
Drug Mech of Action Pharm effects Therapeutic
Uses

Adverse effects/ 
toxicity

ACh synthesis &
release

Botulinum toxin
Transported into 
cell via endocytosis 
& is converted to 
protease which 
hydrolyzes proteins 
involved in the 
synaptic storage & 
exocytotic relase of 
ACh, no more 
cholinergic 
transmission at 
NMJ=paralysis

*Blepharospasm
*strabismus
*cervical dystonia
*spasmodic 
torticollis
*laryngeal dystonia
*hemifacial spasm
*myofacial pn 
syndrome

Cholinergic Agonists

Acetylcholine

Given i.v. exerts 
primarily muscarinic 
effects (nicotinic 
effects seen only 
after muscarinic 
receptors are 
blocked by atropine

Not used systemically 
b/c:
*affects multiple organs
*rapidly degraded by 
hydrolysis (plasma 
pseudocholinesterase)

After i.v. injection- 
rapid & transient 
decrease in BP (via 
NO from 
endothelial cells)

After trmt w/ 
atropine, a much 
larger dose of ACh 
increases BP & HR 
by stim N1-chol 
receptors at 
sympathetic ganglia

Used to produce 
rapid & complete 
miosis (20-60 min) 
before or after 
surgery involving 
ant part of eye

Carbacol 
(carbamylcholine)

Nicotinic & 
muscarinic receptor 
agonist

Slow onset miosis 
(4-8hr)

After surgery on 
the anterior 
chamber of the 
eye- eye drops

Methacholine Muscarinic receptor 
agonist

Contraction of bronchial 
muscle

Used as a 
provocative agent in 
the dx of asthma

Bethanecol Muscarinic agonist 
w/ selective GI & 
GU effects
(given po but F is 
low)

Increase acid secretion, 
motility & tone, relax 
sphincters, stim secretion 
in GI tract, contract 
detrusor muscle & relax ext 
sphincter

*bowel stasis
*post op paralytic 
ileus
*urinary retention 
(post op or 
neurological)

Contraindications:
*asthma
*COPD
*peptic ulcer
*CHF
*hyperthryroidism
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Succinylcholine i.v. injection- initial 
single contraction 
of 
skeletal muscle, 
followed by 3-5 min 
of flaccid paralysis 

Flaccid paralysis is 
caused by the constant 
depol of the motor 
endplate=depol 
blockade=non-
competitive blockade

Major portion of i.v. 
dose is degraded by 
plasma cholinesterases 
before it reaches the 
NMJ

NMJ blockade is 
terminated by drug 
diffusing away

Pilocarpine 3º amine
Selective muscarinic 
agonist of botanical 
origin

Contraction of 
meridional fibers of the 
ciliary muscle to 
increase the 
iridiocorneal angle 
and/or the tone and align 
of the trabeculae 
allowing aqueous humor 
to flow more easily into 
the Canal of Schlemm

*glaucoma
*dry mouth assoc 
w/ Sjogren’s 
syndrome

In trmt of glaucoma:
*lens fixation impairs 
far vision
*persistent miosis 
causes poor night 
vision

Contraindications:
*asthma & COPD 
(bronchoconstriction)
*peptic ulcer 
(increased production 
of gastric acid)
*hyperthyroidism 
(atrial flutter or fib)
*dilated heart (atrial 
flutter or fib)

Cevimeline Synthetic 
muscarinic agonist

Increase salivation *dry mouth and dry 
eyes assoc w/ 
Sjogren’s syndrome

S/E: 
*GI cramping
*sweating
*urinary incontinence
*rhinitis

Treatment of 
glaucoma

Pilocarpine

(see above in  
cholinergic agonist 
section)

