Review

Annals of
Neurosciences

Ann Neurosci 2017;24:111-122
DOI: 10.1159/000475900

Received: May 19, 2016
Accepted: March 28, 2017
Published online: May 12,2017

Neurocognitive Effect of Nootropic
Drug Brahmi (Bacopa monnieri) in

Alzheimer’s Disease

Kaustubh S. Chaudhari®® 9 Nishant R. Tiwari¢
Rohan S. Sharma®

Rakesh R. Tiwarid

2Department of Neurology, and ®PDepartment of Internal Medicine, University of Oklahoma Health Sciences
Center, Oklahoma City, OK, USA; “Department of Internal Medicine, Byramjee Jeejeebhoy Medical College, Pune,
and 9Department of Samhita Siddhanta (Ayurveda), Kamaladevi Gauridutt Mittal Ayurvedic Hospital and College,

Mumbai, India

Keywords
Alzheimer’s disease - Bacopa monnieri - Brahmi -
Nootropics - Ayurveda

Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative
disease of the elderly. The rapid increase in its incidence has
necessitated development of newer drugs. Ayurvedic herbal
medications are increasingly researched due to their bio-
safety profile and usefulness in cognitive impairment. In this
article, we critically reviewed one such Medhya Rasayana
(nootropic drug) Brahmi-derived from extract of Bacopa
monnieri (EBm). Studies have shown that EBm promotes free
radical scavenger mechanisms and protects cells in prefron-
tal cortex, hippocampus, and striatum against cytotoxicity
and DNA damage implicated in AD. It also reduces lipoxy-
genase activity reducing lipid peroxidation, increases gluta-
thione peroxidase and chelates iron. Administration of EBm
was seen to protect the cholinergic neurons and reduce an-
ticholinesterase activity comparable to donepezil, rivastig-
mine, and galantamine. It also reduces hippocampal
B-amyloid deposition and stress-induced hippocampal
damage. The neuroprotective effect of EBm is also due to
nitric oxide-mediated cerebral vasodilation. EBm improved

the total memory score and maximum improvement was
seen in logical memory and paired associate learning in hu-
mans and reversed phenytoin-induced memory impairment
in experimental model. EBm has not shown any serious clin-
ical, neurological, hematological complications, or vital or-
gans damage in experimental studies. Rats showed marked
reduction in fertility; however, libido was unaffected. There
is no experimental evidence of genotoxicity or teratogenesis
by use of EBm. Mild nausea and gastrointestinal upset are
seen in humans. Brahmi promises to be a novel agent in AD;
however, further human trials are recommended to verify
the efficacy and rule out any side effects as evidenced by the
experimental models. ©2017 S. Karger AG, Basel

Introduction

Alzheimer’s disease (AD) is a chronic neurodegenera-
tive disease of undetermined etiology, seen in the elderly
albeit rarely before 60 years except when its inheritance is
autosomal dominant [1, 2]. Combined presence of amy-
loid beta (Ap) and tau (1) stands out as the hallmark of
progressive AD and the basis of most disease-modifying
therapy [3, 4]. Initial stage of disease is characterized by
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the impairment of recent memory which is followed by
impairment of cognitive abilities, vocabulary, and con-
cepts [5]. Early impairment of recent memory is due to
involvement of median temporal lobe and hippocampus
which controls recent memory [6]. Subsequently, in-
volvement of other areas of brain may manifest as sleep
disturbances, problems in judgment, psychological
changes, pyramidal and extrapyramidal motor signs [7].
According to World Alzheimer’s Report 2015, global
prevalence of dementia rose from 30 million (2010) to
46.8 million and global expenditure on dementia rose
from US$ 604 million (2010) to US$ 818 million (2015).
In India, the prevalence of dementia was 33.6 in every
1,000 people of which 54% were cases of AD [8].

The aforementioned statistics suggest a meteoric rise
in the global burden of AD while the available medica-
tions remain few and constant. Herbal medications are
gaining widespread acclaim globally in more than 80% of
the world population, due to their higher biosafety profile
over the synthetic medications. In this article, we exten-
sively reviewed the literature of Bacopa monnieri
(Brahmi), a nootropic herb that can serve as a promising
agent in AD owing to its antioxidant, cholinergic, anti-
beta amyloid property, and good safety profile.

