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3- Edrophonium Chloride
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Has more rapid onset and shorter duration of action than neostigmine, pyridostigmine, or ambenonium

Uses
1- It is a specific anticurare agent and acts within 1 minute to alleviate overdose of d- tubocurarine, dimethyl d-tubocurarine. or gallamine triethiodide. And have no value in terminate the action of the depolarizing (noncompetitive) blocking agents such as decamethonium and succinylcholine.

Edrophonium chloride has been used as a potential diagnostic agent for myasthenia gravis.
Synthesis of edrophonium chloride 
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4- Ambenonium Chloride



This drug acts by suppressing the activity of AChE. Ambenonium chloride is used for the treatment of myasthenia gravis in patients who do not respond satisfactorily to neostigmine or pyridostigmine.
 It has prolonged duration of action and causes fewer side effects in the GI tract than the other anticholinesterase agents. Because of its quaternary ammonium structure, ambenonium chloride is absorbed poorly from the GI tract. 

Irreversible Inhibitors



Both AChE and BuChE are inhibited irreversibly by a group of phosphate esters that are highly toxic (LD50 for humans is 0.1 to 0.001 mg/kg). These chemicals are nerve poisons and have been used in warfare, in bioterrorism, and as agricultural insecticides. They permit ACh to accumulate at nerve endings and exacerbate ACh-like actions. 	

A is usually oxygen or sulfur but may also be selenium. Oxygen is essential for maximum activity, since it permit the formation of strong H-bond more than the sulfur atom. When A is sulfure, biological activation is required before the compound becomes effective as an inhibitor of cholinesterases. Phosphorothionates {R1,R2P(S)X} have much poorer electrophilic character than their oxygen analogues and are much weaker hydrogen bond forming molecules because of the sulfur atom. Their anticholinesterase activity is I 05-fold weaker than their oxygen analogues. 




Inhibition of AChE by organophosphorous compounds takes place in two steps.
a-  Association of enzyme and inhibitor. 
b- The phosphorylation step. 

[image: ]
                           Phosphorylation reactivation of cholinesterase

The serine residue at the esteratic site forms a stable phosphoryl ester with the organophosphorous inhibitors. 


Although insecticides and nerve gases are irreversible inhibitors of cholinesterase by forming 
a phosphorylated serine at the esteratic site of the enzyme, it is possible to reactivate the enzyme if action is taken soon after exposure to these poisons. Several compounds can provide a nuclcophilic attack on the phosphorylated enzyme and cause regeneration
of the free enzyme.  Substances such as choline, hydroxylamine, and hydroxamic acid have led to the development of more effective cholinesterase reactivators, such as nicotinic hydroxamic acid and pyridine-2-aldoxime methiodide (2-PAM). 




Cholinesterases that have been exposed to phosphorylating agents (e.g.. sarin) become refractory to reactivation by cholinesterase reactivators. The process is called aging and occurs both in vivo and in vitro with AChE and BuChE.





Aging occurs by partial hydrolysis of the phosphorylated moiety that is attached to the serine residue at the esteratic site of the enzyme.




Phosphate esters used as insecticidal agents are toxic and must be handled with extreme caution. Symptoms of toxicity are nausea, vomiting, excessive sweating, salivation, miosis. bradycardia,  low blood pressure, and respiratory difficulty. which is the usual cause of death.


Products

1- Isofluorphate





· Isofluorphate must be handled with extreme caution. Contact with eyes, nose, mouth, and even skin should be avoided because it can be absorbed readily through intact epidermis and more so through mucous tissues.
· Since isofluorphate irreversibly" inhibits cholinesterase, its activity lasts for days or even weeks. During this period, new cholinesterase may be synthesized in plasma, erythrocytes, and other cells. 
· A combination of atropine sulfate and magnesium sulfate protects rabbits against the toxic effects of isofluorphate.
Atropine sulfate counteracts the muscarinic effect, 
 magnesium sulfate counleracts the nicotinic effect of the drug.

Uses :- Isofluorphate has been used in the treatment of glaucoma
2- Echothiophate Iodide





Echothiophate iodide is a long-lasting cholinesterasc inhibitor of the irreversible type. as is isofluorphate. 
· Unlike the latter, however, it is a quatemary salt, and when applied locally, its distribution in tissues is limited, which can be very desirable. 

Uses:- Echothiophate  has been used in the treatment of glaucoma.

3- Malathion




- It is water insoluble phosphodithioate ester has been used as agriculture insecticide.
-Malathion is a poor inhibitor of cholinesterases, due to the presence of two S groups.

·  Its effectiveness as a safe insecticide is due to the different rates at which humans and insects metabolize the chemical. 
· Microsomal oxidation, which causes desulfuration, occurs slowly to form the phosphothioate (Malaoxon ) which is 10,000 times more active than the phosphodithioate (malathion) as a cholinesterase inhibitor. 
Insects detoxify the phosphothioate by a phosphatase, forming dimethylphosphate, which is inactive as an inhibitor.
 Humans, however, can rapidly hydrolyze malathion by a carboxyesterase enzyme. yielding malathion acid, a still poorer inhibitor of AChE.
 Phosphatases and carboxyesterases further metabolize malathion acid to 
dimethylphosphothioate. 




Enzyme reactivator
Pralidoxime Chloride





· Pralidoxime chloride is used as an antidote for poisoning by parathion and related pesticides.
·  It may be effective against some phosphates that have a quaternary nitrogen.
·  It is also an effective antagonist for some carbamates, such as neostigmine methylsulfate and pyridostigmine bromide. 
· Pralidoxime chloride, a quaternary ammonium compound, is most effective by intramuscular, subcutaneous, or intravenous administration. Treatment of poisoning by an anticholinesterase will be most effective if given within a few hours. Little will be accomplished if the drug is used more than 36 hours after parathion poisoning has occurred.
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