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Abstract-Single dose of 1 and 3 mg/kg endosulfan did not show any significant effect on binding of 
‘H-serotonin to frontal cortical membranes as well as on foot-shock-induced fighting behaviour in rats. 
where as repeated exposure of endosulfan (3 mgikg for 30 days) caused a significant increase in ‘H- 
serotonin binding. Scatchard analysis showed an increase in the affinity of the receptor (KU) in the 
treated animals while number of receptor sites (B,,,) remained unaltered. Long term endosulfan 
exposure caused aggressive behaviour (foot-shock-induced fighting behaviour) which was blocked by 
methysergide, a 5-HT blocker. These results indicate the involvement of serotonergic receptors in 
endosulfan neurobehavioral toxicity. 

Endosulfan a chlorinated hydrocarbon is widely used 
as an important insecticide in crop protection [1,2]. 
Farmers exposed to endosulfan exhibit epilepsy, 
hyperactivity, irritability, tremor, convulsions and 
paralysis [3,4]. Involvement of central nervous sys- 
tem in the neurotoxicity of endosulfan has been 
shown by several experimental studies conducted on 
small rodents and cats [5]. In our recent studies 
endosulfan was also found to induce aggressive 
behavior in rats (unpublished work). 

Inspite of the above information little is known 
about the mechanism by which endosulfan produces 
its neurotoxic effects. Biogenic amines are known 
to play significant role in the abnormal behavior. 
Involvement of serotonin in aggressive behaviour 
has been described by several workers [6,7]. To 
investigate whether endosulfan induced aggressive 
behavior is caused by alterations in the function of 
the serotonergic system, we have studied the sen- 
sitivity of 5-HT receptor in endosulfan exposed 
animals using high affinity receptor binding assay. 

MATERIALSANDMETHODS 

Treatment of animals. Eight week old male albino 
rats of ITRC breeding colony kept on ad fibitum 
pellet diet (Hind Levers, Bombay) and water under 
standard laboratory conditions were used in this 
study. In the single exposure study rats were admin- 
istered endosulfan dissolved in 40% propylene glycol 
(i.p., 2 ml/kg) at a dose of 1 and 3 mg/kg. The animals 
of control group received an equivalent amount of 
vehicle in identical manner. In the repeated exposure 
study, animals of experimental group were admin- 
istzred 3 mg/kg endosulfan up to 1.5 and 30 days 
while that of control group received vehicle in an 
identical manner. Eight animals were sacrificed 24 hr 
after the last dose by decapitation from each group. 
The brains were removed and frontal cortices dis- 
sected out immediately (8) and frozen at -20” till 
biochemical analysis. 

* To whom correspondence should be addressed. 

Biochemical procedures. Crude membranes were 
prepared from the frontal cortices [9] by hom- 
ogenizing the tissue in 19 vol. of 0.32 M sucrose 
followed by centrifugation (50,000 g) for 10 min. The 
sediment was re-homogenized in deionized water, 
centrifuged and finally suspended in 40mM Tris- 
HCl pH 7.4 buffer at a concentration corresponding 
to 50 m$ml of the original wet wt of tissue. 

Binding incubations were carried out as described 
earlier [lo]. The reaction was run in triplicate in 1 ml 
final volume containing 40 mM Tris-HCl pH 7.4, 
10m5 M pargyline, 4 X lo-” M CaC12 and 5 x lo-’ M 
ascorbic acid along with 3 X lo-“M ‘H-serotonin 
(33 ci/mmoles NEN). The amount of membrane used 
per tube corresponded to 10 mg wet wt of tissue 
equivalent to 500-600 pg protein [ll]. At the end of 
10 min incubation at 37”, the contents were filtered 
on glass fibre discs (GelmanInc, Ann Arbor, MI) 
and washed twice with 5 ml cold Tris buffer. Filters 
were dried and counted in 5 ml of scintillation mix- 
ture (PPO + POPOP + Methanol + Dioxan. Tolu- 
ene and naphthalene) in LKB scintillation counter 
at an efficiency of 38-40s. In order to assess the 
degree of non-specific binding, unlabelled serotonin 
(lOehM) was used in the incubation mixture. The 
difference between binding of “H-serotonin in 
absence and presence of 10ehM cold 5-HT was 
recorded as specific binding. Basic binding charac- 
teristics including delineation of saturability. speci- 
ficity, reversibility and regional distribution were 
established prior to experiment. 

