
Iran J Med Sci June 2012; Vol 37 No 274

IJMS
Vol 37, No 2, June 2012

Recent Advances in the Treatment of 
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 Introduction                                                                                                                 

Organophosphorous (OPs) compounds have been employed as pes-
ticides, petroleum additives and chemical warfare nerve agents.1 The 
OPs have been used as pesticides for more than 50 years and are still 
used in most developing countries including Islamic Republic of Iran.2 
They are also named anticholinesterase agents as they act by inhibi-
tion of acetyl cholinesterase (AChE) resulting in symptoms and signs 
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 Abstract                                                                                                            
Organophosphorous compounds have been employed as pesticides 
and chemical warfare nerve agents. Toxicity of organophosphorous 
compounds is a result of excessive cholinergic stimulation through 
inhibition of acetyl cholinesterase. Clinical manifestations include 
cholinergic syndromes, central nervous system and cardiovascular 
disorders. Organophosphorous pesticide poisonings are common 
in developing worlds including Iran and Sri Lanka. Nerve agents 
were used during the Iraq-Iran war in 1983-1988 and in a ter-
rorist attack in Japan in 1994-1995. Following decontamination, 
depending on the severity of intoxication the administration of 
atropine to counteract muscarinic over-stimulation, and an oxime 
to reactivate acetyl cholinesterase are indicated. Supportive and 
intensive care therapy including diazepam to control convulsions 
and mechanical respiration may be required. Recent investigations 
have revealed that intravenous infusion of sodium bicarbonate to 
produce mild to moderate alkalinization is effective. Gacyclidine; 
an antiglutamatergic compound, was also proved to be benefi-
cial in conjunction with atropine, pralidoxime, and diazepam in 
nerve agent poisoning. Intravenous magnesium sulfate decreased 
hospitalization duration and improved outcomes in patients with 
organophosphorous poisoning. Bio-scavengers including fresh 
frozen plasma or albumin have recently been suggested as a useful 
therapy through clearing of free organophosphates. Hemofiltration 
and antioxidants are also suggested for organophosphorous poison-
ing. Recombinant bacterial phosphotriesterases and hydrolases 
that are able to transfer organophosphorous-degrading enzymes 
are very promising in delayed treatment of organophosphorous 
poisoning. Recently, encapsulation of drugs or enzymes in nano-
carriers has also been proposed. Given the signs and symptoms 
of organophosphorous poisoning, health professionals should 
remain updated about the recent advances in treatment of organo-
phosphorous poisoning poisonings. 
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associated with cholinergic receptor stimulation. It 
is believed that between 750,000 and 3,000,000 
OP poisoning occur globally every year.3 Organo-
phosphorous pesticides poisoning can result from 
occupational, accidental or intentional exposure. 
Mortality is higher in the developing countries where 
OP pesticides are readily available and may be used 
for suicide. They are estimated to cause 300,000 
fatalities annually.4  

For the first time, OPs were synthesized by von 
Hoffman. In 1873 He synthesized methyl phosphor 
chloride, which led to the synthesis of a number 
of insecticides. The OP warfare nerve agents, 
(commonly called ‘nerve agents’) are much more 
toxic than pesticides.5 

The nerve agents comprise two series includ-
ing G-agents and V-agents. G-agents were pro-
duced in Germany by Dr. Gerhard Schrader team 
in 1930s. They synthesized tabun in 1938 and then 
sarin. These compounds were named after him 
and his two co-workers (“G” means German). The 
G agents comprise fluorine compounds of organo-
phosphate except for tabun (GA). The famous 
agents in this group are sarin (GB; 2-fluoro-meth-
ylphophoryloxypropane), soman (GD; 3-fluoro-
methyl-phosphoryloxy-2, 2-dimethyl-butane), 
tabun (GA; ethyl N, N-dimethylphophoramido-
cyanidate) and cyclosarin (GF; (fluoro-methyl-
phophoryloxycyclohexane). V-agents were syn-
thesized after World War II in the United Kingdom. 
The V was derived from the word victory, the 
share of allied forces from World War II. The V 
agents are sulfur containing organophosphate 
compounds. Among these compounds VE (S-2-di-
ethylamino ethyl O-ethylethylphophonothioate), 
VG (2 diethoxyphosphorylsulfanyl- N,N-diethyl-
ethanamine), VM (2-ethoxy-methylphosphoryl 
sulfanyl-N,N-diethylethanamine), VR (Russian 
VX; N,N-diethy-2-methyl-2-methylpropoxy phos-
phoryl sulfanylethanamine) and VX (S-2 diisopro-
pylamino O-ethylmethylphosphonothioate) are 
important as warfare nerve agents. The V-agents 
are more toxic than the G-agents.5,6 

Nerve agent tabun was used in the battlefield 
for the first time in 1984 by Iraqi army to achieve 
victory against Iran.  From 1983 to 1988, Iraq 
used sulfur mustard and nerve agents such as 
sarin and tabun against Iranian combatants, and 
later against the civilians. Nerve agents were also 
used by Iraq in 1988 against Iraqi Kurdish civilians 
during Halabjah massacre. It was estimated that 
45,000 to 100,000 individuals were poisoned by 
chemical weapons during the Iraq-Iran war. The 
poisoning, which was associated with high mortali-
ties, was mostly caused by the nerve agents.7,8 
Matsomoto (June 27, 1994) and Tokyo subway 
(March 20, 1995) attacks in Japan by sarin are 
other well-known OP nerve agent incidents with 

12 deaths and more than five thousands intoxi-
cated people.9-11 

 Despite the establishment of organization 
for prohibition of chemical weapons (OPCW), 
OP nerve agents are still threat to the human 
population. In addition, wide use of OP pesticides 
in most developing countries including Iran has 
induced health problems. Hence, it is quite logical 
that health professionals should increase their 
knowledge about all aspects of OPs, particularly 
on recent advances in the treatment of pesticides 
and nerve agent poisonings. 

 Chemistry and Toxicology                                 

Organophosphorous compounds including organo-
phosphates are chemically derived from phosphoric, 
phosphonic, phosphinic or thiophosphoric acids. 
Organophosphates are usually esters, amides, or 
thiol derivatives of phosphoric, phosphonic, or phos-
phinic acids. The general formula of organophos-
phates is as follows:

 
R1 and R2 are alkyl-, alkoxy-, alkylthio- or amido 
groups. X is the acyl residue.

