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Abstract: Traditional Indian medicine uses the neuroprotective and cognitive-enhancing effects of the 
spice, Bacopa monnieri, commonly known as Brahmi. This paper provides an overview of the potential 
neuropharmacological benefits and therapeutic applications of Bacopa monnieri. Bacopa monnieri has 
therapeutic value due to the inclusion of bioactive compounds, including alkaloids, flavonoids, tannins, 
and phenolics. Bacoside A, a triterpenoid saponin of the Dammarane family, has been studied most 
because of its potential to improve memory and cognitive function. Specific brain regions that are 
affected by bacoside A experience an increase in protein and RNA production, oxidative stress protection, 
improved cerebral blood flow, and enhanced synaptic activity. By boosting antioxidant defense 
mechanisms, lowering oxidative stress, and altering neurotransmitter levels, Bacopa monnieri 
demonstrates neuroprotective effects. By blocking the activity of acetylcholinesterase, lowering the 
production of β-amyloid plaques, and modifying neurotransmitter levels, it has demonstrated potential for 
treating neurodegenerative disorders, such as Alzheimer’s and Parkinson’s disease. As a natural 
neuroprotective and cognitive-improving agent, Bacopa monnieri is generally found to be promising. To 
completely comprehend its mechanisms of action and assess its long-term toxicity, more studies are 
necessary. Further research is needed to determine whether Bacopa monnieri can be used as a possible 
treatment for neurodegenerative diseases.
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1. Introduction

The usage of herbal medicines for treating different ailments has been practiced in India since ancient 
times. It has gained worldwide fame due to its low cost and minimal negative impact on patients [1]. In 
neurology, these herbal plants play a significant role as drugs for neuropsychiatric disorders. Bacopa 
monnieri is one such herb, and it is widely used as a nerve tonic to enhance memory and restore damaged 
brain tissue [2]. It is also called a nootropic herb because it boosts cognition by manipulating hormones, 
enzymes, and neurotransmitters, including acetylcholine [3]. The existence of certain chemical compounds 
such as Bacoside A is considered one of the active components responsible for the plant’s potential cognitive-
enhancing effects; some of its roles in the brain are shown in Figure 1. Research suggests that bacoside A 
may have various benefits for brain health and cognitive function. Bioactive chemicals include alkaloids, 
flavonoids, tannins, and phenolics, with the first three being the most prominent [4].
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2. Taxonomical Classification

The evergreen plant known as Brahmi (Bacopa monnieri Linnaeus.) may be found in damp swampy 
areas. It has a maximum height of 90 cm, 1 mm thick roots, and a thin, green stem. Its flowers may be either 
white, purple, or pink; they are typically tiny and have five petals [2,4]. The 146 species of aquatic herbs that 
make up the genus Bacopa may be found in places as diverse as the southern United States, China, and 
Nepal.

3. Nootropic Herb

Neurodegenerative diseases, such as Parkinson’s disease and Alzheimer’s disease, are class of chronic 
conditions affecting the central nervous system. They are characterized by the death of neurons in the brain 
and spinal cord. Some plants, known as ‘Memory Boosting Plants’ , have received increased attention in the 
pharmaceutical field recently because of their potential to increase brain activity [5,6]. One such plant is the 
Bacopa monnieri; it was ranked second in an evaluation of the therapeutic value of Indian herbs. This plant 
has anti-neoplastic, anti-depressant, anti-convulsant and anti-inflammatory properties. It is a chelating agent; 
it can get rid of any metal that is poisonous to the body [7]. The toxicity of Bacopa monnieri is minimal in the 
model organism, but its long-term effects have yet to be investigated.

4. Bioactive Compounds in Bacopa monnieri

The whole bacopa plant can be used; it is used to cure various medical conditions including asthma, 
epilepsy, and neurological diseases. It has been shown to boost cognitive abilities, including learning and 
memory, and respiratory health; it is often used as a nootropic and digestive aid. Saponins, flavonoids, 
and alkaloids are only some of the active components found in bacopa. Brahmine was the first alkaloid 
discovered in bacopa [8], followed by herpestine [9] and nicotine (8%) (Table 1). Bacoside A is a 
complex compound with neuropharmacological effects; it contains aglycone units derived from 
jujubogenin [10]. Triterpenoid saponins contain jujubogenin or pseudo-jujubogenin moieties as their 
glycone units, of which there are 12 recognized members of the bacoside family. Bacoside A is a mixture 
of four triglycosidic saponins: bacoside A3, bacopaside II, bacopasaponin C, and the jujubogenin isomer 

Figure 1.　Potential effects of bacoside A on the brain.
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of bacosaponin C, bacopaside X (Figure 2); this makes it the most concentrated fraction [11 ‒ 13]. 

