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Autonomic pharmacology, general principles
For complete discussion of the anatomy of the autonomic nervous system, see
the Medical School Companion textbook: Neuroanatomy Essentials, 2nd edition,
Chapter 4 .
These medications primarily target the efferent pathways which target 3 tissues;
smooth muscle, cardiac muscle, and glands., The ANS is comprised of two types
of neurons:
> Preganglionic Neurons
• Cell body is located in the central nervous system
• Limited/thin myelination
• Release acetylcholine (Ach)
> Postganglionic Neurons
• Cell body is located in a peripheral ganglion/plexus
• Unmyelinated
• Parasympathetic – release Ach
• Sympathetic – primarily release norepinephrine (NE)

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

Receptor

< Organ >

Parasympathetic
Action

Receptor

Heart



β1

SA node, heart rate



M



β1

AV nodal conduction



M



β1

Contractility

 (atria only)

M

Vascular Smooth Muscle
Constricts

α1

Skin, splanchnic

-

-

Dilates

β2

Skeletal muscle

-

-

Constricts

α1

Skeletal muscle

-

-

-

-

Endothelium

Releases EDRF

M

Dilates

β2

Bronchioles

Constricts

M

Sympathetic
Action

Receptor

< Organ >

Parasympathetic
Action

Receptor

Eye
Dilates pupil
(mydriasis)

α1

Radial muscle, iris

-

-

-

-

Circular sphincter
muscle, iris

Constricts
pupil (miosis)

M

Dilates
(far vision)

β

Ciliary muscle

Contracts
(near vision)

M
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Sympathetic
Action

Receptor

< Organ >

Parasympathetic
Action

Receptor

Gastrointestinal Tract
Relaxes

α2, β2

Smooth muscle, walls

Contracts

M

Contracts

α1

Smooth muscle,
sphincters

Relaxes

M



β1

Saliva secretion



M

-

-

Gastric acid secretion



M

-

-

Pancreatic secretion



M

Bladder
Relaxes

β2

Wall, detrusor muscle

Contracts

M

Contracts

α1

Sphincter

Relaxes

M

Ejaculation

α

Male Genitalia

Erection

M

Table 4.1 Autonomic nervous system receptors and their actions

Neurotransmitters of the Autonomic Nervous System

• Acetylcholine (ACh) is the neurotransmitter at both nicotinic and muscarinic
receptors in innervated tissues.
• Preganglionic and motor efferents use ACh.
• Postganglionic signaling in the SANS system may use:
- Norepinephrine (NE) at most SANS synapses
- Dopamine (DA), causing vasodilation in selected vascular beds (renal) (D1
receptors)
- Acetylcholine at some sweat gland terminals
• Epinephrine (E), a hormone that circulates and activates α, β1, β2 receptors
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Chapter 5

ANS cholinergic pharmacology
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Acetylcholine (ACh)

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

Figure 5.1 Metabolism of acetylcholine
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Cholinergic Synapses

Figure 5.2 Cholinergic synapse
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Muscarinic Receptors

• Five subtypes (M1 – M5)
• G-Protein Coupled Receptors (GPCR’s)
- M1 – “neural”
- M2 – “cardiac”
- M3 – “glandular/smooth muscle”
- M4 – “newer neural”
- M5 – “neural”
Figure 5.3 Generic M receptor
• Even-numbered (M2, M4) inhibit adenylyl cyclase and
reduce cAMP (Gi).
- Heart (M2):
› Activation of K+ channels, inhibition of Ca2+ channels
› Slow heart rate (reduce If “funny current”) and decrease AV nodal conduction
velocity
• Odd numbered (M1, M3, M5) act through inositol triphosphate (IP3) pathway (Gq).
- Blood vessels
› Ach binding to M3 on vascular endothelium causes increased cGMP which
activates NOS, nitric oxide diffuses to smooth muscle, causes vasodilation
› (Paradoxical given that M3 receptors on smooth muscle cause constriction in lung)
- Lung
› M3 - Bronchoconstriction, increased pulmonary secretions
- GI tract
› M3 - Increased motility and secretion
- Bladder
› M3 - Contraction of detrusor, relaxation of trigone, voiding/incontinence
- Glands
› M1, M3 - Increased salivation and sweating
- Eye
› M3 – Sphincter muscle contraction – Miosis
› M3 – Ciliary muscle contraction – Accommodation for near vision

