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Abstract: The present study investigated the effect of the various fractions of hydromethanolic extract
of the leaves of Vitex negundo (Verbenaceae) against ethanol-induced cerebral oxidative stress in rats.
Cerebral oxidative stress was induced by the administration of 20% ethanol (5 ml/100gbw) for a
period of 28 days. The petroleum ether (PEF), chloroform (CF), ethylacetate (EAF) and residual (RF)
fractions at a dose of 200 mg/kgbw orally were simultaneously administered with ethanol for 28 days.
α-tocopherol at a dose of 100 mg/kg orally was used as the standard. Administration of ethanol
resulted in a significant elevation in serum biochemical parameters like aspartate transaminase (AST),
alanine transaminase (ALT), alkaline phosphatase (ALP), uric acid, triglycerides and lipoprotein
levels. In addition there was a significant (P<0.01) elevation in malondialdehyde (MDA) and lipid
hydroperoxide (LH) levels and a significant (P<0.01) reduction in enzymatic and non-enzymatic
antioxidants in the brain tissue. Histopathological examination of the brain tissue of the ethanol
treated animals showed marked gliosis. Simultaneous administration of the fractions prevented the
enzymatic leakage and elevation of serum uric acid, triglycerides and lipoprotein levels. All the
fractions (except the residual fraction) prevented the rise in lipid peroxidation and enhanced the
antioxidant enzymes. Further, histopathological examination revealed that the fractions of V. negundo
offered a significant protection against ethanol toxicity in rat brain. The activity exhibited by the
chloroform fraction is comparable to that of the standard. The present study reveals that the leaf of V.
negundo has protective action on the brain, which could be attributed to its antioxidant potential.
__________________________________________________________________________________________
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Introduction

Alcohol is a neurotoxin whose addiction is more complex than other addictions (Scheepers,
1997). Excessive intake of alcohol causes severe damage to the liver, which may become
cirrhotic. Ethanol exerts a dose-dependent effect on the central nervous system by crossing
the blood-brain barrier, heart and the testes (Charness et al., 1989; Nordmann et al., 1990).
Chronic intake of alcohol may produce functional deficits such as psychoses and
hallucination in addition to structural alterations such as cortical atrophy (Phillips et al.,
1952). Both larger and smaller doses of ethanol taken repeatedly, increases lipid
peroxidation in the liver followed by the accumulation of conjugated dienes and decreases
the levels of GSH and antioxidant enzymes in liver, brain and kidney cells (Halliwell &
Gutteridge, 1989). Metabolism of ethanol leads to oxidative stress through the generation of
reactive oxygen species, which can start lipid peroxidation by exhausting antioxidant
substances in the cell thereby changing the balance in favour of increased peroxidation
(Dianzani, 1985; Zima et al., 2001). Cells have a number of defense mechanism against free
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radical damage and the problem arises when the production of reactive oxygen species
(ROS) exceeds their elimination by antioxidant protective system. The target of oxidative
damage of ethanol in brain has been identified as the enzyme glutathione synthetase and
neurofilaments, which can be nitrated by ONOO - that leads to the disruption of their
organization (Halliwell & Gutteridge, 1989). The oxidation product of ethanol is
acetaldehyde that stimulates lipid peroxidation leading to increased membrane fluidity,
disturbance of Ca2+ homeostatis and finally cell death (Nordmann, 1994). Acetaldehyde
undergoes reversible reaction with GSH and protein thiol and nitro groups and also reacts
with dopamine and serotonin in the brain to form neurotoxic products such as
tetrahydroisoquinolines and tetrahydro-β-carbolines. Recent research has focused on the
development of antioxidant drugs that may delay or minimize neurodegeneration
(Callaway et al., 1998).

