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ABSTRACT
Background: Alcohol withdrawal syndrome lead to relapse to alcohol use and depression
is the most common symptom of withdrawal. Bacopa monnieri is a traditional memory enhancer and has reported antidepressant properties as well. Objective: The present study was
designed to evaluate the protective effects of Bacopa monnieri extract in alcohol withdrawal
depressive-like behavior in alcohol-dependent rats. Methods: Plant drug was extracted with
ethanol (70% v/v) using soxhlet extraction. Ethanol 7.2%, v/v was given to the rats in a liquid
diet for 21 days and then was withdrawn from the diet and animals were observed at 6th and
24th h for withdrawal signs like depressive behavior and locomotor hyperactivity. Results: The
phytochemical testing of extract revealed the presence of flavonoids, alkaloids, steroids, and
tannins. Bacopa monnieri extract (100, 200 and 300 mg/kg, oral) and fluoxetine (10 mg/kg
i.p) treatment at the 6th and 24th h of ethanol withdrawal produced the significant (p<0.001)
decrease in the immobility time as compared to the disease control rats when tested on
forced swim test and tail suspension test. Bacopa monnieri extract and fluoxetine treatment
produced significant (p<0.001) inhibitory effects on locomotor hyperactivity as well. Histopathological examination did not show any remarkable pathological and microscopic changes.
Conclusion: Findings from the present study showed that Bacopa monnieri extract treatment has beneficial effects on ethanol withdrawal depressive-like behavior in rats.
Key words: Bacopa monnieri, Ethanol withdrawal syndrome, Depression, Locomotor hyperactivity, Histopathology.
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INTRODUCTION
Alcoholism is a chronic, relapsing disorder which is
characterized by compulsive alcohol drinking and loss
of control over ethanol intake. Alcohol withdrawal
syndrome is a life-threatening condition occurring
after abrupt cessation of constant heavy alcohol
consumption.1 Withdrawal symptoms usually appear
within 6-24 h of abstinence from alcohol.2 Symptoms
include rise in blood pressure, anxiety, hyperreflexia,
tremors, irritability and depression, which may progress to severe forms such as seizures, delirium tremens
(DTs), confusion, excessive hallucinations and severe
autonomic instability which may lead to death in
some cases.3-4 Alcohol withdrawal functions as an
unconditioned stressor for stimulating unconditioned
withdrawal responses, which leads to the activation
of several brain areas, especially the areas that are
involved in the modulation and expression of anxiety
and depressive-like behaviors such as the amygdala,
hypothalamus and hippocampus.5-6 Long-term alcohol
exposure decreases the number of inhibitory gammaaminobutyric acid (GABA) receptors and in compensation, there is upregulation of excitatory N-methylD-aspartate glutamate (NMDA) receptors. In alcohol

additive individuals, abstinence of ethanol unmask
these neuroadaptations which leads to symptoms
of the alcohol withdrawal.7 At present treatment
choices for alcohol withdrawal syndrome are very
few such as Benzodiazepines, Disulfiram, Naltrexone,
Acamprosate and among all benzodiazepines are
the only drug of choice for treatment of alcohol
withdrawal syndrome, but their use is associated
with various side effects such as sedation, cognitive
impairment and have addictive properties which
create a limitation to their use.8-9 Therefore, the
determination of new potent and therapeutically
beneficial drugs for the treatment of alcohol withdrawal symptoms is very important.
Herbal medicines are recognized as the major source
of therapeutics and are the first choice in health care
treatment nowadays as they are better compatible
with the human body and have minimal side effects
and desirable outcomes.10-11 Bacopa monnieri commonly known as ‘‘Brahmi,’’ and also referred to as
Bacopa monniera, Herpestis monniera and water
hyssop is a perennial creeping plant which belongs
to the family Scrophulariaceae and grows throughout
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East Asia and the United States.12 The entire plant is used medicinally.
In Ayurveda, it is used for the treatment of anxiety and in improving
intellect and memory for several centuries.13 Bacopa monnieri is also
claimed to be useful in the treatment of neuropharmacological disorders
like insomnia, depression, psychosis, insanity, stress and epilepsy.14
Bacopa monnieri is reported to possess analgesic, anti-inflammatory,
sedative, antipyretic, anti-lipid peroxidative and free radical scavenging
activities.15-16 The plant is anticancerous and also used as a tranquilizer.
The presence of steroidal saponins called as Bacosides A and B in Bacopa
monnieri mainly attributes to its several pharmacological properties.17
Major chemical constituents isolated and characterized from the
alcoholic extract of Bacopa monnieri are dammarane type triterpenoid
saponins with jujubogenin and pseudojujubogenin as the aglycones,
including bacosides A1– A3, bacopasaponins A–G and bacopasides
I–V.18 In animal studies, extracts of Bacopa monnieri have been found to
enhance learning ability and various aspects of other mental functions.17,19
Bacopa monnieri extract also appears to have significant antioxidant
activity in the brain.20 Reduction of both anxiety and depression by
Bacopa monnieri also demonstrated in animal research.21-22 The previous
studies reported the antidepressant properties of the Bacopa monnieri in
normal rats, while antidepressant properties of Bacopa monnieri using
an ethanol withdrawal model have never been studied. Therefore the
present investigation was designed to explore the beneficial effects of
Bacopa monnieri extract in depressive-like behavior induced by ethanol
withdrawal in rats.