Alzheimer’s Disease

Genetics

Several genes play an important role in pathogenesis
of AD. The most important and studied ones are presene-
lin-1 (PSEN-1), amyloid precursor protein (APP), pre-
senelin-2 (PSEN-2), and apolipoprotein E (APOE). APP
and PSEN-1 gene mutations result in early onset AD;
APOE mutation is implemented in late-onset AD where-
as PSEN-2 has a more variable onset [9].

PSEN-1 gene is present on chromosome 14q and func-
tions to regulate intracellular Ca®* signaling, trafficking
of membrane proteins, and regulates the stabilization of
B-catenin. It is observed that any mutation in PSEN-1
gene results in formation of varying lengths of A pep-
tides due to cleavage at different sites by y-secretase.
These peptides are highly fibrillogenic which in turn
cause increased aggregation of AP plaques in brain [10].

APP gene is situated on chromosome 21q and func-
tions to produce a protein called APP [9]. This protein is
cleaved by a-, f-,and y-secretase.In AD - and y-secretase
cleave, the APP forms AP protein which has the property
to get aggregated and form AP plaques that get deposited
in the brain to cause neuronal degeneration [11].
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PSEN-2 gene is located on chromosome 1q encodes
PSEN-2 transmembrane protein whose isoform 2 is
found in the brain. PSEN-2 mutations cause AB42 protein
accumulation which is the hallmark of AD [12].

APOE gene is associated with production of Apo-E
which helps in the removal of AP proteins as well as pro-
tects neurons from damage associated with it. There are
3 different forms of Apo-E protein; they are €2, €3, and 4.
Studies indicated that mutated oxidized form of €4 binds
readily to AP protein and results in deposition as amyloid
plaques [9]. It has also shown decrease in cholinergic ac-
tivity in brain [13]. Hence, €4 is the isoform of Apo-E in-
volved in pathogenesis of AD.

Pathogenesis

The pathogenesis of AD is not completely understood.
However, there are 3 possible mechanisms: deposition of
Ap proteins, deposition of T proteins in cytoplasm of neu-
rons, and neuronal degeneration due to above 2 compo-
nents [14].

APP is present in cell membrane as a transmembrane
protein. It has intracellular and extracellular parts. It has
cleavage sites for a-, f-, and y-secretase enzymes. a-and
B-secretase cleavage sites are present on the surface of the
cell while y-secretase has cleavage site in the intramem-
branous region of the protein. Normally cleavage by
a-secretase is followed by cleavage by y-secretase, which
results in the formation of soluble protein. In an AD pa-
tient, 3-secretase does the first cleavage which is followed
by cleavage by y-secretase resulting in the generation of
AP protein which gets aggregated and gets deposited in
various parts of the brain [14].

T proteins provide stability to the microtubules. In AD,
they undergo hyperphosphorylation to get aggregated
and form neurofibrillary tangles in the cytoplasm of neu-
rons.

Both components explained above cause degeneration
of neurons in central nervous system and result in the
symptoms of AD [14]. AP protein also gets deposited and
weakens the walls of the blood vessels resulting in amy-
loid angiopathy [15].

Bacopa monnieri

Ayurvedic and other herbal medications have gained
increased acceptance as they are found to be safer than the
synthetic counterparts [16]. Ayurveda or the Indian sys-
tem of Medicine viz. Sushruta Samhita, Charak Samhita,
and Atharva Veda describe plants which have a prabhava
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Fig. 1. Bacopa monnieri: a Plant growing in marshlands; b, ¢ Plant morphology; d chemical structure of bacoside.

(specific action) on the intellect and memory as Medhya
Rasayana (Medhya - intellect or retention, Rasayana -
procedure or preparation).

Traditionally, Mandukaparni, Yastimadhu, Guduchi,
and Shankhapushpihave been mentioned to have a mem-
ory enhancing action. Others like Brahmi, Vacha, and
Jatamamsi although inadequately emphasized have been
known for their efficacy [17]. Vedic scholars of ancient
India have been known to consume Medhya Rasayana
that helped them memorize lengthy scriptures 3,000 years
ago [18].

