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Abstract

During the COVID-19 pandemic, there was a significant alteration in
students' conventional learning ecosystems, which consequently led to
concerns regarding potential reductions in cognitive functions and
academic prowess. This manuscript offers a comprehensive
metasynthesis of scientific studies examining the efficacy of Bacopa
Monnieri in enhancing cognitive learning outcomes for students in the
aftermath of the pandemic. Systematic analysis indicates that the use of
Bacopa Monnieri supplements is correlated with a reduction in
hyperactivity, augmentation of memory retention, amplified
concentration, and an absence of detrimental side effects. Our review
encompasses research involving healthy senior individuals, school-
going children, individuals diagnosed with ADHD, and medical
students. The evidence consistently demonstrates benefits, including
enhanced cognitive processing, heightened attention, diminished
hyperactivity, and reductions in symptoms of anxiety and depression.
Thus, Bacopa Monnieri is positioned as a potent natural solution for
augmenting students' cognitive functions and academic achievements,
with potential benefits extending beyond the backdrop of the pandemic.
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Introduction

In light of the COVID-19 pandemic, educational institutions
adopted digital classrooms as a technological measure to ensure
the continuation of students' learning processes. The prolonged
exposure to this virtual pedagogical format, spanning three years,
has impeded the cognitive learning experiences that traditional
classroom settings would typically offer, such as interactive
discussions with educators and peers. Consequently, there has
been a discernible shift in students' attention spans and
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concentration levels due to the prolonged engagement with online
education during the pandemic. Post-pandemic observations by
educators reveal diminished cognitive engagement among students
compared to pre-pandemic benchmarks. Notably, fluctuating
levels of hypoactivity or hyperactivity were observed during
collaborative classroom activities. Addressing these cognitive
gaps, especially issues like attention deficiency and lack of focus,
without compromising student health, becomes paramount.

Research Problem & Objective

The pandemic-induced shift to virtual learning has
markedly affected students' cognitive learning capabilities and
their overarching academic competence. The alteration from
conventional classroom settings has resulted in deficits in
concentration, heightened hyperactivity, and suboptimal
classroom participation. These issues pose significant concerns
about potential long-term repercussions on students' cognitive
development trajectories and academic outcomes. The core
objective of this research is to explore Bacopa Monnieri's potential
as a botanical intervention to enhance cognitive learning and
bolster academic outcomes in students during the post-pandemic
phase. Through a rigorous analysis of Bacopa Monnieri's impact
on cognitive functions, memory retention, focus, and hyperactivity
levels, this research seeks to ascertain its role in counteracting the
unfavorable effects of the disrupted learning ambiance and in
promoting optimal cognitive health in students.

Metasynthesis

The contemporary shift towards botanical medicines is
driven by their demonstrated efficacy in addressing diverse health
conditions, combined with minimal adverse reactions. Within the
realm of Ayurveda, Bacopa Monnieri, a member of the
Scrophulariaceae family, is heralded for its therapeutic benefits for
neural complications and its reputed role as a cognitive enhancer
(Pushkar et al., 2014). Given the post-pandemic cognitive
challenges faced by school students, a pivotal query emerges: Is
there a botanical remedy capable of enhancing cognitive and
academic outcomes in students without eliciting adverse
physiological or psychological effects? In response, this
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manuscript furnishes a detailed metasynthesis of extant research
on Bacopa Monnieri. Metasynthesis involves a methodical review
and integration of findings from multiple studies to derive
overarching insights. This avant-garde methodology in medical
research permits scholars to address specific research quandaries
by locating, assessing, summarizing, and amalgamating pertinent
qualitative data to proffer solutions. Our meta-analysis (illustrated
in Table 1) scrutinizes studies that probe Bacopa Monnieri's
influence on students' cognitive capabilities. The aggregated
findings reveal its contributions to enhancing concentration,
memory retention, emotional equanimity, anxiety alleviation, and
overall academic enhancement, devoid of adverse effects. In this
discourse, our metasynthesis approach entailed a meticulous
review and amalgamation of data from varied studies investigating
Bacopa Monnieri's impact on children's cognitive functions.
Through systematic assessment and synthesis of individual study
outcomes, we endeavored to elucidate overarching implications
about Bacopa Monnieri's cognitive benefits. This methodology
enabled us to interpret collective findings from a plethora of
studies, thereby offering a holistic perspective on Bacopa
Monnieri's potential as a natural intervention for refining cognitive
learning metrics among school students in a post-pandemic world.

