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Abstract: PbOlphamidon, I. Iyuemic organophosphate inlecticide, (104 mglkg - dose '/,lh of LO..
Jiven ip), produced leveral autonomic, neurolOJical and behavioral effects in mice with peak effecil
being at l~ min. Similar dOle in rau 1.110 abolishd conditioned avoidance: response. Pre·trealmCllI
with alropine, iproniazid, alpha-methyl·p-tyroline. p-chlorophenylalanine or thiosemicaroazide reduce:
many of theu: effecil. This lugeesil that phOlphamidon loxicity involves the central cholinergic,
adrenerJic, serotonereic and GABAefJic sylle:nu in addition 10 peripheral cholinergic effecu.
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INTRODUCTION

Phosphamidon (PMD) is a broad spectrum
organophosphate insecticide which is coming
in use. It is metabolised by microsomal mixed
function oxidases (I) in the living system to
become an active anticholinesterase (AChE) agent
(2). Its lethal effects are attributed mainly to AChE
inhibition in various tissues (3, 4). Little is known
about its effects on the central nervous system.
Since the compound may produce occupational
hazard, the present paper describes the acute toxic
effects of PMD on some neurophysiological func­
tions and their possible mechanisms.

METHODS

The study was conducted ·in male swiss mice
(20- 26 g) and wister ralS (150-200 g) maintained
on peUet diet and water ad libitum. The drugs used
were: Technical grade phosphamidon (2-chloro­
2-diethyl carbamoyl-I-methyl vinyl dimethyl

phosphate, Ciba-Geigy Ltd. 85%); atropine sulphate
(Aldrich); iproniazid phosphate (Sigma); (DL)-P·
Chlorophenylalanine (Sigma) and thiosemicarbazide
(S.D. Laboratories). They were diluted in normal
saline and were administered, ip (volume: 0.1 mil
10 g for mice and Iml/200 g for rats).

Median lethal dose (LDsJ : The ip LOS!) of PMD
was determined (5) using 5 groups of 10 animals
each with doses ranging from 4 to 8 mg/kg, deaths
being observed upto 24 hr.

Acute neurobehavioral toxicity: The animals
were treated (ip) with PMD (1.4 mg/kg in mice
and 1.5 mglkg in rats i.e. t/4th of LOse.>, respec­
tively. The autonomic (diarrhoea, urination,
piloerection, lacrymation, salivation and ear skin
color), neurological (restlessness, passivity, tremor,
convulsion, and forced locomotor. activity) and
behavioral (spontaneous motor activity, exploratory
behavior and conditioned avoidance response)
efrcclS were assessed as described by Turner (6) at
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15 min, the peak effect of PMD as determined in
separate experiments. The parameters were studied
in mice except that the condilioned avoidance
response (CAR) was assessed in rats.

Drug pre-treatment

In some experiments, the animals were pre·
treated (ip) with either atropine (10 mg/kg, 20 min.
prior), iproniazid (100 mg/kg, 24 hr prior), alpha·
methyl-p-tyrosine (AMPT, 200 mg/kg, 4 hr prior),
P-chlorophenylalanine (PCPA, 200 mg/kg, 12
hourly for 3 days) or thiosemicarbazide (TSC, 5
mglkg, 4hr prior) followed by PMD administration.

The data was analysed by unpaired student's
't' test.

Ind. J. PhYliol.. Phannae., 1990; 34(2)

RESULTS

PMD produced a dose dependent mortality in
mice and rats. LD30 (ip) was 5.7 ± 0.7 in mice and
6.1 ± 0.8 mg/kg in rats. Peak effect following
small dose in mice was at 15 min and the animals
were apparantly free from toxic symptoms by
12 hr. All autonomic parametcrs, passivity and
tremors were significantly stimulated whereas, be·
havioral parameters were severely depressed (Table
I). Atropine pre-treatment markedly protected
against the autonomic, neurological and behavioral
toxic effects of PMD. However, animals were not
completely free from toxic symptoms. Iproniazid
was partially, but significantly, effective in over­
coming lhe behavioral toxicity of PMD. Moreover,
passivity was completely overcome, and increased

TABt.£ I : Neurobehavioral Toxicily of PhOlplunUdorl (pMD) alone and after Pretreatment with Vlnoul 01\111

s. Pu,<urw/c, s.Ju.. Pilinphamidofl AJ,opw Jp,DIlUJzid AMIT PCPA TSC
No. + + + + +

PMD PMD PMD PMD PMD

A. AUfONOMIC

I. Dianhoca U ± 0.9 4.5 ± U* 1.3 ± 0.7* 2.2 ± 0.6* 0.8 ± 0.6· t.s ± O.S* 1.4 ± 1.1*

> Urination 0.5 ± 0.5 l-S ± 0.7* 0.3 ± 0.5* 1.3 ± 0.5 0.6 ± 0.7" 1.0 ± 0.4 0.7 ± 0.6
3. Piloerocticn 0.2 ± 0.5 loS ± 0.5· O... 0.6 ± 0.5- 1.1 ± 0.5 1.8 ± Q.6 1.6±0.7

•• Lacrymatioo 0.0 0.7 ± 0.4- O ... 0.5 ± 0.5 0.6 ± O.S o ... 0.5 ± 0.5
s. Salivation 0.0 0.3 ± 0.5· O... O... o ... o... O...

