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Anesthetic Medications

General Anesthetics: Overview
• Most enhance GABAA receptor activity
(inhibitory neurotransmitter receptor)
• Multiple drugs 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

Inhaled anesthetics

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

Minimum alveolar concentration
(MAC)

Minimal alveolar concentrations (MAC) for anesthetic gases

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)

Recovery from general anesthesia
• Depends on the blood-gas solubility
ratio
• Highly soluble anesthetics (high bloodgas 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

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, chemically related to
phencyclidine (PCP; “angel dust”)

Ketamine – 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

Local anesthetics – mechanism of
action
• Block action potential propagation by
binding to the inactivated state of
voltage-gated sodium channels

Local anesthetics and 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 nonionized 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

Local anesthetics – 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.
– Amides have “I” in first part of name

Local anesthetics – structure

Local anesthetics – adverse effects
•
•
•
•

Dizziness
Nystagmus
Sensory impairment
Biphasic CNS response:
– Excitation (tremor, seizures) at low doses
– Sedation at higher doses

• Depress cardiovascular parameters
– Except cocaine

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

Neuromuscular blocking agents –
overview

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

Nondepolarizing blocking 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

Nondepolarizing NM Blockers
• 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

• 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)

• Faciculations (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

Dantrolene
• Blocks Ca2+ release from the sarcoplasmic
reticulum 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

Spasmolytics
Drugs to 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

Opioid Drugs: 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-6glucuronide
– 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

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

• Extended-release pills available
• High risk for abuse

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.

Meperidine (Demerol®)
• Popular opioid analgesic
• 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.

Tramadol
• Very weak opioid with little abuse
potential
• Also causes increases in 5HT and NE
levels
• Commonly given for severe pain to
patients who cannot tolerate NSAIDs

Other Opioids
• Methadone

– Long half-life
– 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 little 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

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)

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

Parkinson’s Disease: Overview
• Results from degeneration of
nigrostriatal dopamine tracts.
• Characterized by

– Resting tremor
– Bradykinesia
– Muscle rigidity
– Postural instability
– Expressionless facies (“masked facies”)

Parkinson’s Disease: 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
– Converted to dopamine by aromatic amino acid
decarboxylase (AAAD, dopa decarboxylase)

• Increases dopamine for remaining functional
neurons in basal ganglia.
• Almost always given with carbidopa
– Inhibits peripheral AAAD
– Prevents levodopa conversion in the periphery
– Carbidopa does not cross blood-brain barrier

Levodopa
• Primary therapy for PD.
• Effect declines over 5 to 10 years.
• Adverse effects
– Dyskinesias
– “On-off” effects
– Hallucinations, psychoses

Entacapone
• Inhibitor of catechol-Omethyltransferase (COMT), an enzyme
which can degrade dopamine to 3methoxy – 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.

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’s 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.

Other Parkinson’s Drugs: Muscarinic
Blockers
• Benztropine and trihexyphenidyl.
• Cross BBB easily.
• Reduce excessive cholinergic activity in
PD.
• Helpful in treating tremor and rigidity.

Schizophrenia: Overview
• Psychiatric disorder characterized by
positive symptoms
–
–
–
–

Thought disorders
Delusions
Hallucinations
Bizarre behavior

• Psychiatric disorder characterized by
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
• Antagonists at 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.
– Efficacy of neuroleptic correlated with ability to inhibit D2A
in the mesolimbic pathway.
– D2 associated with extrapyramidal dysfunctions

Typical Antipsychotics
Mechanisms of Action
• Block muscarinic receptors
– 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

Typical Antipsychotics
• 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

• All Typical Antipsychotic side effects include:
– 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

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 arrthythmias

EPS (extrapyramidal
symptoms)
• Acute Dystonic Reaction
– Adverse reaction to antipsychotic
medications
– Sudden, sustained, involuntary
muscle spasm
– May occur in any muscle group

Acute Dystonic Reaction
• 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 Dystonic Reaction
• Acute treatment
– Anticholinergic
• Benztropine, trihexyphenidyl
– Antimuscarinics, can be sedating

– Antihistamine
• Diphenhydramine (also has antimuscarinic
effects)
– Very sedating

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

EPS (extrapyramidal
symptoms)
• 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

EPS (extrapyramidal
symptoms)
Tardive Dyskinesia
• 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

EPS (extrapyramidal
symptoms)
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)

Antipsychotic Medications
• Atypical Antipsychotics
– Clozapine
– Quetiapine
– Ziprasidone
– Aripiprazole
– Olanzapine
– Risperidone

“Atypical” Antipsychotics
• Inhibit Serotonin Receptors (5-HT) especially 5HT2A
– 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.

