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Organophosphate compounds are commonly used as insecticides in rural areas and powerful warfare agents 
by military personnel. These agents inhibit cholinesterases especially acetylcholinesterase and accumulate 
acetylcholine causing muscarinic, nicotinic and central nervous system manifestations. Currently, drugs 
such as atropine, oximes and benzodiazepine are used to treat these symptoms. But these drugs are 
associated with certain drawbacks and have found to be ineffective in preventing the delayed symptoms. 
This review analyses the rationalities in considering galantamine as an effective choice in the management 
of organophosphate toxicity. The mechanism is based on reversible competitive inhibiting property of 
galantamine on acetylcholinesterase without affecting butylcholinesterase. The drug can prevent the 
delayed cognitive effects and neurodegeneration by acting as a nicotinic allosteric potentiating ligand. It 
can cross the blood brain barrier and reversibly inhibit acetylcholinesterase in the brain and decrease the 
incidence of central nervous system manifestations such as convulsions. The drug is associated with good 
pharmacokinetic profile, minimal side effects and has been found to be effective as a pretreatment and post 
treatment agent. Thus, galantamine can be considered as an effective therapeutic agent in management of 
organophosphate toxicity.
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Organophosphate compounds are used as insecticides 
and powerful warfare agents worldwide. The differences 
in the properties are based on the substituents attached 
to the basic moiety. The highly toxic compounds were 
developed as warfare agents and lesser toxic agents 
as insecticidal agents[1,2]. Among the commonly used 
agrochemicals, organophosphates were found to be 
the most preferred one due to their wide spectrum 
bioactivity and easy availability[3]. Parathion, fenthion, 
malathion, diazinon, chlorpyrifos (Dursban), terbufos, 
acephate, phorate, methyl parathion, phosmet, 
azinphos-methyl and dimethoate are the commonly 
used insecticidal agents. World Health Organization 
(WHO) has described that these agents belong to the 
extremely hazardous category, yet no law or policies 
exist to restrict their availability to the public[4-6]. 
Organophosphate compounds are responsible for large 
scale accidental poisoning and suicidal poisoning in 
developed countries[7]. Compounds such as soman 
(1,2,2-trimethyl propylmethyl phosphono fluoridate), 

sarin (isopropyl methyl phosphono fluoridate), tabun 
(ethyl dimethyl phosphoramidocyanidate) and VX 
(ethyl-S- diisopropylamino ethyl methyl phosphono 
thioate) are used as warfare agents, capable of causing 
mass destruction in war[8]. Thus, organophosphate 
poisoning became a major public health hazard to be 
therapeutically managed effectively. 

MECHANISM OF ACTION AND CLINICAL 
SYMPTOMS 

Organophosphate compounds may enter into the 
human body by ingestion, inhalation or skin absorption 
and irreversibly inhibit acetylcholinesterase (AChE) in 
cholinergic synapses. AChE is mainly responsible for the 

*Address for correspondence
E-mail: ponnusankarsivas@gmail.com

This is an open access article distributed under terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which 
allows other the remix, tweak, and build up to the non-commercially, as 
long as the author is credited and the new creations are licensed under 
the identical terms.

Accepted 15 June 2016
Revised 08 June 2016 
Received 15 May 2015

Indian J Pharm Sci 2016;78(4):428-435

mailto:ponnusankarsivas@gmail.com


www.ijpsonline.com

July-August 2016Indian Journal of Pharmaceutical Sciences429

degradation of acetylcholine (ACh). Organophosphate 
compounds causes accumulation of ACh in the synaptic 
cleft[9-11]. This overflow of ACh stimulates the nicotinic, 
muscarinic and central nervous system receptors; 
leading to elicit clinical complications in patients. Fig.1 
shows the schematic representation of the mechanism 
of action of organophosphate compounds. Muscarinic 
stimulation causes acute cholinergic syndrome and the 
characteristic features are increased rate of secretions 
from secretory glands such as salivary, bronchial, 
pancreatic, lacrimal, sweat glands, miosis, blurred 
vision, bradycardia, vomiting, abdominal cramps, 
cyanosis, pulmonary edema, wheezing and dyspnea. 
The increased level of ACh desensitizes the nicotinic 
receptors and produces symptoms such as muscular 
twitching, neuromuscular paralysis whereas anxiety, 
tremor, giddiness and coma are considered as its central 
nervous system manifestations[11-13].