Additionally, the composition of bacoside B is made up of the bacopasides N1, N2, IV, and V compounds 

(Figure 3).

Table 1.　Bioactive compounds in Bacopa monnieri.

No.

1

2

3

4

5

6

7

8

9

Component

Alkaloid

Sugar

Salt

Saponin

Bacoside-A

Bacoside-B

Cucurbitacin

Phenylethanoid 
glycosides

Flavanoids

Specific Constituent

Nicotine, Herpestine

D-Mannitol

Potassium salts

Hersaponin, Bacoside-A, Bacoside-B

Bacoside A3, Bacopaside II, 3-O-[α-L-arabinofuranosyl-(1®2)-{β-D-glucopyranosyl-
(1®3)-}-α-L-arabinopyranosyl] jujubogenin, Bacopasaponin C

bacopaside N1 (3-O-[β-D-glucopyranosyl(1®3)-β-D-glucopyranosyl]
jujubogenin and bacopaside N2(3-O-[β-D-glucopyranosyl(1®3)-β-D-glucopyranosyl]

pseudojujubogenin), bacopaside-IV and bacopaside-V)

Bacobitacin A-D, Cucurbitacin E

Monnieraside I, III, Plantioside B, 3,4-dihydroxyphenylethyl alcohol (2-O-feruloyl)-
β-D-glucopyranoside

Different flavonoids

Figure 2.　Chemical structure of bacoside A retrieved from PubChem (https://pubchem.ncbi.nlm.nih.gov).
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Bacosides A and B are often used to improve memory. Bacoside A contains nitric oxide, which 
facilitates blood flow. Furthermore, these components have anticarcinogenic effects. Other chemicals found 
in bacopa have also been identified [11,14]. These compounds consist of flavonoids, phenylethanoid 
glycosides, cucurbitacin, and apigenin. Bacobitacin A ‒ D and the cytotoxic cucurbitacin E are the four 
cucurbitacins extracted from Bacopa monnieri. In addition, three phenylethanoid glycosides have been 
isolated from the plant: monnieriside I, monnieriside III, and plantioside B. Two other saponins and a unique 
glycoside have been isolated from Bacopa monnieri, and a few further noteworthy saponins have also been 
discovered and described [15].

5. Neuropharmacological Activity of Bacoside A

The principal constituents are dammarane types of triterpenes saponin known as bacosides; there are 
two types known as jujubogenin and pseudojujubogenin, and they differ only by the sugar units in the 
glycosidic chain. The major neuropharmacological compound is bacoside A. These bacosides may enhance 
protein and RNA production in certain regions of the brain by inducing membrane dephosphorylation. These 
compounds protect against oxidative stress, age-related cognitive deterioration, memory problems, and cold 
stress. It increases cerebral blood flow, possesses an antidementia mechanism, improves delayed recall, 
decreases lipoxygenase activity, and inhibits hydrogen peroxide-induced lipid peroxidation [15 ‒ 17]. It 
enhances the protein kinase activity before the hippocampus region, which in turn repairs damaged neurons; 
also it supports neuronal synthesis and restoration of synaptic activity [18,19]. Also, bacosides increase 
memory function through the enzyme Tryptophan Hydroxylase (TPH2) and increases the serotonin 
transporter (SERT) [20].

6. Neuroprotective Effects of Bacopa monnieri

It may enhance the antioxidant defence systems in the brain by activating specific enzymes and 
reducing oxidative stress; it can also reduce the levels of harmful metal ions, such as iron and copper, which 
contribute to oxidative damage in the brain [6]. The bioactive chemicals in Bacopa monnieri may either block 

