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Abstract : Present study was done to evaluate the effect of 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 haemagglutination
titre to sheep red blood cells (SRBC) and delayed type hypersensitivity
(DTH) was assessed by measuring foot pad thickness. Lindane showed
significant decrease in anti-SRBC antibody titre and also decreased
percentage change in foot pad thickness in DTH response as compared to
control group. OSSO per se produced significant increase in anti-SRBC
antibody titre, but did not produce significant change in the foot 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 antioxidant activity and also reversed the oxidative stress
produced by lindane. The results suggest that OSSO can attenuate the
immunotoxicity and oxidative stress produced by lindane.
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INTRODUCTION substances intended to be used for
preventing, repelling, destroying or

Pesticide is any substance or mixture of  mitigating any pest. Presence of pesticides
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is more or less ubiquitous in the environment
surrounding us and exposure to the same is
more or less inevitable. On one hand they
are necessary for mankind, on the other hand
their exposure has been shown to produce
number of adverse effects including
immunotoxicity (1-7). One of the important
mechanisms suggested for their deleterious
effect is by way of generation of free radicals
and derangement of antioxidant mechanisms
(8-10).

Lindane is an organochlorine pesticide
and gamma isomer of hexachlorocyclohexane.
Organohalogen compounds are stable,
lipophilic and therefore may biomagnify. Like
organophosphate pesticides, lindane has been
shown to produce immunosuppression in
various species of animals and in humans
(2, 3, 11-13). It has also been shown to cause
both apoptotic and neurotic cell death in
thymocytes (5) and reduction in cytokine
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
causing free radical generation in various
tissues including brain, heart, thymocytes,
ascites tumour cells, etc. (10, 14-16). Certain
plant products like amaranth leaves are
reported to ameliorate hexachlorocyclohexane-
induced oxidative stress in rats (17).

Ocimum sanctum Linn (OS) commonly
known as Tulsi in Hindi and holy basil in
English has been extensively wused in
traditional system of medicine. Different
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
unsaturated fatty acids and has been
reported to exhibit a number of activities

Indian J Physiol Pharmacol 2008; 52(2)

like antistress, immunomodulatory,
antipyretic, anti-inflammatory and analgesic
among others (18-20). It has been shown to
reduce lipid peroxidation and to increase the
levels of reduced glutathione content in
blood of diabetic rabbits (21).

Thus, lindane causes immunosuppression
and oxidative stress and OSSO exhibits
immune enhancing and antioxidant activities.
However, not much work has been done in
this direction. Hence, it was thought worth
while to study the effect of OSSO on lindane-
induced immunotoxicity and oxidative stress
in experimental animals.

MATERIAL AND METHODS

The study was carried out in male Wistar
rats weighing between 150-180 g. The
animals were divided into 4 groups each
comprising 8 rats. The first group was
administered the vehicle (1 ml/kg/day), the
second group was administered lindane, the
third group OSSO and the fourth group was
administered a combination of OSSO and
lindane. The animals were procured from the
Central Animal House, University College
of Medical Sciences, Delhi. Animals were
housed in standard laboratory conditions.
Care of animals was as per the guidelines of
Committee for the Purpose of Control and
Supervision of Experiments on Animals

(CPCSEA), India and was approved by
Institutional Animal Ethical Committee,
University College of Medical Sciences,
Delhi.

The dried seeds of OS (Plant family:
Labiatae) were collected from Maidan Garhi,
New Delhi-110068, India and authenticated
in the Department of Genetics, Indian
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Council of Agricultural Research, Govt. of
India, Pusa, New Delhi, India and specimen
boucher were deposited in the laboratory.
The seeds were crushed and cold macerated
in petroleum ether (40-60°C) (SD fine
Chemical Ltd., India) for three days. The
extract was taken out, petroleum ether
evaporated and the oil was filtered. Yield
was 17.50% v/w with reference to dried seeds.
Oil thus obtained was used in a dose of 1
ml/kg/day orally (po) for various studies.
Lindane was procured from Sigma, USA and
was dissolved in groundnut oil. It was
administered in a dose of 10 mg/kg/day po.
OSSO was administered at least 1 h before
the administration of lindane.