Intermediate syndrome (type II respiratory failure) 
is commonly observed in organophosphate poisoned 
patients and muscle weakness on limb, neck, throat, 
muscle paralysis and respiratory failure are the 
associated complications. Generally, intermediate 
syndrome is observed within 24 to 96 h after the 
consumption of organophosphate compound. The 
delayed effects are often observed in the following 
2 to 3 weeks after poisoning. The neurodegeneration 
observed commonly in organophosphate toxicity in 
hippocampus, pyriform cortex and amygdala may cause 
these delayed cognitive effects. The increased level of 
ACh in the synaptic cleft for a long duration may also 
be considered as the reason for this syndrome[14,15]. 

LABORATORY INVESTIGATIONS

Insecticidal organophosphate poisoning is generally 
confirmed by the physicians based on the container 

brought by the patient or the patient’s caretaker. The 
typical clinical manifestations of these compounds 
including garlic breath may help to diagnose the 
toxicity. The Peradeniya Organophosphorus Poisoning 
(POP) scale provides an indication towards the toxicity 
grade. This scale is based on five major cardinal 
symptoms of organophosphate poisoning such as heart 
rate, pinpoint pupil, consciousness, excessive sweating 
and rate of respiration[16,17]. Poisoning Severity Score 
(PSS) can also be used to monitor the severity based on 
clinical manifestations[18,19].

The measurement of the extent of inhibition of 
cholinesterase enzymes indicates the severity of 
poisoning. The normal values of cholinesterase 
enzymes in healthy people depend on race, region, 
malnutrition, liver and renal diseases. The presence of 
alcohol, nicotine and caffeine can also induce alterations 
in the levels of cholinesterase. So, the establishment 
of a baseline value for cholinesterase enzymes in a 
particular region is very essential[20,21]. The quantitative 
estimation of the cholinesterase from the blood 
samples can be analyzed using colorimetry[22]. These 
markers can be used for diagnosis and monitoring 
of the treatment prognosis. The renal and hepatic 
markers also indicate the severity of organ toxicity. 
The management, based on these severity grades, may 
enable the physicians to provide an optimized treatment 
pattern to each patient. These practices provide a better 
quality of life to the patient and cause a reduction in the 
healthcare expenditure burden.

CURRENT TREATMENT OPTIONS

The management of organophosphate poisoning 
begins with the removal of toxic contents from the 
stomach through gastric lavage and nasogastric 
aspiration. This is followed by providing supportive 

Fig.1: Schematic representation of mechanism of organophosphates. 
OP: organophosphate; AchE: acetylcholinestarase
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measures such as oxygen administration and induction 
of respiratory pressure to the patient. Atropine can 
be given for symptomatic relief and cholinesterase 
reactivators (oximes) as an antidote in usual practice. 
The neurological symptoms such as agitation, 
delirium, and muscular fasciculation can be treated 
using benzodiazepines. Atropine inhibits the effects 
of muscarinic receptors due to the excess ACh. The 
classical symptoms of organophosphorous poisoning 
such as salivation, lacrimation, urination, diaphoresis, 
gastrointestinal motility and emesis can be prevented 
by the use of atropine. Atropine is always used along 
with oximes (pralidoxime chloride). Oximes show 
their effectiveness by reactivating the phosphorylated 
cholinesterase enzyme after binding with 
organophosphate compounds. These agents stimulate 
the nicotinic receptors and reduce the nicotinic 
symptoms such as muscle fasciculation, hypertension, 
tachycardia and muscle weakness[23-25].