Figure 3.　Chemical structure of bacoside B retrieved from PubChem (https://pubchem.ncbi.nlm.nih.gov).
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the enzyme responsible for degrading the neurotransmitter acetylcholine (acetylcholinesterase) or stimulate 
the enzyme responsible for producing acetylcholine (choline acetyltransferase). Altering acetylcholine levels 
may improve cognitive performance. Beta-amyloid, a protein that forms plaques in the brains of Alzheimer’s 
sufferers, may also be reduced with the use of Bacopa monnieri. Synapses play a crucial role in brain 
function, and their abundance may be rapidly altered [21‒23]. The gradual breakdown of the structure and 
function of the nervous system is a hallmark of neurodegenerative illnesses. Cognitive decline, impaired 
motor control, and decreased general brain health are common consequences of these diseases. Although 
many variables contribute to neurodegenerative illnesses, some proteins have been singled out as major 
contributors to certain well-known ailments. For instance, in dementia and amnesia, the protein 
acetylcholinesterase (AChE) is implicated, while α -synuclein is associated with Parkinson’s disease. 
Furthermore, β -amyloid is closely linked to Alzheimer’s disease, and VGluT1, VGluT2, and VGluT3 are 
involved in schizophrenia [12,13]. The glutamate-8 receptor (mGluR8) plays a role in epileptic seizures. 
Understanding the proteins involved in these disorders is essential for advancing research, developing 
effective treatments, and ultimately improving the lives of those affected by neurodegenerative diseases. The 
proteins associated with neurodegenerative diseases are listed in Table 2.

By inhibiting AChE activity, Bacopa monnieri may help prevent the breakdown of acetylcholine and 
maintain its proper levels in the brain, thus potentially mitigating the neurotoxic effects associated with 
increased AChE levels induced by the amyloid peptide.

7. Molecular Mechanism of Bacopa monnieri in Disorders Affecting the Brain

7.1. Alzheimer’s Disease

Since cognitive decline is a hallmark of Alzheimer’s disease, research into the cognitive-enhancing 
effects of Bacopa monnieri is warranted. One important factor in Bacopa monnieri’ s pro-cognitive influence 
is its limited capacity to sustain flagging circuits related to synaptic flexibility. Synaptic pliancy proteins 
include the NR1 subunit of the N-methyl-D-aspartate (NMDA) receptor, calmodulin-subordinate kinase II, 
and cyclic adenosine monophosphate-responsive element-binding protein (CREB) [30,31]. Learning and 
memory rely heavily on a phenomenon called synaptic plasticity.

In addition, Bacopa monnieri has been demonstrated to shield the cholinergic system, which is critical 
to cognitive processes and is compromised in Alzheimer’s disease. Safeguarding this system may help 
preserve cognitive abilities. Bacopa monnieri has also demonstrated the potential to improve cerebral blood 
flow, which is essential for supplying oxygen and nutrients to the brain [32]. Enhanced blood flow can 
enhance brain function and support cognitive processes.

Positive effects on body weight, learning abilities, memory, and focus have been shown in experiments 
using AD-induced mice, suggesting that Bacopa monnieri may have cognitive advantages in this animal 
model. By reducing oxidative stress, neuroinflammation, and neuronal death, it has also been effective in 
reversing memory impairment in rat models. This is achieved through the restoration of cellular factors 
involved in antioxidant defence (Nrf2 and HO-1) and glutathione synthesis (GCLC) [33]. Moreover, Bacopa 
monnieri has demonstrated the ability to reverse amnesia induced by the drug, scopolamine, in mice, as 
scopolamine is known to impair memory and cognitive function. The role of Brahmi extract in Alzheimer’s 
disease is shown in Table 3.

Table 2.　Proteins associated with neurodegenerative diseases.

Neurodegenerative Diseases

Dementia

Parkinson’s disease

Schizophrenia

Alzheimer’s disease

Amnesia

Epileptic seizures

Proteins Involved

AChE

α-synuclein

VGluT1, VGluT2, VGluT3

β-amyloid

AChE

Glutamate-8 receptor (mGluR8)

References

[24]

[25]

[26]

[27]

[28]

[29]
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In a 21-day study involving rats, the effects of Bacopa monnieri (Brahmi) supplementation on enzymatic 
activity were investigated. The review focused on the function of superoxide dismutase (Grass), catalase 
(Feline), and glutathione peroxidase (GPx) in the prefrontal cortex, hippocampus, and striatum of the brain. 
The results showed that after EBm formation, the activity of these proteins dramatically increased throughout 
all three regions of the brain. Despite being a well-known cell reinforcer, an investigation using deprenyl 
revealed that it only increased protein function in the prefrontal cortex and striatum, and not the hippocampus. 
These findings demonstrate the potential of Bacopa monnieri as a regulator of enzymatic cell reinforcement 
systems and suggest its restorative relevance in neurological conditions, like Alzheimer’s disease. It may 
provide neuroprotective effects against oxidative pressure and contribute to the management of Alzheimer’s 
disease by enhancing cell reinforcement chemical activity, notably in the vulnerable hippocampus [34].