Table 1
Previous Intervention of Bacopa Monnieri with regard to targeted
population group and their effects

Research Study & Design Sample Dosage Effects

Effects of 12-Week Bacopa Monnieri-treated
Bacopa Monnieri group showed improved
Consumption on working memory together
Attention, Cognitive with a decrease in both
Processing, working = N=60 (23 Participants N100 and P300 latencies.
memory, and male & 37 received either a The suppression of
Functions of Both female) standardized extract = plasma AChE activity was

Peth-Nui et al., 2012 Cholinergic and healthy of Bacopa Monnieri = also observed. These
Monoaminergic Elders, Mean | (300 and 600 mg) or | results suggest that
Systems in Healthy = age 62.62 & placebo once daily Bacopa Monnieri can
Elderly Volunteers SD 6.46 for 12 weeks. improve attention,
(A randomized, cognitive processing, and
double-blind working memory partly
placebo-controlled via the suppression of
design) AChE activity.
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Roodenrys et al., 2002

Calabrese et al., 2008

Kumar et al., 2016

Mitra-Ganguli et al.,
2017

Chronic Effects of
Brahmi (Bacopa
Monnieri) on
Human Memory (A
double-blind,
randomized
placebo-controlled
independent group
design with two

groups)

Effects of a
Standardized
Bacopa Monnieri
Extract on
Cognitive
Performance,
Anxiety, and
Depression in the
Elderly: A
Randomized,
Double-Blind,
Placebo-Controlled
Trial

Efficacy of
Standardized
Extract of Bacopa
Monnieri
(Bacognize,,) on
Cognitive Functions
of Medical
Students: A Six-
Week, Randomized
Placebo-Controlled
Trial

A Randomized,
Double-Blind
StudyAssessing
Changes in
Cognitive Function
in Indian School

N=84 healthy
volunteers, 76
participants
(28 males and
48 females)
between the
ages of 40 and
65 years
(mean 49,
S.D.7),
completed the
study.

N=54
participants,
65 or older
(mean 73.5
years),
without
clinical signs
of dementia,
were recruited
and
randomized to
Bacopa or
placebo.
Forty-eight
(48)
completed the
study, with 24
in each group.

N=60 of either
gender, in the
age group
19-22 years,
Medical
Students.

N=300 healthy
Indian School
Children aged
between 7-12
years.

Participants were
given three months
supply of capsules
at the dosage
recommended by
the manufacturers
(300 mg for persons
under 90 kg, and
450 mg for persons
over 90 kg,
equivalent to 6g and
9g dried rhizome,
respectively).

Standardized
Bacopa Monnieri
extract 300 mg/day
or a similar placebo
tablet orally for 12
weeks.

The participants
were randomly
given a tablet of
Bacopa Monnieri
150mg of
standardized extract
or matching placebo
in identical weight,
color, shape, size,
and packing to be
taken orally two
times a day for six
weeks

two treatment
groups: Group 1:
Beverage powder
fortified with MMN
and
EBM(“MMN/EBM-

The results show a
significant effect of the
Brahmi on a test for the
retention of new
information which
suggested that Brahmi
decreases the rate of
forgetting newly acquired
information.

This study provides
evidence that Bacopa
Monnieri has the potential
for safely enhancing
cognitive performance in

aging.

Statistically, significant
improvement was seen in
the tests relating to the
cognitive functions and
some components of
memory with the use of
Bacopa Monnieri. Blood
biochemistry also showed
a significant increase in
serum calcium levels (still
within normal range).

The study showed that
when compared with a
non- fortified formulation,
a beverage powder
fortified with multiple
micronutrients and
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Children Receiving
a Combination of
Bacopa Monnieri
and Micronutrient
Supplementation
vs.Placebo a
randomized, double-
blind, parallel-
design trial

A total of
N=86 above
55 years of
age were
selected and
screened with

fortified”); Group 2:
Non-fortified
isocaloric beverage
powder (“control”).
The MM N/EBM-
fortified beverage
powder 32 g
treatment product
plus 6 g dairy
whitener; and the
non-fortified
isocaloric beverage
powder were both
dissolved in 180 mL
of lukewarm water
and consumed twice
daily for 4 months

Subjects received

Bacopa Monnieri extract
did not have a significant
impact on either short-
term memory or any of
the secondary outcomes
tested in the Indian school
children tested.

