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INTRODUCTION 

Depression is a mental disorder with an estimated 121 

million people affected. The WHO has identified the 

depressive disorder as a prevalent mental health disorder 

and the fourth leading cause of impaired activities and 

premature death in the world. It is conjoined with 

momentous morbidity and mortality, and psychosocial 

and occupational impairment.
1
 During the last few years, 

there has been a considerable advancement in the drug 

treatment for depression. However, the efficacy of 

currently available drugs for treating depression often 

lack in consistency and many of them may result in side 

effects.
2
 This emphasises the need for more research to 

identify newer drugs in the treatment of major depression 

and to understand their mechanisms. 

A number of herbal medicines or their active principles 

have been evaluated for psychiatric conditions with 

promising benefits, such as Piper methysticum, Ginkgo 
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biloba, Lavandula angustifolia, Hypericum perforatum, 

ursolic acid, ellagic acid, and many more.
3,4

 Bacopa 

monnieri (Brahmi) is one among such plants that has 

showed antidepressant action in few earlier reports. 

Bacopa monnieri (BM) is a perennial creeping annual 

plant found all over the Indian subcontinent.
5
 Ayurvedic 

physicians have used Bacopa monnieri to treat 

behavioural abnormalities, including anxiety, poor 

cognition, obsessive compulsive disorders, panic attacks, 

hysteria, and lack of concentration. Bacopa monnieri also 

acts as a neuroprotective agent against toxicants like 

glutamate, aluminium and nitric oxide.
6-8

 Antioxidant 

effects of Bacopa monnieri in different areas of the rat 

brain involved in memory, such as the hippocampus, 

frontal cortex, and striatum have been documented.
9
 Even 

though the antidepressant activity of Bacopa monnieri 

has been reported, there are no studies done to establish 

their mechanism of action.  

Studies have suggested the importance of the 

monoaminergic system in the pathophysiology of 

depression and the antidepressant drugs that may act by 

modulation of these systems.
10,11

 Reduction in brain 

serotonin and noradrenaline has been known to be the 

most important etiological factors in depression. The 

most widely used antidepressant drug group, selective 

serotonin reuptake inhibitors (SSRIs), can act by 

increasing the extracellular availability of serotonin by 

acting through serotonergic (5HT) receptors.
12-15

 Apart 

from the well-established monoaminergic system, some 

of the antidepressants can act through the opioid 

system.
16

 So it is pertinent to explore the possible role of 

monoamines, such as serotonin and noradrenaline, along 

with the opioid system in the antidepressant-like effect of 

lead compounds. Therefore, the present work was 

designed to examine the role of the monoaminergic and 

the opioid system in the antidepressant-like activity of 

Bacopa monnieri by using behavioural tests in mice. 

METHODS 

Animals 

Male albino mice (3-4 months old, 25-30 g) were 

maintained at 22-25
o
C with free access to water and food, 

under a 12 hours light-12 hours dark cycle. They were 

randomly distributed into specified experimental groups. 

All experiments were carried out between 9:00 and 17:00 

h, with each animal used only once. The procedures in 

this study were approved by the animal ethics committee 

of the institution and were performed in accordance with 

the CPCSEA guidelines.  

Drugs 

All the drugs used were procured from standard 

commercial suppliers. Methanolic extract of Bacopa 

monnieri was gifted by natural remedies pvt. limited, 

Bangalore, India. The phytochemical analysis revealed 

the presence of total bacosides, 10.8% w/w. Fluoxetine 

((±)-N-Methyl-γ-[4 (trifluoromethyl) phenoxy] benzene 

propanamine hydrochloride), p-chlorophenylalanine 

(PCPA), pindolol (1-(1H-indol-4-yloxy)-3-

(isopropylamino)-2-propanol), ketanserin (3-(2-[4-(4-

fluorobenzoyl)-1-piperidinyl]ethyl)-2,4(1H,3H) 

quinazolinedione (+)-tartrate salt), ondansetron (1,2,3,9-

tetrahydro-9-methyl-3-[(2-methyl-1H-imidazol-1-

yl)methyl]-4H-carbazol-4-one hydrochloride), prazosin 

(1-(4-amino-6,7-dimethoxy-2-quinazolinyl)-4-(2-

furanylcarbonyl) piperazine hydrochloride) and 

yohimbine (17-Hydroxy-yohimban-16-carboxylic acid 

methyl ester hydrochloride) were obtained from Sigma 

Chemical Co., USA. Bacopa monnieri was suspended in 

0.5 % of gum acacia and given orally. The above 

mentioned receptor antagonists were administered 

intraperitoneally to mice after dissolving them either in 

saline or 1% Tween 80, in a constant volume of 10 mg/ml 

body weight. The control groups received appropriate 

vehicles/and were also assessed simultaneously. 