MATERIALS AND METHODS
Chemicals and reagents
All the chemicals/reagents used in the study were of analytical grade,
solvents like petroleum ether, chloroform, ethyl acetate, ethanol, hydrochloric acid were purchased from Merck Mumbai, India and chemicals
like Sodium hydroxide, Ferric chloride, Vanillin, were purchased from
Himedia, India. The reagents like Wagner’s reagent, Dragendorff ’s
reagent, Hagers’s reagent, Lieberman Buchard reagent, Millions reagent,
Ferric chloride reagent were purchased from Merck Mumbai, India.
Plant Material
Dried whole plant of Bacopa monnieri (Bath number: ERD-92) has been
purchased from Natural Remedies, Bangalore. The whole plant was
coarsely powdered with a mechanical grinder and passed through sieve
number 60 and stored in an airtight container. The coarsely powdered
plant material was subjected to defatting with petroleum ether (30°-40°C).
The defatted air-dried plant powder has been extracted by Soxhlet
apparatus using 70% v/v of ethanol (hydroalcoholic) at 50°C for 48 h.
The solvent is recovered by evaporation under reduced pressure using
a rotary evaporator (Heidolph, Germany). The semisolid mass has been
further lyophilized (New Brunswick) at -40°C for 24 h. The obtained dry
powder of the plant is being stored at -20°C till further use.
Phytochemical screening of the plant extract
The phytochemical investigation of the prepared hydroalcoholic extract
was carried out for the presence of flavonoids (Shinoda’s test), alkaloids
(Wagner’s test), tannins (With 10% lead acetate solution) saponin (Foam
Test), Proteins (Millon’s Reagent test), steroids (Salkowski reaction)
essential oils (Oil stain test), carbohydrates (Molisch’s test) and glycosides
(Legal’s test).23-25
Animals and Housing
Wistar rats (170-230 g) of both sexes were maintained in the animal
house of the Central Animal Facility, Jaypee University, Solan (H.P.)
INDIA, under standard conditions like their housing temperature,
relative humidity, light: dark cycle and air changes were maintained at
Pharmacognosy Journal, Vol 10, Issue 6 (Suppl), Nov-Dec, 2018