50

PHARMACOLOGY

Direct-acting muscarinic receptor agonists
Acetylcholine

Carbachol

Pilocarpine

Bethanechol

Methacholine

Cevimeline

• Uses:
- Glaucoma – ciliary muscle contraction leads to opening of the trabecular
meshwork release of aqueous humor
- Neurogenic bladder
- Asthma - “Methacholine challenge” test for hyper-reactive bronchioles
(i.e. bronchospasm)
- Sjogren syndrome - increase salivary secretions – Sjogren’s Syndrome
- Stimulation of sweat production in sweat chloride test for cystic fibrosis
• Action: Activates muscarinic receptors
• Side Effects: Related to an increase in parasympathetic tone
• Interactions/Contraindications: Not for use in severe asthmatics and patients with
AV nodal block or severe symptomatic bradycardia.
• Antidotes: Atropine can reverse bradycardia and inhaled epinephrine/albuterol can
improve pulmonary symptoms.

Acetylcholinesterase Inhibitors
Central-Acting:
Rivastigmine
Donepezil

Peripheral:
Edrophonium
Neostigmine
Pyridostigmine

Combined:
Physostigmine

• Uses:
- Central
› Alzheimer disease
› Parkinson disease
- Peripheral
› Diagnosis of myasthenia gravis vs. cholinergic crisis (edrophonium)
› Treatment of myasthenia gravis (neostigmine, pyridostigmine)
› Paralytic reversal (for curare-like paralytics) (neostigmine)
- Combined
› Atropine toxicity (physostimine)
• Action: Causes overactivation / “rescue” of muscarinic and nicotinic receptors
• Side Effects: Increased parasympathetic tone (mnemonic: DUMBBELSS: see below)
• Interactions/Contraindications: Not for use in severe asthmatics. patients with
AV nodal block or severe symptomatic bradycardia.
• Antidotes: Atropine can reverse bradycardia and inhaled epinephrine/albuterol can
improve pulmonary symptoms.
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Irreversible Acetylcholinesterase Inhibitors
(Organophosphates)
Nerve Gases:
Sarin, Tabun, Soman

Insecticides:
Malathion, Diazinon

• DUMBBELSS
- Diarrhea
- Urination
- Miosis
- Bronchoconstriction
- Excitation / Paralysis (muscle and
CNS)
› Nicotinic and muscarinic effects

- Lacrimation
- Salivation
- Sweating

Glaucoma:
Echothiophate
(rarely used)

• Antidotes:
- Supportive care (airway, breathing,
circulation)
- Atropine (reverses muscarinic
activity)
- 2-PAM (pralidoxime)
› AChE regeneration
› Removes Organophosphate from the
AchE enzyme

Myasthenia Gravis(MG):
Myasthenic Crisis vs. Cholinergic Crisis
In patients with MG, insufficient medication (myasthenic crisis) can mimic excessive
medication (cholinergic crisis)
• Flaccid paralysis with intact DTR’s
• Bronchospasm
• Respiratory failure
Short-acting AchEI (edrophonium) can help delineate the two.
Edrophonium – improves myasthenic crisis, worsens cholinergic crisis.
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Direct-acting Muscarinic Receptor Antagonists
• Atropine
• Mydriasis Drugs
- Tropicamide
- Homatropine
- Cyclopentolate
• COPD/Asthma Drugs
Ipratropium
Tiotropium
• Motion Sickness
Scopolamine
• Parkinson’s / EPS
- Benztropine
- Trihexyphenidyl
• Bladder / GI
- Oxybutynin
- Tolterodine
- Dicyclomine

• Uses:
- Atropine – Symptomatic bradycardia in unstable
patients
- Others – ocular mydriasis, COPD/asthma, motion
sickness, Parkinson disease, bladder/GI spasms
• Action: Inhibits muscarinic receptors
• Side Effects: Atropine toxicity (mnemonic:__as a __)
- dry as a bone (decreased secretions, urinary
retention, constipation)
- blind as a bat (cycloplegia, mydriasis)
- hot as a hare, red as a beet (hyperthermia->
vasodilation)
- mad as a hatter (behavioral excitation /
hallucinations)
• Interactions/contraindications: not for use in
patients with closed-angle glaucoma or BPH.
• Antidotes: physostigmine

Nicotinic Receptors

• Nicotinic receptors are ligand-gated ion channels
- Pentameric, with α-subunits binding to Ach
- Na+/K+ co-conductors
- Activation of the nicotinic receptor results in cellular depolarization and
excitation of the cell
• Two main types:
- Neuronal (NN) - CNS, autonomic ganglia, adrenal medulla.
- Skeletal muscle (NM) – motor end plate
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Nicotinic agonists – varenicline

