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INTRODUCTION

Pesticide is any substance or mixture of
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Abstract  :  P resen t  s tudy  was  done  to  eva lua te  the  e f fec t  o f  Ocimum
sanctum seed oil  (OSSO) on the immunotoxicity and oxidative activity of
lindane in rats. Rats were divided into four groups (n=8) and were treated
with lindane (10 mg/kg, po) and/or OSSO (1 mg/kg, po) during the study
period.  Humoral  immunity  was assessed by measuring haemagglut inat ion
t i t re  to  sheep red blood cel ls  (SRBC) and delayed type hypersensi t iv i ty
(DTH)  was  assessed  by  measur ing  foo t  pad  th ickness .  L indane  showed
s ign i f i can t  dec rease  in  an t i -SRBC an t ibody  t i t r e  and  a l so  dec reased
percentage change in foot pad thickness in DTH response as compared to
control  group.  OSSO per  se  produced s ignif icant  increase  in  ant i -SRBC
ant ibody  t i t r e ,  bu t  d id  no t  p roduce  s ign i f i can t  change  in  the  foo t  pad
thickness as compared to control group. However, it significantly antagonized
the effect of lindane on the anti-SRBC antibody titre and foot pad thickness
parameters.  Lindane produced oxidative stress as indicated by increase in
the levels of MDA and decrease in GSH levels. Treatment with OSSO per
se  showed  an t iox idan t  ac t iv i ty  and  a l so  reve r sed  the  ox ida t ive  s t r e s s
produced  by  l indane .  The  resu l t s  sugges t  tha t  OSSO can  a t t enua te  the
immunotoxicity and oxidative stress produced by l indane.
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subs tances  in tended  to  be  used  for
preven t ing ,  repe l l ing ,  des t roy ing  or
mit igat ing any pest .  Presence of  pest ic ides
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is more or less ubiquitous in the environment
surrounding us and exposure to the same is
more or  less  inevi table .  On one hand they
are necessary for mankind, on the other hand
thei r  exposure  has  been shown to  produce
number  of  adverse  e f fec t s  inc lud ing
immunotoxicity (1–7). One of the important
mechanisms suggested for  their  dele ter ious
effect is by way of generation of free radicals
and derangement of antioxidant mechanisms
(8–10).

L indane  i s  an  organochlor ine  pes t ic ide
and gamma isomer of hexachlorocyclohexane.
Organoha logen  compounds  a re  s tab le ,
lipophilic and therefore may biomagnify. Like
organophosphate pesticides, lindane has been
shown to  produce  immunosuppress ion  in
var ious  spec ies  o f  an imals  and  in  humans
(2, 3, 11–13). It has also been shown to cause
both  apopto t ic  and  neuro t ic  ce l l  dea th  in
thymocytes  (5 )  and  reduc t ion  in  cy tok ine
production by peripheral blood leukocytes (4).
It has been reported to produce neurotoxicity
after both acute and chronic exposure (6). It
has also been shown to be a strong oxidant
caus ing  f ree  rad ica l  genera t ion  in  var ious
t i ssues  inc luding  bra in ,  hear t ,  thymocytes ,
ascites tumour cells, etc. (10, 14–16). Certain
p lan t  p roduc ts  l ike  amaran th  leaves  a re
reported to ameliorate hexachlorocyclohexane-
induced oxidative stress in rats (17).

Ocimum sanc tum  L inn  (OS)  commonly
known as Tulsi  in  Hindi  and holy basi l  in
Engl i sh  has  been  ex tens ive ly  used  in
t rad i t iona l  sys tem of  medic ine .  Di f fe ren t
parts of the plant are claimed to be effective
in ameliorating different disease states.  The
fixed oil obtained from seeds of OS is rich in
unsa tura ted  fa t ty  ac ids  and  has  been
repor ted  to  exh ib i t  a  number  o f  ac t iv i t i es

l ike  an t i s t ress ,  immunomodula tory ,
antipyretic,  anti- inflammatory and analgesic
among others (18–20). It has been shown to
reduce lipid peroxidation and to increase the
leve l s  o f  reduced  g lu ta th ione  con ten t  in
blood of diabetic rabbits (21).