Organophosphorous pesticides vary in chemi-
cal structures and toxicities. The main groups are 
phosphate, phosphorothioate, O-alkyl phospho-
rothioate and phosphorodithioate. A phosphor-
thioate compound such as parathion is much 
more toxic than a phosphorodithioate compound 
like Malathion. Apart from the OP pesticides and 
chemical warfare nerve agents, very few OP 
compounds such as glyphosate and merphos 
were used as herbicides. Organophosphorous 
herbicides differ from the OP pesticides structur-
ally and their AChE–inhibiting power is much less 
than the other OPs.12 

Although the term “nerve gas” is frequently 
used, all the nerve agents are liquids at standard 
temperature and pressure. This misunderstand-
ing comes from the first use in World War I of 
CWA such as chlorine and phosgene that are true 
gases. These liquids are tasteless, odorless and 
volatile, and evaporate spontaneously at room 
temperature. The G agents have the density of 
water and evaporate at about the same rate as 
dose water, and have freezing points around 0°C 
and boiling points around 150°C. The VX, in con-
trast, are oily, have a consistency similar to that of 
motor oil, and evaporate very slowly. Thus, it will 
contaminate the environment for a longer period.13
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 Toxicokinetics                                                         

Organophosphorous compounds can easily cross 
the respiratory epithelial and dermal membranes 
because of their lipophilic structures, and thus they 
are formed mostly as aerosol.14,15 Gastric mucosa is 
also very permeable to Ops, and is a classical way 
of absorption in suicidal cases.16 Organophospho-
rous compounds are distributed in the whole body, 
particularly in fatty tissues, and their fast degradation 
usually inhibits their accumulation. 

Some OPs are eliminated without consider-
able metabolism. However, they usually become 
degraded and eliminated in urine, feces and 
exhaled air. Most OP insecticides are activated 
through oxidation in the liver by enzymes of 
cytochrome P450 system and flavin-containing 
monooxygenases. Soman, sarin and other nerve 
agents are inherently active. The main enzymatic 
systems involved in the detoxification of OPs are 
phosphotriesterases, carboxylesterases and 
glutathione-S-transferases. A main detoxification 
pathway of OPs is hydrolysis by esterases called 
‘phosphotriesterases’ (PTEs). The products of the 
reaction display no phosphorylating capability, 
and therefore the hydrolysis of OPs by PTEs is 
considered a detoxification. The most known PTEs 
is human serum paraoxonases.17

Compared to G-agents, VX has several partic-
ular characteristics. The anticholinesterase prop-
erties of VX are as a result of the oxo (O) group, 
and partly the presence of alkyl substituents. The 
VX is present in blood as a protonated amine. It 
is hydrolyzed at a slower rate than G-agents, and 
reacts more slowly with CarbE and A-esterases. 
The VX is also metabolized by other pathways 
like oxidation reactions at nitrogen and/or sulfur.18 

Shih et al. studied the excretion pattern of 
alkyl methylphosphonic acids from sarin, soman 
and cyclosarin in the rat following subcutane-
ous administration with a dose of 0.075 mg/kg.19 
Urinary excretion over the first 24 h constituted 
nearly 90% of the sarin and cyclosarin. Soman 
was eliminated with a slower and biphasic elimi-
nation curve. Approximately 50% was excreted 
within the first 24 h. The initial hydrolysis of tabun 
produces ethyl N, N-dimethylphosphoramidic acid 
and ethyl phosphorocyanidic acid, that are unsta-
ble and hydrolyze further to ethyl phosphoric acid 
and then slowly to phosphate. But the problem is 
that the background of ethyl phosphoric acid in the 
general population is quite variable, presumably 
from pesticides and plasticizers.

The Remnant of unbound OP in patients 
depends on the chemical properties and activity 
of OP hydrolyzing enzymes, like paraoxonases. 
Lipophilic OP compounds such as parathion and 
its active form paraoxon, may distribute widely 

in the body resulting in long-term toxic plasma 
levels.20 

 Mechanism of Toxicity                                          

Toxicity of OPs is the result of excessive cholinergic 
stimulation through inhibition of acetyl cholinesterase 
(AChE). Muscarinic and nicotinic acetylcholine (ACh) 
receptors are found in the central and peripheral 
nervous system. Acetylcholine is a neurotransmit-
ter that contributes to nerve conduction following its 
release in autonomic ganglia at sympathetic pregan-
glionic synapses, at parasympathetic postganglionic 
synapses, and at neuromuscular junctions of the 
skeletal muscle. The actions of ACh are removed 
by hydrolysis by AChE enzyme. 

In human body there are different types of 
cholinesterases, which differ in their location in 
tissues, substrate affinity, and physiological func-
tion. Two main types of cholinesterases include: 
1-Acetyl cholinesterase (AChE) or true cholin-
esterase and 2-Butyrylcholinesterase (BChE) or 
pseudecholinesterase. Acetyl cholinesterase is 
the principal form that is found in neurons, neuro-
muscular junctions and erythrocyte membranes. 
Another form of AChE, which is known as serum 
cholinesterase (ChE), is a group of enzymes pres-
ent in plasma, liver, cerebrospinal fluid and glial 
cells. It is a circulating plasma glycoprotein synthe-
sized in the liver, and does not serve any known 
physiological function. Butyrylcholinesterase acts 
as a stoichiometric scavenger of nerve agents and 
its inhibition appears to have no significant physi-
ological effects in the absence of other toxicants.21 
It has been proposed that BChE may have a role 
in cholinergic neurotransmission, and is involved in 
other nervous system functions. It is also important 
as a biomarker of exposure to OPs.22

