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Abstract: The present study is aimed to evaluate the neuroprotective efficacy of combination of certain

antioxidants (vitamin E, vitamin C, á- lipoic acid and stilbene resveratrol) against lindane induced

neurotoxicity. For neurotoxicity, one group of animal was given a single dose of lindane at a dose of 40

mg/kg  b.w.  In  another  group  of  animals combination of antioxidants at a dose of 125 mg/kg b.w.

(i.e. vitamin E 50mg/kg; vitamin C 50mg/kg; á- lipoic acid 20 mg/kg and stilbene resveratrol 5mg/kg

b.w.) were given a day (24 hrs.) before and 1 hr prior to lindane administration. A vehical treated control

group and antioxidant control group were also included. Lipid peroxidation (LPO) and glutathione (GSH)

levels and the activities of acetylcholinesterase (AChE) and adenosinetriphophatase (ATPase) were

measured in cerebrum of mice after 18 hrs of treatment. Lindane treated group showed high LPO

(P<0.01), reduction in GSH level, AChE (p<0.001) and ATPase activity (p < 0.01). Pretreatment with

antioxidants in lindane treated group restored the above altered parameters significantly. In conclusion,

it is suggested that combination of certain antioxidants significantly reverted the lindane induced

neurotoxicity.

Key Words: Lindane, Antioxidants, Glutathione (GSH), Lipid peroxidation (LPO), Acetylcholinesterase

(AChE), Adenosinetriphosphatase (ATPase)

INTRODUCTION 

Pesticides have a significant public health benefit

by decreasing the food borne and vector borne

diseases. But continous environmental exposure poses

a serious risk o f toxicity in animals and

humans.Lindane (g-HCH) an organochlorine pesticide

extensively employed for public health and agricultural

purpose in developing countries. Due to lipophilic

nature and slow rate of enzymatic biotransformation in

organisms lindane tends to bioaccumulate in brain next

to adipose tissue . Lindane has been reported to[1]

induce oxidative stress , membrane perturbation ,[2] [3]

functional impairment in blood brain barrier ,[4]

disturbance in glutathione homeostatis  and alteration[5]

in cyt P450 monooxygenase enzymes .All such[6]

changes are ultimately causing neurotoxicity.

Lindane alters the phospholipids and fatty acid

composition as well as fluidity of membrane resulting[7 ]

in dysfunction of membrane bound ATPase and AChE

enzymes activity.In addition to membrane perturbation,

lindane enchances the oxidative stress by interacting

with  the  cell  membrane,  triggering the generation

of reactive oxygen species (ROS) and altering the

levels of antioxidant molecules and enzymes .[2 ,8]

Glutathione is a major endogenous antioxidant

compound which protects the cells against ROS .The[9]

inhibition  of  GSH  favors the lipid peroxidation

under the conditions of oxidative stress. Lipid

peroxidation (LPO) as an index of membrane damage

resulting from the interaction of ROS and the

biological membranes .[10]

The human body has the several mechanisms to

counteract the damage caused by ROS. The basic and

most important defense mechanism is mediated by

endogenous antioxidant system. Endogenous antioxidant

system of body sometimes become incompetent to

scavenge ROS and continous exposure to pesticides is

unavoidable.Therefore use of exogenous antioxidants

could be effective means to ameliorate the lindane

induced neurotoxicity.Antioxidants of varying chemical

structure have been investigated against lindane

toxicity . But the effects of antioxidants on lindane[11 ,13]

induced neurotoxicity hitherto,unreported in the

literature. Different antioxidants scavenge different type

of free radicals so a combination of antioxidants may

be more competent for protecting the body against free

radical damage rather than using a single antioxidant.

In view of this, a novel combination of certain

antioxidants, assuming efficient neuroprotection with
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synergistic action, high BBB permeability and free

radical scavenging activity has been investigated

against lindane induced neurotoxicity.

MATERIALS AND METHODS

Chemicals: Lindane (g-HCH) was obtained from

Sigma chemicals St. louis, Mo, USA (CAS No. 58-89-

9 & purity 97%). Vitamin E, vitamin C, alpha lipoic

acid, thiobarbituric acid, acetylthiocholine iodide and

adenosine triphosphate were obtained from Himedia,

India. Dithiobisnitro benzene (DTNB) and reduced

glutathione were purchased from Sisco Research

Laboratories, Mumbai. India. Resveratrol was purchased

from Cayman Chemical Company, USA (CAS No.