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

Nicotinic receptor antagonists (ganglion blockers)
Hexamethonium

Mecamylamine

Trimethaphan

• Uses:
No longer used clinically,
- Initially used for hypertension in the 1960’s and 70’s.
but may be on the board
- Replaced with newer medications with fewer side effects
exams.
• Action: Inhibits neural nicotinic receptors (NN)
• Side Effects:
- Atropine-like (mydriasis, cycloplegia, xerostomia, tachycardia, urinary retention)
- Hypotension

Figure 5.4 Nicotine receptor antagonists (ganglion blockers)
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Nicotinic receptor antagonists
(neuromuscular blockers)
Nerve Gases:
Sarin, Tabun, Soman

Insecticides:
Malathion, Diazinon

Glaucoma:
Echothiophate
(rarely used)

• DUMBBELSS
- Diarrhea
- Urination
- Miosis
- Bronchoconstriction
- Bradycardia
- Excitation / Paralysis (muscle and CNS)
• Nicotinic and muscarinic effects
- Lacrimation
- Salivation
- Sweating
• Antidotes:
- Supportive care (airway, breathing, circulation)
- Atropine (reverses muscarinic activity)
- 2-PAM (pralidoxime)
• AChE regeneration
• Removes organophosphate from the AchE enzyme
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Chapter 6

ANS adrenergic pharmacology
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Norepinephrine (NE) synthesis

• Tyrosine is taken up into the neuron
• Tyrosine L-dopa (tyrosine hydroxylase)
- Rate-limiting
• L-dopa
dopamine (AAAD, aka DOPA decarboxylase)
• Dopamine
vesicular Dopamine
NE (vesicular dopamine β- hydroxylase)
• NE released into the synapse
- Primarily removed from the synapse via reuptake

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

Nor-adrenergic synapses

Guanethidine

Figure 6.1 Nor-adrenergic synapse
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Catecholamine Metabolism
• Dopamine
- MAO Dihydroxyphenylacetic acid
- COMT
3-Methoxytyramine
- Combined
Homovanillic acid (HVA)
• Norepinephrine
- MAO Dihydroxymandelic acid
- COMT
Normetanephrine
- Combined Vanillylmandelic acid (VMA)
• Epinephrine
- MAO Dihydroxymandelic acid
- COMT Metanephrine
- Combined Vanillylmandelic acid (VMA)

MAO – A (mnemonic: “Anywhere”):
• Ubiquitous
• Metabolizes catecholamines,
tyramine, & serotonin
MAO-B (mnemonic: “Brain”):
• Neural
• Metabolizes dopamine,
and phenethylamine

Adrenergic Receptors

Figure 6.2 Adrenergic receptor subtypes

Alpha-adrenergic receptors actions

• α1 receptors increase IP3, diacylglycerol, and intracellular Ca2+ (Gαq )
• Activation causes
- Mydriasis (no cycloplegia)
- Vasoconstriction (arteries > veins)
- Contraction of bladder trigone and sphincter (urinary retention)
- Contraction of smooth muscle of prostate
• α2 receptors inhibit adenylyl cyclase (Gαi)
- For presynaptic α2 receptors, stimulation leads to decreased calcium influx and
decreased release of NE
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α1-adrenergic receptor agonists
Phenylephrine

Midodrine

• Uses:
- Hypotension – acutely raise blood pressure through peripheral vasoconstriction
- Nasal decongestion
• Action: Activates the α1 receptor
• Side Effects: Limb/tissue ischemia, hypertension, reflex bradycardia

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

α2 adrenergic agonists
Antihypertensives:
Clonidine
α-methyldopa
Guanfacine

Glaucoma:
Apraclonidine
Brimonidine

Muscle Relaxers:
Tizanidine

• Uses:
- Hypertension
• Clonidine stimulates brainstem α2 receptors – decreases release of NE at
autonomic neurons
• α-methyldopa is a pro-drug, converted to active form (α-methylnorepinephrine)
via dopamine β- hydroxylase.
- Glaucoma- α2 agonists reduce aqueous humor via decreasing cAMP in the ciliary
body
- Clonidine – used for symptomatic relief for drug withdrawal (opiates, alcohol,
benzodiazepines)
• Side effects: Low BP, fatigue, psychiatric side effects
• Interactions/contraindications: Should not be stopped suddenly; can cause severe
reflex hypertension.
• Antidotes: Supportive care
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β -Adrenergic receptors actions