Experimental procedure 

 Acute treatment with Bacopa monnieri 

Animals received a single oral dose of vehicle (gum 

acacia, 0.5%), Bacopa monnieri, or fluoxetine (20 mg/kg, 

p.o.) and underwent forced swimming test (FST) or tail 

suspension test (TST) after 1 hour. Bacopa monnieri was 

given at four different doses of 20, 40, 80, and 120 

mg/kg, to identify any dose-response relationship. The 

doses were selected based on previous reports, which had 

used doses ranging from 40 to 120 mg/kg.
17,18

 Hence, we 

have also worked on the same dose range, including a 

lower dose of 20 mg/kg. Fluoxetine (20 mg/kg, p.o., 

single dose) was also administered 1 hour prior to the 

tests and used as a positive control.
19,20

 The group that 

received gum acacia (0.5%) alone was designated as the 

control group. 

 Evaluation of Bacopa monnieri's possible 

mechanism of antidepressant-like action using FST 

Mice were pre-treated with various receptor antagonists 

or their respective vehicles and after 30 min, Bacopa 

monnieri was administered (80 mg/kg, p.o.). FST was 

conducted 1 hour after BM treatment. The dose and pre-

treatment period of all the antagonists were decided based 

on earlier reports.
3,18,20 

Role of the serotonergic system in the antidepressant-like 

effect of Bacopa monnieri in FST  

Animals were administered PCPA injection (100 mg/kg 

i.p., a serotonin synthesis inhibitor) once daily for four 

consecutive days as a pre-treatment. On the fourth day, 

30 minutes after the last injection of PCPA, mice were 

treated with either a vehicle or BM and were tested by 

FST, 1 hour later.
20

 The possible involvement of 5-

HT1A/1B, 5-HT2A/2C, and 5-HT3 receptors in the 

antidepressant-like effect of Bacopa monnieri was further 
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investigated by using respective receptor antagonists. 

Accordingly, animals were pre-treated with pindolol (10 

mg/kg, i.p., a 5-HT1A/1B receptor antagonist and a β-

adrenoceptor blocker), ketanserin (5 mg/kg i.p., a 

5HT2A/2C receptor antagonist) or ondansetron (1 mg/kg 

i.p., 5HT3 receptor antagonist). After 30 min, they 

received Bacopa monnieri or vehicle and were tested 

with FST 1 hour later.
18,20 

Role of the noradrenergic system in the antidepressant-

like action of Bacopa monnieri in FST
 

Animals were pre-treated with prazosin (1 mg/kg, i.p., an 

α1-adrenoceptor antagonist) or yohimbine (1 mg/ kg, i.p., 

an α2-adrenoceptor antagonist). After 30 minutes, they 

received Bacopa monnieri or vehicle and were tested 

using FST, 1 hour later.
3 

Role of the opioid receptors in the antidepressant action 

of Bacopa monnieri in FST  

Animals were pre-treated with naloxone (1 mg/kg, i.p., a 

non-selective opioid receptor antagonist). After 30 

minutes, they received Bacopa monnieri or vehicle and 

were tested with FST after an additional 1 hour.
20

  

Behavioural analysis 

Tail suspension test (TST) 

The method was described by Steru et al.
21

 The principle 

is based on the fact that the mice, in an inescapable and 

stressful situation, will adopt an immobile posture. Prior 

to this test, the animals were acoustically and visually 

isolated. Then the stressful situation was created by 

suspending the mice by their tail on a thin horizontal steel 

rod, 50 cm above the surface with the help of an adhesive 

tape placed approximately 1 cm from the tip of the tail, 

for a short period of 6 minutes. Mice were considered to 

be immobile when they hung passively without any 

motion. 

Forced swimming test (FST) 

In this study, a slightly modified method described by 

Porsolt et al was used.
22

 Briefly, a five litre glass 

cylinder, which was filled with 15 cm of water, was used 

for FST. Then each mouse were placed in this and 

observed for duration of 6 minutes. The immobility 

period was recorded manually during the 6 minutes test. 

The mouse was considered immobile when it floated 

motionlessly or made only those movements necessary to 

keep its head above the water surface. After the test, the 

animals were removed from the water and dried with a 

towel. The water was replaced after each test. 