22±30C, 30 to70%, 12-12 h, 12-15 air changes per hour, respectively. All
the animals had access to standard rodent feed and RO water (ad libitum).
All procedures were carried out after approval and under strict compliance with ethical principles, guidelines of the Institutional Animal
Ethics Committee (3/GLG/2014/JUIT/IAEC), constituted as per CPCSEA
(Committee for the Purpose of Control And Supervision of Experiments on
Animals) (1716/PO/a/13/CPCSEA).
Experimental design
Animals were divided into six groups normal control (saline treatment),
disease control, treatment control (Bacopa monnieri extract 100, 200,
300mg/kg) and standard control (fluoxetine (10 mg/kg i.p) comprising
six animals each and housed individually. A modified liquid diet with
or without ethanol was given to the rats ad libitum no other chow or
water was supplied. Sucrose as a caloric substitute to ethanol was fed to
the control group rats with an isocaloric diet and all other experiment
groups animals were exposed to the ethanol treatment with modified
liquid diet as described in previous studies.26-27 Modified liquid diet was
prepared as per earlier studies which contain cow milk 925 ml, 25–75 ml
ethanol (96.5% ethyl alcohol), vitamin A 5000 IU and sucrose 17 g.26 At
the beginning of the study, rats were given a modified liquid diet without
ethanol for 7 days and then 2.4% ethanol was administered with a liquid
diet for 3 days. Ethanol concentration was increased to 4.8% in the
following 4 days and finally 7.2% for 21 days. After 21 days, ethanol was
withdrawn from the diet by replacing with one without ethanol. Bacopa
monnieri extract (100, 200 and 300 mg/kg, oral), Fluoxetine (10 mg/kg i.p)
and saline were injected into the rats 30 min before ethanol withdrawal
testing. The animals were then examined at the 6th and 24th h of the
withdrawal period for the withdrawal signs like depressive behavior
and locomotor hyperactivity using the tail suspension test, forced swim
test and actophotometer models. Between observation periods, animals
were returned to their home cages. After 24h of the first dose, each group
received another dose of its original drug. A parallel to ethanol-dependent
groups, control group animals receiving liquid diet without ethanol were
also evaluated for the withdrawal signs. All observations were carried
out during the light period. Liquid diet was freshly prepared daily and
presented at the same time (09:00 h) of the day. Ethanol intake of the
animals and their body weight was measured daily and expressed as g
per kg per day. On protocol completion animals were sacrificed by cervical
dislocation and brain, liver, kidney were isolated and preserved in
formalin for further histopathological studies.28-29
Evaluation of depressive-like behavior induced by ethanol withdrawal
Tail suspension test
In tail suspension test rats were suspended on the edge of a table 58 cm
above the floor by the adhesive tape placed approximately 2-3 cm from
the tip of the tail. The duration of immobility was recorded for a period
of 5 min and observed to the extent of immobility versus active movement.
The animal was considered to be immobile when it does not show any
movement of the body and remain hanging passively.30
Forced Swim Test
In forced swim test rats were individually forced to swim in a transparent
vertical glass cylinder (45 cm high, 20 cm in diameter) filled with 27°C
water to a depth of 20 cm. The duration of immobility of the animal (in
sec) was measured for 6 min. ‘Immobility’ was defined as floating and
treading water just enough to keep the nose above water. The water was
changed for each animal.31
Evaluation of ethanol withdrawal locomotor hyperactivity
For evaluation of spontaneous locomotor activity, rats were first individually placed in the actophotometer and the count of the movement
of the animal cuts off a beam of light falling on the photocell is recorded
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digitally. After five minutes, the counter was stopped and the reading
noted. The animal was then removed and the counter resets to zero. The
same procedure was repeated for all animals.28
Histopathological Studies
The isolated organs were fixed in 10% neutral buffered formalin. The
histological sections (5 μm) of the tissues were stained with hematoxylin
and eosin and examined under the microscope for any cellular damage
or change.32
Statistical Analysis
Body weights of ethanol control rats as compared with normal control
rats were analyzed by Student’s t-test. Two-way ANOVA (Analysis of
variance) followed by Bonferroni’s multiple comparison test was used
in the evaluation of the effects of Bacopa monnieri in the tail suspension
test, forced swim test and locomotor activities. The level of significance
was set at p < 0.001 levels.

