will not stop Vtach/fib in most cases
- Adenosine should completely break any re-entrant tachycardia that involves the  
  AV node (classically AVNRT, AVRT)

• Administered intravenously.

Figure 7.10 Class IV antiarrhythmics and the cardiac cycle
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• Half-life of about 30 seconds.
• Infusion associated with shortness of breath and burning sensation in the chest.

Digoxin
• Used to treat rapid atrial fibrillation
• Decreases the Ventricular Rate (response) to atrial fibrillation/flutter by slowing AV  
   nodal conduction

- Due to parasympathetomimetic activity
• Also inhibits the Na/K ATPase

- Causes increased [Ca2+] inside cardiac myocytes
- Increased inotropy
- Further discussion on digoxin/toxicity in the section on heart failure medications

Electrolytes
• Potassium/Magnesium
• Should be corrected in patients with arrhythmias, especially ventricular tachycardia
• Given to patients with polymorphic Vtach in the setting of prolonged QT   
  (Torsades)
• Potassium is also given for digoxin toxicity-induced bradycardia

A 34 year old man presents to the ER with his wife for a "racing heartbeat", sweating, and 
dizziness. This has happened to him before but never lasted this long. He denies shortness of 
breath or chest pain. He has a history of an atrial septal defect (ASD) diagnosed shortly after birth 
and repaired before the age of 5. He takes no medications and is otherwise healthy. His vital signs 
show a heart rate of 130, RR of 20, and BP of 110/75, he is afebrile. On cardiac ausculation heart 
sounds are difficult to delineate due to rate. A 12 lead EKG is obtained and shows a tachycardic 
rate of 130, no detectable p waves, and a QRS less than 120ms (narrow complex). Carotid sinus 
massage is unsuccessful at altering the rhythm. What is the next best step in management?

A) Emergent unsynchronized cardioversion with 200 joules
B) Emergent synchronized cardioversion with 50 joules proceeded by 5mg of IV morphine for pain
C) Elicit a diving reflex by submerging the patients face in a basin of ice water
D) Administration of 6mg of adenosine via IV followed by 10cc normal saline bolus

Correct answer: D. Patient has a paroxysmal narrow complex (Supraventricular)  tachycardia 
(PSVT). This is likely due to his history of ASD. With these anomalies left to right shunting leads to 
hemodynamic and geometric remodelling of the atria effecting electral remodeling. Though 
chamber size typically normalized with surgical repair, the electrophysiologic characteristics can 
persist. The patient in question is hemodynamically stable without significant symptoms associated 
with the tachycardia. Choice A is appropriate for patients with pulseless VT/VF or unstable 
polymorphic VT not PSVT. Choice B is utilized for ventricular arrythmia management in patients 
with a palpable pulse who are more stable than those requiring defibrillation. Choice C is incorrect 
as patient has already attempted vagal maneuvers unsuccessfully so attempting additional 
maneuvers is not likely to be successful. IV adenosine has rapid on/off and can both diagnose and 
treat PSVTs. Given his likely electrical conduction changes this will not be permanent therapy and 
he will likely need an ablation procedure. It is important to warn patients that they will feel terrible 
when they get the adenosine but that it will pass quickly. 

"In the ER"

Bradycardia
• Symptomatic bradycardia is also an arrhythmia
• May be caused by multiple factors 

- Ischemia/infarct of conduction pathway
- Calcification
- Electrolytes/Drugs
- Hypothyroidism

• Refractory bradycardia with symptoms (syncope, hypotension) is often treated  
  with a pacemaker when other therapies fail.
• Temporary support can be obtained with sympathetic amines (e.g. dopamine,  
  dobutamine) and isoproterenol.

- Increase SA and AV nodal conduction velocity
- Often used as a bridge to pacemaker
- Temporary pacing can be carried out using pacer pads (transcutaneous) and  
   special catheters (transvenous)
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Chapter 8
CDV antihypertensives
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Antihypertensives
• Hypertension is a condition of chronically elevated BP

- Diagnosis requires multiple measurements
• Lifestyle modifications are generally started first

- DASH (Dietary Approaches to Stop Hypertension)
   diet (fruits, vegetables, low saturated fat) can
   decrease decrease blood pressure8-14 mmHg.
- Weight reduction can decrease systolic pressure
   5-20 mmHg for every 20 lbs. lost.
- Sodium restriction
- Aerobic activity

• Hypertensive urgency vs. emergency
- BP > 180mmHg systolic
- Evidence of and organ damage denotes– hypertensive emergency
- Use IV drip medications to lower BP by 25% max in 24 hours 

• Nicardipine, labetalol, fenoldopam, nitroprusside, etc.

Overview
• Hypertension spans a number of different categories. In the US, 80% of 2°  
  hypertension is due to chronic kidney disease, 1° hyperaldosteronism, or renal  
  artery stenosis.
• Drugs with wide general use in treatment.

- ACE inhibitors
- β-Blockers
- Diuretics

• Other drugs have more specialized uses
- Hydralazine
- Clonidine

• Treatment can target specific causative factors underlying hypertension
- Increased heart rate
- Increased renin-angiotensin-aldosterone activity
- Extracellular fluid retention
- Blood vessel tone

For discussion of the 
pathophysiology of 
hypertension, go to 
Medical School 
Companion: 
Pathophysiology, 
Circulation, Hypertension. 
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Tailored Therapy for HTN
• Most patients with hypertension have other medical problems
• We often tailor anti-hypertensive therapy can be targeted to underlying co-morbid  
  conditions

- e.g. ACE inhibitors/ARBs – improve outcomes in patients with diabetes, renal  
  disease, heart failure, β-blockers are used post-MI. α1-blockers can be used in BPH.

• These concepts will be discussed with each medication

Hypertension: 2017 Updates in Guidelines
Stage 1 hypertension should only be treated with medications if “a patient has had a 
cardiovascular event such as heart attack or stroke, or is at high risk of heart attack 
or stroke based on age, diabetes, chronic kidney disease or ASCVD risk score”

BP category Systolic mm Hg Diastolic mm Hg

Normal < 120 < 80

Elevated 120-129 < 80

Hypertension 

(high BP)

stage 1 130-139 80-89

stage 2 ≥ 140 ≥ 90

Hypertensive urgency* > 180 > 120

*Emergency care needed!

&

&

or

or

&
—or

Hypertension management is one of the most common chronic medical conditions in the United 
States. Recent guidelines suggest improved survival with tighter control of BP. This often requires 
a multi-drug approach. To accomplish this, rational combinations of anti hypertensives across class 
are most effective. It is not useful to have multiple drugs of the same class/type utilized in the 
same patient, though you will come across this when performing a medical reconciliation of many 
patients. In patients without a primary indication for specific therapy (ie heart failure-ACE inhibitor) 
a good work flow is to start with a diuretic (Hydrochlorothiazide) and if blood pressure still not 
controlled add an ACE inhibitor (Lisinopril) or ARB (Losartan). If still uncontrolled can add a calcium 
channel blocker (amlodipine) or nonselective beta-blocker (carvedilol). Prior to each addition 
ensure patient compliance and try increase in dose. Ensure patients are counseled on life style 
modifications (weight loss, exercise, and smoking cessation) and that they have an at home blood 
pressure monitor.  If uncontrolled with 3 classes of therapy at their maximum tolerated doses then 
patients meet criteria for resistant hypertension, consider referral to a nephrologist or blood 
pressure specialist at that point. 

"In the Clinic"

Table 8.1 Blood pressure categories (2017)
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Diuretics – overview
• Widely used to treat hypertension
• Also indicated in congestive heart failure, edema, and electrolyte abnormalities

- Decreased morbidity in CHF patients by decreasing lower extremity edema and  
   preserving urine output

• Major diuretic classes:
- Thiazides (hydrochlorothiazide, chlorthalidone)
- Loop diuretics
- Potassium-sparing (amiloride, triamterene, spironolactone)
- Osmotic diuretics
- Carbonic anhydrase inhibitors
- (More detailed coverage of these in Diuretics section)

Agents Acting on Central Sympathetic Nervous System

α-Methyldopa
• Pro-drug converted to α-methyl-norepinephrine

- Crosses the blood-brain barrier
- α2-adrenoreceptor agonist
- CNS sympathetic output

• Excellent safety record in pregnancy
- Drug of choice for mild to moderate HTN in pregnancy (Has been replaced in  
   pregnancy largely by calcium channel blockers and beta blockers)

• Classic adverse effect is Coombs’ positive hemolytic anemia
- The Coombs’ test identifies auto-antibodies coating RBCs.  The Coombs’ reagent  
   contains antibodies against human immunoglobulins.  If the RBCs are coated with  
   auto-antibodies (Igs), the RBCs will agglutinate (clump) in the presence of  
   Coombs’ reagent.

α-Methyldopa Clonidine Reserpine

Reserpine

VMAT

Clonidine
• Activates presynaptic α2 adrenoreceptors in
  the vasomotor center of the brainstem.
• Results in decreased norepinephrine release,
  which decreases cardiac output
  and vascular tone.
• Not a first-line medication, usually given
  if other BP meds fail.
• Associated with severe rebound
  syndrome if abruptly stopped.
• Difficult to comply with (BID – TID dosing)
• Transdermal patches available to overcome 
  difficulty in dosing schema.

Reserpine
• Blocks VMAT (transporter for NE,   
  Dopamine, 5-HT)
• Prevents the formation of   
  noradrenergic storage granules in   
  peripheral and central nerve terminals.
• Can cause major depression-like   
  syndrome and severe GI side effects if  
  given daily
• Rarely given anymore due to side   
  effects and relative ineffectiveness   
  compared to newer agents.

Agents Acting on Peripheral Sympathetic Nervous System

Guanethidine α-antagonists
β-Adrenergic
receptor blockers

Figure 8.2 Adrenergic synapse (CNS)
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- Thiazides (hydrochlorothiazide, chlorthalidone)
- Loop diuretics
- Potassium-sparing (amiloride, triamterene, spironolactone)
- Osmotic diuretics
- Carbonic anhydrase inhibitors
- (More detailed coverage of these in Diuretics section)

Agents Acting on Central Sympathetic Nervous System

α-Methyldopa
• Pro-drug converted to α-methyl-norepinephrine

- Crosses the blood-brain barrier
- α2-adrenoreceptor agonist
- CNS sympathetic output

• Excellent safety record in pregnancy
- Drug of choice for mild to moderate HTN in pregnancy (Has been replaced in  
   pregnancy largely by calcium channel blockers and beta blockers)

• Classic adverse effect is Coombs’ positive hemolytic anemia
- The Coombs’ test identifies auto-antibodies coating RBCs.  The Coombs’ reagent  
   contains antibodies against human immunoglobulins.  If the RBCs are coated with  
   auto-antibodies (Igs), the RBCs will agglutinate (clump) in the presence of  
   Coombs’ reagent.

α-Methyldopa Clonidine Reserpine

Reserpine

VMAT

Clonidine
• Activates presynaptic α2 adrenoreceptors in
  the vasomotor center of the brainstem.
• Results in decreased norepinephrine release,
  which decreases cardiac output
  and vascular tone.
• Not a first-line medication, usually given
  if other BP meds fail.
• Associated with severe rebound
  syndrome if abruptly stopped.
• Difficult to comply with (BID – TID dosing)
• Transdermal patches available to overcome 
  difficulty in dosing schema.

Reserpine
• Blocks VMAT (transporter for NE,   
  Dopamine, 5-HT)
• Prevents the formation of   
  noradrenergic storage granules in   
  peripheral and central nerve terminals.
• Can cause major depression-like   
  syndrome and severe GI side effects if  
  given daily
• Rarely given anymore due to side   
  effects and relative ineffectiveness   
  compared to newer agents.

Agents Acting on Peripheral Sympathetic Nervous System

Guanethidine α-antagonists
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receptor blockers
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Guanethidine
• “False” neurotransmitter

- Concentrated into vesicles
- Displaces norepinephrine
- But inactive at adrenergic receptors

• Rarely used anymore due to side effects
  and the advent of better agents.
• Major adverse effects are orthostatic
  hypotension and male sexual dysfunction.

Prazosin, doxazosin, terazosin,
tamsulosin
• Selective antagonists of α1-adrenergic
  receptors
• Reduces arteriolar resistance by relaxing
  vascular smooth muscle
• Not commonly given due to side effects

- “First-dose” syncope
- Orthostatic hypotension

• Favorable effects on plasma lipids (decrease LDL, increased HDL)
• Also used for patients with benign prostatic hyperplasia to prevent urinary  
  retention

 β-Adrenergic Receptor Antagonists (“β-blockers”)
• Widely used to treat hypertension
• More effective in the young due to higher resting sympathetic tone
• β1 receptors on the heart and the juxtaglomerular apparatus are the primary  
 targets of these medications
• β1 blockade:

- decreases heart rate and inotropy
- decreases renin release from the kidney
- decreases sympathetic outflow from the central nervous system (only in  
  β-blockers - that cross the blood-brain barrier)

• Significant side effects can be seen with β-blockers.
- Abrupt withdrawal may result in rebound hypertension.
- Bradycardia/heart block/hypotension

Figure 8.3 Adrenergic synapse (CNS)
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β-blockers (con’t)
• Other benefits:

- Improve cardiac remodeling (help prevent cardiac dilation and hypertrophy)
- Decrease oxygen demand 
- Prevent ventricular tachy-arrhythmias.

• Avoid with:
- Bradycardia or heart block
- Decompensated heart failure

• In overdose:
- Subcutaneous glucagon: Glucagon binding to its receptor on cardiac cells  
  increases cAMP independent of the beta-receptor, which increases heart  
  rate/inotropy

Direct Vasodilators

• These drugs act directly on the arteriolar smooth muscle, causing relaxation,  
  decrease in systemic vascular resistance and lowering of blood pressure.

Hydralazine
• Short-term treatment of moderate to severe hypertension.
• Can be given orally or IV
  TID-QID dosing (no long-acting formulation)

- Difficult to comply with
• Safe in pregnancy

- Patients with hypertension are commonly switched to hydralazine or   
   α-methyldopa from ACE inhibitors.

• Method of action is likely through conversion of hydralazine to nitric oxide (NO).

Hydralazine Nitroprusside Minoxidil

One of the most common pages you'll receive from nurses overnight is management of 
hypertension in asymptomatic patients. Remember hypertension is a chronic problem leading to 
heart attack, stroke, and renal disease over decades. When asymptomatic it is unlikely to cause 
acute issues overnight. It is important to take these seriously and evaluate the patients vital signs 
and chart. If a chronic problem and patient is asymptomatic this can indicate patient requires 
increased doses of current medications or additional agents to control blood pressure. If it is 
close to the morning, consider releasing their AM medications early to effect the blood pressure. 
If it is still early in the night a PRN dose of Hydralazine (10mg every 4-6hr) or Labetalol (5-10mg) 
can come in handy for controlling hypertension and keeping it out of the hypertensive urgency 
zones. This will help keep your nurses happy in turn improving your night.  

"On the Wards"
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Adverse Effects
• Well-tolerated generally
• Orthostatic hypotension
• Headache
• Flushing
• Sweating
• Systemic lupus erythematosus-like syndrome

- More common in “slow acetylators”

Sodium nitroprusside
• Intravenous infusion for hypertensive emergencies.
• Metabolized to nitric oxide (NO).

- Causes rapid arteriolar and venous afterload
  reduction (decrease in periphera resistance)
- Similar to nitroglycerin

Adverse Effects
• Excessive vasodilatation

- Hypotension
• Converted to cyanide and thiocyanate ions.
• Generates cyanide ions during extended infusions,
  especially in patients with renal failure.

- Generally, 72-hour maximum dose limit
• Sodium thiosulfate may be co-administered to detoxify cyanide

Minoxidil
• Used for refractory hypertension only
• Specific arteriolar vasodilator
• Opens ATP-dependent K+ channels in vascular smooth muscle (KATP channel),  
  contains SUR (sulfonylurea receptor)

- Hyperpolarization of smooth muscle cells
- Relaxation
- Decreased peripheral vascular resistance
- Possible similar effect for thiazide diuretics

• Side effect (hypertrichosis) led to new indication for baldness (Rogaine®)
• May cause salt and water retention, reflex tachycardia

Figure 8.4 Nitroprusside
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Calcium Channel Antagonists
• Nifedipine, amlodipine, felodipine, nisoldipine

- “Dihydropyridines”
- Block L-type calcium channels in vascular smooth muscle, cause vasodilation
- Do not strongly affect cardiac tissue channels
- Decrease peripheral vascular resistance

• Diltiazem / Verapamil
- Non-DHPR’s
- Primarily affect cardiac output
- Less effective at controlling BP

• DHPR’s are commonly used as first-line hypertensive drugs.
• May precipitate AV block and hypotension, edema, not for use in patients with  
  severe CHF. May cause gingival hyperplasia

Angiotensin Converting Enzyme (ACE) Inhibitors
• Widely used agents
• “–pril” suffix (e.g., enalapril, captopril, lisinopril, ramipril) 
   Differences mostly in half-life
• Very good at controlling blood pressure
• Multiple clinical trials have demonstrated long-term benefits of ACE inhibitors in  
  patients with

- Ventricular systolic dysfunction (especially post-heart attack)
- Diabetic or hypertensive nephropathy
- Heart failure
- Stroke
- *Patients with low ejection fraction, who have had a recent heart attack, and/or  
   diabetic renal disease even without hypertension have been shown to benefit  
   from ACEIs.

ACE Inhibitors: Mechanism of Action
• Prevent conversion of angiotensin I to angiotensin II

- Reduces vasoconstrictive effect of angiotensin II (afterload reduction)
- Decreases the release of aldosterone into blood (prevents sodium/water  
   retention)

• Prevents “negative remodeling” of myocardium
- Can prevent cardiac dilatation and worsening of heart failure

• Also inhibit breakdown of bradykinin
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Angiotensin II Receptor Antagonists (ARBs)
• Candesartan, Irbesartan, Losartan, Valsartan
• Unclear if these drugs will show all the long term benefits of ACE inhibitors.
• Similar effectiveness to ACE inhibitors but do not affect bradykinin metabolism.

- Less cough/angioedema
- Similar other side effects

• Very high rate of patient acceptance
- “Better tolerated than placebo”

ACE inhibitors/ARBs: side effects
• Hypotension
• Taste changes (especially with captopril)
• ACE’s - Persistent dry cough (due to upregulation of bradykinin)
• ACE’s - Life-threatening angioedema (rare)

- Mechanism not entirely clear (likely also due to bradykinin elevation)
- Usually develops within 1 week of starting drug
- Management similar to that for an anaphylactic reaction

• Hyperkalemia
- ACE/ARB decreases angiotensin II, aldosterone levels drop
- Aldosterone normally lowers potassium levels

• Renal failure
- ACEIs/ARBs also dilate the efferent arteriole, decreasing GFR

• Dilation is due to lack of Angiotensin II signaling
- Patients with renal artery stenosis or who are taking NSAIDs regularly are more  
  prone to develop renal problems on ACEIs/ARBs
- Expect a 20% increase in creatinine level when starting ACE/ARB.

• Contraindicated in pregnancy due to inhibition of fetal renal function and possible  
  teratogenicity

- Fetal hypotension
- Low fetal urine output
- Oligohydramnios

• Birth defects due to mechanical injury (i.e. Potter sequence)
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Renin Inhibitors
• Aliskerin – inhibitor of the enzyme renin 

- Blocks the conversion of angiotensinogen to angiotensin I.
- Newer anti-hypertensive
- Causes side effects similar to ACEI/ARB.
- Very effective
- Expensive
- Has not shown benefits in heart failure / renal function similar to ACE/ARB.

Renin

Angiotensinogen Ang1

ACE2

Ang2

Blood vessel (Ang2-R): vasoconstriction

Adrenal cortex: aldosterone synthesis
Hypothalamus: release ADH & thirst 

Proinflammatory cytokines
Remodeling / fibrosis

ACE1 Systemic

Lung

Immune

Ang(1-7) Anti-Ang2

Vasconstriction   O2 (V/Q matching)

 NFKB (inflammation     ARDS)

Kidney:
       Vasoconstriction efferent arteriole
       PCT Na+/H20 and HCO3

-2 resorption 

BP (JGA)
Na+ DCT (MD)
SNS (β2 receptor)

Figure 8.5 Renin- angiotensin metabolism and function
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Chapter 9
CDV heart failure
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Drugs for Heart Failure
The following medications are primarily used to improve symptoms and/or 
outcomes in patients with HFrEF (heart failure with reduced left ventricular
ejection fraction):
• ACE inhibitors and angiotensin II 
  receptor antagonists
• Cardiac glycosides (digoxin)
• Diuretics
• β-Blockers
• Mixed vasodilators
• Drugs for Cardiogenic Shock

ACE Inhibitors and Angiotensin II Receptor Blockers
• Primary drugs for heart failure with reduced LVEF (HFrEF).

- Only for use in patients with stable blood pressure (not for cardiogenic shock)
• Improve mortality in heart failure

- Decrease negative remodeling by preventing cardiac dilation and hypertrophy
• Mechanism still being elucidated

- Dilate blood vessels by decreasing angiotensin II activity
• Improves cardiac output

- Improve sodium/water retention (edema)
• Decreases aldosterone signaling

• Slow progression of heart failure and prolong survival.

ACEIs/ARBs
• Are also standard prophylactic therapy following myocardial infarction

- Prevent “remodeling” which leads to heart failure after MI
- The mechanism behind this is still being investigated but likely involves reductions  
   in sympathetic output, cytokines, and angiotensin II activity at the level of the  
   cardiac myocyte

For discussion of the pathophysiology 
of heart failure, see Medical School 
Companion textbook Pathophysiology, 
Heart, chapters: Presentation and 
diagnosis, Pathophysiology and 
Natural history and treatment.

Cardiac Glycosides (digoxin)
• Past major class of drugs for HFrEF.

- Intended to increase cardiac output.
• Inhibit cardiac membrane Na+/K+-ATPase

- Increases intracellular calcium
- Positive inotropic actions on the heart

• Increased stroke work for a given
  ventricular filling pressure

• Also used for atrial fibrillation-rate control
- Slows AV nodal conduction velocity, decreases ventricular rate

• Used to be 1st line medications, now 3rd or 4th line.
- Digoxin has not been shown to improve mortality in heart failure.
- Does make patients feel more comfortable and decreases length of
   hospital stays.

Digoxin: Mechanism of Action
• Normally, Na+/K+ ATPase pumps Na+ out of the cell and K+ ions in.
• If the pump is disrupted, intracellular [Na+]i increases.
• This reduces driving force for Ca2+ efflux by the Na+/Ca2+ antiporter (which pumps  
  Ca2+ out of the cell and Na+ back in) and Ca2+ builds up intracellularly.
• Higher [Ca2+]i in myocytes is taken up by the sarcoplasmic reticulum.
• This leads to more Ca2+ available for release by the sarcoplasmic reticulum in  
  response to depolarization          more contraction per cardiac action potential.

Cardiac Glycosides and Potassium Ions
• Digoxin competes with potassium ions for extracellular binding sites.
• Hyperkalemia decreases effects of digoxin.

- K+ displaces digoxin from the target ATPase
• Hypokalemia increases digoxin’s effects and leads to toxicity.

- Digoxin can bind the ATPase more strongly without the presence of K+

• K+ should be kept in the normal range in patients taking digoxin.

Cardiac Glycosides: Adverse Effects 
• Favorite topic of step 1.
• Narrow therapeutic index drug.
• Early signs of toxicity

- Anorexia and nausea
- EKG changes (shortened QT interval, T wave inversion)

Digoxin is rarely used for heart failure 
anymore but is an option for refractory 
atrial fibrillation with rapid ventricular 
response after traditional first and second 
line options fail as it has no effect at 
reducing blood pressure, unlike beta 
blockers and calcium channel blockers.  

"In the ICU"
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• Later signs of toxicity
- Disorientation
- Visual disturbances (yellow-green auras or halos)
- Hallucinations
- Life-threatening arrhythmias or tachycardias

• Ventricular tachycardia/fibrillation
• Atrial tachycardia

- AV block
- Coma

Cardiac Glycoside Toxicity: Management
• Supportive care 
• Manage arrhythmias
• Adjust electrolytes (K+ and Mg+) to normal levels
• Wait for the digoxin level to decrease
• Antidigoxin immunotherapy

- Digoxin-specific Fab fragments (DIGIBIND®, DigiFab®)
• Bind digoxin and remove it from plasma proteins
• Dosing based on estimated total body burden of digoxin (antibody fragments  
  able to bind digoxin in tissue)

- Should only be used in the critically ill

Cardiac Glycosides: Drug Interactions
• Classic examples are quinidine and furosemide.
• Quinidine reduces the volume of distribution and renal clearance rate of digoxin.
• Furosemide can cause hypokalemia.

- Hypokalemia potentiates digoxin toxicity.
• Other drug-drug interactions occur with

- Amiodarone, verapamil, erythromycin – Each increases digoxin levels, unknown  
  mechanism

Diuretics (for further discussion, see Chapter 12 Diuretics)
• Patients with chronic heart failure (HFrEF and HFpEF) are often on daily diuretic  
  therapy

- Loop diuretic +/– thiazide 
- Reduce extracellular fluid volume
- Improve preload/heart strain
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• Patients with chronic heart failure (HFrEF and HFpEF) are often on daily diuretic  
  therapy

- Loop diuretic +/– thiazide 
- Reduce extracellular fluid volume
- Improve preload/heart strain

• Acute heart failure exacerbations usually
  require intravenous loop diuretic therapy
  to remove volume quickly

- IV furosemide or bumetanide drip
  is general choice

• Side effects:
- Potassium/magnesium depletion
- Dehydration

• No direct evidence for improved mortality
  in heart failure, only reduce
  symptoms/hospital days.

β-Blockers
• Useful in chronic heart failure (HFrEF)
  control but must be used with caution.
  (hypotension)
• Not indicated for acute exacerbation.
• CHF patients are in constant state of
  sympathetic drive, which “remodels” LV
  myocardium.

- Beta-blockers prevent this remodeling
• Carvedilol, metoprolol and bisoprolol have shown in phase 3 clinical trials to  
  improve clinical outcomes in HFrEF.

- Decreased cardiac remodeling, decreased heart work, decreased afterload.
- There is likely a beneficial effect on Renin release as well.

Vasodilators
• Patients with congestive heart failure often have very high peripheral vascular  
  resistance
• Drugs:

- Long-acting nitrates (Isosorbide mono- and di-nitrate)
- Hydralazine

• These medications improve cardiac output by decreasing resistance
• May cause hypotension, headaches. Should be titrated up slowly as the patient  
  tolerates.
• Shown to be especially effective in certain patient populations according to the  
  A-HeFT trial (~2008).

Heart failure exacerbations are some of the 
most common reasons for hospital 
admission. This occurs as a 
decompensation event in someone with 
known or unknown heart failure. The 
trigger can be as simple as medication 
noncompliance or dietary changes or as 
complex as advancement in renal failure or 
new arrhythmia driven. In- hospital 
management requires stabilization and 
diuresis. Most patients will already be on an 
outpatient dose of oral lasix® (furosemide) 
or bumex® (bumetanide) at home. In 
general, take the patients home oral dose 
and multiply by 2.5 and administer IV. 
Remember IV lasix is roughly 2x more 
potent than oral lasix (2:1) where as bumex 
is equally potent given IV or orally (1:1). This 
dose can be increased up if no effect seen 
after 2 hours (peak effect for lasix occurs in 
1-2hrs, total duration of effect 6 hrs). Not all 
loop diuretics are equal in strength (40mg 
lasix = 10mg torsemide = 1mg of 
bumetanide) . There is no data to suggest 
continuous infusion is superior to bolus 
dosing (DOSE trial).  

"On the Wards"
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Treatment of Cardiac Shock
• Beta-agonists:

- Dobutamine, Dopamine
• Phosphodiesterase inhibitors:

- Milrinone
• These intravenous medications improve cardiac output temporarily, aid in diuresis  
  and help get the heart back on the “Starling Curve”

Dobutamine
• Increases cardiac output by β1 agonist activity, increases renal perfusion and
  urine output
• IV medication commonly started in patients in heart failure who are not responding  
  to classic therapy

- Only for “refractory” or “decompensated” heart failure
• May precipitate arrhythmias, may worsen angina.

- Specific risk for ventricular tachycardia due to hyper-excitability of cardiac  
  muscle cells

• Prolonged use can worsen heart failure

Dopamine
• Also used in for cardiogenic shock (CHF exacerbations), less frequently than  
  dobutamine

- Also used for other types of shock
• Classically, Dopamine activates 3 different receptors

- Low doses (2–5 mcg/kg/min) will increase renal perfusion through the D1  
  receptor

• Helpful for diuresis
- Medium doses (3–5 mcg/kg/min) will increase cardiac output through the β1  
  receptor
- High doses (5–10 mcg/kg/min) activate α1 receptors and cause vasoconstriction

Phosphodiesterase Inhibitors
• Milrinone

- Used intravenously for patients with cardiogenic shock
- Artificially increases cAMP in cardiac muscle cells

• Improves inotropy, increases chronotropy
- Also cause vasodilation/afterload reduction

• Smooth muscle arteriolar cAMP increases as well
- “inodilator”

Catecholamines

ArterioleVein

1. β blockers
2. ACE-I
3. ARB
4. Spironolactone
5. Neprilysin I
6. Diuretics
    a. Thiazides
    b. Furosemide
7. CCB
8. Nitrates
9. Digitalis
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Figure 9.1 Sites of action of common cardiovascular drugs
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Chapter 10
CDV angina
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Drugs for Angina Pectoris: Overview
• Angina is chest pain resulting from a supply/demand
  mismatch of oxygen and blood to cardiac muscle
  (i.e. ischemia)

- In stable angina, the chest pain worsens with
  exercise, improves with rest and nitrates

• The ischemia most often caused by:
- Coronary artery disease (i.e. atherosclerosis)
- Spasm of coronary arteries (aka vasospastic
  or Prinzmetal angina)

Antianginal Agents
 • Nitrates
 • Calcium channel antagonists
 • β-adrenergic receptor antagonists
 • Sodium channel antagonists (ranolazine)

Antianginal agents: Goal of treatment
• Therapeutic aims

- Decrease demand:
• Decrease cardiac myocyte oxygen consumption (e.g.   contractility) and stretch  
  (i.e.   preload with β-blockers, CCBs and nitrates)

- Increase supply (i.e.    blood flow):
• Decrease vasospasm (calcium channel antagonists and nitrates)

For a discussion of the 
pathophysiology of cardiac 
ischemia, see the Medical 
School Companion 
textbook: Pathophysiology, 
Heart, Ischemia, Chapters 
Pathophysiology, 
Epidemiology and stable 
angina, and Acute coronary 
syndrome.
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Nitrates
• For acute angina: Short-acting drugs

- Nitroglycerin (oral, sublingual, IV, transdermal)
- Amyl nitrate (less commonly used)

• For angina prophylaxis: Long-acting drugs
- Isosorbide mono- and di-nitrate

• Mechanism:
- Converted in smooth muscle cells to nitric oxide 
- Activates guanylate cyclase
- Increased cGMP
- Dephosphorylation of myosin
- Relaxation of smooth muscle in coronary vessels
- Lowers preload on the heart by dilating veins

Nitrate mechanism of benefit:
• Dilation of veins leads to decreased venous return/decreased end-diastolic  
  volume, decreased cardiac stretch         decreased cardiac work

- Major effect!
• Dilation of coronary arteries leads to improved flow of oxygen and nutrients to  
  cardiac muscle

- Minor effect!

Tachyphylaxis – Nitrate Resistance
• Nitrates cannot be used for more than 12 hours continuously at a time

- Over time, nitrates lose their effectiveness, likely due to molecular changes in  
   guanylate cyclase

• Loss of effectiveness is called tachyphylaxis.  
- Main limitation to nitrate therapy.

• “Rest periods” of 8–12 hours or more are needed to restore effectiveness.

cGMP

NO

PO4

relax

MLCK

MLCP

Smooth muscle cell

NO = nitric oxide, MLCP = Myosin light chain
phosphatase, MLCK = Myosin light chain kinase

Figure 10.1 Effect of NO on
vascular smooth muscle.
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Nitrates: Adverse Effects
• Excessive vasodilation

- Flushing
- Throbbing headache (common)
- Orthostatic hypotension
- Syncope

• Reflex tachycardia
• Fluid retention

“If you take nitrates for chest pain…”
• Well-publicized drug interaction is with sildenafil (Viagra®) and other often  
  prescribed erectile dysfunction drugs (e.g. tadalafil, vardenafil), which also have  
  vasodilatory actions

- Sildenafil inhibits phosphodiesterase V (enzyme which breaks down cGMP)
• Combination of nitrates with PDE5 inhibitors has led to sudden deaths attributed to  
   excessive hypotension.
• Should also avoid erectile dysfunction drugs in patients with hereditary retinal  
  diseases

- Has been linked with impaired blue-green color vision

Calcium Channel Blockers (CCBs)
• Both dihydropyridine and non-dihydropyridine CCBs are used for prevention
  of angina
• Non-dihydropyridines (e.g. diltiazem/verapamil):

- Mainly work on cardiac muscle, decreasing calcium influx and oxygen demand
• Dihydropyridines (e.g. nifedipine/amlodipine):

- Mainly work on vascular smooth muscle, dilating arterioles 
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- Decrease oxygen demand
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Ranolazine
• Newer anti-anginal agent
• Works by blocking late sodium influx into cardiac myocytes during repolarization
• This prevents calcium influx and promotes cardiac relaxation.

- Used for angina prophylaxis.
• May prolong the QT interval.
• Only for angina refractory to other treatments.

Summary of drugs used in stable angina

Nitrates
Drug Mechanism of action

1

2

3

4

β-blockers

1. Calcium channel blockers,2. Smooth muscle cell,3. Sympathetic nervous system.

Ranolazine

CCB1

a.Non-dihydropyridines

b.Dihydropyridines

Vasodilation:
  -         preload with     wall tension(major)
  -     Dilation coronary arteries          flow(minor)

Ca+2 influx        afterload    with wall tension
SMC2 tone     afterload with
Heart rate,    SNS3 with    contractility
Late Na+ influx        Ca+2 iflux,    contractility

1. Wall tension (BP × R/thickness)

2. HR

3. Contractility (intracellular Ca2+)
     

1

1

3

42a

2b1. O2 content (anemia)

2.Blood flow
      a. pressure (>60 mmHg)
      b. resistance (r4)

Supply Demand:

Table 10.1 Anti-anginal drugs and their mechanism of action

Figure 10.2 Determinants of ischemia with anti-anginal drugs (see Table 10.1)
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Chapter 11
Antihyperlipidemia
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Unfavorable Lipid Profiles
• Decreased HDL

- Goal HDL: 40–60 mg/dL
• Higher HDL protects against heart disease.

• Elevated LDL
• Elevated VLDL
• Elevated triglycerides

Lipid Targets
• 6/2019 Lipid Guidelines (ACC/AHA)

- Heart-healthy lifestyle
- If clinical ASCVD – treat with high-intensity statin to lower LDL-C by > 50%.
- If very high risk ASCVD – add a non-statin (ezetimibe, PCSK9 inhibitor) to lower  
   LDL to <70 mg/dL
- If LDL >190 mg/dL, start high-intensity statin and non-statin if necessary to lower  
   LDL to 100
- Diabetics should lower LDL to <70 mg/dL

Antihyperlipidemics:
Overview
• Plasma lipid abnormalities can lead to

- Atherosclerosis
- Coronary artery disease / myocardial infarction
- Peripheral vascular disease
- Cerebral vascular accidents

• Specifically, elevated LDL levels have been linked to
  cardiovascular events
• HDL elevation is conversely linked to a lower cardiovascular event rate
• Elevated triglycerides (TG) are also linked to cardiovascular events (and   
  pancreatitis)

Figure 11.1 Atherosclerosis and its complications.

For discussion of the 
pathophysiology of lipid 
disorders, go to Medical 
School Companion textbook 
Pathophysiology: Circulation, 
Chapters: Dyslipidemias, 
Atherosclerosis and PVD and 
Arteriolosclerosis and aging.

ASCVD = Atherosclerotic 
cardiovascular disease.

Antihyperlipidemic: drug classes
• Bile acid sequestrants

- Cholestyramine
- Colestipol

• HMG-CoA reductase inhibitors
- Aka “Statins”

• Nicotinic acid (Niacin)
• Fibrates

- Gemfibrozil
• Cholesterol uptake inhibitors

- Ezetimibe
• PSCK9 Inhibitors

- Alirocumab, evolocumab

Bile Acid Sequestrants
• Include cholestyramine and colestipol.
• Resins that bind to bile salts

- Bile salts are made from cholesterol and are normally recycled (resorbed in the  
   distal ileum)
- These drugs prevent re-uptake of bile salts, forcing the body to generate more  
  from cholesterol.

• Lower LDL cholesterol levels.
• These are older drugs and are less effective.

Adverse Effects
• Excellent safety record

- Act locally only
• Annoying GI side effects

- Bloating
- Constipation

• Decrease absorption of lipid-soluble drugs such as digoxin, propranolol, and  
  thyroxine and also fat-soluble vitamins (A, D, E, and K).

Mechanism of action:
• The “statins”

- Lovastatin (Mevacor®)
- Simvastatin (Zocor®) 
- Atorvastatin (Lipitor®) 
- Rosuvastatin (Crestor®)
- Others
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• Block rate-limiting step in cholesterol synthesis.
• Decrease plasma LDL and VLDL.

HMG-CoA Reductase Inhibitors in 
combination
Statins block an early step in cholesterol 
synthesis (the rate limiting step)
They block not only the formation of cholesterol 
but also farnesyl and geranyl groups 
This is thought to contribute to the 
anti-inflammatory effects of statins

HMG-CoA Reductase Inhibitors

Adverse Effects
• Excellent safety record

- Although there are some concerns about
  long-term use and liver damage

• Infrequent side effects
- Increases in hepatic transaminases
- Myopathy
- Rhabdomyolysis

• Risk increased with concurrent therapy
  of gemfibrozil and/or nicotinic acid

- Monitor patients’ liver function tests and
  muscle ache symptoms

Nicotinic Acid (niacin)
• Given in large doses (2–6 g/day) to
  raise plasma HDL, lower plasma VLDL, LDL,
  and triglycerides.
• Exact mechanism unclear, but probably involves
  inhibition of lipolysis in adipose tissue
• Side effects are flushing and pruritus

- Upper body and face
- Associated with production of prostaglandin
  D2 and may be prevented by pre-treatment
  with aspirin

Counseling patients on the 
importance of statin's and discussing 
risks and benefits is a very common 
clinical visit. There is a lot of publicity 
around statin-induced muscle pain 
and fear associated with their use 
that results in a nocebo effect (the 
negative expectations of the patient 
and their doctors affects the result). 
In reality, serious side effects like 
rhabdomyolysis, statin myopathy, 
and immune mediated necrotizing 
myopathy are incredibly rare (1 
patient per 100,000 treated per year 
or less). Almost all serious side 
effects were associated with high 
dose cerivastatin which was recalled 
from the market in 2001. 

"In the Clinic"

Figure 11.2 Statins: mechanism of action.

Figure 11.3 Combination therapy
of statins with bile resins.
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Fibrates
• Gemfibrozil and clofibrate.
• Activates lipoprotein lipase, which clears clears triglyceride from VLDL and  
  chylomicrons.
• Main effect is to lower triglycerides.  Also lowers plasma levels of VLDL and LDL.
• Can cause small increases in HDL.

Adverse Effects
• Generally well tolerated.
• Increase the risk for myositis when statins are given along with fibrates.

Ezetimibe
• Newer lipid lowering medication
• Binds to intestinal lumen protein (NPC-1-ike protein) which facilitates cholesterol  
  uptake from the gut.

- Causes decreased LDL
• Well Tolerated.

- Rare side effects include headache, diarrhea, liver damage.
• When used to lower LDL with statins, there is interval improvements in clinical  
   outcomes.

PCSK9 Inhibitors
• PCSK9 (Pro-protein convertase subtilisin/kexin 9) is a chaperone protein that binds  
  the internalized LDL-receptor and brings it to the proteasome complex for  
  destruction.
• Inhibiting PCSK9 allows for recycling of the LDL-receptor back to the hepatocyte  
  surface, which then lowers LDL levels in the plasma
• Alirocumab and evolocumab are monoclonal humanized antibodies against PCSK9
• FDA approved for resistant LDL >70 in patients on maximum statin therapy, or  
  genetic conditions causing large increases in LDL

Figure 11.4 LDL-R metabolism and PCSK9 inhibitors.
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Summary of dyslipidemias and anti-dyslipidemic drugs

1. Lipoprotein lipase

Disease

Abetalipoproteinemia

Familial chylomicronemia

Familial dysbetalipoproteinemia

Drug

Ezetimibe

Fibrates

Bile sequestrants

1
2

3

1
2

3

Pathophysiology

    B-48 & B-100 apoprotein    

    C-II apoprtein or LPL1

    E apoprotein

Mechanism of action

Inhibition of NPC1 transporter         absorption

PPARα modulator,    muscle LPL

    absorption of cholesterol

Enterocyte

Lymphatic

Lipocyte

Myocyte
FFA/MG

Micelle

Cholesterol

Chylomicron

Insulin

LPL2

LPL

CII

CII

TG

CII

E E

E

Chylomicron
remnant

1. Free fatty acids & monoglyceride, 2. Lipoprotein lipase

B/E (LDL)
receptor

HDL
A1

B48

B48
B48

Bile

Hepatocyte

Lipase

Fat Absorption

5

1
2

3

3

8

FFA/MG1

NPC channel

Figure 11.5 Dyslipidemias and anti-dyslipidemic drugs in fat absorption

Table 11.1 Dyslipidemias and anti-dyslipidemic drugs in fat absorption

11
2
3
4
5
6
7
8

Mechanism of action
    Triglyceride-rich lipoprotein remnants
    Lipocyte LPL &    hormone-sensitive lipase
PPARa modulator,    muscle LPL
Inhibits mRNA synthesis of B100
Inhibition of NPC1 transporter        absorption
Inhibits HMG-CoA reductaes;    LDL-R
    Longevity of LDL-R
    absorption of cholesterol

Disease

Hypertriglyceridemia (Type IV,   VLDL)

Metabolic syndrome (   VLDL,    HDL)

Hypercholesterolemia (Type II)

1
2
3

Pathophysiology

Familial, 2˚

    TGRL1

Defect in LDL receptor

1. Triglyceride-rich lipoprotein remnants

Drug
Omega-3 fatty acids
Nicotinamide
Fibrates
Mipomersen
Ezetimibe
Statins
PCSK9 inhibiters
Bile sequestrants
Hypertriglyceridemia Hypercholesterolemia

Nascent HDL
Macrophage

Tissue cells

Hepatic
lipase

Lipocyte

Myocyte

Cholesterol

Cholesterol

Cholesterol

Cholesterol

Insulin

FFA/MG
LPL1

LPL

TG

TG

CETP

TG

CII
CII

CII

CII

E

E

B/E (LDL)
receptor

PSCK9

HDL

VLDL

IDL

TGRL

LDL

A1

B100

B100

B100 apoprotein

mRNA

SR-B1

A1

Bile

Hepatocyte

Hepatocyte

1

2

3

3

4

2

6

1

7

8

Figure 11.6 Dyslipidemias and anti-dyslipidemic drugs in fat distribution/recovery

Table 11.2 Dyslipidemias and anti-dyslipidemic drugs in fat distribution/recovery
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Chapter 12
Diuretics
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Diuretics
Overview

• Widely used treating hypertension, congestive heart failure, edema, and  
  electrolyte abnormalities
• Major diuretic classes:

› Osmotic diuretics
› Carbonic anhydrase inhibitors
› Loop diuretics
› Thiazides
› Potassium-sparing

Osmotic Diuretics
Overview

• Include mannitol, glycerin, and isosorbide
• Freely filtered at the glomerulus
• Undergo limited or negligible reabsorption by the
  renal tubule
• Relatively inert pharmacologically
• Extract water from intracellular compartments and
  thereby expand extracellular fluid volume

› Caution when using in patients with pre-existing
  pulmonary edema, can exacerbate it

• Major clinical uses:
› Reduce intracranial pressure in cases of cerebral edema 
› Reduce intraocular pressure during acute attacks of glaucoma
› Preserve urine volume in acute renal failure

Adverse effects:
• Nausea and vomiting
• Pulmonary edema

› Can occur if fluid drawn out of tissues overwhelms cardiovascular status
› Especially in patients with heart failure or marginal renal function

For further discussion, 
see Medical School 
Companion textbook: 
Pathophysiology, 
Nervous system, CNS: 
General Pathology (2)
Raised intracranial 
pressure: cerebral 
edema, herniation, and 
hydrocephalus
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Carbonic Anhydrase Inhibitors
• Inhibit carbonic anhydrase in proximal tubular epithelial cells

› Acetazolamide is the prototype drug
› Sulfonamide derivatives

• Therapeutic uses:
› Mountain sickness

- Induces metabolic acidosis
› Open-angle glaucoma

- Decreases formation of aqueous humor
› Manage edema due to congestive heart failure or other drugs

- Uncommon usage today

Figure 12.1 Effect of acetazolamide on mountain sickness.
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• CA inhibition in the PCT lumen causes:
› Blockade of H2CO3       H20

+ CO2 
› Increased urinary Na/HCO3- loss since H2CO3 requires conversion to CO2 for  
  absorption
› Inhibited Na+/H+ antiporter activity (inability to acidify urine)

• CA inhibition in the PCT luminal cell causes:
› Blockade of H20 + CO2     HCO3

- and H+ in the cytosol
› Prevents reuptake of HCO3

-  back into the serum
• Urinary Na+/HCO3

- are increased (H2O follows)
› Diuretic Effect

• Urinary H+ and Cl- are decreased
› Urine alkalosis and plasma acidosis

Adverse effects:
• Metabolic acidosis
• Electrolyte disturbances (especially hypokalemia)
• Allergic reactions (cross-reactivity with other sulfonamide drugs)

Loop Diuretics 
Overview

• Inhibits Na+/K+/2Cl- cotransporter in the thick ascending loop of Henle
› Causes sodium, chloride and potassium loss into the urine
› Secondarily causes increased excretion of Ca2+ and Mg2+ due to loss of normal  
  transepithelial voltage from inhibition of the cotransporter.

