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PARASYMPATHOMIMETICS 

(Cholinomimetics, Cholinergic Drugs) 

These are drugs which produce actions similar to that of ACh, either by directly interacting with 

cholinergic receptors (cholinergic agonists) or by increasing availability of ACh at these sites 

(anticholinesterases). 

CHOLINERGIC AGONISTS 

Choline esters                    Alkaloids 

Acetylcholine                     Muscarine 

Methacholine                     Pilocarpine 

                                                Carbachol                          Arecoline 

                                                Bethanechol 

 

A. Acetylcholine: Acetylcholine is a quaternary ammonium compound that cannot penetrate 

membranes. it is therapeutically of no importance because of its multiplicity of actions and its 

rapid inactivation by the cholinesterases. Acetylcholine has both muscarinic and nicotinic 

activity.   

Actions of Ach 

1. Decrease in heart rate and cardiac output: The actions of acetylcholine on the heart mimic 

the effects of vagal stimulation. For example, acetylcholine, if injected intravenously, 

produces a brief decrease in cardiac rate and stroke volume as a result of a reduction in the 

rate of firing at the sinoatrial (SA) node.  

2. Decrease in blood pressure: Injection of acetylcholine causes vasodilation and lowering of 

blood pressure by an indirect mechanism of action. Acetylcholine activates M3 receptors 

found on endothelial cells lining the smooth muscles of blood vessels This results in the 

production of nitric oxide from arginine Nitric oxide then diffuses to vascular smooth muscle 

cells to stimulate protein kinase G production, leading to hyperpolarization and smooth 

muscle relaxation  

3. Other actions: A. In the gastrointestinal tract, acetylcholine increases salivary secretion 

and stimulates intestinal secretions and motility. Bronchiolar secretions are also enhanced. In 

the urinary tract, the tone of the detrusor muscle is increased, causing expulsion of urine.  

B. In the eye, acetylcholine is involved in stimulating ciliary muscle contraction for near 

vision and in the constriction of the pupillae sphincter muscle, causing miosis (marked 

constriction of the pupil). Acetylcholine (1% solution) is instilled into the anterior chamber 

of the eye to produce miosis during ophthalmic surgery. 

B. Bethanechol: Bethanechol is structurally related to acetylcholine, in which the acetate is 

replaced by carbamate and the choline is methylated. It is not hydrolyzed by acetylcholinesterase 

(due to the addition of carbonic acid), although it is inactivated through hydrolysis by other 

esterases. It lacks nicotinic actions (due to the addition of the methyl group) but does have strong 

muscarinic activity. Its major actions are on the smooth muscle of the bladder and 

gastrointestinal tract. It has a duration of action of about 1 hour.  



Actions: Bethanechol directly stimulates muscarinic receptors, causing increased intestinal 

motility and tone. It also stimulates the detrusor muscles of the bladder whereas the trigone and 

sphincter are relaxed, causing expulsion of urine.  

Therapeutic applications: In urologic treatment, bethanechol is used to stimulate the atonic 

bladder, particularly in postpartum or postoperative, nonobstructive urinary retention. 

Bethanechol may also be used to treat neurogenic atony ( poor muscular condition ). as well as 

megacolon (Hypertrophy and dilation of the colon associated with prolonged constipation).  

Adverse effects: Bethanechol causes the effects of generalized cholinergic stimulation. These 

include sweating, salivation, flushing, decreased blood pressure, nausea, abdominal pain, 

diarrhea, and bronchospasm. 

C. Carbachol (carbamylcholine): Carbachol has both muscarinic as well as nicotinic actions 

(lacks a methyl group present in bethanechol). Like bethanechol, carbachol is an ester of 

carbamic acid and a poor substrate for acetylcholinesterase. It is biotransformed by other 

esterases, but at a much slower rate. Actions: Carbachol has profound effects on both the 

cardiovascular system and the gastrointestinal system because of its ganglion-stimulating 

activity, and it may first stimulate and then depress these systems. It can cause release of 

epinephrine from the adrenal medulla by its nicotinic action. Locally instilled into the eye, it 

mimics the effects of acetylcholine, causing miosis and a spasm of accommodation in which the 

ciliary muscle of the eye remains in a constant state of contraction. Therapeutic uses: Because 

of its high potency, receptor nonselectivity, and relatively long duration of action, carbachol is 

rarely used therapeutically except in the eye as a miotic agent to treat glaucoma by causing 

pupillary contraction and a decrease in intraocular pressure.  

Adverse effects: At doses used ophthalmologically, little or no side effects occur due to lack of 

systemic penetration.  

D. Pilocarpine: Pilocarpine is alkaloid with a tertiary amine and is stable to hydrolysis by 

acetylcholinesterase. Compared with acetylcholine and its derivatives, it is far less potent, but it 

is uncharged and penetrate the CNS at therapeutic doses. Pilocarpine exhibits muscarinic activity 

and is used primarily in ophthalmology.  