Betaxolol Beta-
adrenoreceptor 
antagonist

Decrease production of 
aqueous humor by 
unknown mech

Glaucoma
Lower IOP by 20-
30%

Selec for B1 so little 
effect on bronchiolar 
sm muscle
Systemic absorb-
bradycardia
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Timolol Beta-

adrenoreceptor 
antagonist

Decrease production of 
aqueous humor by 
unknown mech

Glaucoma
Lower IOP by 20-
30%

Systemic absorption 
can cause 
bronchoconstriction 
& bradycardia

Latanoprost Stable analog of 
PGF 2alpha

Increase uveoscleral 
outflow

Glaucoma
Lower IOP by 20-
25%

Epinephrine Alpha-
adrenoreceptor 
agonist

Alpha1 receptor stim- 
enhance outflow of 
aqueous humor via nl 
press dep path

Causes mydriasis via 
stimulation of alpha1 
adrenoreceptors in 
the radial muscle of 
the iris

Dipivefrin Alpha-
adrenoreceptor 
agonist

Lipid soluble cmpd that 
penetrates into the ant 
chamber before being 
hydrolyzed to 
epinephrine

Alpha1 receptor stim- 
enhance outflow of 
aqueous humor via nl 
press dep path

Glaucoma Causes mydriasis via 
stimulation of alpha1 
adrenoreceptors in 
the radial muscle of 
the iris

Apraclonidine Alpha-
adrenoreceptor 
agonist

Selective Alpha2-
receptor stim- 
decreases the prod of 
aqueous humor

Prevent 
postsurgical ocular 
hypertension after 
laser 
trabeculoplasty

Acetazolamide Carbonic anhydrase 
inhibitor

Given p.o. & topical to 
decrease the production 
of aqueous humor

Glaucoma Avoid giving p.o. b/c:
*headache
*decreased libido
*metallic taste
*kidney stones
*urinary freq

Dorzolamide Carbonic anhydrase 
inhibitor

Topical- decrease 
production of aqueous 
humor

Glaucoma
Decrease IOP by 
10-20%

Isoflurophate 
(DFP)

Inhibitor of 
acetylcholinesteras
e (organophosphate)

Lower IOP by increasing 
the amt of ACh available 
to contract the ciliary 
muscle

Glaucoma Cataracts & general 
toxicity- this drug is 
only used in pts when 
other trmts fail

Echothiophate Inhibitor of 
acetylcholinesteras
e (organophosphate)

Lower IOP by increasing 
the amt of ACh available 
to contract the ciliary 
muscle

Glaucoma Cataracts & general 
toxicity- this drug is 
only used in pts when 
other trmts fail
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Mannitol Osmotic diuretic 

agents
Hyperosmolar ECF 
causes cellular 
dehydration and thus a 
fall in IOP

Acute attacks of 
angle-closure 
glaucoma

Drugs for treatment of open-angle glaucoma

Category 1:                                                Category 2:                                   Category 3:
Carbonic anhydrase inhibitor                     alpha1 adrenoceptor agonist        prostaglandin analogs
Beta adrenoreceptor antagonist                pilocarpine, isofluophate
Alpha2 adrenoreceptor agonist

**to decrease IOP the most, combine 3 drugs together, one from each of the 3 categories
Carbamate ACHase 

inhibitors

Physostigmine

3º amine 
Causes a non-
competitive, slowly 
reversible inhibition 
of of AChase, 
causes 
carbamoylation 
rather than nl 
acetylation of the 
active site of 
AChase, hydrolysis 
of the carbamoyl 
enzyme occurs spon 
w/ a half life of 15-
30 min, no direct 
effect at ACh 
receptors

Inhibits the action of 
acetyl cholinesterase so 
that acetylcholine will 
stay around longer

Alzheimer’s 
disease- but 
superceded by 
newer drugs

Overdose/poisoning 
w/ anticholinergic 
agents

Numerous adverse 
side effects so it is 
not used 

*CNS effects

Donepezil Carbamate cmpd 
that is a Reversible 
inhibitor of AChase

Inhibits the action of 
acetyl cholinesterase so 
that acetylcholine will 
stay around longer

DOC for 
Alzheimer’s dz- it is 
more selective for 
the CNS
Decreases apathy, 
hallucinations, 
anxiety & 
behavioral problems

S/E:
Diarrhea
Muscle cramps
Fatigue
Insomnia
Anorexia
N/V

Neostigmine 4º amine
Direct agonist at 
cholinergic N2 
receptor, inhibits 
AChase (by 
carbamoylation) at 
all peripheral sites