- Normally, Mg2+ and Ca2+ are “pulled” by a negative charge on the interstitial  
  side of the cell that is set up by K+ recycling
- K+ recycling is abolished by the loop diuretic

• Powerful diuretics
• Also known to cause vasodilation by increasing prostaglandin production

Therapeutic uses
• Acute pulmonary edema
• Congestive heart failure
• Acute renal failure
• Hypercalcemic states
• Furosemide (Lasix®, “lasts six hours”)
• Bumetanide – more potent
• Ethacrynic acid – prototype, safer in patients with sulfa allergies
• Torsemide – better absorbed from the GI tract

Adverse effects:
• Hypokalemia

› Danger when used with cardiac glycosides
• Hyponatremia
• Volume depletion
• Hyperuricemia
• Ototoxicity

› Especially with IV ethacrynic acid
• Cross-reacts with sulfa components

Thiazides 
Overview

• Inhibits the Na+/Cl- cotransporter in the distal convoluted tubule
› Less efficacious than loop diuretics since 90% of filtered Na+ reabsorbed prior  
  to DCT

• Increase urinary levels of Na+, K+, and Cl- but decrease levels of Ca2+

› Causes hypercalcemia
• Side effects of thiazides are many, including hyperglycemia, hyperuricemia,  
   hyperlipidemia, hypokalemic alkalosis and hypercalcemia.
• These drugs also have a sulfa component, important in patients with sulfa allergy.

Therapeutic uses
• Hypertension
• Congestive heart failure
• Edematous states
• Calcium-based kidney stone treatment (i.e.    urinary calcium excretion)

Commonly used examples:
• Hydrochlorothiazide
• Chlorthalidone
• Metolazone
• Indapamide
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Adverse effects
• Volume depletion

› Hypotension
• Electrolyte disturbances

› Hypokalemia – usually not as severe as loop diuretics
› Hyponatremia
› Hypercalcemia
› Hyperuricemia (exacerbate gout)
› Metabolic alkalosis

• CNS
› Headache
› Paresthesias

• Sexual
› Impotence

• Dermatological disorders
• Sulfonamide allergies
• Glucose intolerance (due to thiazide activation of beta-cell K-channels, leading to  
  hyperpolarization) (putative mechanism)

Potassium-Sparing Diuretics
• Spironolactone, amiloride, and triamterene
• Weak diuretics

› Act on distal tubules and collecting ducts
• Rarely employed as single agents
• Offset potassium wasting effects of loop or thiazide diuretics

Amiloride and Triamterene
• Block sodium channels in distal tubules and collecting ducts

› ENaC channels in principal cells in collecting duct
› This channel also carries lithium ions

- Amiloride used in the management of lithium-induced diabetes insipidus
• Adverse effects: metabolic acidosis and hyperkalemia
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Spironolactone (Aldactone®)
• Specific antagonist of the mineralocorticoid
  receptor

› Inhibits the increase in K+ secretion
  mediated by the endogenous agonist
  aldosterone

• Sometimes spironolactone is used for its
  inhibitory actions on androgen and
  progesterone receptors

› E.g., treatment of polycystic ovary disease
• Mortality benefit in severe CHF

• Adverse effects:
› Hyperkalemia

- Particularly if used alone
› Steroid structure cross-reacts with other hormone receptors causing:

- Gynecomastia
- Impotence
- Decreased libido
- Hirsutism
- Menstrual irregularities

Other Aldosterone Antagonists
• Eplerenone (Inspra®) – Weak diuretic with fewer anti-androgenic effects

› Shown to have mortality benefit post-MI in patients with LV dysfunction  
  (EPHESUS trial)

• Drospirenone (Yaz®) – contraceptive with weak anti-aldosterone effects
› Synthetic progestin

Spironolactone is additionally utilized 
in combination with furosemide in 
decompensated liver failure patients 
with ascites. Sodium restriction is also 
utilized (<2000mg per day) but 
difficult for most patients to comply 
with. The combination  starts at a ratio 
of 100mg of spironolactone and 40mg 
of furosemide and will often need to 
be adjusted for hypotension. 
Spironolactone has also been shown 
to potentially reduce portal 
hypertension in cirrhosis. 
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Summary of drugs and diseases of the nephron.
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Figure 12.2 Diseases and drugs of the nephron.
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1. Non-sterodial anti-inflammatory drugs, 2. Angiotensin converting enzyme inhibitor,
3. Angiotensin II receptor inhibitor, 4. Diabetes mellitus, 5. Sodium glucose linked transporter,
6. Congestive heart failure, 7. Hypertension, 8. Anti-diuretic hormone
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Chapter 13
Anti-platelet drugs
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Antiplatelet Drugs

Platelets
• Provide the initial hemostatic plug at sites of vascular injury.

› Are generally more clinically prominent on the arterial
  side of the vascular tree as they play a role in
  pathological thromboses that lead to myocardial   
  infarction, stroke, and peripheral vascular disease

• Prototype antiplatelet agent is aspirin
› Blocks production of thromboxane A2 by   
  permanently inhibiting COX-1 in platelets
› TXA2 promotes platelet aggregation and platelet   
  aggregation
› More about aspirin in later sections

• Aspirin is indicated in patients who have coronary disease or other significant  
  atherosclerotic disease (e.g. carotid, cerebral)

For further discussion of 
coagulation, see the 
Medical School 
Companion textbook: 
Pathophysiology, 
Hematology, Bleeding 
disorders, hemostasis, 
and testing, and 
Hypercoagulable states 
and thrombosis.

Figure 13.1 Platelets in coagulation and common anti-platelet drugs.

Platelet ADP Receptor (P2Y12) Antagonists
• ADP binds to P2Y12 receptor and activates platelets 

› (by decreasing cAMP!)
• Ticlopidine – prototype, no longer available due to hematologic side effects

› TTP, aplastic anemia, agranulocytosis
• Clopidogrel (Plavix®) blocks ADP receptors on platelets

› Pro-drug (converted to active form via CYP450 2C19
• Newer drugs: Prasugrel, Ticagrelor

› Prasugrel – prodrug with less dependence
  on 2C19 (less genetic resistance
› Ticagrelor – not a prodrug, has shown
  superiority to clopidogrel

• Given together with aspirin for patients with:
› Acute MI
› Ischemic CVA

• May be used alone in patients with aspirin allergy
• Required in patients who have a bare metal or drug-eluting coronary stent
• Rare adverse effects are severe neutropenia and thrombocytopenia, bleeding  
  events may occur as well

Glycoprotein IIb/IIIa Inhibitors
• GP IIb/IIIa is a fibrinogen receptor/integrin on platelets

› Defective in Glanzmann’s thrombasthenia
• Abciximab

› Fab fragment of a humanized monoclonal antibody
  directed against the IIb/IIIa receptor
› Prevents platelet adhesion and aggregation

• Eptifibatide
› Prevents binding of fibrinogen to the IIb/IIIa receptor

• Used in acute coronary syndromes, often in conjunction with coronary artery  
  procedures

› Generally only used for 18 hours or less
• Major adverse effect is bleeding

cAMP / cGMP Phosphodiesterase 3 Inhibitors
• Dipyridamole, Cilostazol

› Increase cAMP in platelets (opposite of P2Y12 receptor), causing inhibition
› Increase cAMP and cGMP in vascular smooth muscle, causing vasodilation
› Used in patients with peripheral vascular disease (arterial atherosclerosis)

The GP llb/llla protein is 
the commonest target 
of the antibodies found 
in ITP (60%).

Ticagrelor (Brilinta®) has been shown 
superior to clopidogrel at reducing 
cardiovascular events in people 
following acute coronary syndrome. It is 
not effected by polymorphisms in 
CYP450. Many patients are still placed 
on clopidogrel due to price (significantly 
cheaper) and compliance (Plavix® 1x 
daily, Brilinta® BID dosing).  
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Anticoagulants
Used both as treatment for hypercoagulability and as prophylaxis for patients at 
risk for clotting complications (e.g., patients with atrial fibrillation, mechanical heart 
valves, inherited clotting disorders)

• Factor V Leiden
› Variant more prone to clotting activation

• Prothrombin G20210a variant
› Excessive production of prothrombin

• Protein C or protein S deficiencies
› Protein C and S are endogenous “anti-coagulants” with anti-factor V and  
  anti-VIII activity

Unfractionated Heparin
• Large, water-soluble polysaccharide molecules of varying size

› 15,000-20,000 Daltons
› Does not cross placenta

• Must be given parenterally
› For anticoagulation, given as a constant drip
› For prophylaxis, given subcutaneously TID

• Increases activity of antithrombin III
› This inactivates thrombin (aka Factor IIa) and Factor Xa

• Monitor by following aPTT
• Antidote = protamine sulfate (chemical antagonism)

Low Molecular Weight Heparin / Fondaparinux
• Purified heparin (MW 2000-6000)

› Enoxaparin 
• Fondaparinux

› Synthetic heparin with similar properties
  to LMWH

• Binds ATIII but only inhibits Factor Xa,
  not thrombin
• Given subcutaneously 

› No drip necessary, given daily for
  prophylaxis, twice daily for anticoagulation

• Cannot be monitored with aPTT
› Because thrombin is not inhibited
  significantly
› Use LMWH levels / Factor Xa levels

• Dosed by weight
› Cleared by the kidneys, so not for use in renal failure

A common aspect of in patient 
management is prevention of deep vein 
thrombosis. As discussed in 
pathophysiology, DVTs develop due to 
Virchow's triad of stasis, vessel 
damage, and hypercoagulability. A 
major risk for DVT development is the 
bedbound nature of hospitalization. As 
such, patients are universally placed on 
some form of DVT prophylaxis. This can 
consist of mechanical compression 
devices (in those with bleeding or high 
risk), subcutaneous heparin (5000 units 
q12hr), lovenox (40mg qD), or 
continuation of home oral blood 
thinners (DOACs). Lovenox is typically 
preferred in most instances due to ease 
of administration and patient tolerance.  

"On the Wards"

PHARMACOLOGY

126



Anticoagulants
Used both as treatment for hypercoagulability and as prophylaxis for patients at 
risk for clotting complications (e.g., patients with atrial fibrillation, mechanical heart 
valves, inherited clotting disorders)

• Factor V Leiden
› Variant more prone to clotting activation

• Prothrombin G20210a variant
› Excessive production of prothrombin

• Protein C or protein S deficiencies
› Protein C and S are endogenous “anti-coagulants” with anti-factor V and  
  anti-VIII activity

Unfractionated Heparin
• Large, water-soluble polysaccharide molecules of varying size

› 15,000-20,000 Daltons
› Does not cross placenta

• Must be given parenterally
› For anticoagulation, given as a constant drip
› For prophylaxis, given subcutaneously TID

• Increases activity of antithrombin III
› This inactivates thrombin (aka Factor IIa) and Factor Xa

• Monitor by following aPTT
• Antidote = protamine sulfate (chemical antagonism)

Low Molecular Weight Heparin / Fondaparinux
• Purified heparin (MW 2000-6000)

› Enoxaparin 
• Fondaparinux

› Synthetic heparin with similar properties
  to LMWH

• Binds ATIII but only inhibits Factor Xa,
  not thrombin
• Given subcutaneously 

› No drip necessary, given daily for
  prophylaxis, twice daily for anticoagulation

• Cannot be monitored with aPTT
› Because thrombin is not inhibited
  significantly
› Use LMWH levels / Factor Xa levels

• Dosed by weight
› Cleared by the kidneys, so not for use in renal failure

A common aspect of in patient 
management is prevention of deep vein 
thrombosis. As discussed in 
pathophysiology, DVTs develop due to 
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major risk for DVT development is the 
bedbound nature of hospitalization. As 
such, patients are universally placed on 
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Heparin
• Clinical uses:

› Rapid anticoagulation for thromboses, pulmonary emboli, unstable angina, open  
  heart surgery
› “Bridge” to warfarin therapy as warfarin may cause an initial decrease of  
  Factors S/C due to their short T1/2 of 6 hours.
› Anticoagulation of pregnant women 
› DVT prophylaxis in at-risk patients

• Adverse effects:
› Bleeding
› Heparin-induced thrombocytopenia (HIT)

- Immune-mediated
› Skin necrosis at site of injection

- Probably immune-mediated

Heparin-Induced Thrombocytopenia (HIT)
• “Heparin Allergy”
• Patients receiving heparin for anticoagulation generate antibodies against  
  heparin that cross-react with PF4 (platelet-factor 4)
• Antibodies cause platelet destruction

› And/or activation!
• Diagnosis : PF4 Elisa and SRA (serotonin-release assay)
• Treatment: Stop heparin and start direct thrombin inhibitor (i.e. argatroban)

Warfarin (Coumadin®)
• Given orally
• Half-life approximately 30 hours
• Metabolized by cytochrome P450 (CYP) 2C9 in liver

› Many drug-drug interactions
• Contraindicated in pregnancy (category X)

› Crosses placenta
› Teratogenic
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Warfarin
• Decreases hepatic synthesis of
  vitamin K-dependent clotting factors
  (II, VII, IX, X, protein C, protein S)

› Remember that C and S are
  anticoagulants and have a short
  T1/2 of 6 hours.

• Monitored by prothrombin time (PT)
› Standard assay is INR (international
  normalized ratio)

• Antidotes for overdose
› Vitamin K

- Slower acting
- Need to wait for production of new
  clotting factors

› Fresh frozen plasma
- Provides clotting factors if immediate correction needed for severe bleeding  
  (need to give large volume of FFP to correct supratherapeutic INR) 

• Clinical uses:
› Long term anticoagulation for patients at high risk for thromboembolism
  (i.g. congenital thrombopathies, mechanical heart valves, atrial fibrillation)
› Patients with known DVT
› Patients with large anterior myocardial infarction with hypokinesis of the  
  ventricle

• Drug and diet interactions:
› Warfarin interacts with a prodigious number of other drugs and its effect is  
  influenced by diet
› Warfarin effect countered by diet high in vitamin K (e.g., spinach, greens)

• Adverse effects:
› Bleeding
› Skin necrosis
› Teratogenic (contraindicated in pregnancy)
› Multiple drug interactions

Warfarin reversal is only necessary if patient 
is bleeding or is in need of urgent surgical 
procedure. The decision to reverse warfarin 
anticoagulation should be based on clinical 
parameters and not solely on value of INR. 
For mild asymptomatic elevations in INR, 
withholding warfarin and allowing it to 
expectedly come down is appropriate. When 
urgent but not emergent reversal needed, 
then oral vitamin K or IV Vitamin K can be 
utilized. This still takes 2 days or so to take 
effect. For rapid correction the use of 4 or 
3-Factor prothrombin complex concentrates 
is preferred over FFP when available. 
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• Warfarin-induced skin necrosis:
› Results from paradoxical, transient hypercoagulable effect of early warfarin  
  therapy

- Protein C has the shortest half-life of the vitamin K-dependent factors
› Prevented by starting patient on heparin and warfarin initially and then  
  switching to warfarin alone

- Provides protection (“bridge”) in the temporary hypercoagulable period 
› Patients with this condition should have their warfarin dose lowered and be put  
  on heparin, consider fresh frozen plasma if no improvement

Direct Thrombin Inhibitors
• Argatroban

› Inhibits thrombin directly (called direct thrombin inhibitors, DTI)
› Alters both PT and aPTT,  aPTT is used for monitoring
› No antidote available
› Must be carefully titrated in patients with liver failure

• Dabigatran
› Oral form of argatroban (first oral anticoagulant since warfarin (1940’s)
› Reversal agent – monoclonal antibody

• Lepirudin
› Derived from hirudin, a direct thrombin inhibitor from the medicinal leech
› Monitored by daily aPTT
› No antidote available
› Use cautiously in renal failure (cleared by kidneys)

Factor Xa inhibitors
Rivaroxaban
Edoxaban
Apixaban

• Oral anticoagulants for treatment and
  prophylaxis of DVT/PE, stroke
  prophylaxis in patient with atrial fibrillation
• Rapid onset
• Antidote is andexanet alf
  (recombinant factor X molecule)
• Adverse effects : bleeding

Apixaban and rivaroxaban are far and 
away the most commonly prescribed 
DOACs and do not require the invasive 
monitoring or dietary restrictions of 
warfarin. Though a reversal agent exists, 
this is not readily available in many 
hospitals. Apixaban can also be utilized in 
end stage renal disease unlike other 
agents. Mechanical heart valves still 
require warfarin but many other clinical 
indications use now these agents. Price is 
still a big issue as warfarin cost 4 dollars 
or less and these DOACs can be 
hundreds of dollars each month, even 
with insurance.  

"In the Clinic"
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Thrombolytics
• The fibrinolytic system dissolves intravascular clots as a result of the action of  
  plasmin, an enzyme that digests fibrin
• The thrombolytics in clinical use

› Tissue plasminogen activator (t-PA) (alteplase, tenecteplase)
› Causes cleavage of plasminogen and production of plasmin
› Plasmin digests fibrin

• Thrombolytics actively dissolve clots while anticoagulants only prevent clot  
  growth and then use the body’s natural plasmin system to dissolve the clot
• Given intravenously for emergency management of coronary thromboses, deep  
  venous thromboses, pulmonary embolism, and thromboembolic strokes
• Main factor in the effectiveness of these agents is how quickly they are   
  administered

Adverse effects:
› Major adverse effects are bleeding and hemorrhage especially when used with  
  heparin
› Can try to reverse with tranexamic acid, aminocaproic acid (anti-fibrinolytic  
  agent) or fresh frozen plasma
› Thrombolytic therapy is contraindicated in situations where risk of hemorrhage  
  is great.

Contraindications to Thrombolytic Therapy
1. Surgery within 10 days
2. Serious GI bleed within last 3 months
3. Severe uncontrolled hypertension, SBP > 180mmHg or DBP > 100mmHg
4. Active bleeding or hemorrhagic disorder
5. Previous CVA or active intracranial process
6. Aortic dissection
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Figure 13.2 Drugs and disorders of coagulation
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Chapter 14
CNS sedative-hypnotics
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Neuro-Pharmacology
Sedative-Hypnotic Drugs
Introduction
GABA

• Neurotransmitter metabolized from glutamate via GAD (glutamic acid     
  decarboxylase) (Vitamin B6-dependent)

› Metabolized via GABA transaminase back to glutamic acid / succinic 
semialdehyde

• Inhibitory neurotransmitter which activates two classes of receptors
› GABAA receptors
› GABAB receptors

GABAA receptors
• Ligand-gated chloride channels
• Molecular targets of:

› Many general anesthetics (e.g., propofol)
› Some sedative-hypnotics (e.g., diazepam)
› Some anticonvulsants (e.g., phenobarbital)

• Binding of GABA results in hyperpolarization of the postsynaptic neuron

GABAergic Terminal

Figure 14.1 GABAergic terminal 
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GABAA Receptor Structure

GABAB receptors
G-protein-coupled receptors are the target of some muscle relaxants
   - baclofen, γ -hydroxybutyrate
• Gαi – coupled

› GABA binding results in decreased cAMP / decreased Ca++ channel opening  
  (inhibitory effect)

• Directly coupled to K+-channels
› GABA binding opens K+-channels, leading to hyperpolarization of the neuron

Figure 14.2 The GABAA receptor and drug targets

PHARMACOLOGY

135



Sedative-Hypnotic Drugs
• Sedation effect decreased anxiety and motor activity
• Hypnotic effect induction of sleep / amnesia.
• Include benzodiazepines, barbiturates, and alcohols (e.g., chloral hydrate)
• Cause respiratory depression in overdose
• Older sedative-hypnotics such as barbiturates and chloral hydrate far more  
  dangerous in overdose than the benzodiazepines

Mechanism of action
• Most enhance the actions of GABA at the inhibitory GABAA receptors

› Lead to stronger hyperpolarization of the target neuron, decreased likelihood  
  of that neuron sending an action potential.

• Benzodiazepines potentiate GABA by increasing the frequency of chloride ion  
  channel opening
• Barbiturates increase the duration of chloride ion channel opening of GABAA  
  receptors

Effect of benzodiazepines and barbiturates on GABAA receptor channel 
activity

Figure 14.3 Benzodiazepine/barbiturate effect on GABAA receptor channel
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Antidotes
• Only the benzodiazepines have a specific antidote (flumazenil) referred to as a  
  benzodiazepine receptor antagonist.  
• **No specific antidote for barbiturate overdose**

Benzodiazepines
• γ-aminobutyric acid (GABAA) receptors

› Between α subunit and the γ subunit 
• Increase the frequency of chloride ion channel
   openings produced by GABA

› Chloride influx causes hyperpolarization 
› Inhibits the generation of action potentials 

Therapeutic Uses
• Short-term treatment of anxiety disorders (SSRIs are used in long-term treatment)
• Insomnia (difficulty falling or staying asleep)
• Seizures Benzodiazepines increase seizure threshold by hyperpolarizing CNS

› Lorazepam and diazepam most frequently used via IV.   
• Preanesthesia for anxiolytic, sedative, and anterograde amnestic properties 

› Shorter-acting benzodiazepines (e.g., midazolam)  
• Muscle relaxation. Diazepam can treat muscle spasms and spasticity
• Withdrawal states (delirium tremens)

• Agitation in acute mania 

Adverse effects
• Physical and psychological dependence
• Respiratory depression 
• Daytime drowsiness and sedation
• Rebound insomnia
• Relatively safe in overdose

› Can be dangerous in combination with other CNS depressants
› Flumazenil is antidote
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Specific benzodiazepines
• Alprazolam (Xanax®)

› Treatment of anxiety, panic, phobias
• Diazepam (Valium®)

› Treatment of anxiety, seizures; sedation
› Long-acting

• Clonazepam (Klonopin®)
› Anti-convulsant
› Treatment of anxiety
› 3 active metabolites

• Midazolam (Versed®)
› Short-acting
› Pre-operative sedation
› Anterograde amnesia

Half-Life Primary Indications

Short-acting
(t1/2 < 5 hrs)

Midazolam** Preanesthetic

Triazolam Insomnia, preanesthetic

Intermediate-
acting

(t1/2 = 5-24 hrs)

Alprazolam** Anxiety, antidepressant

Clonazepam** Seizures

Estazolam Insomnia

Lorazepam Anxiety, insomnia, seizures, preanesthetic

Oxazepam Anxiety

Temazepam Insomnia

Long-acting
(t1/2 > 24 hrs)

Chlordiazepoxide Anxiety, preanesthetic, withdrawal states

Clorazepate Anxiety, seizures

Diazepam** Anxiety, preanesthetic, seizures, withdrawal 
states

Flurazepam Insomnia

Prazepam Anxiety

Quazepam Insomnia

In general, all benzodiazepines carry increased risk in the 
elderly and should be avoided. Unfortunately, there is still 
significant usage in this patient population particularly as a 
sleep aid. If possible weaning off and switching to a sleep 
aid with less side effect potential like melatonin, 
mirtazepine, or trazodone is beneficial. It is important 
when patients become hospitalized to do a thorough 
medical reconciliation as many patients chronically use 
benzodiazepines and withholding these while hospitalized 
(though often necessary) can provoke withdrawal. 

"In the Clinic"

Barbiturates
• Multiple clinical uses

› Sedative-hypnotics (replaced by benzodiazepines)
› Anticonvulsants (phenobarbital)

- Tonic-clonic seizures, status epilepticus, and eclampsia. 
- Recurrent febrile seizures. 

› Anesthetic induction (thiopental)
• Dangerous in overdose

› No specific antidote
• Classified according to the rate of onset and duration of the therapeutic action. 

› Ultra-short acting  
- Thiopental (anesthesia)

› Short acting 
- Pentobarbital Secobarbital Amobarbital 

› Long acting 
- Phenobarbital   (seizures)

• Bind GABAA-receptor chloride channel, but at a different binding site than for  
  benzodiazepines 
• Prolong opening of GABA chloride channels 

Adverse effects
• Induction of hepatic CYP450 metabolism

› Especially seen with phenobarbital
› Drug-drug interactions

• Can block complex I of the electron transport chain 
• Also induce δ-aminolevulinic acid synthase, key enzyme in heme synthesis

› Contraindicated in patients with hepatic porphyria
• Depression of CNS: 

› Low doses induce sedation (drowsiness, impaired concentration, and mental  
  and physical sluggishness). 
› Higher doses induce hypnosis, followed by anesthesia (loss of feeling or  
  sensation)
› Over dosage can lead to coma and death. 
› Have no analgesic properties.  
› The CNS depressant effects of barbiturates synergize with those of ethanol.
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Barbiturates
• Multiple clinical uses

› Sedative-hypnotics (replaced by benzodiazepines)
› Anticonvulsants (phenobarbital)

- Tonic-clonic seizures, status epilepticus, and eclampsia. 
- Recurrent febrile seizures. 

› Anesthetic induction (thiopental)
• Dangerous in overdose

› No specific antidote
• Classified according to the rate of onset and duration of the therapeutic action. 

› Ultra-short acting  
- Thiopental (anesthesia)

› Short acting 
- Pentobarbital Secobarbital Amobarbital 

› Long acting 
- Phenobarbital   (seizures)

• Bind GABAA-receptor chloride channel, but at a different binding site than for  
  benzodiazepines 
• Prolong opening of GABA chloride channels 
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  and physical sluggishness). 
› Higher doses induce hypnosis, followed by anesthesia (loss of feeling or  
  sensation)
› Over dosage can lead to coma and death. 
› Have no analgesic properties.  
› The CNS depressant effects of barbiturates synergize with those of ethanol.
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Abuse
• Chronic use leads to tolerance and dependence
• Sudden withdrawal of short-acting barbiturates leads to severe withdrawal  
  symptoms

› Anxiety
› Agitation
› Hyperreflexia
› Seizures

Chloral hydrate
• Older, alcohol sedative-hypnotic
• Used for sedation of children prior to procedures (newer agents like ketamine  
  have largely replaced this in children)
• Dangerous in overdose
• No specific antidote

Other sedative-hypnotics
• “Z-drugs”: Zolpidem (Ambien®), zaleplon (Sonata®), and eszopiclone (Lunesta®)

› Non-benzodiazepines, but bind to α1-containing GABA-receptors
- Binding site is very close to benzodiazepine binding site
- Flumazenil has been shown to reverse Z-drugs

› Effective short-term sleep aids
› Less abuse liability than other sedative-hypnotics

• Ramelteon
› Agonist at melatonin receptors MT1 and MT2 in suprachiasmatic nucleus of  
  hypothalamus.
› Effective at inducing sleep
› Can cause hyperprolactinemia

• Suvorexant
› OX1/OX2 receptor antagonist
› Effective for treating insomnia
› Orexin A and B normally bind to OX1/OX2 receptors and stimulate arousal  
  centers in the brain stem
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Chapter 15
CNS anti-epileptics
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Antiepileptics
Seizures

• Episodic electrical discharges in cerebral neurons associated with prolonged  
  depolarization
• Can involve the entire brain (generalized) or only specific brain regions (partial) 
• The goal of drug management is to restore normal patterns of electrical activity

Seizure Medications
• Tonic clonic seizures

› Phenytoin
› Carbamazepine
› Valproic Acid
› Lamotrigine

• Absence seizures
› Ethosuximide
› Valproic acid
› Clonazepam

Phenytoin (Dilantin®)
• Commonly used anticonvulsant
• Blocks voltage-gated Na+ ion channels in inactivated state (“state”-dependent  
   blockade)

› The more nerve firing, the more the drug is able to bind the channel
• Effective in partial seizures and also in general tonic-clonic seizures

Different states of an ion channel

• Myoclonic seizures
› Valproic acid
› Clonazepam
› Lamotrigine

• Additional Meds
› Gabapentin
› Lamotrigine
› Phenobarbital
› Levetiracetam

Figure 15.1a 

Illustration of state-dependent blockade

Drug is unable to interact 
with channel in closed state

Drug binding site is 
accessible in open state of 
channel

Channel blocked

Figure 15.1b

Figure 15.1c

Figure 15.1d
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Pharmacokinetics
• Very difficult drug to dose

› Zero-order elimination kinetics
• First-pass metabolism
• Inducer of multiple CYP enzymes

Adverse effects
• Sedation
• Ataxia
• Diplopia
• Gingival overgrowth
• Osteomalacia

› More rapid metabolism of vitamin D
• Dermatologic reactions (including Stevens-Johnson type, SIS)
• Pseudolymphoma syndrome
• Drug-induced Lupus
• Block of insulin release from β-islet cells
• Pain on injection

› IV solution is approximately pH 12 (!)

Phenytoin’s zero-order elimination kinetics

Figure 15.2 Phenytoin zero-order kinetics
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Fetal hydantoin syndrome
• Phenytoin is associated with birth defects when used by mothers in the first  
  trimester of pregnancy

› Cleft palate
› Digit abnormalities
› Microcephaly, facial abnormalities
› Congenital heart defects (VSD, pulmonic stenosis, TGA)

Fosphenytoin
• Water-soluble analog of phenytoin
• Used IV for status epilepticus

› Can be infused much more quickly than phenytoin IV

Carbamazepine (Tegretol®)
• Similar mechanism of action to phenytoin
• Similar pharmacokinetics to phenytoin
• Also drug of choice for trigeminal neuralgia and used to treat bipolar syndrome

Adverse effects
• Similar to phenytoin except no gingival overgrowth
• Commonly causes mild SIADH (syndrome of inappropriate antidiuretic hormone)
• Induces its own metabolism

› P450 inducer
• SJS, aplastic anemia
• Teratogenicity (neural tube defects, cleft lip, congenital heart defects)

Ethosuximide
• Blocks T-type Ca2+ ion currents in thalamic neurons
• Very effective for absence seizures

Valproic acid (Depakote ®)
• Unclear mechanism of action

› Putative actions:  
- Inhibiting GABA transaminase (decreased GABA production)
- Inhibiting T-type Ca+2 channels
- Inhibiting voltage-gated sodium channels
- Inhibiting HDAC (histone deacetylase)

• Also used for bipolar disorder, schizophrenia and migraine headaches
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Adverse effects
• Hepatotoxicity

› Monitor hepatic enzymes periodically
• Pancreatitis
• Alopecia
• Thrombocytopenia
• Potentially teratogenic

› Associated with fetal spina bifida
• Causes weight gain
• Less p450 activity, does inhibit CYP2C9

Other anti-convulsants
• Lamotrigine (Lamictal®)

› Inhibits voltage-gated sodium channels
› Used for wide variety of seizures includes absence seizures
› High rate of dermatologic reactions (SJD)
› Excellent safety record in pregnancy

• Levetiracetam (Keppra®)
› Mechanism unclear
› Generally used as a first-line seizure drug in mild seizures given its low risk profile
› Pregnancy category C
› Causes somnolence and neuropsychiatric symptoms in 5-10% of patients

• Topiramate
› Blocks AMPA receptors, sodium and calcium channels
› Weak inhibitor of carbonic anhydrase
› Migraines

• Vigabatrin
› Irreversible inhibitor of enzyme that degrades GABA
› Can cause visual field defects

Drugs for tonic-clonic seizures
• Phenytoin
• Carbamazepine
• Phenobarbital
• Valproic acid
• Levetiracetam
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Drugs for absence seizures
• Ethosuximide
• Valproic acid
• Clonazepam
• Lamotrigine 

Drugs for status epilepticus
• Fosphenytoin
• Diazepam

› Sometimes given per rectum to children
• Lorazepam
• Phenytoin

PHARMACOLOGY

147



Chapter 16
Anesthetics
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Anesthetic medications
General Anesthetics:
Overview

• Most enhance GABAA receptor activity (inhibitory neurotransmitter receptor)
• Multiple drugs are used to achieve desired:

› Depth of anesthesia (and avoidance of prolonged stage II)
› Muscle paralysis
› Pain control

Stages of General Anesthesia

Inhaled anesthetics
• Nitrous oxide (“laughing gas”)
• Isoflurane, Seroflurane, Desflurane 

Ether functional 
group    

O

R R1

Figure 16.1 Inhaled anesthetics

Figure 16.2 Ether group

Minimum alveolar concentration (MAC)
• Measure of anesthetic potency (higher MAC value indicates lower potency)

› Analogous to ED50 but measured as concentration in air
• % of inspired anesthetic at which 50% of patients do not respond to a surgical  
  stimulus
• MAC values lowered by concurrent administration of opioid analgesics (allows  
  less general anesthetic to be used)
• MAC of nitrous oxide is greater than 100%

› Cannot be used as sole single anesthetic agent
• MAC is inversely proportional to its lipid solubility

Blood-gas partition coefficient
• Measure of anesthetic solubility in the blood
• More soluble anesthetics takes longer to achieve desired partial pressure
  in the brain
• Halothane most soluble inhaled anesthetic

› Slow onset of action 
• Desflurane quite insoluble in the blood

› Rapid onset of action

Blood/Gas Coefficient (for the inhalation anesthetics)

Figure 16.3 Inhaled anesthetics MAC

Figure 16.4 Inhaled anesthetics 
blood/gas coefficient
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Recovery from general anesthesia
• Depends on the blood-gas solubility ratio
• Highly soluble anesthetics (high blood-gas solubility) have slow recovery rates 
• Newest inhalation anesthetics, desflurane and sevoflurane, have low blood-gas  
  solubility ratios

› Rapid onset and rapid recovery

Specifics about inhaled anesthetics
• Nitrous oxide

› Low potency
› Mechanism of action unknown – does NOT act at GABAA receptors

• Desflurane
› Irritating to airway

• Enflurane
› Associated with convulsions

• Halothane
› Associated with hepatitis, malignant hyperthermia

Intravenous general anesthetics
• Thiopental
• Propofol
• Ketamine

Thiopental
• Highly lipid-soluble barbiturate used mainly for induction of general anesthesia

› Effects are through the GABAA receptor
• Depresses respiratory and cardiac function
• Induces amnesia, hypnosis
• Action affected by redistribution

› Can see “hangover” effects

Propofol
• Best-selling general anesthetic world-wide
• Used for induction and sometimes maintenance of general anesthesia
• Poorly water-soluble

› Dissolved in lipid suspension (“intralipid”) – “Milk of Amnesia”
• Also shows redistribution
• Very rapid onset and recovery
• Widely used for outpatient surgery
• Also used for sedation of intubated patients in the ICU

Figure 16.5 Thiopental

Ketamine
• Inhibits the NMDA (N-methyl-D-aspartate) subtype of glutamate receptors
• Produces “dissociative anesthesia”

› Patient has open eyes and preserved muscle tone but drug provides analgesia  
  and amnesia

• Used most often in pediatric anesthesia
• Also for anesthesia in remote settings (e.g., mountain climbing accident)
• Also a street drug of abuse (special K) , chemically related to phencyclidine (PCP;  
  “angel dust”)
• Also treatment for severe depressive disorder as a sub point

Adverse effects
• Particularly in adults, can cause vivid dreams and hallucinations which may be  
   terrifying
• Children seem to tolerate the drug better

Local anesthetics 
Overview

• Include lidocaine, bupivacaine, and procaine
• Provide regional anesthesia
• Injected near nerve bundles or into the epidural or subarachnoid spaces

Mechanism of action
• Block action potential propagation by binding to the inactivated state of  
   voltage-gated sodium channels

Effects of pH
• Local anesthetics are weak bases with pKa values of approximately 8–9

› At physiologic pH of approximately 7, roughly 1–10% of the molecules will be  
  non-ionized and able to cross the nerve membrane
› In an infected tissue with pH of approximately 5, less than 0.1% of the molecules  
  will be non-ionized making it difficult to anesthetize

Pharmacokinetics
• Ester local anesthetics (procaine, cocaine, benzocaine) metabolized by plasma  
  and tissue esterases (e.g., butyrylcholinesterase)
• Amide local anesthetics (lidocaine, bupivacaine, mepivacaine)
  are metabolized by liver amidases.

Ester functional group

R - C - O - R1

O

Figure 16.6 Ester group
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Structure

Adverse effects
• Dizziness
• Nystagmus
• Sensory impairment
• Biphasic CNS response:

› Excitation (tremor, seizures) at low
  doses
› Sedation at higher doses

• Depress cardiovascular parameters
› Except cocaine

• Can cause cardiac arrythmia if accidentally injected IV (lidocaine). When injecting  
  intradermally make sure to pull back on syringe before pushing to make sure not 
  given IV.

Neuromuscular blocking agents
Overview

• Used mainly during surgical anesthesia to afford muscle relaxation and/or  
  immobility
• Interact with nicotinic acetylcholine receptors at the neuromuscular junction
• Classified into:

› Nondepolarizing agents
› Depolarizing agents

Figure 16.7 Structure of local anesthetics

When performing a bedside procedure (central 
line placement, lumbar puncture, bone marrow 
biopsy, etc) proper local anesthesia is the key to 
improved patient outcomes. Start with wheal at 
subcutaneous tissue site before proceeding to 
anesthetize deeper structures. Before injecting 
lidocaine at any location, pull back on syringe to 
check for blood and do not inject lidocaine if 
blood withdrawn by syringe. When injected
into the blood stream this can cause sudden 
cardiac arrhythmia. 

"On the Wards"

 Nondepolarizing blocking agents
Competitive antagonists at nicotinic acetylcholine receptors

› Action overcome by high concentrations of acetylcholine
• Prototype is tubocurarine
• (used in poison arrows in South America)

› Curare compounds produced by certain plants
  and accumulated by poison-arrow frogs

• Action reversed by acetylcholinesterase inhibitors
  (e.g., neostigmine) termed reversal agents
• Specific NM Receptor antagonists
  Do not bind to NN Receptor at autonomic ganglia
• Cause progressive paralysis:

› Muscles of the eye and face
› Limbs
› Respiratory muscles

• Do not affect cardiac or smooth muscle
• Do not alter consciousness
• The various agents differ mainly in pharmacokinetic properties

Mivacurium
› Very short duration of action due to its metabolism by plasma cholinesterase  
  (butyrylcholinesterase)

- Most nondepolarizers are not affected by this enzyme
- Results in effect duration variability from patient to patient (similar to  
   succinylcholine)

› Associated with histamine release

Pancuronium
› Longer duration of effect (not metabolized by cholinesterases)

Atracurium
› Metabolized by spontaneous Hofmann elimination

- Not reliant on hepatic or renal function for metabolism
- Laudanosine is a metabolite (associated with seizures)
- Hypotension, flushing and bronchospasm have been seen with this drug
- Cis-atracurium – less laudanosine, less hypotension / bronchospasm

Figure 16.8 Nondepolarizing agent
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Vecuronium
› Longer acting, few side effects

- Not easily reversible with neostigmine due to affinity for the nicotinic receptor
- Has a separate reversible agent (Sugammadex) (γ-cyclodextrin)

Depolarizing neuromuscular blockers
• Agonists at nicotinic acetylcholine receptors
• Structure similar to acetylcholine
• Succinylcholine(suxamethonium) is the prototype

› Often chosen due to its rapid onset and offset
› Causes persistent activation of the nicotinic
  acetylcholine receptors
› First see fasciculations (rapid muscle twitching)
› Then flaccid paralysis 
› Not reversed by reversal agents

Succinylcholine Pharmacokinetics
• Short duration of effect (2-3 mins)

› Rapidly inactivated by plasma cholinesterase (butyrylcholinesterase)
› Can cause:

- Hyperkalemia
- Malignant hyperthermia
- Rhabdomyolysis

• Phases of block
› Phase 1 – Principal paralytic effect (desirable)

- Fasciculations (membrane depolarization)
- Paralysis (flaccid because calcium is removed from the SR via SERCA)

› Phase 2 -  Persistent block
- Occurs when patients do not metabolize succinylcholine quickly
- Prolonged binding of the drug to the receptor, requires hours of ventilator  
  time before the patient recovers respiratory muscle activity

Figure 16.9 Depolarizing agent

Dantrolene
• Blocks Ca2+ release from the sarcoplasmic reticulum (SR) of skeletal muscle

› Inhibits RYR1 (ryanodine receptor)
• “Antidote” for malignant hyperthermia (MH)

› MH: hypercatabolic state (high temperature, tachycardia, tachypnea, elevated  
  CO2 production and O2 consumption, mixed acidosis, rigid muscles and  
  rhabdomyolysis
› MH is generally only seen in patients with mutations in the RYR1 protein after a  
  “trigger”.

- Trigger – inhaled anesthetics and/or succinylcholine, possibly physical  
  exercise or heat.

Butyrylcholinesterase (pseudocholinesterase)  deficiency
• Mutation in the gene for butyrylcholinesterase (BCHE) (affects succinylcholine  
  and mivacurium metabolism)

› Also, heroin and cocaine!
• Deficiency occurs in roughly 1/2000-4000 people, autosomal recessive condition

› Heterozygous mutation is 1/500 people
› More common in Caucasians

• Affected patients may be paralyzed/affected by medications for hours until  
  drugs eliminated by slower, alternate pathways

“Train of Four”
• Surface electrodes deliver four electric stimuli to ulnar nerves / facial nerves
• Without paralytics, the four stimuli will generate equivalent muscle twitch  
  strength
• In the presence of paralytics, there will be “fade”, meaning each subsequent  
  stimulation generates a weaker muscle twitch

Figure 16.10 Nerve stimulation with neuromuscular blockade
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Spasmolytics
• Drugs that reduce excessive muscle tone or spasms
• Helpful in patients with cerebral palsy or spinal cord
  injuries
• Baclofen

› Direct agonist at GABAB receptors
› Causes hyperpolarization, inhibits motor neuron
  activation
› Increases K+ permeability 
› May cause unsteadiness and nausea

Opioids:
Overview

Analgesia = increased pain tolerance and decreased perception and reaction to pain

Opioid receptors
• G-protein-coupled receptors with multiple subtypes

› µ (mu)
› δ (delta)
› κ (kappa)

• Classic pain relief mediated by µ receptors.
› Mu opioid receptor is a Gαi coupled receptor

- Decreases cAMP, affecting potassium and calcium currents.
› Some drugs may activate one receptor subtype and antagonize another subtype.  
  (Subtypes 1-3 exist)
• These receptors activate multiple downstream pathways that are not well  
  understood.