Actions: Applied topically to the cornea, pilocarpine produces a rapid miosis and contraction of 

the ciliary muscle. Pilocarpine is one of the most potent stimulators of secretions such as sweat, 

tears, and saliva, but its use for producing these effects has been limited due to its lack of 

selectivity. The drug is beneficial in promoting salivation in patients with xerostomia (dryness of 

mouth). 

ANTICHOLINESTERASES 

Anticholinesterases are the agents which inhibit ChE, protect Ach from hydrolysis- produce cholinergic 

effects and potentiates Ach.  

REVERSIBLE 

                                  Carbamates                                                                Acridine  

                                  Physostigmine (Eserine)                                              Tacrine  

                                  Neostigmine  

     Pyridostigmine  

     Edrophonium  

     Rivastigmine, Donepezil  

     Galantamine  



IRREVERSIBLE 

                                 Organophosphates                                                    Carbamates 

                                 Dyflos (DFP)                                                               Carbaryl 

                                 Echothiophate                                                              Propoxur 

                                 Malathion 

                                 Diazinon 

                                 Tabun, Sarin, Soman 

 

MECHANISM OF ACTION  

The anti-ChEs react with the enzyme essentially in the same way as ACh. The carbamates and 

phosphates respectively carbamylate and phosphorylate the esteratic site of the enzyme. Whereas 

the acetylated enzyme reacts with water extremely rapidly and the esteratic site is freed in a 

fraction of a millisecond, the carbamylated enzyme (reversible inhibitors) reacts slowly (Fig. 

7.2E, F) and the phosphorylated enzyme (irreversible inhibitors) reacts extremely slowly or not 

at all (Fig. 7.2G). It is noteworthy that edrophonium and tacrine attach only to the anionic site 

and do not form covalent bonds with the enzyme, while organophosphates attach only to the 

esteratic site forming covalent bonds. Reactivation of edrophonium-inhibited enzyme occurs in < 

10 min, and does not involve hydrolysis of the inhibitor, but only its diffusion—action is brief. 

The half-life of reactivation of carbamylated enzyme (about 30 min) is less than that of synthesis 

of fresh enzyme protein, while that of phosphorylated enzyme (in days) is more than the 

regeneration time. The phosphorylated enzyme may also undergo ‘aging’ by the loss of one of 

the alkyl groups and become totally resistant to hydrolysis. Thus, apparently reversible and 

irreversible enzyme inhibition is obtained, though the basic pattern of inhibitor-enzyme 

interaction remains the same. 

PHARMACOLOGICAL ACTIONS  

The actions of anti-ChEs are due to amplification of endogenous ACh. As such they are 

qualitatively similar to those of directly acting cholinoceptor stimulants. However, relative 

intensity of action on muscarinic, ganglionic,  skeletal muscle and CNS sites varies among the 

different agents. Lipid-soluble agents (physostigmine and organophosphates) have more marked 

muscarinic and CNS effects; stimulate ganglia but action on skeletal muscles is less prominent. 

Lipid-insoluble agents (neostigmine and other quaternary ammonium compounds) produce more 

marked effect on the skeletal muscles (direct action on muscle endplate cholinoceptors as well), 

stimulate ganglia, but muscarinic effects are less prominent. They do not penetrate CNS and 

have no central effects.  

Ganglia: Local hydrolysis of ACh is less important in ganglia: inactivation occurs partly by 

diffusion and hydrolysis in plasma. Anti-ChEs stimulate ganglia primarily through muscarinic 

receptors present there. High doses cause persistent depolarization of the ganglionic nicotinic 

receptors and blockade of transmission.  

CVS: Cardiovascular effects are complex. Whereas muscarinic action would produce 

bradycardia and hypotension, ganglionic stimulation would tend to increase heart rate and BP. 

Action on medullary centres (stimulation followed by depression) further complicates the 



picture, so does ganglionic blockade with high doses. Thus, the overall effects are often 

unpredictable and depend on the agent and its dose.  

Skeletal muscles: After treatment with antiChEs, the ACh released by a single nerve impulse is 

not immediately destroyed—rebinds to the same receptor, diffuses to act on neighbouring 

receptors and activates prejunctional fibres      repetitive firing      twitching and fasciculations. 

Force of contraction in partially curarized and myasthenic muscles is increased. Higher doses 

cause persistent depolarization of endplates resulting in blockade of neuromuscular transmission       

weakness and paralysis. Direct action of neostigmine and its congeners at the muscle endplates 

results in augmentation of these features.  

CNS: Lipophilic anti-ChEs which penetrate into brain produce a generalized alerting response. 

Cognitive function may be improved in Alzheimer’s disease. However, higher doses produce 

excitement, mental confusion, disorientation, tremors and convulsions followed by coma.  

Other effects: These result from stimulation of smooth muscles and glands of the 

gastrointestinal, respiratory, urinary tracts and in the eye as described for ACh. 