Atypical Antipsychotics
• Choice of Medication

– 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

Atypical Antipsychotics
• 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)

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
•

Monoamine oxidase inhibitors (MAOIs)

•

Tricyclic antidepressants

•

Atypical Antidepressants

•

Selective serotonin reuptake inhibitors (SSRIs)

•

Serotonin-Norepinephrine Reuptake Inhibitors

– Phenelzine, Tranylcypromine and Selegiline.

– Amitriptyline, Imipramine, Clomipramine, Doxepin, Trimipramine,
Desipramine and Nortriptyline

– Bupropion, Mirtazapine, Nefazodone and Trazodone
– Citalopram, Escitalopram, Fluoxetine, Fluvoxamine, Paroxetine, Sertraline

– Duloxetine, Venlafaxine

MAO Inhibitors
• Older, seldom-used class of antidepressants.
• Include phenelzine and tranylcypromine which
inhibit MAO types A and B.

– And Selegiline, also used in Parkinson’s Disease and
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.

MAOIs
• Effective for depression but very difficult to take
– Interact with tyramine-containing foods
– (MAO-A metabolizes tyramine, a catecholamine
“releasing” agent)
• 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.

MAOIs
• 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.

• And the secondary amines: Desiparamine 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)
Obsessive-compulsive disorder (clomipramine)

Tricyclic Antidepressants
• 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

Tricyclic Antidepressants
• 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
–
–
–
–
–
–

fluoxetine (Prozac®)
paroxetine (Paxil®)
escitalopram (Lexapro®)
fluvoxamine (Luvox®)
citalopram (Celexa®)
sertraline (Zoloft®)

Selective Serotonin Reuptake
Inhibitors (SSRIs)
• Selectively block the serotonin transporter
(“reuptake”), leading to increased
concentration of Serotonin in synaptic cleft.
• Minimal effect on dopamine, muscarinic, αadrenergic or H1 receptors.
• Minimizes side effects associated with TCAs.
• Requires 2–4 weeks for therapeutic response.
• Not all patients respond equally to all SSRIs.

SSRIs: 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)

SSRIs: Adverse Effects
• Sexual dysfunction
– Most common complaint of patients taking SSRIs
– Difficulty in achieving orgasm
– If problematic, switch to atypical (buproprion)

• Sleep
– Paroxetine and fluvoxamine tend to be sedating
– Fluoxetine and sertraline tend to be more activating

•
•
•
•
•
•
•
•

Anxiety
Agitation
Weight loss / anorexia
Nausea, diarrhea
Urinary Retention
Hyperthermia, sweating
Pupillary dilation
Withdrawal syndrome
– Nausea, headache, vertigo, malaise

SSRIs: Adverse Effects
• 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 (Lorazepam)
– Serotonin syndrome can be controlled using cyproheptadine
(serotoninergic antagonist)

• Withdrawal syndrome

– Nausea, headache, vertigo, malaise
– Best to wean patient from medication

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

Atypical Anti-Depressants
• Mirtazepine: (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

Atypical Antidepressants
• Trazodone and Nefazdone
– 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! (painful, sustained erection)
• Nefazdone – 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

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

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

Mood Stabilizers
• Lithium – most side effects 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

Mood Stabilizers
• Carbamazepine, valproic acid, and
lamotrigine are anti-seizure medications
that have recently been used with
success in bipolar disorder

Antidepressants Quick Overview
• High Potential for Orthostatic Hypotension
– MAOIs
• Phenelzine
• Tranylcypromine

– TCAs
• Amitriptyline
• Doxepin
• Imiprimine

Antidepressants Quick Overview
• Heavily Sedating
– SSRIs

• Fluvoxamine
• Paroxetine

– Atypical

• Mirtazapine
• Nefazadone and Trazodone

– TCAs

• Amitriptyline amoxapine, clomipramine doxepin
imiprimine maprotiline, nortriptyline,
trimipramine

Antidepressants Quick Overview
• Associated with Weight Gain
– Atypical
• Mirtazapine

– TCAs
•
•
•
•
•

Amitriptyline
Clomipramine
Doxepin
Imiprimine
Trimipramine

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,
neuronal tangles and loss of monoamines,
primarily acetylcholine.