Bacoside A has been studied for its possible therapeutic actions against beta-amyloid. This protein plays a 
crucial role in neurodegenerative illnesses like Alzheimer’s disease. The effects of bacoside A’s interaction 
with beta-amyloid on the protein’s structure and function were investigated. The results of the experiments 
showed that bacoside A has anti-amyloid toxicity characteristics by affecting the beta amyloid’s interactions 
with cellular membranes. To be more specific, beta-amyloid fibril production was stimulated and peptide 
interactions with cell membranes were suppressed when the peptide was preincubated with bacoside A. By 

Table 3.　Effects and role of Bacopa monnieri (Brahmi) in Alzheimer’s disease.

Properties/Effects

Antioxidant activity

Free radical scavenging

Inhibition of lipid peroxidation

Increased activity of SOD

Increased activity of CAT

Increased activity of GPx

Iron chelating property

Reduction of lipoxygenase activity

Protection against DNA damage

Neutralization of peroxynitrite

Role

Reduces oxidative stress and damage to cells

Prevents the harmful effects of free radicals

Protects cell membranes from oxidative damage

Enhances the breakdown of superoxide radicals

Catalyzes the decomposition of hydrogen peroxide

Converts harmful peroxides into non-toxic forms

Counteracts the detrimental effects of iron

Modulates inflammatory processes

Preserves genetic material from oxidative harm

Prevents peroxynitrite-induced damage

Figure 4.　Bacoside’s anti-beta-amyloid mechanism of action [35].
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encouraging fibrillation and altering beta-amyloid’s membrane contacts, our findings imply bacoside A may 
have a role in reducing amyloid protein toxicity. More research is needed to determine how bacoside A prevents 
the build-up of amyloid and whether or not it may be used as a treatment for neurodegenerative disorders [24].

7.2. Parkinson’s Disease

Parkinson’s disease is characterized by the build-up of a protein called alpha-synuclein and the 
subsequent death of dopaminergic neurons. People who experience this have difficulty with cognition and 
mobility. Bacopa monnieri outperformed levodopa, a major medicine used to treat Parkinson’s disease, in a 
mouse model of the condition produced by the chemical, rotenone [36,37].

One of the ways Bacopa monnieri exerts its neuroprotective effects is by modulating the levels of 
catecholamines, which include epinephrine, norepinephrine, dopamine, and serotonin. These neurotransmitters 
play crucial roles in brain function, and it has been found to regulate their levels in Parkinson’s disease 
rats [38].

In addition to its effects on neurotransmitter levels, Bacopa monnieri possesses anti-inflammatory and 
antioxidant properties that are beneficial in Parkinson’s disease. In rats, Bacopa monnieri has been found to 
suppress the levels of pro-inflammatory cytokines, alpha-synuclein (a protein associated with Parkinson’s 
disease), and reactive oxygen species (ROS) generation. These actions help reduce neuroinflammation and 
oxidative stress, which are contributing factors in Parkinson’s disease.

Superoxide dismutase (Grass), catalase (Cat), and glutathione peroxidase (GPx) levels were increased 
due to Bacopa monnieri, to counteract the lipid peroxidation (fat damage) caused by MPTP. By strengthening 
the body’s regular cell support mechanisms, it may defend against oxidative damage in Parkinson’s disease. 
It has been shown to cooperate with the delivery system of particles serving as disease inhibitors, such as 
glutathione peroxidase (GPx), glutathione superoxide dismutase (Grass), and catalase (Cat). Bacopa monnieri 
ability to reduce oxidative stress and promote a balanced redox state suggests it might be used to protect cells 
against ROS and maintain their health. Taken together, these findings suggest that it may be more effective in 
alleviating the symptoms and pathology associated with Parkinson’s disease, compared to conventional 
medications like levodopa [39].

Vitamin E (-tocopherol), glutathione (GSH), and L-ascorbic acid (ascorbic corrosive) are three 
nonenzymatic cancer prevention agents that provide substantial cell insurance. Detoxifying ROS and 
protecting cells from oxidative damage are the jobs of enzymes, including catalase (Feline), superoxide 
dismutase (Grass), and glutathione peroxidase (GPx). ROS lead to oxidative pressure by upsetting the redox 
balance; ROS include hydrogen peroxide (H2O2), hydroxyl free radicals (OH•), superoxide anions (O2•

-), and 
peroxynitrite (ONOO-). Oxidative pressure has a deleterious effect on the lipids, proteins, and DNA [40].