B. NEUROLOGICAL

• Rutlennen 0.0 0<0 0.0 0.7 ± 0.5· 0.0 0.5 ± 0.5· 0.0
7. Panivily 0.0 2.6 ± 0.5· O... .0 ± 0'" 0.4 ± 0.1- O ... O...

•• T_n 0.0 1.1 ± 0.5· O... 0.7 ± O.S O... 1.1 ± 0.3 0.7 ± 0.7,. Conwhia.u 0.0 0<0 0<0 0.8 ± 0.4· 0.0 0.0 0.5 ± O.S·

e BEHAVIORAL

"
MOlQr aCliYily 45.0 :t 9.0 3.0 ± I.a- 43.0 ± 6.0'" 12.0 ± 4.0'" 8.0 ± 3.0 22.0 ± 10.0'" 39.0 ± 8.0'"

11. &.ploration 16.3 ± 1.4 0,9 ± 0.9* 14.6 ± 1.7· 24.7 t 3.5· 2.0 ± 1.3 12.3 ± 1.5* 12.4 ± 3.1*

l> Conditioned 47.0 10.a- "... 23.0'" 17.a- 40.0'" 27.a-
,,,"",-

relpense

(in rau)

VaI~ are mean ICOreI (± S.D.) from 10 mice in cale of panmelcn 1 to II and from 8 l'tIlJ fOf Pf-nmeler 12.

Saline .a.cd u centrol for PMD lJuted eroup which in nun 5erved as cenr.wl fOf pretreated VOUpi.

·Difference ai,anirlC&nt U oompanxl to conlrol. (pdHIS).

See Wt for abbreviatianl of pre-ucatmenlJ.
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degree of restlessness was observed. AMPT effec­
tively antagonized diarrhoea, urination, passivity,
tremor and partially restored the motor activity and
CAR. Other parameters did not show any signifi­
cant change. PCPA and thiosemicarbazide pretreat­
ment had similar effects imparting protection
against the behavioral toxicity of PMD, with some
favourable effect on diarrhoea and passivity as well
(Table I). Righting renex, forced locomotor activ­
ity and ear skin color did not show any change at
any time with the insecticide alone or in combina­
tion with either drug treatment.

DISCUSSION

PMD exhibited no species difference with
regard to its acute toxicity in mice and rats. That
the effects of sublethal doses were maximum by 15
min is expected, since its absorption and mCLabo­
!ism into an active compound (2) reaches its
maxima by this time. Brain acetylcholine (ACh)
can return to normal or near normal levels within
8-12 hr, despite consistant AChE inhibition by an
organophosphate compound (7). The return of brain
ACh level towards normal correlates fairly well
with the disappearance of intoxication symptoms,
but shows little relationship with cholinesterase
activity. However, more subtle signs of behavioral
impairment, like avoidance performance deficit,
could still be observed after brain ACh had
returned to normal levels (7). The marked increase
in autonomic parameters after PMD treatment was
obviously due to increased peripheral cholinergic
function. Presumably, the central cholinergic
actions of these compounds lead to induction of
passivity tremor and convulsions in mice as
suggested by other workers (8, 9). The increased
ACh levels in the brain leads to severe depression
(10) and this may be the basis of neurological and
behavioral toxicity, since atropine predictably
antagonised PMD effects. However, the functions
were not completely restored, indicating involve­
ment of other systems in genesis of PMD toxicity
syndrome. Iproniazid pre-trcaunent did not alter the
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peripheral cholinergic effects of the insecticide, but
CNS depressant action was counteracted due to its
anti-depressant action induced through monoamine
oxidase inhibition which leads to increased
catecholamine levcls in the various brain regions
controlling different functions. AMPT, norepineph­
rine synthesis inhibitor, significantly prevented
diarrhoea, tremor and passivity, but had little effect
on motor activity, exploration and CAR probably
because they are primarily under dopaminergic
ccnuel (II). This indicates some adrenergic link in
the mediation of central cholinergic functions.
However, the exact mechanism is not known. Ani­
mals depleted of 5-hydroxytryptamine (5-HT) with
PCPA showed no diarrhoea or lacrymation and the
behavioral parameters Le. motor activity, explora·
tion and CAR were only partially suppressed, after
insecticide treatment. As a result of suppressed
serotoncrgic system in the brain, the adrenergic
activity is increased (12) which may be responsible
for the observed effects. Similar effects were seen
when the norepinephrine levels were increased as
a result of MAO inhibition by ipronimdd. However,
there is good evidence that the serotonergic system
is affected indirectly, due to cholineqlic excess, as
well 3i directly after treatment with an OP com­
pound (13).

Involvement of GABAergic system was evident
from experiments with thiosemicarbazide, the
GABA-synthesis inhibitor. PMD produced little
CNS depression, thus restoring alertness, motor
activity, exploration and CAR to a great extent.
The observed effects are due to inhibition of the
inhibitory transmitter GABA, leading to CNS
stimulation. Hence, it could be contemplated that
adequate quantities of GABA (and 5-Hl) might be
helpful in suppressing PMD toxicity.

The results suggested that the toxicity of PMD
results from complex interact.ion between the cen­
tral Cholinergic, adrenergic, serotonergic and
GABAergic systems in the brain, in addition to its
peripheral cholinergic effects.
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