Botanical Characteristics

Bacopa monnieri (Hindi: Brahmi, Vietnamese: Rau
Dang, Herpestis monnieri or water hyssop), an herbal nu-
traceutical is recognized for its role as a Medhya Rasayana
or a nootropic agent in Ayurveda [19]. It belongs to the
Scrophulariaceae family growing in marshlands up to an
altitude of 1,500 meters [20]. It is called “Brahmi” in
India. It is seen distributed in the plains of Southeast Asia,

Neurocognitive Effect of Nootropic Drug
Brahmi (Bacopa monnieri) in AD

tropical Asia, sub-tropical United States, tropical Africa,
and Australia [21, 22]. The plant grows luxuriantly in wet
soil near freshwater aquatic sites. It grows 6 inches to
3 feet in height and has oblong leaves and purple flowers
asshown in Figure 1. The entire plant along with the roots
can be used medicinally [18].

Active Constituents

The active ingredients of extract of Bacopa monnieri
(EBm) are enlisted below in Table 1. Saponins are the
main active constituents of EBm responsible for most of
its pharmacological actions [21].

Pharmacological Properties and Uses

Its main pharmacological actions are antioxidant,
anti-inflammatory, anticonvulsant, cardiotonic, bron-
chodilator, and peptic ulcer protection [23-25]. Vari-
ous indications for use of Brahmi described in
Ayurvedic medicine are memory improvement, epilep-
sy, insomnia, and anxiolytic [26]. With regards to im-
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Table 1. Active constituents of EBm

Chemical groups

Contents

Saponins

Bacoside A, bacoside B, bacopasaponins, D-mannitol, acid A,

monnierin

Flavonoids
Alkaloids
Glycosides
Phytochemicals

Apigenin, luteonin

Brahmine, herpestine, hydrocotyline

Asiaticoside, thanakunicide

Betulinic acid, betulic acid, wogonin, oroxindin, stigmastarol,

B-sitosterol

Sapogenin
Other constituents

Jujubacogenin, pseudojujubacogenin
Brahmic acid, brahamoside, brahminoside, isobrahmic acid

provement of memory function, its effect is more on
decreasing the forgetfulness rather than increasing
learning [27].

Brahmiin AD

Antioxidant and Iron Chelating Properties of Brahmi

Oxidative stress is one of the most important factors in
aging and age-related illnesses [28]. Various free radicals
playing an important part in oxidative damage are hy-
droxyl (OH’), hydrogen peroxide (H,O,), peroxynitrite
(ONO;"), and superoxide free radical (O,’) [29]. Oxygen
is absolutely important for survival but its excess results
in the formation of reactive oxygen species (ROS) which
can damage the brain [30]. Brain is particularly suscep-
tible to free radical damage due to its high metabolic rate,
unsaturated fatty acids in cell membranes, lower activity
of antioxidant mechanisms like glutathione peroxidase
(GPx) and catalase (CAT), and cytotoxic actions of gluta-
mate [31].

Our body has many free radical scavenger mecha-
nisms which are enzymatic or non-enzymatic. Enzymatic
ones include superoxide dismutase (SOD), CAT, gluta-
thione reductase that act as a first line of defense against
ROS while non-enzymatic ones like vitamin A, C, and E,
selenium, coenzyme Q10, and glutathione (GSH) whose
antioxidant actions protect neuronal tissue from free rad-
ical damage as shown in Figure 2 [32]. Imbalance between
protective antioxidant mechanisms and free radical spe-
cies is the basis for free radical damage in elderly popula-
tion resulting in aging and cognitive decline [33].

Many in vitro and animal studies have shown that
EBm has an antioxidant and free radical scavenging ac-
tion. Early studies showed that EBm inhibits lipid per-
oxidation in prefrontal cortex, hippocampus, and stria-
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tum of rats [34]. In one study conducted in rats, EBm was
administered to the rats for 21 days. It showed increase in
activity of enzymes SOD, CAT, and GPx in prefrontal
cortex, hippocampus, and striatum. In comparison, de-
prenyl, aknown antioxidant demonstrated increase in ac-
tivity of these enzymes in prefrontal cortex and striatum
but not in hippocampus [31]. In another in vitro study,
human non-immortalized fibroblasts were tested for the
DNA damage and free radical mediated cytotoxicity by
H,0,, in which EBm was found to be protective [35].