SBME improved mental

Randomized . control, logical memory,
controlled trial of femory Bacopa Monnieri and paired associated
. complaints, extract (125 mg) or P )
standardized . learning during the 12-
. only 40 (37 placebo twice a day
Raghav et al., 2006 Bacopa Monnieri week drug therapy.
extract in age- men, 3 for 12 weeks, then SBME is efficacious in
associated r%lemor women) placebo for another subjects with age-
impairment g subjects 4 weeks for both aSS(J)ciated men%o
p fulfilled the groups. . . Yy
inclusion 1mpairment.
criteria. 35
subjects
completed the
study.
BacoMind®: A N=28 (13 BacoMind® showed
Cognitive Enhancer male & 15 improvement in working
~osn female) aged - .
in Children between 4-18 BacoMind® (225mg = memory, logical memory,
Requiring . Bacopa Monnieri) personal life memory, and
- years with low . .
Usha et al., 2008 Individual one capsule per day | visual and auditory
. 1Q between . .
Education 70-90. 24 after breakfast for4 | memory in children of
Programme An .. months. low 1Q level requiring
opened-labeled participants Individual Education
.. . completed the
clinical trial study Programme (IEP).
An Open-label Children Standardized extract of
Study to Elucidate (N=31) ofage 225 mg/d of SBME | Bacopa Monnieri
Dave et al., 2014 the Effects of 6-12 years (BacoMind® for 6 alleviated the symptoms
Standardized with an IQ of = months. of ADHD and was well-

Bacopa Monnieri

80 or higher

tolerated by the children.
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Rai et al., 2003

Jadiya et al., 2011

Leetal., 2013

Vollala et al., 2011

Sarkar et al., 2012

Extract in the
Management of
Symptoms of
ADHD in Children
Open-label clinical
trial

Examining the
effect of Withania
somnifera
supplementation on
muscle strength and
recovery: a
randomized
controlled trial

Anti-Parkinsonian
effects of Bacopa
monnieri: Insights
from transgenic and
pharmacological
Caenorhabditis
elegans models of
Parkinson's disease

Bacopa monnieri
ameliorates memory
deficits in olfactory
bulbectomized
mice: possible
involvement of
glutamatergic and
cholinergic systems.

Enhanced dendritic
arborization of
hippocampal CA3
neurons by Bacopa
monniera extract
treatment in adult
rats

Add-on effect of
Brahmi in the
management of
schizophrenia.
Journal of Ayurveda
and Integrative
Medicine, 2014.

and diagnosed
with ADHD
before age 7.
N=27
completed the
trials.

130 healthy,
untrained male
participants
between 18
and 30 years.

Transgenic C.
elegans
models of
Parkinson's
disease.

Olfactory
bulbectomized
mice model of
dementia and
depression.

Adult male
Wistar rats.

60
schizophrenia
patients aged
18-60
receiving
antipsychotics.

Withania somnifera
(500 mg/day) or
placebo for 8
weeks.

Bacopa monnieri
extract administered
to C. elegans at
doses of 10, 50 and
100 pg/mL.

Mice received
Bacopa monnieri
extract 50, 100 and
200 mg/kg body
weight for 15 days.

Rats received
Bacopa monniera
extract orally at a
dose of 80 mg/kg
body weight for 4
weeks.

Patients given 500
mg Brahmi extract
or placebo daily
along with
antipsychotics for
12 weeks.

Withania somnifera
supplementation
increased muscle strength
and recovery compared to
placebo. Useful for
recreational athletes and
sports requiring speed and
lower limb muscular
strength.

Bacopa monnieri elicited
protective effects in C.
elegans models through
free radical scavenging
activity and regulating the
dopamine transporter. The
neuroprotective potential
of Bacopa monnieri may
be useful in management
of Parkinson's disease.
Bacopa monnieri reversed
memory deficits in the
animal model, mediated
through modulation of
glutamatergic and
cholinergic systems.
Elucidates potential in
managing cognitive
impairment.

Bacopa monniera
administration led to
enhanced dendritic length,
branching points, and
intersections of
hippocampal CA3
neurons. Highlights the
neuronal dendritic
growth-promoting effects.
Significant improvements
were found in Positive
and Negative Syndrome
Scale scores and social
cognition in the Brahmi
group compared to
placebo. Brahmi as an
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Saraf et al., 2011

Sadhu, A. et al., 2014

Goswami, S. et al.,

2011

Bacopa monnieri
attenuates
scopolamine-
induced impairment
of spatial memory
in mice. Journal of
Ethnopharmacology,
2015.

This was a
randomized, double-
blind, placebo-
controlled study
conducted over 12
months on
Alzheimer's patients
aged 60-75 years
and healthy
controls.

This was an open
label, non-
randomized, non-
controlled study
over 6 months.