Opioid receptor effects
• Most wanted and unwanted effects are due to µ receptors

› Analgesia
› Euphoria
› Sedation
› Dependence
› Respiratory depression

• Activation of κ receptors can cause dysphoria and contribute to analgesia
  and sedation.
• Opiate drugs vary by pharmacokinetic properties, ability to produce analgesia, and  
  adverse actions.
• Morphine is prototype

› Full agonist with maximum pain relief

When prescribing any opiate it is 
vital to provide patients with a 
appropriate bowel regimen. This 
should involve two agents both 
an osmotic agent for stool 
softening (one for the mush) and 
a stimulant agent (one for the 
push). This can prevent opiate 
induced constipation which is 
the most common complaint 
with regular use of opiates for 
pain control.

"On the Wards"

PHARMACOLOGY

158



Spasmolytics
• Drugs that reduce excessive muscle tone or spasms
• Helpful in patients with cerebral palsy or spinal cord
  injuries
• Baclofen

› Direct agonist at GABAB receptors
› Causes hyperpolarization, inhibits motor neuron
  activation
› Increases K+ permeability 
› May cause unsteadiness and nausea

Opioids:
Overview

Analgesia = increased pain tolerance and decreased perception and reaction to pain

Opioid receptors
• G-protein-coupled receptors with multiple subtypes

› µ (mu)
› δ (delta)
› κ (kappa)

• Classic pain relief mediated by µ receptors.
› Mu opioid receptor is a Gαi coupled receptor

- Decreases cAMP, affecting potassium and calcium currents.
› Some drugs may activate one receptor subtype and antagonize another subtype.  
  (Subtypes 1-3 exist)
• These receptors activate multiple downstream pathways that are not well  
  understood.

Opioid receptor effects
• Most wanted and unwanted effects are due to µ receptors

› Analgesia
› Euphoria
› Sedation
› Dependence
› Respiratory depression

• Activation of κ receptors can cause dysphoria and contribute to analgesia
  and sedation.
• Opiate drugs vary by pharmacokinetic properties, ability to produce analgesia, and  
  adverse actions.
• Morphine is prototype

› Full agonist with maximum pain relief

When prescribing any opiate it is 
vital to provide patients with a 
appropriate bowel regimen. This 
should involve two agents both 
an osmotic agent for stool 
softening (one for the mush) and 
a stimulant agent (one for the 
push). This can prevent opiate 
induced constipation which is 
the most common complaint 
with regular use of opiates for 
pain control.

"On the Wards" Adverse Effects
• Respiratory depression
• Constipation (decreased peristalsis)
• Nausea
• Emesis

› Affects area postrema of the brainstem
• Abuse potential
• The characteristic triad of opioid intoxication is pinpoint pupils (miosis),   
  respiratory depression, and a comatose state.
• Opioid tolerance leads to increased doses to obtain “good” effects, but many  
  side effects occur at all doses, especially constipation.

Opioid Antagonists
• Prototype is naloxone (Narcan®)

› Full antagonist of µ opioid receptor
› Must be administered parenterally

• Used in cases of opioid overdose.
  may trigger withdrawal symptoms in some patients
• Naltrexone has slower time course of action and is used to diminish alcohol  
  cravings.

› Blocks effects of endogenous opioids

Morphine
• Prototype opioid analgesic.
• Extensive first-pass metabolism in the liver

› Low oral bioavailability
• Active metabolite morphine-6-glucuronide

› Contributes to analgesia
› Possibly nephrotoxic

Codeine (methylmorphine)
• Prodrug
• Less effective than morphine for pain

› Must be converted to its active form (morphine)
• Found in some antitussive (cough-suppressant) formulations.
• Metabolized to morphine by CYP2D6.

› Poor metabolizers cannot convert to morphine, get less of an analgesic effect.
› Normally about 5-10% of codeine is converted to morphine, the remainder is 
› Rapid metabolizers may experience toxicity from complete conversion
  to morphine

PHARMACOLOGY

159



Oxycodone
• Semi-synthetic opioid intended for treatment of chronic pain

› Metabolized via CYP3A4 / 2D6 to oxymorphone; other active metabolites
• Formulations:

› Percocet® = oxycodone + APAP 
› Oxycontin® = long-acting oxycodone
› Percodan® = oxycodone + ASA (has been largely replaced by Percocet)

• Extended-release pills available
• High risk for abuse
• Oxycodone is safe to use in patients with renal dysfunction

Hydrocodone (Vicodin®)
• Relatively short-acting opiate

› Metabolized (similarly to codeine) via CYP2D6 to hydromorphone (dilaudid)
› Hydrocodone and hydromorphone are Mu opioid agonists

• Formulated with acetaminophen or an NSAID
• Very popular drug for short-term pain control 

Fentanyl
• Short-acting synthetic opioid drug.
• Approx. 100 times more potent than morphine.
• Available in transdermal patch form for treatment of chronic pain.
• Widely used in anesthesia.
• Not effected by renal function for clearance

Meperidine (Demerol®)
• Demerol is no longer used as pain medication in most circumstances.
  It can still be used for rigors, particularly those caused by medications   
  (amphotericin).
• Initially designed as an anticholinergic
• Different than other opioids:

› Toxic metabolite normeperidine
- CNS excitatory effects (unclear mechanism)
- Can cause seizures
- Fatal in severe chronic abuse

› Anticholinergic effects prevent miosis
› Meperidine has CNS stimulant effects due to inhibition of DA and NE reuptake
› Also associated with serotonin syndrome

• Initially thought to be safer in patients with biliary colic
› These data have been largely debunked.
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Other Opioids
• Methadone

› Long half-life (dose adjustment every 5-7 days)
› Used for rehabilitation of heroin abusers

- Prevents withdrawal but less of a “high”
- Users will not test positive for opioids on drug screen

• Tramadol
› Weak (mu, delta, kappa) opioid with less abuse potential

- Major metabolite “desmetramadol” is the primary opiate
- Metabolized by CYP2D6

› SNRI (causes increases in 5-HT and NE)
› Serotonin 2C receptor antagonist
› M1 M3 muscarinic antagonist

• Commonly given for severe pain to patients who cannot tolerate NSAIDs

Opioid Dependence
• Occurs with chronic usage
• Withdrawal syndrome can be severe 

› Anxiety
› Lacrimation
› Rhinorrhea
› Sweating
› Yawning
› Goosebumps
› Hot or cold flashes
› Muscle cramps and spasms
› GI distress (cramps and diarrhea)
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Opioid partial agonists
Buprenorphine

• Used for treatment of opiate addiction. 
• Typical opioid analgesic effects in naïve individuals.
• May trigger opioid withdrawal in persons taking a full opioid agonist like   
  morphine.
• Buprenorphine + Naloxone = Suboxone

› Give sublingually (naloxone not absorbed).
› If patient tries to take IV, patient will be dosed with naloxone.

• Other opioid partial agonists:
  Pentazocine, Butorphanol

Other therapeutic uses of opioids
• Diarrhea

› Loperamide (Imodium®)
› Diphenoxylate (Lomotil®)

- Given as combo pill with atropine 
• Cough suppression

› Codeine
- May cause severe constipation

› Dextromethorphan has largely replaced codeine as “go to” anti-tussive

Chapter 17
Parkinson disease drugs
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Chapter 17
Parkinson disease drugs
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Parkinson disease (PD)
Overview

• PD results from degeneration of nigrostriatal dopamine
  tracts. PD has progressive loss of the substantia nigra pars
  compacta (SNc). Symptoms start when there is an
  80% decrease in dopamine levels, which occurs after a loss
  of >60% of dopaminergic cells.
• There is accumulation of α-synuclein in the neurons of
  the SNc.
• It is presumed that this is either toxic to the neuron
  or induces apoptosis through the misfolded protein
  stress response. 

> The accumulated of α-synuclein is called a Lewy body.
> The dark pigment in the substantia nigra is
   a neurocatecholamine that is unrelated to the disease.

• PD is Characterized by
› Resting tremor
› Bradykinesia
› Muscle rigidity
› Postural instability
› Expressionless facies (“masked facies”)

For discussion of 
the 
pathophysiology 
of Parkinson 
disease, see the 
Medical School 
Companion 
textbook: 
Pathophysiology, 
Nervous system, 
CNS, Chapter on 
Dementias and 
neurodegenerativ
e diseases.

Figure 17.1 Lewy body

Figure 17.2  The basal ganglia and their signaling pathways
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Importance of Dopamine
• Anti-dopamine drugs (e.g., antipsychotics)
  can produce Parkinsonian features.
• Goal is to increase dopamine activity and/or
  inhibit cholinergic activity.

Levodopa
• Precursor to dopamine (i.e. it is a prodrug)

› Converted to dopamine by aromatic amino acid
  decarboxylase (AAAD, dopa decarboxylase).

• L-dopa has to be absorbed across both the small
  bowel and the blood brain barrier (BBB) through an
  amino acid transporter. L-dopa should be taken more than 30 minutes after  
  eating for optimal gut absorption. Amino acids in the blood from any meat in a  
  meal can also interfere with BBB transport.
• Increases dopamine for remaining functional neurons in basal ganglia.
• Almost always given with carbidopa

› Inhibits peripheral AAAD which enables extensive peripheral metabolism of  
  L-dopa such that only 1% would be available for CNS absorption. By adding a  
  decarboxylase inhibitor like carbidopa, 9% is available for the CNS.
› Prevents levodopa conversion in the periphery
› Carbidopa does not cross blood-brain barrier

• Primary therapy for PD.
• Effect declines over 5 to 10 years.
• Adverse effects

› Dyskinesias
› “On-off” effects
› Hallucinations, psychoses

Entacapone
• Inhibitor of catechol-O-methyltransferase (COMT), an enzyme which can degrade  
  dopamine to 3-methoxy – L-tyrosine
• Used in conjunction with levodopa

› Can minimize “on-off” effects
• Does not cross the BBB

› A similar drug, tolcapone, can cross the BBB, but is not used as much given liver  
  toxicity side effects.

Figure 17.3 Parkinson disease
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Rasagiline, selegiline
• Selective inhibitors of monoamine oxidase (MAO) type B.
• Used alone or with levodopa/carbidopa.
• Unlike MAO type A inhibitors, does not produce adverse reactions with   
  tyramine-rich foods and is not likely to cause serotonin syndrome

› Because MAO-B is not responsible for degradation of tyramine or serotonin.

Other Parkinson drugs: 
Bromocriptine

• Dopamine receptor agonist which can be used as an adjunct or alternative  
  therapy to levodopa.
• Not commonly prescribed due to adverse effects

› Dyskinesias
› Hallucinations
› Psychosis

• Newer alternative, dopamine agonists are pramipexole and ropinirole, these are  
  used for “restless leg syndrome”
• Amantadine is also commonly used in PD

› Unclear mechanism, enhances dopamine signaling, has antimuscarinic
  effects as well.

Muscarinic Blockers
• Benztropine and trihexyphenidyl.
• Cross BBB easily.
• Reduce excessive cholinergic activity in PD.
• Helpful in treating tremor and rigidity.
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Summary of drugs used in Parkinson disease

Figure 17.4 Parkinson disease drugs and their sites of action
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Chapter 18
Anti-psychotic drugs
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Anti-psychotic medications
Schizophrenia
Overview

• Psychiatric disorder characterized by 2 patterns of symptoms:
• Positive symptoms

› Thought disorders
› Delusions
› Hallucinations
› Bizarre behavior 

• Negative symptoms
› Social withdrawal
› Flat affect
› Poverty of speech

Antipsychotics
• Typical Antipsychotics

› Low Potency* 
Phenothiazines

- Chlorpromazine
- Thioridazine
- Fluphenazine

› Higher Potency* 
Butyrophenone

› Haloperidol
• Atypical Antipsychotics

› Clozapine
› Olanzapine
› Quetiapine
› Risperidone
› Ziprasidone

Typical Antipsychotics: 
Mechanisms of Action

• Typical antipsychotics antagonize dopamine2A (D2A) receptors
› “Dopamine hypothesis” – schizophrenia is due to increased dopaminergic  
  activity in the cerebral cortex

• 5 Types of dopamine receptors
› D1 and D5 activate adenylyl cyclase
› D2, D3 and D4 inhibit adenylyl cyclase causing hyperpolarization.

All drugs are more effective against 
positive symptoms than negative
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› Efficacy of neuroleptic correlated with ability to inhibit D2A in the mesolimbic  
  pathway.  
› D2 associated with extrapyramidal dysfunctions

Other effects of typical antipsychotics
• Block muscarinic receptors, causing atropine-like effects

› Dry mouth
› Urinary retention

 • Block α-adrenergic receptors
› Postural hypotension
› Sexual dysfunction
› Sedation

• Typical antipsychotics are better at controlling “positive symptoms” than  
  negative symptoms.

› Patients taking typical antipsychotic medications generally experience   
  worsening dysphoria, limiting their use

Side effects: 
• Dystonia, akathisia and Parkinsonism

- Treat with anticholinergics (benztropine) or antihistamine (diphenhydramine)
• Tardive Dyskinesia

- Can be irreversible in 50% of cases
- Can be made worse with benztropine.  Decrease the dose of antipsychotic  
   medication or change medication.

• QT prolongation (Common to all typicals)
• Gynecomastia/lactation

Haloperidol (Haldol®)
• Most commonly used typical antipsychotic

- Used for psychosis, acute mania, some mood disorders
• Mainly blocks D2 receptor
• Less sedating than other typicals
• Also used for Tourette’s Syndrome
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Other Typical Antipsychotics
• Chlorpromazine

› Strong anticholinergic effects.
› Also associated with increased prolactin secretion (resulting in gynecomastia)  
  and obstructive jaundice.
› Can prolong QT interval

- Can cause torsades de pointes
- “Black Box” warning for arrhythmias

• Thioridazine
› Low potency typical antipsychotic
› Causes retinal deposits
› Can prolong QT interval

- Can cause torsades de pointes
- “Black Box” warning for arrhythmias

EPS (extrapyramidal symptoms)
Acute dystonic reaction

› Adverse reaction to antipsychotic medications
› Sudden, sustained, involuntary muscle spasm
› May occur in any muscle group

• Diagnosis: Medical emergency
› Early in antipsychotic treatment (usually within one week)
› Sudden onset
› Localized to one or a few muscles

- Most common in head and neck
• Eyes (oculogyric crisis)
• Neck (torticollis)
• Throat (laryngospasm)
• Jaw (trismus)

- No alteration in consciousness
- No alteration in vital signs

• Acute treatment
› Anticholinergic

- Benztropine, trihexyphenidyl
• Antimuscarinics, can be sedating

› Antihistamine
- Diphenhydramine (also has antimuscarinic effects)

• Very sedating
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Other Typical Antipsychotics
• Chlorpromazine

› Strong anticholinergic effects.
› Also associated with increased prolactin secretion (resulting in gynecomastia)  
  and obstructive jaundice.
› Can prolong QT interval

- Can cause torsades de pointes
- “Black Box” warning for arrhythmias

• Thioridazine
› Low potency typical antipsychotic
› Causes retinal deposits
› Can prolong QT interval

- Can cause torsades de pointes
- “Black Box” warning for arrhythmias

EPS (extrapyramidal symptoms)
Acute dystonic reaction

› Adverse reaction to antipsychotic medications
› Sudden, sustained, involuntary muscle spasm
› May occur in any muscle group

• Diagnosis: Medical emergency
› Early in antipsychotic treatment (usually within one week)
› Sudden onset
› Localized to one or a few muscles

- Most common in head and neck
• Eyes (oculogyric crisis)
• Neck (torticollis)
• Throat (laryngospasm)
• Jaw (trismus)

- No alteration in consciousness
- No alteration in vital signs

• Acute treatment
› Anticholinergic

- Benztropine, trihexyphenidyl
• Antimuscarinics, can be sedating

› Antihistamine
- Diphenhydramine (also has antimuscarinic effects)

• Very sedating

Other EPS (extrapyramidal symptoms)
• Akathisia

› Happens hours to days after administration
› Presents as an inner feeling of restlessness; patients can’t sit still.
› Can be confused with agitation or anxiety.
› Can be treated by reducing the antipsychotic and giving a beta blocker or  
  benzodiazepine

• Parkinsonism
› Happens days to weeks following administration 
› More common in the elderly
› Presents with a parkinsonian picture (bradykinesia, resting tremor, rigidity)
› Treat by reducing the amount of antipsychotic and giving anticholinergic  
  medication 

• Tardive dyskinesia (TD)
› Dreaded complication of long-term antipsychotic therapy
› Choreoathetoid muscle movements, facial grimaces, and lip-smacking
› No alteration in consciousness or vital signs
› Not readily reversible
› Atypical antipsychotics cause TD less frequently 

• Neuroleptic malignant syndrome
› Extreme muscle rigidity, hyperthermia, cardiovascular instability, and altered  
  level of consciousness
› Medical emergency
› Pathophysiology unknown
› Treatment includes

- Aggressive supportive care
- Bromocriptine (dopamine receptor agonist)
- Dantrolene (also used for malignant hyperthermia)

A typical antipsychotic Medications 
Includes:

› Clozapine
› Quetiapine
› Ziprasidone
› Aripiprazole
› Olanzapine
› Risperidone
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“Atypical” Antipsychotics
• Inhibit Serotonin Receptors (5-HT) especially 5-HT2A

› Also inhibit D2 receptors to a lesser extent.
• Now front-line agents for treatment of schizophrenia.
• Fewer extrapyramidal effects
• Better at treating negative symptoms than the typical agents, also control  
  positive symptoms.
• All atypicals except aripiprazole associated with weight gain.

Choice of atypical Antipsychotics
› Side effects need to be considered

- Risk of movement disorders greatest with high-potency typical agents
› Atypical anti-psychotics are now the first-line agents

- Clozapine shown to be superior in treating schizophrenia, but the incidence  
  of agranulocytosis makes it a second-line choice

› But atypicals frequently cause weight gain
› Injectable long-acting formulations available for:

- Risperidone
- Haloperidol
- Fluphenazine

• Clozapine – Agranulocytosis, weight gain, seizures
• Olanzapine – weight gain, seizures
• Risperidone – sedation, hypotension from alpha blockade
• Aripirazole – used for bipolar disorder
• Quetiapine – no antimuscarinic effects
• Ziprasidone – more anti-dopaminergic effects (more typical-like)
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“Atypical” Antipsychotics
• Inhibit Serotonin Receptors (5-HT) especially 5-HT2A

› Also inhibit D2 receptors to a lesser extent.
• Now front-line agents for treatment of schizophrenia.
• Fewer extrapyramidal effects
• Better at treating negative symptoms than the typical agents, also control  
  positive symptoms.
• All atypicals except aripiprazole associated with weight gain.

Choice of atypical Antipsychotics
› Side effects need to be considered

- Risk of movement disorders greatest with high-potency typical agents
› Atypical anti-psychotics are now the first-line agents

- Clozapine shown to be superior in treating schizophrenia, but the incidence  
  of agranulocytosis makes it a second-line choice

› But atypicals frequently cause weight gain
› Injectable long-acting formulations available for:

- Risperidone
- Haloperidol
- Fluphenazine

• Clozapine – Agranulocytosis, weight gain, seizures
• Olanzapine – weight gain, seizures
• Risperidone – sedation, hypotension from alpha blockade
• Aripirazole – used for bipolar disorder
• Quetiapine – no antimuscarinic effects
• Ziprasidone – more anti-dopaminergic effects (more typical-like)

Chapter 19
Anti-depressants
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Antidepressants
Major Depressive Disorder

• Depression is commonly treated with a combination of antidepressant     
  pharmacotherapy and psychotherapy.  
• The combination has been shown to be more effective than either treatment  
  alone in severe depression – although mild forms of depression may respond well  
  to either therapy.  
• Electro-convulsive therapy (ECT) has also been shown to be very effective and is  
  used in cases that are particularly refractory or severe.

Antidepressants
• Biogenic amine theory of depression:

› Medications seek to increase norepinephrine and/or serotonin within the CNS  
  by blocking reuptake of transmitters or by other unknown mechanisms.
› Some are general receptor blockers (which block both NE and serotonin) and  
  others are more specific.

Antidepressant Classes
• Selective serotonin reuptake inhibitors (SSRIs)

› Citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, sertraline
• Serotonin-norepinephrine reuptake inhibitors

› Duloxetine, venlafaxine
• Atypical antidepressants

› Bupropion, mirtazapine, nefazodone and trazodone
• Tricyclic antidepressants

› Amitriptyline, imipramine, clomipramine, doxepin, trimipramine, 
  desipramine and nortriptyline

• Monoamine oxidase inhibitors (MAOIs)
› Phenelzine, tranylcypromine and selegiline.

MAO Inhibitors
• Older, seldom-used class of antidepressants.
• Include phenelzine and tranylcypromine which inhibit MAO types A and B.

› Selegiline, also used in Parkinson disease is the only antidepressant available in  
 patch delivery system.

• Results in increased stores of NE, serotonin and dopamine in the presynaptic  
  terminal and within the synaptic cleft. 
• Requires up to 4–6 weeks for clinical effectiveness.

Most comonly used

Least comonly used
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Antidepressants
Major Depressive Disorder

• Depression is commonly treated with a combination of antidepressant     
  pharmacotherapy and psychotherapy.  
• The combination has been shown to be more effective than either treatment  
  alone in severe depression – although mild forms of depression may respond well  
  to either therapy.  
• Electro-convulsive therapy (ECT) has also been shown to be very effective and is  
  used in cases that are particularly refractory or severe.

Antidepressants
• Biogenic amine theory of depression:

› Medications seek to increase norepinephrine and/or serotonin within the CNS  
  by blocking reuptake of transmitters or by other unknown mechanisms.
› Some are general receptor blockers (which block both NE and serotonin) and  
  others are more specific.

Antidepressant Classes
• Selective serotonin reuptake inhibitors (SSRIs)

› Citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, sertraline
• Serotonin-norepinephrine reuptake inhibitors

› Duloxetine, venlafaxine
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› Bupropion, mirtazapine, nefazodone and trazodone
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› Amitriptyline, imipramine, clomipramine, doxepin, trimipramine, 
  desipramine and nortriptyline

• Monoamine oxidase inhibitors (MAOIs)
› Phenelzine, tranylcypromine and selegiline.

MAO Inhibitors
• Older, seldom-used class of antidepressants.
• Include phenelzine and tranylcypromine which inhibit MAO types A and B.

› Selegiline, also used in Parkinson disease is the only antidepressant available in  
 patch delivery system.

• Results in increased stores of NE, serotonin and dopamine in the presynaptic  
  terminal and within the synaptic cleft. 
• Requires up to 4–6 weeks for clinical effectiveness.

Most comonly used

Least comonly used

MAOIs
• Effective for depression but very difficult to take

› Interact with tyramine-containing foods 
› (MAO-A metabolizes tyramine, a catecholamine “releasing” agent), found in:

- Aged cheeses
- Fava beans
- Chianti and other red wine, beer

› Diet interactions can lead to peripheral hypertensive crisis
- Phentolamine and prazosin are used to treat HTN from tyramine-induced  
  release of catecholamines.    

• Also contraindicated with selective serotonin reuptake inhibitors.  
• Because of potential for adverse reactions, MAOIs generally reserved for patients  
  unresponsive to TCAs or SSRIs.  
• Patients with atypical depression, strong anxiety and low psychomotor activity  
  may respond well. 

Tricyclic Antidepressants
• Include the tertiary amines:  

› Amitriptyline, imipramine, clomipramine, Doxepin and trimipramine.  
• Secondary amines:  Desipramine and nortriptyline.  
• Block reuptake of both norepinephrine and serotonin.

› No effect on dopamine at therapeutic concentrations.  
• Effective for

› Major depression
› Phobias
› Panic/anxiety states
› Neuropathic pain (amitriptyline)
› Enuresis (imipramine)
› insomnia (amitriptyline/nortriptyline)
› Obsessive-compulsive disorder (clomipramine)

• Exert varying amounts of muscarinic and α-adrenergic receptor blockade, as well  
  as Na-channel blockade.
• Toxic in overdose.
• Overdose is a medical emergency

› Cardiac effects (e.g., arrhythmias)
› Coma
› Decreased respiration
› Depressed reflexes
› Hypotension
› Overdose with amitriptyline resembles atropine poisoning
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• Withdrawal syndrome follows sudden discontinuation.
• Should not use concurrently with MAOIs or selective serotonin reuptake inhibitors.

Selective Serotonin Reuptake Inhibitors (SSRIs)
• Major advance in treatment of depression.
• Decreased incidence of serious side effects compared to tricyclics or MAOIs.
• Include 

› Duloxetine (Prozac®)
› Paroxetine (Paxil®)
› Escitalopram (Lexapro®)
› Fluvoxamine (Luvox®) 
› Citalopram (Celexa®) 
› Sertraline (Zoloft®)

• Selectively block the serotonin transporter (“reuptake”), leading to increased  
  concentration of serotonin in synaptic cleft.
• Minimal effect on dopamine, muscarinic, α-adrenergic or H1 receptors.  
• Minimizes side effects associated with TCAs.
• Requires 2–4 weeks for therapeutic response. 

Indications
• Major depression
• Anxiety states (panic, phobias, social)
• Premenstrual dysphoric disorder
• Obsessive-compulsive disorders: Fluvoxamine
• Eating disorders: Bulimia – fluoxetine
• Fluoxetine: Long half-life allowing 1 weekly dosing
• Fluoxetine and paroxetine: Inhibits CYP450 (CPY2D6)

Adverse Effects
• Sexual dysfunction

› Most common complaint of patients taking SSRIs
› Difficulty in achieving orgasm
› If problematic, switch to atypical (e.g. buproprion)

• Sleep
› Paroxetine and fluvoxamine tend to be sedating
› Fluoxetine and sertraline tend to be more activating  

• Anxiety
• Agitation
• Weight loss / anorexia

SSRIs and SNRIs are the most effective agents for 
treatment of depression and anxiety but based on their 
delayed time to onset these are not routinely started 
while patients are hospitalized. Instead, acute anxiety is 
typically managed with a short acting benzodiazepine 
while hospitalized and transition to these agents occurs in 
the clinic. 

"On the Wards"

• Nausea, diarrhea
• Urinary retention
• Hyperthermia, sweating
• Pupillary dilation
• Withdrawal syndrome

› Nausea, headache, vertigo, malaise
• Serotonin syndrome

› Medical emergency
› Generally occurs when patient switched between SSRI and MAOI without a 2  
  week “Washout period” 
› Worst offender is MAOIs > tricyclics > meperidine > dextromethorphan
› Hyperthermia, muscle rigidity, myoclonus, profuse sweating, tachycardia, 
confusion, agitation.  
› Treatment for agitation is benzodiazepine (e.g. lorazepam) 
› Serotonin syndrome can be controlled using cyproheptadine (serotoninergic  
  antagonist)

• Withdrawal syndrome
› Nausea, headache, vertigo, malaise
› Best to wean patient from medication
› provokes suicidal ideation with rapid withdrawal

Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs)
• Useful in patients unresponsive to SSRIs.
• Also useful in patients where depression is accompanied by chronic pain.
• SNRIs 

› Venlafaxine:  Inhibits serotonin much more than NE.  At high doses blocks  
  reuptake of Dopamine  

- Side effects similar to SSRIs, with addition of sweating, HTN at higher doses.
› Duloxetine: Inhibits serotonin and NE.  Hepatic metabolism with renal excretion.   
  Caution in liver and renal patients.  

- Also used to treat neuropathic pain.

Atypical Antidepressants 
• Bupropion:  

› Related to amphetamine; has stimulant-like effects
› Weak dopamine and NE uptake inhibitor
› Does not cause weight gain or sexual dysfunction
› Also used in smoking cessation therapy
› Avoid in patients with history of seizure disorder; reduces seizure threshold in  
  high doses
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• Withdrawal syndrome follows sudden discontinuation.
• Should not use concurrently with MAOIs or selective serotonin reuptake inhibitors.

Selective Serotonin Reuptake Inhibitors (SSRIs)
• Major advance in treatment of depression.
• Decreased incidence of serious side effects compared to tricyclics or MAOIs.
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› Duloxetine (Prozac®)
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• Selectively block the serotonin transporter (“reuptake”), leading to increased  
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• Minimizes side effects associated with TCAs.
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• Fluoxetine: Long half-life allowing 1 weekly dosing
• Fluoxetine and paroxetine: Inhibits CYP450 (CPY2D6)

Adverse Effects
• Sexual dysfunction

› Most common complaint of patients taking SSRIs
› Difficulty in achieving orgasm
› If problematic, switch to atypical (e.g. buproprion)

• Sleep
› Paroxetine and fluvoxamine tend to be sedating
› Fluoxetine and sertraline tend to be more activating  

• Anxiety
• Agitation
• Weight loss / anorexia

SSRIs and SNRIs are the most effective agents for 
treatment of depression and anxiety but based on their 
delayed time to onset these are not routinely started 
while patients are hospitalized. Instead, acute anxiety is 
typically managed with a short acting benzodiazepine 
while hospitalized and transition to these agents occurs in 
the clinic. 

"On the Wards"

• Nausea, diarrhea
• Urinary retention
• Hyperthermia, sweating
• Pupillary dilation
• Withdrawal syndrome

› Nausea, headache, vertigo, malaise
• Serotonin syndrome

› Medical emergency
› Generally occurs when patient switched between SSRI and MAOI without a 2  
  week “Washout period” 
› Worst offender is MAOIs > tricyclics > meperidine > dextromethorphan
› Hyperthermia, muscle rigidity, myoclonus, profuse sweating, tachycardia, 
confusion, agitation.  
› Treatment for agitation is benzodiazepine (e.g. lorazepam) 
› Serotonin syndrome can be controlled using cyproheptadine (serotoninergic  
  antagonist)

• Withdrawal syndrome
› Nausea, headache, vertigo, malaise
› Best to wean patient from medication
› provokes suicidal ideation with rapid withdrawal

Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs)
• Useful in patients unresponsive to SSRIs.
• Also useful in patients where depression is accompanied by chronic pain.
• SNRIs 

› Venlafaxine:  Inhibits serotonin much more than NE.  At high doses blocks  
  reuptake of Dopamine  

- Side effects similar to SSRIs, with addition of sweating, HTN at higher doses.
› Duloxetine: Inhibits serotonin and NE.  Hepatic metabolism with renal excretion.   
  Caution in liver and renal patients.  

- Also used to treat neuropathic pain.

Atypical Antidepressants 
• Bupropion:  

› Related to amphetamine; has stimulant-like effects
› Weak dopamine and NE uptake inhibitor
› Does not cause weight gain or sexual dysfunction
› Also used in smoking cessation therapy
› Avoid in patients with history of seizure disorder; reduces seizure threshold in  
  high doses
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• Mirtazapine:  (NaSSA) – noradrenergic and specific serotonergic antidepressant  
› Primary mechanism is antagonism of pre-synaptic inhibitor α2 receptors (leads  
  to increased release of serotonin and norepinephrine).  
› Block of 5-HT2A, 5-HT2C, and 5-HT3 receptors may also contribute to  
  anti-depressant effect. 
› Known for possibly having faster onset of action than SSRIs
› Causes sedation and increased appetite/weight gain.  
› Less nausea / sexual dysfunction. 
› Often used with elderly due to desired side effects of appetite stimulation and  
  sleep induction.

• Trazodone and nefazodone
› Unrelated to TCAs or MAOIs.  
› Weakly inhibits serotonin reuptake, primarily acts as postsynaptic 5-HT2  
  antagonist.

- Also α1-receptor blocker, antihistamine 
› Used primarily at lower doses for sleep aid (e.g., to counteract insomnia that  
  can be effect of SSRIs).  
› No anticholinergic effects (safe in patients with BPH, glaucoma, constipation, etc)
› USMLE side effect: 

- Trazodone = priapism! (i.e. painful, sustained erection) 
- Nefazodone – hepatotoxicity.

St. John’s Wort
• Herbal antidepressant
• Active constituent is hyperforin
• Inhibits norepinephrine and serotonin reuptake
• Few side effects
• Induces some CYP enzymes so can cause drug-drug interactions

Sign/Symptom
Acute

Dystonic
Reaction

Serotonin
Syndrome

(SS)

Neuroleptic
Malignant

Syndrome (NMS)

Mental status changes X X

Behavioral Restlessness
and/or agitation X X X

Autonomic Dysfunction X X

Physical
exam

Myoclonus X X X

X X X

Tremor X X X

Incoordination X

Muscle rigidity X X X

Trismus X

Oculogyric crises X

Dysarthria X

Dysphagia X

Laboratory
values

CPK X

Leukocytosis X

Myoglobinuria X

Metabolic acidosis X

Severe Side Effect Syndromes

Therapy of Bipolar Disorder
• Often more difficult than treatment of major depression.
• Lithium is the first-line therapy
• Alternative drugs

› Valproic acid
› Carbamazepine
› Lamotrigine
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Mood Stabilizers
Lithium 

› Lithium changes the balance of intracellular cyclic AMP and the phosphatidyl  
  inositol pathway, though poorly understood

- Modifies neuronal signaling in the central adrenergic and muscarinic neurons
› Since lithium is a monovalent cation, it can act like sodium and bind ion channels
› Long half-life (20 hours), plasma levels should be monitored

Side effects:
• Most are common, but relatively minor

› Tremor, scotoma, leukocytosis, headache, weight gain
› Hypothyroidism develops in ~5% of patients
› Nephrogenic diabetes insipidus 

- Treated with amiloride
› Contraindicated in the first trimester of pregnancy due to teratogenic effects
› Epstein’s anomaly (Unclear correlation)
› At toxic levels, ataxia, sinus dysrhythmias, coma, and death can occur
› Watch for changes in lithium levels with changes in creatinine clearance

• Carbamazepine, valproic acid, and lamotrigine are anti-seizure medications that  
  have recently been used with success in bipolar disorder

Antidepressants: Summary
• High Potential for orthostatic hypotension

› MAOIs
- Phenelzine
- Tranylcypromine

› TCAs
- Amitriptyline
- Doxepin
- Imipramine 

• Heavily Sedating
› SSRIs

- Fluvoxamine
- Paroxetine

› Atypical
- Mirtazapine
- Nefazodone and Trazodone

› TCAs
- Amitriptyline amoxapine, clomipramine doxepin imipramine maprotiline,  
   nortriptyline, trimipramine

• Associated with weight gain
› Atypical

- Mirtazapine (Now used intentionally for this effect)
› TCAs

- Amitriptyline
- Clomipramine
- Doxepin
- Imipramine
- Trimipramine
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Chapter 20
ADHD, ALZ & cannabinoids
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ADHD, Alzheimer disease and cannabinoids
ADHD

• Treatment: Psychostimulants
› Methylphenidate (Ritalin®) is most commonly used

- Also available in long acting form
› D-amphetamine (Adderall®) is next most common
› Non stimulants such as Atomoxetine (Strattera®) can also be used

Alzheimer’s Disease
• Characterized by gradual cognitive impairment,
  starting with episodic memory loss.
• Pathologically involves neuritic plaques, neurofibrillary
  tangles and loss of monoamines, primarily
  acetylcholine.

Therapy
• Central-acting cholinesterase inhibitors:

› Donepezil, rivastigmine, galantamine
› These are the first line drugs
› Well tolerated, but can cause

- Nausea
- Muscle cramps

• NMDA antagonist
› Memantine

- Generally, used for more advanced disease
- Can cause confusion, drowsiness

Cannabinoid receptors
• Cannabinoids are highly lipid soluble compounds 

› Anandamide (endogenous cannabinoid)
• Cannabinoid receptors are G-protein coupled, inhibit adenylate cyclase
• CB1, CB2.  Signaling pathways are poorly defined.
• Active component of marijuana is ∆9-tetrahydrocannabinol (THC)

› Persists in the body for days
• Marijuana contains about 1–10% THC by weight

› Hashish, the extra resin from marijuana, contains about 5 times more THC
• CB1 receptor activation causes:

› Decreased serotonin release in the chemo-trigger zone (area postrema) –  
  results in nausea control

- Antiemetic effect

For discussion of 
Alzheimer disease 
and the dementias, 
see the Medical 
School Companion 
textbook: 
Pathophysiology, 
Nervous system, 
Chapter on 
Dementias and 
neurodegenerative 
diseases. 
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ADHD, Alzheimer disease and cannabinoids
ADHD
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• CB1 receptor activation causes:

› Decreased serotonin release in the chemo-trigger zone (area postrema) –  
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For discussion of 
Alzheimer disease 
and the dementias, 
see the Medical 
School Companion 
textbook: 
Pathophysiology, 
Nervous system, 
Chapter on 
Dementias and 
neurodegenerative 
diseases. 

› Decreased leptin release in the hypothalamus – results in increased appetite
- Pro-appetite effect

• Synthetic cannabinoids – dronabinol and nabilone – can be utilized for patients  
  with severe nausea and cachexia in advanced illness

Marijuana
• Schedule I controlled substance (FDA)
• Variety of physiological effects including:

› Euphoria
› Relaxation
› Analgesia
› Anti-emesis
› Reduction of intra-ocular pressure

• Tolerance, physical dependence, and psychological dependence are not  
  prominent with marijuana use
• Many states have legalized marijuana use (either medical (33) or recreational (11)   
  or de-criminalized its use (16)
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Chapter 21
Antibiotics introduction
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Antibiotics
An Overview
• Classification of infectious microorganisms”

› Biology of organisms:
› Bacteria (Monera)
› Virus
› Fungus 
› Parasite (Protista, animalia)

• Status of the host immunity:
› Normal (i.e. these are pathogenic infections)
› Opportunistic
› Immune deficient.

• Pathogenic infections are typically by a single organism that can be targeted 
by a specific antibiotic. Opportunistic infections typically have an abnormality 
in the host. Antibiotics provide general cover until the underlying problem can 
be fixed, especially with obstructions. Infections is patients with 
immunodeficiency typically do as well as the correction of the host’s 
defenses.

Pathogenic infection
     Virulence factors
     Single organism
     Typical disease pattern 
      

Immunodeficiency infection
      Hereditary/acquired
      Qualitative/quantitative
      Enviroment, normal
      flora or pathogen
      

Opportunistic infection
      Non-immunologic 
      defect
      From normal flora
     Often multiple 
      organisms

Types of infections
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      flora or pathogen
      

Opportunistic infection
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      From normal flora
     Often multiple 
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Types of infections

Resistance mechanisms
• Medicine is entering the “post-antibiotic “ era with the evolution of more  
   multi-resistant organisms. 
• There are 3 general categories of drug resistance:

› Intrinsic:
- Used to describe organisms that lack the target molecule for the   
   antibiotic. A classic example is Mycoplasma. It lacks a cell wall and  
   therefore is unaffected by penicillin-type antibiotics.

› Chromosomal:
- The organism has genes coding for resistance. An important example is  
   methicillin-resistant Staphylococcus aureus (MRSA) which has mutated to  
   have an altered penicillin-binding protein (PBP).

› Plasmid-mediated:
- The resistance genes are carried on extrachromosomal rings of DNA (i.e.  
   plasmids) within the bacteria. Most are enzymes. Important examples  
   include:

» β-lactamases: inactivate penicillins and cephalosporins.
» Efflux pumps: tetracyclines and sulfonamides.
» Phosphorylases, acetylases and adenosylases: aminoglycosides and  
   chloramphenicol.
» Ribosomal-binding inhibition enzymes: tetracycline. 
» Methylases: macrolides and lincosamides (i.e. clindamycin)
» Ligases: cell wall pentapeptides that do not bind vancomycin.
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Antibiotic susceptibility
•  When bacteria are grown in culture, sensitivity and resistance to different  
   antibiotics can be assessed. Common techniques include screening with the  
   Kirby-Bauer agar disc diffusion. This can be followed up with assessing growth   
   in serial dilutions. This latter technique can be used to calculate the

› Minimal inhibitory concentration (MIC): The lowest dilution of antibiotic that  
  inhibits growth of a bacterial isolate.
› Minimal bactericidal concentration (MBC): plate on culture media from the  
  “no growth” tubes to find the concentration at which there is no growth
  of bacteria.

Combination therapies
• In infection, drug combinations are used to:

› Prevent emergence of antibiotic resistance
› Increase efficacy (i.e. activity) 
› Reduce toxicity to the host
› To treat multiple organisms (i.e. polymicrobial therapy, empiric therapy).

• Types of antibiotic interactions:
› Synergy:

- Potentiation of effect greater than either drug alone. 
- A good example is aminoglycosides and Enterococcus faecalis.   
  Aminoglycosides alone are ineffective as they cannot penetrate the cell  
  wall. When given with a cell wall synthesis inhibitor such as vancomycin or  
  a β-lactam antibiotic, aminoglycosides are bactericidal.
- Other examples:

» Amphotericin B and flucytosine
» Trimethoprim or pyrimethamine and sulfonamides
» Amoxicillin and Beta lactamase inhibitors (clavulanic acid) = Augmentin®

› Antagonism:
» Activity of either drug is diminished when used together.
» Many bacteriostatic antibiotics (e.g. tetracycline, erythromycin,   
   chloramphenicol) antagonize bactericidal antibiotics (e.g. vancomycin,  
   penicillin) by inhibiting cell processes required for cidal activity.

› Additive:
» The activity of 2 drugs is just the sum of their individual activities.

Choice of antibacterial antibiotic
• The goal of antibiotic therapy is selective toxicity: the inhibition of pathways 
or    targets critical for the pathogen at drug concentrations to 
low to affect the    patient’s pathways.
• The ratio of the toxic dose to the therapeutic dose is the therapeutic index. 
The    more selective the drug, the higher the therapeutic index.
• Types of targeting:

› Unique:
- The genetic or biochemical pathway is unique to the pathogen.
- Example is bacterial cell wall synthesis. 

› Selective:
- The drug targets a protein isoform unique to the pathogen.
- Examples include dihydrofolate reductase (DHFR) inhibitor and viral DNA  
   polymerase in Herpes viruses.

› Common:
- Targeted protein or pathway is more important to the pathogen than the  
   patient.
- Example is the antiviral maraviroc which binds the human cytokine  
   receptor CCR5 essential for HIV entry into cells.

Antibacterials
An Overview

• Bactericidal agents:
› Eradicate infection by actively destroying the bacterium
› Severely ill/immunocompromised patients usually require these to   
  overcome infection (These patients either can’t mount an immune response  
  or it is deficient)
› Beta-lactams, vancomycin, daptomycin, fluoroquinolones, metronidazole,  
  nitrofurantoin

• Bacteriostatic agents:
› Inhibit bacterial growth
› Require adequate host immune response
› Tetracyclines, sulfonamides, lincosamides, chloramphenicol, macrolides

• There is a great deal of crossover between these two groups
› I.e., higher doses of bacteriostatic agents = bactericidal
› One drug may be bacteriostatic for one organism, bactericidal for another  
  organism

• Antibacterial choice is determined by the patient’s condition (i.e., severely ill or  
  not), location of infection (skin, urine, etc.), and the organism’s   
  species/sensitivity
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Bactericidal vs. Bacteriostatic
• Bacteriostatic agents halt bacterial
  growth in vitro, while bactericidal agents
  actively decrease the amounts of viable 
  bacteria.

Adverse effects
•  These will be discussed for each 
   drug, but there are 3 general risks:

› Direct toxicity
- Example: aminoglycosides causing
  nephrotoxicity and ototoxicity.

› Hypersensitivity reactions (virtually all antibiotics)
› Drug-drug interactions (due to cytochrome P450 effects).