7.3. Epilepsy

Epilepsy, a chronic disorder affecting the central nervous system (CNS), is characterized by 
impairments in cognitive functions, memory, and learning. This condition is linked to abnormal regulation of 
central cholinergic neurons, and imbalances in gamma-aminobutyric acid (GABA) and glutamatergic neurons [41]. 
The impact of Bacopa monnieri extract on hippocampal changes induced by pilocarpine-induced epilepsy in 
rats was investigated. Notably, the expression of the NMDA receptor subunit NMDA R1 was significantly 
decreased, affecting glutamate receptor binding within the hippocampus. These results imply that Bacopa 
monnieri concentrate might have a neuroprotective effect on epilepsy by restoring glutamate receptor 
modulation in the hippocampus and influencing the NMDA receptor component NMDA R1. These findings 
lend support to the potential use of Bacopa monnieri as a therapeutic approach to address glutamatergic 
framework alterations associated with epilepsy [42‒44].

Moreover, Bacopa monnieri was found to influence the activity of acetylcholinesterase, malate 
dehydrogenase, insulin, and T3 levels in the serum. These adjustments are associated with seizure prevention 
and diminished peripheral nervous system impairment [45]. Collectively, these investigations propose that 
Bacopa monnieri and its constituents, especially bacoside A, show promise as potential therapeutic 
interventions for epilepsy. Their mechanisms involve modulating neurotransmitter systems, safeguarding 
against neuronal damage, and enhancing peripheral nervous system functionality.
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7.4. Neuronal and Glial Plasticity

The brain capacity to change in response to environmental challenges is known as neuronal and glial 
plasticity [44]. Brain-derived neurotrophic factor (BDNF) is a neurotrophin that has been shown to have 
important effects on neuronal plasticity and memory formation via its association with the transcription of the 
Arc gene. A higher risk of developing Alzheimer’s disease is seen in those whose BDNF levels are low.

A key marker of glial plasticity is the glial fibrillary acidic protein (GFAP); it controls astrocyte shape, 
neuroglial connections, and memory formation pathways. Conditions linked to memory loss have been linked 
to reduced GFAP expression [46].

The expression of BDNF, arachidonic acid (Arc), and GFAP was significantly reduced in mice when the 
cognitive-impairing medication scopolamine was administered, according to research by Konar et al. [46]. 
While GFAP expression did not change much, BDNF expression increased by 1.3-fold and Arc expression by 
2-fold in mice treated with EBm (Brahmi extract). The injection of EBm either before or after scopolamine 
treatment increased plasticity markers in the brain, with BDNF and Arc expression being more strongly 
affected than GFAP. These results provide strong evidence that EBm significantly contributes to enhancing 
brain plasticity through many pathways. The impact on GFAP expression, however, seems to be weaker. This 
study demonstrates that brahmi extract improves neuronal and glial plasticity [47].

8. Therapeutic Importance of Bacopa monnieri

Pharmacological studies have extensively explored the therapeutic potential of brahmi, as indicated in 
Table 4. These studies have highlighted its efficacy in treating anxiety and enhancing memory. In addition, 
brahmi has shown promise as a treatment for various sleep and other neuropharmacological conditions. It has 
also been shown to have anti-cancer, anti-inflammatory, antipyretic, anti-lipid-peroxidative, analgesic, and 
anti-inflammatory effects.

Table 4.　Pharmacological activities and mechanisms of Bacopa monnieri.

Analgesic

Anti-Cancer

Anti-Diabetic

Anti-Depressant

Anti-Epileptic

Bacopa monnieri 
demonstrates analgesic 
effects, inhibiting pain 

responses.

It exhibits anti-tumor 
activity against various 

types of cancer.

The extract exhibits anti-
diabetic activity by 
increasing glycogen 

content and improving 
peripheral glucose 

utilization.

It has shown anti-
depressant activity in 

animal models.

The extract has 
demonstrated a 

neuroprotective role and 
effectiveness in reducing 

epileptic seizures.