There are some limitations associated with this 
treatment strategy. The major problem associated with 
oximes is ageing process. Ageing can be explained 
as the process in which, the response to reactivating 
agents declines with time and the process depends 
on the type of organophosphate compound. If larger 
substituents are attached with organophosphate 
compound, the reactivation rate may be extremely 
slow. Thus, administration of oximes is time 
dependent and the treatment should be started as early 
as possible. Generally this time period is 48 to 72 h. 
Oximes may not reactivate the muscarinic symptoms 
of organophosphate poisoning[25,26]. Similarly atropine 
does not have any effects on nicotinic receptors. 
The improper usage of atropine can cause iatrogenic 
atropine toxicity and in some cases the drug induces 
hypersensitivity reactions also[27,28].

There are certain alternative treatment plans to 
overcome these limitations. Pyridostigmine bromide 
(PB), a quaternary carbamate compound was approved 
to manage organophosphate toxicity. People who 
are under the risk of organophosphate exposure 
were recommended to administer this compound 
as a prophylactic agent. The compound reversibly 
inhibits AChE and butylcholinesterase (BChE) 
without crossing blood brain barrier. Therefore, 
organophosphate compounds bind with AChE in 
a less extent. Immediately after the exposure of 
organophosphates, patient should be given with 
atropine and oximes. PB can increase the survival rates 
in the victims exposed to nerve agent toxicity; still, the 

drug is not encouraged widely due to its long term side 
effects and high dose to be administered. BChE can 
act as an endogenous scavenger for organophosphate 
compound, which is blocked by pyridostigmine. The 
inability of the compound to prevent central nervous 
system manifestations such as seizures may demand 
the inclusion of anticonvulsants into the treatment 
pattern[29,30].

The reversible AChE inhibitors such as physostigmine, 
tacrine, huperazine offered a superior result than 
pyridostigmine against organophosphate toxicity. 
The combination of carbamic acid and physostigmine 
produced better results. But these results were associated 
with distinguished toxic adverse drug reactions 
including central nervous system deformities[30-32].

There is a natural defense mechanism present in rat and 
mice, which works against organophosphate poisoning. 
This mechanism is based on the presence of endogenous 
scavenger known as carboxylesterase, mainly seen 
in the plasma of animals. The low dose exposure of 
organophosphate compounds can be managed with this 
natural mechanism. The particular enzyme is absent 
in humans and it is possible to administer exogenous 
bioscavengers. Still, the effectiveness of these agents is 
purely based on the concentration of organophosphate 
compounds exposed. The major disadvantages are 
immunologic adverse effects after the administration of 
nonhuman enzymes[30]. The effectiveness of the BChE 
replacement therapy, blood alkalinisation therapy is 
unclear and needs effective research[33].

The drugs used to manage Alzheimer's disease 
including donepezil, huperazine, rivastigmine and 
galantamine seem to be effective in organophosphate 
poisoning management. The chemical structures 
of these agents are shown in below fig. 2[34]. These 
drugs, except galantamine exhibit toxic side effects 
even at therapeutic doses and are found ineffective in 
post poisoning management. Donapezil, huperazine 
and rivastigmine exhibit effectiveness only when 
administered along with anticholinergic agents[35,36]. 
Galantamine is expected to induce more effective 
results in the management of organophosphate toxicity. 

GALANTAMINE

Galantamine (solid white powder, molecular formula 
C17H21NO3 and molecular weight 287.4) possesses 
phenanthrene alkaloidal properties and belongs to 
the class of cholinesterase inhibitors. The drug is 
capable of producing eight different optical isomers 
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as it possesses three chiral centers. This drug was 
first isolated from Caucasian Snowdrop Galanthus 
woronowi and Galanthus nivalis and various other 
sources such as Narcissus, Lycoris and several South 
African Amaryllidacea species. Synthetically it is a 
benzazepine derived from norbelladine[37-39]. 

Pharmacodynamic properties of galantamine were 
recognized in the early times and were widely 
prescribed for various psychiatric disorders such as 
schizophrenia, bipolar disorders, alcohol dependency 
and depression. These disorders are associated with 
cholinergic alterations. 