Pharmacologic classification of antibiotics
Bacteria

•  Antibacterial drugs are often divided in to 3 general groups:
› Inhibition of specific enzymes involved in DNA synthesis and integrity.
› Inhibition of transcription & translation.
› Inhibition of cell wall synthesis. 
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Figure 21.1 Bacteriostatic 
vs bactericidal antibiotics

Virus

1 Viral absorption:
Enfuvirtide (HIV fusion protein)
Maraviroc – HIV CCR5 receptor
Docusanol – HSV fusion protein
Palivizumab – RSV fusion protein 

2 Penetration: 
Interferon-α (HBV, HCV) 

3 Uncoating: 
amantadine, rimantadine (influenza)

5 Protein synthesis and processing:  
‘inavir’ drugs – HIV

6 Release:
zanamivir, oseltamivir - Neuraminidase inhibitors, influenza

4 Nucleic acid synthesis:  
NRTIs (HIV and HBV) ‘ine’ drugs
NNRTIs (HIV) 
Acyclovir -DNA polymerase inhibitors – HSV
Ribavirin -RNA polymerase inhibitor, RNA viruses
Cidofovir – inhibits viral DNA polymerases
Fomivirsen – antisense inhibitor of mRNA synthesis (CMV retinitis) 
Foscarnet – ganciclovir-resistant CMV – inhibits viral DNA polymerase or RT
Ledipasvir – inhibits NS5A zinc-binding protein involved in replication of HCV
Sofosbuvir - inhibits RNA-dep RNA polymerase of HCV
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Fungus

Squalene

Squalene epoxidase

Mannoprotein 

β-glucans – inhibited by echinocandins 

Chitin – inhibited by nikkomycin and polyoxins 

Ergosterol (bound by polyenes, napthoquinones,
eugenol analogues, isoquercitrin 
    • Inhibition of squalene epoxidase – 
       terbinafine and naftifine 
    • Inhibition of 14-α-demethylase – azoles

DNA synthesis – inhibited by 5-flucytosine 

Ribosomes – inhibition of protein synthesis - 
sordarins 

Mitochondria – production of ROS, RNS -
amphotericin B, miconazole, ciclopirox 

Microtubules – assembly inhibited – griseofulvin

14-α-demethylase

Lanosterol Ergosterol

Parasite: Anti-Parasitic Drugs:

Use

Protozoa

Mechanism of Action Drug

Malaria, acute attack Chloroquine4-aminoquinolone, Inhibits 
formation of hemazoin

Malaria, prevent relapse (P. vivax 
and P. ovale)

Primaquine8-aminoquinolone.  May create 
ROS or interfere with electron 

Malaria, prophylaxis Mefloquine, doxycyclineQuinoline, mechanism uncertain

Giardiasis, amebiasis MetronidazoleDisrupts DNA synthesis of 
anaerobic organisms

Amebiasis, luminal phases ParomomycinProtein synthesis inhibitor 

Cryptosporidiosis NitazoxanideThiazolide.  Interferes with 
pyruvate:ferredoxin oxidoreductase 
enzyme-dependent ET reaction 

African trypanosomes SuraminInhibits glycerol-3-phosphate 
oxidase and dehydrogenase

Chagas Disease BenznidazoleNitroimidazole.  Inhibits synthesis of 
DNA, RNA, proteins

Leishmaniasis StibogluconatePentavalent antimonial, reduces 
available ATP and GTP, inhibits 
topoisomerase I

Trematodes and cestodes PraziquantelUnknown, increases permeability of 
membranes for calcium ions, 
causes paralysis in contracted 
state

Filariasis DiethylcarbamazineInhibitor of microfilarial arachidonic 
acid metabolism, makes them 
susceptible to phagocytosis

Filariasis, strongyloidiasis IvermectinBinds to glutamate-gated chloride 
channels, paralyzes microfilariae, 
larvae

Nematodes MebendazoleInhibits polymerization of 
microtubules

Helminths
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β-glucans – inhibited by echinocandins 

Chitin – inhibited by nikkomycin and polyoxins 

Ergosterol (bound by polyenes, napthoquinones,
eugenol analogues, isoquercitrin 
    • Inhibition of squalene epoxidase – 
       terbinafine and naftifine 
    • Inhibition of 14-α-demethylase – azoles

DNA synthesis – inhibited by 5-flucytosine 

Ribosomes – inhibition of protein synthesis - 
sordarins 

Mitochondria – production of ROS, RNS -
amphotericin B, miconazole, ciclopirox 

Microtubules – assembly inhibited – griseofulvin

14-α-demethylase

Lanosterol Ergosterol

Parasite: Anti-Parasitic Drugs:

Use

Protozoa

Mechanism of Action Drug

Malaria, acute attack Chloroquine4-aminoquinolone, Inhibits 
formation of hemazoin

Malaria, prevent relapse (P. vivax 
and P. ovale)

Primaquine8-aminoquinolone.  May create 
ROS or interfere with electron 

Malaria, prophylaxis Mefloquine, doxycyclineQuinoline, mechanism uncertain

Giardiasis, amebiasis MetronidazoleDisrupts DNA synthesis of 
anaerobic organisms

Amebiasis, luminal phases ParomomycinProtein synthesis inhibitor 

Cryptosporidiosis NitazoxanideThiazolide.  Interferes with 
pyruvate:ferredoxin oxidoreductase 
enzyme-dependent ET reaction 

African trypanosomes SuraminInhibits glycerol-3-phosphate 
oxidase and dehydrogenase

Chagas Disease BenznidazoleNitroimidazole.  Inhibits synthesis of 
DNA, RNA, proteins

Leishmaniasis StibogluconatePentavalent antimonial, reduces 
available ATP and GTP, inhibits 
topoisomerase I

Trematodes and cestodes PraziquantelUnknown, increases permeability of 
membranes for calcium ions, 
causes paralysis in contracted 
state

Filariasis DiethylcarbamazineInhibitor of microfilarial arachidonic 
acid metabolism, makes them 
susceptible to phagocytosis

Filariasis, strongyloidiasis IvermectinBinds to glutamate-gated chloride 
channels, paralyzes microfilariae, 
larvae

Nematodes MebendazoleInhibits polymerization of 
microtubules

Helminths
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Chapter 22
Antibiotics cell wall inhibitors
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Penicillins
• Inhibit bacterial growth and cause cell lysis/death by  
 preventing the formation of peptidoglycan  
 cross-bridges in the cell wall by binding to PBPs  
 (penicillin-binding proteins) which are responsible  
 for this reaction

› Activation of autolytic enzymes then occurs,  
  causing destruction of cell components
› Require actively proliferating microorganisms to    
  be maximally effective

• Primarily are excreted unmetabolized in the kidney  
 by filtration and secretion

› Exceptions:  Nafcillin, oxacillin, dicloxacillin undergo  
  biliary excretion

• Are bactericidal
The “R” group is variable among individual drugs. 

It determines stability as well as the antibiotic 

spectrum.

The beta-lactam ring is square-shaped and is the 

site of cleavage by penicillinases

Penicillin was 
discovered 
serendipitously in 1928 
by Alexander Fleming. 
He noticed that a 
Penicillium mold 
contaminant that was 
growing in petri dish 
inhibited nearby 
bacteria. The inhibiting 
substance would be 
called  “penicillin”.

• May be given along with probenecid which impairs renal secretion of penicillins.
  This prolongs the half-life of penicillins in the plasma
• Penicillins are subject to resistance by:

› Degradation by bacterial penicillinases (β-lactamases)
› Mutation of PBPs that do not bind penicillins strongly (e.g. MRSA)
› Downregulation of porins that allow entry of penicillins (i.e. Gram (-) bacteria)
› Upregulation of efflux channels that pump penicillins out of the bacterium

• May be administered: 
› Orally: Penicillin V (e.g. Group A streptococci), amoxicillin (e.g. uncomplicated  
  infections)

- Should be taken on an empty stomach
› Intravenously: Ticarcillin, carbenicillin, piperacillin, penicillin G, ampicillin
› Intramuscularly: Procaine penicillin G and benzathine penicillin G (treatment of  
  choice for all treatment stages of syphilis)

• Are used to combat a variety of bacteria depending on the clinical setting. 
› Penicillin G and V
› Lactamase-resistant penicillins (need assessed from a laboratory “resistance  
  profile” of organisms in the community)

- Methicillin, nafcillin, oxacillin

Figure 22.1 Chemistry of β-lactam antibiotics
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› Extended-spectrum penicillins (e.g. severe nosocomial infection such as  
  Pseudomonas, not commonly used for this indication)

- Aminopenicillins (ampicillin, amoxicillin)
- Carboxypenicillins (ticarcillin, carbenicillin)
- Ureidopenicillins (piperacillin, azlocillin)

• Do not cross the blood-brain barrier readily unless the meninges are inflamed  
  (i.e., meningitis)
• Can cross the placenta into the fetus to a certain extent
• Can enter breast milk

Bactericidal vs. Bacteriostatic
• Bacteriostatic agents halt bacterial
  growth in vitro, while bactericidal
  agents actively decrease the
  amounts of viable bacteria.  

Penicillin Additives
β-lactamase inhibitors

• Clavulanic acid, sulbactam, tazobactam 
• Improve the efficacy of penicillins by inhibiting
  penicillinases

Probenecid
• Blocks the secretion of penicillins into urine
• Prolongs the half-life of penicillins

Adverse Reactions and Resistance
• Nausea, fevers, diarrhea
• Immediate hypersensitivity

› Type I hypersensitivity reaction to metabolite penicilloic acid
› Anaphylaxis (< 0.05% of patients)

• Serum sickness
› Type III hypersensitivity reaction seen when foreign proteins (e.g., 
immunoglobulin therapy) are given along with penicillins

Figure 22.2 Penicillinase action
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• Resistance mechanisms:
› β-lactamase (plasmid-mediated resistance) in many bacterial organisms

› Methicillin resistance (mutation of PBP’s) seen in staphylococcus organisms

“Narrow-Spectrum” penicillins
• Penicillin G (benzylpenicillin), penicillin V

› Oldest family of penicillins, have limited use today due to widespread resistance
• Susceptible to penicillinases
• Used for

› Syphilis – penicillin G
› Group A streptococcus (e.g. “strep throat”) – penicillin V (largely replaced by  
  amoxicillin)
› Neisseria meningitidis – penicillin G

- In regions where resistance is not an issue

Ampicillin
• Extended-spectrum penicillin (aminopenicillin) 
• Mainly given intravenously
• Often used for infections caused by certain 
  gram negatives

› Listeria monocytogenes
- Used empirically in patients under 4 wks 
  old and older than age 50 with suspected 
  bacterial meningitis (along with 3rd 
  generation cephalosporin to cover 
  strep and staph)

› E. coli, indole  (-) Proteus sp. (i.e. P. mirabilis
  which causes 90% of proteus infections).

• Also covers non-resistant staph (MSSA) and strep organisms, plus:
› Haemophilus influenzae, Enterococcus sp.
› Also covers organisms treated with Pen V and G (e.g. ,Treponema pallidum)

• Not active against:
› Klebsiella, Enterobacter, Pseudomonas, Citrobacter, Serratia, indole (+) Proteus sp.
› Cannot be given empirically for urinary tract infections

• Causes a benign, non-allergic rash (morbilliform) when given during viral illness
• Given in conjunction with sulbactam (penicillinase inhibitor)

Aminopenicillins have the 
β-lactam ring of penicillins 
with the addition of an 
amino group. This enhances 
uptake through porin 
channels (i.e. gram (-)). This 
increases their activity 
against gram (-) bacteria, 
but they are still vulnerable 
to β-lactamases.
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Amoxicillin
• Aminopenicillin (extended-spectrum)

› Similar spectrum as ampicillin
• Good oral absorption
• Often used for otitis media, community-acquired pneumonia, sinusitis

› Strep. pneumonia, H. influenzae, Moraxella
› Common test question- Amoxicillin/clavulanic acid given as drug of choice for  
  dog bite wounds

• Same characteristics as ampicillin
› Including non-allergic “morbilliform rash” when given to patients with concurrent  
  viral infections

• Given along with beta-lactamase inhibitor (e.g. clavulanic acid)

Penicillinase-resistant penicillins
• Designed to work against beta-lactamase-producing organisms

› Methicillin
- Only used in lab testing for resistance patterns and no longer in patient care  
  due to the side effect of interstitial nephritis

› Dicloxacillin
- Used more for skin infections, mastitis

• Effective against streptococci, staphylococci. Not effective for Listeria or    
  enterococci.

› Nafcillin/oxacillin are the drugs of choice for uncomplicated MSSA     
  (Methicillin-sensitive staph aureus) infections
› If a Staphylococcus aureus strain is resistant to methicillin in vitro, then none of  
  the drugs above can be used

• Can be given IV or PO (oxacillin, dicloxacillin) (on an empty stomach)
• Not effective against Pseudomonas spp.
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Antipseudomonal penicillins
• Carboxypenicillins

› Carbenicillin, Ticarcillin
• Ureidopenicillins

› Piperacillin (most potent)
• Are often combined with β-lactamase inhibitors

› Clavulanic acid or tazobactam
• Given to severely ill patients as empiric therapy for Pseudomonas infections  
  (Pipericillin-tazobactam utilized for Pseudomonas infection if initial empiric  
  Pseudomonal coverage is ineffective)
• Have activity against gram positives (staph, strep)

› Except MRSA
• Also work against gram negatives

› Including Pseudomonas aeruginosa and Klebsiella

Cephalosporins
• Isolated in the 1940’s from Sardinian sewer fungi

› Compounds were found to be active against salmonella
• Bactericidal
• Similar mechanism of action to penicillins

› Have more resistance to beta-lactamases 
• Good coverage of gram positives (strep and staph organisms)

› Not active against Listeria or Enterococcus spp.
• 1st-, 2nd-, 3rd-, 4th- and 5th- generation classification generally reflects   
  increasing activity against gram-negatives 

› 5th generation (ceftaroline) has MRSA coverage, less gram negative coverage  
  than 4th generation

• Names very confusing
• Have structure and pharmacokinetics similar to penicillins

› Beta-lactam ring
› Largely excreted unmetabolized in the kidney
› Probenecid decreases secretion of cephalosporins into the urine
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› Compounds were found to be active against salmonella
• Bactericidal
• Similar mechanism of action to penicillins

› Have more resistance to beta-lactamases 
• Good coverage of gram positives (strep and staph organisms)

› Not active against Listeria or Enterococcus spp.
• 1st-, 2nd-, 3rd-, 4th- and 5th- generation classification generally reflects   
  increasing activity against gram-negatives 

› 5th generation (ceftaroline) has MRSA coverage, less gram negative coverage  
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• Names very confusing
• Have structure and pharmacokinetics similar to penicillins

› Beta-lactam ring
› Largely excreted unmetabolized in the kidney
› Probenecid decreases secretion of cephalosporins into the urine

1st -Generation cephalosporins
• Cephalexin, Cefazolin, Cefadroxil, et al.
• Most of these medications are actually very commonly used
• Often used for prophylaxis for cellulitis before surgery

› Most skin flora are susceptible
• Good activity against gram-positive cocci
• Also some activity against Proteus, E. coli, & Klebsiella

2nd -Generation cephalosporins
• Cefuroxime, cefoxitin, cefotetan: 

› Good activity against Steptococcus pneumoniae as well as Haemophilus  
  influenzae, Enterobacter (g- rods)
› Still active against gram positive cocci

• Not commonly used 1st line medications
• Cefoxitin, cefotetan, cefmetazole have anti-anaerobic activity (i.e. can be used in  
  abdominal infections)
• Cefuroxime can be used for community-acquired pneumonia

› Has activity against resistant H. influenzae and K. pneumoniae
• Side effects:

› Cefotetan, cefmandole – disulfiram-like reactions
› Hypo-prothrombinemia (i.e. bleeding disorder)

3rd -Generation cephalosporins
• Ceftriaxone, cefotaxime, ceftazidime, cefixime et al.
• Ceftriaxone is most commonly used in hospital antibiotics for UTIs or CAP
• For multi-drug resistant gram negatives and nosocomial infections

› Effective against the resistant strains of Haemophilus and Neisseria
› Not effective against organisms producing ESBL (extended spectrum     
  beta-lactamases), including Enterobacter spp.

• Effective against:
› Gonococci 

- Ceftriaxone is classic one-dose therapy for gonorrhea
› Meningococci

- Ceftriaxone and cefotaxime penetrate blood-brain barrier
- Ceftriaxone drug of choice for adult presenting with suspected meningitis  
   (usually along with vancomycin and ampicillin if very old or young)

• Ceftazidime has anti-pseudomonal activity but is very expense and there are  
  effective cheaper options (flouroquinalones)
• Some have disulfiram-like reactions, some can cause hypo-prothrombinemia
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4th, & 5th  -Generation Cephalosporins
• 4th Generation - Cefepime only lacks MRSA coverage and is drug of choice for  
  neutropenic fever

› Extended spectrum against gram-positive and gram-negative organisms (more  
  effective than 3rd-generation)
› Resistant to β-lactamases
› Effective against Enterobacter, Klebsiella, and Pseudomonas
› Penetrates the CNS

• “5th Generation” – Ceftaroline, Ceftobiprole (Europe, Canada)
› Only cephalosporins with anti-MRSA activity
› Less gram-negative activity than cefepime, does not cover Pseudomonas or  
  anaerobes.
› Very well tolerated in clinical trials, only side effects are common to all   
  cephalosporins (allergy, etc)

Adverse Effects
• Type I hypersensitivity: similar to penicillin

› Classically, 10% of patients with a penicillin allergy will also be allergic to  
  cephalosporins
› Patients with life-threatening allergy (anaphylaxis) to penicillins should not take  
  cephalosporins

• GI side effects: diarrhea, nausea
• Rash
• Stevens-Johnson Syndrome, Toxic Epidermal Necrolysis (rarely)
• Cephalosporins can provoke delirium in hospitalized elderly patients

Imipenem
• Classified as a carbapenem antibiotic

› β-lactam (cell wall is target) – similar to penicillins
› Resistant to β-lactamases
› Similar pharmacokinetics/side effects as penicillin

- More likely to cause seizures than other β-lactams
- High cross-allergenicity to penicillin
- Penetrates the CSF very well

• Very broad spectrum
› Likely the broadest of all antibiotics- gram positives and negatives

- “Nuclear Bomb” of antibiotics
› NOT effective against MRSA, Clostridium difficile, Enterococcus spp.
› Used for empiric pseudomonas treatment (e.g., hospital-acquired pneumonia)

Figure 22.3 Imipenem. In 
carbapenems, the sulfur in the 

thiazolidine ring is replaced with a 
carbon.

› Classic treatment for necrotizing pancreatitis
› Drug of choice for Enterobacter spp. infections

• Formulated with cilastatin (Primaxin®)
› Prevents hydrolysis of imipenem by renal
  dihydropeptidase (RDHP!).
› Cilastatin has no intrinsic antibacterial
  properties (inhibits dihydropeptidase I)

• Other carbapenems:
› Meropenem, doripenem – not administered
  along with cilastatin

- Doripenem is hydrolyzed by RDHP1, but
  the reaction is relatively slow.
- Meropenem is not hydrolyzed by RDHP1.

› Ertapenem – Not antipseudomonal, still active
  against most Gram (+), Gram (-) and anaerobes
  except MRSA and pseudomonas

Aztreonam
• Classified as a monobactam antibiotic

› The only monobactam available in the USA
› Semi-synthetic, isolated from Chromobacterium spp.
› No activity against gram positives or anaerobes
› Active against Pseudomonas spp.
› Good choice for serious gram-negative infections in patients with a penicillin    
  allergy

• Especially active against gram-negative rods, even those that produce     
  “extended-spectrum” β-lactamases
• No cross-allergenicity to pencillin
• Relatively few side effects (GI side effects, rash, eosinophilia) (similar to penicillins)

Vancomycin
• Glycopeptide antibiotic

› Very large in structure
• Isolated from soil bacteria
• Bactericidal for all gram positive organisms
• Complexes with D-Ala, D-Ala precursors to inhibit
  transpeptidation (bacterial cell wall synthesis)
• Must be given parenterally (IV) because not
  well-absorbed from the GI tract

› Exception: given PO as 1st line therapy for C Difficile colitis in the US

Figure 22.4 Vancomycin.

Antibiotics are one of the most 
commonly utilized treatments of 
physicians. Often, culturing and 
sensitivity testing are not 
possible or time effective. 
Empiric antibiotic use is most 
common and is determined by 
many factors, most importantly: 
the age of the patient, severity 
of the illness, the organisms 
most likely infection by location, 
patient allergies/intolerance, 
and local antibiotic resistance 
patterns. As the severity of 
infections increases the need 
for IV antibiotics increases. As 
the severity of infection takes a 
patient from the floor, to 
intermediate care, and to the 
intensive care unit, the types 
and strength of antibiotic 
required also increases. 

"In the ER/Ward/ICU/Clinic"
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Resistance
• Gram negatives are naturally resistant due to outer cell membrane
• Bacteria may alter their cell wall components by changing the pentapeptide  
  structure of its peptidoglycan from D-Ala-D-Ala to D-Ala-D-Lac

› This modified residue cannot bind vancomycin
• Vancomycin-resistant enterococci (VRE) are an increasing problem.

› VanA, B, and C mutants are due to alteration of enzyme function that produce  
  cell wall proteins

Coverage
• Covers gram-positives only
• Excellent for

› Methicillin-resistant Staphylococcus 
  aureus (MRSA)
› Methicillin-resistant Staphlococcus 
  epidermidis
› Enterococci (except vanc-resistant strains)
› C. difficile pseudomembranous colitis (given orally)

- Drug of choice (due to metronidazole resistance)
• Commonly given as prophylaxis during high-risk surgeries and procedures

Adverse Effects
• “Red man syndrome”

› Erythematous rash usually on the upper torso
  when vancomycin is infused too quickly
› Not an allergy (i.e., not related to IgE), 
  can rarely cause hypotension
› Give benadryl, acetaminophen 
  (Tylenol®) and reduce infusion rate

• Ototoxicity
› Very rare but patients are monitored for this

• Nephrotoxicity
• Requires therapeutic monitoring

› Lower the dose in patients who have
  renal failure
› High blood levels of vancomycin can
  lead to ototoxicity and other side effects 
  (GI, dermatologic)

Common empiric treatment in 
septic patients in the hospital 
involves a fourth generation 
cephalosporin and vancomyin or a 
flouroquinalone and vancomycin.

Vancomycin is most effective in 
the initial empiric stage of 
management (first 48-72hrs). An 
initial bolus dose followed by 
maintenance weight based dosing 
allows for rapid antimicrobial 
effect against gram positive 
organisms. You are using it in this 
case to avoid under treating a 
possible MRSA infection while 
someone is at their highest risk. 
When empiric antibiotics are 
utilized, two blood cultures should 
be obtained by peripheral stick 
prior to starting therapy to try to 
determine the infective organism 
and for sensitivity testing. If no 
gram positive species are growing 
after 48hrs of culture, vancomycin 
should be stopped in favor of less 
toxic gram positive coverage 
unless patients are not clinically 
improving. 

"On the Wards"

Daptomycin
• Novel lipopeptide antibiotic
• Bacterocidal, IV only
• Similar spectrum as vancomycin

› Becoming very popular for treatment of methicillin-resistant Staph and  
  vancomycin-resistant Enterococcus spp.

• Molecule forms pores in the bacterial membrane – loss of membrane potential
› Not technically a cell wall inhibitor

• Not for lung infections (inactivated by surfactant)
• Can cause myopathy (similar to statins)

Bacitracin
• Cyclic peptide antibiotic isolated from Bacillus spp. 
• Strong anti-gram positive action, bactericidal against skin flora, Staph + Strep spp.
• Interferes with the assembly of the cell wall by preventing dephosphorylation of
  a carrier molecule for peptidoglycans
• Not well absorbed from the GI tract
• Causes severe nephrotoxicity when given IV
• Given safely topically or as a wound wash
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Chapter 23
Antibiotics mechanisms other
than cell wall inhibition
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Antibiotics. Mechanisms other than cell wall inhibition
Protein Synthesis Inhibitors

• Classically, these drugs are defined as those that work at the level of the  
  prokaryotic ribosome to inhibit translation of mRNA to protein

Translation of mRNA to Protein

Helpful Mnemonic

Figure 23.1 Spectra of protein synthesis inhibiting antibiotics

Figure 23.3 Mnemonic for protein synthesis inhibiting antibiotics

Figure 23.2 Sites of action of protein synthesis inhibiting antibiotics
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Figure 23.1 Spectra of protein synthesis inhibiting antibiotics
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Tetracyclines
Overview

• Tetracycline, demeclocycline,
› doxycycline, minocycline

- Doxycycline is most commonly used
- Absorbed more easily from GI tract
- No renal failure correction needed

› Derived from Streptomyces bacteria
• Generally bacteriostatic
• Bind to bacterial 30S ribosomal subunit leading to misreading during protein  
  synthesis

› Blocks amino acyl-tRNA from binding mRNA-ribosome

Coverage
• Chlamydia (1st line)

› Genital disease as well as C. psittaci (psittacosis)
• Rickettsia (1st line)

› Rocky Mountain Spotted Fever, Typhus
• Ehrlichiosis
• Brucellosis
• Propionibacterium acnes

› Acne, Rosacea
• Spirochete infections

› Syphilis, Lyme disease, Borreliosis
• Mycoplasma

› “Atypical pneumonia”
› Great gram + and atypical coverage

Adverse Effects
• GI upset – nausea/vomiting/diarrhea/C.difficile colitis
• Ototoxicity, hepatotoxicity
• Photosensitivity

› Sun-exposed skin may burn easily
• Incorporated into teeth and bone

› Yellow teeth discoloration
› Not recommended in children or pregnant women in
  the 2nd or 3rd trimester due to teeth discoloration and
  possible adverse effects on bone/teeth development

• Demeclocycline – ADH receptor antagonist
› Used to treat SIADH
› Causes nephrogenic DIa

Figure 23.4 Tetracycline

Figure 23.5 Mnemonic for tetracycline use
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Resistance
• Efflux:

› Primary method of resistance
› Proteins encoded by plasmid act like “pumps” to remove the tetracycline from  
  the cell

• Ribosome protection:
› Other proteins (upregulated) interfere with tetracycline’s binding to the  
  ribosome (unclear mechanism)

Aminoglycosides
Overview

• Streptomycin, gentamicin, tobramycin, kanamycin,
  amikacin, neomycin
• Derived from Streptomyces bacteria
• Bactericidal (bind irreversibly to 30S ribosome)
• Bind to 30S subunit of bacterial ribosomes

› Cause errors in translation
› Prevent peptide bond formation

• Given parenterally or topically or via inhalation, poorly absorbed from GI tract
• Generally for severe infections

Coverage
• Gram-negative organisms

› Most Pseudomonas strains
• Used in conjunction with β-lactam antibiotics for severe gram-positive infections
• Effect requires oxygen (not active against most anaerobes)
• Streptomycin 

› Use is limited due to resistance
› 2nd line agent for M. tuberculosis
› Given along with tetracyclines for Y. pestis,
  tularemia, and brucellosis

• Gentamicin/Tobramycin
› Severe gram (-) infections including P. aeruginosa
› E. faecalis (both gentamicin and tobramycin) and
  E. faecium (gentamicin only)
› Tobramycin is not commonly used IV anymore but
  is utilized via inhalation in patients with chronic lung 
  infections like cystic fibrosis

Tobramycin is not 
commonly used IV 
anymore but is utilized 
via inhalation in 
patients with chronic 
lung infections like 
cystic fibrosis

Adverse Effects
• Ototoxicity

› Hearing loss and vestibular dysfunction
› Dose-dependent and irreversible

• Nephrotoxicity
› Risk increased when used concurrently
  with cephalosporins or other nephrotoxic
  medications

• Monitor blood levels!
• Resistance to aminoglycosides involves:

› Enzymatic degradation of the drug (main method)
› Inability of the drug to enter the bacterium
› 30S ribosomal mutation, preventing binding

Chloramphenicol
Overview

• Bacteriostatic antibiotic
• Broad-spectrum

› Anaerobes and aerobes
› Gram (+) and (-)
› Rickettsiae but not Chlamydiae

• Inhibits peptide bond formation by binding to bacterial 50S ribosomal subunit
› Inhibits peptidyl transferase (transpeptidation)

• Due to serious adverse effects, used only for life-threatening infections if another  
  agent is not suitable

› This will likely not be appropriate treatment choice on boards questions
• Still used for severe Rickettsial infections (RMSF, typhus), anaerobic infections,  
  Salmonella, bacterial meningitis in penicillin-allergic patients
• Oral or IV, given topically for ocular infections
• Crosses BBB and placenta, and is secreted into breast milk
• Excretion depends on its conversion in the liver to a glucuronide or reduction

› 90% of ingested drug is inactivated and excreted in the urine
• Bacteria gain resistance by a plasmid-encoded enzyme (acetyltransferase) that  
  inactivates the drug.

Adverse Effects
• Aplastic anemia

› Rare, idiosyncratic effect (not dose-dependent)
› Irreversible, fatal in some cases

You will not use this drug in 
clinical practice

Figure 23.6 Mnemonic for streptomycin 
adverse effects
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• Gray baby syndrome
› Dose-dependent
› Results from slow inactivation and elimination of the drug in neonates

- Drug levels rise quickly
› Shock, abdominal distension, cyanosis

• GI side effects
› Nausea, vomiting, diarrhea

• Raises concentrations of phenytoin, warfarin through inhibition of hepatic enzymes

Macrolides
Overview

• Erythromycin, azithromycin, clarithromycin
• Inhibits bacterial 50S ribosomal subunit
• Bacteriostatic, broad spectrum
• Side effects:

› Anorexia, nausea, vomiting, diarrhea – due to increased GI motility
› Macrolides are commonly used for inducing GI motility, either prior to performing  
  and upper endoscopy or chronically for treatment of gastroparesis (requires use  
  of liquid formulation and not pills)
› Liver toxicity is rare.
› Inhibition of CYP450 and increase levels of warfarin, cyclosporine, etc.

• Resistance usually plasmid-dependent
› Reduced permeability or increased efflux of drug
› Production of a methylase enzyme that modifies the ribosome, “protecting” it  
  from the macrolide
› Production of hydrolyzing enzymes that destroy macrolides

Erythromycin
• 2nd-line drug to penicillin for many illnesses (e.g., penicillin-allergic patients)
• Covers

› Mycoplasma, Chlamydia spp. (atypical pneumonia)
› Chlamydia trachomatis (drug of choice)
› Corynebacterium diphtheria (drug of choice)
› Borrelia burgdorferi (Lyme dx.) (for pregnant
  or penicillin-allergic patients)
› Listeria – 2nd line agent
› T. pallidum – syphilis (2nd line agent to penicillin)
› Neisseria spp. – gonorrhea (not generally used for meningitis)
› Bordetella pertussis
› Bartonella henselae, quintana (cat scratch disease)
› Propionobacterium acnes – skin acne

Erythromycin has largely been 
replaced by Azithromycin due 
to ease of prescribing and 
practioner familiarity. 
Formulations for eye and ear 
drops are still used.
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› Chlamydia trachomatis (drug of choice)
› Corynebacterium diphtheria (drug of choice)
› Borrelia burgdorferi (Lyme dx.) (for pregnant
  or penicillin-allergic patients)
› Listeria – 2nd line agent
› T. pallidum – syphilis (2nd line agent to penicillin)
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› Many gram positive organisms
- Pneumococci, Strep, Staph

Azithromycin
• Similar coverage to erythromycin but also covers Moraxella

› Has better coverage against H. influenzae
• Convenient 5-day dosing (“Z-pack”)

› For upper respiratory tract infections and concern for pneumonia in outpatients
• Single dose treatment for Chlamydia (1g) or Haemophilus ducreyi infections  
  (chancroid)
• Drug of choice for Legionella pneumophila (fluoroquinolones or clarithromycin  
  also can be given)

Clarithromycin
• Similar coverage to erythromycin

› Also covers Toxoplasma gondii, Mycobacterium leprae
› Drug of choice (or azithromycin) for MAC (mycobacterium avium complex)

• Used as part of “triple therapy” to eradicate  H. pylori (with amoxicillin
  and omeprazole)

Clindamycin
• Lincosamide antibiotic, bacteriostatic
• Structurally unrelated to macrolides, but
  carries similar characteristics

› Same binding site and method of action on the 50S ribosome
• Excellent coverage of gram negative anaerobes, good for infections caused by  
  penetrating abdominal trauma.

› Bacteroides, Fusobacterium
• Commonly given for skin infections caused by strep/staph, even MRSA

› Not active against enterococci
• Gram negative aerobes are resistant (drug cannot permeate outer membrane)
• Frequent trigger for pseudomembranous colitis (Clostridium difficile infection)

Sulfonamides
• The first commonly-used antimicrobial drugs, first used as dyes in the early  
  1900s, then as antibiotics in the 1930s
• Bacteriostatic
• Inhibit folic acid synthesis in the bacterium

› Inhibit dihydropteroate synthase (bacterial enzyme) which converts PABA to  
  dihydrofolic acid
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• Rarely given as single antibiotic agents due to resistance
› Bacteria over-produce PABA
› Mutation of dihydropteroate synthase
› Decreased permeability of the sulfonamide

• Topical sulfa antibiotics (silver sulfadiazine) are commonly used for prevention of  
  burn wound infections

Adverse Reactions
• Allergic reactions common

› There is limited data for cross-allergenicity between all sulfonamides, including  
  thiazides, loop diuretics and sulfonylureas

• Displaces bilirubin from protein binding and can cause neonatal kernicterus
• Can precipitate hemolytic anemia in G6PD deficient patients
• Can cause bone marrow suppression or leukemoid reactions
• Stevens-Johnson syndrome is classically associated with sulfa drugs, though rare

Trimethoprim
Sulfamethoxazole (Bactrim®)

Figure 23.7 Folate inhibiting antibiotics
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Trimethoprim sulfamethoxazole (Bactrim®-TMP-SMX)
• Most commonly prescribed sulfa antibiotic in the USA
• Inhibits two different steps in bacterial folic acid biosynthesis

› Trimethoprim inhibits dihydrofolate reductase
• Resistance to trimethoprim alone develops rapidly

› Avoid trimethoprim alone as a choice on board questions
• Trimethoprim can cause megaloblastic anemia (inhibits folic acid pathways)

Coverage
• Broad-spectrum, active against:

› Staph and Strep species 
› H. influenza, M. catarrhalis, K. pneumoniae
› Shigella, Salmonella
› Non-tubercular Mycobacterial strains

• Commonly used for:
› Pneumocystis jiroveci (formerly P. carinii) pneumonia

- Treatment or prophylaxis
- Drug of choice

› UTIs
- E. coli (Nitrofurantoin is actually preferred first line in women with UTI)
- Proteus

Nitrofurantoin
• Older antibiotic, quickly metabolized and is concentrated in the urine by filtration  
  and secretion

› Actually classified as a “urinary antiseptic”
› Not used for any infections other than UTIs
› Active against gram positives and gram negatives (except P. aeruginosa)

• Mechanism of action unknown, but is converted inside bacteria to a toxic  
  metabolite which may attack multiple pathways in the bacterium
• Safe in sulfa-allergic patients

› Not used for more serious infections such as pyelonephritis
• Can cause anorexia, nausea, vomiting, can precipitate hemolytic anemia in G6PD  
  patients
• Toxicity is enhanced in patients with renal failure

Fluoroquinolones
• Fluorinated analogs of nalidixic acid
• Ciprofloxacin, levofloxacin, gatifloxacin, moxifloxacin, etc.
• Inhibit bacterial DNA gyrase (topoisomerase II)
• Bactericidal
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• Most available either PO or IV
• Commonly given for: 

› Urinary tract infections
› Community acquired pneumonia (uncomplicated)
› Otitis externa
› Lung infections in cystic fibrosis
› Bacillus anthracis infections or prophylaxis (ciprofloxacin)

Coverage
• Broad spectrum antibiotics, two major subgroups:

› Ciprofloxacin (aka “cipro”) and levofloxacin:
- Have activity against both gram negative and gram positive organisms
- Used for UTIs – E.coli, etc.
- Have some activity against P. aeruginosa
- Levofloxacin has excellent activity against Pneumococcus- used for pneumonia
- Ciprofloxacin is primarily used for urinary tract infections

› Moxifloxacin, gemifloxacin:
- Improved activity against gram positives, less activity against gram negatives
- Used for lung infections; do not concentrate well in the urine

• Ciprofloxacin and Levofloxacin are alternative drugs for Chlamydia infections,  
  though not recommended for Neisseria infections anymore due to evolving  
  resistance
• Levofloxacin, Gemifloxacin, and Moxifloxacin are the “respiratory fluoroquinolones”  
  and are commonly given for uncomplicated or suspected pneumonia and URI

› Cover both atypical and typical causes of pneumonia

Adverse effects
• Overall, very well tolerated
• Nausea, vomiting, diarrhea
• Damage to growing cartilage/arthropathy

› Contraindicated in children
• Tendinitis/tendon rupture

› Especially rare, seen in patients with renal failure or those on glucocorticoids
• Q-T interval prolongation

› Avoid these drugs in patients with electrical conduction deficits or unstable  
  cardiac disease, watch carefully for polypharmacy in hospitalized patients due  
  to compounding effects on Q-T interval prolongation

PHARMACOLOGY

220



• Most available either PO or IV
• Commonly given for: 

› Urinary tract infections
› Community acquired pneumonia (uncomplicated)
› Otitis externa
› Lung infections in cystic fibrosis
› Bacillus anthracis infections or prophylaxis (ciprofloxacin)

Coverage
• Broad spectrum antibiotics, two major subgroups:

› Ciprofloxacin (aka “cipro”) and levofloxacin:
- Have activity against both gram negative and gram positive organisms
- Used for UTIs – E.coli, etc.
- Have some activity against P. aeruginosa
- Levofloxacin has excellent activity against Pneumococcus- used for pneumonia
- Ciprofloxacin is primarily used for urinary tract infections

› Moxifloxacin, gemifloxacin:
- Improved activity against gram positives, less activity against gram negatives
- Used for lung infections; do not concentrate well in the urine

• Ciprofloxacin and Levofloxacin are alternative drugs for Chlamydia infections,  
  though not recommended for Neisseria infections anymore due to evolving  
  resistance
• Levofloxacin, Gemifloxacin, and Moxifloxacin are the “respiratory fluoroquinolones”  
  and are commonly given for uncomplicated or suspected pneumonia and URI

› Cover both atypical and typical causes of pneumonia

Adverse effects
• Overall, very well tolerated
• Nausea, vomiting, diarrhea
• Damage to growing cartilage/arthropathy

› Contraindicated in children
• Tendinitis/tendon rupture

› Especially rare, seen in patients with renal failure or those on glucocorticoids
• Q-T interval prolongation

› Avoid these drugs in patients with electrical conduction deficits or unstable  
  cardiac disease, watch carefully for polypharmacy in hospitalized patients due  
  to compounding effects on Q-T interval prolongation

Linezolid
• Synthetic oxazolidinone antibiotic

› Effective IV or by mouth
• Effective against gram-positive cocci and rods

› Including vancomycin-resistant Enterococcus and 
  methicillin-resistant Staph aureus
› Is considered a backup drug for vancomycin

• Classified as bacteriostatic but often bactericidal against Streptococcus spp.
• Targets 50S ribosomal subunit

› Blocks initiation of protein synthesis
› Drug resistance occurs by mutation at the binding site

Adverse Effects
• Generally well-tolerated
• Thrombocytopenia is the most serious side effect in patients who take it for 
more    than 2 weeks
• It may also cause neutropenia, lactic acidosis
• Linezolid is a weak MAO inhibitor

› Serotonin syndrome has been reported in patients taking linezolid and SSRIs

Quinupristin - Dalfopristin
• Streptogramin antibiotics, given together
• Synercid®, works synergistically to inhibit protein synthesis

› Both drugs block the 50S ribosomal subunit
• Effective against gram-positive organisms, including those resistant to   
  vancomycin, penicillins, and cephalosporins

› MRSA, VRE (E. faecium only, not faecalis)
• Bactericidal combination
• IV only

Adverse Effects
• Inhibits CYP 3A4 isoform

› Can cause multiple drug-drug interactions
• May cause myalgias and arthralgias

Metronidazole (Flagyl®) and Tinidazole
• Nitroimidazole antibiotics

› Have both anti-anaerobic bacterial and anti-protozoal activity
• Nitro group becomes reduced in bacteria/protozoa, forms toxic by product
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• Given PO or IV (There is no pharmacologic benefit to IV vs oral formulation, but  
  IV typically used in hospitalized patients with nausea and vomiting)
• Given for:

› Abdominal infections (anaerobes)
- Bacteroides, Clostridium spp., et al

› Vaginitis (Trichomonas, Gardnerella spp.)
› C. difficile colitis (pseudomembranous) 

- resistance has made it not first line anymore
› Giardiasis
› H. pylori
› Others

Adverse Effects
• Nausea, headache, dry mouth
• Unpleasant, metallic-like taste.
• Disulfiram-like reaction with ethanol (inhibits aldehyde
  dehydrogenase)
• Seizures, peripheral neuropathy

Bacteria Requiring Special Antibiotic Therapy
• Methicillin-Resistant Staphylococcus aureus (MRSA)
• Vancomycin-Resistant Enterococcus (VRE)
• Pseudomonas aeruginosa
• Bacteroides / Anaerobes
• Mycoplasma
• Clostridium difficile

Methicillin-Resistant Staphylococcus Aureus
• Vancomycin
• Daptomycin
• Linezolid
• Ceftaroline
• Quinupristin–dalfopristin
• Clindamycin 

› For mild infections
• Trimethoprim-Sulfamethoxazole

› For mild infections

Favorite exam 
question fact
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Favorite exam 
question fact

Enterococcus spp.
• E. faecalis is 10X more common than faecium in enterococcus infections
• Vancomycin

› But vancomycin resistance an emerging problem (VRE)• For VRE:
›› Linezolid
›› Penicillin + aminoglycoside
›› Quinopristin/Dalfopristin

- For E. faecium only, not faecalis

Pseudomonas aeruginosa
• Ceftazidime / cefepime
• Aminoglycosides (esp. tobramycin) + β-lactam
• Piperacillin/tazobactam, other penicillin in this category
• Imipenem / other carbapenem
• Many Pseudomonal species are resistant to ciprofloxacin so don’t use empirically  
  without sensitivity testing 

Anaerobic Infections
• Obligate Anaerobes include:

› Bacteroides, Peptostreptococcus, Propionobacterium, Gardnerella,   
  Actinomyces spp.

• Facultative anaerobes include:  
› E. coli, Streptococcus, Corynebacterium and Listeria spp.

