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Abstract

We conducted a retrospective study of infants dnltlien with
organophosphate and carbamate poisoning who wemtalized at our
center. The study was designed to determine timécali manifestations
and complications of organophosphate and carbatozity in infants
and children, the usefulness of plasma cholinestesaativity assays for
diagnosis, the efficacy of supportive therapy, #ifect of oxime and
atropine therapy in children, and helps to idengifyan early stage those

patients who would ultimately require ventilatonpgort.
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Aim of the work

We conducted a retrospective study of infants dnltlien with
organophosphate and carbamate poisoning who wemgtalized at our
center. The study was designed to determine:

(1) the clinical manifestations of organophosphated carbamate
toxicity in infants and children.

(2) the complications of organophosphate and caaba poisoning.

(3) the usefulness of plasma cholinesterase actagsays for diagnosis.
(4) the efficacy of supportive therapy.

(5) the effect of oxime and atropine therapy indren.

(6) and helps to identify at an early stage thosgeps who would

ultimately require ventilatory support.

The time of disappearance of symptoms, the recotierg of
cholinesterase (ChE), atropinization time, atropilosage, pralidoxime

chloride dosage, hospitalization days and othgetarwere observed.
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Introduction

The organophosphates and carbamates are usederglaantities
around the world as agricultural insecticides. Togkposure to these
toxic chemicals is a serious global public healibbem, with more than
3 million poisonings and 200,000 deaths reportedr pear
(Jeyaraatnam, 199(. Poisonings are most common among agricultural
workers, manufacturing workers, and small child(@WMalley, 1997).
Suicidal self-poisonings with these easily accdssdgents is a major

problem in developing countrieSénanayake and Karalliedde, 1986

The organophosphates and carbamates are usuadys esi
phosphoric acid, phosphothioic acid, or carbamidd.aclhere is
considerable structural diversity in the side cekamong the commonly
used organophosphates and carbamates. The sides aietermine the
toxicokinetics and toxicodynamics of pesticide poisg (Moretto,
1998. There are more than 200 organophosphates arcar®amates,

formulated into thousands of products (Scheme. 1).
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Kwong (2002)reported in his review that the toxicokinetics and

toxicodynamics of organophosphate poisoning varly ordy with the



route and extent of exposure, but also the cherstoatture of the agent.
The mechanism of toxicity is the inhibition of ageholinesterase,
resulting in an accumulation of the neurotransméteetylcholine and the
continued stimulation of acetylcholine receptorse Btandard treatment
consists of reactivation of the inhibited acetylomesterase with an
oxime antidote and reversal of the biochemical atffeof acetylcholine
with atropine. Patients who receive treatment prtbmpsually recover
from acute toxicity but may suffer from neurologiequelae Kwong,
2002.

TOXICOKINETICS

These pesticides can be absorbed rapidly via altess—
respiratory, gastrointestinal, ocular, and dernile onset of symptoms
Is quickest after inhalatiorvVéle, 199§. Dermal absorption is slower but
can result in severe toxicity if exposure is prged and can be enhanced
if the agent is lipophilic and helped by the solvand emulsifier used in
the formulation Phillips, 2001). Oral ingestion is often accidental by

children but is usually associated with suicideragtts by adults.

The pesticides distribute and accumulate rapidifainliver, and
kidney. The phosphothioates (P=S) are more lipaphihan the
phosphates (P=0) and are stored extensively i fa.phosphothioates
are biotransformed to their active phosphate (Par@logs by oxidative
desulfuration mediated by cytochrome P450. Theegftine appearance
of toxic symptoms after exposure to phosphothipatgicides is delayed.
Most patients become symptomatic within 12 hourexjosure if the
causative agents are not the fat-soluble organgpladss (e.g., fenthion)

or those requiring metabolic activation (e.g., gaicn) (Vale, 199§ and



Aaron & Howland, 1998). Elimination is slow because of extensive fat

storage; for the more lipophilic phosphothioatesan take many days.

TOXICODYNAMICS

The organophosphates and carbamates are powdrinitars of
carboxylic ester hydrolases, including acetylchediierase (found in
nervous tissues and erythrocytes) and butyrylchetgrase (plasma or
pseudocholinesterase). As a result of this enzymidition, the substrate
acetylcholine accumulates. The continued stimubtatend eventual
paralysis of the acetylcholine receptors accountife clinical signs and
symptoms of organophosphate poisoning, includingaatnic, nicotinic,
and central nervous system effect@'Malley, 1997 and Aaron &
Howland, 199§.