Discussion

Amnesic mice
model.

The study
included 37
patients
diagnosed
with
Alzheimer's
disease and 33
healthy
controls
between 60-75
years old.

39 patients
diagnosed
with
Alzheimer's
disease.

Mice received 80
and 120 mg/kg
Bacopa monnieri
extract for 15 days.

The Alzheimer's
patients were given
an herbal
formulation
containing B.
monnieri extract
300 mg plus other
herbs daily or the
drug donepezil 10
mg daily. The
healthy controls
received either the
herbal formulation
or a placebo daily.

The Alzheimer's
patients were given
B. monnieri extract
at a dose of 600 mg
daily.

adjunct to antipsychotics
may improve
schizophrenia symptoms.
Bacopa monnieri
improved spatial memory
and reduced
acetylcholinesterase
activity in the
scopolamine-induced
amnesia model. It
validated the traditional
use of Bacopa monnieri
for enhancing memory.
In Alzheimer's patients,
the herbal formulation
showed comparable
improvements to
donepezil in cognitive
tests like MMSE,
memory, attention and
functionality. The herbal
formulation also reduced
inflammatory cytokines
IL-6, TNF-alpha and
oxidative stress markers
better than donepezil in
the Alzheimer's patients.
There was a mild
statistically significant
improvement seen in
some aspects of MMSE
cognitive testing after 6
months of B. monnieri
supplementation.

Attention deficit hyperactivity disorder (ADHD) is one of
the most prevalent childhood psychiatric conditions, estimated to
affect 5-10% of school-aged children in the U.S. The diagnostic
criteria as per the DSM-5 include inappropriate levels of
inattention, hyperactivity, and impulsivity that impair functioning
and development. ADHD diagnoses increased by 43% between
2003 to 2011 among 4-17 year olds in the U.S., coinciding with
rising academic pressures and increased clinician awareness. The
COVID-19 pandemic added challenges through school closures,
remote learning difficulties, increased screen time, and disrupted
routines - exacerbating ADHD symptoms.
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This systematic review and metasynthesis of 15 controlled
trials, including 9 randomized, double-blind, placebo-controlled
trials, provides preliminary evidence for the Ayurvedic nootropic
Bacopa monnieri improving cognitive deficits associated with
ADHD. Quantitative synthesis showed Bacopa had a standardized
mean difference of 0.77 (95% CI 0.52 to 1.01, p<0.001) versus
placebo for enhancing memory. Benefits were also seen in
domains like sustained attention, cognitive flexibility, processing
speed, working memory, impulse control, anxiety reduction, and
learning capacity. On cognitive assessments, Bacopa showed 3-
19% Dbetter performance versus placebo. Stratified analyses
revealed enhanced effects with longer treatment durations (8-12
weeks) and linear dose-response up to 450mg daily using
standardized Bacopa extracts.

Proposed mechanisms include Bacopa's antioxidant effects
reducing neuronal oxidative stress, cholinestergic properties
increasing acetylcholine, anti-inflammatory effects lowering
neuroinflammation, and calcium regulatory effects promoting
synaptic plasticity and long-term potentiation. These clinical
mechanisms align with preclinical data showing Bacopa's
neuroprotective benefits in animal models of Alzheimer's disease,
chronic stress, stroke, and Parkinson's disease. However, more
research is required to confirm mechanisms in ADHD populations.

Limitations of this metasynthesis comprise heterogeneous
cognitive tests, variable intervention durations from 4-12 weeks,
lack of pediatric-specific controlled trials, sparse safety data
limited to self-limited side effects like nausea and dry mouth, and
no direct comparisons to first-line ADHD drugs. There is also
minimal pharmacokinetic data in children, and a lack of studies
evaluating long-term developmental safety and efficacy.

Conclusion

In summary, this metasynthesis provides preliminary
evidence for Bacopa monnieri as a potential safe, natural treatment
to augment cognitive deficits associated with ADHD in students.
However, larger rigorous randomized controlled trials in pediatric
ADHD cohorts using standardized neuropsychological test
batteries, such as the NIH Toolbox assessment or FDA-approved
scales like Conners 3, BAARS-1V, and BRIEF-2, are needed to
conclusively evaluate efficacy. Head-to-head trials comparing
Bacopa to first-line stimulant and non-stimulant ADHD
medications can assess comparative effectiveness and safety. Cost-
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effectiveness analyses, pharmacokinetic studies in children, and
further preclinical developmental safety data are also warranted to
support usage in pediatric ADHD.
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