501-36-0 & purity 98%). All other chemicals and

solvents used were of analytical grade. 

Animals: The healthy, 8-10 weeks old, adult male

albino mice weighing 25±5 gm b.w. were used in the

present study. The animals were kept in polypropylene

cages under normal laboratory conditions in 12h light

and dark periods. The animals were fed on standard

balanced diet. The water was made available ad libitum

to the animals. Experimental animals were handled

according to the guidelines of Committee for the

Purpose of Control and Supervision of Experiments on

Animals (CPCSEA), Ministry of Environment and

Forests, Govt.of India. 

Experimental Protocol: The mice were divided into

four groups with minimum of ten animals in each

group. 

Group I : Control (given olive oil i.p.)

Group II : Lindane treated (given 40 mg/kg b.w.

dose of lindane i.p.dissolved in olive oil)

Group III : Antioxidant group (given combination of

antioxidants at a dose of 125 mg/kg b.w.

i.p.)

Group IV : Antioxidant and lindane group (given

combination of antioxidants (125mg/kg

b.w.) plus lindane (40mg/kg b.w.) i.p.)

In both, III and IV groups, combination of

antioxidants were injected at a dose of 125 mg/kg b.w.

(Vitamin E: 50mg/kg; Vitamin C: 50 mg/kg; alpha

Lipoic acid: 20mg/kg and resveratrol: 5mg/kg b.w.).

The antioxidants were administered a day (24hrs)

before and 1 hr prior to lindane administration. 

Biochemical Estimation: After 18 hrs of treatment, the

animals were killed by cervical dislocation. Cerebrum

was immediately dissected out, washed in normal ice

cold saline, weighed and processed for various

biochemical estimations.All the processes were carried

out at low temperature.The following biochemical

estimations were carried out.

Estimation of LPO  The cerebrum was homogenized in

10% (w/v) of ice cold 0.1M phosphate buffer pH 7.4.

The homogenate was centrifuged at 6000x g for 10

min to obtain the supernatant. LPO was assayed in

supernatant according to the method of Wilber et al.,[14]

by estimating the accumulation of the peroxidative

product, thiobarbituric acid reactive substances

(TBARS). The amount of TBARS was calculated using

a  molar  extinction coefficient of 1.56 x 10 /M per5

cm.  The  LPO activity was expressed as nmoL

TBARS / g tissue. 

Estimation of GSH  GSH was determined by the

method of Moron et al., . GSH is reacted with[1 5 ]

5,5,dithiobis -2-nitrobenzoic acid resulting in the

formation of a product that has a maximal absorbance

at 412 nm.Reduced GSH was used as standard and

activity was expressed as mg/gm tissue. 

Estimation of ATPase A 2% (w/v) homogenate was

made in ice cold 0.32 M sucrose. The cell debris and

nuclear  residues were removed by centrifugation

(6000g for 10 min) at 4  C. The low speed supernatant0

was used for enzyme assay. Total ATPase (E.C.3.6.1.3)

activity was measured with Mg , Na and K  present2+ +  +

in the reaction according to the method of Hosie .[16]

The activity of the enzyme is expressed as ìmol pi

released/ mg tissue/10 min.

Estimation of AChE A 2% (w/v) homogenate was

made in ice cold 0.1 M phosphate buffer (pH 7.9). The

homogenate was centrifuged at 6000g for 10 min and

supernatant was used for the assay of AChE.The

activity of AChE (E.C. 3.1.1.7) was assayed according

to the method of Ellman et al., . The activity was[17]

calculated using a molar extinction coefficient of 13.61

mM cm The AChE activity was expressed as µmol-1  -1  

substrate hydrolyzed /min / g tissue. 

Statistical Evaluation: The results are expressed as

Mean±SD. The results obtained from different groups

were assessed by one way ANOVA. Inter group

comparisons were performed by using the least

significance difference (LSD) test. A probability value

of < 0.01 was accepted as being statistically significant.