• Treatments:
› Metronidazole
› Clindamycin
› 2nd Generation + Cephalosporins
› Carbapenems

Mycoplasma pneumoniae
• One cause of “atypical pneumonia”
• Not difficult to treat but must select appropriate antibiotic

› Macrolide (e.g., azithromycin)
› Tetracyclines 
› Respiratory fluoroquinolones (e.g., levofloxacin)

- Probably the most commonly given because it also has strong activity against  
   “typical” bugs like Strep. pneumoniae

Clostridium difficile
• Causes pseudomembranous colitis
• Vancomycin (given orally) (DOC as of 2018)
• Metronidazole
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Chapter 24
Antibiotics anti-mycobacterial
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Antibiotics. Anti-mycobacterial
Antitubercular Drugs:

• Combination drug therapy often required
› Especially for multi-drug-resistant strains

• Primary drugs
› Isoniazid
› Rifampin
› Pyrazinamide
› Ethambutol

• Backup drugs
› Streptomycin
› Cycloserine
› Fluoroquinolones

Progression of Tuberculosis
• Among persons who are seronegative for the human immunodeficiency virus  
  (HIV), approximately 30% of heavily exposed persons will become infected
• In 5% of persons with latent infection, active disease will develop within 2 years,  
  and in an additional 5%, progression to active disease will occur later
• The rate of progression to active disease is dramatically increased among  
  persons who are coinfected with HIV

The rate of progression to active disease is dramatically increased among persons 
who are coinfected with HIV

Figure 24.1 Natural history of tuberculosis
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Isoniazid (Isonicotine hydrazine; INH)
• A prodrug activated by mycobacterial catalase-peroxidase (KatG)
• Inhibits mycolic acid synthesis and mycobacterial cell wall formation

› The targeted enzymes are 
- Enoyl acyl carrier protein reductase (InhA) 
- β-ketoacyl-ACP synthase (KasA)

› The activated drug covalently binds to and inhibits
  these enzymes, which are essential for the synthesis of mycolic acid

• Bactericidal
• Treatment and prophylaxis of tuberculosis
• Resistance is due to mutations in the above enzymes

Adverse Effects
• Hepatitis: potentially fatal

› Most severe side effect associated with isoniazid
› Caused by a toxic metabolite, monoacetylhydrazine

• Peripheral neuropathy (pain, numbness)
› Prevent by prophylaxis with vitamin B6 (pyridoxine)

• Lupus-like syndrome
› More common in “slow acetylators”

- Patients with less active N-acetyltransferase
  enzymes due to mutations

Rifamycins
• Rifampin, rifabutin, and rifapentine 
• Group of structurally similar macrocyclic antibiotics
• Part of first-line therapy for tuberculosis

› Must always be used in conjunction with at
  least one other anti-TB drug to prevent resistance

• Also used for prophylaxis of meningococcal
  disease and H. influenzae meningitis as
  well as in combination therapy for severe
  staph infections associated with
  catheters or prosthetics
• Derived from the soil mold Streptomyces 
• Bactericidal

Mycobacterial cell envelop:

1. Outer lipids

2. Mycolic acids,

3. Polysaccharide (arabinogalactan)

4. Peptidoglycan

5. Cell membrane

3
4

5

1

2

Figure 24.2 
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Rifampin
• Blocks transcription through the β-subunit of bacterial DNA-dependent RNA  
  polymerase

› Inhibits mRNA synthesis by suppressing the initiation step of DNA-dependent  
  RNA polymerase

• Classic inducer of multiple P450 enzymes
› Can decrease the concentrations of other drugs that are metabolized by  
  CYP450 when given concurrently

- Cyclosporine, anticonvulsants, antivirals, contraceptives

Adverse Effects
• Red-orange discoloration of secretions

› Urine, Sweat Tears
› Harmless

• Hepatitis, cholestatic jaundice
• Proteinuria, acute tubular necrosis (rare)
• Thrombocytopenia
• “Flu-like” syndrome
• Almost never given as monotherapy for any bacterial infection due to fast  
  resistance

Pyrazinamide
• Relative of nicotinamide
• Converted by mycobacterial pyrazinamidase to active form, pyrazinoic acid

› Mutations in this enzyme can lead to resistance
› Can kill bacteria at low pH (in lysosomes)

• Bacteriostatic
• Adverse effects

› Myalgia
› Hepatitis
› Gout (hyperuricemia)

Ethambutol
• Synthetic, only active against mycobacteria

› 1st line drug in multi-drug therapy for TB
• Bactericidal
• Inhibits arabinosyl transferase—an enzyme required
  in the synthesis of the mycobacterial arabinogalactan cell wall
• Classic adverse effect is optic neuritis with red/green colorblindness and  
  blurred vision
• Not indicated in children
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Streptomycin
• Aminoglycoside

› Inhibits protein synthesis
› Primarily works against extracellular TB

• Backup drug to treat M. tuberculosis
› In multi-drug resistant strains or in patients who cannot tolerate 1st line drugs  
  due to side effects
› Also active against avium complex and M. kansasii
› Other mycobacterial species are resistant

• Similar adverse effects to other aminoglycosides
› Ototoxicity
› Nephrotoxicity

Other Antitubercular Drugs
• Cycloserine

› Inhibits mycobacterial cell wall synthesis by blocking peptide formation
› Also works against gram positives and negatives
› CNS side effects common, occasionally seizures

- Reserved for cases with multi-drug resistance
• Capreomycin

› Inhibits RNA synthesis
› Similar side effects to other aminoglycosides

- Nephro and ototoxicity

Standard Tuberculosis Prophylaxis Regimens
• For high-risk patients exposed to tuberculosis or patients with recent PPD  
  conversion (positive skin test)

› Isoniazid for 6 months
› Rifampin + pyrazinamide for 2 months

• Exposure involves close contact with patients who have confirmed active TB
• High-risk patients include health care workers (you), immunocompromised  
  patients, the very young and very old, the incarcerated, others
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TB Treatment
• For patients with known TB infection (from culture or stain)
• CDC recommends initial four-drug regimen until sensitivity of strain is known

› INH, rifampin, pyrazinamide + (ethambutol or streptomycin)
• After sensitivity is known, treatment must include at least two drugs to which the  
  TB strain is sensitive in vitro

› Common regimens
- INH, rifampin, pyrazinamide for 6 months (most common regimen)
- INH, rifampin for 9 months

› Depends upon patient tolerance and sensitivity of the bug
• These drugs are generally considered safe in pregnancy and are given commonly  
  in patients with active infection

Mycobacterium avium Complex
• MAC (M. avium complex) is comprised of M. avium and intercellulare
• Less virulent strains of mycobacterium that commonly affects the   
  immunocompromised, can cause pulmonary or systemic disease

› Standard treatment is azithromycin or clarithromycin plus ethambutol
› Can add rifampin or rifabutin or ciprofloxacin

• Commonly seen in AIDS patients with low CD4 counts (< 50 cells/�L) and in  
  patients with structural lung diseases (like CF)

Leprosy
• Caused by M. leprae (Hansen’s disease)
• The World Health Organization recommends triple-drug regimen of dapsone,  
  clofazimine, and rifampin for 6 to 24 months
 • Dapsone

› Structurally related to the sulfonamides and inhibits dihydropteroate synthetase  
  inhibition, thus folate synthesis
› Adverse reactions include hemolysis, especially in patients with glucose  
  6-phosphate dehydrogenase deficiency, as well as methemoglobinemia,  
  peripheral neuropathy, and the possibility of developing erythema
  nodosum leprosum 

• Clofazimine
› Phenazine dye that binds to DNA and prevents it from serving as a template for  
  DNA replication
› Patients may develop a red-brown discoloration of the skin
› Eosinophilic enteritis has been reported as an adverse effect

Chapter 25
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Antibiotics: Antifungal drugs
Overview

• Superficial and systemic fungal infections
› Systemic infections can be extremely worrisome, depending on the organism

• Often difficult to treat
› Especially in immunocompromised (Bone marrow transplant patients especially)

• Some invasive infections (e.g., mucormycosis of the sinuses) require immediate  
  surgical intervention

Amphotericin B
• Polyene macrolide antibiotic produced by
  Streptomyces nodosus
• Prototype systemic antifungal agent
• Disrupts ergosterol in fungal membranes

› Artificial pores develop
› Fungal membrane integrity disrupted

• Wide fungicidal spectrum
• Drug of choice for severe, life-threatening infections caused by

› Aspergillus
› Candida (synergistic with flucytosine)
› Cryptococcus
› Histoplasma
› Mucormycosis
› Sporothrix

• Resistant fungi have low ergosterol content

Adverse Effects
• Very difficult drug to tolerate
• Slowly infused, but patients can still experience infusion-related:

› Fever
› Chills
› Muscle rigor
› Hypotension (due to histamine release)

• Prophylaxis with NSAIDs, antihistamines, corticosteroids is commonly done prior  
  to infusion
• Renal tubule damage

› Dose-dependent
› Permanent if excess of 3 to 4 g is given total

• Lipid-formulations (e.g., Ambisome®) designed to improve infusion efficiency and  
  lessen toxicity but very expensive

AmphoTerrible

Azole Antifungals
• Fungicidal
• Impair biosynthesis of ergosterol by inhibiting fungal P450 (C-14α-demethylase)
• Good activity against

› Candida
› Cryptococcus neoformans

- Penetrates CSF to treat cryptococcal
  meningitis

› Blastomyces
› Histoplasma
› Coccidioides
› Ringworm fungi (dermatophytes)

Adverse Effects
• Are teratogenic, and should not be used in pregnancy 
• Azoles are very effective inhibitors of multiple P450 enzymes

› Decrease synthesis of steroids, including cortisol and androgens
› Ketoconazole, the prototype, is not used clinically in the US anymore as an 
antifungal due to extensive inhibition of CYP450 enzymes

• Inhibit breakdown of estrogens (can cause gynecomastia in males)
• Antacids, PPIs and  H2 blockers raise gastric pH impair absorption

Resistance
• Resistance to azoles is caused by mutation of the target C-14 α-demethylase  
  gene, causes decreased azole binding and efficacy
• Two groups of drugs: 

› Imidazole family: ketoconazole, miconazole, clotrimazole
- Miconazole and clotrimazole are used for topical infections only

› Triazole family (2nd generation):
- Itraconazole, fluconazole, voriconazole, posaconazole

Fluconazole
• Lacks the endocrine side effects of ketoconazole because it does not inhibit the  
  cytochrome P450 system as strongly

› Weakest of all the azoles against the P450 system
• Penetrates CSF well

› Drug of choice for Cryptococcus neoformans, for candidemia, and   
  coccidioidomycosis

• Fluconazole is effective against all forms of mucocutaneous
  candidiasis
• Not effective against Aspergillus

Figure 25.1 Anti-fungal site of action.

PHARMACOLOGY

232



Azole Antifungals
• Fungicidal
• Impair biosynthesis of ergosterol by inhibiting fungal P450 (C-14α-demethylase)
• Good activity against

› Candida
› Cryptococcus neoformans

- Penetrates CSF to treat cryptococcal
  meningitis

› Blastomyces
› Histoplasma
› Coccidioides
› Ringworm fungi (dermatophytes)

Adverse Effects
• Are teratogenic, and should not be used in pregnancy 
• Azoles are very effective inhibitors of multiple P450 enzymes

› Decrease synthesis of steroids, including cortisol and androgens
› Ketoconazole, the prototype, is not used clinically in the US anymore as an 
antifungal due to extensive inhibition of CYP450 enzymes

• Inhibit breakdown of estrogens (can cause gynecomastia in males)
• Antacids, PPIs and  H2 blockers raise gastric pH impair absorption

Resistance
• Resistance to azoles is caused by mutation of the target C-14 α-demethylase  
  gene, causes decreased azole binding and efficacy
• Two groups of drugs: 

› Imidazole family: ketoconazole, miconazole, clotrimazole
- Miconazole and clotrimazole are used for topical infections only

› Triazole family (2nd generation):
- Itraconazole, fluconazole, voriconazole, posaconazole

Fluconazole
• Lacks the endocrine side effects of ketoconazole because it does not inhibit the  
  cytochrome P450 system as strongly

› Weakest of all the azoles against the P450 system
• Penetrates CSF well

› Drug of choice for Cryptococcus neoformans, for candidemia, and   
  coccidioidomycosis

• Fluconazole is effective against all forms of mucocutaneous
  candidiasis
• Not effective against Aspergillus

Figure 25.1 Anti-fungal site of action.

PHARMACOLOGY

233



• Administered orally or intravenously and not dependent on gastric acidity
• Commonly given to AIDS patients with low CD4 counts and to the     
  immune-compromised as prophylaxis against fungal infections

› Resistance has led to more common use of voriconazole for this purpose

Itraconazole
• Well absorbed orally, but it requires stomach acid for absorption.  Poor CSF  
  penetration. 
• Azole of choice for the treatment of blastomycosis, sporotrichosis,     
  paracoccidioidomycosis, and histoplasmosis

› Effective in AIDS-associated histoplasmosis
› Effective against aspergillus, but voriconazole is drug of choice
  for aspergillosis

• Itraconazole inhibits the metabolism of many drugs,
  including oral anticoagulants, statins, and quinidine
  through inhibition of CYP450

› Inducers of the cytochrome P450 system can
  increase the metabolism of itraconazole

Voriconazole
• Similar spectrum as itraconazole
• Drug of choice for invasive aspergillosis
• Good for invasive candidiasis

› A good first option before choosing amphotericin B
• More side effects than fluconazole

› Inhibits CYP450 enzymes (use requires decreasing
  doses of tacrolimus, cyclosporine, etc.)
› Visual disturbances – reversible
› Dermatitis (photosensitivity)

• Absorbed very well orally

The use of Itraconazole and 
voriconazole are typically 
restricted use in a 
hospitalized patient. You will 
not commonly utilize these 
outside of bone marrow 
transplant patients or others 
with prolonged severe 
immunocompromised states. 

"On the Wards"

Flucytosine
• Activated by fungal cytosine deaminase to 5-fluorouracil (5-FU)

› Synthetic pyrimidine antimetabolite 
› Incorporated into fungal RNA
› Inhibits thymidylate synthase
› Disrupts fungal protein translation

• Used in combination with amphotericin B for severe Candidal and cryptococcal  
  infections

› Penetrates CSF
• Major toxicity is neutropenia, thrombo-cytopenia, and bone marrow toxicity

Echinocandins
• Used for esophageal candidiasis and invasive aspergillosis

› Usually indicated only as salvage therapy for aspergillosis once amphotericin
  B has failed

• Not effective against cryptococcus or mucor
• Generally well-tolerated

› Elevated liver enzymes noted in a few patients
› May increase levels of immune suppressants like cyclosporine and sirolimus

• New class of anti-fungals
› Cyclic peptides linked to a long-chain fatty acid
› IV only

• Caspofungin, micafungin,
  anidulafungin
• Interfere with fungal cell wall
  synthesis

› Inhibit β-glucan synthase

Pneumocystis jiroveci (Formerly Pneumocystis carinii)
• Formerly thought to be a parasite but now classified as an unusual fungus that  
  lacks ergosterol in its cell membrane
• Opportunistic infection in AIDS patients – especially pneumonia

› Usually begin prophylactic therapy when CD4 count is below 200/mm3

• Treat with
› Trimethoprim-sulfamethoxazole

- Prophylaxis or primary treatment
› Back-up drugs: Pentamidine or atovaquone (alternative)

Unlike other antifungals, echinocandins like micafungin 
are fungicidal while most azoles are fungistatic. This 
gives micafungin a role in patients who are critically ill 
with fungemia who are not improving on azole therapy.

"In the ICU"
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Terbinafine
• Newer drug of choice for treating dermatophytoses and, especially,   
  onychomycoses (nail fungus)

› Can be given by mouth or topically
• Allylamine, synthetic

› Inhibits fungal squalene epoxidase, blocking ergosterol synthesis 
› Fungicidal

• Therapy is prolonged (3 months)
• Accumulates in breast milk and should not be given to nursing mothers
• Rarely, terbinafine may induce hepatotoxicity and neutropenia
• Does not affect the P450 system strongly, no significant drug-drug interactions
• Butenafine is a similar drug of the benzylamine class

Griseofulvin
• Older medication, less effective than terbinafine

› Not fungicidal
› Unclear method of action, disrupts fungal mitosis

• Concentrates in nails and newly formed skin
• Active only against dermatophytes

› Tinea
› Ringworm
› “Athlete’s foot”

• Given orally for skin and nail fungal infections not amenable to topical treatment
• May cause drug-induced hepatitis and interacts with medications such as  
  warfarin and phenobarbital
• May cause a disulfiram-like reaction to ethanol

› Inhibits aldehyde dehydrogenase
• Has been replaced by terbinafine

Nystatin
• Topical polyene antifungal

› Similar to Amphotericin B
• Binds ergosterol and disrupts fungal cell membranes
• Has a high toxicity, cannot be used systemically

› Used topically as a powder, or as a “swish and swallow” preparation
• Highly effective against Candida sp.

› Oral thrush
› Esophageal candidiasis
› Intertriginous (skin folds) candidiasis

Summary of antifungal drugs

Squalene

Squalene epoxidase

Mannoprotein 

β-glucans – inhibited by echinocandins 

Chitin – inhibited by nikkomycin and polyoxins 

Ergosterol (bound by polyenes, napthoquinones,
eugenol analogues, isoquercitrin 
    • Inhibition of squalene epoxidase – 
       terbinafine and naftifine 
    • Inhibition of 14-α-demethylase – azoles

DNA synthesis – inhibited by 5-flucytosine 

Ribosomes – inhibition of protein synthesis - 
sordarins 

Mitochondria – production of ROS, RNS -
amphotericin B, miconazole, ciclopirox 

Microtubules – assembly inhibited – griseofulvin

14-α-demethylase

Lanosterol Ergosterol
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Antibiotics: Antiviral drugs
Overview

• Use has increased in the 1990’s and 2000’s with the advent of anti-HIV therapy
• Many are antimetabolites chemically related to naturally occurring purine and  
  pyrimidine bases

› Require metabolic activation
• Others target proteins unique to viruses

› HIV protease
› Viral neuraminidase

• Must not interfere too strongly with host cell activity

Agents active against Herpesviruses
• Either antimetabolites or direct inhibitors of viral DNA polymerase

› Acyclovir
› Famciclovir
› Valacyclovir
› Ganciclovir
› Foscarnet
› Docosanol
› Trifluridine

Topical agents
for blisters

Figure 26.1 Sites of drug action in the viral lifecycle
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Acyclovir and Valacyclovir
• Acyclovir

› Acyclic guanosine derivative
› Converted to active form by viral
  thymidine kinase
› Interferes with viral DNA polymerase
  and acts as a chain terminator
› Can be given PO, but has low
  bioavailability.  Most commonly given IV

• Valacyclovir
› Pro-drug of acyclovir, has a higher
  bioavailability, given PO

• Famciclovir
› Similar drug as acyclovir, converted to active form (penciclovir)
› Similar method of action but does not cause chain termination

Spectrum of Action
• Good activity against HSV and VZV

› Poor activity against CMV
› Resistance occurs due to mutations in thymidine kinase, confers   
  cross-resistance to ganciclovir, famciclovir

• Major clinical applications:
› Acyclovir

- HSV encephalitis
- Neonatal HSV
- Herpes Zoster (reactivated VZV)
- Immunocompromised patients with HSV or VZV
- Severe HSV or VZV infections

› Valacyclovir
- Genital herpes
- Herpes Zoster
- Prevention of viral infection in immunocompromised patients (transplant  
   recipients, etc.)

Adverse Effects
• IV acyclovir

› Crystalluria – can damage nephrons
- Adequate hydration is important

Common board question: Aseptic or viral 
meningitis patient who is given empiric 
antibiotics and empiric acyclovir and days 
later has negative studies on CSF but new 
onset renal failure.

Figure 26.2 Acyclovir mechanism of action.
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• Neurological effects (rare)
› Delirium
› Tremor
› Seizures

› Hypotension

Ganciclovir
• Similar to acyclovir but much better activity against CMV

› Acyclovir should not be given for CMV infections,
  and ganciclovir is not given for HSV infections

• Used for prophylaxis and treatment of CMV infections,
  especially in immunocompromised patients
• Oral bioavailability of ganciclovir is poor
   Valgancyclovir (L-valyl ester of ganciclovir)
   has 60% bioavailability 

› Converted to ganciclovir by esterases
  after ingestion

• Major adverse effect is dose-dependent
  bone marrow toxicity

› Anemia
› Thrombocytopenia
› Neutropenia

• Also causes same side effects as acyclovir
• IV ganciclovir causes more side effects than PO valganciclovir
• Ganciclovir also decreases the incidence of Kaposi’s Sarcoma in AIDS patients
  Probably due to anti-HHV-8 activity

Foscarnet
• Directly inhibits herpesvirus DNA polymerase or HIV reverse
  transcriptase

› Resembles inorganic phosphate, interferes with
  phosphate binding to DNA bases in CMV
› Resistance occurs with mutation of the RT enzyme

• 2nd -line agent for CMV retinitis/other CMV infections
› Colitis, esophagitis, encephalitis

• Also given for acyclovir-resistant HSV and VZV infections
› Resistance to acyclovir generally confer
 resistance to ganciclovir but not foscarnet

• IV only

Figure 26.3 Ganciclovir.

Figure 26.4 Foscarnet.
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Adverse Effects
• Difficult drug to take
• Nephrotoxicity – classic boards topic

› Renal failure, hypo/hypercalcemia, hypo/hyperphosphatemia, hypomagnesemia
› Pre-hydrating the patient helps prevent this
• CNS symptoms

› Headache
› Tremor
› Hallucinations

HIV Treatment: Antiviral Drug Targets
• Reverse transcriptase (RT)

› Nucleoside RT inhibitors (NRTIs)
› Non-nucleoside RT inhibitors (NNRTIs)

• HIV aspartate protease
› Protease inhibitors

• Integrase inhibitors
• Entry/fusion inhibitors

› Newer medications

Nucleoside Reverse Transcriptase Inhibitors (NRTIs)
• Nucleoside antimetabolites

› Converted in the cell to the triphosphate form (activated)
› Are incorporated into viral DNA and cause chain termination
› Active against both HIV-1 and 2 subtypes

• Able to prevent infection of cells
• All NRTIs are associated with:

› Liver toxicity, hepatic steatosis and lactic acidosis
- Should be stopped in the setting of rising liver enzymes or hepatomegaly

› Neurotoxicity (agitation, seizures, peripheral neuropathy)
› Toxicity appears to be related to mitochondrial dysfunction of host cells

Adverse Effects
• Difficult drug to take
• Nephrotoxicity – classic boards topic

› Renal failure, hypo/hypercalcemia, hypo/hyperphosphatemia, hypomagnesemia
› Pre-hydrating the patient helps prevent this

• CNS symptoms
› Headache
› Tremor
› Hallucinations

You will not be tasked with selecting the optimal 
HIV HAART regimen as this is a constantly 
moving target and new formulations of multiple 
drug-containing combination pills are most 
commonly used now. 

"On the Boards"
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HIV Treatment: Antiviral Drug Targets
• Reverse transcriptase (RT)

› Nucleoside RT inhibitors (NRTIs)
› Non-nucleoside RT inhibitors (NNRTIs)

• HIV aspartate protease
› Protease inhibitors

• Integrase inhibitors
• Entry/fusion inhibitors

› Newer medications

NRTIs: Clinical Utility
• Many available clinically

› Zidovudine (AZT)
› Didanosine (ddI)
› Lamivudine (3TC)
› Stavudine (d4T)
› Abacavir (ABC)
› Emtricitabine (FTC)

• Components of most combination drug regimens
› AntiRetroviral therapy (ART)

- At least three HIV drugs from at least two different classes
- E.g., two NRTIs with one protease inhibitor

• Mutations of the RT gene
› Often confers cross-resistance between different NRTIs

- NRTIs are ineffective over long-term as sole agent due to resistance
- HIV has very high mutation rate

• Small molecules, no complicated metabolism issues 
› (no p450 substrates / inhibitors / inducers)

Zidovudine (AZT)
• Prototype NRTI

› First anti-HIV drug, introduced in the mid-90’s
› Originally designed as an anti-cancer drug in the 1960’s,
  was abandoned

• Still effective today against HIV-1 and 2
› Mutations that confer resistance to ddI and 3TC may enhance
  viral susceptibility to AZT

1.Nucleoside reverse transcriptase inhibitors;
non-nucleoside reverse transcriptase inhibitors

Figure 26.5  HIV drugs mechanism of action

PHARMACOLOGY

244



HIV Treatment: Antiviral Drug Targets
• Reverse transcriptase (RT)

› Nucleoside RT inhibitors (NRTIs)
› Non-nucleoside RT inhibitors (NNRTIs)

• HIV aspartate protease
› Protease inhibitors

• Integrase inhibitors
• Entry/fusion inhibitors

› Newer medications

NRTIs: Clinical Utility
• Many available clinically

› Zidovudine (AZT)
› Didanosine (ddI)
› Lamivudine (3TC)
› Stavudine (d4T)
› Abacavir (ABC)
› Emtricitabine (FTC)

• Components of most combination drug regimens
› AntiRetroviral therapy (ART)

- At least three HIV drugs from at least two different classes
- E.g., two NRTIs with one protease inhibitor

• Mutations of the RT gene
› Often confers cross-resistance between different NRTIs

- NRTIs are ineffective over long-term as sole agent due to resistance
- HIV has very high mutation rate

• Small molecules, no complicated metabolism issues 
› (no p450 substrates / inhibitors / inducers)

Zidovudine (AZT)
• Prototype NRTI

› First anti-HIV drug, introduced in the mid-90’s
› Originally designed as an anti-cancer drug in the 1960’s,
  was abandoned

• Still effective today against HIV-1 and 2
› Mutations that confer resistance to ddI and 3TC may enhance
  viral susceptibility to AZT

1.Nucleoside reverse transcriptase inhibitors;
non-nucleoside reverse transcriptase inhibitors

Figure 26.5  HIV drugs mechanism of action

• Specific side effects include:
› Bone marrow failure (anemia/neutropenia) (1–5%)
› Higher incidence of neurologic symptoms (anxiety, tremors)
› Nausea/vomiting/diarrhea

• Recommended for pregnant women to prevent vertical transmission

Didanosine (ddI)
• 2nd anti-retroviral drug to gain acceptance
• Gastric acid inactivates ddI

› Given as special buffered formulation, take on empty stomach
› Not to be taken at same time as meds that require low pH for absorption

• Specific side effects
› Pancreatitis (Classic boards topic)

- Dose-dependent
› Gout

Nucleotide Analog NRTIs
• Already contain one or more phosphate groups
• Only one drug in this class for HIV:
• Tenofovir

› Very commonly given for HIV and Hepatitis B
› Adenosine analog
› Available in combination therapy tablet preparations
› Classically causes GI symptoms, less commonly
  causes renal tubular damage with electrolyte abnormalities
› Not to be administered with DDI

Abacavir
• NRTI, very effective, common therapy
• 2-10% of patients experience a life-threatening hypersensitivity reaction

› Fever, abdominal pain, rash
› Linked to HLA subtype B-5701
› Requires pre-dosing genotyping

Figure 26.6 Tenofovir
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Non-nucleoside RT Inhibitors (NNRTIs)
• Directly inhibit active site of RT (reverse transcriptase)

› Active against HIV-1 but not HIV-2
› HIV-2 has an intrinsic mutation in RT that prevents NNRTI binding
› Are not incorporated into DNA like NRTIs

• Metabolized by the CYP450 3A4 enzyme 
› Complicated drug-drug interactions
› NNRTIs are also inducers of 3A4 (except Delavirdine)

• Several drugs available (have “vir” in the middle of their name)
› Nevirapine (classically causes severe rash)
› Efavirenz
› Delavirdine (inhibitor of 3A4)
› Etravirine
› Rilpivirine

Protease Inhibitors (PIs)
• Inhibit aspartate protease

› Proteases are responsible for cleavage of the Gag-Pol polyprotein into the  
  building blocks of new viruses
› Inhibition of this step blocks viral reproduction

• Active against HIV-1 and 2
• Do not require intracellular activation
• Multiple members

› Saquinavir - prototype
› Indinavir
› Ritonavir
› Nelfinavir
› Atazanavir
› Darunavir
› Fosamprenavir
› Lopinavir
› Tipranavir

Adverse Effects
• Syndrome of disordered lipid and carbohydrate metabolism (lipodystrophy)

› Resembles a Cushingoid body habitus
- Central obesity, buffalo hump, peripheral and facial wasting, breast   
  enlargement

› Increases in triglyceride, LDL and glucose levels, insulin resistance
› May be complicated by hepatitis and pancreatitis
› Unclear cause
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• Drug-drug interactions
› All PIs are substrates of CYP3A4 (except nelfinavir which is 2C19)
› All PIs are inhibitors of 3A4 (especially ritonavir)

• Resistance to PIs occurs through mutations in the Gag-Pol polyprotein

Saquinavir
• Prototype protease inhibitor

› Approved in the mid-1990’s
› Was initially dosed alone, now given along with ritonavir, which inhibits CYP3A4  
  and increases saquinavir blood levels

• Causes mild GI symptoms
• Causes less lipodystrophy than other PIs

Darunavir
• Newer PI, approved 2006
• Generally used as “salvage therapy”

› In patients who have become resistant to other PIs
› May be effective against PI-resistant HIV strains

• May cause dyslipidemia, hepatitis
› Hepatitis risk is increased in patients with  co-infection of
  Hepatitis B or C virus

Integrase Inhibitors
• Raltegravir, Elvitegravir, Dolutegravir
• Novel anti-HIV drugs
• Integrase inhibitor

› Integrase incorporates HIV DNA into the host cell
› Drugs prevent viral cDNA integration into the human genome

• Approved in 2007 for “salvage therapy” of both HIV-1 and HIV-2, now is part of  
  most ART (therapy regimens)
• Not metabolized by CYP450 except elvitegravir is metabolized by CYP3A4
• Mutation of viral integrase has been shown to confer resistance
• Very well tolerated, no major side effects compared to other medications

› Myopathy, rhabdomyolysis have been reported
› GI distress
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Entry/Fusion Inhibitors
• Enfuvirtide (T-20, Fuzeon®)

› 36-amino acid peptide
• Binds to gp41 on HIV surface
• Prevents fusion of HIV-1 to CD4+ cells

› No effect on HIV-2
• Given by subcutaneous injection

› Can cause allergic/site
  reactions/eosinophilia

• Mutations in gp41 confer resistance
• Approved in 2003 for “salvage therapy” 

Entry/Fusion Inhibitors
• Maraviroc (approved 2007)
• Synthetic molecule that binds to CCR5 specifically

› Only effective in the R5 form of HIV-1 (CCR-tropic)
  not HIV-2

• Given as “salvage therapy” in patients who fail traditional therapy
› 50–60% of patients who fail ART therapy have the R5 subtype of HIV

• Promising new drug, used only for salvage therapy currently
• Is a substrate of CYP3A4

ART regimens
• Highly active anti-retroviral therapy

› Standard first-line therapy for HIV infections
› Usually a combination of 3–4 drugs
› Important for patients to be compliant with this regimen to avoid the formation  
  of resistance

• Standard regimens include:
› Efavirenz, tenofovir , emtricitabine (Atripla®)
› Tenofovir, emtricitabine, raltegravir
› Abacavir, lamivudine, dolutegravir (for patients negative for HLA-B*5701)
› Tenofovir, emtricitabine, elvitegravir, cobicistat (to prevent 3A4 metabolism of  
  elvitegravir)

Figure 26.7 Enfuvirtide

• Who should start ART?
› All patients should receive ART in the outpatient setting as soon as they can  
  reliably be linked up with care. This is most important now for prevention of  
  spread of disease because reducing viral loads to undetectable levels   
  practically eliminates the chance of transmission.

Other Antiviral Agents
• Anti-influenzal drugs

› Amantadine
› Oseltamivir and zanamivir

• Anti-hepatitis drugs
› Ribavirin
› Interferons

• Anti-HPV
› Imiquimod

Amantadine
• Anti-influenza A drug

› Rimantadine (similar drug), more effective
• Interferes with viral proton ion channel M2

› Also blocks uncoating of the viral RNA
• Was used extensively for prophylaxis against and treatment for
   influenza A infection

› Unfortunately, most strains of the flu in the USA are now resistant to   
  amantadine/rimantadine
› The M2 channel is prone to stable mutations

• CNS adverse effects related to increased dopamine release
› Nervousness
› Lightheadedness
› Insomnia

Oseltamivir
• Inhibit neuraminidases of influenza A and B.

› Neuraminidases break the bond between newly formed virus and the host cell,  
  allow for spread of virus from cell to cell
› Mutation in this enzyme causes resistance

• Zanamivir is similar drug, given by inhalation

There are now single agents from 
ART like Truvada ® 
Emtricitabine/tenofovir used for 
pre-exposure prophylaxis (PrEP) in 
high risk patients 
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• Used for treatment and prophylaxis in exposed patients.
› 70-90% effective in preventing disease when given properly
› Shortens the length of infection
› Improves the severity of symptoms
› Must be given early in the course of the disease

• Side effects include nausea, vomiting, abdominal pain, headaches

Ribavirin
• Guanosine analog

› Phosphorylated intracellularly by the host cell
› Interferes with production of GTP
› Blocks the “capping” step of viral mRNA.

• Used for
› Respiratory syncytial virus (RSV) bronchiolitis 
  (aerosol form) - common
› Hepatitis C - common
› Hantavirus, West Nile virus, other hemorrhagic fevers
› Influenza, Parainfluenza
› Paramyxovirus
› Measles (experimental)

Adverse Effects
• Hemolytic anemia

› Very common (20% of users)
› Dose-dependent

• Depression, fatigue, irritability
• Teratogen/mutagenic

› Pregnant women should avoid all exposure, including aerosol
› Users should wait 6 months before conceiving

Figure 26.8 Ribavirin

Human Interferons
• Interferons are cytokines released by lymphocytes in response to multiple types of  
  infections, including viral.
• These interferons bind receptors on neighboring cells and “warn” them of impending  
  infection
• Act at multiple sites, including: decreased protein synthesis, increase MHC expression,  
  increase apoptosis, hundreds of other responses.
• Three major interferons known in humans:

› IFN-α
› IFN-β
› IFN-γ

• IFNs generated in the laboratory can be used as “immunotherapy” for multiple viral  
  and oncologic illnesses.
• Interferon-α

› Has multiple effects on cells including decreased viral activity, increased MHC  
  protein expression, enhanced macrophage and CD8 T cell activity
› Injectable forms exist for Hepatitis B and C infections

- Co-administered with ribavirin for Hepatitis C (largely replaced by newer drugs due  
  to toxicity)

› Metabolized in renal tubules and excreted
› Side effects can be severe

- Flu-like malaise, headache, chills – 30% of patients
- Mood changes (depression) and neurologic disorders (suicidality has been reported)
- Cardiotoxicity
- Antibody formation, autoimmune disease

› Used as anti-cancer therapy for certain malignancies:
- Hairy cell leukemia
- Chronic myeloid leukemia
- Nodular lymphoma
- Cutaneous T-cell lymphoma
- Malignant melanoma (investigational)

• Interferon-β
› Used for multiple sclerosis

• Interferon-γ
› Used for chronic granulomatous disease and osteopetrosis

Type I interferons, bind IFN alpha receptor
Type II interferon, binds IFN gamma receptor
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Imiquimod
• Anti-viral/anti-tumor medication

› Given topically
› Approved for the treatment of external genital warts,
  actinic keratosis, and basal cell carcinoma
› Effective at treating warts and multiple skin cancers/tumors

• Activates immune cells through TLR7 (Toll-like receptor)
› Exact method of action unknown
› Causes the release of IFN-α, IL-6 and TNF-α
› Enhances immune and anti-tumor response

Hepatitis B management
• Hepatitis B – dsDNA virus  (hepadnavirus family)

› Most patients with Hep B do not require treatment
- 1% develop severe disease (esp. immune-compromised patients
- Many anti-HIV medications are used to treat active Hep B:

›› Lamivudine, tenofovir, telbivudine, entecavir
›› IFN α-2a

Hepatitis C management
• Hepatitis C – ssRNA virus  (flavivirus family)

› Chronic disease – 90% of cases clear with treatment
- Medication choice depends on subtype (1a-6)
- Common therapies (DAA’s) $25-50,000:

›› Glecaprevir/pibrentasvir
›› Ledipasvir/sofosbuvir
›› Elbasvir/grazoprevir
›› Sofosbuvir/velpatasvir

- Older therapies, now largely abandoned:
›› Ribavirin/IFNα
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Direct acting antivirals (DAA)
Glecaprevir/Pibrentasvir (Maviret®)

• Chronic disease – 80-100% cure rate
- NS3/4A / NS5A inhibitors
- Serine protease / polymerase/phosphoprotein

Sofosbuvir/Velpatasvir (Epclusa®)
• Chronic Disease – 95-99% cure rate

- NS5A/B inhibitors
- viral polymerase/ phosphoprotein

Elbasvir/Grazoprevir (Zepatier®)
• Chronic disease – 90% cure rate

- NS3/4A / NS5A inhibitors
- Serine protease / phosphoproteins

Glecaprevir/Pibrentasvir (Maviret)
• Chronic disease – 80-100% cure rate

- NS3/4A / NS5A inhibitors
- Serine protease / phosphoproteins

Older therapies
• Ribavirin

› Guanosine analog
› Terminates RNA synthesis / RNA capping
› Nucleoside inhibitor – induces mutations in the viral genome

• Interferon alpha
› Drives host cells to generate anti-viral defense proteins

- RNAses, MHC I and II, proteasomes, others
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Summary of Antiviral pharmacotherapy 

1 Viral absorption:
Enfuvirtide (HIV fusion protein)
Maraviroc – HIV CCR5 receptor
Docusanol – HSV fusion protein
Palivizumab – RSV fusion protein 

2 Penetration: 
Interferon-α (HBV, HCV) 

3 Uncoating: 
amantadine, rimantadine (influenza)

5 Protein synthesis and processing:  
‘inavir’ drugs – HIV

6 Release:
zanamivir, oseltamivir - Neuraminidase inhibitors, influenza

4 Nucleic acid synthesis:  
NRTIs (HIV and HBV) ‘ine’ drugs
NNRTIs (HIV) 
Acyclovir -DNA polymerase inhibitors – HSV
Ribavirin -RNA polymerase inhibitor, RNA viruses
Cidofovir – inhibits viral DNA polymerases
Fomivirsen – antisense inhibitor of mRNA synthesis (CMV retinitis) 
Foscarnet – ganciclovir-resistant CMV – inhibits viral DNA polymerase or RT
Ledipasvir – inhibits NS5A zinc-binding protein involved in replication of HCV
Sofosbuvir - inhibits RNA-dep RNA polymerase of HCV

mRNAProteinAssembly
Release

Genome

Genome
replication

1

3

4

5

6
2

Chapter 27
Antibiotics antiparasite
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Antibiotics: Antiparasite drugs
Anti-malarials

• Prophylaxis
› Chloroquine

- Caribbean, Central America north of the Panama Canal
› Mefloquine 

- For chloroquine resistant areas
› Atovaquone/proguanil

- For chloroquine resistant areas
› Doxycycline 

- For multi-drug resistant areas
• Treatment

› Chloroquine
› Mefloquine
› Primaquine
› Quinidine
› Atovaquone/proguanil

A 48 year old woman presents to the emergency department 
with complaint of recurrent fevers, fatigue, and malaise. She is 
febrile to 103 degrees Fahrenheit on arrival, pulse rate of 107, BP 
of 90/50, RR 18. She is a history professor who just returned from 
a vacation on the island of Nantucket off the coast of 
Massachusetts, She denies any international travel in the last 18 
months but was in Mexico before that, She denies any history of 
tick removal. On physical exam she has dry mucous membranes, 
gingival pallor, and mild scleral icterus, and a palpable spleen to 
4cm below the costal margin. On skin exam there are no rashes.  
Blood work is ordered and a CBC reveals anemia with a Hgb of 
8.7, Hct of 26, and an MCV of 86.  A peripheral blood smear is 
ordered, results in image. What is the most likely organism 
causing her symptoms and what is the preferred treatment?

A) (P Falciparum), Atovaquone/proguanil
B) (Babesia microti), Atovaquone/azithromycin
C) (Borrelia burgdorferi), doxycycline
D) (Entamoeba histolytica), metronidazole

B) Babesia microti, Atovaquone/azithromycin. Babesia and Plasmodium are classically used on 
boards questions with hallmark peirpheral blood smear results. Both are intracellular parasites 
infecting erythrocytes forming ring-shaped structures. Babesia is different in that it aggregates 
into a classical "maltese cross" pattern shown above. The patient is exhibiting the signs and 
symptoms of a normocytic hemolytic anemia (reduced Hgb, Normal MCV, splenomegaly, scleral 
icterus). This is common to both malaria, babesia, and lyme disease. The patient has no history of 
travel risk for malaria but travel to the Northeast is a risk factor for both tick borne parasites 
Babesia and Borellia. The patient denies any tick removal but unlike Lyme disease, babesia is 
transmitted by smaller, more juvenile ticks often smaller in size than a poppy seed so they go 
unnoticed. There is also no evidence of erythema migrans which would be specific for Borellia. 
Entamoeba classically causes GI symptoms and not hemolytic anemia. 

"In the ER"
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into a classical "maltese cross" pattern shown above. The patient is exhibiting the signs and 
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unnoticed. There is also no evidence of erythema migrans which would be specific for Borellia. 
Entamoeba classically causes GI symptoms and not hemolytic anemia. 

"In the ER"

Quinine
• Derived from the bark of the cinchona tree

› Named for the Countess of Chinchõn by Linnaeus, who was reportedly cured of  
  malaria by its bark

• Method of action unclear, possibly prevents the plasmodial organism from  
  digesting heme
• Multiple derivatives exist
• Quinine or quinidine (its stereoisomer) are still used after 200 years as treatment  
  for malaria

› Uncomplicated or complicated chloroquine-resistant P. falciparum
• Has been replaced by the less toxic chloroquine, atovaquone/proguanil and  
  primaquine for prophylaxis
• Classic side effects include:

› Cinchonism – tinnitus, headache, nausea, vomiting, dizziness, flushing,   
  abdominal pain,  and visual disturbances
› QT interval prolongation
› Blackwater fever – severe hemolysis/hemoglobinuria – unclear etiology

Chloroquine
• Derived from quinine
• Mechanism of action

› Disrupts pH of Plasmodium digestive vacuole and
  interferes with parasite’s ability to digest hemoglobin

• Kills active erythrocytic phase of all four species of Plasmodium but not liver phase
› Not sufficient to kill P. vivax or P.ovale 

• Used as prophylaxis in areas without chloroquine resistance
› Caribbean, Central America north of the Panama Canal

• Used as 1-drug treatment for chloroquine-sensitive P. falciparum and P. malariae
• Used along with primaquine as treatment for chloroquine-sensitive P. vivax and  
  P. ovale
• Resistance due to mutations in the drug transporter PfCRT (unclear)
• Can also be used for amebic liver abscesses refractory to metronidazole
• Side effects are rare

› Visual disturbances
- Retinopathy when high doses used

› Hemolysis in glucose-6-phosphate dehydrogenase (G6PD) deficiency.
› Long-term use can cause neuropathies
› Q-T prolongation
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Primaquine
• Another quinine derivative

› Supplied as a racemic mixture
• Able to eradicate the liver phase of all 4 strains of malaria
• Same method of action as chloroquine
• Used as prophylaxis for all 4 strains of malaria 

› Not preferred due to increased incidence of hemolysis compared to chloroquine.  
  Other agents are safer.
› G6PD status must be known before this drug is given
› Used as “terminal prophylaxis” for patients traveling to vivax and ovale areas  
  once they return home to prevent latent infection

• Used as treatment for P. vivax and P. ovale infections 
› Primaquine is the only drug that reaches the hepatic phase of these 2 organisms
› Chloroquine or other agent usually given first to clear the acute infection from  
  the bloodstream

• Also used as alternative treatment of Pneumocystis jiroveci (carinii) pneumonia  
  (along with clindamycin) in patients who do not tolerate TMP-SMX

Mefloquine
• Quinine derivative
• Given orally only
• Used as 1-drug therapy to treat P. falciparum and P. malariae

› Not active against hepatic forms
• Used as prophylaxis in areas with chloroquine-resistance
• Can cause severe neuropsychiatric reactions

› Hallucinations
› Psychosis
› Seizures
› Encephalopathy

• Generally not used as primary therapy
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Atovaquone/proguanil
• Atovaquone - works by inhibiting mitochondrial electron transport

› Was largely ineffective given alone, due to resistance that developed quickly
• Proguanil- inhibits plasmodial dihydrofolate reductase

› Causes folic acid deficiency in organisms
› The combination of these two drugs (Malarone®) is very effective

• Used as treatment and prophylaxis for chloroquine-resistant P. falciparum
› Less popular for prophylaxis now due to resistance

• Used as treatment for severe falciparum infections
• Also active against Pneumocystis sp. 
• May elevate LFTs and cause flu-like side effects

Other drugs Used for malaria
• Doxycycline – Prophylaxis and Treatment of multi-drug resistant P. falciparum
• Pyrimethamine – similar drug as proguanil, used as combination with sulfadoxine  
  for treatment and prophylaxis of malaria in Africa
• Halofantrine/lumefantrine – not yet approved in the USA, commonly used in  
  Africa and Asia to treat erythrocytic phases of all 4 species
• Artesunate/artemether – derivatives of Chinese herbal antipyretics, used for  
  severe Falciparum infections, available only by contacting the CDC

› Not approved by the FDA
› Method of action unclear

Other Parasitic Infections
• Amebiasis
• Giardiasis
• Leishmaniasis
• Trichomoniasis
• Toxoplasmosis
• Trypanosomiasis
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Metronidazole
• Taken up by protozoa/anaerobic bacteria

› Converted to toxic metabolite by ferroreduction
• Effective treatment for

› Amebiasis (Entamoeba histolytica) (drug of choice)
› Giardiasis (Giardia lamblia) (drug of choice)
› Trichomoniasis (Trichomonas vaginalis) (drug of choice)
› Clostridium difficile (pseudomembranous colitis) and other anaerobic bacterial  
  infections

• Recall adverse effects
› Unpleasant taste
› Disulfiram-like reaction with ethanol

Tinidazole
• Second-generation nitroimidazole similar to metronidazole in spectrum of activity,  
  absorption, adverse effects and drug interactions
• Approved for treatment of amebiasis, amebic liver abcess, giardiasis, and  
  trichomoniasis
• Tinidazole is as effective as metronidazole, with a shorter course of treatment,  
  but is expensive

Iodoquinol
• Luminal amebicide

› Only effective against amebic organisms in the intestinal lumen
• Used along with metronidazole to treat amebic dysentery
• Unclear method of action
• Contains iodine – can cause allergic reaction
• May cause neurotoxicity – rare
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Entamoeba Histolytica  (Amebic Dysentery)
• Cysts ingested from water
• Trophozoites travel to colon

› May invade intestinal epithelium
› Can travel to liver or lungs and form abscesses

- Classic “anchovy sauce” red-appearing pus
• Diagnosed from identification of cysts or trophozoites in stool
• Treatment: metronidazole plus iodoquinol

Toxoplasma gondii
• Tachyzoites: Rapidly growing trophozoites

› In body fluids during acute infection
› Directly destroy tissues

• Bradyzoites: Slow growing trophozoites
› Encysted in muscle, brain & eye
› Ruptured tissue cysts cause local inflammation with thrombosis and necrosis 

• Diagnosis:  Serology, radiology & biopsy
• Treatment: Pyrimethamine + clindamycin or Pyrimethamine + sulfadiazine
• Prevent infection in pregnant women and immunocompromised patients

› Usually begin prophylactic therapy in AIDS patients when CD4 count is below  
  100/mm3

Trypanosoma brucei (African sleeping sickness)
• Transmission: Tsetse fly

› Fly bite/chancre
› Extracellular replication cycle in blood & lymph
› Invasion of CNS
› Inflammation, progressive lethargy, coma, death

• Diagnosis:  Serology & biopsy
› Visualization of trypomastigotes in peripheral blood, lymph nodes or spinal fluid

• Treatment 
› Early Stage: Suramin & pentamidine

- Suramin: unclear method of action
- Severe neural and bone marrow toxicities

› Late (CNS) stage: Melarsoprol
- Melarsoprol contains arsenic, enters the CNS
- Should only be given in severe cases

Figure 27.1 Toxoplasma cyst 
in brain tissue

Figure 27.2 Tsetse fly

Figure 27.3 Trypomastigotes
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Trypanosoma cruzi: (Chagas Disease) 
• Transmission: Reduviid bug

› Bug feces
› Invasion of cardiac myocytes and nervous plexi of esophagus and colon of  
  trypanosomes

• Myocarditis
› Dilated cardiomyopathy, rhythm disturbances, AV nodal block

• Disruption of intestinal peristalsis
› Megaesophagus leading to achalasia
› Megacolon

• Diagnosis: Serology & Biopsy
› Visualize Trypomastigotes in blood or
  Amastigotes in tissues

• Treatment:  
› Nifurtimox – Usually not completely effective

- Nitrofuran antibiotic, not used anymore in the US
› Melarsoprol – Most effective, severe toxicity
› Benznidazole – Newer antibiotic, more commonly used.