RESULTS
Phytochemical screening of the plant extract
The phytochemical screening of the Bacopa monnieri extract revealed
the presence of flavonoids, alkaloids, tannins, saponin, proteins, steroids,
essential oils, carbohydrates and glycosides.
Ethanol consumption and body weight changes of the rats
Daily ethanol consumption in ethanol-treated rats ranged from 12.18 ±
0.91 to 15.39 ± 0.81 g/kg. There was no significant difference between
the groups was observed. Body weight gain over the initial body weight
of the animals (3.96% ethanol-fed and 15.20% in the control group) was
observed at the end of the study. Body weight changes in the control and
ethanol-fed rats are presented in Table 1.

decrease in the immobility time as compared to the disease control rats
(Figure 1).
Forced swim test
Ethanol-fed rats showed a significantly increased immobility time in the
forced swim test on the 6th and 24th h of the withdrawal period as compared with the normal saline group. Treatment with Bacopa monnieri
extract (100, 200 and 300mg/kg, oral) and fluoxetine (10mg/kg i.p) at the
6th and 24th h of ethanol withdrawal produced the significant decrease in
the immobility time as compared to the disease control rats (Figure 2).
Locomotor activity
Ethanol-fed rats showed a significant increased locomotor activity on
the 6th and 24th h of the withdrawal period as compared with the normal
saline group. Bacopa monnieri extract (100, 200 and 300mg/kg) and
fluoxetine (10mg/kg i.p) treatment produced significant inhibitory
effects on locomotor hyperactivity at the 6th and 24th hour of ethanol
withdrawal (Figure 3).
Histopathology
Histopathology of the brain showed normal glial cells, the liver showed
normal hepatocytes and kidney revealed normal nephrons without any
interstitial bleeding and glomerular congestion. Alcohol consumption
and withdrawal did not induce any remarkable and treatment-related
gross pathological and microscopic changes in the alcohol-fed and drugtreated rats when compared to the normal control (Figure 4).

DISCUSSION

Ethanol-fed rats showed a significantly increased immobility time in
the tail suspension test on the 6th and 24th h of the withdrawal period
as compared with the normal saline group. Treatment with Bacopa
monnieri extract (100, 200 and 300mg/kg, oral) and fluoxetine (10mg/kg
i.p) at the 6th and 24th h of ethanol withdrawal produced the significant

The present study showed that the Bacopa monnieri treatment reverses
the depressive-like behavior induced by alcohol withdrawal in rats.
Ethanol administration in a liquid diet is the most appropriate model
for exploring ethanol withdrawal syndrome in rats.26,33 Abstinence
from chronic intake of ethanol is known to produce withdrawal signs
and depressive-like behavior is most common among them.34 In present
study approximately 15.9% increase in body weights of control rats was
observed and there was a 5.2% increase in the body weights of the ethanol
feeding rats. This observation agrees with previous reports on the effects
of alcohol on digestion, as alcohol damages the cells lining the stomach and
intestines; impairs nutrient absorption by disabling transport of some

Figure 1: Effect of drug treatment on alcohol withdrawal depressivelike behavior when tested on tail suspension test Figure1 Results:
mean±SD analyzed by two-way ANOVA followed by Bonferroni’s multiple comparison test; a p<0.001 vs NC, b p<0.001 vs DC, c p<0.001 vs
fluoxetine after 6th h. a’ p<0.001 vs NC, b’ p<0.001 vs DC, c’ p<0.001 vs
fluoxetine after 24th h.
BM = Bacopa monnieri, NC = Normal control, DC = Disease control.

Figure 2: Effect of drug treatment on alcohol withdrawal depressive-like behavior when tested on forced swim test Figure 2 Results:
mean±SD analyzed by two-way ANOVA followed by Bonferroni’s multiple comparison test; a p<0.001 vs NC, b p<0.001 vs DC, c p<0.001 vs
fluoxetine after 6th h. a’ p<0.001 vs NC, b’ p<0.001 vs DC, c’ p<0.001 vs
fluoxetine after 24th h.
BM = Bacopa monnieri, NC = Normal control, DC = Disease control.