Alzheimer’s Disease 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 ∆9tetrahydrocannabinol (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

Cannabinoid receptors
• CB1 receptor activation causes:

– Decreased serotonin release in the chemo-trigger
zone (area postrema) – results in nausea control
• Antiemetic effect

– 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, 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)

Antibacterials:
An Overview
•

Bactericidal agents:
– Eradicate infection by actively destroying the bacterium
– Severely ill/immunocompromised patients usually require these to overcome infection
– 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

Penicillins
•

Inhibit bacterial growth and cause
cell lysis/death
– Prevent 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

•

Were discovered serendipitously in
1928 by Alexander Fleming
– Penicillum mold growing in petri dish
inhibited nearby bacteria by releasing
“penicillin”

•

Are bactericidal

Penicillins

The “R” group is variable
among individual drugs.
It determines stability as well
as the antibiotic spectrum.

The beta-lactam ring is squareshaped and is the site of cleavage by
penicillinases

Penicillins
•

May be given along with probenecid
– Impairs renal secretion of penicillns
– Prolongs the half-life of penicillins in the plasma

•

Are subject to resistance by:
–
–
–
–

•

Degradation by bacterial penicillinases (β-lactamases)
Mutation of PBPs that do not bind penicillins strongly
Downregulation of porins that allow entry of penicillins
Upregulation of efflux channels that pump penicillins out of the bacterium

May be administered:
– Orally: Penicillin V, amoxicillin
• Should be taken on an empty stomach

– Intravenously: Ticarcillin, carbenicillin, piperacillin, penicillin G, ampicillin
– Intramuscularly: Procaine penicillin G and benzathine penicillin G

Penicillins
• Are used to combat a variety of bacteria depending on the sub-type
– Penicillin G and V
– Lactamase-resistant Penicillins
• Methicillin, nafcillin, oxacillin

– Extended-spectrum Penicillins
• 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

Penicillin 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

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 resistances
by micro-organisms

• Susceptible to penicillinases
• Used for
– Syphilis – (penicillin G)
– Group A streptococcus “strep throat” – (penicillin V)
– 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.

•

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 (morbiliform) when given during viral illness
Given in conjunction with sulbactam (penicillinase inhibitor)

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 “morbiliform rash” when given to patients with
concurrent viral infections

• Given along with beta-lactamase inhibitor

Penicillinase-Resistant
Penicillins
• Designed to work against beta-lactamase-producing organisms
– Methicillin
• Not commonly given anymore due to side effect of interstitial nephritis

– Oxacillin, Nafcillin
– 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.

Antipseudomonal Penicillins
• Carboxypenicillins
– Carbenicillin, Ticarcillin

• Ureidopenicillins

• Have activity against gram
positives (staph, strep)
– Except MRSA

– Piperacillin (most potent)

• Are often combined with βlactamase inhibitors
– Clavulanic acid or tazobactam

• Given to severely ill patients as
empiric therapy for Pseudomonas
infections

• 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

Cephalosporins
• 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 now obsolete, no longer 1st
line
• 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 pnemoniae as well as Haemophilus
influenzae, Enterobacter (g- rods)
– Still active against gram positive cocci

• Not commonly 1st line medications
• Cefoxitin, cefotetan, cefmetazole have anti-anaerobic activity (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 (bleeding disorders)

3rd -Generation Cephalosporins
•

Ceftriaxone, cefotaxime, ceftazidime, cefixime et al.

•

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 betalactamases), 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

•

Some have disulfiram-like reactions, some can cause hypo-prothrombinemia

4th, 5th -Generation
Cephalosporins
4th Generation - Cefepime
• Extended spectrum against gram-positive and gram-negative
organisms (more than 3rd-generation)
• Resistant to β-lactamases
• Treats 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)

Cephalosporins:
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)

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
– Classic treatment for necrotizing pancreatitis
– Drug of choice for Enterobacter spp. infections

Imipenem
• Formulated with cilastatin (Primaxin®)
– Prevents hydrolysis of imipenem by renal dihydropeptidase
– 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 G+, Gand anaerobes except MRSA, 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 2nd line therapy for Clostridium difficile colitis

Vancomycin:
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

Vancomycin:
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

Vancomycin:
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, tylenol and continue infusion slowly

•

Ototoxicity
– Very rare but patients are monitored for this

•

Nephrotoxicity

•

Check vancomycin levels!
– Lower the dose in patients who have renal failure
– High blood levels of vancomycin can lead to ototoxicity and other side effects (GI,
dermatologic)

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

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

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

• 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”

Tetracyclines:
Coverage

Tetracyclines:
Adverse Effects
• GI upset – nausea/vomiting/diarrhea/C.diff 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 tr.
Due to teeth discoloration and possible
adverse effects on bone/teeth development