Behavior& study. Ten animals each from control 
and endosulfan treated groups were randomly 
selected for aggressive behavior study. Fighting 
behavior was induced in the randomly selected pairs 
of adult rats by subjecting them to foot-shock. The 
method employed was essentially similar to that of 
[27]. Shocks were given employing an aggressometer 
(Techno, India). The pairs of rats were placed in 
perspex enclosure (8 X 8 X 71 in.) and a current of 
2 mA and 100 V was employed. The frequency of 
pulses was S/set. Pairs of rats which would exhibit 
at least one fighting episode in one minute were 
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Fig. 1. Effect of s.ngle and repca:ed admlnistration ot 
endosulfan on ‘H-serotonin binding in f: ntal cortical mem- 
brane. Each valrre represents the mr .rn * S.E. from 8 

animals. 
*Differs significantly from respective co0 01s tP < 0.05). 

selected for the aggressive behavior study. This pre- 
liminary screening to exclude “non-respoqr!ers” was 
done in all the pairs of rats selected for the present 
study. The time lapse betwee, the zommem&g of 
foot-shock and onset of actual fighting was desig- 
nated as latency. 7 le frequency of fighting episode 
was observe? dur,ng one minute period of foot- 
shock. A fighting episode was considered positive 
when the rats converged abruptly to close qui .ters 
and stood face to face on their hind legs and struck 
alld bit savagely a~ each other. The return of the rats 
to yuadrupedai posture was cons;dered as the 
demarcation between fighting episode. 

RESULTS 

Specific binding of ‘H-serotonin CO the frontal cor- 
tical membrane of control and endosllfan treated 
animals are shown in Fig. 1. As compared to the 
controls single administration of endosulfan (1 and 
3 m$kg) caused no significant change in the binding 
of ‘H-serotoniil. On repeated exposure to endosulfan 
the binding of “H-serotonin remained unaltered up 
to 15 days. However, administration of endosulfan 
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Fig. 2. Scatchard anal+ of binding of ‘H-serotonin to 
frontal cortical membranes after repeated exposure of 
endosulfan. Each data point of saturation ctirve in mean 
of three separate experiments carried out in triplicate. R,,,, 
for control = 132.X + 9.3 pmoles/g prot. #n. and for 
treated = 142.4 2 8.7 pm&s/~ p:otcin: K,, for control = 

4.6 i 0.21 nM and for treated := 3.5 i- 0.19nitl. 

Table 1. Foot-shock-indwcd fighting behavior :l:‘ter 
repeated administration ot endosulfan (3 mg/‘kg) in adult 

rat5 

Fighting score 
Treatment 

days Control Treated 
-- ---.- 

1s 10.5 c 1.1 20 i 1.5’ 
30 12.0 + 1.0 25 I.h* 

Each value is the mean ‘_ 5.E. from lir animals. 
* P < 0.01 wher: compared to respectiw cont:ols. 

(3 mg/kg) for 30 consecutive days. caused a sig- 
nificant (P < 0.05) increase in the bir ‘ing of ‘H- 
serotonin. The increase in binding may be due to 
alterations in number of binding sates (BII& or affin- 
ity (I&) of the receptor. Kinetic analysis of the 
binding of “H-serotonin was performed to study the 
same and the Scatchard plots [13] are presented in 
Fig. 2. The exposure to endosulfan caused no sig- 

nificant change in the maximum number of hiAh 
affinity binding sites as the B,,, value of control 
(132.7 F 9.3 pmoles/g) and the treated (142.4 r 
8.7 pmoles/g protein) animals were not different 
significantly. However, the affinity of the receptor 
seems to be affected as dissociation constant of con- 
trol (K. = 4.6 ‘-c 0.21 nb II Gffered significantly from 
treattd (KU = 3.5 -t 0.19 IIM). Endosulfar: (1 x 
IO-‘?,I to 10 X lo- M) in r&o produced no sig- 
nificp?t change in the binding of ‘H-serotonin when 
directly added into the incubation mixture (data not 
shown). 