Many herbs and medicinal plants are rich natural sources of antioxidants. Vitex
negundo L. belonging to the family Verbenaceae is widely distributed in India. The leaves of
the species contain a significant amount of antioxidants such as agnuside, eurostoside,
aucubin, flavonoids, casticin and vitexin. The leaves are used in indigenous medicine for the
treatment of rheumatic disease, headache, catarrhal fever, cervical spondylitis and body pain
(Warrier et al., 1995). The leaves of V. negundo has been reported for its anti-inflammatory
(Tandon & Gupta, 2006), analgesic and antihistaminic property (Dharmasiri et al., 2003),
snake venom neutralizing capacity (Alam & Gomes, 2003), hepatoprotective (Avadhoot &
Rana 1991) and CNS depressant activities (Gupta et al., 1999). To our knowledge, there are
no available reports on the effect of leaves of V. negundo against ethanol-induced cerebral
oxidative stress. Hence the objective of the present work is to study the protective effect of
the various fractions of V. negundo hydromethanolic leaf extract against ethanol-induced
cerebral oxidative stress in rats.

Materials and Methods

Plant material and preparation of extract fractionation
The leaves were collected from Coimbatore district, Tamil Nadu, India during May 2007.
The plant was identified and authenticated by Dr. G.V.S. Murthy, Joint Director, Botanical
Survey of India, Tamil Nadu Agricultural University Campus, Coimbatore bearing the
reference number BSI/SC/5/23/07-08/Tech.-349.

Fresh leaves of the plant were dried in shade under room temperature, powdered
mechanically and sieved through No.20 mesh sieve and extracted with methanol:water (7:3)
and the hydromethanolic extract (27%) was partitioned separately against petroleum ether,
chloroform and ethyl acetate separately in the order of increasing polarity. The petroleum
ether fraction (PEF) (2%), chloroform fraction (CF) (1.2%), ethyl acetate fraction (EAF) (1.4%)
and residual fraction (RF) (21%) of V. negundo were used for the study.

Drugs and chemicals
Absolute ethanol, vitamin E, 2–2’ dipyridyl and O-dianisidine were obtained from Himedia
Laboratories Ltd., Mumbai, India. Butylated hydroxyl toluene, oxidized glutathione,
epinephrine and 5, 5’-dithiobis-2-nitrobenzoic acid (DTNB) were obtained from Sisco
Research Laboratories Pvt., Ltd., Mumbai, India. All other drugs and chemicals used in the
study were obtained commercially and were of analytical grade.
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Acute toxicity studies
Swiss albino mice (20-25 g) maintained under standard laboratory conditions was used. A

total of five animals were used which received a single oral dose (2000 mg/kg, body weight)
of the fraction. Animals were kept overnight fasting prior to drug administration. After the
administration of the fraction, food was withheld for further 3-4 h. Animals were observed
individually at least once during the first 30 minutes after dosing, periodically during the
first 24 hours (with special attention during the first 4 h) and daily thereafter for a period of
14 days. Once daily cage side observations included changes in skin and fur, eyes and
mucous membrane (nasal), and also respiratory rate, circulatory (heart rate and blood
pressure), autonomic (salivation, lacrimation, perspiration, piloerection, urinary
incontinence and defecation) and CNS (ptosis, drowsiness, gait, tremors and convulsions)
changes.

Experimental animals and design
Wistar albino rats of either sex weighing between 150-200 g were used for the study. The
animals were housed in polypropylene cages inside a well-ventilated room. The room
temperature was maintained at 232ºC with a 12 h light / dark cycle. The animals were fed
with commercial rat feed pellets and provided with drinking water ad libitum. All animal
procedures have been approved by institutional animal ethical committee in accordance
with animal experimentation and care.

Cerebral oxidative stress was induced in rats by feeding 20% ethanol (5 ml/100gbw)
for a period of 28 days (Saravanan et al., 2003; Das et al., 2007). Animals were divided into 6
groups consisting of six animals each. Group I received normal saline (10 ml/kgbw, orally)
and served as solvent control. Group II received 20% ethanol (5 ml/100gbw) orally and
served as alcohol control. Groups III-VI received petroleum ether (PEF), chloroform (CF),
ethyl acetate (EAF) and residual fractions (RF) of V. negundo respectively at a dose of 200
mg/kgbw, orally. Group VII received vitamin E (100 mg/kg) and served as the standard
(Agar et al., 2003). The fractions and the reference drug were suspended in 20% ethanol and
administered for a period of 28 days.