The analgesic effects of Bacopa monnieri involve the 
modulation of the opioidergic system, inhibition of pain 
mediators, reduction of inflammation, and modulation of 
pain perception pathways, thereby alleviating pain and 

inhibiting pain signals.

The anti-cancer effects of Bacopa monnieri involve the 
induction of apoptosis, inhibition of cell proliferation and 

angiogenesis, modulation of cancer-related signaling 
pathways, and enhancement of the immune system’s anti-
cancer activity, collectively contributing to its potential as 

an anti-cancer agent.

The anti-diabetic effects of Bacopa monnieri are attributed 
to its enhancement of insulin secretion, improvement of 
glucose uptake by cells, increase in glycogen synthesis, 

and exertion of antioxidant and anti-inflammatory effects, 
contributing to improved glycaemic control and glucose 

metabolism.

The anti-depressant effects of Bacopa monnieri are linked 
to its modulation of neurotransmitters such as serotonin, 
dopamine, and GABA, reduction of oxidative stress, and 

enhancement of neurogenesis in the hippocampus, 
contributing to improved mood and alleviation of 

depressive symptoms.

The anti-epileptic effects of Bacopa monnieri involve its 
modulation of neurotransmitter release, reduction of 

oxidative stress, and inhibition of neuroinflammation and 
neuronal excitability, thereby attenuating seizure activity 

and protecting against epileptic damage.

[48,49]

[50]

[51,52]

[53‒55]

[40,53，56]

Activity Description Mechanism and Role References
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Anti-
Inflammatory

Anti-Microbial

Antioxidant

Anti-Ulcerative

Anxiety 
Treatment

Cardiac 
Disorders

Hepatopro-
tective

Memory 
Boosting

Neuro-
pharmacological

 Disorders

Respiratory 
Disorders

Sedative 
Activity

It possesses anti-
inflammatory activity, 

reducing inflammation and 
edema.

This shows antimicrobial 
activity against bacteria 

and fungi.

Possesses antioxidant 
activity, which helps 

protect against oxidative 
damage.

It shows anti-ulcerative 
activity by enhancing 

mucosal defence factors 
and promoting ulcer 

healing.

This has been used in 
Ayurvedic medicine for 

centuries to alleviate 
anxiety.

Bacopa monnieri is 
traditionally regarded as 

beneficial for cardiac 
health, with potential 

cardio-protective 
properties.

The extract exhibits 
hepatoprotective effects by 

preserving the liver 
structure and maintaining 

enzyme activities.

Traditionally used as a 
cognitive enhancer and 

memory booster.

This is traditionally 
employed for 

neuropharmacological 
disorders like insomnia 

and epilepsy.

The extract has been used 
in Ayurvedic medicine to 

manage respiratory 
disorders such as asthma 

and bronchitis.

Bacopa monnieri 
possesses sedative 

properties and has been 
used to promote relaxation 

and sleep.

The anti-inflammatory effects of Bacopa monnieri are 
mediated by inhibiting the production of pro-inflammatory 
cytokines, reducing the activity of inflammatory enzymes, 

suppressing immune cell activation, and attenuating 
oxidative stress, thereby mitigating inflammation and 

edema.

The antimicrobial effects of Bacopa monnieri involve the 
disruption of microbial cell membranes, inhibition of 

microbial enzyme activity, and interference with essential 
microbial processes, exerting inhibitory effects on various 

bacteria and fungi.

The antioxidant activity of Bacopa monnieri is attributed 
to its scavenging of free radicals, inhibition of lipid 

peroxidation, and enhancement of endogenous antioxidant 
defence systems, thus safeguarding cells from oxidative 

stress-induced damage.

The anti-ulcerative effects of Bacopa monnieri involve its 
increase in mucin secretion, enhancement of antioxidant 

defence systems, inhibition of gastric acid secretion, 
modulation of inflammatory mediators, and promotion of 
ulcer healing, collectively contributing to the prevention 

and healing of ulcers in the gastrointestinal tract.

The cognitive-enhancing effects of Bacopa monnieri are 
attributed to its modulation of neurotransmitters like 
acetylcholine and serotonin, promotion of neuronal 

regeneration, and reduction of oxidative stress.

The cardiovascular effects of Bacopa monnieri involve 
promoting vasodilation, reducing peripheral vascular 
resistance, inhibiting angiotensin-converting enzyme 
(ACE) activity, and enhancing antioxidant and anti-

inflammatory mechanisms, resulting in decreased blood 
pressure and improved cardiovascular function.