Dhanasekaran et al. [36] in an in vitro study demon-
strated mechanisms of nootropic action of EBm derived
from dried leaves powder of the plant. They found that
EBm significantly reduced the lipoxygenase activity in
brain. It inhibited hydrogen peroxide-induced lipid per-
oxidation in mouse brain homogenates and also had sig-
nificant iron chelating property. Here, iron chelating
property needs special emphasis as iron as well as other
divalent metals interact with AP protein and modulate
several effects that are thought to be the pathogenic ef-
fects of the protein [37]. Falangola et al. [38] studied in
transgenic mouse for the presence of iron in A plaques
in which they histologically demonstrated that iron was
present in stained brain section of all mice that were stud-
ied. In the study by Dhanasekaran et al. [36], EBm admin-
istration resulted in significant chelation of iron in an in-
cubated substrate which demonstrates another mecha-
nism for anti-AD activity of EBm. Similarly, in another
study in diabetic rats, it was demonstrated that oral ad-
ministration of EBm for 15 days showed an increase in
activity of SOD, CAT, GPx, GSH, and decrease in lipid
peroxidation in rat brain [39].

In a study conducted by Shinomol et al. [40] in 2011,
3-nitropropionic acid induced oxidative damage was pre-
vented by pre-administration of EBm in both in vivo as
well as in vitro conditions. The levels of oxidative markers
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Protective
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Fig. 2. Balance between reactive oxygen species (ROS) and free radical scavenging mechanisms in the brain.
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Fig. 3. Enzymatic and non-enzymatic neuroprotective mechanism of EBm.

like malondialdehyde and hydroperoxide was signifi-
cantly decreased in neuronal cytoplasm of mice on EBm
prophylaxis. Several other studies demonstrating anti-
stress activity of EBm showed that pre-treatment with
EBm and bacoside A prevented lipid peroxidation and
free radical damage in experimental models of diabetes,
ischemia, cigarette exposure, and aluminum toxicity [41,
42]. Russo et al. [43] exposed astrocytes to nitric oxide
(NO) using a donor S-nitroso-N-acetyl-penicillamine

Neurocognitive Effect of Nootropic Drug
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thus generating the peroxynitrite (ONO,") free radical.
EBm administered to the substrate for 18 h had a neutral-
izing effect on peroxynitrite.

The main role of EBm as an antioxidant appears to be
due to its effect on increasing concentration of GSH and
enzymaticantioxidantslike SOD, CAT,and GPxand as free
radical scavenging agent as illustrated in Figure 3. Hence,
its administration in indicated doses may act as a remedy
for age-associated memory and cognitive decline in AD.
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Brahmi on Cholinergic System

Apart from the hallmark pathological findings like Ap
plaques and neurofibrillary tangles of T proteins, one of
the very characteristic finding in AD is loss of cholinergic
neurons from basal forebrain [44].

Le et al. [45] studied choline acetyltransferase (ChAT)
expression in hippocampus of olfactory bulbectomized
(OBX) mice compared with sham-operated control mice.
OBX reduced cholinergic activity and hence also ChAT
in hippocampus. Subsequent administration of EBm and
tacrine to the substrate, however, reversed this effect
showing amelioration OBX-induced cognition dysfunc-
tion. The above experiment demonstrated that daily ad-
ministration of EBm protected the cholinergic neurons in
the medial septal nucleus that projects into hippocampus.
A study on rat model of AD demonstrated the inhibition
of degeneration of cholinergic neurons on administration
of alcoholic EBm which suggests that Brahmi could be a
potential drug for treatment of AD [46].

Aforementioned studies demonstrate the cholinergic
effects of EBm which are similar to the current treatments
of AD like donepezil, rivastigmine, and galantamine, thus
supporting the role of Brahmi as a therapeutic agent in
AD.