On the 29th day, blood was collected by retro-orbital puncture under mild ether
anesthesia. The levels of serum triglycerides (TG), cholesterol, low-density lipoprotein
(LDL), very low-density lipoprotein (VLDL) and high- density lipoprotein (HDL), uric acid
and serum marker enzymes like aspartate transaminase (AST), alanine transaminase (ALT)
and alkaline phosphatase (ALP) were determined using standard kits in a semi-
autoanalyser. Immediately after blood collection, the animals were sacrificed by cervical
dislocation and the brain was removed, homogenized with 0.1M ice cold phosphate buffer
(pH 7.4) and centrifuged at 5000g for 10 min and the resulting supernatant was used for the
assay of lipid peroxidation and enzymatic and non enzymatic antioxidants. The amount of
total protein present in the tissue was estimated by the method of Lowry et al., 1951. Lipid
peroxidation as evidenced by the formation of malondialdehyde (MDA) and lipid
hydroperoxides (LH) were measured by the method of Niehaus & Samuelsson (1968).
Superoxide dismutase (SOD) activity was determined by the inhibition of auto catalyzed
adrenochrome formation in the presence of the homogenate at 480 nm (Kakkar et al., 1984).
Catalase (CAT) activity was estimated by the catalysis of hydrogen peroxide (H2O2) to water
in an incubation mixture adjusted to pH 7.0 and recorded at 254 nm (Sinha, 1972).
Gutathione reductase (GSSH) activity was determined spectrophotometrically by the
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decrease in absorbance of NADPH at 340 nm (Racker, 1955). Glutathione peroxidase (GPx)
activity was measured by the procedure of Paglia & Valentine (1967). Peroxidase (Px)
activity was measured spectrophotometrically by following the change in absorbance at 460
nm due to O-dianisidine oxidation in the presence of H2O2 and the enzyme (Lobarzewski &
Ginalska, 1995). The estimation of non-enzymatic antioxidants like reduced glutathione
(GSH) and α-tocopherol were carried out. The determination of GSH was based on the
reaction of reduced glutathione with DTNB to give a compound that absorbs at 412 nm
(Ellman, 1959). The estimation of α-tocopherol was carried out by the Emmerie Engel
reaction based on the reduction of ferric to ferrous ion by α-tocopherol which forms a red
coloured complex with 2, 2’-dipyridyl (Baker et al., 1980).

Histopathological studies
A portion of brain tissue in each group was fixed in 10% formaldehyde solution, dehydrated
in gradually increasing concentrations of ethanol 50-100%, cleared in xylene and embedded
in paraffin for histopathological studies. Brain sections of 5μm thickness were prepared.
Haemotoxylin and eosin were used for staining and later the microscopic slides of brain cells
were photographed.

Statistical analysis
Statistical analysis of the results was carried out using GraphPad by one-way analysis of
variance (ANOVA) followed by Dunnett’s test. Results were expressed as mean ± SEM from
six rats in each group. P < 0.05 was considered significant.

Results

In acute toxicity studies, it was found that the animals were safe up to a maximum dose of at
2000 mg/kgbw. There were no changes in normal behavioural pattern and no signs and
symptoms of toxicity and mortality were observed. The diet intake of different groups was
almost similar. After 28 days of ethanol administration, there was a significant (P<0.01)
decrease in the body weight of ethanol-treated rats compared to control (Table 1). There was
no significant difference (P<0.01) in the body weight of the animals treated with the various
fractions of V. negundo and vitamin E when compared with the control rats. The body weight
of normal controls significantly increased by approximately 9.5% over their basal values
after 28 days of treatment, whereas there was a significant (P<0.01) decrease in the body
weight of ethanol-treated rats (6%). Administration of the CF and EAF of V. negundo caused
a significant weight gain of 3.8% and 3.5%, respectively, on the 28th day. Treatment with
Vitamin E produced 3.2% increase in weight gain; however, the weight gain of the treated
groups remained lower than the normal control.