Locomotor activity of mice using digital actophotometer 

The method described by Boissier and Simon with slight 

modification was used. This procedure was performed to 

rule out any change induced by the test drug in the 

locomotors activity of the mice. The actophotometer 

contains a square arena (30×30 cm) with walls that are 

fitted with photocells just above the floor level. Each time 

the animal crosses the light beam, it will be recorded by 

this device automatically. The mice after receiving the 

test drug/vehicle, are placed in this arena and the digital 

locomotors scores were noted for the next 6 minutes.
23,24

 

For the mechanistic study, the doses of all the receptor 

antagonists were selected as per the previous 

reports.
10,18,20,25-29

 At these selected dose levels, the 

locomotors activity of mice was not altered by these 

antagonists. 

Statistical analysis 

The data were represented as mean±S.D. The difference 

between groups was calculated by one-way ANOVA or 

two-way ANOVA followed by Bonferroni test as post 

hoc comparison where appropriate. Probability values 

less than 0.05 (P value<0.05) were considered as 

statistically significant. 

RESULTS 

Treatment with Bacopa monnieri on the immobility time 

in FST of mice 

Bacopa monnieri was given to the mice at the doses of 20, 

40, 80, and 120 mg/kg orally and the immobility time was 

noted in the FST. The results are presented in (Figure 1). 

It was observed that after the administration of Bacopa 

monnieri at different dose levels, the immobility time of 

mice in FST was decreased significantly [F (5,30)=10.86, 

P<0.001]. The positive control group, which received 

fluoxetine (20 mg/kg, p.o.), also significantly decreased 

(P<0.001) the immobility time, which was comparable to 

the effects of Bacopa monnieri (40, 80 and 120 mg/kg).  

 

Figure 1: Effect of acute administration of Bacopa 

monnieri and fluoxetine in mouse forced swimming 

test. Bacopa monnieri (20, 40, 80 and 100 mg/kg) and 

fluoxetine (20 mg/kg) were administered p.o., 1 hour 

before the test. Each column represents mean±S.D. 

from 6 animals per group. *P<0.01, **P<0.001 when 

compared with the control group. BM- Bacopa 

monnieri. 
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Treatment with Bacopa monnieri on the immobility time 

in TST of mice 

As depicted in (Figure 2), Bacopa monnieri, when 

administered at graded doses of 40, 80, or 120 mg/kg, 

produced a statistically significant reduction in the 

immobility time as compared to the vehicle-treated group 

[F (5,30)=6.65, P=0.003]. However, at 20 mg/kg, this 

plant extract was found to be ineffective in reducing the 

immobility time. Fluoxetine treatment also reduced the 

duration of immobility time significantly. Based on the 

FST and TST results, the dose 80 mg/kg of Bacopa 

monnieri was identified as the most effective dose. 

Therefore, the dose level of 80 mg/kg of Bacopa monnieri 

was employed in the experiments to detect the possible 

mechanism of action.  

 

Figure 2: Effect of acute administration of Bacopa 

monnieri and fluoxetine in mouse tail suspension test. 

Bacopa monnieri (20, 40, 80 and 100 mg/kg) and 

fluoxetine (20 mg/kg) were administered p.o., 1 hour 

in before the test. Each column represents mean±S.D. 

from 6 animals per group. * P<0.05, **P<0.01, 

***P<0.001 when compared with the control group. 

#P<0.05 as compared with fluoxetine group. BM- 

Bacopa monnieri. 

Effect caused by Bacopa monnieri on the locomotors 

activity of mice in the actophotometer 

The treatment of Bacopa monnieri at any of the four 

doses (20, 40, 80, and 120 mg/kg, p.o.) have not altered 

the locomotors activity of mice [F (5, 30) = 0.785, P= 

0.571] (Table 1). A similar effect was also observed with 

fluoxetine, having no influence on the locomotors 

function when tested in the actophotometer.  