As the drug, capable of reversing AChE inhibitors, 
galantamine was approved by Food Drug 
Administration (FDA) in May 2011 for treatment of 
mild to severe Alzheimer’s disease[37]. In schizophrenia, 
galantamine was found to be effective in managing the 
negative symptoms and cognitive dysfunction through 
the activation of muscarinic receptors. In depression, 
galantamine regulates the synthesis of brain-derived 
neurotrophic factor in hippocampal region and 
causes neurogenesis. This may lead to improvements 
in behavioral and cognitive impairment. Thus, 
galantamine is highly related with the management of 
depression. Similarly, prolonged alcohol intake may 
cause memory impairment and reduction in ACh levels. 
Studies reported that higher doses of galantamine 
can reduces ethanol intake in rats. So galantamine is 
expected to be beneficial in management of alcohol 
induced diseases[40]. Galantamine is found to be safe 

and effective in long term treatment of rheumatoid 
arthritis even in high doses due to its low toxicity and 
increased elimination characteristics. 

Mechanism of action in organophosphate poisoning 
management:

The exact mechanism by which galantamine 
protects from organophosphate toxicity is not 
well established[38]. The distinguished property of 
galantamine to act as reversible competitive inhibitor 
of AChE ensures the possibility to use this drug as an 
effective drug for organophosphate poisoning. The 
neuroprotectant property of galantamine prevents 
the neurodegeneration, which is the hall mark of 
organophosphate toxicity[41,42].

In severe organophosphate toxicity, the increased level 
of ACh in synaptic cleft for a long duration of time may 
cause massive desensitization of nicotinic receptors 
and this may lead to the development of intermediate 
syndrome. Galantamine can act as allosteric 
potentiating ligand (APL). APLs ligands are the 
agents that stimulate the receptors which are different 
from receptors involved in usual nicotinic agonist 
and antagonist activities. The activity of an allosteric 
potentiating ligand was not through neurotransmission 
process and these activities never proceeded to the 
development of compensatory mechanism normally 
follows[43]. Thus galantamine causes desensitization 
of nicotinic receptors (nAChRs) to a substantial 
extent[42,44].

Organophosphate compounds inhibit cholinesterases 
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Fig. 2: Chemical structures of drugs.
a. rivastigmine, d. galantamine, c. donapezil and d. huperazine.
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peripherally and centrally in an irreversible manner. 
As galantamine can cross blood brain barrier, it 
reversibly inhibits cholinesterase in blood as well as 
in brain. The inhibition process becomes gradually 
insignificant within 6 h and the peak effectiveness 
was observed within 30 min after drug exposure[45]. 
However, a significant variation in the extent of AChE 
inhibition was observed in blood and brain. The blood 
AChE inhibition was found to be 10 fold greater than 
brain AChE inhibition. Even though, the decreased 
rate of reversible brain AChE inhibition is capable 
of preventing the irreversible brain AChE inhibition 
by organophosphate compounds. This process 
prevents the central nervous system manifestations of 
organophosphate compounds[41,46]. 

Galantamine selectively inhibits AChE and protects 
BChE in whole blood and erythrocytes. The 
protected BChE preserves its scavenger capacity for 
organophosphate compounds. This property can be 
considered as an added advantage of galantamine in 
organophosphate poisoning management compared to 
physostigmine, pyridostigmine[8,33,47].

Experimental details describing the effectiveness of 
galantamine[48]:

The effectiveness of galantamine to manage 
organophosphate toxicity was experimented. Similar 
rate and extent of effectiveness was observed against 
organophosphate as insecticide and warfare agent. 
All the experiments were conducted in guinea pigs 
(nonhuman primates). Guinea pigs react specifically 
when exposed to organophosphate compounds 
compared to mice and rats. Usually, organophosphate 
agent exposure induces muscarinic action within 5 to 
15 min and central nervous system effects within 15 to 
30 min in animals.