Animals fed with ethanol showed a significant (P<0.01) increase in the levels of uric
acid, triglycerides, cholesterol, LDL and VLDL and a decrease in HDL level. The activities of
serum marker enzymes like AST, ALT and ALP were significantly (P<0.01) increased in
ethanol-treated rats when compared to control rats. Rats fed simultaneously with ethanol
and the PEF, EAF and CF of V. negundo showed marked reduction in the levels of serum uric
acid, triglycerides, cholesterol, LDL, VLDL and the activities of AST, ALT and ALP and an
increase in HDL levels when compared with rats fed only with ethanol. Rats fed
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simultaneously with ethanol and vitamin E showed the serum uric acid, lipid and enzyme
levels which was almost similar to the control rats (Tables 1 and 2).

Table 1: Effect of the fractions of V. negundo on body weight, serum maker enzymes and uric acid
in control and experimental animals

Treatment Body weight ALP (u/l) AST (u/l) ALT (u/l) Uric acid
(mg/dl)

Initial Final
Normal control 141.6±4.7 155±4.2 899.2±61.9 972.6±43.5 307±56.9 0.2±0.05
Alcohol control 140±4.4 131.6±3.8* 5519.6±95.6* 1809.1±23.6* 1689±31.5* 7.1±0.32*
PEF 140±5.7 139.1±4.9c 1557.4±81.0b 1481.2±31.6b 1213.1±64.7b 3.0±0.47b

CF 131.6±8.3 136.6±7.6a 1324.1±64.3b 1403.3±20.8b 367.4±87.14b 4.9±0.65b

EAF 141.6±12.4 146.6±12.1a 1684.8±47.82b 1438.5±65.45b 568.69±124.4b 5.6±0.5b

RF 150±6.3 147.5±2.8c 3431.9±196b 1640.3±27.8b 1550.2±21.7c 2.1±0.08b

Vitamin E 155±4.2 160±4.4a 1139.2±55.7b 1037.8±50.0b 348.3±25.8b 1.0±0.01b

AST - Aspartate transaminase; ALT - Alanine transaminase; ALP - Alkaline phosphatase; PEF - Petroleum ether
fraction; CF - Chloroform fraction; EAF - Ethylacetate fraction; RF - Residual fraction. Values are expressed as
mean ± SEM; n = 6; *P<0.01 when compared to normal control; aP < 0.01, bP<0.05 and cP>0.05 when compared to
alcohol control (one way ANOVA followed by Dunnett’s test)

There was a significant (P<0.01) increase in the concentrations of MDA and LH and a
decrease in protein content in the brain tissues of rats fed with ethanol when compared with
control rats. Rats administered simultaneously with ethanol and the PEF, EAF and CF of V.
negundo showed near-normal levels of tissue malondialdehyde, lipid hydroperoxides and
protein content similar to vitamin E. Treatment with RF did not show any significant effect
(P>0.05) when compared to ethanol control (Table 3).

Table 2: Effect of the fractions of Vitex negundo on serum lipid profile in control and experimental
animals
Treatment Triglycerides

(mg/dl)
Cholesterol
(mg/dl)

HDL
(mg/dl)

LDL
(mg/dl)

VLDL
(mg/dl)

Normal control 20.87±0.57 29.7±1.57 199.6±16.6 174.05±15.8 4.17±0.11
Alcohol control 90.21±1.06a 330±35.3a 32.48±4.22a 238.2±37.5a 18.04±0.21a