RESULTS AND DISCUSSIONS 

Results: The following results show the effect of

antioxidants on LPO, GSH, ATPase and AChE in

cerebrum of lindane exposed mice.
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Effect on LPO (Fig. 1): In the lindane treated group

LPO increased significantly (P < 0.01) as compared to

control group. Pretreatment with antioxiants in the

lindane treated group significantly altered the LPO

level (P < 0.01) as compared to only lindane treated

group. 

Fig. 1: Effect of antioxidants on lindane induced

alternation in LPO. Results are mean± SD;

compare to controla; compare to lindane ; **pb

< 0.01; ns   Non-significant; C = Control, LD

= Lindane, AA = Antioxidants, AA + LD =

Antioxidants + Lindane groups.

Effect on GSH (Fig. 2): The GSH level was lowered

by lindane treatment, whereas in antioxidants plus

lindane treated group, the GSH level was significantly

(p  <  0.01)  increased  than  that in the lindane

treated group. 

Fig. 2: Effect of antioxidants on lindane induced

alternation in GSH level. Results are mean 

SD; compare to controla; compare to lindane ;b

**p < 0.01; ns Non-significant; C = Control,

LD = Lindane, AA = Antioxidants, AA + LD

= Antioxidants + Lindane groups.

Effect on AChE activity (Fig. 3): The AChE activity

was declined (P < 0.001) in the lindane treated group
compared to control group. In antioxiants plus lindane

treated group the AChE activity was significantly
increased (P < 0.001) as compared to only lindane

treated group.

Fig. 3: Effect of antioxidants on lindane induced
alteration in AChE level. Results are mean 

SD; compare to controla; compare to lindane ;b

**p < 0.01; ns Non-significant; C = Control,

LD = Lindane, AA = Antioxidants, AA + LD
= Antioxidants + Lindane groups.

Effect on ATPase activity (Fig. 4): The ATPase

activity was significantly (P < 0.01) decreased by
lindane  treatment whereas pretreatment with

antioxiants in the lindane treated mice showed
restoration of ATPase activity (P < 0.01) comparable

to control group.

Fig. 4: Effect of antioxidants on lindane induced

alteration in ATPase activity .Results are Mean
SD; compare to controla; compare to lindane ;b

**p < 0.01; ns Non-significant; C = Control,
LD = Lindane, AA = Antioxidants, AA + LD

= Antioxidants + Lindane groups.

Discussion: The present study reports that pertreatment
with combination of certain antioxidants (vitamin E,

vitamin C, alpha lipoic acid and stilbene resveratrol)
ameliorates the lindane induced neurotoxicity.

The induction of oxidative stress by lindane has
been demonstrated in many tissues of rats such as

liver ,testis , heart  and in mice blood  including[2] [18] [19] [8]
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brain . Lindane induces oxidative stress by involving[5]

the activity of cyt P450 system which results into the

generation of superoxide radicals . Increased[2 0 ]

generation of superoxide radicals lead to oxidation and

depletion of GSH  with a lipid peroxidative response.[21]

Glutathione, an endogenous antioxidant play a critical

role in detoxification of reactive oxygen species and

free radicals.In the present study, lindane intoxication

decreases the GSH level in cerebrum, consistent with

previous studies in rat liver , myometrial cells ,[2] [22]

heart , and mice blood . [19] [8]

LPO is one of the main manifestations of oxidative

damage in cells and tissues. LPO produces a

progressive loss of cell membrane integity, imparement

in membrane transport function and disruption of

cellular ion homeostasis .Present study shows that[23]

after lindane exposure LPO increased significantly, in

agreement with previous studies . [5 ,24]

Lindane also affects the activity of membrane

bound enzymes through modification of membrane

fluidity. In the present study, the inhibition of

membrane bound enzymes AChE and ATPase have

been  observed  in cerebrum of lindane treated mice.

It seems that enzymatic changes may modify the

transport across the plasma membrane. The membrane

bound enzyme ATPase is involved in the uptake of

certain neurotransmitters and also in active ion

transports. The significant reduction in ATPase activity

in cerebrum suggests lowering of ATP linked transport

across the plasma membrane. Steffen et.al.,  also[25]

showed the inhibition of Na -K -ATPase activity in+ +

mouse brain synaptosomes owing to lindane treatment.