Brahmi on Memory Impairment and

Cognitive Defects

Amnesia and cognitive defects are cardinal symptoms
of AD [5]. In many studies conducted on humans and
animals, Brahmi has shown to improve memory perfor-
mance and cognitive function. In a double-blind, ran-
domized, placebo-controlled trial conducted in Lucknow
in India, 35 subjects aged above 55 years were subjected
to Wechsler Memory Scale for comparison between pla-
cebo and EBm treatment groups. Subjects were tested on
various sub-tests like general information, orientation,
mental control, logical memory, digit forward, digit back-
ward, visual reproduction, and paired associated learn-
ing. Scores were given to each sub-test and total memory
score was calculated by adding the score of all subtests.
The test results showed that there was significant im-
provement in total memory score of EBm-treated pa-
tients vs. placebo-treated patients. At 8 and 12 weeks after
initiation of trial, maximum increment was seen after 8th
week with maximum improvement seen in logical mem-
ory and paired associate learning sub-tests [47]. This
study suggests that EBm can be useful agent in treatment
of age-associated memory impairment.

In another study double-blind, randomized, placebo-
controlled study efficacy of Brahmi as a memory enhanc-
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er on chronic dosing in 76 adults who were given Brahmi
300 mg/day and placebo. Subjects were tested for tasks of
attention, memory, and psychological state at baseline.
The results observed at 6 and 12 weeks after the trial dem-
onstrated an increase in information retaining capacity
over time. This was due to decreased forgetfulness as op-
posed to increased procurement because Brahmi did not
show any beneficial effect on learning trials [48]. In a ran-
domized, double-blind placebo-controlled trial of 36
children with Attention Deficit Hyperactivity Disorder,
improvement in logical memory was demonstrated [49].
In a randomized, double-blind, placebo-controlled trial
conducted in Australia on 81 subjects aged above 55 years
who were given EBm in the dose of 300 mg/day for
12 weeks, remarkable improvement was demonstrated in
verbal learning, memory acquisition, and delayed recall
[42].

Kumar et al. [50] investigated the effect of EBm on cold
stress induced neurodegeneration in hippocampus of
rats. Histologically, rat brains were divided into 4 groups:
group 1 consisted of rats which were kept in ideal labora-
tory conditions, group 2 rats were given EBm in the dose
40 mg/kg, group 3 rats were forced to swim in the cold
water (temperature: 18 + 2°C) for 1 month which gener-
ated cold water swim stress in their body, and group 4
were given cold water swim stress for 1 month which was
followed by treatment by EBm for about 1 month in the
dose of 40 mg/kg. Histophotometric study of hippocam-
pus was done in which diameter of cells, total number of
cells in the square, and packing density of cells were taken
into consideration. Group 3 cells showed decreased di-
ameter of cells, number of cells per square, and packing
density of cells which was indicative of stress-induced
damage while group 4 cells showed increased cell diam-
eter, number of cells per square, and cell packing density.
Group 4 rats showed the above parameters comparable to
that of group 1 rats. This study demonstrated that EBm
has got important therapeutic effect in abolishing stress-
induced hippocampal damage.

In an experimental model by Saini et al. [51], an intra-
cerebroventricular injection of the drug colchicine was
given to cause oxidative stress and increased lipid per-
oxidation, which resulted in significant memory loss.
This was demonstrated by significant reduction in reten-
tion in elevated plus maze test. However, on treatment
with EBm colchicine, administered animals showed a sig-
nificant increase in retention time suggestive of cognitive
improvement.

Antiepileptic drug phenytoin causes cognitive impair-
ment on regular use in many patients. Using this principle,
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phenytoin was given to experimental rats in a dose of 25
mg/kg for 7 days resulting in significant cognitive impair-
ment in the rats. Administration of EBm caused significant
reversal of phenytoin-induced memory impairment [52].

Benzodiazepines are known to cause dementia by their
GABAergic action and by interfering with long-term po-
tentiation. Diazepam was administered in a dose of 1.75
mg/kg to induce amnesia studied using the Morris Water
Maze Test in mice. This was reversed by EBm given oral-
ly in a dose of 120 mg/kg [53].

In a study conducted by Kishore and Singh [54], it was
found that Brahmi attenuated scopolamine, sodium ni-
trite and BN52021 (platelet activating factor antagonist)
induced amnesia. The possible mechanism was by im-
proving acetylcholine levels in mice in the above setting
and was observed by improved performance on the
Morris Water Maze Test. In this study, bacoside treat-
ment decreased escape latency time which indicates that
bacosides have predominant action on attenuating an-
terograde amnesia.