PEF 21.98±2.48b 30.09±2.13b 73.86±11.07 52.3±8.4b 3.9±0.49b

CF 25.35±3.27b 41.71±3.72b 174.08±24.4b 10.36±1.9b 5.07±0.6b

EAF 40.53±3.42b 44.65±3.54b 47.12±6.4 23.07±3.6b 8.1±0.68b

RF 82.07±1.76d 152.5±6.64b 38.72±6.7d 99.28±6.45d 16.41±0.35b

Vitamin E 21.08±0.6b 29.9±1.71b 186.8±15.5b 161.12±14.9c 4.21±0.13b

HDL– High density lipoprotein; LDL– Low density lipoprotein; VLDL– Very low density lipoprotein; PEF-
Petroleum ether fraction; CF- Chloroform fraction;  EAF- Ethylacetate fraction;  RF- Residual fraction. Values are
expressed as mean±SEM; n = 6 in each group aP<0.01 when compared to normal control, bP <0.01, cP<0.05 and
dP<0.05 when compared to alcohol control (one way ANOVA followed by Dunnett’s test)

The activities of enzymatic antioxidants like SOD, CAT, Px, GPx and GSSH in brain tissue of
rats fed with ethanol were significantly (P<0.01) lower when compared with control rats.
Rats fed with the PEF, EAF and CF of V. negundo and vitamin E displayed increased
activities as compared to ethanol-fed rats. Rats treated with the RF did not show a
significant increase (P>0.05) in the activities of the above enzymes (Table 4).
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Table 3: Effect of fractions of V. negundo on brain tissue protein, MDA and LH in control and
experimental animals
Treatment Protein MDA LH
Normal control 3666.6±149 0.175±0.01 0.55±0.06
Alcohol control 1750.8±668a 2.035±0.35a 5.24±0.9a

PEF 1767±195.0b 0.9±0.08b 1.48±0.12b

CF 2083.8±61b 0.6±0.08b 1.35±0.05b

EAF 1719±171b 0.8±0.06b 1.56±0.23b

RF 1762±179b 1.25±0.01b 1.84±0.11b

Vitamin E 3638.8±25b 0.25±0.018b 0.7±0.03b

Protein (mmoles/min/mg wet tissue), MDA - Malondialdehyde (nmoles/min/mg protein), LH - Lipid
hydroperoxides (nmoles/min/mg protein), PEF - Petroleum ether fraction, CF - Chloroform fraction, EAF -
Ethylacetate fraction, RF - Residual fraction. Values are expressed as mean ± SEM; n = 6. aP<0.01 when compared
to normal control bP<0.01 when compared to alcohol control (one way ANOVA followed by Dunnett’s test)

Rats fed with ethanol showed a significant (P<0.01) reduction in the concentrations of GSH
and α-tocopherol when compared to normal rats. Rats fed simultaneously with ethanol and
the PEF, EAF and CF of V. negundo showed a significant (P<0.01) elevation in GSH and α-
tocopherol. This effect was almost similar to the vitamin E treated rats. Rats treated with RF
did not show a significant increase (P>0.05) in the levels of non-enzymatic antioxidants
(Table 5).

Table 4: Effect of fractions of V. negundo on brain tissue enzymatic antioxidants in control and
experimental animals
Treatment CAT GPx SOD GSSH Px
Normal control 29.4±1.3 43.4±1.23 27.1±1.45 19.6±1.45 33.5±1.1
Alcohol control 13.5±2.7a 32.7±4.44a 10.88±1.5a 9.1±1.8a 9.9±1.5a