Nerve agents react rapidly with a serine 
hydroxyl group in the active site of AChE and form 
a phosphate or phosphonate ester. The G-agents 
are anticholinesterase OP nerve agents that at 
sufficient concentrations can be toxic or fatal by 
any route of exposure. Phosphorylated AChE is 
not able to hydrolyze ACh, and regenerates very 
slowly, thus, the enzyme will remain inhibited until 
new enzyme is generated, or until an enzyme 
reactivator (oxime) is used.23 In addition, binding 
reactions of nerve agents to esterases such as 
AChE, BChE, carboxylesterases (CarbE) and 
other proteins occur. It has also been reported 
that at very high doses of nerve gases, they can 
activate AChE receptors. Both OP pesticides and 
nerve agents lose their acyl radicals when they 
react with AChE, BChE and CarbE. After binding 
to AChE and BChE the phosphoryl residues of 
soman, sarin, tabun and VX undergo an intra-
molecular rearrangement with subsequent loss 



Table 1: Severity grading of organophosphorus poisoning based on the cholinesterase inhibition and atropine dose required for 
atropinization
Grade Butyrylcholinesterase activity 

(%)
Acetylcholinesterase activity 
(%)

Atropine dose for 
atropinization

Mild 40-50 50-90 <2mg
Moderate 10-40 10-50 <2-10mg
Severe <10 <10 >10mg

77 

Advances in treatment of organophosphorous poisoning

Iran J Med Sci June 2012; Vol 37 No 2

of one phosphoryl group. This reaction is known 
as aging (The time between OP exposure and 
the irreversible phosphorylation), and defined as 
non-enzymatic time-dependent loss of one alkyl 
group bound to the phosphorus, which leads to 
a stable non-receivable form of phosphorylated 
AChE that is resistant to both spontaneous and 
oxime-induced reactivation. The aging varies from 
a few minutes (soman) to 22 hours (cyclosarin).24 

As inhibitors of AChE, Organophosphorous 
compounds, may act directly or indirectly. Direct 
inhibitors, such as dichlorvos, are useful with-
out additional metabolic modification following 
absorption, and thus cause rapid symptoms and 
signs during or after exposure. To be effective, 
indirect inhibitors such as malathion need to be 
transformed. All thiono OP pesticides containing 
a P=S bond need activation by oxidation of the 
P=S to the P=O group. The symptoms and signs 
of these compounds appear later, and last longer. 
In addition, due to the reversibility of the binding 
reaction of sarin and soman to CarbE, it appears 
that CarbE is involved in metabolic detoxification 
of these agents to their corresponding non-toxic 
metabolites isopropyl methylphosphonic acid 
(IMPA) and pinacolyl methylphosphonic acid 
(PMPA).25,26 

Organophosphorous compounds poisoning 
can be diagnosed based on a history of exposure 
via intentional or accidental oral OP pesticide 
ingestion, occupational or chemical warfare assult, 
and clinical manifestations. The enzymes inhibited 
by OPs provide specific biomarkers of exposure, 
until the turnover of the enzyme in favorable cases. 
Accessible AChE is found in red blood cells, and 
BChE in the plasma.27 Butyrylcholinesterase is 
usually preferred as an early biomarker due to 
its higher presence and sensitivity than AChE, 
however, is not as specific as AChE. Screening the 
red blood cell concentrations of AChE in individu-
als who are exposed to these agents is essential. 
Although screening has several limitations, it can 
also be used for suspected individuals with nerve 
agent poisoning. Due to interindividual variations, 
it does not provide a reliable evidence for low 
levels of organophosphate exposure at low levels 
due to interindividual variations. Moreover, control 
activity levels are often not available.28 Finally, 
it is less suitable for retrospective detection of 
exposure because of new synthesis of enzyme. 

However, measurement of AChE inhibition is still 
the most widely used method for the assessment 
of exposure to nerve agents.26 Grading of OP 
poisoning severity based on different types of 
cholinesterases are presented in table 1.

Urine metabolites, or adducts to proteins and 
DNA can also be used as biomarkers for detecting 
nerve agent exposure. The main metabolites of 
nerve agents are alkyl methylphosphonic acids that 
are found rapidly in the urine, and can be detected 
up to one week after exposure depending on the 
extent of eposure.29-33 Polhuijs et al described the 
fluoride reactivation technique, which implies the 
release of the nerve agent upon incubation with 
a large concentration of fluoride ions followed 
by analysis of the generated phosphofluoridate 
with gas chromatograpy-mass spectrophotometry 
(GC–MS), which is based on reactivation of the 
phosphorylated enzyme with fluoride ions.34 In 
this way both the origin and extent of the organo-
phosphate poisoning can be determined. Fidder 
and co-workers developed a procedure that is 
based on straightforward isolation of adducted 
BChE from plasma by means of affinity chroma-
tography with a procainamide column, followed by 
pepsin digestion and LC/electrospray tandem MS 
analysis of a specific nonapeptide, containing the 
phosphorylated active site serine-198 residue.35 
The VX hydrolysis product, O-ethyl methylphos-
phonic acid, has been determined by GC–MS in 
serum. Recently, an LC/tandem MS method was 
developed for quantitative determination of IMPA 
in blood and urine. High levels of IMPA appeared 
to correlate with low levels of residual BuChE 
activity in the plasma.36 Diagnosis of a certain 
nerve agent requires toxicological analyses of 
the environmental and/or blood samples for the 
nerve agents. A biosensor which is a potentiom-
eter enzyme electrode has been developed to 
determine OP nerve agents directly.37 A fiber optic 
enzyme biosensor for the direct measurement of 
OP nerve agents is also introduced. Using the 
kinetic response, concentrations as low as 2 μM 
can be measured in less than two minutes.38

 Albumin is another target following nerve 
agent exposure.36-40 Moreover, α-glucoronidase 
in liver has been proposed as a biomarker of 
exposure to Ops.41 Diagnosis of the delayed neu-
rotoxic effects can be made by estimation of NTE, 
although it is not probable to occur following the 
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nerve agents poisoning. 