Brahmi on Cerebral Blood Flow

Vascular factors like atherosclerosis, decreased vascu-
lar density, and cerebral perfusion have been linked to
AD. AD is principally associated with cerebral cortex,
hippocampus, and areas of the brain that are vulnerable
to vascular dysfunction [55].

Inastudy conducted by Kamkaew et al. [56] on in vitro
vasodilator properties of Brahmi, it was found that Brah-
mi decreased systolic and diastolic blood pressure with-
out significantly affecting heart rate. Its administration in
isolated arteries resulted in maximum dilation of basilar
artery but did not have much effect on renal and tail ar-
tery of rat which shows its brain-specific vasodilator ef-
fect. This effect was significantly blunted when NO syn-
thesis inhibitor was co-administered which indicates that
Brahmi has vasodilatory action that is mediated by NO.
In the same study, they also demonstrated that K* depo-
larization induced Ca?* influx and release Ca®* from sar-
coplasmic reticulum by administration of phenylephrine
and caffeine was also inhibited by co-administration of
Brahmi denoting an additional mechanism of its vasodi-
latory property.

Another study conducted by Kamkaew et al. [57] in
which they compared the cerebral blood flow (CBF) aug-
menting property of EBm and Ginkgo biloba. They ad-
ministered EBm, G. biloba (standardized extract) and do-
nepezil to 3 test groups and water to the control group for
8 weeks. At the end of 8 weeks, they found out that EBm
enhanced cognitive function in rats and increased quies-
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cent CBF by 25% and animals treated with G. biloba
showed an increment of 29%; however, donepezil had no
significant effect on CBF in chronic setting. This study
showed that chronic administration of EBm and G. biloba
increased the cerebral blood possibly contributing to
their nootropic and neuroprotective action.

Nobili et al. [58] conducted a study comparing the
CBF in AD patients administered with donepezil with
those who were not, that is, controls. Patients who were
not treated with donepezil had decreased CBF and those
who were treated with donepezil had no significant de-
crease in blood flow. This suggests that donepezil slows
the vascular deterioration, but it does not increase the
blood flow like EBm. This can indicate therapeutic im-
portance of EBm in future for treatment of AD.

Brahmi on Neuronal and Glial Plasticity

Neuronal or glial plasticity is the ability of the brain to
adapt to stress which involves complex processes like re-
arrangement of synaptic connections and network of
neurons [59].

Brain derived neurotrophic factor (BDNF) is a mem-
ber belonging to the family neurotrophin is an important
marker of neuronal plasticity and has a critical role in the
transcription of gene Arc which is connected with neuro-
nal plasticity and memory. Low levels of BDNF predis-
pose a person to AD [60].

Glial fibrillary acidic protein (GFAP) is an important
marker of glial plasticity which regulates morphology of
astrocytes, interactions between neuroglia and memory
forming mechanisms [61]. Expression of GFAP is also
substantially decreased in amnesic conditions [62].

Konar et al. [63] demonstrated in their study that on
administration of scopolamine in mice, expression of
BNDF, Arc and GFAP was significantly decreased. They
found out that administration of EBm alone resulted in
increased expression of BDNF by 1.3 times and Arc ex-
pression by 2 times however expression of GFAP was not
increased upon treatment. In scopolamine-treated mice,
pre- and post-administration of EBm resulted in en-
hancement of plasticity markers in cerebrum the effect
being more marked in expression of BDNF and Arc ex-
pression than that of GFAP. Thus EBm has a significant
role in the improvement of brain plasticity by a variety of
mechanisms.

Brahmi on B-Amyloid

Deposition of AP protein in the brain parenchyma
causing neuronal degeneration is the most important
mechanism of pathogenesis in AD [14]. A study done
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by Mathew et al. [64] on anti-amyloidogenic potentials
of various herbs revealed that methanolic EBm de-
creased the formation of amyloid fibrils almost entirely
and segregated the pre-formed amyloid fibrils up to a
considerable extent. Holcomb et al. [65] in their study
conducted on PSAPP mice demonstrated that adminis-
tration of EBm to mice expressing APP and PSEN-1
mutation reduced amyloidogenic proteins AB40 and
AP42 levels in brain by approximately 60%, which
clearly signifies its potential as a therapeutic strategy in
AD.