Thus,  l indane causes immunosuppression
and  ox ida t ive  s t ress  and  OSSO exhib i t s
immune enhancing and antioxidant activities.
However,  not  much work has been done in
this  direction.  Hence,  i t  was thought worth
while to study the effect of OSSO on lindane-
induced immunotoxicity and oxidative stress
in  exper imenta l  an imals .

MATERIAL AND METHODS

The study was carried out in male Wistar
ra t s  weigh ing  be tween  150–180  g .  The
animals  were  d iv ided  in to  4  g roups  each
compr is ing  8  ra t s .  The  f i r s t  g roup  was
administered the vehicle (1 ml/kg/day),  the
second group was administered l indane,  the
third group OSSO and the fourth group was
adminis te red  a  combina t ion  of  OSSO and
lindane. The animals were procured from the
Cent ra l  Animal  House ,  Univers i ty  Col lege
of  Medica l  Sc iences ,  Delh i .  Animals  were
housed  in  s tandard  labora tory  condi t ions .
Care of animals was as per the guidelines of
Commit tee  for  the  Purpose  of  Control  and
Superv is ion  of  Exper iments  on  Animals
(CPCSEA) ,  Ind ia  and  was  approved  by
Ins t i tu t iona l  Animal  E th ica l  Commit tee ,
Univers i ty  Col lege  of  Medica l  Sc iences ,
Delhi .

The  dr ied  seeds  of  OS (P lan t  fami ly :
Labiatae) were collected from Maidan Garhi,
New Delhi-110068,  India  and authent icated
in  the  Depar tment  o f  Gene t ics ,  Ind ian
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groups were compared for statistical analysis
(22).

Delayed type hypersensit ivi ty (DTH)

DTH response  was  es t imated  by  the
method as described by Insti toris (23).  The
animals were sensit ized by Keyhole Limpet
Hemocyanin (KLH). Each rat was immunized
subcutaneously at the base of the tail by 0.3
ml of KLH containing 0.5 mg KLH in 0.15
ml normal saline (NS) and mixed with 0.15
ml freund’s complete adjuvant on the 0 day
of treatment. The animals were administered
vehic le  (cont ro l  g roup) ,  l indane ,  OSSO or
OSSO + lindane (test groups) on days 1–14.
On day 14,  the reaction was challenged by
injecting 20 µg KLH in 50 µl NS in left hind
foot pad as test group and NS in right hind
limb foot pad as control. Foot pad thickness
was measured before and 24 h after challenge
by antigen using dial calipers. Results were
expressed as percentage change in foot pad
thickness over vehicle treated control values.

Oxidat ive  s tress  parameters

Estimation of serum malondialdehyde (MDA)

Thiobarb i tu r ic  ac id  (TBA)  method  as
descr ibed  by  Sa toh  (24)  was  used  for  the
es t imat ion  of - se rum l ip id  perox ides .
Peroxidation of lipids generates MDA which
reac t s  wi th  TBA to  g ive  red  spec ies
( th iobarb i tu r ic  ac id  reac t ive  subs tances ,
TBARS).

Est imat ion  o f  reduced  g lu ta th ione  (GSH)
content  in blood

Reduced glutathione was estimated by the
method of Beutler et al (25). Blood (0.2 ml)

Counci l  of  Agricul tural  Research,  Govt .  of
India, Pusa, New Delhi, India and specimen
boucher  were  depos i ted  in  the  l abora tory .
The seeds were crushed and cold macerated
in  pe t ro leum e ther  (40–60°C)  (SD f ine
Chemica l  L td . ,  Ind ia )  fo r  th ree  days .  The
ext rac t  was  t aken  ou t ,  pe t ro leum e ther
evapora ted  and  the  o i l  was  f i l te red .  Yie ld
was 17.50% v/w with reference to dried seeds.
Oil  thus obtained was used in a  dose of  1
ml /kg /day  ora l ly  (po)  fo r  var ious  s tud ies .
Lindane was procured from Sigma, USA and
was  d i sso lved  in  g roundnut  o i l .  I t  was
administered in a dose of 10 mg/kg/day po.
OSSO was administered at  least  1 h before
the  adminis t ra t ion of  l indane.