- Unclear method of action

Leishmaniasis
• Estimated 12,000,000 people have leishmaniasis
• Transmission: Sand fly
• Cutaneous Leishmaniasis
• Visceral Leishmaniasis (Kala-azar): massive
   hepatosplenomegaly. Can be fatal

› L. donovani
• Diagnosis: Serology and biopsy

› Demonstration of protozoa in peripheral blood
• Treatment: Stibogluconate (contains antimony)

› Unclear method of action
› GI side effects, QT prolongation

Figure 27.4 Trypomastigotes

Figure 27.5 Leishmania amastigotes
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Antihelminthics 
• Albendazole

› Blocks glucose uptake, blocks microtubules
› Wide spectrum
› Can cause alopecia and increased LFT’s

• Mebendazole
› Similar to albendazole, poor GI uptake

• Thiabendazole
› Strong GI uptake into the blood.
› More side effects (fever, lymphadenopathy, cholestasis)

• Pyrantel pamoate
› Depolarizing paralytic in nematodes
› Minor side effects.  Drug of choice for hookworms, roundworms

• Piperazine
› GABA agonist, causes paralysis.
› GI side effects

• Ivermectin
› GABA agonist, causes paralysis.  

• Praziquantel
› Thought to increase the permeability of schistosomes for calcium ions
› Used for blood fluke (trematode) infections

• Diethylcarbamazine
› Method of action unknown
› Mazzotti reaction common

• Niclosamide
› Inhibits oxidative phosphorylation/disrupts ATP use

Trichinosis
• Trichinella spiralis
• Intestinal nematode that encyst in human 
  and porcine muscle
• Transmission:

› Undercooked pork
• Abdominal pain, diarrhea, myalgia and eosinophilia
• Diagnosis:

› Muscle biopsy; serology
• Treatment:

› Thiabendazole or mebendazole if early
› No treatment for late stages – use corticosteroids for symptomatic relief

Figure 27.6 Trichinella larva 
in infected meat
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River Blindness (Onchocerciasis) 
• Transmitted by blackfly
• Onchocerca volvulus form skin and subcutaneous nodules

› Adult worms live in subcutaneous tissues
› Microfilariae migrate across cornea, causing ocular damage

• Diagnosis: biopsy
• Treatment: Ivermectin

Schistosomiasis
• S. japonicum, mansoni, hematobium – blood flukes
• Dermatitis/Katayama Fever

› Acute schistosomiasis with severe 
  inflammationfrom dying flukes, 
  requires corticosteroids

• Praziquantel is drug of choice
• Mazzotti reaction is common

Skin lice (Pediculosis)
• Treatment involves pharmacologic and non-pharmacologic therapy

› Washing clothes and linens in hot water
› Medications are given topically

• Permethrin
› Usually considered the drug of choice given low toxicity
› Only kills adult lice, not eggs
› Should be re-dosed 10 days later to kill newly hatched lice

• Lindane – organochloride pesticide, not for 1st line therapy
• Malathion – organophosphate pesticide, not for 1st line therapy

Figure 27.7 S. mansoni egg

Figure 27.8 (L) Body louse; (R) pubic louse
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Summary of anti-parasitic drugs :

Use

Protozoa

Mechanism of Action Drug

Malaria, acute attack Chloroquine4-aminoquinolone, Inhibits 
formation of hemazoin

Malaria, prevent relapse (P. vivax 
and P. ovale)

Primaquine8-aminoquinolone.  May create 
ROS or interfere with electron 

Malaria, prophylaxis Mefloquine, doxycyclineQuinoline, mechanism uncertain

Giardiasis, amebiasis MetronidazoleDisrupts DNA synthesis of 
anaerobic organisms

Amebiasis, luminal phases ParomomycinProtein synthesis inhibitor 

Cryptosporidiosis NitazoxanideThiazolide.  Interferes with 
pyruvate:ferredoxin oxidoreductase 
enzyme-dependent ET reaction 

African trypanosomes SuraminInhibits glycerol-3-phosphate 
oxidase and dehydrogenase

Chagas Disease BenznidazoleNitroimidazole.  Inhibits synthesis of 
DNA, RNA, proteins

Leishmaniasis StibogluconatePentavalent antimonial, reduces 
available ATP and GTP, inhibits 
topoisomerase I

Trematodes and cestodes PraziquantelUnknown, increases permeability of 
membranes for calcium ions, 
causes paralysis in contracted 
state

Filariasis DiethylcarbamazineInhibitor of microfilarial arachidonic 
acid metabolism, makes them 
susceptible to phagocytosis

Filariasis, strongyloidiasis IvermectinBinds to glutamate-gated chloride 
channels, paralyzes microfilariae, 
larvae

Nematodes MebendazoleInhibits polymerization of 
microtubules

Helminths
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Chapter 28
Anti-cancer drugs
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Anticancer Agents
Introduction:

• Cancer treatment is usually multidisciplinary by
  a cancer team.
• Basic principles of therapy:

i. Surgery: complete excision of the neoplasms
   is necessary for cure of solid tumors.
   The completeness of excision requires “clean”
   resection margins that are free of tumor.
ii. Radiation: high energy X-rays cause hydrolysis
    of water that creates ions, especially free
    radial hydroxyl ions. This type of radiation is
    therefore “ionizing”. A typical cancer will
    have 50% lethality with one radiation dose,
    although there is wide variation in sensitivity.
iii. Pharmacology:

1. Chemotherapy: a term used for drugs that
   cause DNA damage or microtubule inhibition
   to block mitosis.
2. Biologics: a term used for drugs that have a
    specific target in the tumor lifecycle or
    metabolics

a. Antibodies
i. Receptor blockade: e.g. trastuzumab and
   EGFR in breast cancer
ii. ADCC (antibody-dependent cellular cytotoxicity): e.g. rituximab to CD20 
in B-cell lymphomas
iii. Angiogenesis: e.g. bevacizumab to VEGF.
iv. Check point inhibitors: 

1. CTLA-4 is produced 24-48 hours after TH4 lymphocyte activation. It  
   competes with CD28 for B7 on the antigen-presenting cell (APC) or  
   signal #2. This turns off the immune response of the TH4 lymphocyte.
   Example: ipilimumab blocks CTLA-4, which sustains the immune  
   response to the tumor.
2. PD-1 / PD-L1: lymphocytes have a programmed death receptor (PD-1)  
    that can be activated by tumors secreting PD-1 ligand. There are drugs  
    to block the PD receptor (e.g. pembrolizumab) and drugs to block the  
    tumor PD ligand.

Have a basic understanding of 
classical chemotherapy agents 
with known significant toxicity 
(anthracyclines: irreversible 
cardiac toxicity, Trastuzumab: 
reversible cardiac toxicity).

Be familiar with role of leucovorin 
in rescue from methotrexate 
toxicity but also as a potentiator 
of 5-FU potency.

Be familiar with the toxic 
metabolite of 
cyclophophosphamide and 
ifosfamide (acrolein) and the 
treatment used to sequester this 
MESNA. 

Be familiar with M3 AML having 
specific treatment benefit from 
ATRA.

You will not be tasked with 
picking a chemotherapy regimen 
based on tumor type, and the 
common shared characteristics of 
chemotherapy make questions 
trying to differentiate these 
features difficult to write without 
being up for debate. 

"For the Boards"
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b. Small molecule inhibitors:
i. Tyrosine kinase inhibitors: revolutionizing the treatment of many solid  
   tumors
ii. Imatinib: inhibits the bcr-abl fusion protein of CML
iii. Vemurafenib: inhibits BRAF step in the RAS-MAPK pathway. First used in  
    metastatic melanoma.

c. Hormone inhibitors:
i. Tamoxifen: inhibits estrogen receptor in breast cancer
ii. Aromatase inhibitors: inhibit the peripheral enzyme in fat cells
iii. Leuprolide: inhibit FSH/LH release from the pituitary
iv. Anti-androgen drugs

Chemotherapy
• Greatest effects on rapidly proliferating cells:

› Bone marrow
› GI tract mucosa
› Hair follicles
› Gonads
› Skin

• A number of classes of 
  chemotherapeutic drugs:

› Alkylating agents
› Antimetabolites
› Plant alkaloids
› Antibiotics
› Hormones
› Immunotherapy
› Miscellaneous

Common chemotherapy Toxicities
• Important to know dose-limiting toxicities
• Bone marrow suppression is a common problem

› Neutropenia
- Increased risk of bacterial infections
- Treat with G-CSF (Filgrastim, Granulocyte colony-stimulating factor ) in certain  
  situations

› Myeloid lineage depletion
- Increased risk of infections
- Treat with GM-CSF (sargramostim) (Granulocyte-macrophage   
  colony-stimulating factor)

Oncology is not a key subject on step 

I or step II. So to optimize your study 

time focus more on learning the 

specific toxicity or unique side effect 

of treatment and do not focus on 

picking drug regimens or which 

cancers require certain therapies. 

Oncology is a rapidly evolving 

treatment landscape which makes 

questions tougher to formulate and 

still be fair game.

PHARMACOLOGY

269



› Thrombocytopenia
- Increased risk of bleeding
- Treat with:

- Romiplostim (Nplate) – thrombopoietin receptor agonist (not used for  
  chemotherapy-induced thrombocytopenia, used in chronic   
  thrombocytopenia like ITP.

› Anemia
- May treat with erythropoietin (not used in chemotherapy associated anemia)  
  or packed red blood cell transfusions

- For low RBC or low platelets if from chemotherapy we alter treatment dose or  
  timing and give transfusion support
• Nausea / vomiting

› Type of agent and number of agents used for nausea depends on the   
  emetogenic potential of the chemotherapy drugs used
› 5-HT3 antagonists  (ondansetron, granisetron)
› NK1 antagonists (aprepitant, fosaprepitant)
› Corticosteroids (Dexamethasone, et al.)

• Stomatitis (mouth / GI ulcers)
• Diarrhea

› Loperamide, Diphenoxylate
• Skin toxicity

› Hyperpigmentation
› Alopecia
› Erythema
› Photosensitivity
› Acral erythema (Hand-Foot Syndrome) – Blisters on palms / soles

- Seen with cytarabine, doxorubicin, capecitabine, 5-FU et al.
- Tyrosine kinases cause a similar reaction (hand-foot skin reaction)
- Treat with hot/cold avoidance, topical lanolin cream, and if severe   
  corticosteroids

Antimetabolites
• Cell cycle specific chemotherapy that disrupts DNA synthesis (“S phase”)
• Agents

› Methotrexate / pemetrexed
› 6-Mercaptopurine or azathioprine
› Cytarabine (Ara-C)
› 5-Fluorouracil (5-FU)

• Interfere with metabolic functions of folic acid, purines, and pyrimidines
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Methotrexate/Pemetrexed/Pralatrexate
• Inhibits dihydrofolate reductase

› Decreases production of T,A,G
• Used for acute leukemias, breast cancers, lymphomas, and choriocarcinoma
• Also used for treatment of severe rheumatoid arthritis and psoriasis

Methotrexate
Adverse effects:

› Several adverse effects
- Bone marrow toxicity
- Crystalluria
- Interferes with folic acid synthesis

• Leukovorin (folinic acid) is an “antidote” or “rescue”
› Reduced folic acid derivative can be used by host cells but not by most  
  tumor cells

› Leukovorin rescue is typically not needed when methotrexate is used for  
  autoimmune conditions like rheumatoid arthritis, where lower doses are given

6-Mercaptopurine (6-MP)
• Azathioprine is “pro-drug” of 6-MP
• Inhibits purine metabolism (PRPP amidotransferase)
• Needs to be activated by HGPRT (hypoxanthine-guanine phosphoribosyl  
  transferase)

› Tumor cells that lack this enzyme will be resistant to therapy (common reason  
  some tumors do not respond to 6-MP)

• Used mainly for autoimmune disease
Adverse effects:

› Bone marrow toxicity
› Hepatotoxicity

Cell Cycle
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Cytarabine (Ara-C)
• Activated by tumor cell kinases and disrupts pyrimidine metabolism

› Tumor cells that lack these enzymes will be resistant to therapy (common  
  reason some tumors do not respond to Ara-C)

• Used for acute leukemias.
• Main toxicity is immunosuppression

5-Fluorouracil (5-FU)
• Activated to fluoro-dUMP, a “fake” nucleotide

› Competes with dUMP for thymidylate synthase and thus inhibits DNA synthesis
› Resistant tumor cells have altered thymidylate synthase

• Widely used for solid tumors (e.g., GI malignancies and breast carcinomas)
• Main toxicity is bone marrow suppression
• Note: Leukovorin INCREASES 5-FU effects, the opposite of methotrexate

Alkylating Agents
• Cell cycle non-specific
• Covalently alter DNA bases, usually at the N-7 position of guanine
• Lead to

› Cross-linked DNA strands
› Abnormal base pairing
› DNA strand breakage

› Some patients have genetic deficiency of TPMT and are prone to severe  
  adverse effects if standard doses are used.
› Avoid co-administration of allopurinol (which inhibits xanthine
  oxidase)- can lead to 6-MP toxicity

Board Question

Figure 28.1 Inhibitors of purine metabolism

Cisplatin and Carboplatin
• Platinum containing drugs
• Used for cancers of

› Testicles
- Non-seminoma germ cell tumors are very sensitive to cisplatin
- Contrast to seminomas which are sensitive to radiation

› Bladder
› Lung
› Ovary
› Colon (oxaliplatin)

Adverse effects:
› Nephrotoxicity

- Hydrate well
- Avoid cisplatin use in patients with decreased renal function
- Amifostine (thiol-containing free radical scavenger ) prevents this and  
   xerostomia after radiation therapy

› Ototoxicity
- Can lead to permanent deafness
- Avoid cisplatin in elderly patients with hearing loss, in patients with testicular  
  cancer this is not always avoidable as cisplatin offers improved survival  
  sometimes at the cost of permanent hearing loss

Cyclophosphamide
• Alkylating agent, activated by CYP enzymes
• Used for cancers of

› Breast
› Ovary
› Non-Hodgkin’s lymphoma

Adverse effects:
› Bone marrow toxicity
› Hemorrhagic cystitis

- Toxic metabolite acrolein causes damage
- Prevented by giving MESNA (2-mercaptoethanesulfonate) to trap acrolein

• MESNA provides sulfhydryl groupsv
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Other Alkylating Agents:
• Mechlorethamine
• Procarbazine (Disulfiram-like effect, MAOI activity)
• Carmustine / lomustine

Plant Alkaloids - Microtubules
Vinblastine / vincristine

› Block mitotic spindle formation in M phase
- Bind tubulin and prevent polymerization (arrests cells in metaphase)

Paclitaxel / Docetaxel
› Block mitotic spindle disassembly in M phase

- Stabilize microtubules and “freeze” them in polymerized state

Vincristine and Vinblastine
• Use:

› Acute leukemias
› Lymphomas
› Neuroblastoma

• Adverse effects:
› Peripheral neuropathy

Paclitaxel
• Used for

› Advanced breast and ovarian cancer
• Can cause neurotoxicity, acute hypersensitivity reaction, severe bone marrow  
  suppression
• Interferes with the mitotic spindle, prevent disassembly of microtubules into  
  tubulin monomers

Figure 28.2 Metabolism of cyclophosphamide

Bleomycin
• Glycopeptide mixture, is converted by the body to free radicals which damage DNA
• Disrupts synthesis of components needed for mitosis (G2)
• Used for

› Hodgkin’s Lymphoma
› Squamous cell carcinomas
› Testicular carcinoma

• Adverse effects:
› Pulmonary fibrosis
› May be irreversible

Doxorubicin and Daunorubicin
• Anthracycline drugs
• Cell-cycle non-specific

› Intercalate with DNA / cause free radical damage
› Inhibit topoisomerase II

• Used for
› Solid tumors (esp. lymphoma, breast and sarcoma)
› Leukemias

Etoposide and Irinotecan
• Etoposide:

› Topoisomerase II inhibitor, plant alkaloid
› Used for

- Small cell lung cancer
- Testicular cancer
- Relapsed leukemia, pre-bone marrow transplant

• Irinotecan:
› Topoisomerase I inhibitor, plant alkaloid
› Can cause severe diarrhea, common way to remember it as “I ran to the can  
  from Irinotecan

• These drugs are S-phase specific, prevent DNA replication and have standard  
  side effects (BMS, N/V, hypersensitivity reactions)

Antibiotic Chemotherapy
• Includes:

› Bleomycin
› Doxorubicin / Daunorubicin
› Actinomycin D (dactinomycin)

• So named because most are derived from natural sources like many antibiotics
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Adverse effects:
› Dilated cardiomyopathy

- Evaluate cardiac status prior to use (e.g., by echocardiogram)
- Related to overall exposure
- Usually irreversible

› Damage and discoloration of nails.
› Red urine

Mitoxantrone
• Anthracyclene-like chemotherapy
• Topo II inhibitor, often used in AML for induction
  chemotherapy
• Causes urine to turn blue or green; drug is 
  blue-tinged
• May also cause cardiomyopathy

Actinomycin D (Dactinomycin)
• Anthracycline antibiotic that inhibits RNA polymerase
• Used to treat:

› Ewing’s sarcoma
› Pediatric rhabdomyosarcoma
› Wilm’s tumor

• Causes bone marrow suppression

Hormone Chemotherapy
• Glucocorticoids

› Prednisone
› Lymphomas and leukemias

• Estrogen receptor blockers
› Tamoxifen / Toremifene

- SERM (selective estrogen blocker)
› Estrogen receptor-positive breast cancers
› More detail in endocrine lecture

• Aromatase inhibitors
› Aromasin (irreversible)
› Anastrozole, letrozole (reversible)
› Used in ER+ breast cancer patients to prevent estrogen production
› Fewer side effects than tamoxifen

Adriamycin is only red 

chemotherapy and 

mitoxantrone is blue, colors 

stand out about these drugs
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• Androgen receptor blockers
› Flutamide
› Prostate cancers

• GnRH Drugs
› Leuprolide/goserelin (GnRH Analogs)
› Degarelix (GnRH antagonist)

All-Trans Retinoic Acid (ATRA)
• Used for AML M3 (promyelocytic leukemia)

› Involves rearrangement of retinoic acid receptor –  t(15;17) PML-RARA
› M3 is associated with disseminated intravascular coagulation (DIC)

- Promyelocytes release a variety of products that lead to excessive   
  coagulation and bleeding

› Speedy diagnosis is critical since many patients die within 24–48 hours if  
  untreated

• Treatment with ATRA causes the promyelocytic cells to differentiate and lose  
  toxicity. This therapy works very quickly and effectively

Prostate Cancer Chemotherapy
• Goal of treatment is to decrease androgen signaling
• Often patients undergo chemical and/or surgical castration

› GnRH analogs (leuprolide, gosrelin) which, over time, decrease testosterone  
  signaling – must be given along with AR blockers (flutamide)
› Degarelix (newer), GnRH antagonists – faster action.

• Combination of LHRH agonist with anti-androgen drug such as flutamide shows  
  good results
• Track progress with PSA serum tests
• Patients will have low testosterone symptoms 

› Decreased libido, ED, osteoporosis, fatigue, gynecomastia, etc

Immunotherapy
• Monoclonal antibodies

› Rituximab (anti-CD20)
- B-cell lymphomas
- Component of “R-CHOP” along with cyclophosphamide, oncovin (vincristine),  
   prednisolone, doxorubicin
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› Trastuzumab (Herceptin®)
- Monoclonal Antibody against the HER-2/neu receptor for Epidermal
  Growth Factor
- Good results in breast cancer increased HER2 receptor overactivity

› Bevacizumab (anti-VEGF)
- Prevents metastasis and growth of many cancers
- Has unique toxicities : HTN, CHF, proteinuria, GI hemorrhage

Imatinib (Gleevec®)
• Tyrosine kinase inhibitor
• Used for chronic myeloid leukemia (CML), a disease that typically presents with  
  elevated white blood cell count with cells of a wide range of maturity   
  characterized by a “myelocyte bulge”.

› Eventually converts to blast crisis which is usually fatal (takes decades to  
  naturally evolve to blast crisis typically)

• CML has a diagnostic mutation:
› BCR-ABL fusion protein from translocation of chromosomes 9 and 22 t(9:22)  
  (historically called the Philadelphia chromosome in karyotyping)
› Imatinib inhibits the unique bcr-abl fusion kinase found in CML

• Other TKIs:
› Gefitinib, erlotinib – ErbB1 (EGFR) inhibitor
› Sorafenib (multiple TKs)
› Sunitinib (multiple TKs)

mTOR Inhibitors
• Sirolimus (Rapamycin), Everolimus, Temsirolimus
• mTOR – ser/thr kinase (like PI3 – kinase)

› Regulates cell growth, replication, migration
› Inhibition prevents transplant rejection, fibroblast overgrowth, cancer growth

• mTOR is often activated by EGF receptors (ErbB1 / ErbB2 / Her2/neu)

Asparaginase
• Depletes serum asparagine, which some neoplasms require for growth
• Used for leukemias and lymphomas
• Adverse effects:

› Bleeding
› Pancreatitis
› Allergic reaction

Bortezomib
• 26S Proteasome inhibitor
• Increases levels of I-kB

› I-kB is an inhibitor molecule of NF-kB (proliferating transcription factor)
• Prevents cancer cell division
• Used in multiple myeloma, other lymphomas
• Multiple side effects (BMS, neuropathies)

Hydroxyurea / Hydroxycarbamide (Hydrea)
• Inhibitor of ribonucleotide reductase

› Sickle cell anemia – allows for production of fetal hemoglobin – controls
  pain crisis

- Mechanism is unclear
› Acute leukemia – bone marrow suppression, lowers WBC count prior to  
  initiation of chemotherapy

Newer Chemo Agents
• Palbociclib

› Newer chemo agent
› Cyclin-dependent kinase inhibitor 
› Inhibits CKD4/6
› Used primarily in breast cancers

• Pembrolizumab
› “Checkpoint Inhibitor”
› Monoclonal antibody against PD-1 (programmed cell death-1) receptor on  
  T-cells
› Blocks ligands from cancer cells to PD-L1 and PD-L2 receptos on host T-cells.  
  This prevents T-cell exhaustion in the body’s immune response to the tumor.
› Side effects include inflammation of multiple tissues due to immune system  
  overaction

• Ipilimumab
› “Checkpoint Inhibitor”
› Monoclonal antibody against CTLA-4, a receptor on CD8 T-cells that inhibits the  
  cell’s immune activation.
› Activated cytotoxic T-lymphocytes attack cancer cells.
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Chapter 29
Endocrine sex steroids
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Endocrine sex steroids
Testosterone

• Principal circulating androgen in men
• Secreted by Leydig cells of testis in response to luteinizing hormone (LH) from  
  anterior pituitary gland
• Bind to androgen receptors in target tissues
• Conversion by 5α-reductase to dihydrotestosterone which also acts at androgen  
  receptors
• Conversion to estradiol

Conversion to Estrogens

Figure 29.1 Aromatase activity
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Testosterone Derivatives
Therapeutic uses:

› Major indication is male hypogonadism either acquired or genetic   
  (e.g.,Klinefelter’s syndrome)
› Testosterone esters used clinically

- Transdermal preparations
- Long-acting intramuscular “depot” injections
- Repletion of testosterone shown to have multiple benefits in the elderly male  
  population

Anabolic steroids
• Methyltestosterone, oxandrolone, and stanozolol
• Have legitimate clinical uses but are used illicitly to increase muscle mass and  
  athletic performance

Adverse effects:
› Aggressive behavior
› Acne
› Alopecia
› Gynecomastia
› Testicular atrophy with impotence
› Hypertension
› Hepatic neoplasia
› Glucose intolerance
› Decreased HDL levels
› Amenorrhea (women)

Figure 29.2 Effects of anabolic steroids
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Treatment of Prostate Disorders
• Prostate gland strongly affected by dihydrotestosterone
• Antiandrogen therapy used for metastatic prostate cancer

› Block androgen receptor
› Inhibit 5α-reductase

Androgen Receptor Antagonists
• Flutamide used with leuprolide for prostate carcinoma

› Flutamide – competitive inhibitor of testosterone at the nuclear receptor
› Leuprolide – GnRH agonist
› Sustained administration of leuprolide blocks the feedback-stimulation of  
  increased GnRH and LH that results from flutamide’s anti-androgen actions

• Cyproterone
› Actually a partial agonist at androgen receptors
› Used to block androgen effects:

- Curb male precocious puberty
- Treatment of male sexual offenders (“chemical castration”)
- Polycystic ovary disease
- Prostate carcinoma

• Spironolactone also blocks androgen effects
› Used in polycystic ovary disease

17α-Methylated Steroids and Hepatotoxicity

Figure 29.3 Testosterone metabolism and hepatotoxicity
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5α-Reductase Inhibitors
• Finasteride (Proscar®), dutasteride (Avodart®)
• Used for benign prostate hypertrophy
• Also for male pattern baldness

› Hair follicles inhibited by dihydrotestosterone
• Reduce levels of dihydrotestosterone

Estrogens
• Act at estrogen receptors
• Actions at many tissues in the body
• 17β-Estradiol most potent natural estrogen
• Synthetic estrogens designed for:

› Increased oral bioavailability
› Increased therapeutic half-life

• Are largely plasma-protein bound in the bloodstream

Estrogen Receptors
• When activated, promote:

› Normal sexual maturation
› Uterine growth (myometrium - and endometrium)
› Breast growth
› Decreased bone resorption (bone protection)
› Increased HDL, decreased LDL
› Blood clotting

• Clinical uses:
› Oral contraceptives
› Hormone replacement therapy
› Female hypogonadism

- Congenital (e.g. Turner syndrome)
- Acquired

› Dysmenorrhea
› Abnormal uterine bleeding

• Avoid estrogens in patients with:
› Thromboembolic disease
› Genetic clotting disorders
› Stroke / MI / CAD / congenital hyperlipidemia
› Smokers above the age of 35
› Breast / reproductive cancer history
› Liver disease
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Clinically Prescribed Estrogens
• Conjugated equine estrogens (e.g., Premarin®)

› Conjugated means sulfate esters
› Used for hormone replacement therapy

• Ethinyl estradiol
› Component of oral contraceptives

Side effects:
› Nausea
› Bloating
› Headache
› Mastalgia
› Thromboembolism

- Synthetic estrogens like ethinyl estradiol are more thrombogenic than
  natural estrogens
- Risk of thromboembolism multiplies when other risk factors for thrombosis  
  are present (e.g., Factor V Leiden, cigarette smoking, etc.)

› Breast cancer – latest data show no increased risk for breast cancer with the  
  use of combined oral contraceptives

- Estrogens are not recommended in patients with history of breast cancer
› Cervical cancer – Same as breast cancer
› Ovarian and uterine cancer – combined oral contraceptives decrease the  
  incidence

History of pharmacology: Diethylstilbestrol
• Synthetic estrogen used decades ago for prevention of threatened abortion
• Removed from market due to deleterious effects on fetuses recognized
  years later

Adverse effects on offspring:
› Urogenital tract abnormalities
› Persistence of Müllerian glands on upper vagina
› Clear-cell adenocarcinoma of vagina

- Otherwise very rare malignancy
› Male genital tract defects
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Selective Estrogen Receptor Modulators (SERMs)
• Compounds with tissue-specific activity

› Agonist activity in some tissues
› No activity or antagonistic activity in other tissues

• Goal is to:
› Produce beneficial effects in some target tissues

- Bone
- Brain
- Liver

› Avoid deleterious effects in other tissues
- Breast
- Endometrium

Tamoxifen
• Antagonist activity at breast ERs

› Used to block estrogen effects on breast cancers
› Partial agonist activity at endometrial ERs

• Agonist activity at bone ER, liver ER
› Beneficial for maintaining bone density
› Lowers LDL

Adverse effects:
› Result from estrogen antagonism

- Hot flashes
- Vaginal discharge or bleeding
- Menstrual irregularities
- Painful Intercourse
- Thromboembolism
- Fatty liver disease
- Increased risk of endometrial
- cancer especially in post-menopausal women

• (Partial agonist)
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Raloxifene (Evista®)
• Selective estrogen agonist in bone
• Used to treat osteoporosis
• Does not increase the risk of estrogen-dependent cancers

   • Has been shown to be effective in reducing the incidence of breast cancer

Anastrozole
• CYP19 aromatase inhibitor that reduces synthesis of estrogens

› Approved for treatment of estrogen-receptor positive breast cancers in  
  post-menopausal women
› Also used by men abusing anabolic steroids to avoid gynecomastia due to  
  aromatization of androgens
› Many fewer side effects than tamoxifen

• Side Effects include menopausal type symptoms (hot flashes, bone loss,
  HL, joint pain)

Clomiphene
• Estrogen receptor antagonist at all tissues studied
• Fertility drug

› Blocks estrogen receptors in the hypothalamus (which play role in sensing  
  circulating estradiol levels)
› Decreases feedback inhibition of FSH secretion by estradiol
› Increases ovulation

• Increases incidence of multiple conceptions (i.e., twins, triplets, etc.)

Menopause-like Symptoms

Thromboembolism

Menstrual Irregularities
Vaginal Discharge, Dryness or Itching

Hot Flashes, Night Sweats
Loss of Libido

Deep Vein Thrombosis (DVT)
Pulmonary Embolism (PE)

Blood Clots may cause
Stroke or Myocardial Infarction

Carcinogenesis

Other Risks

Increased Risk of Uterine or
Endometrial Cancer

(occurs after 5 years, mostly Stage I Tumors)
Hepatomas

Cell Sarcomas of Ovary

Depression (10% of Parients)
Cataract (with High Doses)
Nausea, Vomiting, Anorexia

Hair Loss
Dermatitis

Adverse Events on Tamoxifen Progestogens
• Progesterone (naturally occurring)
• 17α-acetoxyprogesterone
• 19-nortestosterone derivatives
• Norgestrel

Affects:
› Promotes breast growth (alveolobular)
› LH surge
› Maturation of endometrium

Clinical uses:
› HRT (Hormone replacement therapy)

- Decrease risk of estrogen-sensitive cancers
- HRT should include progesterone (not just estrogen) if the woman has not  
  had a hysterectomy

› Oral contraception
- Alone
- Combination with estrogens
- Have shown protection against endometrial cancer 

• Medroxyprogesterone, Norethindrone, Norgestrel
Adverse effects:

› Weight gain
› Hirsutism
› Acne
› Tiredness
› Depression

Oral Contraceptives
• Combination

› Estrogen and progestogen
• Progestogen-only

› Lactating women
› Depot contraception
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Combination Oral Contraceptives
• Contain both estrogens and progestogens
• Decreased incidence of breakthrough menstrual bleeding compared to     
  progestogen-only pills
• Slightly increased risk for cardiovascular complications 

› Stroke, MI, DVT
› Higher risk profiles in women >35yo, smokers

• Conflicting data regarding breast cancer – no strong link between combination  
  OCT and breast CA or cervical CA

› Reduced risk of ovarian CA, endometrial CA with OCP use
• Contraindications

› Presence or history of:
- Thromboembolic disease
- Inherited clotting disorder

• Factor V Leiden
• Protein C deficiency
• Protein S deficiency
• Prothrombin variant

- Cerebral vascular disease
- Myocardial infarction
- Coronary artery disease
- Congenital hyperlipidemia
- Known or suspected pregnancy
- Cigarette smoking (particularly if over age 35)
- Carcinoma of the breast
- Carcinoma of the female reproductive tract
- Abnormal undiagnosed vaginal bleeding
- Liver tumors or impaired liver function

Progestogen-Only Oral Contraceptives
• Generally safer than combination contraceptives

› Less chance for developing thromboembolism
- Fewer strokes, DVT, MI
- Overall risk still very low
- Risk increases with age >35 and tobacco use

• More likely to cause irregular, breakthrough menstrual bleeding
• Available as depot method (Depo-provera, Implanon®/Nexplanon®)
• Preferred in breastfeeding women

› Does not interfere with lactation as much as COC’s
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Mifepristone (RU 486)
• Anti-progestogen that is used to induce abortion (“abortion pill”)

› Contrast with “morning-after pill” (two doses of estrogen and progestogen  
  approximately two times the normal dose in combination contraception pills)

• Legal in the US for abortions up to 49 days from the first day of the last   
  menstrual period
• Followed by a dose of misoprostol at 48 hours (to induce uterine contraction
  and expulsion) 
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Chapter 30
Diabetes mellitus
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Diabetes Management
• Cornerstone is diet modification
• Type 1 diabetics require insulin replacement
• Type 2 diabetics managed with oral
   hypoglycemics with or without insulin

Insulin
• Anabolic hormone important in metabolism of:

› Carbohydrates
› Amino acids
› Fatty acids

• Type 1 diabetes mellitus:
› β-cells of the pancreatic islets produce little or no insulin (Type IV autoimmune  
  hypersensitivity)

• Type 2 diabetes mellitus:
› Lack of sensitivity to insulin followed by failure of the β-cells
› Excess levels of insulin often present in early disease
› Patients sometimes require insulin therapy

Hereditary diseases of the β-cell
(MODY)

• Similar to type 1 and 2, DM yet occurs in the young
• Increasing in frequency, though accounts for less than 1% of diabetes mellitus
• Genetically inherited defects in:

› Glucokinase (50%)
› Insulin molecule
› Insulin receptor, or
› GLUT-4 (glucose transporter)

Metabolic Syndrome
• Elevated waist circumference: 

› Men ≥ 40 inches (102 cm) 
› Women ≥ 35 inches (88 cm) 

• Elevated triglycerides: ≥150 mg/dL 
• Decreased HDL (“good”) cholesterol: 

› Men < 40 mg/dL 
› Women < 50 mg/dL 

• Elevated blood pressure: ≥130/85 mmHg or use of medication for hypertension 

For discussion of the 
pathophysiology of diabetes 
mellitus, see the Medical 
School Companion textbook: 
Pathophysiology, Endocrine, 
Pancreas, Diabetes mellitus.
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• Elevated fasting glucose: ≥100 mg/dL or use of medication for hyperglycemia 
• Patients with these findings are generally considered “high-risk” for adverse  
  cardiac events

Monitoring diabetic therapy
• Plasma glucose measurements provide a single timepoint of glucose control
• Glycosylated hemoglobin (HbA1c) provides a measure of glucose control over a  
  several month period (i.e. life of erythrocyte, 100-120 days)

› Diagnosis of DM – >6.5%
› Goal A1C with DM – 7.0%; pregnant women/type 1 DM – 6-6.5%

• Current data recommends relatively tight control over this number; 7% A1C  
  equates to an average blood glucose of 150 mg/dL 

Characteristics of insulin preparations
• Short-acting

› Lispro (Aspart, Novolog®)
- Fastest onset and shortest duration
- Often inject 15–20 minutes before meals

› Regular insulin
- Starts working within 30 minutes and is active about 5 to 8 hours. 

• Intermediate-acting
› Isophane
› Lente
› NPH (neutral protamine Hagedorn)
› Zinc suspension
› Start working in 1-3 hours and are active 16-24 hours

• Long-acting
› Glargine (Lantus®)

- Provides even levels throughout an entire day
- Good at preventing “dawn phenomenon”

› Ultra-lente
› Levemir®

› Start working within 1 to 2 hours and continue to be active for about 24 hours

The exact drugs aren’t as 

important as understanding 

the concept of basal and 

prandial insulin
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Insulin and durations of effect

Examples of Insulin Regimens
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Figure 30.1 Insulins: durations of effect

Figure 30.2 Examples of insulin regimens

Somogyi effect
• Clinical scenario: 

› Patient on long-acting insulin has low blood sugars around 2:00–3:00 AM
› Body responds by releasing counter-regulatory hormones (cortisol,   
  epinephrine, glucagon, growth hormone) leading to high blood sugars by dawn
› Often prevented by bedtime snack

Dawn phenomenon
• Counter-regulatory hormones often peak around dawn leading to
  high blood sugars
• Minimized by use of long-acting insulin that provides steady levels (e.g., glargine)  
  or by insulin pumps

Other strategies of treating Type I Diabetes
• Insulin pumps can provide continuous subcutaneous insulin infusions

› Use buffered regular insulin
• Islet cell / pancreas transplantation

Insulin overdose
• Hypoglycemia symptoms:
• Sympathetic stimulation:

› Tachycardia
› Sweating
› Nausea

• Neurologic symptoms when serum glucose <30-50 mg/dL:
› Convulsions
› Tremors
› Confusion
› Bizarre behavior
› Unconsciousness

• Treatment: IV dextrose solution and/or IM glucagon
• Magnesium and potassium replacement
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Oral/Type 2 Hypoglycemic Agents
• Major Classes:

› Metformin (Biguanide)
› Sulfonylureas
› Thiazolidinediones
› α-Glucosidase inhibitors
› GLP-1 agonists
› DPP-4 inhibitors
› Amylinomimetics
› Meglitinide Derivatives

Metformin (Glucophage®)
• Increases glucose uptake and decreases hepatic glucose production
• Does not cause hypoglycemia
• In contrast to other oral hypoglycemic agents, tends not to promote weight gain

Adverse effects:
› Lactic acidosis

- Often precipitated by surgical procedure or radiologic study
• Drug should be withheld for at least 48 hours after administration of IV  
  contrast media

› Contraindicated in patients with:
- Renal impairment
- Hepatic disease
- Prior history of lactic acidosis (only if this was secondary to metformin)
- Chronic hypoxic respiratory disease

Sulfonylureas
• Stimulate insulin release from pancreas

› Block KATP channels, cause sustained depolarization and insulin release
• Control hyperglycemia in type 2 diabetics

› Glyburide
› Glipizide
› Older generation not used anymore (chlorpropamide, etc)

Adverse effects:
› Hypoglycemia

- High doses lead to excessive insulin release
- Much more prone to causing hypoglycemia than the other oral   
   hypoglycemics

› Weight gain
› Hypersensitivity

- Cross-reacts with sulfonamides

Thiazolidinediones (TZDs)
• Pioglitazone and rosiglitazone (i.e. the “___azones”)

› PPAR-γ agonists, alter expression of insulin-response genes (GLUT
  receptors, etc.)

• Enhance uptake of fatty acids and glucose in adipose tissue, muscle,
  and liver cells
• Less hypoglycemia than sulfonylureas

Adverse effects:
› Controversial data regarding rosiglitizone (Avandia®) and cardiovascular risk

- Initial study in 6/2007 showed users of Avandia to be at higher risk for
  CV death
- Later studies showed no difference between Avandia and metformin or  
  glyburide

› Association with increased risk of bone fractures in women
› Weight gain
› Edema
› May worsen heart failure risk

GLP-1 and DPP-4
• GLP-1  (glucagon-like peptide) is a hormone released by the gut after glucose  
  delivery (the incretin family of hormones)

› Causes increased insulin release, decreases glucagon, delays gastric emptying  
  (good for glucose control)
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› GLP-1 is metabolized in the bloodstream by DPP-4 (dipeptidyl peptidase-4)  
  (bad for control)

• GLP-1 agonists (SQ) (the “___tides”) 
› Exenatide, liraglutide, dulaglutide, et al.
› Side effects – 

- Thyroid medullary carcinoma (drug is contraindicated in MEN2)
- Pancreatitis, nausea (rare)
- Weight loss ! – distinct prescribing indication

• DPP-4 antagonists (the “___gliptins”)
› Sitagliptin, saxagliptin, et al.
› Side effects – 

- Fatty liver disease
- Pancreatitis

SGLT2 Inhibitors 
• Canaglifozin / dapagliflozin (the ___glifozins)
• Inhibit SGLT-2 in the proximal tubule       decreased
  reabsorption of glucose

› Lower blood sugar
• Relatively safe

› Increased risk of UTI; yeast infections in women
• Data show independent improvements in patients with heart failure – data  
  are ongoing – will likely be another heart failure therapy

› Unrelated mechanism to its glucose reabsorption 

Other medications for DM2
• Acarbose / miglitol (α-Glucosidase Inhibitor)

› Slows intestinal carbohydrate absorption by inhibiting the SGLT-1 transporter
› Very safe drug
› Adverse effects mostly annoying and due to carbohydrate malabsorption  
  (bloating, diarrhea, flatulence)

• Pramlintide
› Amylin analog
› Delays gastric emptying , decreases appetite

SGLT2 inhibitors are being 
moved up closer to first 
line use in diabetes due to 
their proven benefit in 
cardiac disease

Summary of the pharmacology of Type II diabetes mellitus
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Chapter 31
Endocrine steroids
thyroid & others
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Corticosteroids
• Numerous and widespread effects:

› Carbohydrate, protein, and lipid metabolism
› Cardiovascular – hypertension, edema
› Immune – suppression
› Renal – salt and water retention (at high doses)
› Musculoskeletal – weakness/atrophy
› Nervous system – euphoria, psychosis
› Endocrine – adrenal insufficiency when stopped suddenly

Glucocorticoids
• Act at the glucocorticoid receptor
• Cortisol is major endogenous glucocorticoid
• Clinically used glucocorticoids are synthetic derivatives of cortisol
• The glucocorticoids are used extensively in the management of inflammatory
  disorders and for their immunosuppressive actions

• Other therapeutic uses:
› Replacement therapy for adrenal insufficiency (Addison’s disease)

- Congenital defects (e.g., congenital adrenal hyperplasia)
- Autoimmune adrenal disease
- Damage to the hypothalamus or pituitary gland
- Shock
- Trauma
- Infection

› Most ICU patients in septic shock will be administered glucocorticoids to prevent
  adrenal insufficiency, though strong data is lacking on its efficacy

• Fetal effect:
› Glucocorticoids stimulate fetal lung development and production of surfactant

- Betamethasone, dexamethasone, or hydrocortisone given to pregnant women  
  who will deliver prematurely (before 32 weeks gestation)

• Clinical derivatives:
› Compared with cortisol, are designed for:

- Better oral bioavailability
- Longer half-life
- Less mineralocorticoid activity

› Include hydrocortisone, prednisolone, prednisone, and betamethasone

For discussion of the 
pathophysiology of adrenal, 
thyroid, osteoporosis, and other 
endocrine disease, see the 
Medical School Companion 
textbook: Pathophysiology, 
Endocrine system: Adrenal 
cortex, thyroid gland and 
parathyroid, calcium & 
phosphorus disorders.
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• Adverse effects:
› Iatrogenic Cushing syndrome characterized by:

- Altered fat deposition
- Muscle weakness/atrophy
- Striae
- Bruising
- Acne
- Hyperglycemia due to gluconeogenesis
- Osteoporosis
- Electrolyte imbalance

› Iatrogenic Cushing syndrome characterized by:
- Suppression of skeletal growth in children
- Decreased wound healing
- Suppression of the immune system
- Varied central nervous system effects

› Suppression of adrenocorticotropic hormone (ACTH) secretion and adrenal  
  cortical atrophy
› Chronic glucocorticoid therapy, particularly with high doses, should never be
  abruptly withdrawn due to risk of acute adrenal insufficiency and shock state
  (Addisonian crisis)

Mineralocorticoids
• Important role in fluid and electrolyte balance
• Fludrocortisone (Florinef®) has strong mineralocorticoid effects

› Used for adrenal insufficiency in ICU patients exhibiting possible signs of low
  aldosterone (i.e. low plasma sodium levels)

Thyroid Hormones
• Crucial determinants of normal embryologic
  development
• Help to maintain metabolic homeostasis and
  affect virtually every organ system
• T3 (triiodothyronine) is most active form
• T4 (thyroxine) is 20 times more abundant in the
  plasma
• 90–99% of thyroid hormone is bound to different
  plasma proteins
• TSH level is the most useful screening test for
  thyroid dysfunction

Figure 31.1 Thyroid hormone production
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Hypothyroidism
• Treatment:

› Usually straightforward
› Consists of thyroid hormone replacement

- Typically thyroxine (T4; Synthroid®)
› Monitor TSH levels

Myxedema
• Confusing term which is used in both
  hypothyroidism and hyperthyroidism
  but to refer to different things
• “Myxedema coma” is generally used to
  refer to depression of the CNS and 
  myxedema to the non-pitting skin
  changes of hypothyroidism
• Pretibial myxedema may be seen in either hyperthyroidism from Graves 
  disease or in Hashimoto thyroiditis
• Both conditions related to changes in ECM glycosaminoglycan (GAGs)    
  synthesis in thyroid disease

Hyperthyroidism
• Primary treatment:

› Hyperthyroidism is commonly caused by Graves disease (90%), and  
  thyroid tumors
› Management is more difficult than Hypothyroidism:

- Pharmacologic:
› › Propylthiouracil (pregnancy) or methimazole (all others)
› › Iodide (non-radioactive)

- Radioactive iodine (131I) therapy, and/or
- Surgery

The most common issue with 
synthroid use is patient compliance. 
Synthroid needs to be taken on an 
empty stomach before breakfast 
with only water and patients need to 
wait 30 minutes to 1 hr before eating 
or drinking. They must also avoid 
taking with other medications. When 
starting someone on synthroid it’s 
important to counsel on this and 
when following TSH levels if you do 
not see the expected effect the first 
question should be "tell me how you 
take the medicine each morning." If 
this isn't assessed, patients may be 
titrated up to unnecessary levels and 
risk toxicity.