Role of the serotonergic system in the antidepressant 

action of Bacopa monnieri in FST 

For this, PCPA, pindolol, ketanserin, or ondansetron were 

administered 30 minutes prior to Bacopa monnieri and the 

FST was performed 1 hour after Bacopa monnieri 

treatment. The results in [Figure 3 (A)] show that pre-

treatment of mice with PCPA (100 mg/kg, once a day for 

4 consecutive days) significantly blocked the reduction in 

the immobility time elicited by Bacopa monnieri (80 

mg/kg, p.o.) in the FST. Two-way ANOVA revealed a 

significant effect of Bacopa monnieri treatment 

[F(1,20)=4.45, P=0.047], PCPA pre-treatment 

[F(1,20)=11.63, P=0.0028], and BM-PCPA interaction 

[F(1,20)= 10.68, P=0.0038]. Furthermore, the reduction in 

immobility time caused by Bacopa monnieri (80 mg/kg, 

p.o.) was also abolished by pindolol pre-treatment of mice 

at 10 mg/kg, i.p. [Figure 3 (B)]. There was a significant 

effect of BM [F (1,20)= 32.04, P= 0.0001], pindolol 

[F(1,20)= 22.88, P= 0.0001], and BM-pindolol interaction 

[F(1,20)= 23.62, P= 0.0001]. The antidepressant-like 

activity produced by Bacopa monnieri was also prevented 

by the pre-administration of ketanserin (5 mg/kg, i.p.) 

[Figure 3 (c)] [ketanserin pre-treatment: F(1,20)= 10.66, 

P=0.0039, BM treatment: F(1,20)= 13.59, P=0.0015, BM-

ketanserin interaction: F(1,20)= 13.75, P= 0.0014], but 

not with ondansetron (1 mg/kg, i.p.) [Figure 3 (d)] 

[ondansetron pre-treatment: F (1,20)=0.023, P=0.871, BM 

treatment: F(1,20)=60.71, P=0.001, BM-ondansetron 

interaction: F(1,20)=3.74, P=0.08]. 

Table 1: Effect of acute treatment with Bacopa 

monnieri on the locomotors activity in the 

actophotometer performance of mice. 

Drug                                         Number of crossings 

Vehicle 273.40±11.97 

Fluoxetine, 20 mg/kg 256.25±4.74 

Bacopa monnieri , 20mg/kg 247.50±9.10 

Bacopa monnieri , 40 mg/kg 267.60±14.79 

Bacopa monnieri , 80 mg/kg 278.20±13.86 

Bacopa monnieri , 120 mg/kg 240.60±22.10 

Results are expressed as mean±S.E.M. of 6 animals. Mice 

received single dose of vehicle (gum acatia, 0.5 %) or one of 

the above drugs, before being tested in actophotometer. 

 

Figure 3 (A): Effect of pre-treatment of mice with 

PCPA (100 mg/kg, i.p., panel A). 

 

Figure 3 (B): Effect of pre-treatment of mice with 

pindolol (10 mg/kg, i.p., panel B). 
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Figure 3 (C): Effect of pre-treatment of mice with 

ketanserin (5 mg/kg i.p., panel C). 

 

Figure 3 (D): Effect of pre-treatment of mice with 

ondansetron (1mg/kg i.p., panel D). On the immobility 

time of Bacopa monnieri (80 mg/kg p.o.) in the forced 

swimming test. Each column represents the mean±SD 

of 6 animals. * P<0.01, **P<0.001 when compared 

with the vehicle treated control.
 #
 P<0.01, 

# #
P<0.001 as 

compared with Bacopa monnieri alone. BM- Bacopa 

monnieri. 

Role of the noradrenergic system in the antidepressant-

like action of Bacopa monnieri in FST 

 

Figure 4 (A): Effect of pre-treatment of mice with 

prazosin (1mg/kg i.p., panel A). 

The adrenergic blockers, prazosin or yohimbine was 

given 30 min before Bacopa monnieri and the FST was 

performed 1 hour after Bacopa monnieri administration. 

The antidepressant-like effect produced by Bacopa 

monnieri (80 mg/kg, p.o.) was significantly reversed by 

pretreatment of mice with prazosin (1 mg/kg, i.p.)     

[Figure 4 (A)] or yohimbine (1 mg/kg, i.p.) [Figure 4 (B)]. 

A two-way ANOVA revealed a significant effect of BM 

[F (1,20)=26.96, P<0.0001], prazosin [F (1,20)=14.02, 

P=0.0013], and BM-prazosin interaction [F(1,20)=22.28, 

P=0.001]. Similarly, the pre-treatment with yohimbine 

also had a significant effect in reversing the Bacopa 

monnieri-induced reduction in the immobility time 

[yohimbine pre-treatment: F (1, 20) =12.43, P=0.002, BM 

treatment: F (1,20)=23.12, P=0.0001, BM-yohimbine 

interaction: F (1,20)=14.18, P=0.001]. 