Immunolog ica l  parameters

Haemagglutination titers to sheep red blood
cells (SRBC)

Rats  were  immunized  wi th  sheep  red
blood cells (SRBC; 0.5×109 cells/ml/100 g, ip)
on  day  0 .  On day  14th ,  they  rece ived  the
same dose of  ant igen again (booster  dose) .
During the 21 day period, the animals either
rece ived  veh ic le  (con t ro l  g roup) ,  l indane ,
OSSO or  OSSO + l indane f rom day 1.  On
day 21,  under  mi ld  e ther  anes thes ia  b lood
was  co l lec ted  f rom re t roorb i ta l  p lexuses ,
serum separated and haemagglutination l i ter
was estimated as follows: Two fold dilutions
(0.025 ml) of sera were made in the microtitre
plates with saline. To each well, 0.025 ml of
1% (v/v) SRBC was added. The plates were
incubated at 37°C for 1 h and then observed
for  haemagglut inat ion.  The highest  di lut ion
giv ing  haemagglu t ina t ion  was  taken  as
an t ibody  l i t r e  and  expressed  in  g raded
manner ,  the  min imum di lu t ion  (½)  be ing
ranked  as  1  and  mean  ranks  of  d i f fe ren t



174 Mediratta  et   al Indian J Physiol  Pharmacol 2008; 52(2)

was collected in EDTA vial and was lysed by
addi t ion of  1 .8  ml  of  1  g/ l  EDTA. To the
hemolysa te  3  ml  o f  p rec ip i ta t ing  reagent
[metaphosphor ic  ac id  (1 .67  g)  +  d i sod ium
EDTA (0.2 g) + NaCl (30 g) added to distilled
water upto a volume of 100 ml] was added.
The mixture was allowed to stand for 5 min
and then filtered. To 2 ml of filtrate 4 ml of
d isodium hydrogen phosphate  and 1  ml  of
DTNB reagent  were added.  The absorbance
was  measured  a t  412 nm and resul t s  were
expressed as mg/g of hemoglobin (Hb).

Stat i s t i ca l  analys i s

One way analysis of variance (ANOVA)
followed by post hoc Tukey’s test was used
for analysis.  A P value <0.05 was taken as
signif icant .

RESULTS

Immunolog ica l  parameters

Lindane  (10  mg/kg ,  po)  p roduced
signif icant  (P<0.01)  decrease in  ant i -SRBC
antibody titer compared to control. OSSO (1
ml /kg ,  po)  caused  a  s ign i f ican t  (P<0 .01)
increase in anti-SRBC antibody t i tre.  When
OSSO was administered along with l indane,
it significantly (P<0.01) reversed the lindane-
induced decrease in anti-SRBC antibody titer
(Table I).

In  DTH tes t ,  l indane  (10  mg/kg ,  po)
caused signif icant  (P<0.01) decrease in the
percent change in foot pad thickness. OSSO
(1  ml /kg  po)  per  se  did  no t  p roduce  a
significant change in the foot pad thickness
when compared to control  group.  However,
i t  s ign i f ican t ly  (P<0 .01)  an tagonized  the
ef fec t  o f  l indane  on  foo t  pad  th ickness
(Table II).

Oxidat ive  s tress  parameters

Lindane  (10  mg/kg ,  po)  p roduced  a
s ign i f ican t  (P<0 .01)  increase  in  the  MDA
levels and a significant (P<0.01) decrease in
reduced  g lu ta th ione  conten t .  OSSO (1  ml /
kg ,  po)  admin is t ra t ion  per  se  caused
significant (P<0.01) decrease in MDA levels
and significant (P<0.01) increase in reduced
glutathione content .  Further ,  adminis t ra t ion
of  OSSO to  l indane  t rea ted  group
significantly (P<0.01) antagonized the effect

TABLE I : Ef fec t  o f  l indane  and  i t s  modula t ion  by
Ocimum sanc tum seed  o i l  (OSSO)  on
haemagglu t ina t ion  t i t r e  to  sheep  red
blood  ce l l s  (SRBC)  in  ra t s .