The aggressive behavior of animals was measured 
in terms af fighting score using electric foot-shock- 
inuuced technique. Results summarized in T:,ble 1 
show that 30 consecutive doses of endosulfan 
(3 m~kg) lesulted in a significant (P < 0.01) increase 
in fighting behaxlior. Propylene glycol f4W) alone 
cause no significant effect on fighting behavior as 
compared to saline treated animals. 

The recults in Fig. 3 show the effect of methys. 
ergide (10 mg/kg), a blocker of serotonin. on 
endosulfan-induced aggressive behavior. Adminis- 
tration of methysergide 1 hr before electric fot>t 

Fig. 3. Efrect s f methysergide on foot-shocr;-inditceii fight- 
ing behavior of epdosulfan pretreated r;lt\. Each value 
represents mean tS.E. from 10 Pnimals. 

*Differ significantiy (P i O.fil ) from vehicle treated 
animals. 

**Differ significantly (P < 0.01) from sndowlfan pre- 
treated animals. 
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shock treatment completely blocked the endosulfan 
(3 mg/kg, 30 days) induced fighting behavior. How- 
ever, methysergide alone caused no significant effect 
on foot-shock-induced fighting behavior (Fig. 3). 

DISCUSSION 

Association of serotonergic system with aggressive 
behavior and increased motor activity has been sug- 
gested by several workers [14, 151. The present study 
showed an increase in binding of ‘H-serotonin to 
cortical membrane as well as foot-shock-induced 
fighting behavior on repeated endosulfan exposure. 
These two phenomena exhibited a close relationship 
as the lower dose which caused no change in 3H- 
serotonin binding also failed to produce any change 
in the behavioral response in the same animals. It 
has already been described that sensitivity of neu- 
rotransmitter receptor is modified by the changes in 
the availability of neurotransmitters with in the syn- 
apses [16]. The increase sensitivity of serotonin 
receptors caused by repeated exposure of endosulfan 
may similarly be related to low levels of serotenin 
at synapse. 

The kinetic study (Scatchard analysis) showed that 
the increased sensitivity of serotonin receptor was 
due to the alterations in its affinity and not in the 
number of maximum binding sites. The decreased 
levels of serotonin are reported to cause aggressive 
behavior [17,18]. Therefore the increase in the 
foot-shock-induced fighting behavior observed in our 
study may also be a reflection of low levels of ser- 
otonin due to endosulfan exposure. The involvement 
of serotonergic mechanism in endosulfan 
neurotoxicity was further suggested by our results 
with methysergide, a 5-HT blocker. The significant 
increase in foot-shock-induced fighting behavior 
caused by endosulfan was completely abolished by 
methysergide. 

The absence of any significant effect of single 
exposure of endosulfan on behavior or sensitivity of 
5-HT receptor suggest that perhaps a continuous 
exposure of pesticide at the receptor sites is needed 
for causing such type of hyperactivity in the animals. 

The effect of endosulfan on serotonergic receptors 
appears to be indirect as it failed to produce any 
effect under in vitro conditions. The effect may have 
been caused by increase in the uptake of amine 
through presynaptic sites or decrease in its release 
in the cleft. It is also possible that endosulfan may 

have affected the other neuronal systems which regu- 
late the activity of serotonergic systems. 

The enhanced serotonergic receptor binding in 
frontal cortical membrane and increase in foot- 
shock-induced fighting behavioral response on long 
term endosulfan exposure suggests the involvement 
of serotonergic system in neurobehavioral toxicity 
of endosulfan. However, further studies with phar- 
macological agents known to modulate the sensitivity 
serotonergic receptors are needed to establish this. 
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