 Acute and Chronic Clinical Manifestations      

Acute Effects
Clinical effects after OP exposure can be 

divided into acute and chronic manifestations. The 
acute effects of OPs depend on the site of expo-
sure, which can be following inhalation, skin or 
eye contact, or ingestion. However, large doses all 
exposure routes cause similar effects.36 For most 
OP pesticides, dermal exposure and subsequent 
absorption through the skin is the most common 
way of poisoning in occupational exposure. Per-
cutaneous absorption of OPs varies according to 
the exposed site and the ambient temperature. 
The VX was absorbed nearly eight times more 
rapid from facial skin than from the volar forearm, 
and the absorption increased considerably as the 
temperature rose from 18 to 46°C in the site. Initial 
local effects of liquid include muscular fascicula-
tion’s and sweating at the site, malaise and weak-
ness. The initiation of these effects is immediate, 
usually after an interval of 10 to 30 min.42

Although occupational and accidental inges-
tion may occur in children and work settings, the 
oral route of entry is important in intentional OP 
pesticide poisoning. Nausea, vomiting, abdominal 
pain, and diarrhea as well as cholinergic syn-
drome, central nervous system and cardiovascular 
problems may occur in moderate to severe oral 
OP poisoning.43 

Exposure to low-vapor levels can involve the 
eyes, nose, and airways. Visual disturbances, 
rhinorhea, and/or dyspnea can develop seconds 
to several minutes after exposure. Eye contact 
with vapor causes miosis that may be accom-
panied by deep eye pain, conjunctival irritation, 
and visual disturbances. Inhalaltion of high-vapor 
concentration can induce consciousness within 
one or two minutes and then cause seizures, 
flaccid paralysis, and apnea and the victims may 
die within 30 minutes in the absence of immediate 
medical care.44

Cholinergic clinical manifestations of OPs are 
as a result of excessive ACh receptors (muscarinic 
and nicotinic) stimulation, which appear during 
the first few hours after exposure.28 Muscarinic 
receptors include dizziness, nausea, vomiting, 
abdominal pain, diarrhea, miosis, blurred vision, 
salivation, lacrimation, urination and respiratory 
dysfunctions. Major effects on the respiratory 
system include bronchoconstriction and increased 
bronchial secretion leading to respiratory failure, 
which is the main cause of mortality.

Nicotinic effects include easy fatigue, weak-
ness, muscle cramp, fasciculations, skeletal 
muscle twitching, convulsions and flaccid paralysis. 

Central nervous system effects include: irritabil-
ity, nervousness, giddiness, ataxia, fatigue, and 
generalized weakness, depression of respiratory 
and circulatory centers with dyspnea, cyanosis, 
hypoventilation and hypotension, lethargy, impair-
ment of memory, confusion, convulsions, coma 
and respiratory depression.45-48 Consequently, 
depression of respiratory and vasomotor centers 
in the brain can occur and deteriorate the clinical 
picture.49 With moderate to large doses of OPs, 
nicotinic and central stimulation predominates 
over most muscarinic effects. Death is usually 
due to respiratory and cardiovascular failure.50 The 
most life-threatening complication is respiratory 
failure, that is the most severe result of the nerve 
agents.51,52 One of the remarkable problems in 
the nerve agent poisoning is hypoxia, which may 
lead to cerebral edema, convulsions, and histo-
pathological brain damage.

Cardiovascular complications are sometimes 
severe and life threatening.53,54 Acute OP poison-
ing is associated with ventricular arrhythmias, 
tachycardia or bradycardia, and mild myocardial 
ischemia.55 Exaggerated cholinergic stimulation 
increases the vagal nerve influence on heart 
rate and induces bradycardia and slowed car-
diac conduction, leading to a decrease in cardiac 
output. However, in practice, tachycardia is usually 
observed as a result of fear and anxiety. Elec-
trocardiogram abnormalities consist of idioven-
tricular dysrhythmias, atrial fibrillation, multiform 
ventricular extra systoles, ventricular fibrillation, 
and complete heart block.52,56-58 Intermittent ST-T 
wave alterations and second-degree atrioventricu-
lar heart block also occurs. The nerve agents; 
tabun, sarin, soman, or VX at 5 to 10 times the 
LD50 in guinea pigs induced circulatory arrest a 
few minutes after apnea in nontreated animals. 
Histopathological changes compatible with toxic 
myocarditis were observed following sarin and 
soman in animal experiments, but it has not been 
reported in humans.58  

Intermediate Syndrome 
The intermediate syndrome, which occurs on 

1-4 days after acute poisoning, consists of marked 
weakness in the proximal skeletal muscles, respi-
ratory muscles, and cranial nerve palsies.59,60 
Intermediate syndrome is due to cholinergic over 
activity at the neuromuscular junction, and a con-
nection has been made between the intermediate 
syndrome and OP-induced myopathy. Studies 
conducted in the 1990s have shown that interme-
diate syndrome is associated with an excretion of 
cholinesterase inhibitor metabolites in the urine 
and by a severe depression in cholinesterase 
levels. It has been reported following exposure to 
specific OP pesticides with a dimethyl phosphate 



Table 2: The grading of clinical severity of organophosphate poisoning
Grade Symptoms Signs
Mild Dizziness, anxiety, headache, tightness 

of breath
Rhinorrhea, sweating, salivation, nausea, 
weakness, coughing, lacrimation, mild 
bradycardia and Hypotension

Moderate 
Restlessness, confusion, dyspnea, 
disorientation, abdominal pain, vomiting, 
diarrhea, drowsiness

Pallor, meiosis/mydriasis*, bradycardia/ 
tachycardia, hypertension/hypertension*, 
muscle twitching, fasciculation, respiratory 
depression, bronchorrhea, bronchospasm, 
loss of consciousness

Severe
___ Convulsions, respiratory failure, pulmonary 

edema, flaccid paralysis, involuntary mic-
turation/defecation Cyanosis, deep coma

Fatal ___ Coma, convulsions, hyper secretions and 
apnea within a few minute after exposure

*Depending on the muscarinic or nicotinic syndrome domination, miosis or mydriasis, bradycardia or tachycardia, hypertension 
or hypertension may occur. Moderate: Worsening of the above features plus the followings; Severe: Worsening of the above 
features plus the followings
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moiety such as fenthion, dimethoate, dichlorvos 
and methylparathion, but has also been observed 
following parathion exposure.60,61 It was suggested 
that the condition might reflect the recirculation of 
lipid soluble cholinesterase inhibitors from body fat 
compartments or gastric fluids.62 The intermedi-
ate syndrome has not been reported after nerve 
agents poisoning. 

Clinical severity grading of OP poisoning as 
mild, moderate, severe and fatal are summarized 
in table 2.