 Lindane induced LPO also disturbs the integrity of the

membrane, leading to inhibition of membrane bound

enzymes.In vitro evidences showed that synaptosomal

Na  - K  - ATPase is inactivated by LPO .+ + [26]

AChE activity also decreased in the present study

following lindane exposure in cerebrum.The inhibition

of AChE activity disturbs the metabolic and neuronal

activities and also causes deformities of cell

membrane . Several s tud ies  have already[2 7 ,2 8 ]

documonented the inhibitian of AChE enzyme activity

due to lindane intoxication .The deplete level of[29 ,30]

GSH also causes blood brain barrier (BBB)

dysfunction . It has been shown that cholinesterases[31]

are located in the BBB. Therefore, any change in BBB

permeability may inhibit the AChE activity .[4]

Thus, there is evidence that the elevations in LPO,

depletion of GSH level and compromisied membrane

bound enzyme activities are common epiphenomenona

of lindane induced neurotoxicity.

Anioxidants are potential therapeutic agents against

many neurodegenerative diseases. In the present study

four antioxidants (vitamin E, vitamin C, á-lipoic acid

and stilbene resveratrol) in combination were

undertaken to ameliorate lindane induced neurotoxicity.

Vitamin E, as a lipid soluble chain breaking antioxidant

prevents the production of LPO by scavenging free

radicals in biological membranes . Although, in vitro[32]

study showed that vitamin E can protect lindane

toxicity . But vitamin E alone is insufficient to annul[11]

the neurotoxic effects of lindane due to their slower

kinetics for BBB penetration  as well as its ability to[33]

generate phenoxyl radical. Hence, reduction of

phenoxyl radical by other antioxidants to regenerate the

active vitamin E could provide an effective means to

improve neurological function. Therefore, the

antioxidant potential of vitamin E could possibly be

maximized by supplementation with dihydrolipoic acid

in the presence of ascorbic acid .[34]

The main protective effect of vitamin C in the

present study does not result from direct scavenging

action but rather from the regeneration of vitamin E.

The possible mechanism by which vitamin C reduces

the LPO in the present study may be attributed to its

reducing nature. Vitamin C (ascorbic acid) crosses the

BBB in its oxidized form (dehydro ascorbate), retained

there as ascorbate form and protect endogenous vitamin

E against oxidation by reducing the phenoxyl radicals

within the biomembranes . Lipoic acid and its[35]

reduced form dihydro lipoic acid are potent

antioxidants which cross the BBB . The protective[36]

effect of lipoic acid and dihydro lipoic acid against

lindane induced neurotoxicity may involve the recycling

of other antioxidants such as GSH, ascorbate and

vitamin E in neural membranes. 

Arivazhagan and Panneerselvam  found that á-[37]

lipoic acid increases the Na  - K  - ATPase activity in+ +

aged brain of rats. Exogenous lipoic acid, although

inefficient in direct reduction of tocopherol phenoxyl

radical, is able to enhance the protective effect of

ascorbate by regenerating it from dehydroascorbate .[3 8 ]

Thus, regeneration of vitamin E from its phenoxyl

radical enchances its antioxidant effectiveness in brain.

Resveratrol, naturally present at high concentration

in grape skin, seeds and red wine and also has ability

to cross the BBB .Several studies showed the[39]

neuroprotective efficacy of resveratrol alone against

oxidative stress and LPO . Nonetheless,the[4 0 ,4 1 ]

resveratrol provides greater degree of protection when

given  with  vitamin  C and E rather than alone .[42]

The neuroprotection by resveratrol is likely due to its

intrinsic radical scavenger activities which balance the

prooxidant/antioxidant equilibrium possibly by

enhancing the GSH level. 

Hence in order to ensure complete neuroprotection

combination of antioxidants has been given as

antioxidants work synergistically with each other. In

conclusion, the combination of antioxidants as opted in

the  present  study  modulates  the  lindane  induced



Res. J. Agric. & Biol. Sci., 3(6): 664-669, 2007

668

neurotoxicity by restoring the GSH level and reducing

the  membrane  LPO which can beneficially prevent

the decreased activities of membrane bound

enzymes.However, the clinical trials of the present

combination of antioxidants would be of great

advantage  to  patients  suffering  from various

neuronal disorders
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