T r e a t m e n t An t i  SRBC
( m g - m l / k g / d a y ) an t ibody  t i t e r

( M e a n ± S E M )

Vehic le  (Con t ro l ) 9 .3±0 . 5 2
Lindane  (10) 6 .3±0 .27* a

OSSO (1 ) 1 1 . 6±0 .42* a

OSSO (1 ) + Lindane  (10) 9 .8±0 .57* a

n = 8 F = 2 4 . 5 5
DF 3 , 30

* aP<0.01  compared  to  vehic le  (cont ro l )  -  t rea ted
group ,  * bP<0 .01  compared  to  l indane  a lone-
t r ea ted  g roup .

TABLE I I : Ef fec t  o f  l indane  and  i t s  modula t ion  by
Ocimum sanc tum seed  o i l  (OSSO)  on
Delayed  Type  Hypersens i t iv i ty  (DTH)  in
r a t s .

T r e a t m e n t Percen t  change  in
( m g - m l / k g / d a y ) foo t  pad  th ickness

( M e a n ± S E M )

Vehic le  (Cont ro l ) 31 .47± 3 . 3 5
Lindane  (10) 18 .00± 1 .37* a

OSSO (1 ) 3 1 . 6 5± 2 . 0 3
OSSO (1 ) + Lindane  (10) 29 .35± 1.74* b

n = 8 F = 8 . 9 3 3
D F 3 , 3 0

* aP<0.01  compared  to  vehic le  (cont ro l )  -  t rea ted
group ,  * bP<0 .01  compared  to  l indane  a lone-
t r ea ted  g roup .
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of  l indane  on  MDA leve l  and  reduced
glutathione content  (Table III) .

haemagglu t ina t ion  assay .  In  the  p resen t
s tudy ,  exposure  o f  the  an imals  to  l indane
produced  a  s ign i f ican t  reduc t ion  in  the
secondary ant ibody response.  These resul ts
cor robora tes  the  f ind ing  of  o ther  workers
who observed reduction in antibody titre on
exposure to organochlorine, organophosphate
and  carbamate  pes t ic ides  (2 ,  3 ,  26) .
Administrat ion of OSSO to animals showed
a significant rise in the anti-SRBC antibody
t i t re ,  cor responding  to  our  ea r l i e r  f ind ing
(20) .  Fur ther ,  co-admin is t ra t ion  of  OSSO
along with lindane significantly antagonized
immuno-suppressive effect of lindane on anti-
SRBC antibody t i t re .  The effect  of  l indane
and OSSO on cell-mediated immune response
was evaluated with the help of DTH reaction
using KLH as  ant igen.  Rats  immunized by
KLH and  exposed  to  l indane  showed a
significant decrease in DTH reaction. Similar
suppress ion  of  ce l l -media ted  immune
response  to  var ious  pes t ic ides  has  been
repor ted  by  o ther  workers  (23 ,  26) .
Administration of OSSO in a dose of 1 ml/kg
/day did not show any effect on DTH response
but  when  g iven  to  l indane- t rea ted  ra t s
significantly antagonized the effect of lindane
on DTH react ion.

The resul ts  of  present  s tudy thus  show
that  l indane  can  suppress  humoral  as  wel l
as cell-mediated immune response and these
ef fec t s  a re  s ign i f ican t ly  a t tenua ted  by  co-
administrat ion of  OSSO with l indane.

The effect of lindane and OSSO could be
because of their effect on antioxidant system
in  the  body.  In  the  present  s tudy,  l indane
caused  an  increase  in  MDA leve l ,  an
ind ica tor  o f  l ip id  perox ida t ion .  L ip id
peroxidation products are measured as index
of oxygen free radical. MDA is generated in

TABLE I I I : Effec t  of  l indane  and i t s  modula t ion  by
Ocimum sanc tum seed  o i l  (OSSO)  on
ox ida t ive  s t r ess  pa ramete r s  in  r a t s .

Trea tmen t MDA (nmol/ml) GSH (mg/g Hb)
( m g - m l / k g / d a y ) (Mean±SEM) (Mean±SEM)

Vehic le  (Con t ro l ) 2 . 8 9± 0 .2 4 .0± 0 . 3 0
Lindane  (10) 8 . 5 5± 0.2* a 2 .7± 0 .02* a

O S S O ( 1 ) 1 . 6 3± 0 .15* a 5 .7± 0 .11* a

OSSO (1) + Lindane (10) 1 . 6 8± 0.4* b 5 .6± 0.14* b

n = 8 F = 1 4 1 6 . 8 4 F = 4 0 2 2 . 8
D F 3 , 3 0 D F 3 , 3 0

* aP<0.01  compared  to  vehic le  (cont ro l )  -  t rea ted
group ,  * bP<0 .01  compared  to  l indane  a lone-
t r ea ted  g roup .