The most common manifestations of muscarinic &fed the
parasympathetic nervous system (salivation, ladrana urination,
diarrhea, gastrointestinal distress, and emesispeaemembered by the
acronym SLUDGE. Sweating is due to inhibition ae thympathetic
postganglionic sites. Other frequently seen mustarffects include
bradycardia, bronchorrhea, and miosis. Nicotinieat at the somatic
nerve endings include muscle fasciculation, weaknasd paralysis and,
at the autonomic synapses, hypertension, tachygcaadid dilated pupil
(O’'Malley, 1997 andAaron & Howland, 1998).

Central nervous system manifestations includelesstess,
headache, drowsiness, confusion, slurred speeclbtiaral lability,
psychosis, ataxia, tremor, delirium, and seizur@aniyoung patients,
however, have different clinical presentations: ttl@ssic muscarinic

symptoms typically associated with adults may beeah and the



primary toxic manifestations are those of the @dnibrervous system
(Lifshitz, 1999).

MECHANISM OF TOXICITY

Acetylcholinesterase is one of the most efficieamtyenes, being
capable of an extremely rapid rate of hydrolysisaoétylcholine and
regeneration of the active enzyme. Acetylcholinmcdhtes itself to the
hydroxyl group of serine residue 203 at the actigenter of
acetylcholinesterase to form an enzyme intermedi@sg/lor, 1996).
Breakdown of this intermediate regenerates an @a&nzyme, and in the
process acetylcholine is hydrolyzed. The molecula@chanism of
organophosphate and carbamate toxicity lies inpif@sphorylation or
carbamylation of the same serine residue and thmatoon of an
organophosphorous or carbamyl intermediate withyddd®linesterase.
The phosphorylated or carbamylated enzyme is muwie stable and has
a lower rate of hydrolysis and regeneration of dlctive enzyme. For
some phosphorylated enzymes, the regeneratiorcaat®de so slow that
the phosphorylated acetylcholinesterase is esdignhactive (Moretto,
1998andTaylor, 1996).

Moreover, some of these phosphorylated enzymeslassn an
alkyl group over the next 24 to 48 hours, beforevacenzymes can be
regenerated. This process is referred to as adingaged enzyme is
permanently phosphorylated and cannot be regeelgtespontaneous
hydrolysis or an oxime antidot¥dle, 199§. The powerful nerve agents,
such as sarin and soman, owe their deadly actidhneio very rapid rate
of aging of the phosphorylated enzyme, renderinge th
acetylcholinesterase permanently inactivated veuoyckdy (Taylor,

1996. Compared with the phosphorylated enzyme interated the



hydrolysis of the carbamylacetylcholinesterasermegliate to regenerate
an active enzyme is more rapid. Therefore, carbapaisoning is not as
severe and is self-limiting. In general, the chehistructure of the
organophosphate (mostly the side groups) determinesaffinity to
acetylcholinesterase, time for hydrolysis, and negation of the enzyme,
and therefore the toxicity and time of onset of piams Moretto, 1998
andVale, 1998).

TREATMENT

Because the toxic effects are the consequencesohlthbition of
acetylcholinesterase in the nervous system, leddimag accumulation of
the neurotransmitter acetylcholine at synapsesnaymheural junctions,
the standard treatment of acetylcholinesterase icpest poisoning
consists of the use of atropine, a competitiveyddabline antagonist, to
reverse the biochemical abnormalities at the sysmpesulting from
excess acetylcholine, and the use of nucleophdime, pralidoxime or
obidoxime, to regenerate acetylcholinesterdsedn & Howland, 1998)
andHowland et al., 1998.

The antidote exerts its antidotal effect by a nohelic attack on
the phosphate moiety of the phosphorylated enzymaesulting in
phosphate removal and regeneration of an activeylabelinesterase.
Because aged acetylcholinesterase cannot be ra@ctivoy an oxime
antidote, oxime therapy should be initiated as sa®possible after the
exposure. The structure of the organophosphatechigia is an important
determinant of the rates of enzyme aging and poside

reactivationkwong, 20032).