Increases the conc of 
acetylcholine at N2 
receptor of NMJ by 
blocking AChase, 
inhibition of AChase 
increases the conc of 
ACh at muscarinic sites 
(eg heart, salivary glands, 
etc)

*post op paralytic 
ileus
*atony of the GI & 
GU tracts
*Myasthenia gravis
*reversal of the 
muscle paralysis 
caused by 
competitive 
neuromuscular 
blocking agents

*No CNS effects
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Pyridostigmine 4º amine

Direct agonist at 
cholinergic N2 
receptor, inhibits 
AChase (by 
carbamoylation) at 
all peripheral sites

Inhibits the action of 
acetyl cholinesterase so 
that acetylcholine will 
stay around longer

Long-term p.o. 
dosing used to treat 
Myasthenia gravis:
*mild ocular 
symptoms- 
pyridostigmine + 
corticosteroids
*mild/mod general 
symptoms- 
pyridostigmine + 
thymectomy
*mod/severe 
general symptoms- 
pyridostigmine + 
azathioprine (an 
immunosuppressant 
drug)

*no CNS effects

Edrophonium Even though it does 
inhibit AChase at all 
peripheral 
cholinergic nerve 
junc 
(carbamoylation of 
active site), the 
majority of its 
action at the NMJ 
results from direct 
stim of cholinergic 
N2 receptors

*must be given im or iv 
b/c of extremely short 
half life

*diagnosis of & 
titrate adequacy of 
trmt of myasthenia 
gravis
*distinguish 
between 
“myasthenic” & 
“cholinergic” crisis 
in pts treated p.o. 
w/ pyridostigmine
*reversal of muscle 
paralysis caused by 
competitive 
neuromuscular 
blocking agents 
such as d-
tubocurarine

*No CNS effects

Carbaryl Carbamate 
insecticide used 
around the house

Treat carbaryl 
poisoning w/ 
atropine (only drug) 
& supportive care

*CNS effects

Irreversible 
inhibitors of 

acetylcholinesterase 
(organophosphate 

compounds)

Dimpylate

Insecticide for lawn & 
garden

The active site of 
AChase is 
phosphorylated, the 
spontaneous rate of 
hydrolysis of the 
phosphoryl enzyme is 
super slow (this is 
same MOA for all)
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Isofluophate (see glaucoma sec)
Parathion Insecticide that is 

converted to the 
active metabolite 
paraoxon by CYP450

Malathion Insecticide that is 
much safer than 
parathion, mammals 
& birds have plasma 
carboxyesterases 
which destroy 
malathion

Spray for mosquitos 
and in 
dermatological 
preparations used 
to kill head lice

Echothiophate (see glaucoma sec)
Symptoms of organophosphate poisoning:
CNS:
Slow, insidious poisoning:
-loss of concentration
-irritability
-forgetfulness
-depression

Symptoms of more severe:
-restlessness
-nightmares
-ataxia
-hypotension
-insomnia
-slurred speech
-convulsions
-respiratory depression

PNS:
Muscarinic manifestations in :
-eye
-CV system
-lungs
-GI tract
-glands
-GU tract

Nicotinic manifestations in:
-skeletal muscle
-ganglia

Treatment of 
organophosphate 

poisoning

Atropine sulfate

to block 
peripheral/central 
muscarinic 
receptors

Pralidoxime
Quaternary:
Greatly accel the rate 
of hydrolysis of the 
phosphorylated 
enzyme, particularly at 
NMJ, less effective if 
“aging” of 
phosphorylation has 
occurred, does not 
enter CNS
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Muscarinic Receptor 
Antagonists
(Belladonna 
alkaloids)

Tertiary cmpds

Atropine

Organs exhibit diff 
sensitivity
Small Large dose
GlandsHeartbladder
 eye

Perioperative use to 
decrease prod of 
saliva/pulmonary 
secretions, 
conteract 
bradycardia caused 
by ocular pressure, 
visceral traction, 
carotid sinus stim 
or inj of multiple 
doses of 
succinylcholine