"In the Clinic"
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"In the Clinic" Adjunct Therapy
• Excess thyroid hormone causes upregulation of β-adrenergic receptors

› Results in tachycardia, tremors, anxiety
› Block with β-adrenergic blockers

- Typically need non-selective β-blocker as both β1 and β2 receptors are  
   upregulated (propranolol is first line)

› Propranolol – blocks β1 and β2, prevents peripheral conversion of T4 to T3 in  
  the periphery

• Thyroid Storm
› Acute elevation in body temperature, BP, and HR associated with   
  hyperthyroidism
› Medical emergency
› Treat with propranolol, TPO inhibitors, iodine solution ( blocks release of T4),  
  iodine contrast (prevents peripheral conversion), glucocorticoids, and bile acid  
  resins to decrease T3/4 recycling

Antithyroid Drugs: Thioamides
• Propylthiouracil and methimazole

› Thyroid peroxidase inhibitors
• Slow in onset
• Used as main therapy or prior to surgical treatment
• Low incidence of side effects

› Agranulocytosis (1:500 individuals)
Thioamides and Pregnancy

• Both thioamides cross placenta
• Propylthiouracil considered safer in pregnancy due to less cross-over to the fetus

› More plasma protein binding
• Both drugs are much safer to the fetus than iodide or radioactive iodine

Radioactive Iodine (131I) 
• Very effective at completely ablating thyroid function

› Then can maintain patient on thyroid hormone replacement therapy
• Absolutely contraindicated in pregnancy

› Will destroy fetal thyroid gland

Iodide
• Oldest remedy for thyroid disorders
• Reduces gland size, fragility, vascularity

› Often used as temporary treatment (e.g., prior to surgery)
• Contraindicated in pregnancy

› Risk of neonatal goiter
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• Adverse effects:
› Rare hypersensitivity reactions
› Unpleasant brassy taste
› Burning of mouth and gums

Drugs for Osteoporosis and Calcium 
Vitamin D (Cholecalciferol, Ergocalciferol)

• 25-hydroxy vitamin D is the serum marker of Vitamin D levels
• Cholecalciferol (D3) is preferred over Ergocalciferol (D2) to replete 25-OH vit D

› Improves 25-OH levels more efficiently
• Patients with osteomalacia, rickets, hypoparathyroidism should be on Vit D  
  supplementation

Bisphosphonates
• Oral / IV medications for osteoporosis
• Stabilize hydroxyapatite bone structure
• Pyrophosphate analogs
• Induce osteoblasts to secrete inhibitors of 
  osteoclasts
• Therapeutic uses:

› Osteoporosis
- Alendronate, risendronate

› Paget disease (abnormal bone modeling).
› Malignancy-associated hypercalcemia (e.g., paraneoplastic syndrome   
  associated with squamous cell carcinoma)

- Etidronate and pamidronate (PO)
- Zolendronic acid (IV) (also used as adjunct to chemotherapy in multiple  
  myeloma or patients with bone metastases)

• Adverse effects:
› Defective mineralization
› Increased risk of esophageal ulcers (pill esophagitis)
› Rare reports of jaw bone necrosis

Figure 31.3 Bisphosphonate

Figure 31.2 Vitamin D metabolism
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Calcitonin
• Hypocalcemic hormone produced by parafollicular C cells of thyroid gland

› Inhibits osteoclastic bone resorption
• Salmon calcitonin is alternative drug for treatment of osteoporosis or   
  recombinant human calcitonin

Other medications for osteoporosis
• Teriparatide

› PTH analog
› When given once daily, stimulates osteoblasts
› Increased risk of osteosarcoma, can cause hypercalcemia

• Denosumab
› Monoclonal antibody against RANKL (receptor activator of NF-KB ligand)
› Resembles endogenous compound osteoprotogerin
› Denosumab inhibits the interaction between RANK on osteoclasts and RANK-L 
  osteoblasts
› Prevents osteoclast activation

Summary of the pharmacology of osteoporosis

Denosumab is also used for treatment of a rare cancer, giant cell 
tumor of bone. This tumor utilizes RANKL as a growth factor and 
denosumab effectively inhibits tumor growth by blocking this. 
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Pituitary gland drugs
• Desmopressin (ADH V2 receptor agonist)

› Neurogenic (Central) ddiabetes insipidus
- prevents urine production

› Hemophilia A / vWD
- decreases bleeding by increasing FVIII-vWF

› Enuresis control
• Oxytocin

› Induction of labor
• Bromocriptine / Cabergoline

› D2 agonist – used to control hyperprolactinemia, acromegaly (PRL can bind
  GH receptor)

• Octreotide (SST analog)
› Acromegaly/gigantism
› Pancreatic / GI endocrine tumors (carcinoid, VIPoma, gastrinoma, etc)
› Esophageal variceal bleeding (decreases portal vein flow, portal BP)

• Cosyntropin
› ACTH analog – used for infantile spasms

Carcinoid Syndrome
• Carcinoid neoplasms are  found in the GI tract and lung. 10% produce high  
  enough levels of 5’-HT to cause symptoms

› Symptoms usually begin when the tumor involves the liver  as it allows 5’-HT to  
  enter the  systemic circulation

• Carcinoid syndrome:
› GI symptoms (diarrhea, stomach pain)
› Flushing, hypotension
› Carcinoid heart disease (damage to R-sided heart valves, right heart failure
› Bronchospasm / wheezing

• Urine 5’-HIAA will be elevated
• Treatment: octreotide blocks hormone effects and may also be antiproliferative.

› Cyproheptadine – global 5’-HT receptor antagonist
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Chapter 32
Eicosanoids
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Eicosanoid pharmacology
• Eicosanoids are metabolites of arachidonic acid

› Important members of this family include leukotrienes, prostaglandins,   
  thromboxane
› Medications that affect eicosanoid synthesis and activity are used to treat  
  inflammatory conditions:

- Zileuton (inhibits 5-LOX)
- Montelukast / Zafirlukast (Block LTD4 receptors)
- Glucocorticoids (inhibit PLA2, production of AA)
- NSAIDs (COX1/2 inhibition)
- Celecoxib, Meloxicam (COX2 inhibition)

› Medications that resemble prostaglandins are utilized to affect smooth muscle  
  activity throughout the body:

- Collectively called the “prostanoids”.

Leukotrienes
• Produced by 5-lipoxygenase from an arachidonic acid substrate.

› LTB4 – Neutrophil chemokine
› LTC4,D4 – Bronchoconstrictors, promote airway secretions
› Asthma medications:

- Zileuton (5-LOX inhibitor)
- Zafirlukast/montelukast (Block LTD4 receptors)
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Figure 32-1 Eicosanoid metabolism

Leukotriene inhibitors are used 
as adjunctive therapy in 
asthma. You will see them in 
MCQs in patients on multi-drug 
therapy for mild persistent 
asthma or higher. They have 
less of an impact than inhaled 
corticosteroids or short/long 
acting bronchodialators and 
are considered an alternative 
approach. That is to say they 
likely won’t be the correct 
answer when patients in the 
MCQ are described as having a 
step up in their symptoms 
beyond mild persistent asthma. 

"On the Boards"

Cyclooxygenase (COX-1 / COX-2)
• COX-1 is constitutively expressed in most cells
• COX-2 is inducible:

› Especially at sites of inflammation
• Prostanoids target:

› Smooth muscle:
- Relaxation (PGI2)
- Constriction (TXA2)

› Platelet
- Stabilization (PGI2)
- Aggregation (TXA2)

› GI
- PGE1 – promotes mucus and bicarbonate secretion

› Eye 
- PGE/F – decrease intra-ocular pressure, promote aqueous humor outflow

Prostanoid therapeutics
• Misoprostol

› PGE1 analog
› used to prevent NSAIDs-induced ulcers
› used along with Mifepristone to induce abortion and expulsion of products
  of conception

• Alprostadil
› PGE1 analog
› Maintains patency of ductus  arteriosus
› Used in male impotence 

• Epoprostenol, Iloprost, Treprostinil
› PGI2 analogs
› Pulmonary hypertension

• Latanoprost, Bimatoprost, Travoprost, Tafluprost
› PGF2a analogs
› Treatment of glaucoma
› Cause brown pigmentation of iris and eyelashes

• Dinoprostone, Carboprost
› PGE2, PGF2a analogs
› Oxytocic: Induce labor at term
› Abortion, Hydatidiform molar pregnancy treatment
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Aspirin (ASA)
• Irreversible Inhibitor of COX1 and COX2
• Creates a covalent bond on serine residue on the active site of the COX enzyme

› Used for pain control/fever (usual dose of 325mg), platelet inhibition (usual  
  dose of 81mg), and rarely as an anti-inflammatory drug (usual dose of 3-5g)

• Aspirin toxicity results in part from electron transport chain uncoupling:
› Increased metabolic rate, hyperventilation
› Metabolic acidosis, respiratory alkalosis
› Fever
› Eventually, respiratory failure – combined acidosis

• Alkalization of the urine – improves clearance• NSAIDs-induced ulcers
• Side effects:

› GI irritation (e.g. gastritis, peptic ulcers)
› Bronchospasm (due to shift of AA metabolism to LOX       leukotrienes
› Allergies – Angioedema, rash, asthma, nasal polyps, rhinitis
› Renal toxicity – more common in other NSAIDs, not ASA
› Reye syndrome – uncoupling of ETC in children – more likely to cause
  organ failure

Competitive, reversible COX1/2 inhibitors
• Ibuprofen, naproxen, sulindac, indomethacin, ketorolac
• Analgesic/antipyretic/anti-inflammatory

› Less likely to cause ulcers
› Less platelet inhibition / benefit in cardiovascular disease ( reversible binding )
› More risk for renal failure

COX-2 selective inhibitors
• Celecoxib, Meloxicam

› Rofecoxib- removed from the market 
- Was too COX-2 specific.  
- Patients had very low levels of PGI2, led to overactivity of TXA2, elevated risk  
  of platelet activation (MI, strokes)

• Used for osteoarthritis
› Less likely to cause GI ulcers
› Similar pain control as other NSAIDs.
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Acetaminophen (APAP)
• COX inhibitor (thought to only block CNS COX enzymes)

› Analgesic, antipyretic; not anti-inflammatory
› No peripheral COX1/2 inhibition

- No antiplatelet activity
- No bronchospasm
- No GI distress
- No renal failure
- Not an uncoupler

› Hepatotoxicity – most common cause of acute liver failure in the US
- Normally, APAP is metabolized through glucuronidation and sulfation to  
  benign metabolites
- In overdose, those pathways become saturated and the P450 system takes  
  over > produces NAPQI - > causes damage to liver (oxidant) > Glutathione  
  depletion leads to reactive oxygen species damage.
- N-acetyl cysteine is the antidote (reducing agent, scavenges NAPQI)

Summary of the pharmacology of arachidonic acid
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Figure 32-2 Arachidonic acid (eicosanoid) pharmacology
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Chapter 33
Histamine and antacids
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Histamine and antacid drugs
• Histamine receptors:

› H1 (Gq coupled) – in smooth muscle, endothelial cells, CNS
› H2 (Gs coupled) – on gastric parietal cells, mast cells
› H3, H4 – less well understood

• Histamine is generated by histidine decarboxylase from histidine
› Metabolized primarily by MAOb

• H1 receptors drive local changes at the site of inflammation:
› Vasodilation
› Vascular pericyte contraction (permeability ,edema)
› Bronchoconstriction
› Peripheral pain / itching
› Global H1 stimulation leads to anaphylaxis / shock

• H2 receptor stimulation causes:
› Gastric parietal cell H+ secretion
› Minor cardiac effects
› H2 blockers are used for gastroesophageal reflux disease
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Figure 33-1: Pharmacology of acid production by the gastric parietal cell

H1 blockers
• H1 blockers 

› Cross BBB, most have 
  anti-muscarinic effects

- Diphenhydramine
- Dimenhydrinate
- Chlorpheniramine
- Hydroxyzine 

  (No antimuscarinic effects)
- Promethazine
- Cyproheptadine 

  (also serotoninergic antagonist)
• 2nd Generation:

› Do not cross BBB
- Fexofenadine
- Loratadine
- Cetirizine

Treatment of Gastroesophageal reflux
(GERD) and peptic ulcer disease (PUD)

• Goal is to:
› Protect the involved mucosa
› Relieve immediate symptoms
› Prevent long-term serious complications 
  such as intestinal perforation or 
  esophageal carcinoma
› In PUD, treatment of H.pylori infection

Major treatments for GERD and PUD
• Histamine-2 antagonists
• Proton pump inhibitors
• Antacids
• Physical protectors of gastric mucosa
• Prostaglandin analogs

Histamine-2 Antagonists
• Include cimetidine (Tagamet®) and ranitidine (Zantac®)
• Indirectly suppress secretion of gastric acid 
• Widely used
• Not as efficacious as the proton pump inhibitors 

First generation H1 blockers have been 
utilized as sleep aids for decades as they 
are over the counter and effective at sleep 
induction in many patients. In the hospital 
setting it is an option to help with sleep 
induction but should only be utilized in 
younger patients who have tolerated this in 
the past. Use in the elderly is relatively 
contra-indicated as its central effects in the 
brain and muscarinic effects can cause 
acute delerium and urinary retention. There 
is additionally a temporary feeling of 
euphoria (high) when administered IV 
through rapid infusion. This has become a 
potential drug of abuse in patients with 
frequent severe pain episodes like sickle cell 
anemia associated bone pain. There is no 
pharmacologic benefit to IV therapy over 
oral if the patient is capable of swallowing 
pills so IV doses should be avoided to 
prevent the potential for addiction.  

"On the Wards"

A common overnight complaint in 
patients is reflux symptoms. This is 
often from new medications, the 
change in diet while hospitalized, and 
the stress response that increases 
acid production in hospitalized 
patients. This can be severe with 
critical illness particularly in intubated 
patients. For this reason, these 
patients should always be on a 
prophylactic proton pump inhibitor or 
H2 blocker if PPI contra-indicated. In 
not critical patients who are on the 
floor keep in mind antacids have 
much more rapid relief with little to no 
side effects so these are a better first 
option than starting someone on a 
PPI or H2 blocker, both of which will 
take days to reach effective levels. 

"On the Wards"
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"On the Wards"
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• Adverse effects:
› Generally fairly safe drugs

- Can cause GI distress, dizziness, and somnolence, particularly in the elderly
› Cimetidine is a major inhibitor of P450 isoforms and causes drug-drug   
  interactions
› Decrease bioavailability of drugs that require acidity for good oral absorption

- Fluoroquinolones
- Ketoconazole

Proton Pump Inhibitors
• Prototype is omeprazole (Prilosec®), others are esomeprazole, pantoprazole,  
  lansoprazole
• Irreversible, direct inhibitors of the K+/H+ antiporter (“proton pump”) in the gastric  
  parietal cell
• Highly effective at reducing gastric acid secretion

› PPIs are 1st line therapy for bleeding peptic ulcers
• Especially useful for severe reflux disease and Zollinger-Ellison syndrome
• Take days for effect to start

Adverse effects:
› Generally well-tolerated drugs, may cause diarrhea
› Decrease bioavailability of drugs that require acidity for good oral absorption

- Fluoroquinolones
- Ketoconazole

› Some concern that long-term use may cause atrophic gastritis
- No strong data either way
- Patients should not be on this medication for life

› Newer data that PPIs inhibit cytochrome p450 system required for activation of  
  clopidogrel, should be avoided in patients with newly-placed coronary stents

Antacids
• Neutralize protons in the gut lumen
• Include aluminum hydroxide, calcium carbonate, magnesium hydroxide, and  
  sodium bicarbonate

Adverse effects:
› Electrolyte disturbances

- Renal failure patients should especially avoid aluminum and magnesium  
  containing products

› Decrease bioavailability of drugs that require acidity for oral absorption
› Fluoroquinolones
› Ketoconazole

Physical Protectors of Gastric Mucosa
• Sucralfate polymerizes on the gastric luminal surface to form a protective gel-like  
  coating of ulcer beds
• Improves healing of gastric ulcers and prevents their recurrence
• May cause constipation or bezoar formation

Prostaglandin Analogs
• Misoprostol is a PGE1 analog which protects the gastric mucosa by increasing  
  mucus and bicarbonate secretion
• Used almost solely for NSAID-induced ulcers
• Given as an adjunct with certain NSAIDs for prevention of ulcers (Arthrotec®:  
  diclofenac + misoprostol)

Helicobacter pylori
• Commonest cause of peptic ulcer disease
• “Triple therapies” used to eradicate the organism
   (typically two antibiotics plus an acid reducer or
   bismuth):

› Omeprazole, amoxicillin, and metronidazole
› Omeprazole, clarithromycin and amoxicillin
› Tetracycline, metronidazole, and bismuth

Serotoninergic drugs
• Serotonin (5’-HT) is synthesized from tryptophan using tryptophan hydroxylase  
  and AAAD enzymes
• 5’-HT is metabolized by MAO-A into 5’-HIAA
• 5’-HT undergoes re-uptake into neurons using SERT (reuptake transporter)
• Many serotoninergic medications discussion in CNS pharmacology

› SSRI (SERT inhibitors)
› Buspirone (5’-HT1A Partial Agonist) for anxiety
› Atypical Antipsychotics (5’-HT2a antagonists)
› Hydroxyzine / cyproheptadine – Antihistamines with serotonin antagonism  
  properties
› 5’-HT3 antagonists – antiemetics (ondansetron)

Figure 33-2: H. pylori on the gastric
mucosal surface.
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Chapter 34
Asthma drugs
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Asthma pharmacology
Overview

• Inflammatory and constrictive disease
› Bronchial hyperreactivity
› Bronchospasm
› Increased mucus secretion
› Cellular infiltration

• Treat acute symptoms as needed
• Long-term goal is to treat underlying inflammatory process
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Clinical use
Acute attack,
controller, inhaled
Controller
Controller, inhaled

Controller, especially
ASA-sensitive asthma
Controller

Second line drug

Acute attack relief,
inhaled
Control, COPD

COPD

Target
     β2-R,     cytokines
    endothelial adhesion, more...
Binds to Fc portion of IgE
    release of mediators, mast
cells, others
Inhibits lipoxygenase,
    leukotrienes
Inhibitor of leukotriene
receptor smooth muscle
Phosphodiesterase inhibitor to
    cAMP
Albuterol: short-acting β2-R
agonist
Salmeterol: long-acting β2-R
agonist
M3 receptor antagonist

Figure 34.1 Pharmacology of asthma

Table 34.1 Pharmacology of asthma
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Major Asthma Medications
• Corticosteroids
• β2-Adrenergic receptor agonists
• Muscarinic receptor blockers
• Theophylline
• Cromolyn sodium
• Leukotriene antagonists
• Anti-IgE antibody therapy

Corticosteroids: Inhaled
• Cornerstone of chronic treatment for moderate to severe asthma

› Work by inhibiting white blood cells and preventing cellular infiltration and  
  release of inflammatory mediators such as interleukins and TNF- α

• Agents include budesonide, beclomethasone, fluticasone and mometasone
› Fluticasone and mometasone have the least systemic side effects

• Minimal side effects when used appropriately
› Oropharyngeal candidiasis
› Possible systemic effects with excessive use
› Growth suppression in children?

• Indicated for patients who require regular inhaled bronchodilators and are  
  not well-controlled

Corticosteroids: Systemic
• Oral and IV agents such as prednisone and prednisolone generally  
  reserved for severe acute attacks and persistent asthma
• Serious adverse effects with chronic use

› Delayed wound healing
› Osteoporosis
› Alteration of fat distribution
› Striae
› Disruption of glucose metabolism

β2-Adrenergic receptor agonists
• Use for acute bronchoconstriction and in prophylaxis of exercise-induced  
  asthma

› Cause bronchodilation by binding the β2 receptor on bronchial smooth  
  muscle
› Gs-coupled receptor activates adenylate cyclase which increases cAMP 

• Do not resolve the underlying inflammation
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Short-acting β2-adrenergic receptor agonists
• Include albuterol (salbutamol) and terbutaline
• Low potential for systemic toxicity if inhaled
• Overuse may cause β1-adrenergic receptor effects

› Anxiety
› Tachycardia
› Muscle tremors

• Given by nebulizer or systemically (IV) for asthma attacks

Long-acting β2-adrenergic Receptor Agonists
• Salmeterol / formoterol
• Used for chronic management, usually in combination with a corticosteroid

› Inhaled BID every day
• NOT appropriate for treatment of acute exacerbations

Muscarinic Receptor Antagonists
• Ipratropium, tiotropium (longer-acting)
• Usually inhaled, sometimes in combination with β2-adrenergic agonists
• Work by preventing Ach-related bronchospasm
• Also used for treatment of chronic obstructive pulmonary disease (COPD)
• Minor atropine-like side effects when used by inhalation

Theophylline
• Methylxanthine chemically related to caffeine
• Possible mechanisms of action

› Inhibition of phosphodiesterase
- Increases level of cAMP

› Antagonism of adenosine
• 3-4th-line agent for asthma
• Aminophylline given intravenously for severe bronchospasm or status   
  asthmaticus

› Also used for adenosine-induced wheezing 
Adverse effects:

› Narrow therapeutic window leads to frequent toxicity
- Nausea
- Diarrhea
- Cardiovascular disturbances
- CNS excitation

› Metabolism of theophylline inhibited by cimetidine, erythromycin, and     
  ketoconazole.

- CYP inhibitors

Theophylline is not routinely utilized in the US or 
Europe anymore as it has been replaced by 
newer, safer agents and formulations. Will never 
be the correct answer on a board exam. 

"On the Boards"

Chapter 35
Gout and DMARDs
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"On the Boards"

Chapter 35
Gout and DMARDs

PHARMACOLOGY

327



Gout and disease-modifying antirheumatic drugs
Gout

• Acute attacks result from crystallization of sodium urate in joints and subsequent  
  inflammatory reaction by neutrophils

• Uric acid is end product of purine 
  metabolism
• Acute treatment options:

› Indomethacin or other NSAIDs
› Colchicine
› Oral or injected corticosteroids

Chronic Management of Gout
• Goal is reduction of the uric acid pool
• Allopurinol
• Uricosuric drugs
• Diet modification

Colchicine
• Highly effective for acute gouty attacks
• Interferes with neutrophil mobilization
• Treats the inflammatory response that makes gout so painful – does NOT affect  
  uric acid levels

Side effects:
› Many toxic side effects
› GI damage / diarrhea (dose limiting)
› Neurotoxicity

Figure 35-1 Podagra (acute gout) Figure 35-2 Uric acid crystals

Gout is one of the most overlooked and 
underdiagnosed conditions. It is important 
to identify gout and hyperuricemia early in 
patients to prevent the cumulative effects 
of crystallization deposits in joints. Gout is 
one of the few reversible causes of joint 
loss/damage. Treatment of flares involves 
NSAIDs, intra-articular steroids, colchicine or 
oral steroids if the above are ineffective 
(oral steroid use should be minimized). 
Following resolution of a flare all patients 
should be placed on a xanthine oxidase 
inhibitor (allopurinol) to reduce their serum 
uric acid levels to prevent further flares and 
joint damage. 

"In the Clinic"
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Uricosuric Agents
• Probenecid, sulfinpyrazone

› Probenecid also used to inhibit penicillin secretion into the renal tubules
• Increase the rate of excretion of uric acid
• Used for chronic management of gout
• Generally well tolerated but not always effective

Foods and Uric Acid
• Certain foods and drinks are known
  to worsen hyperuricemia

› Beer
› Meats
› Seafood
› Certain vegetables

• Cherries lower serum uric acid
  through an unknown mechanism

Allopurinol
• Inhibits xanthine oxidase (XO)

› Prevents end stage conversion of purines to uric acid
› Prodrug, must be converted by XO to alloxanthine, then inhibits production of  
  uric acid

• Used for
› Primary hyperuricemia of gout
› Hyperuricemia secondary to hematologic disorders or chemotherapy treatment

• Side effects: 
› DRESS (significant skin reaction/rash)
› Cannot give allopurinol ( or febuxostat ) with azathioprine / 6-MP.

Most hyperuricemia is now thought to be due to 
genetic factors and diet/lifestyle play less of a role than 
previously thought. In patients who receive treatment 
with xanthine oxidase inhibitors and effectively reach 
uric acid levels below the super saturation point of 
crystal formation these foods can still be eaten, as long 
as in moderation. 
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Febuxostat
• Newer xanthine oxidase inhibitor
• Similar mechanism as allopurinol, 
  not a prodrug
• Does not cause DRESS, 
  less hypersensitivity side effects

Uricases
• Rasburicase – IV recombinant enzyme that breaks down Uric Acid

› Used in tumor lysis syndrome to prevent severe acidosis
• Pegloticase – IV treatment every 2 weeks for patients with gout to prevent  
  gouty attacks

› Digests uric acid to allantoin (easily excreted)

Rheumatoid arthritis treatments
• NSAIDs commonly used

› Adverse effects such as GI bleeding
• COX-2 selective inhibitors (e.g., celecoxib)

› Be aware of cardiovascular risks of selective COX-2 inhibitors
- Benefits of using them (e.g., patient with history of GI bleeding) should  
   clearly outweigh the risks

Disease-Modifying Antirheumatic Drugs (DMARDs)
• Treat the autoimmune aspect of rheumatoid arthritis and other rheumatic  
  arthridities
• Hydroxychloroquine

› For mild arthritis
• Methotrexate, infliximab, glucocorticoids, gold salts, penicillamine

› More severe disease

Hydroxychloroquine
• Mechanism of action unknown
• Controls symptoms of RA
• Can cause retinopathy (side effect shared with chloroquine)
• Can cause hemolysis in patients with G6PD deficiency

Drug reaction with eosinophilia and systemic 
symptoms (DRESS)
One of the severe cutaneous drug reactions, 
along with Stevens-Johnson syndrome, toxic 
epidermal necrolysis and acute generalized 
exanthematous pustulosis.
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Methotrexate
• Cytotoxic to lymphocytes
• Numerous adverse effects:

› Bone marrow toxicity
› Crystalluria
› Interferes with folic acid synthesis

- Leucovorin is an “antidote” or “rescue” for this
- Typically do not need leucovorin when methotrexate is used for rheumatoid  
   arthritis treatment

Gold Salts
• Auranofin, aurothioglucose
• Interfere with monocyte and lymphocyte function
• Cutaneous reactions common

Penicillamine
• Suppresses T-lymphocytes
• Lupus-like syndrome
• Proteinuria
• Slow vs. fast acetylators affect metabolism

Therapies targeted against TNF-α
• Infliximab (Remicade®)

› Monoclonal antibody against TNF-α
› Also used in treatment of inflammatory bowel disease

• Etanercept (Enbrel®)
› TNF receptor fused to human IgG fragment

• Both drugs associated with infusion reactions (sometimes severe) and increased  
  risk of infection
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Chapter 36
Anti-rejection drugs
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Anti-Rejection Drugs
• Cyclosporine
• Tacrolimus
• Sirolimus (rapamycin)
• Mycophenolate mofetil

Cyclosporine
• Inhibits calcineurins (T-cell activating second messenger)

› Decreases T-cell activity, IL-2 and interferon-γ
• Also used in autoimmune diseases such as RA, psoriasis
• Inhibits T cell function, prevents organ rejection
• Used primarily in renal transplant patients
• Used widely to prevent organ transplant rejection
• Levels affected by inhibitors or inducers of cytochrome P450 enzymes

› Enzyme inhibitors can lead to toxic levels of cyclosporine
› Enzymes inducers can lead to inadequate levels of cyclosporine and rejection  
  of organ

• Side effects include Nephrotoxicity (limiting) and Neurotoxicity as well as  
  increased risk of infection

Tacrolimus
• Similar action and toxicities to cyclosporine

› Calcineurin inhibitor (slightly different mechanism, works through FK-binding  
  proteins)

• Prevent graft vs. host disease and lead to successful organ transplantation / stem  
  cell transplantation
• Metabolized by the CYP450 system, similar to cyclosporine

Sirolimus (Rapamycin)
• mTOR inhibitor (previously discussed) 
• mTOR – ser/thr kinase (like PI3 – kinase)

› Regulates cell growth, replication, migration
› inhibition prevents transplant rejection, fibroblast overgrowth, cancer grwothff

• mTOR is often activated by EGF receptors (ErbB1 / ErbB2 / Her2/neu)
• Sirolimus is used as a backup medication for patients taking tacrolimus that suffer  
  renal failure
• Sirolimus is a p450 3A4 substrate. 

› Also works by binding FK-binding proteins (like tacrolimus)

It is unlikely you would be asked a question about 
rejection medications, their indications, or in selection of 
an anti-rejection regimen. 

"For the Boards"
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Mycophenolic Acid
• Immunosuppresant drug derived from a common fungus
• Inhibits inosine monophosphate dehydrogenase and prevents proliferation of
  B and T lymphocytes
• Used in place of azathioprine for prevention of transplant rejection because of  
  improved side effect profile
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antiarrhythmics  – 68, 71 - 74, 76 - 77 

antibacterial s -  193 

antibiotic interactions , types of – 192 

antibiotic , antibacterial  – 193 

antibiotics  -  15, 31, 190, 192, 194, 206, 207, 

212, 221,  

antibiotics , antifungal – 232 

antibiotics , anti- mycobacterial – 226 

antibiotics , antiparasite – 256 

antibiotics , antiviral – 240  

antibiotics , cell wall inhibitors – 194f, 

200 - 209 

antibiotics , mechanisms – 212  

anti - cancer  – 244, 251, 268 
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anticancer agents  – 268 

anticancer therapy – 251  

antic holinergic  – 160, 171- 173, 180 

anticoagulants  – 15, 126, 128, 130 

Anticoagulants, Site of Action of  

anticonvulsants  – 134, 139, 228 

antidepressant s – 66, 138t, 176, 180 

antidepressant s, atypical – 176, 179 

antidepressant s, summary  -  182 

antidepressant s, triyclic – 12, 19t, 65, 176, 

177,  

antidotes – 51- 53, 55, 60, 61, 66, 126, 128, 

137, 157, 271, 315, 331 

antiemetics  -  321 

antiepileptics  -  142  

antifungal drugs  – 232 

antifungal drugs , azole -  233 

antifungal drugs , summary  – 237f 

antifungal Site of Action – 233f 

antihistamines  – 34, 232, 321 

antihyperlipidemics  – 68, 108 

antihyperlipidemics , drug classes -  109 

antihypertensives  – 60, 68, 82 

anti - inflammatory drugs, summary -  

122 

anti - malarials  – 256  

antimetabolites  – 240, 269, 270 

antimicrobial drugs  – 217 

antimuscarinics  -  172 

anti - parasitic drugs – 197t, 256, 265t 

antiplatelet drugs  -  124 

antipseudomonal penicillins  -  204 

Antipsychotic Drug Summary  

antipsychotic drugs  

antipsychotics  – 165, 170,  

antipsychotics , atypical  – 173- 174, 321 

antipsychotics , typical  – 170- 172  

anti - rejection drugs  -  334 

antiviral drugs  -  240 

Antiviral Pharmacotherapy , Summary 

of – 254f 

apalutamide – 20 

apixaban  - 129 

apparent volume of distribution (V D) – 

15, 16f 

apraclonidine  -  60 

aprepitant  -  270 

Ara- C – 270, 272 

arachidonic acid  – 312, 315 

argatroban  – 127, 129 

aripiprazol e – 173- 174 

Aromatase activity  – 282f  

aromatase inhibitors  – 269, 276 

aromatization  -  288 

artemether  – 259 

artesunate  – 259 

asparaginase  – 278  

aspirin  (ASA)– 12, 17t, 41t, 124, 125, 314  

asthma drugs  – 53, 324 

asthma, major medications – 325 

asthma, pharmacology – 61, 312, 324 

atherosclerosis  – 102, 108, 125 

Atherosclerosis and Its Complications  

– 108f 

atomoxetine  – 186 

atorvastatin  – 109 
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anticancer agents  – 268 

anticancer therapy – 251  

antic holinergic  – 160, 171- 173, 180 

anticoagulants  – 15, 126, 128, 130 

Anticoagulants, Site of Action of  

anticonvulsants  – 134, 139, 228 

antidepressant s – 66, 138t, 176, 180 

antidepressant s, atypical – 176, 179 

antidepressant s, summary  -  182 

antidepressant s, triyclic – 12, 19t, 65, 176, 

177,  

antidotes – 51- 53, 55, 60, 61, 66, 126, 128, 

137, 157, 271, 315, 331 

antiemetics  -  321 

antiepileptics  -  142  

antifungal drugs  – 232 

antifungal drugs , azole -  233 

antifungal drugs , summary  – 237f 

antifungal Site of Action – 233f 

antihistamines  – 34, 232, 321 

antihyperlipidemics  – 68, 108 

antihyperlipidemics , drug classes -  109 

antihypertensives  – 60, 68, 82 

anti - inflammatory drugs, summary -  

122 

anti - malarials  – 256  

antimetabolites  – 240, 269, 270 

antimicrobial drugs  – 217 

antimuscarinics  -  172 

anti - parasitic drugs – 197t, 256, 265t 

antiplatelet drugs  -  124 

antipseudomonal penicillins  -  204 

Antipsychotic Drug Summary  

antipsychotic drugs  

antipsychotics  – 165, 170,  

antipsychotics , atypical  – 173- 174, 321 

antipsychotics , typical  – 170- 172  

anti - rejection drugs  -  334 

antiviral drugs  -  240 

Antiviral Pharmacotherapy , Summary 

of – 254f 

apalutamide – 20 

apixaban  - 129 

apparent volume of distribution (V D) – 

15, 16f 

apraclonidine  -  60 

aprepitant  -  270 

Ara- C – 270, 272 

arachidonic acid  – 312, 315 

argatroban  – 127, 129 

aripiprazol e – 173- 174 

Aromatase activity  – 282f  

aromatase inhibitors  – 269, 276 

aromatization  -  288 

artemether  – 259 

artesunate  – 259 

asparaginase  – 278  

aspirin  (ASA)– 12, 17t, 41t, 124, 125, 314  

asthma drugs  – 53, 324 

asthma, major medications – 325 

asthma, pharmacology – 61, 312, 324 

atherosclerosis  – 102, 108, 125 

Atherosclerosis and Its Complications  

– 108f 

atomoxetine  – 186 

atorvastatin  – 109 

atovaquone  – 235, 256, 257, 259   

atracurium  – 155  

atropine  – 51- 53, 162 

atropine , poisoning – 177 

auranofin  – 331 

aurothioglucose  – 331 

autonomic nervous system – 46, 48 

Autonomic Receptors and their Actions 

– 45t 

azathioprine  – 270, 271, 329, 335 

azithromycin  – 216, 217, 223, 230, 256 

azlocillin  -  201 

azoles  – 20, 196f, 233, 237f 

aztreonam  – 207 

 

B 

bacitracin  – 194f, 209 

baclofen  – 135, 158 

bactericidal – 192- 194, 200, 201, 204, 

207, 209, 214, 219, 221, 227, 228  

Bacteriostatic  vs Bactericidal 

Antibiotics  – 194f 

Bactrim ® -  218  

barbiturates  – 136, 139 

Basa l Gangila and their Signaling 

Pathways  – 164f 

beclomethasone  -  325 

benzathine penicillin  -  200 

benznidazole  – 262, 265t 

benzodiazepines  – 136, 137, 138,  

Benzodiazepines on GABAA Receptor, 

Effect of – 136f 

benztropine  – 166, 171, 172 

ß1, 2 adrenergic antagonists -  66 

ß- adrenergic blockers – 74. See also  

beta - blockers  

ß- adrenergic receptors – 61 

beta - blockers  – 97, 104 

bethanechol  – 51 

bevacizumab  – 268, 278 

bicarbonate  -  313, 321 

bile acid sequestrants  – 109 

bimatoprost  -  313 

bioequivalence  – 14 

bipolar disorder  – 145, 174, 182 

bipolar disorder , therapy of – 181  

bisoprolol  -  97 

bisphosphonates  -  308 

bleomycin  – 75, 275 

Blood Pressure Categories – 83t 

Bone Marrow Toxicity – 235, 242, 271, 

273 

bortezomib  -  279 

bosentan  

botulinum toxin  

bradycardia  – 51, 53, 55, 60- 63, 66, 79, 

86, 87 

bradykinin  – 90, 131f 

breast cancer  – 271, 276, 286, 288  

brimonidine  -  60 

bromocriptine  – 166, 173, 310 

budesonide  -  325 

bumetanide  – 97, 118 

bupivacaine  -  153 

buprenorphine  – 8, 162 
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bupropion  – 176, 179 

buspirone  – 321  

butorphanol  – 162  

butyrophenones  – 170  

butyrylcholinesterase  deficiency – 153, 

155- 157  

 

C 

Ca +2 channel blockers . See calcium 

channel blockers  

cabergoline  – 310  

caffeine  – 326 

calcitonin  – 30, 309 

calcium  – 105, 119,  

calcium channel antagonists  – 89, 102 

calcium channel blockers  (CCBs) – 84, 

104 

cannabinoid  -  186 

cannabinoid receptors  – 186 

capecitabine  – 270  

capreomycin  – 229  

captopril  – 89, 90   

carbachol  – 51  

carbamazepine  – 20, 142, 145, 146, 181, 

182 

carbapenems  – 194, 206, 223 

carbenicillin  – 200, 201, 204 

carbonic anhydrase inhibitors  – 84, 116, 

117 

carboplatin  – 273  

carboprost  – 313  

Carcinoid Syndrome  – 310  

cardiac glycoside s – 94, 95, 96, 119  

Cardiovascular Drugs, Sites of Action – 

99f 

carmustine  – 274  

carvedilol  – 83, 97 

caspofungin  – 235  

Catecholamines  -  99f, 177 

cefazolin  – 205  

cefepime  – 206, 223  

cefixime  – 205  

cefotaxime  – 205  

cefotetan  – 205  

cefoxitin – 205  

ceftazidime  – 205, 223 

ceftriaxone  – 205  

cefuroxime  – 205  

celecoxib  – 312  

Celexa ® -  178  

cell cycle  – 271f  

cell wall synthesis  – 192, 194f, 207, 229 

cephalexin  – 205  

Cephalosporins  – 191, 194f, 204- 206, 

215, 221, 223 

Cetirizine  – 319  

cevimeline  – 51  

Chagas Disease. See Trypanosoma 

cruzi 

chemotherapeutic  – 41t, 269 

chemotherapy  – 268, 269, 270, 276, 

279, 308, 329  

chemotherapy , antibiotic  – 275,  

chemotherapy , common toxicities – 

269   
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bupropion  – 176, 179 

buspirone  – 321  

butorphanol  – 162  

butyrophenones  – 170  

butyrylcholinesterase  deficiency – 153, 

155- 157  

 