• β1 receptors increase cAMP
- SA,AV nodes - Increased heart rate, AV nodal conduction
- Heart muscle - Increased contractility, stroke volume
- Kidney – increased renin release
- Ciliary body – aqueous humor production
• β2 receptors also increase cAMP
- Blood vessels (vasodilation in skeletal. muscle beds)
- Bronchioles - Bronchodilation
- Uterus - Muscule relaxation
• β3 receptors are linked to lipolysis and thermogenesis

β1 adrenergic agonists
Isoproterenol
β1 = β2

Figure 6.4 β-adrenergic receptor

Dobutamine
Β1

Asthma Meds:
Albuterol
Terbutaline
Salmeterol
Fomoterol

Β2

• Uses:
- Bradycardia (isoproterenol)
- Cardiogenic shock (dobutamine)
- Asthma / COPD
• SABA – albuterol, terbutaline
• LABA – salmeterol, fomoterol
- Tocolysis
• Terbutaline
• Side effects: Tachycardia, tremor, palpitations
• Interactions/contraindications: Patients with coronary disease should avoid due to
risk of demand mismatch and myocardial infarction.
• Antidotes: Supportive care
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Isoproterenol

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

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

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

Norepinephrine

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

Figure 6.6 Effect of norepinephrine on blood pressure & heart rate
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Epinephrine

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

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

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

Epinephrine “reversal”

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

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

Comparison of Epinephrine, NE, and Isoproterenol

Figure 6.8 Effect of epinephrine, NE & isoproterenol on blood pressure & heart rate
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Dopamine

• The canonical activation of dopamine is:
- Low dose: D1 receptor (increases renal,coronary, and mesenteric perfusion)
• Gαs – coupled receptor, causes vasodilation

- Medium dose: D1, β1 – adds an inotropic and chronotropic effect, increased
cardiac output
- High dose: D1, β1, α1 – adds a vasoconstrictive effect
• Newer data supports norepinephrine for 1st line use in any cause of shock.
• Fenoldopam – D1 – selective IV drip that is used for hypertensive emergency.

Indirect-acting adrenergic receptor agonists

• Norepinephrine/dopamine “releasing” agents
- Tyramine – cannot cross BBB
• Effects are at peripheral sympathetic neurons
• Can cause hypertensive crisis in setting of MAO inhibition
• Present in expensive cheese, cured meats, pickled foods, certain beans, peas,
and beer/red wine.
- Amphetamines - can cross BBB
• Increase dopamine and NE in the CNS, increasing alertness
• May cause schizophrenia-like symptoms
• Increased sympathetic autonomic outflow – tachycardia, palpitations
- Ephedrine – used rarely today, raises BP and causes vasoconstriction
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Indirect-acting adrenergic receptor agonists

• Adrenergic reuptake inhibitors
- Cocaine
• Blocks norepinephrine reuptake (peripheral autonomic effects)
- Vasoconstriction, possible MI. and stroke
- Tachycardia, possible arrhythmias
- Increased risk of cerebral aneurysms
- Fetal and placental cocaine effects
• Blocks dopamine reuptake
- CNS effects – euphoria, paranoia, hyperthermia
• No specific antidote to block the effects of cocaine on transporters
• Labetalol to block sympathetic effects
- Tricyclic Antidepressants (e.g. amitriptyline, imipramine )
• Serotonin / norepinephrine reuptake inhibition
- Block SERT / NET
• Many other receptor properties (e.g. serotonin receptors, NMDA )
• Sodium channel blockade (cardiac toxicity, pain control)
• Further discussion in the psychiatric medications section
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α1,2 adrenergic antagonists

Figure 6.9 α1,2 adrenergic antagonists

• Uses:
- Pheochromocytoma (phenoxybenzamine)
- Hypertension
- BPH
- Postural hypotension (yohimbine)
- Antidepressants (mirtazapine)
• Side Effects: Low BP (α1 blockers)
• Interactions/contraindications: can cause
severe postural hypotension / syncope
(α1 blockers)

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

β1,2 adrenergic antagonists

Figure 6.10 β1,2 adrenergic antagonists

• Uses:
- Hypertension
- Cardiac arrhythmias
- Heart failure
- Angina
- Anxiety
- Tremors
- Glaucoma (timolol)
• Side effects: Low BP, fatigue, depression, bradycardia
• Interactions/contraindications: Should not be stopped suddenly; can cause severe
reflex hypertension.
• Antidotes: Glucagon (raises cAMP in cardiac cells independent of the β-receptor)
66