Reverse competitive 
neuromuscular 
blockade caused by 
drugs like 
d-tubocurarine

reversal of digoxin 
induced AV block

reversal of 
bradycardia in 
children in order to 
inc CO

treatment of 
hyperactive carotid 
syndrome

prevent the 
indirect adverse 
S/E of neostigmine 
& pyridostigmine

Toxicity of all 
atropine & atropine-
like drugs:

Overdose=
Mad as a hatter
Dry as a desert
Hot as a pistol

Treatment for 
overdose:
Gastric lavage
Resp & circ support
Sponge bath
Foley catheter
Dark room
Benzodiazepine for 
sedation



Drug Mech of Action Pharm 
effects

Therapeutic Uses Adverse effects

Scopolamine

Cyclopentolate

Tropicadimide Blocks muscarinic 
receptors in the eye

Benzotropine Block central 
muscarinic 
receptors

Trihexyphenidyl Block central 
muscarinic 
receptors

Dicyclomine Muscarinic 
antagonist in GI 
tract

Hyoscyamine Muscarinic 
antagonist in GI 
tract

Oxybutynin Blocks muscarinic 
receptors & exerts a 
direct antispasmodic 
effect on the 
detrusor muscle

Tolterodine Selective M3 
muscarinic receptor 
antagonist

Iris

Ciliary 
muscle

Atria & 
ventricle

SA node

Atria 

AV node

GI tract

GU tract, 
detrusor 
muscle 
Bronchi

Sphincters

Salivary, 
lacrimal, 
sweat, 
bronchial & 
gastric 
exocrine 
glands

Relax 
sphincter 
muscles

Relax

Increase 
dp/dt

Increase HR

Increase 
conduction 
velocity

Increase 
conduction 
velocity & 
automaticity, 
decreased 
APD & ERP

Decreased 
motility & 
tone

Relaxation

Contraction

Decreased 
secretion

Scopalamine, 
cyclopentolate & 
atropine are used to 
treat: 
Anterior uveitis
Keratitis
Choroiditis
Relaxation of 
sphincter & ciliary 
muscle will decrease 
pn

Mydriasis is needed 
for cataract 
surgery

Motion sickness

Somnolence
Euphoria
Amnesia
Dreamless sleep 
(reduced REM 
sleep)

Antegrade amnesia
Causes mydriasis & 
cycloplegia to 
determine 
refractive error of 
the lens
Causes mydriasis 
that will allow for a 
fundoscopic exam 
of the retina & 
optic disk
Parkinson’s dz

Parkinson’s dz

Prevent bowel 
spasm & decrease 
pn assoc w/ IBS
Prevent bowel 
spasm & decrease 
pn assoc w/ IBS
Urge incontinence

Prevent post-
prostatectomy 
bladder spasms
Urge incontinence &
Prevent post-
prostatectomy 
bladder spasms

Dry eyes
Dry mouth
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Diphenhydramine Block central 
muscarinic 
receptors
Antihistamine
(benadryl)

Quaternary cmpds

N-methylatropine
methscopalamine

Ipratropium Blocks muscarinic 
receptors to relax 
bronchial smooth 
muscle

Glycopyrrolate

Propantheline

Can be used for 
Parkinson’s dz

COPD (bronchitis + 
emphysema)

Drugs used in treatment of Parkinson’s disease:
Benztropine, Atropine, Trihexyphenidyl, Biperdin

Most effective against tremor, some effect on rigidity, & little effect on akinesia/dyskinesia

S/E: cycloplegia, constipation, urinary retention & dry mouth
***S/E’s limit the use of central muscarinic antagonists in the treatment of Parkinson’s disease

N1-Receptor 
antagonists

(ganglionic blocking 
drugs)

Trimethaphan

Competitive 
blockade N1-
cholinergic 
receptors in 
autonomic ganglia 
prevents all 
symp/parasymp 
nerve activity from 
reaching the 
effector organs 
innervated by the 
autonomic nervous 
system

For each organ or 
effector cell: you can 
predict pharm effects 
by knowing which limb of 
autonomic nervous 
system is dominant & 
what will happen if its 
activity is removed