Tail suspension test
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Figure 3: Effect of drug treatment on locomotor hyperactivity when
tested on actophotometer Results: mean±SD analyzed by two-way
ANOVA followed by Bonferroni’s multiple comparison test; a p<0.001
vs NC, b p<0.001 vs DC, c p<0.001 vs fluoxetine after 6th h. a’ p<0.001 vs
NC, b’ p<0.001 vs DC, c’ p<0.001 vs fluoxetine after 24th h.
BM = Bacopa monnieri, NC = Normal control, DC = Disease control.

nutrients into the blood. During the study, rats displayed increased
immobility in the forced swim test and tail suspension test after 6th and
24th h of withdrawal from ethanol. These results are similar to earlier
findings describing that ethanol withdrawal induces depressive-like
effects in rats.36-37 Previous findings suggest that depressive-like behavior
induced by alcohol withdrawal is associated with a reduction in hippocampal brain-derived neurotrophic factor (BDNF), which is responsible
for neuronal development, plasticity and survival.38 Our study revealed
that Bacopa monnieri extract treatment at doses 100, 200 and 300 mg/kg
in ethanol withdrawal rats decreased the immobility time in forced
swim test and tail suspension test. Bacopa monnieri at doses 100, 200
and 300 mg/kg produced a significant antidepressant effect in ethanolwithdrawn rats. The antidepressant effects of Bacopa monnieri in animal
models of depression have been well documented in the literature. Earlier
findings also suggested that Bacopa monnieri inhibits the reuptake of
several synaptosomal neurotransmitters such as serotonin, dopamine,
noradrenaline and modulates neuronal excitability via glutamatergic and
GABAergic mechanisms.22 The studies have postulated the role of GABA
and serotonin in the mechanism of action of Bacopa monnieri attributed
for its antidepressant properties. Previous findings reported the antidepressant effects of Bacopa monnieri in normal rats while our study
is reporting the antidepressant properties of Bacopa monnieri using an
ethanol withdrawal model for the first time. Fluoxetine (10mg/kg i.p) a
selective serotonin reuptake inhibitor (SSRI) and a potent antidepressant
drug were used as a standard. Locomotor hyperactivity is another easily
assessable behavioral sign of ethanol withdrawal.28 Ethanol-dependent
rats showed a significant locomotor hyperactivity at the 6th and 24th h
of the alcohol withdrawal when compared to the ethanol nondependent
rats. Locomotor hyperactivity of the ethanol withdrawal rats was similar to
the previous studies.27-28 Bacopa monnieri extract at 100, 200 and 300 mg/kg
significantly normalized the locomotor hyperactivity when tested in the
actophotometer. Brain, liver and kidney are the major organs affected
by the chronic ethanol intake, however, histopathological examination
confirmed that alcohol dependence and withdrawal did not induce any
pathological and microscopic alterations in the experimental animals.
The phytochemical screening of the hydroalcoholic extract of Bacopa
monnieri showed the presence of flavonoids, alkaloids, tannins, saponin,
proteins, steroids, essential oils, carbohydrates and glycosides which may
35
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Figure 4: Histology of brain, liver and kidney (H and E x100).
Table 1: Body weight changes of the rats fed with the liquid diet with or
without ethanol.
Body Weight (g)
Groups

Beginning of the
study

End of the
study

Body weight
change (%)

Control

218.91 ± 5.32

252.19 ± 5.28

15.20%

Ethanol fed

225.41 ± 4.39

234.34 ± 5.91

3.96%

play a protective role in reverting the ethanol withdrawal depressive-like
behavior possibly by glutamatergic and GABAergic mechanisms.

CONCLUSION
In conclusion, the present study showed that the Bacopa monnieri
extract reverts the depressive-like behavior and locomotor hyperactivity
induced by ethanol withdrawal in alcohol-dependent rats. Therefore, it
may have therapeutic potential in the treatment of ethanol-type dependence by suppressing ethanol withdrawal signs and symptoms.
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GRAPHICAL ABSTRACT

SUMMARY
• Alcoholism is a chronic, relapsing disorder which is characterized by compulsive alcohol drinking. Alcohol withdrawal syndrome lead to relapse to alcohol
use and depression is the most common symptom of withdrawal.
• Bacopa monnieri is a traditional memory enhancer and is used for the treatment of anxiety and in improving intellect and memory.
• The results from the present study showed that the Bacopa monnieri extract
may have therapeutic potential in the treatment of ethanol-type dependence
as it reverts the depressive-like behavior and locomotor hyperactivity induced
by ethanol withdrawal in alcohol-dependent rats.
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