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INTRODUCTION 

Endosulfan bas been classed in literature, 
among the chlorinated hydrocarbons of the cvlodiene 
grouD. In a recent report from this laboratory, 
principal symDtoms related to effects of Endosulfan 
on the central nervous system bave been reported in 
rabbits (GLrPTA and CH~~` 1975). However, little 
is known about its toxic effects in other sDecies of 
animals. Therefore preliminery work on the ney 
toxicity of Endosulfan bas been un@ertaken in male 
an@ female rats and mice. 

MATERIAL AbTD MET~[ODS 

ITRC., Colony bred adult rats and mice of 
either sex were used for this study. They were 
maintained on commercial diet while fresh water was 
suDplied ad libitum. The required quantity o~ 
EndosulfaD dissolved in different vehicles was given 
intraperitoneally to grouDs of rats and mice. 
Control animals were treated with vehicle alone. 

LD was determined accordinq to the method of 
WEIL, (195~~ observing the animals for mortality for 
a period of 7 days. During the experiment the 
animals were also observed for cage-side signs of 
toxicity. Animals dying during the course of the 
experiment were subjected to post-mortam ex~mination. 

For Cholinesterase estimation, the rats were 
given various doses of Endosulfan disolved in IOE~ 
alcohol in �99 nut oil and killed 4 hr later. The 
four hr interval was chosen because at this time the 
maximum sicns of Endosulfan intoxication were 
exDected and no deeth occurred at this dosage. The 
animals were killed by decapitation and brain removed 
Brain was homogenised and a i0 ;a litre sample of 
homogenate was incubated with 4 ~ mol of acetylcholine 
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in 3C17~I of M/15 DhosDhate buffer, DH 7.2 for 30 mln 
at as described by AL~USTINSSON, (1957). A color 
comDleX with unh~~rolysed acetylcholine was formed by 
adding 2 ml of 2 M alkaline hydroxylamine, 1 ml of 
concentrated HCL and 1 ml of 0.37 M ferric chloride, 
and absorbance recorded at 540-~. Acetylcholines- 
terase (AChE) activity was expressed as ~ mol of 
acetylcholine hydrolysed/30 rein/fO ~i of homogenate. 

P~SULTS 

The mean values of LD50 �9 different sexes and 
species are ™ in TABLE i. It is noted that rats 
are relatively resistant to the toxic effects of 
Endosulfan compared to mice. However, in either 
species the LD50 of Endosulfan is about 50% less when 
alcohol is used as solvent comDared to ground nut oil. 
Further, the sex variation of about the saine degree is 
seen in rats but hot in mice. Tbus the female rats 
are about twice as sensitive to the lethal effects of 
Endosulfan comDered to the males irrespective of the 
vehicle. 

TAB LE .i. 

Influence of Sex and SDecies on the Acute Toxicity 
of Endosulfan given intr~peritoneally 

SDecies Sex Vehicle LD50 95~" 
m™ Confidence i irai ts 

P~~T F Alcohol 22.1 J8.6 - 26.9 

M -do- 46.7 3$.9 - 55.6 

F IO~~ 48.6 36.4 - 51.8 
Alcohol in 
™ nut 
oil 

MOUSE 

M -do- 89.4 73.0 -iC7.4 

F Alcohol 7.5 5.3 - iO.i 

M -do- 6.9 5.4 - @.9 

F IOE~ 13.5 10.6 - 16.S 
Alcohol in 
ground nut 
oil 

M -do- 12.6 9.4 - 16.8 

Lethality calcul~tions according to Weil (1952) 
Four dose levels and 16 animy were use~ for 
each LD5o ~etermination. 
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The first aDDarent signs of intoxication 
observed were: hyDerresDonsiveness to tactile stimuli, 
between 2nO and 3rd hr tremors of fore limbs were 
observed. Initially, respiration was increased 
followed by depression. The body temperature remained 
unchanced and sometimes it was even subnormal. Slowly 
the tremors became more violent and sDread to other 
Darts of the body. Occasionaly these tremors were 
intense and were difficult to differentiate from clonic 
seizures. None of the animals showed diarrhoea or any 
discharge from the eyes. 

The time course of various neurotoxic effects 
of six individual ~emale rats who received acute doses 
of Endosulfan (40 mg/kg) in 10% alcohol in ground nut 
oil is given in Tg~LE 2. The table shows that when a 
single dose of Endosuifan was given to rats t/ne. period 
of death and severity of sln~Dtoms varied from animal 
to animal. Out of six animals, ist, 2ad and 6th animal 

TABLE 2. 