Chronic Effects
Chronic poisoning may occur in workers 

(mainly agricultural workers) with daily exposure 
to OP compounds. Some OP pesticides are able 
to induce organophosphate-induced delayed neu-
ropathy (OPIDN). It is a symmetrical sensorimotor 
axonopathy, which is most severe in long axons, 
and occurs seven to 14 days following exposure. 
Organophosphate-induced delayed neuropathy is 
initiated by phosphorylation and subsequent aging 
of >70% of the functional neuropathy target ester-
ase (NTE) in peripheral nerves. The mechanism 
is believed to be via inhibition of NTE or a trophic 
factor such as depletion of ornithine decarboxylase 
in spinal cord.63 A case of sensory polyneuropathy 
seven months after sarin poisoning has been 
reported.64

Chronic OPIND 
This occurs without cholinergic symptoms 

and apparently is not dependent on AChE inhibi-
tion. It is a symmetrical sensorimotor axonop-
athy, tending to be most severe in long axons 
and occurring after several exposures.65,66 The 
most common symptoms of Chronic OPIND 
(COPIND) include cognitive deficit (impairment 
in memory, concentration and learning, problems 

with attention, information processing, eye-hand 
coordination and reaction time), mood changes 
(anxiety, depression, psychotic symptoms, and 
emotional labiality), chronic fatigue, autonomic 
dysfunction, peripheral neuropathy and extrapyra-
midal symptoms such as dystonia, resting tremor, 
bradikynesia, postural instability and rigidity of face 
muscles. Diagnostic criteria for COPIND include: 
1-repeated exposure to organophosphates;  2-at 
least four of the following: (a) personality change 
and destabilization of mood, (b) impairment of 
concentration, (c) impaired exercise tolerance, 
(d) reduced tolerance to alcohol, (e) heightened 
sensitivity to organophosphates; 3-at least three of 
the following: (a) exacerbation of “dippers flu”, (b) 
impulsive suicidal thinking, (c) language disorder, 
(d) heightened sense of smell, (e) deterioration 
of handwriting”.61 Tan et al, recently hypothesized 
that COPIND could be derived from withdrawal 
of OP pesticide after chronic low-level exposure 
or acute exposure.67

The most significant long-term neurologic effect 
of nerve agent exposure is hypoxic encephalopa-
thy, which is one of the most important long-term 
neurologic sequels of nerve agents.6 Sensory 
nerve dysfunction of the lower extremities is 
more prevalent than motor nerves, which was 
predominantly a distal sensory deficit.68 Tempo-
rary psychological effects such as depression, 
fatigue, insomnia, irritability, nervousness and 
impairment of memory have been described after 
nerve agents exposure.69-71

An electroencephalogram (EEG) in a patient 
intoxicated with sarin showed considerable slow-
ing with bursts of high voltage waves at a rate of 
five per second epileptic type changes of EEG 11 
months after the exposure.72,73 Soman induced 
increasing cyclooxygenase-2 in damaged brain 
regions such as hippocampus, amygdale, piriform 
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cortex and thalamus that was correlated with sei-
zure intensity.74

 Biochemical and Hematological Abnormalities  

Acid-base and electrolyte disturbances are a 
common feature following severe OP poisoning. 
Nerve agent victims do not display a high anion 
gap metabolic acidosis that is observed in acute 
cyanide poisoning.6 Hypokalemia, hyperglycemia, 
elevation of serum amylase (an indicator for acute 
pancreatitis), transient elevation of liver enzymes, 
hematuria, leukocyturia, and proteinuria may occur. 
Arterial blood gas analysis and estimation of serum 
electrolytes, liver and kidney function tests, serum 
amylase, creatin phosphokinase (CPK) and lactate 
dehydrogenase (LDH), blood cell count and other 
hematological tests may be disturbed, and thus 
required to be performed for the management of 
patients.42  

Death after nerve agent exposure and severe 
OP pesticides poisoning is mainly due to respira-
tory failure resulting from depression of the respi-
ratory center, paralysis of respiratory muscles 
and obstruction caused by bronchospasm and 
bronchial secretions. Some animal studies sug-
gest that lack of central drive is the major factor.51 
Cardiomyopathy in soman and sarin-intoxicated 
rats has been reported, which may be a contribu-
tory cause of death.58

Status seizures occurred in animals after 
very high doses of sarin, soman, or VX despite 
early treatment with atropine and pralidoxime. 
Prolonged seizures may cause anoxia and mor-
phological brain damage which induces more 
morbidity and mortality.75

 
 Pretreatment in OP Nerve Agents Poisoning  

Pretreatment with reversible carbamate AChE inhibi-
tors, such as pyridostigmine and physostigmine, 
increases the efficacy of post-exposure treatment 
of soman because it can not reach AChE molecules 
which have already bounded by the carbamate. 
Pretreatment is not useful against sarin and VX 
poisoning, because physostigmine is toxic at the 
amounts required. Pyridostigmine is the drug of 
choice for pretreatment with the dosage of 30 mg 
orally twice daily.76

Medical Management of OP Poisonings                         

Primary Protection and Care
The first step in managing chemical victims 

is that the emergency responders must protect 
themselves to prevent contamination resulting 
from contact with casualties and the environment. 

Initial standard treatment of a nerve agent poi-
soning includes the administration of atropine to 
counteract muscarinic over-stimulation, an oxime 
to reactivate OP-inhibited AChE, and benzodiaz-
epines to protect against central nervous system 
seizures.6 This should be done via an auto injector 
that is provided for the combatants.