 

Figure 4 (B): Effect of pre-treatment of mice with 
yohimbine (1 mg/kg i.p., panel B) in the forced 

swimming test. Each column represents the mean±SD 

of 6 animals. *P<0.001 when compared with the 

vehicle treated control.
 #
P<0.001 as compared with 

Bacopa monnieri alone. BM- Bacopa monnieri. 

Role of opioid receptors in the antidepressant-like action 

of Bacopa monnieri in FST 

Naloxone is a non-selective opioid receptor antagonist 

and was administered 30 minutes before Bacopa monnieri 

administration. Then the forced swimming test was 

performed after 1 hour. The pre-treatment of mice with 

naloxone (1 mg/kg, i.p) was found to be ineffective in 

reversing the reduction of the immobility period caused 

by Bacopa monnieri (80 mg/kg, p.o.) in mice (Figure 5). 

The post-hoc analysis did not show significant differences 

of BM [F (1, 20) =43.51, P<0.001], naloxone pre-

treatment [F (1,20)=2.68, P=0.117], and BM-naloxone 

interaction [F (1,20)=1.209, P=0.285]. 

 

Figure 5: Effect of pre-treatment of mice with 

naloxone (1 mg/kg i.p.) in the forced swimming test. 

Each column represents the mean±SD of 6 animals. 

*P<0.01 when compared with the vehicle treated 

control. BM-Bacopa monnieri. 
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DISCUSSION 

The present study has demonstrated that Bacopa monnieri 

given by the oral route showed an antidepressant-like 

activity in the FST and TST models in mice. The 

locomotors activity of mice was unaltered in the presence 

of Bacopa monnieri, indicating the absence of any psych 

stimulant effect of this plant drug. To the best of our 

knowledge, this is the first study that attempted to 

establish the possible antidepressant mechanism of action 

of Bacopa monnieri. It was observed that the 

antidepressant-like activity of Bacopa monnieri was 

facilitated through the serotonergic and adrenergic 

system. This also excludes any interaction with the opioid 

system. 

The commonly used experimental models for screening 

prospective antidepressants are FST and TST models. 

These behavioural tests are relaying on the fact that rats or 

mice when forced to swim or are suspended in a restricted 

space, ultimately stop to struggle and they surrender 

themselves to the stressful conditions. The animals will 

take an immobile posture, which is taken as a state of 

depression, and is used to evaluate potential 

antidepressant drugs.
21,22

 

The present study has shown that the acute administration 

of Bacopa monnieri by the oral route can produce an 

antidepressant-like response in mice. Moreover, it is 

noteworthy that the antidepressant-like effect produced by 

Bacopa monnieri is similar to the effect produced by 

fluoxetine, a classical antidepressant drug. The 

antidepressant activity of Bacopa monnieri is found with 

all the four doses tested, i.e., 20, 40, 80, and 120 mg/kg, 

respectively. These results are in agreement with the 

reported antidepressant-like activity in a similar dose 

range of Bacopa monnieri.
30

 Although a clear-cut dose-

response relation was not observed with Bacopa monnieri 

treatment, a U-shaped trend was noticed in the FST 

model, which is a common trend with many of the 

conventional antidepressant drugs in behavioural studies.
4 

CNS stimulant drugs, such as cocaine or amphetamines, 

can decrease the duration of immobility in the FST.
31

 As 

opposed to the action of antidepressants; this is due to the 

CNS stimulant action, which brings about marked motor 

stimulation, resulting in an increased general activity of 

animals. Such psycho stimulant actions of drugs can 

produce a false-positive effect in the FST model. Hence to 

eliminate a false-positive effect in this study, locomotors 

activity was recorded using an actophotometer.  

All the doses of Bacopa monnieri, which we employed in 

the present study, had no effect on the locomotors 

function of the animals in actophotometer performance, 

ruling out any stimulant effect on the CNS. Chatterjee et 

al, had observed that Bacopa monnieri treatment was 

devoid of any motor impairment in mice when tested on a 

rotarod and an animal activity monitor.
17

 This was further 

confirmed by our study that the antidepressant doses of 

Bacopa monnieri will not impair the muscle tone or motor 

activity.  

Bacopa monnieri contains a major constituent known as 

saponins also termed as “bacosides”.
5
 The 

pharmacological effects of Bacopa monnieri are due to 

the presence of these saponins, especially bacoside A and 

bacoside B.
32

 The bacoside A is identified as a mixture of 

four triglycosidicsaponins, whereas bacoside B contains 

four diglycosidic saponins. Bacoside A has been reported 

to be responsible for promoting memory as well as 

anxiolytic activity and improve cognitive functions in 

animal models with Alzheimer's disease.
33-35

 

In the pathophysiology and treatment of depression, much 

focus is given on the brain monoaminergic system. 

