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Abstract

Bacopa monniera Linn. or Brahmi, a plant in the family Scrophulariaceae, is
used as a traditional medicine for memory improvement, dementia like an-
xiety, depression, epilepsy etc. for a long time in Bangladesh. This study
evaluated the anxiolytic effects of the methanolic extract of B. monniera
(MEBM) in animal models of anxiety. For the further tests and phytochemi-
cal screening, the whole plant of B. monniera extracted following maceration
method. The extract was evaluated for anxiolytic activity using light/dark box,
elevated plus maze, marble burying and rota rod tests in mice at the doses of
50, 100, and 200 mg/kg body weight. Diazepam (1.0 mg/kg), an anxiolytic
drug used as standard drug. MEBM showed a strong and dose-dependent an-
xiolytic effects in animal models of anxiety. MEBM significantly increased the
time spent in the light compartment, the latency time, and the entries of open
arms in light/dark and elevated plus maze tests. In addition, MEBM also sig-
nificantly decreased the number of buried marbles in marble burying test and
increased the time of performance in rota rod test (p < 0.05). These were the
major findings of this study. Therefore, our results reported that MEBM pos-
sesses anxiolytic effects in animal models of anxiety that support the tradi-
tional use of this plant as a potent agent to combat anxiety.
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1. Introduction

Anxiety disorders are psychiatric conditions identified as the most common
stress-related mood disorders causing disability and hasty death. More than
121 million people are suffering from anxiety in the world according to the
World Health Organization (WHO) [1]. For last few years, the priority of
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these disorders in the top chart not only for the high prevalence but also from
the burden associated for illness and its treatment [2]. Drugs prescribed for
neuropsychiatric disorders have more side effects than they are efficacious.
Although benzodiazepines have well-known benefits, their side effects are high
up, including muscle relaxation, sedation, physical dependence, memory dis-
turbance, and interaction with other drugs [3]. In these conditions, the efficacy
of such drugs is very limited. Therefore, the need for newer, better-tolerated,
and more efficacious treatments remains high-rise. Herbal therapies could be
considered as alternative or complementary medicines. In the search for novel
molecules useful for the treatment of neurological disorders, worldwide medi-
cinal plant research has continued to improvement, demon starting the phar-
macological effectiveness of different plant species in a variety of animal mod-
els [4].

Bacopa monniera Linn. or Brahmi, a plant in the family Scrophulariaceae, was
distributed in the warmer and wet lands regions of the world including Bangla-
desh. In Bangladesh, this plant is used to relief patients anxiety [5], epilepsy [6],
cardiac [7], respiratory [8], digestive disorders, purifies blood and toothache [9],
rheumatism and prevent miscarriage [10]. On the other hand, B. monniera
shows few gastrointestinal side effects, specifically enlarged bowel movements,
nausea, and abdominal cramping [11]. The clinical studies have confirmed the
safety of the bacosides in healthy male volunteers [12]. Number of biologically
active compounds has been isolated from this plant. They are several chemical
groups have been founded such flavonoids [13], alkaloids, glycosides, saponins,
and several chemical constituents have been identified such sterols [14], brahmin,
nicotine, herpestine, des-saponin glycosides-triterpenoid saponins like Bacoside.
The phytochemicals like 3-(a-L-arabinopyranosyl)-O-b-D-glucopyranoside-10
and 20-dihydroxy-16-keto-dammar-24-ene (Bacosides A and B) are the major
compounds that exhibit neuropharmacological activities by directly performing
on the neurotransmitter’s level [13] [15]. The other chemical constituents reported
for this plant includes hersaponin [16], betulic acid, monnierin [17], herpestin and
brahmine [18], luteolin-7-glucoside, glucoronyl-7-apigenin and gluucoronyl-7-
luteonin, common phytosteroids [6]. Due to the diverse pharmacological actions
of Brahmi, researcher tried to investigate and validate its ethnomedical uses. There
are several scientific reports illuminated that bioactive compound of B. monniera
would afford for better neuropharmacological outcomes. They found Brahmi as
a potent agent with antioxidant [19], antiulcerogenic [20], cognitive enhancer
[21], antiinflammatory [22], analgesic, antidiarrhoeal and cytotoxic [23] proper-
ties. There is a great interest in the research of B. monniera to explore new the-
rapeutic targets and new molecules acting on the central nervous system. How-
ever, the evidence to recommend the use of herbal medicines in the treatment of
neurological disorders is still insufficient. Therefore, the main objective of the
present study was to evaluate the anxiolytic like-effects of B. monniera in differ-

ent models in mice.
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2. Materials and Methods