Decontamination
Decontamination must be performed at the 

earliest opportunity to limit percutaneous absorp-
tion of the agent, and to prevent contamination 
of the rescuers. Complete decontamination is 
necessary before patients enter a health care 
center. Gastric aspiration and lavage is indicated 
in case of OP oral ingestion. If the eyes have been 
exposed, they should be irrigated as soon as 
possible with water and saline. Decontamination 
solutions, which are usually composed of strong 
alkaline chemicals, are used for efficient detoxifi-
cation of chemical warfare agents.77 Some of the 
proposed decontaminants are aqueous mixtures 
(Sandia Foam, Decon Green), organic solutions 
(GD5, GD6F, and GDS2000) or sorbent pow-
ders (M100).77-80 Recombinant DNA-derived AChE 
represented a great improvement over wild-type 
AChE as bioscavengers. Using the cell immobi-
lization technology, immobilized Escherichia coli 
with surface expressed OP hydrolase was made to 
detoxify nerve agents.81,82 By protein engineering 
techniques one BChE mutant G117H was made 
to hydrolyze V and G agents but reaction was too 
slowl.83 Organophosphate acid hydrolyses (OPAH) 
from two species of ateronomas were cloned 
and sequenced to detoxify G agents, which was 
effective.84 New polymers based on a dimethyl-
acrylamide-methacrylate (DMAA-MA) co-polymer 
backbone are now available that support both 
chemical and biological agent decontamination.78 

Recently, some decontaminants are dispersed 
in the form of fog, powder or aerosol produced 
that exhibit active degradation of VX, G agents 
and mustard gas (HD) to non-toxic products.85 In 
case of contact exposure with VX a simple and 
non-invasive application of cooling have been 
reported to be dramatically useful.86,87

In a recent systematic review,88 the authors 
suggested the following treatment protocol that 
include removal of contaminated clothes, wash-
ing the poisoned person, administering sodium 
bicarbonate, administering activated charcoal 
(single or multiple doses), gastric lavage, α2 
adrenergic agonists, organophosphorous hydro-
lases, oximes, atropine, benzodiazepines, butyr-
ylcholinesterase replacement,  glycopyrronium 
bromide (glycopyrrolate), magnesium sulphate, 
N-methyl-D-aspartate receptor antagonists, and 
neuroprotective agents.
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Antidotes
The famous antidotes of OPs are atropine and 

oximes. However, investigations over the recent 
years have introduced new adjunct therapy and 
cheap medications such as sodium bicarbonate 
and magnesium sulfate as well as antioxidants 
that should be considered for the management 
of OP poisoning. 

Atropine Sulfate
Atropine sulfate blocks the effects of high con-

centrations of acetylcholine at muscarinic cholin-
ergic synapses following OP inhibition of AChE, 
and is used as the drug of choice in acute OP 
poisoning. Atropine counteracts the muscarinic 
symptoms of OP poisoning including sweating, 
salivation, lacrimation, nausea, rhinorrhoea, vomit-
ing and diarrhea, and can control cardiovascular 
problems. However, it is not effective on nico-
tinic receptor-medicated manifestations in such 
patients. However, The roles of atropine in OP 
poisoning are much more complex than in mus-
carinic blockade.89 It has been shown that atro-
pine have anticonvulsant effects and inhibits brain 
damage caused by certain OPs.90 Other authors 
have demonstrated that atropine can only partly 
block convulsions following exposure to Ops, while 
GABA and glutamate are  involved in cholinergic 
overstimulation in the CNS.91,92 In a study in rats 
it was revealed that atropine treatment reduced 
local use of cerebral glucose and brain damage 
during seizures induced with soman. Recent find-
ings indicated that the dose of atropine given as 
antidotal therapy can significantly influence mea-
sures of nerve agent toxicity and responsiveness 
to anticonvulsant therapy.93

Atropine should be used to dry the secretions 
and improve cardiovascular and respiratory mani-
festations.87 Thus, no actual dose is determined for 
atropine. Atropine should be administered intra-
venously in doses that produce mild to moderate 
atropinization as soon as possible. Severity grad-
ing of OP intoxication can also be estimated based 
on the initial atropine dose required for atropiniza-
tion as indicated in table 1. The same amount as 
the primary atropinization dose should be used 
in 500 mL dextrose 5% to sustain and repeat 
the atropinization, as required until the patient 
becomes asymptomatic. Atropine antagonizes the 
muscarinic and some of the CNS effects of OP poi-
soning, but is not as effective on skeletal muscle 
weakness, seizures, or unconsciousness.94 Aero-
solized atropine can be administered quickly by 
inhalation that influences the lungs directly while 
being absorbed systemically.95

Oximes
Based on chemical structures, oximes can 

be divided in two groups including the mono-
pyridinium and bispyridinium oximes. The only 
monopyridinium oxime that is used at present is 
pralidoxime (PAM-2). The most notable bispyri-
dinium oximes consist of trimedoxime (TMB-4), 
obidoxime (LuH-6, Toxogonin) and asoxime (HI-6). 
The antidotal potency of pyridinium oximes is as a 
result of reactivation of the phosphorylated cholin-
esterases.96,97 Oximes can reactivate phosphory-
lated cholinesterases via replacing the phosphoryl 
moiety from the enzyme. Phosphorylated oximes 
are produced during this reaction and some of 
them seem to be potent inhibitors of AChE.98 The 
choice of oximes is based on the data presently 
available and may also be dependent on factors 
other than protection against lethality, such as cost 
and availability of the oximes and their side effects. 
Obidoxime (Toxogonin) is likely to cause more 
toxic effects than pralidoxime and HI6. asoxime 
is the least toxic, but is less unstable in solution 
and is not commercially available in many parts 
of the world.18 In soman-intoxicated guinea pigs, 
HI6 was therapeutically slightly more effective than 
HLo7, but was less effective than HLo7 against 
tabun intoxication.99 

Pyridinium oximes are mostly used against OP-
inhibited AChE in the peripheral nervous system 
and not as much in CNS. This is due to a limited 
penetration across the blood–brain barrier (BBB). 
However, it appears that the oximes penetrate 
BBB more than expected, since in soman poison-
ing oxime concentration in the brain was high.100 

Recent studies in rats have shown that modu-
lation of the BBB by a drug like tariquidar is of 
great value in enhancing the efficacy of oximes.101 
The induction of local inflammatory processes 
and increase of brain–blood flow may also have 
some roles in enhancing the penetration of oximes 
through BBB.  Sakurada et al have determined 
the amount of PAM-2 passing across the BBB at 
approximately 10% of the given dose. This amount 
may be effective in the reactivation of OP-inhibited 
AChE in the brain. A new class of amidine-oxime 
reactivators of organophosphate (OP)-inhibited 
cholinesterases (ChE) have been reported to have 
increased BBB penetration with greater reactiva-
tion rates for OP-BuChE than pralidoxime (2-PAM) 
and monoisonitrosoacetone, but lower rates for 
OP-AChE reactivation compared to 2-PAM.102 