Limpeanchob et al. [66] demonstrated the neuropro-
tective effect of EBm in AP protein-induced cell death in
a primary cortical culture. They found that neurons treat-
ed with AP protein exhibited high 2-fold rise in acetylcho-
line esterase (AChE) concentration (which is a compo-
nent and indicator of neuronal damage), while those
treated with AP protein and Brahmi had near normal
concentration of AChE. In the same study they also found
out that EBm also improved cell viability, it had reduced
ROS in the cell and also had antioxidant activity of its
own. This study demonstrated multiple Anti-AD mecha-
nisms of EBm. Further research in the form of clinical
trials in humans is needed to prove its usefulness in AD.

All the important human and animal studies beneficial
to the understanding of EBm in AD are summarized in
Table 2.

Adverse Reactions

Limited studies are available demonstrating the side
effects of Brahmi in human beings as well as animals.
The most commonly encountered side effects are nau-
sea, gastrointestinal upset, intestinal hypermotility
which can be explained on the basis of cholinergic action
of EBm [42]. Singh and Dhawan [19] in their double-
blind, placebo-controlled phase 1 trial administered sin-
gle dose (20-300 mg) and multiple doses (100 and 200
mg) to 31 healthy male volunteers for 4 weeks in which
they found out no significant side effects or serious ad-
verse drug reaction in clinical, hematological or bio-
chemical parameter. In a study conducted on male rats
by Allan et al. [67], it was found that at the dose of 500
mg/kg the appetite of rats decreased over time. After 90
days of treatment the rats demonstrated no change in
weight of vital organs and all clinical, hematological,
neurological parameters were within normal range;
however, there was moderate increase in aspartate ami-
notransferase, albumin, globulin, urea, nitrogen, and so-
dium but all of them were in their normal range for con-
trols. In the same study, they also found out that the
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median lethal dose for rats is 2,500 mg/kg which is a
fairly high amount. Singh and Singh [68] studied effect
of EBm administration in the dose of 250 mg/kg/day for
28 and 56 days in rats on fertility and male testes mor-
phology, which demonstrated a decrease in sperm mo-
tility, viability, and sperm count. It also showed minute
histological changes intraepithelial vacuolation, loosen-
ing of germinal epithelium, exfoliation of germ cells and
occasionally giant cell formation. Height of germinal
epithelium and diameter of seminiferous tubules was
also decreased in Brahmi treated rats. Although libido
remained unaffected in Brahmi treated rats, fertility was
markedly reduced. EBm had no effect on dopamine and
serotonin balance in rat brain, so there was no constitu-
tional change as it is seen with other antidepressants
[69].

Above studies clearly indicate that Brahmi has high
therapeutic index which accounts for its safety on long
term use. However most of the studies are animal studies,
hence extensive human trials are absolutely necessary to
prove its safety for use in human beings.

Safety

Safety profile of Brahmi has not been studied exten-
sively; however, some in vitro studies have been per-
formed. One such in vitro study was done by incubating
plasmid DNA pBR322 (1 pg) with and without EBm (0-
10 pg) at 37°C for 1 h which demonstrated no significant
differences between the plasmid incubated with and
without EBm, this indicated that Brahmi does not exhib-
it direct genotoxicity [36]. There are no studies of Brahmi
regarding safety in pregnant ladies so it should not be
used in pregnancy.

Drug Development

The process of extraction and drug development of
EBm as patented by Kahol et al. [16] is illustrated by us in
Figure 4.

Current Practice of Brahmi in AD

Brahmi is administered as various formulations.
Brahmi juice (Swarasa) is extracted by mechanical pres-
sure. Kalka containing clarified butter made from cow
milk (cow ghee or Go Ghrita) is liquefied under moder-
ate flame and the Swarasa is then added to it in pre-
scribed quantities to form Brahmi Ghrita [70, 71].
Methanolic extract of EBm and lipid extraction of EBm
showed comparable results as Brahmi Ghrita when ad-
ministered in doses of 200 mg/kg to rats for 2 weeks
[72].
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Table 2. Summary of some major studies done on EBm in AD