2.1. Plant Collection and Extraction

Fresh plant of B. monniera was collected in June, 2014 from Bogra, Bangladesh.
The samples identified by Sarder Nasir Uddin, Senior Scientific Officer, Bangla-
desh National Herbarium, Dhaka, Bangladesh. A voucher specimen (DACB:
38106) has been deposited in the Herbarium for further reference. About 250 g
of powdered material was soaked in 800 mL methanol at 25°C + 2°C for 72 h in
beaker and mixture needs was stirred with a certain interval. Filtrate was filtered
3 times with the help of filter paper and sterilized cotton. The solvent was re-
moved by rotary evaporator (BC-R 201. Shanghai Biochemical Equipment Co.
Ltd.) and 10.56 g extract (Yield 4.22%) was obtained. This plant extract was used

for the phytochemical screening, acute toxicity and anxiolytic activity studies.

2.2. Animals

The in vivo experiments were carried out on Swiss albino mice of 3 - 4 weeks
age, weighing between 20 - 25 g. They were procured from the Animal Research
Branch of the International Center for Diarrheal Disease and Research, Bangla-
desh (ICDDR, B). The animals were housed in polyacrylic cages (5 animals/cage)
and maintained under standard environmental conditions (temperature: 25°C £
2°C, relative humidity: 55% - 65% and 12 h light/ dark cycle). Mice were fed
standard laboratory food (Hind Lever diet pellets) and water ad libitum. The
animals were acclimatized to the laboratory environment for a period of 14 days
prior to performing the experiments. No food has been given to the animals
overnight before the experiments. All the experimental mice were treated fol-
lowing the Ethical Principles and Guidelines for Scientific Experiments on Ani-
mals (1995) formulated by The Swiss Academy of Medical Sciences and the
Swiss Academy of Sciences. The Institutional Ethics Committee of Stamford

University Bangladesh approved the entire experimental rules.

2.3. Drugs and Treatments

Diazepam for anxiolytic activity assessment (1 mg/kg; Sedil, Square Pharma-
ceuticals Ltd.) applied on standard group via oral route. The methanolic extract
of B. monniera was administered on mice at the doses of 50, 100, and 200 mg/kg
through oral route. Mice were treated with 0.1 ml/mouse for each dose. Control
groups were received vehicle (0.1 ml/mouse) orally. All the tests were performed

after 30 min of administration for better absorption.

2.4. Phytochemical Screening

The crude methanolic extract of B. monniera (MEBM) was qualitatively tested
for the detection of alkaloids, flavonoids, saponins, tannins, cardiac glycosides,
carbohydrates, reducing sugars, proteins, glucosides, terpenoids and steroids
[24].
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2.5. Acute Toxicity Test

The mice were arranged into four test groups and a control group (n = 5). Deio-
nized water was used for the control group (0.1 mL/mouse). The test groups
were received 500, 1000, 2000 and 3000 mg/kg of MEBM respectively through
oral route. Immediately after dosing, the animals were under observation for the
first 4 h for any allergic reactions and/or mortality. However, they were further
observed for the next 72 h [25].

2.6. Light/Dark Exploration Test

For the test a box (46 x 27 x 30 cm) was used which divided into a small (18 x
27 cm) and a large (27 x 27 cm) compartments. The partition of the compart-
ments has a small hole (7.5 x 7.5 cm) for crossing. The small compartment was
colored black with a dim red light (60 W; 4 Ix), on the contrast the large com-
partment was colored white with a bright illumination (60-W, 400 Ix). Mice were
treated with vehicle, diazepam and extract. Hence, mice were placed in the mid-
dle of the open compartment and observed for 5 min. By observation the data of
the time spent in light zone, latency time of the first crossing from one com-
partment to the other and transition between both compartments were collected
directly [26].

2.7. Elevated plus Maze Test

The apparatus of the test was an elevated “+” (plus) sign shaped wooden plat-
form. It had four arms (two open arms and two closed arms with 16 cm high
wall) each 25 cm long and 5 cm wide. The entire platform was at the height of 50
cm from the ground. Mice were treated with vehicle, diazepam and extract. After
30 min of absorption, mice were placed in the center of the four arms; was al-
lowed to explore the maze freely. The time spent in open arms and the entry of
open arms was counted from the experiment. Each mouse was observed for 10
min [27].

2.8. Marble Burying Test

The mice were placed into a transparent glass box (30 x 30 x 30 cm) which
had 25 marbles equally apart from each other on 5cm deep sawdust bedding.
Five groups contained five mice each were treated with vehicle, diazepam and
extract and let them absorb for 30 min. Eventually, each mouse was observed
for 30 min. After each observation, mouse was removed from the box and bu-
ried (full or two-third) marbles were counted. Sawdust-bedding materials re-
placed with fresh ones and glass marbles were washed and dried, every time
[28].