In another study, the authors demonstrated that 
purified human and rabbit serum paraoxonase1 
significantly protected against sarin and soman 
exposure in guinea pigs.103 Newly developed 
oximes (K206, K269) are relatively effective in 
reducing cyclosarin-induced lethal toxic effects 
in mice. Their therapeutic efficacies exceed the 
therapeutic potency of obidoxime but not HI-6.104 
Relative therapeutic effects of oximes in different 



Table 3: Relative therapeutic effects of different oximes in organophosphate nerve agents poisoning
Oximes GA Sarin GB Soman GD Tabun GF VX
Pralidoxime +++ ++ + + +++
Pyrimidoxime ++ ++ ++ + ++
Obidoxime ++ +++ ++ ++ +++
HI6 +++ ++++ ++ ++++ +++
HLo7 ++++ +++ ++++ ++++ ++
HGG12 N/A +++ + N/A N/A
NA: No data available; +:Least effective; ++: Partially effective; +++: Moderately effective; ++++: Most effective
G: German; GA: G agent A; GB: G agent B; GD: G agent D; GF: G agent F; VX: Victory agent X
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OPs are presented in table 3.
Pralidoxime should be administered intrave-

nously at 30 mg/kg initially over 30 min, followed 
by constant infusion of 8 mg/kg/hr in dextrose 
5% solution.105 It could be continued until the full 
recovery or until atropine is required. Obidoxime 
was hepatotoxic at high recommended doses 
of 8 mg/kg initially, and 3 mg/kg/hr. It may be 
given at a dose not more than 500 mg initially 
and 750 mg/day. Liver function tests should be 
checked regularly during obidoxime therapy to 
avoid severe hepatotoxicity. Adverse effects of 
PAM-2 iodide include dizziness, blurred vision, 
occasional diplopia, impaired accommodation, 
nausea and headache. The use of PAM-2 iodide 
in conjunction with atropine and diazepam has 
been shown to be very useful. However, PAM-2 
lacks the efficacy against tabun and soman and 
hence, can’t be considered as the drug of choice 
in nerve agent poisoning.106

Benzodiazepines
Benzodiazepines (BDZ) have several effects. 

Most importantly, they are CNS depressants, 
anxiolytics and muscle relaxants through action 
at the gamma-aminobutyric acid (GABA) recep-
tors.72 The receptor for GABA, a major inhibitory 
neurotransmitter, is a ligand gated chloride ion 
channel, and contribute to nicotinic acetylcholine 
and glycine receptors. In a study on rat cerebral 
cortex, it was demonstrated that organophos-
phates in high dose inhibited GABA metabolism 
in synaptosomal preparations.107 The main effect 
of benzodiazepines in CNS is hyperpolarization 
of neurons resulting in less susceptibility to cho-
linergic depolarization. Benzodiazepines such as 
diazepam, alter GABA binding to its receptor allo-
sterictly, but do not directly activate the receptors. 
Administration of atropine and diazepam at the 
same time is more efficient in decreasing mortality 
in soman poisoning than atropine or oxime alone. 
Diazepam enhances the efficacy of low doses of 
atropine, and decreases the synaptic release of 
ACh in the cholinergic nervous system.108

On the other hand, benzodiazepines have 
favorable effects on anxiety, restlessness, 
muscle fasciculation, seizures, apprehension and 

agitation, and decrease morbidity and mortality 
when used together with atropine and an oxime 
in nerve agents poisoning.109 Diazepam should 
be administered when convulsions or pronounced 
muscle fasciculation are present. In severe poison-
ing, it should be considered even before the occur-
rence of these complications.110 The dose of diaz-
epam in OP poisoning is 5–10 mg intravenously 
in the absence of convulsions, and 10–20 mg 
intravenous bolus in its presence. Its use should 
be continued as required.111,112 The recommended 
dose of diazepam by World Health Organization 
(WHO) is 5–10 mg intravenously over a period 
of 3 min that can be repeated every 10–15 min 
in adult patients up to a maximum of 30 mg. For 
children, it is 0.2–0.3 mg/kg given intravenously 
over 3 minutes. The maximum dose for children 
up to 5 years old is 5 mg, while up to 10 mg can 
be used for children who are older than 5 years. 
Several authors have reported that compared with 
other benzodiazepines midazolam may stop the 
seizures faster and at lower blood concentrations 
when applied intramuscularly.113,114

Gacyclidine
Gacyclidine is an antiglutamatergic compound 

that was proved to be beneficial in conjunction 
with atropine, pralidoxime, and diazepam in nerve 
agents poisoning. Electroencephalogram findings 
demonstrated that gacyclidine inhibited seizures 
that were induced by soman. It also markedly 
enhanced clinical recovery of soman-challenged 
primates. Gacyclidine inhibited the neuropathol-
ogy that occurred three weeks following soman 
exposure in animals. In the presence of severe 
nerve agent poisoning, gacyclidine can be a useful 
adjuvant therapy along with the present available 
polymedications of OP nerve agent poisonings.115 

Sodium Bicarbonate
It has been suggested that intravenous infusion 

of sodium bicarbonate produces moderate alka-
linization (blood pH between 7.45 and 7.55) in OP 
pesticide poisoning. Sodium bicarbonate was first 
used to correct the metabolic acidosis. Regarding 
its enhanced therapeutic effects, the infusion of 
higher doses of sodium bicarbonate (5 mEq/kg in 
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60 min followed by 5-6 mEq/kg/day) was shown 
to be useful.116 It may also be effective in nerve 
agents poisoning, and thus should be added to 
the treatment regimen. The alkalinization products 
of nerve agents such as soman are shown to be 
less toxic and hence, the IV infusion of sodium 
bicarbonate may even be more beneficial in nerve 
agents poisoning. 