Galantamine (5-6 mg) was administered to guinea 
pigs intramuscularly 30 min prior to the exposure of 
organophosphate compounds. Atropine sulphate (10 
mg/kg) was also administered to the animals as a post 
treatment agent. In this experiment, galantamine was 
found to be effective with 100% survival rate with ED50 

values of 1.82±0.37 or 2.2±0.50 mg/kg. The optimal 
dose of galantamine required varies according to the 
concentration of organophosphate compound exposed 
to the animal. The group of animals receiving the dose 
of 16-20 mg/kg exhibited some mild adverse drug 
reactions for a short period of time. Thus, galantamine 
can be considered as an effective prophylactic agent 

to prevent organophosphate toxicity. This can be 
applicable to those who are at continuous exposure of 
organophosphate agents.

Similarly, the effectiveness of galantamine in treating 
the patients already exposed to organophosphate 
compounds (1.5 LD50) was also monitored. 
Immediately after the appearance of organophosphate 
clinical manifestations, atropine was administered 
every 3 to 5 min. Each time the doses of atropine given 
were in 1 to 10 mg range. Galantamine (8 mg/kg) was 
found to be effective and provides protection without 
any lethality. The muscarinic and nicotinic symptoms 
of organophosphate agents were absent. The duration 
of effectiveness was related with concentration of 
organophosphate compound.

The dose of galantamine as a post treatment agent 
was found to be higher than the dose needed as a 
pretreatment agent. This can be explained as follows. 
Organophosphate compounds inhibit AChE enzymes 
and thus more concentration of galantamine is required 
in this condition to compete with organophosphate 
compounds. As the galantamine-induced AChE 
inhibition is reversible, the presence of galantamine 
may protect the patients from lethality. The dose 
of galantamine varies according to the type of 
organophosphate compound.

Pharmacokinetics:

Galantamine has shown increased bioavailability (BA) 
and decreased protein binding by following linear 
pharmacokinetics in healthy volunteers. The half-life 
of the drug was found to be around 7 h. Galantamine 
is metabolized by CYP3A4 and CYP2D6 enzymes. 
The metabolites have complete renal elimination 
by following the metabolic pathways such as 
glucuronidation, O-demethylation, N-demethylation, 
N-oxidation, and epimerization[49]. The presence of 
food may cause the delay in absorption but may not 
alter the bioavailability, volume of distribution (Vd), 
half-life (t½) of the drug. 

The dose of galantamine to protect organophosphate 
toxicity is similar to the dose used in Alzheimer’s 
disease management. The peak plasma concentration 
of galantamine needed to manage organophosphate 
poisoning (2.8 µM) was found to be similar to 
Alzheimer’s disease (0.2-3 µM). A plasma concentration 
of 2-3 µM was recommended to be maintained in 
patients who are at risk of continuous exposure 
to organophosphates until the end of exposure[50]. 
Dose of galantamine required after the exposure of 
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organophosphate compound was fixed as 3 to 12 mg. 
This can be administered three times a day for a period 
of one month based on severity of toxicity[48]. The dose 
of galantamine needed for each individual may vary 
according to the quantity, duration and type of exposed 
organophosphate compound. 

Galantamine is available as the salts of hydrochloride 
and hydrobromide and formulated in various 
formulations for oral (liquid solutions, suspensions), 
transdermal, parenteral (intramuscular, intravenous, 
intraperitoneal, or subcutaneous administration), 
rectal, and nasal administration. Immediate release 
and extended release formulations are also available. 
Intramuscular and oral formulations were found to be 
the most preferably suggested formulations among 
them. For patients who have continuous exposure of 
organophosphate agents prefers oral administration 
of galantamine. Atropine is always advised to be used 
along with galantamine. Presently, the combination 
of atropine and galantamine (galantamine 12 mg and 
atropine 1-12 mg) is also available[51]. Razadyne®, 
Razadyne ER®, Reminyl®, Nivalin®, and Memeron® 
are the various trade names of galantamine available 
in the market.

Adverse effects:

The most common adverse effects associated with 
galantamine were headache and suppression of 
appetite. Gastrointestinal side effects like nausea, 
vomiting, diarrhea, dizziness, abdominal pain were 
very less frequently reported. Usually galantamine 
therapy is associated with reduction in the body weight. 
These concerns can be minimized with slow dose 
escalations[39,52]. The long term exposure of galantamine 
may induce a risk of abortion in women (less than 
0.1%) and increases the tendency to develop cardiac 
hypertension. The overall risk is less in comparison 
with the organophosphate toxicity.