2.9. Rota Rod Test

The Rota rod device was a 3 cm diameter grip able motorized bar rotating in 20

rpm speed. Mice treated with vehicle, diazepam and extract and placed on the
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rotating rod after 30 min of absorption. The time spend on the rotating bar was
recorded for each mouse with in 3 min. Mice were trained before the test to be

able to walk on the bar with ease [29].

2.10. Statistical Analysis

The results are presented as mean + SEM. The statistical analysis was performed
using one way analysis of variance (ANOVA) followed by Dunnett’s post hoc
test as appropriate using SPSS 11.5 software. Differences between groups were

considered significant at a level of p < 0.05.

3. Results

3.1. Phytochemical Evaluation

Preliminary phytochemical screening of the crude extract of B. monniera re-
vealed the presence of alkaloids, flavonoids, saponins, tannins, glycosides, ter-

penoids and steroids.

3.2. Acute Toxicity

Acute oral administration of MEBM at the oral doses of 500 - 3000 mg/kg did
not show mortality or any allergic manifestations during 72 h inspection ex-
cept hyperactivity after administration. Therefore, it can be assumed that

MEBM possess low toxicity profile and the LD, is more than 3000 mg/kg.

3.3. Light/Dark Box Test

The extract at the doses of 100 and 200 mg/kg significantly increased the latency
time and the time spent in the light compartment. But, the numbers of the
light/dark transitions are significantly shown in 200 mg/kg (p < 0.05). Diazepam
(1 mg/kg,) significantly increased the number of transitions and the time spent
in the light compartment while the latency time significantly decreased than 200
mg/kg (Table 1).

3.4. Elevated plus Maze Test

The extract at doses of 50, 100, and 200 mg/kg significantly increased the time
spent in the open arms exploration compared to control group, respectively (p <
0.05) (Table 2). Consequently, the plant extract increased the number of entries
in the open arms of the plus maze test. Moreover, this result was not significant
for 50 and 100 mg/kg.

3.5. Marble-Burying Test

A significant decrease in the number of marble buried was observed for the ex-
tract at doses of 50, 100, and 200 mg/kg when compared to the control group (p
< 0.05). The standard, diazepam also showed significant decrease in the number
of marble buried (Table 3).
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3.6. Rota-Rod Test

In the rota rod test, MEBM treated mice showed significant motor performance
with the doses of 100 and 200 mg/kg compared to control group (p < 0.05). Di-
azepam also significantly increased the performance time of the mice (Table 4).

Table 1. Effects of B. monniera and diazepam on light/dark exploration test.

Treatment Dose (mg/kg) Latency time (s)

Transition number

Time spend in light part (s)

Vehicle - 16.60 £ 1.43
Diazepam 1 30.80 = 1.46*
MEBM 50 13.80 £ 1.59
MEBM 100 24.80 £ 1.28*
MEBM 200 33.20 £ 1.28*

9.80 £ 1.15
17.00 + 1.41*
8.80 £ 1.06
12.60 +1.03

16.20 + 1.46*

73.60 £ 2.13
166.2 £ 1.77*
78.0 £2.47
89.00 + 1.00*

127.4 +1.93*

Values are presented as mean + SEM (n = 5). MEBM = Methanolic extract of B. monniera. *p < 0.05 com-

pared with the control group (Dunnett’s test).

Table 2. Effects of B. monniera and diazepam on elevated plus maze test.

Treatment Dose (mg/kg)
Vehicle -

Diazepam 1
MEBM 50
MEBM 100
MEBM 200

Time spend in open arms (s)

525.00 £ 1.70
483.40 + 1.96*
351.60 + 2.16*
355.00 + 1.41*
386.80 + 1.28%

Open arms entry
9.60 = 1.03
18.20 + 1.56*
9.00 + 1.52
13.20 £ 1.56
17.20 + 1.28*

Values are presented as mean + SEM (n = 5). MEBM = Methanolic extract of B. monniera. *p < 0.05 com-

pared with the control group (Dunnett’s test).

Table 3. Effects of B. monniera and diazepam on marble burying test.

Treatment Dose (mg/kg) Number of marble burying
Vehicle - 19.00 + 1.00

Diazepam 1 7.40 £ 1.12%
MEBM 50 15.00 + 1.00*
MEBM 100 11.80 + 1.02*
MEBM 200 8.40 £ 0.51*

Values are presented as mean + SEM (n = 5). MEBM = Methanolic extract of B. monniera. * p< 0.05 com-

pared with the control group (Dunnett’s test).