Time course of various neurotoxic effects of 6 indivi~ 
dual f emale rats after alt acute dose of Endosulfan 
(40 mg/kg) in i~~ alcohol in ground nut oil 

NO. of Time in hr 
an imal 

0-2 2-4 4-8 8-24 

1 +++ CCC (D) 

2 ++++ ++++ (D) - - 

3 + ++ ++++ (D) 

4 ++++ - - - 

5 - - (D) - 

6 + ++++ (D) - - 

+, hyperresDonsiveness to tactile stimuli 

++, fine tremors of whole body 

+++, moderate tremors 

++++, intense tremors which were not distinguishable 
from clonic convulsions 

C, no of epidodes of convulsions. 

D, time of death after OEe administration of 
Endosulfan. 
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died within 2 to 4 hr and showed intense tremors ~~hich 
were hot distinguishable from the clonic seizures, 
while the 4th animal survive™ even nf ter hnvin™ z7 o�87 
intensive tremors during the first two hf of tre:t~~ent. 
The 3rd animal showed seizures at re™ or inter- 
mits intervals anti dled ~urin™ the ni™ The 5th 
animal died durin~ 4 to 8 hr without hav!nc sbo~~n any 
tremors or convulsions, 

At necroDsy, no c]efi~ite �99 p,?tbolo�99 
lesions were ob served in any of the animals. 

The values for ACOE in brain of control and 
Endosulfan treated femnle rats are ~iven in _~ABL™ 3. 
At lower doses, Endosulfcn did not proc~uce any 
significant change in ?ChE activity of brain. At 
higher ~oses (60 mg/kg) a si™ decrease in 
brain AChE activity w~,s observed. 

TABLE 3 . 

AChE of female rats at 4 hr after vy ~oses of 
Endosulfan given I/P in 10% alcohol in ground nut oil 

Dose 
Groups (mg/kg) AChE a ~~ change P value 

I Vehicle 0.63+0.06 - 
(Control) (~) 

II i0 0.68+O.10 7.8(+) I VS IINS 
(Endosul fan) (~) 

III 30 0.42+O.13 33.3 C-) 
(Endosul fan ) (~) 

IV 60 0.48+0.02 23.9 (-) 
(Endosul fan) (~) 

II VS III 
P ~ o.OOl 

II VS III 
P _~ o.ool 

IVS IV 
P _~ 0.001 

II VS IV 
P .~ o.ooi 

III VS IV 
~~~ Ns 

Each readin™ is an aver~™ of 5 to 6 rats. 

Acetylcholinesterase activity expressed as~moles of 
substrate (acetylcboline h3~rolysed/30 rein/fO )~I of 
homogen a te ) . 

The number in Darentheses indicate number of animalS 
used + SE. 
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D ISC US S ION 

As expected, this study indicates that the 
toxicit�9 is @,ependent on the vehicle use@,, but it is 
of ™ interest to note thet the toxicity varies in 
racle and female rats which is vet an another example 
of well kno%Tn axiom in the field of toxicology tbat 
toxicity depends upon the sex used. The sicns an@ 
s3~uptoms induced by Endosulfe~n in rats anr p~ice 
probably su™ that like other chlorinated hydro- 
carbons, Endosulfan prOduces its toxic effects due to 
OE]• stimulation end d•ath ma L be due to oeirect 
depressant effect of En@osulfan on some vitc l or™ 
of the body. }{o�87 hyDothermia as observed in 
this stu@y is in contrast to h vperthemia observed 
~y DDT intoxication in rats ([OENDERSO}~ and ?[ODLLEY 
1970). Tremors induced by Enc]osulfan as reDorted in 
this study could be 0ue to increase in the rat brain 
acet_vlcholine (Ac~). Such an increase in Ach bas 
been reDorted following other tremor producing 
a™ such as tremorine and oxytremorine ~nd 
(~:O~~,:o~~DT and LUNDG~EN 1966 an~ COX and PO~,O~ J~.~,, 
1969). ?,~ether the convulsions induced by 
Endosulfan is due to inhibition of AChE or d~e to its 
action on choline ace~yl~se is uncertain. Althou™ 
Endosulfan produces an increase in whole brain Ach~ 
it does not seen li]~ely that the convulssive action 
is related to this increase. Y~[o~~ver, after a }-igb 
dose of tremorine an incre~se in both free end bound 
Ach in brain bas been reported in the !iterature 
(CROSSL>I~~D an@, SLATER, 1968). Whether there is ~ny 
change in such free or bound 7ch o fter Endosulfan 
is still unknown. 

In the end it may be Dointed out th~~t the 
sex variation in Endosulfsn induced toxicity is 
im~~ortant. The question of �87 such a sex 
ve riation in Enn toxiciti~ also exists in man 
mal/ be of si™ from the Doint of view of 
public healt ~~ problems. Secondly signs and s!~Dtoms 
of Endosulfan poisonin™ sugqested C}~S stimulation 
and these Doints sho Id be considered in initiating 
therapy. 

f~c ?~n o~.,." I ed qeme n t 
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