Use of galantamine in special populations[53,54]:

The dose reduction of galantamine is recommended to 
the patients with mild to moderate hepatic impairment 
and highly restricted in the patients with severe hepatic 
impairment. Similarly, galantamine administration 
is strictly restricted in the patients with severe renal 
impairment whereas patients with mild to moderate 
renal diseases are advised to take galantamine in altered 
doses[51]. As galantamine excretion is not influenced 
by the age group of population, geriatric population 
does not require galantamine dose alteration. Females 

are reported to have decreased rate of clearance rate 
compared to men and the effectiveness was not altered 
based on race. Teratogenicity was reported in animals 
following the use of galantamine and in humans, no 
studies were performed to analyze the drug excretion in 
human breast milk and its safety and efficacy in pregnant 
women. Presently, the drug is not recommended to 
pregnant women and lactating mothers. Similarly, the 
drug is not recommended to pediatric population also.

Drug interactions[53,54]:

Synergistic result was observed with galantamine 
when administered with neuromuscular blocker, 
cholinomimetic and cholinergic agonists. Cimetidine 
increases the bioavailability of galantamine. 
Galantamine may not alter the pharmacokinetic 
and pharmacodynamic properties of warfarin and 
digoxin. The drugs which are inhibitors of CYP3A4 
(ketoconazole. erythromycin) and CYP2D6 
(paroxetine) can potentiate the effect of galantamine 
and the use of these drugs are restricted along 
with galantamine or adequate dose reduction is 
recommended. Gastrointestinal adverse effects were 
associated with galantamine and these symptoms 
may sustain until the reduction of galantamine 
drug concentration. Gastroprotective drugs are 
recommended for use along with galantamine. The 
uses of drugs with excessive stomach acid release are 
restricted along with galantamine.

Patient information[53,54]:

Galantamine is contraindicated in the patients who are 
allergic towards galantamine hydrobromide and the 
excipients used. Galantamine can be given twice daily 
(morning and evening) with or without food. Food does 
not interfere with the effectiveness of the drug. Patients 
recommended to use galantamine as a prophylactic 
agent for long duration, should inform physician if 
he is taking any other medication as galantamine can 
interact with many other drugs.

CONCLUSION

Organophosphate compounds used either in the form 
of pesticide or as chemical warfare agent can cause 
sufferings in humans when exposed intentionally 
or unintentionally. Organophosphate compounds 
inhibit AChE and lead to the development of 
hazardous symptoms. Currently, AChE reactivator 
and anticholinergic agents are used to manage 



www.ijpsonline.com

July-August 2016 Indian Journal of Pharmaceutical Sciences 434

organophosphate toxicity. As these agents have their 
own drawbacks, research was continued to find most 
efficacious drug.

The effectiveness of pyridostigmine, physostigmine, 
tacrine, carboxylesterases and huperazine were 
monitored and studies were not further preceded due 
to their long term adverse effects. There are several 
distinctive properties of galantamine, an established 
drug for Alzheimer’s disease, was focused to check its 
applicability in organophosphate compound poisoning 
management. Galantamine showed effectiveness in 
management of organophosphate toxicity by reversibly 
inhibiting AChE. As the drug can cross blood brain 
barrier, it may reversibly inhibit AChE in brain. This 
property of galantamine may lead to a reduction 
in severity and extent of central nervous system 
manifestation. The capacity of galantamine to act as 
nicotinic allosteric ligand and preserve scavenger 
capacity of BChE, anticonvulsant properties and ability 
to prevent neurodegeneration may be found as an added 
advantage in organophosphate poisoning management. 

The effectiveness of galantamine as pretreatment 
and post-treatment agent was observed in 
preclinical studies. The drug is associated with good 
pharmacokinetic properties, less drug interactions and 
minimal side effects. Easy administration methods 
were also available. Considering all these facts, it may 
be concluded that galantamine can be developed as an 
effective choice in management of organophosphate 
poisoning and further studies should be performed in 
humans to confirm these effects in future.
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