The hepatoprotective effects of Bacopa monnieri are 
linked to its ability to reduce lipid peroxidation, enhance 

antioxidant defence mechanisms, and inhibit inflammation 
and fibrosis in the liver.

Its active compounds, known as bacosides, enhance 
synaptic transmission and promote nerve cell regeneration 

in the hippocampus, improving memory formation, 
retention, and recall.

It modulates neurotransmitter systems, reduces oxidative 
stress, and enhances neuroplasticity, potentially promoting 

sleep, alleviating insomnia, and providing antiepileptic 
effects.

It possesses bronchodilatory properties, relaxes airway 
smooth muscles, reduces airway inflammation, and may 
help improve airflow and manage respiratory conditions.

It may act by modulating GABA receptors and promoting 
calming effects on the central nervous system. Bacopa’s 

modulation of GABA receptors in the central nervous 
system contributes to its sedative properties, promoting 

relaxation and sleep. Further studies are needed to gain a 
deeper understanding of its precise sedative mechanisms 

and determine optimal therapeutic dosages.

[42，57]

[58,59]

[35,59,60]

[61]

[62‒64]

[17,65,66]

[63,67]

[15,69]

[18,56,
70,71]

[50]

[59,60,72]

Continued

Activity Description Mechanism and Role References
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9. Future Perspectives

Efforts to comprehensively understand the mechanisms underlying neuroprotective and cognitive-
enhancing properties of Bacopa monnieri are ongoing, necessitating further investigation to unlock its full 
therapeutic potential. Key avenues for future research include conducting extensive long-term toxicity studies 
to assess its safety over repeated use; robust clinical trials to establish its efficacy in treating neurological 
conditions and enhancing cognitive function; and delving into the intricate molecular processes through 
which it confers its benefits. To ensure consistent quality and precise dosing, standardized extraction 
techniques should be employed for Bacopa monnieri extracts. Exploring its interactions with other herbal 
extracts or pharmaceuticals could enhance treatment strategies for cognitive decline and neurodegenerative 
diseases. Innovations in formulation, such as nanoemulsions or encapsulation methods, have the potential to 
amplify its bioavailability and therapeutic effectiveness. Comparative studies with existing nootropic agents 
would provide valuable insights into Bacopa monnieri’ s relative efficacy and safety profiles. It is important 
to conduct scientific research to validate the traditional claims associated with Bacopa monnieri and explore 
its potential as a neuroprotective and cognitive-enhancing agent. Such investigations will pave the way for 
the development of evidence-based therapeutic interventions for neurological disorders and cognitive 
impairments.

10. Conclusion

Bacopa monnieri, more often known as brahmi, is a medicinal herb that has shown significant promise 
in the treatment of cancer, enhancement of cognition, and neuroprotection. It has a long history of use in 
Ayurvedic medicine for the enhancement of memory, the remediation of neurological disorders, and the 
promotion of healthy mental processes. Alkaloids, flavonoids, saponins, and triterpenoid saponins, such as 
bacoside A and bacoside B, are only some of the bioactive chemicals found in Bacopa monnieri, that 
contribute to the plant’s pharmacological effects. These compounds have been shown to have 
neuroprotective properties via decreasing oxidative stress, regulating neurotransmitter levels, and increasing 
cerebral blood flow. Furthermore, recent studies point to Bacopa monnieri as having possible anticancer 
effects. Purified components from Bacopa monnieri extract have been proven in studies to have specific 
effectiveness against cancer cells, causing cell death through the manipulation of signaling pathways and cell 
cycle arrest. Bacopa monnieri has neuroprotective effects through various modes of action, including a 
barrier to oxidative stress, control of neurotransmitter levels, increased cerebral blood flow, and inhibition of 
acetylcholinesterase activity. It can protect brain health and improve cognitive performance thanks to these 
mechanisms. The potential of Bacopa monnieri to treat neurodegenerative diseases has been demonstrated in 
studies employing several cell lines and animal models. To completely understand the precise mechanisms 
and particular bioactive substances responsible for Bacopa monnieri’ s medicinal actions, additional study is 
required. To determine its effectiveness, ideal dosage, and long-term safety for treating various neurological 
disorders and cancers, rigorous clinical studies are required. Further scientific investigation will increase our 
knowledge of Bacopa monnieri’ s therapeutic potential and open the door to its use in contemporary medicine.
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