• Demeclocycline – ADH receptor
antagonist
– Used to treat SIADH
– Causes nephrogenic DI

Resistance to Tetracyclines
• 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 ribo)
• Bind to 30S subunit of bacterial ribosomes
– Cause errors in translation
– Prevent peptide bond formation

• Given parenterally or topically, poorly absorbed
from GI tract
• Generally for severe infections

Aminoglycosides:
Coverage
• Gram-negative organisms

– Most Pseudomonas strains

• Used in conjunction with β-lactam antibiotics for severe grampositive 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 gent and tobra) and E. faecium (gent only)

• 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

Aminoglycosides:
Adverse Effects

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

Chloramphenicol
• 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

Chloramphenicol:
Adverse Effects
•

Aplastic anemia
– Rare, idiosyncratic effect (not dose-dependent)
– Irreversible, fatal in some cases

•

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. Liver
toxicity is rare.
– Inhibition of CYP450 and increase levels of warfarin, cyclosporine, et al.

• 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 PCN-allergic pts)
Listeria – 2nd line agent
T. pallidum – syphilis (2nd line agent to penicillin)
Neisseria spp. – gonorrhea (not generally used for meningitis)
Bordetella pertussis
Bartonella henselase, quintana (cat scratch disease)
Propionobacterium acnes – skin acne
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
–

•

Excellent coverage of gram negative anaerobes, good for infections caused by
penetrating abdominal trauma.
–

•

Same binding site and method of action on the 50S ribosome

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

•

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

Sulfonamides:
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®)

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)

TMP-SMX:
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 (first-line drug for uncomplicated 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

•

Second-line agent for UTIs, 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, et
al.
• Inhibit bacterial DNA gyrase (topoisomerase II)

• Bactericidal
• 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)

Fluoroquinolones:
Coverage
•

– Moxifloxacin, gemifloxacin:

Broad spectrum antibiotics, two major
subgroups:

• Improved activity against gram
positives, less activity against gram
negatives
• Used for lung infections; do not
concentrate well in the urine

– 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

•

Ciprofloxacin and Levofloxacin are
alternative drugs for Chlamydia infections,
though not recommended for Neisseria
infections anymore due to evolving
resistance

•

Levo, Gemi, 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

Fluoroquinolones:
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

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

Linezolid:
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

Quinupristin – Dalfopristin:
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
byproduct
• Given PO or IV
• 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

Metronidazole:
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

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
Ciprofloxacin
– For less severe illness

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., moxifloxacin)
• 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

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

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

Isoniazid:
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

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

Rifampin:
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

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

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/μL)

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 6phosphate 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

Fungal Infections:
Overview
• Superficial and systemic
– Systemic infections are extremely worrisome,
depending on the organism

• Often difficult to treat
– Especially in immunocompromised agents

• 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

Amphotericin B
• 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

Amphotericin B:
Adverse Effects
• Very difficult drug to tolerate
• Slowly infused, but patients can still experience infusionrelated:
–
–
–
–

Fever
Chills
Muscle rigor
Hypotension (histamine release)

• Prophylaxis with NSAIDs, antihistamines, corticosteroids is
commonly done prior to infusion

Amphotericin B:
Adverse Effects

• Renal tubule damage
– Dose-dependent
– Permanent if excess of 3 to 4 g are given total

• Lipid-formulations (e.g., Ambisome®)
designed to improve infusion efficiency and
lessen toxicity but very expensive

Azole Antifungals
• Fungicidal

• Impair biosynthesis of ergosterol
by inhibiting fungal P450 (C-14
α-demethylase)
• Good activity against
– Candida
– Cryptococcus neoformans
• Penetrates CSF to treat
cryptococcal meningitis

–
–
–
–

Blastomyces
Histoplasma
Coccidioides
Ringworm fungi (dermatophytes)

Azoles:
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

• Inhibit breakdown of estrogens (can cause gynecomastia in males)
• Antacids, PPIs and H2 blockers raise gastric pH impair absorption

Azoles
• Resistance to azoles is caused by mutation of the target C-14 αdemethylase gene, causes decreased azole binding and efficacy
• Ketoconazole, the prototype, is not used clinically in the US
anymore as an antifungal due to extensive inhibition of CYP450
enzymes
• 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

•

Administered orally or intravenously and not dependent on gastric acidity

•

Commonly given to AIDS patients with low CD4 counts and to the immunecompromised 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