Immunological parameters
Haemagglutination titers to sheep red blood
cells (SRBC)

Rats were immunized with sheep red
blood cells (SRBC; 0.5x10° cells/ml/100 g, ip)
on day 0. On day 14th, they received the
same dose of antigen again (booster dose).
During the 21 day period, the animals either
received vehicle (control group), lindane,
OSSO or OSSO + lindane from day 1. On
day 21, under mild ether anesthesia blood
was collected from retroorbital plexuses,
serum separated and haemagglutination liter
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 haemagglutination. The highest dilution
giving haemagglutination was taken as
antibody litre and expressed in graded
manner, the minimum dilution (¥) being
ranked as 1 and mean ranks of different
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groups were compared for statistical analysis
(22).

Delayed type hypersensitivity (DTH)

DTH response was estimated by the
method as described by Institoris (23). The
animals were sensitized 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
vehicle (control group), lindane, OSSO or
OSSO + lindane (test groups) on days 1-14.
On day 14, the reaction was challenged by
injecting 20ug KLH in 50 ul 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.
stress

Oxidative parameters

Estimation of serum malondialdehyde (MDA)

Thiobarbituric acid (TBA) method as
described by Satoh (24) was used for the
estimation  of-serum lipid peroxides.
Peroxidation of lipids generates MDA which
reacts with TBA to give red species
(thiobarbituric acid reactive substances,
TBARS).

Estimation of reduced glutathione (GSH)
content in blood

Reduced glutathione was estimated by the
method of Beutler et al (25). Blood (0.2 ml)
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was collected in EDTA vial and was lysed by
addition of 1.8 ml of 1 g/l EDTA. To the
hemolysate 3 ml of precipitating reagent
[metaphosphoric acid (1.67 g) + disodium
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
disodium hydrogen phosphate and 1 ml of
DTNB reagent were added. The absorbance
was measured at 412 nm and results were
expressed as mg/g of hemoglobin (Hb).

Statistical analysis

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
significant.

RESULTS
Immunological parameters
Lindane (10 mg/kg, po) produced

significant (P<0.01) decrease in anti-SRBC
antibody titer compared to control. OSSO (1
ml/kg, po) caused a significant (P<0.01)
increase in anti-SRBC antibody titre. When
OSSO was administered along with lindane,
it significantly (P<0.01) reversed the lindane-
induced decrease in anti-SRBC antibody titer
(Table I).

In DTH test, lindane (10 mg/kg, po)
caused significant (P<0.01) decrease in the
percent change in foot pad thickness. OSSO
(1 ml/kg po) per se did not produce a
significant change in the foot pad thickness
when compared to control group. However,
it significantly (P<0.01) antagonized the
effect of lindane on foot pad thickness
(Table I11).
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TABLE |: Effect of lindane and its modulation by
Ocimum sanctum seed oil (OSSO) on
haemagglutination titre to sheep red
blood cells (SRBC) in rats.

Treatment Anti  SRBC

(mg-ml/kg/day) antibody titer

(Meant SEM)

Vehicle (Control) 9.3+0.52
Lindane (10) 6.3+0.27*2
0SSO (1) 11.6+£0.42*2
OSSO (1) + Lindane (10) 9.8+£0.57*2
n=8 F=24.55
DF 3,30

*ap<(0.01 compared to vehicle (control) - treated
group, *"P<0.01 compared to lindane alone-
treated group.

TABLE Il : Effect of lindane and its modulation by
Ocimum sanctum seed oil (OSSO) on
Delayed Type Hypersensitivity (DTH) in
rats.

Treatment
(mg-ml/kg/day)

Percent change in
foot pad thickness
(Meant SEM)

Vehicle (Control) 31.47+3.35
Lindane (10) 18.00+1.37*2
OSSO (1) 31.65+2.03

0SSO (1) + Lindane (10) 29.35£1.74%b

n=8 F=8.933
DF 3, 30

*2p<(0.01 compared to vehicle (control) - treated
group, *’P<0.01 compared to lindane alone-
treated group.

Oxidative stress parameters

Lindane (10 mg/kg, po) produced a
significant (P<0.01) increase in the MDA
levels and a significant (P<0.01) decrease in
reduced glutathione content. OSSO (1 ml/
kg, po) administration per se caused
significant (P<0.01) decrease in MDA levels
and significant (P<0.01) increase in reduced
glutathione content. Further, administration
of OSSO to |lindane treated group
significantly (P<0.01) antagonized the effect
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of lindane on MDA level and reduced

glutathione content (Table I11).

TABLE Ill: Effect of lindane and its modulation by
Ocimum sanctum seed oil (OSSO) on
oxidative stress parameters in rats.