C 

Ca +2 channel blockers . See calcium 

channel blockers  

cabergoline  – 310  

caffeine  – 326 

calcitonin  – 30, 309 

calcium  – 105, 119,  

calcium channel antagonists  – 89, 102 

calcium channel blockers  (CCBs) – 84, 

104 

cannabinoid  -  186 

cannabinoid receptors  – 186 

capecitabine  – 270  

capreomycin  – 229  

captopril  – 89, 90   

carbachol  – 51  

carbamazepine  – 20, 142, 145, 146, 181, 

182 

carbapenems  – 194, 206, 223 

carbenicillin  – 200, 201, 204 

carbonic anhydrase inhibitors  – 84, 116, 

117 

carboplatin  – 273  

carboprost  – 313  

Carcinoid Syndrome  – 310  

cardiac glycoside s – 94, 95, 96, 119  

Cardiovascular Drugs, Sites of Action – 

99f 

carmustine  – 274  

carvedilol  – 83, 97 

caspofungin  – 235  

Catecholamines  -  99f, 177 

cefazolin  – 205  

cefepime  – 206, 223  

cefixime  – 205  

cefotaxime  – 205  

cefotetan  – 205  

cefoxitin – 205  

ceftazidime  – 205, 223 

ceftriaxone  – 205  

cefuroxime  – 205  

celecoxib  – 312  

Celexa ® -  178  

cell cycle  – 271f  

cell wall synthesis  – 192, 194f, 207, 229 

cephalexin  – 205  

Cephalosporins  – 191, 194f, 204- 206, 

215, 221, 223 

Cetirizine  – 319  

cevimeline  – 51  

Chagas Disease. See Trypanosoma 

cruzi 

chemotherapeutic  – 41t, 269 

chemotherapy  – 268, 269, 270, 276, 

279, 308, 329  

chemotherapy , antibiotic  – 275,  

chemotherapy , common toxicities – 

269   

chemotherapy , hormone – 276,  

chemotherapy , prostate cancer – 277   

chi tin – 196f, 237f 

chloral hydrate  – 136, 140 

chloramphenicol  – 20, 194f, 215 

chlordiazepoxide  – 138t 

chlorofluorocarbons  

chloroquine  – 17t, 197, 256, 257- 259, 

265t, 330 

chlorpheniramine  – 319  

chlorpromazine  – 170, 172 

chlorpropamide  – 299  

cholestyramine – 109  

cholinergic crisis – 51, 52 

cholinergic pharmacology  – 47  

Cholinergic Synapse  – 49f  

cilastatin – 207  

cilostazol  – 125  

cimetidine  – 20- 21f, 319- 320, 326 

Cinchonism  – 257   

ciprofloxacin  – 20, 194f, 219- 220, 223, 

230 

cisplatin  – 273  

citalopram – 176, 178 

clarithromycin – 20, 216- 217, 321 

Class IA Antiarrhythmic  -  71   

Class IB Antiarrhythmic  – 72. See also  

lidocaine  

Class IC Antiarrhythmic  – 73  

Class II Antiarrhythmic  - 74. See also  

Class III Antiarrhythmic  – 76  

Class IV Antiarrhythmic  – 76- 77  

clavulanic aci d – 192, 201, 203- 204 

clindamycin  – 191, 194f, 217, 222- 223, 

258, 261 

clomiphene  – 288   

clomipramine  – 176- 177, 182- 183 

clonazepam  – 138t, 142, 147  

clonidine  – 60, 82, 84, 85  

clopidogrel  – 18- 19, 125, 131f, 320 

clorazepate  – 138  

Clostridium difficile  – 206, 217, 223, 260 

clotrimazole  – 233  

clozapine  – 170, 173, 174 

Coagulation, Drugs and Disorders – 131f 

cocaine  - 42t, 65, 153, 154, 157 

codeine  – 18, 42t, 159- 160, 162  

colchicine  – 328  

colestipol  -  109 

conjugated equine estrogens  -  286 

controlled substances – 40, 42 

Controlled Substances, DEA Schedule 

of – 42t 

corticosteroids  –232, 263, 270, 304, 

324t, 325, 328 

cosyntropin  -  310 

Coumadin®  -  127  

COX- 2 selective inhibitors  – 314  

cromolyn sodium  - 325 

cyanide  -  88 

cyclooxygenase  – 312f, 313, 315  

cyclopentolate  -  53 

cyclophosphamide  – 273, 277 

Cyclophosphamide , Metabolism of – 

274f 

cycloserine  – 194f, 226, 229 
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cyclosporine  – 20, 216, 228, 234, 334 

CYP1A2 – 19t  

CYP2C19 – 18, 19t, 20 

CYP2C9 – 18, 19t, 159- 161 

CYP2D6 – 18, 19t, 159- 161 

CYP2E1 – 19t   

CYP3A4 – 19t, 20, 160, 247, 248 

CYP450 Enzyme Family – 19t 

CYP450 isoforms, inducers – 20  

cyproheptadine  – 179, 310, 319, 321 

cyproterone  – 284  

cytarabine  – 270, 272 

 

D 

dabigatran  -  129 

dactinomycin  – 275- 276 

dalfopristin  – 221- 223 

dantrolene  – 157, 173 

dapagliflozin  – 300  

dapsone  – 23, 230 

daptomycin  – 193, 194f, 209, 222 

darunavir  – 246, 247 

daunorubicin -  275 

Dawn Phenomenon  – 297  

degarelix -  277 

demeclocycline  -  213 

Demerol ® -  160  

denosumab  -  309 

Depakote® -  145  

depolarizing neuromuscular blockers -  

156 

desflurane  – 150- 152 

desipramine  – 176- 177 

desmopressin  -  310 

detemir  – 296f 

dexamethasone  – 270, 304 

dextromethorphan  – 162, 179 

diabetes – 83, 182, 294 

diabetes, Type 1 - 294, 297 

diabetes, Type 2 – 294, 301 

diarrhea  – 52, 55, 162, 179, 201, 213, 216, 

220, 245, 263, 270, 300, 310, 320, 326, 

328 

diazepam  – 134, 137, 138, 147 

diazinon  – 52, 55 

dicloxacillin  – 200, 203 

dicyclomine  -  53 

didanosine  – 244, 245 

diethylcarbamazine  – 263  

diethylstilbestrol  – 286  

digoxin – 17t, 75, 78, 94- 96, 109 

dihydropyridine  – 76, 89, 104, 105 

dihydrotestosterone  – 282, 284, 285 

Dilantin® -  142  

diltiazem  – 76, 89, 104 

dimenhydrinate  -  319 

dinoprostone  -  313 

diphenhydramine  – 171, 172, 319 

diphenoxylate  – 162, 270  

dipyridamole  -  125 

direct acting antivirals (DAA)  – 253 

Direct Nucleic Acid  Polymerase – 193, 

195f, 240, 242, 254f 

Direct Nucleic Acid Synthesis – 197t, 

237f, 240, 265t, 270 
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Direct Thrombin Inhibitors -  129 

Diseas e- modifying antirheumatic 

drugs (DMARDs)– 328, 330 

Diseases of the Nephron – 122t 

Disopyramide  – 69, 70 

diuretics  – 16  

diuretics, loop  – 16, 84, 97, 116, 118- 120, 

218 

diuretics, potassium - sparing – 84, 116, 

120 

dluoxetine – 178  

Dobutamine  – 61, 98 

Docetaxel  – 274   

Dofetilide – 75, 76 

donepezil  – 51, 186 

dopamine  – 58- 60, 62- 64, 98, 164- 170, 

176- 179, 249 

doripenem  – 207  

Dose Equations, Loading – 29 

doxazosin  – 86  

doxorubicin  – 270, 275, 277 

doxycycline  – 197t, 213, 256, 259, 265 

DPP- 4 inhibitors  – 298  

Dronabinol  – 187  

Dronedarone  – 75   

Drug at Time Zero, Estimation – 24f 

Drug Elimination, First Order – 25f, 27 

Drug Elimination, Zero Order – 25f, 27 

drug metabolism  – 18  

Drug Metabolism – 18f  

drug receptors, types of – 37  

drug resistance , categories – 191, 221 

Drug Testing, Phases – 40f 

Drug vs Elimination Half - life – 28f 

Drug vs Time, Elimination of – 23f 

Drug, Renal Clearance of a  – 12, 96 

Drug- drug interactions – 14, 96, 128, 139, 

180, 194, 221, 236, 246 

Drugs and their V D – 17t 

Drugs for angina pectoris – 102  

drugs for heart failure  – 68, 94 

drugs not bioequivalent – 14f 

Drugs that Act on the Nephron – 122t 

Drugs Used in Parkinson Disease , 

Summary  -  167f 

Drugs, Effects on Receptor Activity – 

34f 

Drugs, Effects on Receptors – 34f 

Drugs, Sedative- Hypnotic – 134, 136, 

139- 140 

Drugs, Thrombolytic  – 130  

dulaglutide – 300  

duloxetine  – 176, 179  

dutasteride  – 285  

Dyslipidemias and Anti- Dyslipidemic 

Drugs in Fat Absorption – 112f 

Dyslipidemias and Anti- Dyslipidemic 

Drugs in Fat Distribution/Recovery  – 

113f 

 

E 

echinocandins  – 196f, 235, 237f 

echothiophate  – 52, 55 

edoxaban  – 129  

edrophonium  – 51, 52 
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efavirenz  – 20, 246, 248 

eicosanoid  – 312  

Eicosanoid Metabolism  – 312f 

electrolytes – 78, 79, 96 

enalapril  – 89   

endocytosis – 10   

enfuvirtide  – 195f, 248, 254f 

enoxaparin  – 126   

entacapone  – 165   

Entamoeba Histolytica  -  256, 260, 261 

Enterococcus spp.  – 204, 206, 209, 223 

enzalutamide  – 20  

ephedrine  – 64  

epinephrine  –46, 51, 62, 63, 301f 

Epinephrine, NE & Isoproterenol on 

Blood Pressure & Heart Rate , Effect 

on – 63f 

eplerenone  – 121  

eptifibatide  – 125  

erythromycin  – 20, 41t, 96, 192, 194f, 216, 

217, 326  

erythropoietin  – 270   

escitalopram  – 176, 178  

estrogen receptor blockers  – 276  

ethambutol  – 226, 228, 230 

ethanol – 9, 19, 25, 135, 139, 222, 236, 260 

ethinyl estradiol  – 286  

ethosuximide  – 142   

etifoxine – 135f 

etoposide  – 275    

everolimus  – 278  

Evista® -  288  

evolocumab – 109, 111  

Extrapyramidal  Symptoms  – 172, 173 

ezetimibe  – 111, 112f, 113f 

 

F 

5 - reductase inhibitors  – 285  

5- fluorouracil  – 234, 270, 272 

factor Xa inhibitors  – 129  

facilitated diffusion – 9  

FDA Drug Risk, Classification – 41t 

febuxostat  – 329, 330 

felodipine  – 89  

fenoldopam  – 64, 82  

fentanyl  – 160  

Fetal Circulation – 15f 

fexofenadine  – 319  

fibrates  – 109, 111, 112f, 113f 

fibrinogen  – 124f 

filgrastim  – 269  

finasteride  – 285  

Flagyl® -  221  

flecainide  – 69, 73  

fluconazole  – 233  

flucytosine  – 192, 196, 232, 234 

fludrocortisone  – 305  

flumazenil  – 137, 142  

fluoroquinolones  – 193, 219, 223, 226 

fluoxetine – 16f, 176, 178 

fluphenazine  – 170, 174 

flurazepam  – 138t 

flutamide  – 277  

fluvoxamine  – 176, 178, 182   

Folate Inhibiting Antibiotics  – 218f  

folic acid synthesis  – 217, 271, 331  

fondaparinux  – 126  

foscarnet  – 195f, 240, 242, 254f 

fosphenytoin  – 145, 147 

fungus  – 196f 

furosemide  – 16f 

 

G 

GABAA Receptor and Drug Targets – 

135f  

GABAA Receptors  - 134 

GABAergic Terminal – 134f 

Gabapentin  -  142 

ganciclovir  – 195f, 240, 242, 254f 

ganglion blockers  – 154 

gastroesophageal reflux  (GERD) -  319 

Gatifloxacin  -  219 

Gefitinib  -  278 

gemfibrozil  – 109- 111 

gemifloxacin  -  220 

gentamicin  – 17t, 214 

GERO and PUD, major treatments – 319 

glargine  – 295- 297 

glecaprevir  – 252, 253  

Gleevec® -  278  

glipizide  -  299 

GLP- 1 (glucagon - like peptide)  -  299 

GLP- 1 agonists  – 300, 298 

Glucagon  – 299, 301f, 66, 87, 297 

Glucocorticoids  – 220, 276, 304, 307, 

312, 315f, 330 

glucuronidation  – 22, 315 

glutathionation  – 21f  

glyburide  -  299 

glycoprotein IIb/IIla inhibitors  – 125 

GnRH antagonists  -  277 

GnRH drugs – 277  

gold salts  – 330, 331 

goserelin  -  277 

gout – 120, 228, 245, 328- 330 

granisetron  -  270 

grapefruit juice  -  20 

Graves Disease  -  306 

griseofulvin  – 196f, 236, 237f 

guanethidine  – 58f, 85, 86 

guanfacine  – 60 

gynecomastia  – 121, 171, 233, 283, 288 

 

H 

H1 blockers  -  319 

halofantrine  -  259 

haloperidol  – 170, 171, 174 

halothane  – 151, 152 

Helicobacter pylori  – 321  

helminths  – 197t, 265t 

hemolytic anemia  – 84, 218, 250, 256 

heparin  – 15, 29, 31, 126, 127, 129, 130, 131f 

Heparin - Induced Thrombocytopenia 

(HIT) – 127  

hepatitis b  – 245, 247, 252,  

hepatitis c – 250, 251, 252 

Herceptin® -  278  

Heroin – 157, 161, 42t 

herpesviruses  – 240   
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folic acid synthesis  – 217, 271, 331  

fondaparinux  – 126  

foscarnet  – 195f, 240, 242, 254f 

fosphenytoin  – 145, 147 

fungus  – 196f 

furosemide  – 16f 

 

G 

GABAA Receptor and Drug Targets – 

135f  

GABAA Receptors  - 134 

GABAergic Terminal – 134f 

Gabapentin  -  142 

ganciclovir  – 195f, 240, 242, 254f 

ganglion blockers  – 154 

gastroesophageal reflux  (GERD) -  319 

Gatifloxacin  -  219 

Gefitinib  -  278 

gemfibrozil  – 109- 111 

gemifloxacin  -  220 

gentamicin  – 17t, 214 

GERO and PUD, major treatments – 319 

glargine  – 295- 297 

glecaprevir  – 252, 253  

Gleevec® -  278  

glipizide  -  299 

GLP- 1 (glucagon - like peptide)  -  299 

GLP- 1 agonists  – 300, 298 

Glucagon  – 299, 301f, 66, 87, 297 

Glucocorticoids  – 220, 276, 304, 307, 

312, 315f, 330 

glucuronidation  – 22, 315 

glutathionation  – 21f  

glyburide  -  299 

glycoprotein IIb/IIla inhibitors  – 125 

GnRH antagonists  -  277 

GnRH drugs – 277  

gold salts  – 330, 331 

goserelin  -  277 

gout – 120, 228, 245, 328- 330 

granisetron  -  270 

grapefruit juice  -  20 

Graves Disease  -  306 

griseofulvin  – 196f, 236, 237f 

guanethidine  – 58f, 85, 86 

guanfacine  – 60 

gynecomastia  – 121, 171, 233, 283, 288 

 

H 

H1 blockers  -  319 

halofantrine  -  259 

haloperidol  – 170, 171, 174 

halothane  – 151, 152 

Helicobacter pylori  – 321  

helminths  – 197t, 265t 

hemolytic anemia  – 84, 218, 250, 256 

heparin  – 15, 29, 31, 126, 127, 129, 130, 131f 

Heparin - Induced Thrombocytopenia 

(HIT) – 127  

hepatitis b  – 245, 247, 252,  

hepatitis c – 250, 251, 252 

Herceptin® -  278  

Heroin – 157, 161, 42t 

herpesviruses  – 240   
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Hexamethonium  – 54    

Hirudin  – 129  

Histamine  – 155, 232, 318, 319, 324f 

HMG- CoA reductase inhibitors – 109, 

110 

Homatropine  – 53  

human interferons  -  251 

human NPH insulin  – 295  

human regular insulin  – 295  

hydralazine  – 23, 38, 82, 87, 97 

hydrochlorothiazide  – 83- 84, 119 

hydrocodone  -  160 

hydrocortisone -  304 

hydromorphone  -  160 

hydroxychloroquine  -  330 

hydroxyurea -  279 

hydroxyzine – 319, 321 

Hypertension  – 54, 60, 66, 68, 82, 83, 84, 

86- 89, 104, 116, 119, 121, 122t, 130, 283, 

284, 304, 313 

hyperthyroidism  – 75, 306, 307 

Hypertrichosis  -  88 

hypoglycemic agents , oral/type 2  – 

298  

hypothyroidism  – 306  

 

I 

ibuprofen  – 314  

ibutilide  – 75, 76 

ifosfamide  – 268  

iloprost – 313  

imatinib – 269, 278 

imipenem – 206, 207, 223 

imi pramine  – 65, 176, 177, 182, 183 

imiquimod  – 249, 252 

immunotherapy  – 277  

indomethacin  – 314, 328 

Infections, Types of – 190f 

infliximab  – 330, 331 

inhalational, drug administration – 7 

inhaled anesthetics  – 150, 151f, 152, 157 

inhibitors, AChE – 52, 55 

Inhibitors, Direct Thrombin  – 127, 129, 

131t 

injection, cutaneous – 7f 

injection, intrathecal – 7f 

insulin  – 15, 112f, 113t, 144, 246, 294- 297, 

299, 301 

insulin overdose  – 297  

Insulin Regimens , Examples of – 296f  

Insulin, Durations of Effect – 296f 

integrase inhibitors  – 243, 244, 247 

intralipid  – 152  

intramuscular, drug administration – 7 

intrathecal, drug administration – 7 

intravenous, drug administration – 7 

inverse agonist  – 34 

iodide  – 306, 307  

iodoquinol  – 260, 261 

Ion Chan nels, Voltage- Gated – 142f 

ipi lim umab  – 268, 279  

ipratropium – 53, 326 

irinotecan  – 275  

Ischemia with Anti - Anginal Drugs, 

Determinants of – 105f 
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isoflurane  -  150 

isoniazid  – 23, 226, 227, 229,  

isoproterenol  – 61, 62- 63, 79 

itraconazole – 20, 223, 234 

ivermectin  – 197t, 263, 264, 265 

 

K 

K+ channel blockers – 75. See also  

Class III  antiarrhythmics  

kanamycin  – 214  

Keppra® -  146  

ketamine  – 153  

ketoconazole  – 20, 233, 320, 326 

ketorolac  – 314   

Kinetics, First Order – 26f 

Kinetics, Zero Order – 26f 

Klonopin® -  138  

 

L 

Labetalol  – 65, 82, 87 

Lamictal® -  146   

lamotrigine – 142, 146, 147, 181, 182 

lansoprazole  – 320  

Latanoprost  – 313  

LDL- R metabolism and PCSK9 inhibitors  

– 111f 

Leishmaniasis  – 197, 262, 265 

lepirudin  – 129  

leprosy – 230  

letrozole – 276  

leukotrienes – 312, 314, 315f, 324 

leuprol ide – 269, 277, 284 

levofloxacin  – 219, 220, 223 

Lexapro® -  178  

lidocaine  – 10, 69, 71, 153, 154 

lincosamides  – 191, 193 

lindane  – 264  

linezolid – 194f, 221, 222- 223 

lipid lowering – 111  

liraglutide  – 300  

lisdexamfetamine  – 18  

lithium  – 120, 181- 182 

LocaI Anesthetics , Structure of – 154f 

lomustine  -  274 

loop diuretics  – 16, 84, 97, 116, 118 

loop diuretics , therapeutic uses – 118 

Loperamide  – 162, 270 

Loratadine  – 319  

Lorazepam  – 137, 138t, 147, 179 

losartan  – 83, 90  

lovastatin  – 109   

low molecular weight heparin . See 

fondaparinux  

LSD – 42t 

Lyme Disease – 213, 256 

 

M 

macrolides  – 191, 193, 216, 217 

macrophage – 113f, 251 

magnesium  – 78, 97, 297, 320 

maintenance dosing – 30- 31  

malaria  – 197t, 256- 259, 265t 

Malarone  ® -  259   

malathion  – 52, 55, 264  
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mannitol  – 116, 122 

MAO – 58, 59, 64, 166, 167, 176, 177, 221, 

274, 318, 321 

marijuana  – 186- 187 

mebendazole  – 197t, 263, 255t 

mecamylamine  – 54  

mechlorethamine  – 274  

mefloquine  – 197t, 256, 258, 265t 

melanoma  -  251, 269  

melarsoprol  – 261, 262  

meperidine  – 18, 160, 179 

mercaptopurine  – 18, 270 

meropenem  – 207  

mescaline  – 42  

mesolimbic  pathways  – 171  

Metabolic Syndrome  – 113f, 294  

Metabolism, Phase I and II  – 19f 

metformin  – 298, 299, 301t 

methacholine  – 51  

methadone  – 161  

methamphetamine  – 10, 12 

methicillin  – 191, 200, 203, 208, 209, 221, 

222 

methotrexate  – 75, 268, 271, 272, 330, 

331 

methylmorphine . See codeine  

methylphenidate  – 186  

methylxanthine  – 326  

metolazone  – 119  

metoprolol  – 14, 97, 104  

metronidazole  – 193, 197t, 208, 221, 223, 

256, 260, 261, 265t, 321 

mexiletine  – 69, 71  

micafungin  – 235  

miconazole  – 196f, 233, 237f 

microtubules  – 196f, 197t, 237f, 263, 

265t, 274 

midazolam  – 137, 138  

midodrine  – 60f 

mifepristone  (RU 486) – 291  

miglitol  – 300  

milrinone  – 98, 99  

m ineralocorticoids  – 305 

Minimum alveolar concentration 

(MAC)  – 151  

minocycline  – 213  

minoxidil  – 87, 88 

mipomersen  – 113t 

mirtazapine  – 66, 176, 180, 182, 183 

misoprostol  – 291, 313, 321 

Mitoxantrone  – 276  

mivacurium  – 155, 157  

Mnemonic for Protein Synthesis 

Inhibiting Antibiotics – 212f 

mometasone  – 325  

monoamine oxidase inhibitors (MAOis)  

– 176, 177- 180, 180, 182  

monobactams  – 194f 

monoclonal antibodies  -  277  

montelukast  – 312, 315f 

mood sta bilizers – 182  

morphine  – 18, 21, 22, 42t, 78, 158, 159, 

160, 162 

morphine - 6- glucuronide  - 21, 159  

moxifloxacin  – 219, 220 

mTOR inhibitors  – 278  

mupirocin  – 194f 

Muscarinic Blockers  -  166 

muscarinic receptors – 46, 50, 51, 53, 171 

Myasthenia Gravis  (MG) – 52  

Mycobacterium avium  Complex  – 217, 

230 

mycophenolate mofetil  – 334   

mycophenolic acid  – 335   

Mycoplasma pneumoniae  – 223  

Myocyte/Purkinje Fiber Action Potential  

– 68f 

myxedema  – 306 

 

N 

n- acetylation  – 23   

nafcillin  – 200, 203  

nalidixic acid – 194f, 219 

naloxone  – 8, 34, 159, 162 

naltrexone  – 34, 159 

naproxen  -  314 

nefazodone  – 176, 180, 182 

neomycin  -  214 

neostigmine  – 51, 155, 156 

Nephron, Diseases and Drugs – 122f 

Nerve Stimulation with Neuromuscular 

Blockade – 157f 

Nervous System, Efferent Pathways of 

the Peripheral – 44f 

Norepinephrine (NE) synthesis  – 58  

Norepinephrine on Heart Rate and 

Blood Pressure, Effect of – 62f  

Norethindrone  – 289  

norgestrel  – 289  

nortriptyline  – 17t, 176, 177, 182 

NSAIDs – 41t, 90, 131f, 161, 232, 312- 315f, 

321, 328, 330 

Nucleoside Reverse Transcriptase 

Inhibitors  (NRTis) – 195f, 243, 246, 

254f 

nystatin  -  236 

 

O 

octreotide  – 310  

olanzapine  – 170, 173, 174 

omalizumab  – 324f 

omeprazole  – 217, 318f, 320, 321 

onchocerciasis . See River Blindness  

ondansetron  – 22, 270, 321 

opiates – 60, 158 

Opioid Antagonists  – 159  

opioids  – 8, 158- 161  

oral contraceptive s – 20, 285, 286, 289, 

290 

oral, drug administration – 7  

organophosphates  – 52  

oseltamivir  – 195f, 249, 254f 

osteoporosis , drugs for – 308  

oxacillin  – 200, 203  

oxaliplatin  – 273  

oxandrolone  – 283  

oxazepam  – 138t 

oxybutynin – 53  

oxycodone – 160  

oxymorphone  – 160  
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mupirocin  – 194f 

Muscarinic Blockers  -  166 

muscarinic receptors – 46, 50, 51, 53, 171 

Myasthenia Gravis  (MG) – 52  

Mycobacterium avium  Complex  – 217, 

230 

mycophenolate mofetil  – 334   

mycophenolic acid  – 335   

Mycoplasma pneumoniae  – 223  

Myocyte/Purkinje Fiber Action Potential  

– 68f 

myxedema  – 306 

 

N 

n- acetylation  – 23   

nafcillin  – 200, 203  

nalidixic acid – 194f, 219 

naloxone  – 8, 34, 159, 162 

naltrexone  – 34, 159 

naproxen  -  314 

nefazodone  – 176, 180, 182 

neomycin  -  214 

neostigmine  – 51, 155, 156 

Nephron, Diseases and Drugs – 122f 

Nerve Stimulation with Neuromuscular 

Blockade – 157f 

Nervous System, Efferent Pathways of 

the Peripheral – 44f 

Norepinephrine (NE) synthesis  – 58  

Norepinephrine on Heart Rate and 

Blood Pressure, Effect of – 62f  

Norethindrone  – 289  

norgestrel  – 289  

nortriptyline  – 17t, 176, 177, 182 

NSAIDs – 41t, 90, 131f, 161, 232, 312- 315f, 

321, 328, 330 

Nucleoside Reverse Transcriptase 

Inhibitors  (NRTis) – 195f, 243, 246, 

254f 

nystatin  -  236 

 

O 

octreotide  – 310  

olanzapine  – 170, 173, 174 

omalizumab  – 324f 

omeprazole  – 217, 318f, 320, 321 

onchocerciasis . See River Blindness  

ondansetron  – 22, 270, 321 

opiates – 60, 158 

Opioid Antagonists  – 159  

opioids  – 8, 158- 161  

oral contraceptive s – 20, 285, 286, 289, 

290 

oral, drug administration – 7  

organophosphates  – 52  

oseltamivir  – 195f, 249, 254f 

osteoporosis , drugs for – 308  

oxacillin  – 200, 203  

oxaliplatin  – 273  

oxandrolone  – 283  

oxazepam  – 138t 

oxybutynin – 53  

oxycodone – 160  

oxymorphone  – 160  
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oxytocin – 310  

 

P 

Pacemaker Action Potential – 69f 

paclitaxel  -  274 

palbociclib  -  279 

pamidronate  -  308 

pancuronium  -  155 

Pantoprazole  -  320 

parasites  -  256–257 

parasitic infections  – 259  

Parkinson Disease – 51, 53, 164- 167 

paroxetine  – 176, 178, 182 

partial agonist  – 34, 36, 54, 284, 287, 321  

Paxil® -  178  

PCSK9 inhibitors  – 108, 111, 113 

pediculosis . See  skin lice  

Pegloticase  -  330 

permethrin  – 264  

pembrolizumab  – 268, 279 

Pemetrexed – 270, 271 

Penicillamine  – 330, 331 

penicillin G  – 200, 202 

penicillins  – 191, 194f, 200- 204, 206- 207, 

221 

penicillins , antipseudomonal  – 204  

penicillins , lactase - resistant – 200  

penicillins , “narrow- spectrum ” -  202 

pentazocine  -  162 

pentobarbital  -  139 

peptic ulcer disease (PUD)  – 319  

pH – 10 

pH deviation from pK – 11f 

pharmacodynamics -  34 

pharmacokinetics  – 40f, 144, 145, 153, 

156, 204, 206 

Pharmacokinetics, Key Elements – 6f 

Pharmacology of Arachidonic Acid  – 

315f 

Pharmacology of Asthma  – 324f 

Pharmacology of Osteoporosis – 309f 

Pharmacology of Type II Diabetes 

Mellitus  – 301f 

phencyclidine (PCP)  – 153  

phenelzine – 176, 182 

phenobarbital  – 19f, 20, 134, 139, 142, 146, 

236 

phenothiazines  – 170  

phenoxybenzamine  – 66 

phentolamine  – 66, 177 

phenylephrine  – 60, 62 

phenytoin  – 17t, 20, 25, 26, 71, 75, 142, 

144- 147, 216 

Phenytoin Toxicity Due to Zero- Order 

Kinetics – 26f 

Phenytoin Zero- Order Kinetics – 144f  

phosphatase  – 103 

phosphodiesterase inhibitors  – 98, 99 

phospholipids  -  312–313, 315 

physostigmine  – 51, 53  

pilocarpine  – 51  

pioglitazone  – 299  

piperacillin  – 200, 204, 223  

piperazine  -  263 

pituitary gland  drugs – 310  
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pKa – 10 

plant alkaloids  – 269, 274 

plasma proteins – 14 

Plasma vs Time, Elimination of – 24f 

platelet – 124, 125, 270 

Platelet ADP Receptor (P2Y12) 

Antagonists  -  125 

Platelets In Coagulation and Common 

Anti- Platelet Drugs – 124f 

Pneumocystis jiroveci  – 219, 235, 258 

polymyxin  – 194f 

Posaconazole  – 233  

postganglionic neurons  – 44 

potassium  – 78, 97, 158, 297 

potassium  ions – 95  

potassium - sparing diuretics – 84, 120 

potency – 35, 152, 170, 172, 174, 268 

Potency vs Efficacy – 53f 

potency, anesthetic – 151  

Potentiation  – 192  

pralatrexate  – 271  

pralidoxime  – 52, 55  

pramipexole  – 166  

pramlintide  – 300, 301  

prasugrel  – 125 

praziquantel  – 197t, 263, 264, 265t 

prednisolone  – 277, 304, 325  

preganglionic neurons  – 44 

pregnant women  -  127, 213, 245, 250, 

261, 295, 304, 305 

primaquine  – 197t, 256- 258, 265  

probenecid  – 200, 201, 204, 329 

procainamide  – 23, 69, 70, 76 

procaine  – 153, 200 

procarbazine  – 274 

pro- drugs – 18  

progesterone  – 121, 289 

progestogens – 289, 290 

proguanil  – 256, 259. See also  

atovaquone  

proliferation  -  335 

promethazine  – 319  

propafenone  – 69, 73  

prophylaxis  -  126–127, 129, 197, 205, 208, 

219, 227, 232, 234, 235, 242, 249, 256–

259, 265t, 325 

propofol – 17, 134, 152 

Propofol Levels Following Infusions of 

Different Durations – 17f 

Propofol Levels Following infusions of 

Different Durations – 17f 

Propranolol  – 17t, 109, 307 

propylthiouracil (PTU)  

prostanoi d therapeutics  -  313 

prostate cancer chemotherapy -  277 

prostate disorders , treatmen t – 284  

protamine  sulfate – 126  

protease inhibitors  (PIs)  – 240, 243, 

244, 246 

protein C deficiency  – 290  

protein synthesis  – 194f, 195f, 196f, 221, 

229, 237, 251f, 254f, 265t 

Protein Synthesis  Inhibiting Antibioti cs, 

Spectra of – 212f   

Protein Synthesis  Inhibiting Antibioti cs, 

Sites of Action of – 212f   
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proton pump inhibitors  – 20, 319, 320 

Protozoa – 197t, 221, 260, 262 

Prozac® -  178  

propylthiouracil  (PTU) – 306, 307 

pseudocholinesterase  – 157  

Pseudomonas aeruginosa  – 204, 222, 

223 

pulmonary fib rosis – 75, 275 

pulmonary hy pertension  – 68, 313 

Purine Metabolism, Inhibitors of – 272f 

pyrantel pamoate  – 263  

pyrazinamide  – 226, 228, 229, 230  

pyridostigmine  – 51 

pyridoxine (B6)  – 227  

pyrimethamine – 192, 259, 261  

 

Q 

quinidine  – 10, 69, 70, 75, 96, 234, 256 

quinine  – 257, 258 

quinupristin  – 221, 222 

 

R 

rhabdomyolysis – 110, 156, 247 

radioactive iodine  – 306, 307 

raloxifene  -  288 

ramelteon  -  140 

ranitidine  – 318f, 319 

Ranolazine  – 102, 105 

rapamycin  – 278, 334 

rasagiline  -  166 

rasburicase  – 330 

Receptors, G- Protein Coupled – 37, 50, 

77, 135, 158, 186 

rectal, drug administration – 7  

Redistribution – 17, 152 

Red Man syndrome – 208  

Renin- Angiotensin  Metabolism and 

Function – 91f  

resistance mechanisms  -  191 

reserpine  – 84, 85 

respiratory depression  – 136, 137, 158, 

159 

reuptake inhibitors  – 65, 176- 179 

rheumatoid arthritis  – 271, 330, 331  

ribavirin  – 195f, 249, 250, 252 

rickets – 308  

rifabutin  – 227, 230 

rifampin  – 20, 194f, 226, 227, 228, 229, 

230  

rifamycins  -  227 

rifapentine  -  227 

risperidone  – 170, 173, 174 

Ritalin® -  186  

ritonavir  – 20, 246, 247 

rituximab  – 268, 277 

rivaroxaban  -  129 

rivastigmine  – 51, 186 

River Blindness  – 264 

romiplostim  – 270  

ropinirole  -  166 

rosiglitazone  -  299 

rosuvastatin  -  109 

ropinirole  -  166 

rosiglitazone  -  299 

rosuvastatin  -  109 
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proton pump inhibitors  – 20, 319, 320 

Protozoa – 197t, 221, 260, 262 

Prozac® -  178  

propylthiouracil  (PTU) – 306, 307 

pseudocholinesterase  – 157  

Pseudomonas aeruginosa  – 204, 222, 

223 

pulmonary fib rosis – 75, 275 

pulmonary hy pertension  – 68, 313 

Purine Metabolism, Inhibitors of – 272f 

pyrantel pamoate  – 263  

pyrazinamide  – 226, 228, 229, 230  

pyridostigmine  – 51 

pyridoxine (B6)  – 227  

pyrimethamine – 192, 259, 261  

 

Q 

quinidine  – 10, 69, 70, 75, 96, 234, 256 

quinine  – 257, 258 

quinupristin  – 221, 222 

 

R 

rhabdomyolysis – 110, 156, 247 

radioactive iodine  – 306, 307 

raloxifene  -  288 

ramelteon  -  140 

ranitidine  – 318f, 319 

Ranolazine  – 102, 105 

rapamycin  – 278, 334 

rasagiline  -  166 

rasburicase  – 330 

Receptors, G- Protein Coupled – 37, 50, 

77, 135, 158, 186 

rectal, drug administration – 7  

Redistribution – 17, 152 

Red Man syndrome – 208  

Renin- Angiotensin  Metabolism and 

Function – 91f  

resistance mechanisms  -  191 

reserpine  – 84, 85 

respiratory depression  – 136, 137, 158, 

159 

reuptake inhibitors  – 65, 176- 179 

rheumatoid arthritis  – 271, 330, 331  

ribavirin  – 195f, 249, 250, 252 

rickets – 308  

rifabutin  – 227, 230 

rifampin  – 20, 194f, 226, 227, 228, 229, 

230  

rifamycins  -  227 

rifapentine  -  227 

risperidone  – 170, 173, 174 

Ritalin® -  186  

ritonavir  – 20, 246, 247 

rituximab  – 268, 277 

rivaroxaban  -  129 

rivastigmine  – 51, 186 

River Blindness  – 264 

romiplostim  – 270  

ropinirole  -  166 

rosiglitazone  -  299 

rosuvastatin  -  109 

ropinirole  -  166 

rosiglitazone  -  299 

rosuvastatin  -  109 

 

S 

6- Mercaptopurine (6 - MP) -  271 

Salmeterol  – 61, 324t, 326 

Salmon calcitonin  – 309  

Salmon ella  – 204, 215, 219  

saquinavir  – 246, 247  

sargramostim -  269 

sarin  – 52, 55 

saxagliptin -  300 

schizophrenia  – 64, 145, 170, 174 

scopolamine  -  53 

secobarbital  -  139 

Sedative - Hypnotic Drugs  – 134, 136, 140 

selective COX - 2 inhibitors  -  330 

Selective Estrogen Receptor 

Modulators  (SERMs) -  287 

Selective Serotonin Reuptake Inhibitors 

(SSRis) – 176- 177, 178, 179- 180, 182, 

221 

selegiline  – 166, 176 

serotonin  -  59, 65, 127, 161, 166, 176–180, 

186 

serotoninergic drugs  – 321  

serotonin receptors – 174 

serotonin syndrome – 160, 166, 179, 181t, 

221 

Serotonin- Norepinephrine Reuptake 

Inhibitors (SNRis) – 178, 179 

Sertraline  – 176, 178 

Severe Side Effect Syndromes – 181t 

Sevoflurane  – 152  

sex steroids – 282  

schistosomiasis  – 264   

SGLT2 Inhibitors – 300   

Sildenafil  – 104  

silver sulfadiazine  – 218  

simple diffusion – 9  

simvastatin  – 109  

sirolimus  – 235, 278, 334 

sitagliptin  -  300 

Sites of Drug Action in the Viral 

Lifecycle – 240t 

skin lice  – 264  

sodium  bicarbonate -  12, 320 

sodium nitroprusside  -  88 

soman  – 52, 55 

Somogyi effect  – 297  

Sonata® -  140 

sorafenib  – 278  

sotalol  – 75- 76 

spasmolytic s – 158  

spironolactone  – 84, 99f, 120, 121, 122t, 

284 

St. John's Wort – 20, 180 

Stanozolol  – 283  

Staphylococcus Aureus  – 191, 203, 208, 

222 

state - dependent block ade – 142- 143f 

statins  – 109, 110f 

status epilepticus  – 139, 145  

status epilepticus , drugs – 147  

steady state concentration  – 30  

Steroids – 42t, 233 

stibogluconate – 197t, 262, 265t 
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Streptogramins  – 194f 

streptomycin – 214, 215f, 229 

subcutaneous, drug administration – 7 

sublingual, drug administration – 7  

succinylcholine  – 156, 157 

sucralfate  – 321  

sulbactam  – 201, 202 

sulfasalazine  – 23  

sulfation  – 21f, 22, 315  

sulfonylureas  – 218, 298, 299 

sulfonamides  – 14, 191- 194f, 217, 218, 230 

sulindac  -  314 

Sunitinib  -  278 

Suramin  – 197t, 261, 265t 

Suvorexant – 140  

suxamethonium – 54, 156 

 

T 

tabun  – 52, 55 

tachyphylaxis  – 103 

tacrolimus  – 20, 234, 334 

tadalafil  -  104 

tafluprost  -  313 

tamoxifen  – 269, 276, 287, 288t 

tamsulosin  -  86 

tazobactam  – 201, 204, 223 

TCAs (tricyclic antidepressants)  – 12, 

19, 65, 176, 177  

Tegretol® -  145  

temazepam  – 138t 

temsirolimus  -  278 

tenecteplase  -  130 

Tenofovir – 245, 248, 252  

teratogenicity – 40, 41, 90, 145 

terazosin  -  86 

terbinafine  – 196, 236, 237 

terbutaline  – 326, 61 

teriparatide  -  309 

testosterone  – 277, 282- 283, 284f 

Testosterone Metabolism and  

Hepatotoxicity  – 284f 

tetracyclines  – 191, 193, 194f, 213, 214, 223 

THC (tetrahydrocannabinol) -  186 

theophylline  – 17t, 21, 75, 324- 325, 326 

Theophylline Metabolism by 

Cimetidine , Inhibition of – 21f 

Therapeutic Index and Range  -  37 

thiabendazole  -  263 

Thiazides  – 84, 99f, 116, 119, 112t, 218 

Thiazolidinediones  – 298, 299 

Thioamides  – 307 

thiopental  – 17, 139, 152 

thioridazine – 170, 172 

Thrombolytics  -  130 

Thrombosis  – 124, 126, 261, 286, 288t 

thyroid hormones  – 305  

ticagrelor  – 125  

ticarcillin  – 200- 201, 204 

ticlopidine  – 125  

timolol  – 66  

tinidazole  – 221, 260 

tiotropium  – 324t, 326, 53 

tizanidine  – 60  

TNF-  – 252, 325, 331 

tobramycin  – 214, 223 

tolcapone  – 165  

tolterodine  – 53  

tonic - clonic seizures  – 139, 142  

tonic - clonic seizures , drugs – 146  

topiramate  – 146  

toremifene  – 276  

Torsade de Pointes EKG 

Torsemide  – 97, 118 

Toxoplasma Cyst in Brain Tissue – 261f 

Toxoplasma gondii  – 217, 261 

Tramadol  – 42t, 161 

tranexamic acid  – 130  

transder mal, drug administration – 7 

transport across membranes, modes 

of – 8f 

tranylcypromine  – 176, 182 

trastuzumab  – 268, 278 

travoprost  – 313  

trazodone  – 138, 176, 180, 182 

Treprostinil – 313  

triamterene  – 84, 120 

triazolam  – 138  

Trichinella Larva in Infected Meat  – 

263f 

trichinosis  – 263  

tricyclic antidepressants (TCAs)  – 12, 

19, 65, 176, 177 

Trihexyphenidyl  – 53, 166, 172 

Trimethoprim  – 192, 194f, 219 

trimethoprim  sulfamethoxazole  – 20, 

218, 222, 235 

tropicamide  – 53  

Trypanosoma brucei  – 261  

Trypanosoma cruzi  -  262 

tuberculosis  – 226, 227, 229 

Tuberculosis , Natural History of – 226f 

tuberculosis , treatment  – 230  

tubocurarine  -  155 

Typical Antipsychotics  – 170, 171, 172 

Tyramine  – 59, 64, 166, 171,  

tyrosine – 58 

tyrosine kinase inhibitors  – 269, 278 

 

U 

unfractionated heparin  – 126  

uric acid – 329  

Uricases  -  330 

uricosuric agents  -  329  

 

V 

valacyclovir  – 240, 241  

Valium® -  138   

valproic acid  – 142, 145- 147, 181, 182 

vancomycin  – 15, 191- 194f, 205, 207, 208, 

209, 221- 223 

varenicline – 54  

vasodilators, direct  – 87  

Venlafaxine  – 176, 179  

Verapamil  – 76, 82, 96, 104  

Versed® -  138   

Vicodin® -  160  

Vigabatrin  – 146  

vinblastine  – 274  

vincristine  – 274, 277  

virus – 195f  
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tolcapone  – 165  

tolterodine  – 53  

tonic - clonic seizures  – 139, 142  

tonic - clonic seizures , drugs – 146  

topiramate  – 146  

toremifene  – 276  

Torsade de Pointes EKG 

Torsemide  – 97, 118 

Toxoplasma Cyst in Brain Tissue – 261f 

Toxoplasma gondii  – 217, 261 

Tramadol  – 42t, 161 

tranexamic acid  – 130  

transder mal, drug administration – 7 

transport across membranes, modes 

of – 8f 

tranylcypromine  – 176, 182 

trastuzumab  – 268, 278 

travoprost  – 313  

trazodone  – 138, 176, 180, 182 

Treprostinil – 313  

triamterene  – 84, 120 

triazolam  – 138  

Trichinella Larva in Infected Meat  – 

263f 

trichinosis  – 263  

tricyclic antidepressants (TCAs)  – 12, 

19, 65, 176, 177 

Trihexyphenidyl  – 53, 166, 172 

Trimethoprim  – 192, 194f, 219 

trimethoprim  sulfamethoxazole  – 20, 

218, 222, 235 

tropicamide  – 53  

Trypanosoma brucei  – 261  

Trypanosoma cruzi  -  262 

tuberculosis  – 226, 227, 229 

Tuberculosis , Natural History of – 226f 

tuberculosis , treatment  – 230  

tubocurarine  -  155 

Typical Antipsychotics  – 170, 171, 172 

Tyramine  – 59, 64, 166, 171,  

tyrosine – 58 

tyrosine kinase inhibitors  – 269, 278 

 

U 

unfractionated heparin  – 126  

uric acid – 329  

Uricases  -  330 

uricosuric agents  -  329  

 

V 

valacyclovir  – 240, 241  

Valium® -  138   

valproic acid  – 142, 145- 147, 181, 182 

vancomycin  – 15, 191- 194f, 205, 207, 208, 

209, 221- 223 

varenicline – 54  

vasodilators, direct  – 87  

Venlafaxine  – 176, 179  

Verapamil  – 76, 82, 96, 104  

Versed® -  138   

Vicodin® -  160  

Vigabatrin  – 146  

vinblastine  – 274  

vincristine  – 274, 277  

virus – 195f  
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vitamin – 41, 109, 19t, 37, 128, 129, 131f, 134, 

144, 227, 308 

vitamin A  -  37 

vitamin B6 – 134. See also  pyridoxine.  

Vitamin D Metabolism  – 308f 

von Willebrand factor  – 124f, 131f 

voriconazole  – 20, 223, 234 

 

W 

warfarin  – 14, 15, 17, 19, 41t, 75, 127- 129, 

131f, 216, 236 

weak acids – 10- 12  

weak bases – 10- 12 

 

X 

Xanax® -  42, 138 

 

Y 

yohimbine 5 - 9 

 

Z 

Z- drugs  – 140  

Zafirlukast  – 312, 315f, 324t 

Zaleplon  – 140  

zidovudine (AZT)  – 244 

Zileuton  – 312, 315f, 324t 

Ziprasidone  – 170, 173, 174 

zolpidem  – 140 
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