Flucytosine
• Activated by fungal cytosine deaminase to 5fluorouracil (5-FU)
– Incorporated into fungal RNA
– Disrupts fungal protein translation

• Used in combination with amphotericin B for
severe candidal and cryptococcal infections
– Penetrates CSF

• Major toxicity is to bone marrow suppression and
pancytopenia/anemia

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 longchain 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)

Terbinafine
• Newer drug of choice for treating
dermatophytoses and, especially,
onychomycoses (nail fungus)
– Can be given by mouth or
topically

•

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

• Allylamine, synthetic
– Inhibits fungal squalene
epoxidase, blocking ergosterol
synthesis
– Fungicidal

Griseofulvin
• Older medication, less effective
than terbinafine
– Not fungicidal
– Unclear method of action,
disrupts fungal mitosis

• Given orally for skin and nail
fungal infections not amenable to
topical treatment

• Concentrates in nails and newly
formed skin

• May cause drug-induced hepatitis
and interacts with medications
such as warfarin and
phenobarbital

• Active only against
dermatophytes

• May cause a disulfiram-like
reaction to ethanol

– Tinea
– Ringworm
– “Athlete’s foot”

– 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

Antivirals:
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

• 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

Acyclovir and
Valacyclovir

• 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

Lift from Biochem

Acyclovir and Valacyclovir:
Spectrum of Action
• Good activity against HSV and VZV
– Poor activity against CMV
– Resistance occurs due to mutations in thymidine kinase, confers crossresistance 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.)

Acyclovir and Valacyclovir:
Adverse Effects
• IV acyclovir
– Crystalluria – can damage nephrons
• Adequate hydration is important

• 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

Ganciclovir
• 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

Foscarnet:
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

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 longterm 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

• 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 lifethreatening hypersensitivity reaction
– Fever, abdominal pain, rash
– Linked to HLA subtype B-5701
– Requires pre-dosing genotyping

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

Protease Inhibitors (PIs):
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

• 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 coinfection 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

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)

Who should start ART?
– Patients with AIDS-defining illness
– Patients with a CD4 count of less than 200 CD4+ T cells/μL.

– Can be optionally started in patients with CD4 counts of 201–350.
– Most other patients do not receive ART unless they have a very high HIV RNA level.

Other Antiviral Agents
• Anti-Influenzals

– Amantadine
– Oseltamivir and zanamivir

• Anti-hepatitics
– 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
• 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, other hemorrhagic fevers
Influenza, Parainfluenza
Paramyxovirus
Measles (experimental)

Ribavirin:
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

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

•

Cause decreased protein synthesis, increase MHC expression, increase apoptosis,
hundreds of other responses.

•

Three major interferons known in humans:
– IFN-α
– IFN-β
– IFN-γ

•

Type I interferons, bind IFN alpha
receptor
Type II interferon, binds IFN
gamma receptor
IFNs generated in the laboratory can be used as “immunotherapy” for multiple
viral and oncologic illnesses.

Interferon Therapy
• 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

– 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

Interferon Therapy
• Interferon-α

– 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

Imiquimod
• Newer 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. immunecompromised 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

Hepatitis C management (DAAs) –
direct acting antivirals
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

Hepatitis C management (DAAs) –
direct acting antivirals (cont’d)
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

Hepatitis C management: 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

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

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

Quinine
• 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 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 malariae
Used along with primaquine as treatment for chloroquine-sensitive P. vivax and
ovale

Chloroquine
• 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

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 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 malariae
–

•
•

Used as prophylaxis in areas with chloroquine-resistance
Can cause severe neuropsychiatric reactions
–
–
–
–

•

Not active against hepatic forms

Hallucinations
Psychosis
Seizures
Encephalopathy

Generally not used as primary therapy

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 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

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) (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

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

Trypanasoma 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

Trypanasoma 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

• Diagnosis: Serology and biopsy
– Demonstration of protozoa in
peripheral blood

• Transmission: Sand fly
• Cutaneous Leishmaniasis
• Visceral Leishmaniasis (Kalaazar): massive
hepatosplenomegaly. Can be
fatal
– L. donovani

• Treatment: Stibogluconate
(contains antimony)
– Unclear method of action
– GI side effects, QT prolongation

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

Antihelminthics
• 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

River Blindness
(Onchocerciasis)
• Transmitted by blackfly
• Onchocerca 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 inflammation from dying
flukes, requires corticosteroids

• Praziquantel is drug of choice
• Mazzotti reaction is common

Skin Lice
(Pediculosis)
• Treatment involves pharmacologic and nonpharmacologic 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