DISCUSSION

Severa l  repor t s  ind ica te  tha t  pes t ic ides
produce  immunotoxic i ty  (2 ,  3 ,  26) .  The
in  v ivo  genera t ion  of  f ree  rad ica l  has
been  demons t ra ted  to  suppress  immune
respons iveness  in  exper imenta l  an imals
(27) .  Exposure  to  o rganochlor ine  and
organophosphate has been shown to  produce
immunotoxic i ty  as  wel l  as  genera t ion  of
oxygen free radicals (3, 28).

OSSO has  been  repor ted  to  p roduce
immune  enhanc ing  and  an t iox idan t  e f fec t s
(20, 21).  Keeping this in mind, the present
s tudy  was  ca r r ied  ou t  to  inves t iga te  the
effect of OSSO on lindane (an organochlorine
pes t ic ide)  induced  modula t ion  of  some
immune and  oxida t ive  s t ress  parameters .

Rats exposed to lindane in a dose of 10
mg/kg/day for 21 days showed no sign and
symptoms of overt toxicity, neurotoxicity or
mortality.  The effect of l indane on humoral
immune  response  was  eva lua ted  v ia
measur ing  an t ibody  t i t re  to  SRBC by
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t issue by free radical injury and appears in
serum.  Hence ,  measurement  o f  MDA in
serum has been considered a sensitive index
of free radical generation. The present result
of increased MDA level in serum following
sub-chron ic  l indane  exposure  ind ica tes  an
increased oxygen free radical generation by
pesticides. This result is in accordance with
prev ious  s tud ies  us ing  l indane  and  o ther
pesticides (27, 28). Induction of cytochrome
P450 and  o ther  microsomal  enzyme by
various pesticides, e.g. carbamate, have been
repor ted  and  i t  i s  poss ib le  tha t  l indane
media ted  f ree  rad ica l  genera t ion  may be
through induct ion of  this  enzyme (29,  30) .
OSSO per se produced a decrease in MDA
level .  Further,  i t  at tenuated the increase in
MDA level produced by lindane. These results
a re  s imi la r  to  the  observa t ion  of  ano ther
s tudy where  OSSO was  shown to  decrease
MDA leve l  seen  in  hypercholes t ro lemic
rabbits (21).

GSH i s  an  impor tan t  molecu le  in  the
cellular  defense against  oxidative stress.  In
i t s  reduced  form,  i t  i s  necessary  fo r  the
detoxification of xenobiotics.  In the present
study, exposure of animals to lindane for 21

days caused a significant decrease in serum
GSH leve l s .  Var ious  pes t ic ides  inc lud ing
l indane have been shown to  decrease  GSH
level (31). This reduction in GSH level could
be  due  to  d i rec t  conjugat ion  of  GSH wi th
electrophiles whose increased production may
resul t  f rom pest ic ide exposure  or  could be
due to inhibition of enzymes, like glutathione
reductase ,  g lu ta th ione  peroxidase ,  g lucose-
6-phospha te  dehydrogenase  e tc  which  a re
involved in GSH synthesis and regeneration.
OSSO treatment per se produced an increase
in  the  l eve l  o f  GSH in  b lood  and  a l so
attenuated the reduction in GSH induced by
lindane. This effect of OSSO could be due to
i t s  d i rec t  e f fec t  because  of  f ree  rad ica l
scavenging properties which may spare GSH.
This  cou ld  a l so  be  due  to  an  ind i rec t
stimulant effect on various enzymes involved
in  GSH synthes is  and regenera t ion.

Results of present study show that OSSO
is  ab le  to  amel io ra te  l indane- induced
immunotoxicity and oxidative stress in sub-
acu te  exposure .  This  s tudy  sugges t s  the
poten t ia l  o f  OSSO therapy  in  reduc ing
immunotoxic i ty  and  ox ida t ive  s t ress  in
persons exposed to l indane.
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