Magnesium Sulphate
Intravenous magnesium sulfate (4 g) given in 

the first day after admission have been shown 
to decrease hospitalization period and improve 
outcomes in patients with OP poisoning.117 Mag-
nesium sulfate blocks calcium channels and thus 
reduce acetylcholine release. It also reduced CNS 
overstimulation resulting from NMDA receptor 
activation and reversed the neuroelectrophysi-
ological defects.118

Adrenergic Agonists
The alpha2-adrenergic receptor agonists such 

as clonidine can reduce acetylcholine synthesis 
and release in presynaptic junctions. Although 
clonidine has been used successfully in animal 
models, the therapeutic effects of alpha2-adren-
ergic receptor agonists on human are not fully 
known.119 

Antioxidants
Induction of reactive oxygen radicals and their 

contributors such as decreased total antioxidant 
capacity, and increased thiobarbituric reactive 
substances and lipid peroxidation occur in OP 
poisoning either as acute, subchronic or chronic 
exposure.120 Thus, antioxidants treatment may 
be beneficial in these patients. In a study on rats, 
vitamin E was reported to have therapeutic effects 
in dimethoate and malathion- induced oxidative 
stress in rat erythrocytes.121 

New Treatments
Removal of OPs from blood using haemodialy-

sis, haemoperfusion or haemofiltration is not clear. 
In a recent report, it was claimed that haemofiltra-
tion after dichlorvos poisoning had revealed ben-
eficial therapeutic effects.122 Bio-scavengers such 
as fresh frozen plasma (FFP) or albumin has been 
recently suggested as a useful therapy through 
clearing of free organophosphates. In a non 
randomized controlled study of 12 patients and 
21 control, authors found that FFP therapy may 
increase BuChE levels in OP poisoned patients 
and may prevent the development of intermediate 
syndrome and mortality rate.123 In another study, 
despite significant increase in BuChE concentra-
tions with FFP, authors did not find considerable 
benefit following treatment with FFP or albumin.124 

Some nerve agents such as tabun and cyclo-
sarin are resistant to treatment. In a study, authors 
reported that modified cyclodextrin detoxified dif-
ferent nerve agents including the phosphorami-
date tabun. More potent oximes have been pro-
posed to be produced using 3D structure of the 
complexes between current oximes and OP-AChE 
conjugates based on molecular modeling.125 

In a recent study, brain cell therapy and neu-
ronal regeneration was employed as a valuable 
method for delayed treatment against OP intoxi-
cation. Results from soman-poisoned mice dem-
onstrated that cytokine treatment induced migra-
tion and engrafting of stem cells in injured brain 
tissue that led to differentiation into functional neu-
rons.126 However, this method does not ameliorate 
memory performance in soman-poisoned mice.79 
Cytokine treatment has also enhanced neuronal 
regeneration in the hippocampus.127 More studies 
in this area are necessary to identify the potential 
role of gene and cell therapies in OP poisoning.

 The safe short-induction vectors, and recombi-
nant bacterial phosphotriesterases and hydrolases 
that are able to transfer OP-degrading enzymes 
are very promising in delayed treatment of OP 
poisoning.128 They exert their protective actions 
via break down of OP pesticides. Genomics and 
proteomics research has targeted newer therapeu-
tic modalities by increasing our knowledge in the 
toxicity of OP compounds.129 Recently, encapsula-
tion of drugs or enzymes in nanocarriers has been 
proposed to enhance the BBB crossing.130 It is thus 
hoped that more effective treatment will soon be 
available for severe neurotoxic effects of human 
OP pesticides and the nerve agents poisonings.

Advanced Neuroprotective Drugs
Delayed medical management of convulsion 

and neuroprotection in OP poisoning needs newer 
agents since BZD are shown to have few thera-
peutic effects after the onset of seizure.131 Neuro-
protection can be implemented via anticholinergic 
and antiglutamatergic agents, since the CNS toxic 
effects results from increased excitory release of 
glutamate. New pharmacological agents such as 
huperzine A, which is a reversible ChE inhibitor 
with imidazenil, 1 is a GABA A receptor modulator 
and have shown beneficial in animal studies.132 
Huperzine A has also revealed useful effects in 
post-exposure treatment to prevent seizures and 
status epilepticus by blocking NMDA-induced exci-
tation toxicity.133  Anti-muscarinic drugs that show 
antiglutamatergic properties such as aprophen, 
benactizyne and caramiphen in adjunction with  
oximes and atropine may protect nervous injury.134  

Ketamine, a noncompetitive NMDA receptor 
antagonist, can be used until one hour following 
nerve agent-induced seizures specially, when 
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administered in combination with midazolam 
or diazepam.135 In a recent study, Tezampanel, 
another glutamate receptor antagonist, which 
is specific for kainate sub-type receptors, was 
reported to be useful against soman-induced 
seizures and neuropathy in patients exposed to 
nerve agents.136

For intermediate syndrome, which is resistant 
to the standard treatment, supportive therapy and 
consideration of artificial respiration are recom-
mended. For OPIDN, standard therapy should 
be accompanied with neuroprotective drugs like 
corticosteroids. Protease inhibitors have been 
useful in protecting the NTE and preventing the 
establishment of delayed neuropathy.131 However, 
further studies are required both experimentally 
and clinically to find out effective treatments for 
severe OP poisonings. 

Prevention
Prevention of OP poisonings is vital, and 

should be implemented in developing countries 
where OP pesticides are readily available and 
may be used for self-poisoning.1-4 Prevention of 
nerve agents poisonings need different strategies, 
as they are used for chemical war and terrorist 
attacks. Organization for prohibition of chemical 
weapons (OPCW), which was established in 1997 
in the Hague, the Netherlands has been very 
effective so far as an international organization on 
implementation of chemical weapons convention. 
It is hoped that no more chemical war or terrorism 
by the nerve agents will occur in the future.

 Conclusions and Recommendations               

Organophosphorous compounds, either as pesti-
cides or nerve agents, have caused a considerable 
morbidity and mortality in the recent decades in 
some countries including Iran, Sri Lanka and Japan. 
Organophosphorous pesticides are still available in 
most developing countries, and may cause occupa-
tional, accidental, and intentional poisonings. Recent 
investigations have revealed more understanding 
on the basic principles of treatment, and more new 
medications are now available for the manage-
ment of OP poisonings. However, further studies 
are required to find out more effective treatments 
for the severe OP poisonings.

Appropriate legislations and pesticides control, 
particularly OPs, which are the most commonly-
used pesticides, are recommended for the devel-
oping countries, especially those with poor regula-
tions and controls. It is hoped that OPCW continue 
to prevent chemical war and terrorism using the 
nerve agents in the future as well.
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