PEF 20.3±1.3 42.79±2.0b 20.8±3.2c 14.9±1.6c 19.5±1.9c

CF 23.0±3.1c 41.0±2.50b 22.17±3.1c 18.3±1.3b 29.2±4.9b

EAF 19.5±1.1d 39.75±2.3d 19.1±1.3d 15.23±1.4c 17.5±2.8d

RF 15.9±0.5d 34.2±2.0d 17.2±0.6d 13.7±0.6 15.6±1.1d

Vitamin E 29.0±0.7b 41.9±0.5b 26.3±0.5b 18.6±0.3b 31.9±0.6b

CAT- Catalase (µmoles/mg protein); GPx- Glutahione peroxidase (nmoles/min/mg protein); SOD- Superoxide
dismutase (nmoles/min/mg protein); GSSH- Glutathione reductase (nmoles/min/mg protein); Px- Peroxidase
(nmoles/min/mg protein); PEF- Petroleum ether fraction; CF- Chloroform fraction; EAF – Ethylacetate fraction;
RF- Residual fraction. Values are mean ± SEM; n = 6. aP < 0.01 when compared to normal control bP < 0.01, cP <
0.05 and dP > 0.05 when compared against alcohol control (one way ANOVA followed by Dunnett’s test).

Table 5: Effect of fractions of Vitex negundo on brain tissue non-enzymatic antioxidants in control
and experimental animals
Treatment GSH α-tocopherol
Normal control 35.3±0.9 5.3±0.1
Alcohol control 17.6±3.6a 3.1±0.1a

PEF 34.0±2.2b 4.4±0.2b

CF 33.6±1.3b 5.0±0.1b

EAF 32.8±3.6c 3.4±0.1d

RF 22.9±1.4d 3.1±0.1d

Vitamin E 34.6±0.3b 5.3±0.1b

Values are expressed as mean ± SEM; n = 6 in each group. aP < 0.01 when compared to normal control bP  < 0.01,
cP < 0.05 and dP > 0.05 when compared to alcohol control (one way ANOVA followed by Dunnett’s test).
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The results of the histopathological studies are presented in Figures 1-7. Section of the brain
tissue of control rats showed normal brain architecture with glial tissue (Figure 1). The brain
section of alcohol-fed rats showed profound gliosis and there is no evidence of necrosis
(Figure 2). On the other hand, rats treated with the PEF, EAF and CF of V. negundo showed
normal glial tissue with minimal gliosis (Figures 3-5). Rats treated with the RF did not
reverse the gliosis produced by ethanol (Figure 6). Rats treated with vitamin E showed
normal architecture of brain and no gliosis, which is almost similar to the control rats
(Figure 7).

Figures 1-7: Histopathological brain sections of control and experimental animals
Control rats with normal brain architecture (Fig 1); brain section of alcohol-fed rats with profound gliosis (Fig 2);
brain tissue of rats treated with the PEF, EAF and CF of V. negundo with normal glial tissue and minimal gliosis
(Figures 3-5); rats treated with the RF did not reverse the gliosis produced by ethanol (Fig 6); rats treated with
vitamin E with normal architecture of brain and no gliosis (Fig 7).

Discussion

Rats fed with ethanol showed a reduction in body weight due to the reduced body fat mass
and reduction of adipose tissue (Das & Vasudevan, 2005). It might be possible that the
ethanol-fed rats were malnourished (Velvizhi et al., 2002). Rats treated with the various
fractions of V. negundo showed significant weight gain, which indicates that it attenuated the
malnutrition.

The elevated activities of AST, ALT and ALP in the serum of ethanol-fed rats indicate
mitochondrial injury (Cohen, 1970). Ethanol-induced elevation in the levels of serum lipids
may be due to an imbalance between the synthesis and degradation of lipids by the liver,
which is the main cause for atherosclerotic heart disease (Sen & Mukherjee, 1997; Navder et
al., 1999). Rats fed with ethanol showed hypertriglyceridemia, which is due to the reduced
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activity of the enzyme lipoprotein lipase and triglyceride lipase thus resulting in the
decreased uptake of triglycerides from serum and an accumulation in the tissues (Parker et
al., 1990). Ethanol administration showed an elevation in the levels of cholesterol due to the
increased activity of the enzyme β-hydroxymethylglutaryl CoA (HMG CoA) which catalyses
the rate limiting step in cholesterol biosynthesis leading to increased cholesterol synthesis in
tissues and excess cholesterol leaking out into the blood (Ashakumary & Vijayammal, 1993).
Metabolism of ethanol to acetaldehyde leads to the conversion of a portion of tissue xanthine
dehydrogenase (XDH) to xanthine oxidase (XO), causing an elevation in serum uric acid
level. Likewise conversion might occur due to an increase in cellular NADH as a result of
ethanol oxidation with subsequent production of superoxide anion radicals, which could
contribute to the enhancement of uric acid (Sultatos, 1988). In the present study, rats fed
with ethanol produced a significant increase in serum uric acid level and co-administration
of the fractions of V. negundo and vitamin E reversed the effect produced by ethanol.