Table 4. Effects of B. monniera and diazepam on rota rod test.

Treatment Dose (mg/kg) Performance time (s)
Vehicle - 124.80 + 1.56

Diazepam 1 170.80 £ 1.35*
MEBM 50 127.60 + 2.01
MEBM 100 147.80 + 1.65*
MEBM 200 170.40 + 1.72*

Values are presented as mean + SEM (n = 5). MEBM = Methanolic extract of B.monniera. *p < 0.05 com-

pared with the control group (Dunnett’s test).
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4. Discussions

In the current study, the anxiolytic effects of the acute administration of MEBM
were studied in different animal models of anxiety.

Anxiety disorders are common mental diseases of the central nervous system
that include heterogeneous phenomena such as panic disorder, phobias, obses-
sive-convulsive disorders, and posttraumatic stress disorders [30]. Dysregulation
of the GABAergique, serotoninergic, dopaminergic and adrenergic neurosys-
tems have been implicated in the pathophysiology of anxiety [31]. Anxiety can
be introduced experimentally in animal with the conflict between the desire to
explore novel environment and removal from an illuminated area when they are
subjected to light/dark box test [32]. This way, anxiolytic effect can be evaluated
throughout the number of transition between the light and dark compartments
and time spent in the light area of the box [33] [34]. In our study, MEBM in-
creased the number of transition and the time spent in the light compartment in
a dose dependent manner. The higher doses were showed the most anxiolyt-
ic-like effects by spending the highest time in the light chamber. This effect was
additional evaluated in the elevated plus maze test. The anxiolytic effectiveness
of a drug can be verified by a statistically significant increase in rodent activity in
the open arms. MEBM increased the time spent in open arms. In this test, higher
dose of MEBM was able to show significant anxiolytic effects of entries in the
open arms (p < 0.05). This anxiolytic effect of MEBM is similar to the diazepam,
which induced significant raise in open arm time and in the number of entries
into the open arms. The effect of anxiolytic agents is to enhance the reaction to
GABA; by opening the GABA, activated chloride channels and inhibition of the
action potential. This proposed mechanism explains the powerful anxiolytic ef-
fect of the extract as it is well known that benzodiazepines have this pharmaco-
logical profile.

The marble burying test which is an experimental model, based on the defen-
sive burying behavior elicited in rodents in response to aversive stimuli. The ex-
perimental process appears related to obsessive-compulsive disorder, characte-
rized by obsession-recurrent thoughts which lead to accentuated anxiety and
discomfort or compulsion-stereotyped behavior or rituals to alleviate the anxiety
[35] [36]. Two points support this observation: effective drugs to treat obses-
sive-compulsive disorder, via the selective inhibitors of serotonin reuptake, di-
minish the number of marble buried and mice previously exposed to glass mar-
bles continue in intensive burying activity [35]. MEBM was effective in sup-
pressing the marble burying behavior after single treatments. Diazepam was also
able to reduce burying behavior. Positive results in these investigational proce-
dures could be due to motor impairment that hinders the execution of behaviors
[37]. In order to discard the possibility of false-positive results, the probity of the
motor system was evaluated by rota rod test, devised to detect neurological im-
pairment as well as ataxia, sedation or muscle relaxing [29]. Benzodiazepines are

the prime drug to treat obsessive compulsive disorder, and it was effective to re-
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duce the number of marble burying after treatments. Due to tolerance to seda-
tive effect and motor impairment, enrichment in rota rod test was predictable
after single treatment with diazepam.

The biological effects of the MEBM was observed in this study might be attri-
buted to phytoconstituents in the plant. It has been reported that flavonoids bind
with high affinity to the benzodiazepine site of the GABA receptor [38] [39].
Their common bioavailability and particularly their presence in the brain in vivo
appear to play an important role in the expression of their effects on the central
nervous system (CNS) [40]. Terpenoids and terpenoid related compounds have
proven their effectiveness in animal models of anxiety [41]. MEBM was highly
effective as an adaptogen, it normalized acute, and chronic stress induced corti-
costerone changes in animals [42]. MEBM increased the 5-hydroxytryptamine
levels in hippocampus, hypothalamus, and cerebral cortex. The higher doses of
MEBM produced significantly better anxiolytic effects compared to lorazepam
[43].

5. Conclusion

Come to a conclusion, the findings of this study have shown that the methanolic
extract of B. monniera has anxiolytic-like effects in mice. Further neurochemical
studies are necessary to elucidate the influence of this extract on the central
nervous systems (CNS), which are critically involved in the development of clin-

ical anxiety.
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