Author and year of
publication

Running title

Study design

Key findings

Kumar et al. [50], 2015

Bacopa monnieri on cold

stress induced neurodegeneration

of hippocampus

Cold water swim stress-induced memory
deficit in Wistar mice by depletion of
norepinephrine in hippocampus resulting
in reduced number of cells, diameter and
packing density in the hippocampus

Cold stress in animals caused
decreased in size of cells and
decreased packing density of cells
and cells per square on
histophotometric study. This was
reversed to near normal

in rats Treated with EBm

Kamkaew et al. [56], 2013

Bacopa monnieri increases
cerebral blood flow

Cerebral blood flow in Wistar mice was
tested using stereotactic laser doppler
probe placed over bregma. Basilar artery
showed antiChE dependent vasodilation
on administration of EBm

On administration of EBm

for 8 weeks EBm increased CBF by
25% and it also improved
cognitive function in rats

Le et al. [45],2013

Bacopa monnieri ameliorates
memory deficits in olfactory
bulbectomized mice

OBX mice simulating AD were treated
with EBm, tacrine, and vehicle. Memory
tested using novel object recognition test,
modified Y-maze test, fear conditioning
test and ChAT assay

Decreases cognitive dysfunction by;
enhancing synaptic plasticity
related signaling and preserving
cholinergic neurons. Improved
object recognition, spatial

memory and fear induced long-
term memory deficit

Shinomol et al. [40], 2012

Neuromodulatory propensity
of bacopa monnieri against
3-NPA-induced oxidative
stress

Pre-pubertal CFT-Swiss mice brain

were subjected to oxidative damage

using 3-NPA. EBm reduced the damage
as assayed using DPPH radical scavenging
assay, nitric oxide scavenging assay,
hydroxyl radical scavenging assay,
superoxide scavenging assay, deoxyribose
oxidation assay and iron chelation assay

EBm prophylaxis prevented
oxidative damage caused by 3-NPA
indicating its antioxidant action

Morgan and Stevens [42],
2009

Does bacopa monnieri
improve memory performance
in older persons?

Memory tests were conducted on
healthy population >55 years as follows:
audio-verbal and visual memory: Rey
AVLT, RO-CFT and Reitan TMT.
Subjective memory performance:
MAC-Q

Administration of Brahmi caused
significant improvement in verbal
learning, memory acquisition and
delayed recall

Dhanasekaran et al. [36],
2007

Anti-dementia mechanisms
of bacopa monnieri

C57/B16 mice brain as exposed to

EBm extract. Lipoxygenase activity,

free oxide radicals and iron chelation were
measured. Plasmid DNA pBR322 was
incubated with and without EBm at

37°C for 1 h and assayed. Both samples
showed no significant differences in
plasmid DNA

Administration of EBm decreased
lipoxygenase activity, inhibited
hydrogen peroxide-induced lipid
peroxidation and chelated iron. BM
does not exhibit direct genotoxicity

Raghav et al. [47], 2006

RCT of bacopa monnieri
extract in age-associated
memory impairment

RCT involving adults >55 years treated
with EBm and placebo for 12 weeks were
tested for memory at 8 and 12 weeks.
Memory tested using general information,
orientation, mental control, logical
memory, digit forward, digit backward,
visual reproduction and paired associated
learning. Most significant improvement in

EBm was seen in logical memory and paired

associated learning.

Remarkable improvement in mental
control, logical memory and paired
associate learning after 12 weeks
EBm therapy

AVLT, auditory verbal learning test; RO-CFT, rey-osterrieth complex figure test; TMT, trail making test; MAC-Q, memory complaint questionnaire.
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Drying in hot air oven
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Fig. 4. Extraction of bacoside rich extract from Brahmi leaves.

Therapeutically, EBm can be administered as Brahmi
Ghritam (clarified butter based oral supplement) or
Churna (powder) or plain tablet form. In cases of AD,
Brahmi capsule are given in doses of 250-500 mg once or
twice a day and Brahmi Churna or Ghritam is given in
doses of 1-2 g once or twice a day.

Conclusion

Experiments on animals strongly indicate the value of
Brahmi as a promising agent in AD and other forms of
cognitive impairment. Due to small sample size of human
trials, we recommend large multicentric clinical trials to
confirm biosafety profile of Brahmi and also to explore its
additional and serious side effects. Comparative studies
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