Depression has been associated with a deterioration in the 

noradrenergic and serotonergic neurotransmission.
36,37

 

Hence, the present study made an attempt to investigate 

the activity of BM on the monoaminergic system in FST. 

The administration of PCPA for four consecutive days 

can deplete the endogenous stores of serotonin without 

affecting the noradrenergic or dopaminergic levels.
19,38

  

In this study, after the pre-treatment with PCPA, the 

antidepressant-like effect produced in mice by BM was 

blocked, suggesting a role of the serotonergic system in 

the action of this plant extract. Furthermore, mice were 

pre-treated with various serotonin receptor antagonists. It 

was observed that the anti-immobility effect produced by 

Bacopa monnieri in the FST was abolished by the pre-

treatment of mice with pindolol and ketanserin, which are 

the 5-HT1A/1B and 5-HT2A/2B receptor antagonists. 

The 5HT3 receptor antagonist, ondansetron was unable to 

block the antidepressant-like effect exerted by Bacopa 

monnieri. These findings indicate that the antidepressant-

like action of Bacopa monnieri involves an interaction 

with 5HT1 and 5HT2 serotonergic receptors. 

The noradrenergic system has been a valuable target for 

antidepressants. Various reports indicate that the 

antidepressants can act by enhancing the availability of 

noradrenaline in the synaptic clefts.
36 

Hence in our study, 

mice pre-treated with α1 and α2 adrenoceptor blockers 

(prazosin and yohimbine, respectively), inhibited the 

antidepressant-like effect of Bacopa monnieri. These 

findings suggest that Bacopa monnieri may produce its 

antidepressant-like activity through the modulation of α1 

and α2 adrenergic receptors. 

Recently, the role of opioid receptors in the 

pathophysiology of depression was identified by various 

researchers. In the posterior thalamus and anterior cortex 

of depressed patients, a marked reduction in μ-opioid 

receptor availability was reported.
39,20

 However, in our 

study after administering naloxone, mice showed no 

reversal of the anti-immobility effect produced by Bacopa 

monnieri, suggesting no participation of the opioid system 

in the antidepressant-like activity of Bacopa monnieri. 
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The present study indicates the role of the monoaminergic 

system in the antidepressant-like activity of Bacopa 

monnieri. There may be other mechanisms also involved, 

which are not addressed in this work. The neuroprotective 

function of Bacopa monnieri is believed to be due to its 

antioxidant and antistress activities. The methanolic 

extract of Bacopa monnieri was found to have an 

antioxidant action, which reduces the oxidation and DNA 

damage in cultured rat astrocytes.
40 

It was shown that the Bacopa monnieri extract inhibits 

multiple components of the beta-amyloid-induced 

oxidative stress pathway that can contribute to 

alzheimer‟s pathology and reduced beta-amyloid levels in 

the brain of an alzheimer‟s disease (AD) transgenic 

mouse model.
41

 Bacopa monnieri was shown to be 

protective in the animal model of ischemia-induced brain 

injury and dementia models and its inhibitory effect on 

AchE activity may be responsible for its cognitive 

enhancing properties.
42,43

 Brain-derived neurotropic factor 

(BDNF), modulates the plasticity of neurons, inhibits cell 

death, and increases the cell survival proteins that are 

responsible for the proliferation and maintenance of 

central nervous system neuron.
44

 A recent study showed 

that the extract of Bacopa monnieri (80-120 mg/kg) and 

imipramine increased the BDNF expression in the 

hippocampus and frontal cortex of CUS-treated rats.
44

 

This increase in the BDNF expression may be one of the 

mechanisms involved in the antidepressant-like activity of 

Bacopa monnieri. 

CONCLUSION 

The acute treatment with Bacopa Monnieri produced an 

antidepressant-like effect in behavioural models of 

depression in mice. The present study provides evidence 

that the antidepressant-like effect of Bacopa monnieri in 

forced swimming test is mediated through an interaction 

with the serotonergic (5-HT1A/1B and 5-HT2A/2B) and 

noradrenergic (α1 and α2 adrenoceptors) systems. 

Furthermore, the anti-immobility effect of this plant 

extract does not seem to be dependent on 5-HT3 

serotonergic receptors nor opioid receptors. However, 

future experimental studies may be needed to confirm 

these findings and to explore the possibility of other 

mechanisms. 
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