Produce controlled 
hypotension during 
head & neck surgery

Cause histamine 
release which causes 
further vasodilation

Mecamylamine Competitive blockade 
N1-cholinergic 
receptors in autonomic 
ganglia prevents all 
symp/parasymp nerve 
activity from reaching 
the effector organs 
innervated by the 
autonomic nervous 
system

Same as above 
See pg 248 in notes

Controls symptoms of 
autonomic 
hyperreflexia that 
occurs in most patients 
w/ high level spinal 
cord injuries, it 
controls symptoms by 
preventing the 
paroxysmal increases in 
symp activity
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Nicotinic receptor 
agonists

Nicotine

Direct stimulation of 
peripheral N1 & N2 
cholinergic 
receptors; in CNS it 
directly stimulates 
N1-cholinergic 
receptors, releases 
NE & DA & may 
increase or decrease 
the release of ACh
Addiction results 
from the release of 
DA in the nucleus 
accumbens

**see also pages  
251-254 in notes 
about smoking & 
chewing tobacco

Acute CNS effects in 
naïve pt:
*increased alerting 
pattern on EEG
*facilitation of attention 
& memory
*decreased aggression
*decreased appetite
*decreased sk muscle 
tone & DTR via stim of 
Renshaw interneurons
*increased phys tremor
Acute cardiovascular 
effects in naïve pt:
*increased SBP, DBP, PP, 
HR via stim of symp gang 
& aortic chemoreceptors
*tolerance develops 
rapidly so longterm 
effects on BP & HR are 
slight
*skin temp & digital 
blood flow fall due to 
peripheral 
vasoconstriction

Oral ingestion of 
tobacco products: 
vomiting limits 
toxicity

Nicotine-containing 
insecticides:
*adverse effects 
develop rapidly
*nausea, vomiting, 
abdominal cramping, 
diarrhea, salivation, 
sweating, headache, 
dizziness, 
disorientation & 
muscle weakness, 
BP then falls, HR is 
irregular, breathing 
is shallow, 
cardiovascular 
collapse & 
convulsions often 
precede death 
which ultimately 
results from resp 
failure

Treatment:
*gastric lavage or 
drug-induced 
emesis
*intubation & 
artificial resp
*drug therapy for 
shock & convulsions

Succinylcholine (see section on chol  
agonists)

Phosphodiesterase 
Inhibitors

Theophylline

Prevents 
phosphodiesterase 
from changing 
cyclicAMP back into 
5´-AMP 

Bronchodilator Relieves airflow 
obstruction of 
chronic asthma (not 
used as much 
anymore)

Seizures & 
potentially fatal 
arrhythmias

Caffeine Prevents 
phosphodiesterase 
from changing 
cyclicAMP back into 
5´-AMP

Relax smooth muscle 
of bronchioles in 
asthma pts
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Papaverine Prevents 
phosphodiesterase 
from changing cAMP 

5´-AMP
Sildenafil Prevents 

phosphodiesterase 
from changing cGMP 
back into 5´-GMP

Impotence

cGMP produces 
smooth muscle 
relaxation- leads to 
increased blood flow 
into the corpus 
cavernosum

Drugs used to 
increase or 

decrease urinary pH
Acetazolamide

Makes urine more 
alkaline

Increases the 
excretion of weak 
acids

Ammonium 
chloride

Makes urine more 
acidic

Increases the 
excretion of weak 
bases

Compounds that stimulate CYP450:
Phenobarbital
Rifampin
Phenytoin
Carbamazepine
Ethanol (chronic use)
Cigarette smoke (benzopyrene)
Dioxin (in agent orange)
DDT (insecticide)
Polychlorinated biphenyls (PCB’s)

Compounds that inhibit CYP450:
Cimetidine
Ketoconazole
Isoniazid
Erythromycin
Ethanol (acute use)
Grapefruit juice (flavenoids)

Slow Acetylators are likely to develop drug 
toxicity:
Sulfapyridine- hepatic damage & blood dyscrasias
Hydralazine- lupus-like syndrome
Isoniazid- peripheral neuropathy
Procainamide- lupus-like syndrome