Treatment MDA  (nmol/ml) GSH (mg/g Hb)
(mg-ml/kg/day) (Meant SEM) (Meant SEM)
Vehicle (Control) 2.89+0.2 4.0+0.30
Lindane (10) 8.55+0.2*2 2.7£0.02*2
0SSO (1) 1.63+0.15*2 5.7+0.11*2
OSSO (1) + Lindane (10) 1.68+0.4*° 5.6+0.14*°
n=8 F=1416.84 F=4022.8
DF 3, 30 DF 3, 30

*ap<(0.01 compared to vehicle (control) - treated
group, *’P<0.01 compared to lindane alone-
treated group.

DISCUSSION

Several reports indicate that pesticides
produce immunotoxicity (2, 3, 26). The
in vivo generation of free radical has
been demonstrated to suppress immune
responsiveness in experimental animals
(27). Exposure to organochlorine and
organophosphate has been shown to produce
immunotoxicity as well as generation of
oxygen free radicals (3, 28).

OSSO has been reported to produce
immune enhancing and antioxidant effects
(20, 21). Keeping this in mind, the present
study was carried out to investigate the
effect of OSSO on lindane (an organochlorine
pesticide) induced modulation of some
immune and oxidative stress 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 lindane on humoral
immune response was evaluated via
measuring antibody titre to SRBC by
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haemagglutination assay. In the present
study, exposure of the animals to lindane
produced a significant reduction in the
secondary antibody response. These results
corroborates the finding of other workers
who observed reduction in antibody titre on
exposure to organochlorine, organophosphate
and carbamate pesticides (2, 3, 26).
Administration of OSSO to animals showed
a significant rise in the anti-SRBC antibody
titre, corresponding to our earlier finding
(20). Further, co-administration of OSSO
along with lindane significantly antagonized
immuno-suppressive effect of lindane on anti-
SRBC antibody titre. The effect of lindane
and OSSO on cell-mediated immune response
was evaluated with the help of DTH reaction
using KLH as antigen. Rats immunized by
KLH and exposed to lindane showed a
significant decrease in DTH reaction. Similar
suppression of cell-mediated immune
response to various pesticides has been
reported by other workers (23, 26).
Administration of OSSO in a dose of 1 ml/kg
/day did not show any effect on DTH response
but when given to lindane-treated rats
significantly antagonized the effect of lindane
on DTH reaction.

The results of present study thus show
that lindane can suppress humoral as well
as cell-mediated immune response and these
effects are significantly attenuated by co-
administration of OSSO with lindane.

The effect of lindane and OSSO could be
because of their effect on antioxidant system
in the body. In the present study, lindane
caused an increase in MDA level, an
indicator of lipid peroxidation. Lipid
peroxidation products are measured as index
of oxygen free radical. MDA is generated in
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tissue by free radical injury and appears in
serum. Hence, measurement of MDA in
serum has been considered a sensitive index
of free radical generation. The present result
of increased MDA level in serum following
sub-chronic lindane exposure indicates an
increased oxygen free radical generation by
pesticides. This result is in accordance with
previous studies using lindane and other
pesticides (27, 28). Induction of cytochrome
P450 and other microsomal enzyme by
various pesticides, e.g. carbamate, have been
reported and it is possible that lindane
mediated free radical generation may be
through induction of this enzyme (29, 30).
OSSO per se produced a decrease in MDA
level. Further, it attenuated the increase in
MDA level produced by lindane. These results
are similar to the observation of another
study where OSSO was shown to decrease
MDA level seen in hypercholestrolemic
rabbits (21).

GSH is an important molecule in the
cellular defense against oxidative stress. In
its reduced form, it is necessary for the
detoxification of xenobiotics. In the present
study, exposure of animals to lindane for 21
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days caused a significant decrease in serum
GSH levels. Various pesticides including
lindane have been shown to decrease GSH
level (31). This reduction in GSH level could
be due to direct conjugation of GSH with
electrophiles whose increased production may
result from pesticide exposure or could be
due to inhibition of enzymes, like glutathione
reductase, glutathione peroxidase, glucose-
6-phosphate dehydrogenase etc which are
involved in GSH synthesis and regeneration.
OSSO treatment per se produced an increase
in the level of GSH in blood and also
attenuated the reduction in GSH induced by
lindane. This effect of OSSO could be due to
its direct effect because of free radical
scavenging properties which may spare GSH.
This could also be due to an indirect
stimulant effect on various enzymes involved
in GSH synthesis and regeneration.

Results of present study show that OSSO
is able to ameliorate lindane-induced
immunotoxicity and oxidative stress in sub-
acute exposure. This study suggests the
potential of OSSO therapy in reducing
immunotoxicity and oxidative stress in
persons exposed to lindane.
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