Easily peroxidizable fatty acids present in high concentrations in brain are the reason
for the elevated levels of MDA and LH due to ethanol administration. Ethanol induces lipid
peroxidation through iron that is present in certain regions of brain which catalyses the
generation of oxygen derived free radicals (Nistico et al., 1992). Hydroxyethyl free radicals
from ethanol having long half life produce damage to the membrane due to an increase in
lipid peroxidation (Guochuan et al., 1998). MDA and LH are the end products of lipid
peroxidation whose levels were elevated in the brain, kidney, liver and heart of the ethanol-
treated rats (Jaya et al., 1993). We observed a significant reduction in the levels of MDA and
LH in the brain tissue of rats receiving ethanol simultaneously with the fractions of V.
negundo, thus showing the beneficial effect of the fractions against ethanol-induced toxicity.

Increased lipid peroxidation causes a decrease in cellular defense system. The
activity of enzymatic antioxidants has been decreased in ethanol-fed rats. Superoxide anion
radical produces damage to the membranes and biological structures that is protected by
SOD. Inhibition of activity of SOD results in the generation of partially reduced oxygen
species. When SOD activity is decreased, neurons are more vulnerable to oxyradical injury
(Guochuan et al., 1998).

The decomposition of H2O2 to H2O is catalysed by CAT in association with GPx.
Thus, a decrease in the activities of the above enzymes leads to an accumulation of H2O2 in
the tissues. Also a decrease in the activity of GSSH occurs due to the depletion of thiol
groups, leading to related pathologies (Scapagnini et al., 2002). Administration of the
fractions of V. negundo minimized the effect of ethanol-induced decrease in enzymatic
antioxidants.

Decrease in the levels of non-enzymatic antioxidants like GSH and α-tocopherol in
ethanol-fed rats were due to an inhibition in their protective effect against lipid
peroxidation. Oxidative stress occurs due to the accumulation of oxidized glutathione
(GSSG), which is due to the inability of GSH to maintain the redox state. A decrease in the
GSH level results from the binding of acetaldehyde to the cysteine residues in GSH (El-
Sokkary et al., 1999). Also, the cellular level of α-tocopherol is maintained by GSH by
neutralizing the free radicals (Winkler, 1992). Treatment of rats with the fractions of V.
negundo and vitamin E inhibited the decrease in non-enzymatic antioxidant levels.

Rats fed with ethanol produced gliosis in brain tissue. Treatment with the PEF, CF
and EAF of V. negundo reduced gliosis in brain tissues. These observations revealed that the
fractions exhibited significant protection against ethanol-induced cerebral toxicity.
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Vitamin E prevented ethanol-induced toxicity in rat brain. Supplementation with
antioxidant such as vitamin E has been reported to be useful in the prevention of alcohol-
induced neural disorders (Agar et al., 2003). The leaves of V. negundo have been reported to
possess flavonoids, alkaloids, terpenoids and tannins (Singh et al., 1999). These
phytochemical constituents are reported to possess antioxidant properties and have shown
to be potent inhibitors of lipid peroxidation. The chloroform fraction exhibited highest
antioxidant activity and significantly inhibited lipid peroxidation and the activity is almost
comparable to the effect of the standard drug vitamin E.

In conclusion, the results obtained from the present study provide a rationale for the
use of the leaves of V. negundo for the treatment of alcohol-related disorders. Studies are
presently undertaken in our laboratory to isolate and characterize the active ingredients
from the leaves.
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