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Abstract

Background: Amnestic mild cognitive impairment (aMCI) represents a transitional stage between normal aging and
Alzheimer disease (AD), where early intervention is critical for preserving cognition and delaying or preventing progression
to dementia. Due to the limited availability of curative pharmacological treatments, there is growing interest in traditional and
indigenous medicinal interventions, such as Bacopa monnieri (Linn.) or Brahmi, a widely used Ayurvedic nootropic herb.
Bacopa consumption is known to enhance cognitive performance in healthy individuals and is associated with alterations in
pathways related to branched-chain and aromatic amino acid biosynthesis. These pathways have been implicated in MCI due to
AD pathophysiology. Hence, the efficacy of Bacopa in aMCI and the mediating metabolic changes need to be systematically
evaluated through clinical trials.

Objective: The aim of this study is to assess the effects of B. monnieri on cognitive function and plasma metabolites in
individuals with aMCI (early or prodromal AD).

Methods: This study will employ a double-blind, randomized, placebo-controlled trial design, with 76 participants (38 per
group) of aMCI diagnosed using the clinical National Institute on Aging—Alzheimer’s Association 2011 criteria in a tertiary
care setting in India. Participants will receive either B. monnieri (Linn.) (300 mg standardized plant extract) or a matched
placebo daily for 12 weeks. Comprehensive cognitive assessments (0, 12, and 24 wk) and untargeted plasma metabolomic
profiling (0 and 12 wk) will be conducted to evaluate both cognitive changes and alterations in plasma metabolites. MetaboA-
nalyst 6.0 (with integrated features like Kyoto Encyclopedia of Genes and Genomes and the Human Metabolome Database)
will be used for a comprehensive statistical and functional analysis pertaining to the metabolomics. The primary outcome will
be a change in the composite z score of memory between the 2 groups at 12 weeks. The secondary outcomes will include
alterations in metabolites and pathways, and adverse events at 12 weeks, and cognitive performance at 12 and 24 weeks.
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Results: The study was funded in October 2023, and the first participant was enrolled in April 2024. As of November 2025,
a total of 60 participants have been recruited, with a mean (SD) age of 62.2 (8.1) years. The cohort predominantly comprises
men (53/60, 88.3%), individuals with at least a high school education (47/60, 78.3%), and participants at elevated risk for
cognitive decline. Specifically, 39 of 60 participants (65%) have diabetes, 29 (48.3%) have hypertension, and 13 (21%) report
a positive family history of dementia. Data collection will conclude in June 2026, after which data analysis will begin and be
completed by September 2026, with primary findings targeted for publication in spring 2027.

Conclusions: This protocol investigates the efficacy of B. monnieri (Linn.) in improving cognitive function and altering the
blood metabolites in patients with aMCI. If effective, this intervention could provide an accessible and cost-effective approach

to manage early AD in resource-limited settings.

Trial Registration:
det2 php?EncHid=Njl4NDg=&Enc=&userName=

Clinical Trial Registry of India CTRI/2021/12/038731;

https://ctri.nic.in/Clinicaltrials/pmain-

International Registered Report Identifier IRRID): DERR1-10.2196/82891

JMIR Res Protoc 2026;15:e82891; doi: 10.2196/82891
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Introduction

Background

Mild cognitive impairment (MCI), an intermediate clinical
state between cognition of normal aging and mild demen-
tia, is characterized by subjective cognitive complaints and
objective impairment in one or more cognitive domains,
such as memory, executive function, visuospatial skills, and
language, while independence in instrumental activities of
daily living is preserved [1]. The estimated prevalence of
MCI in India is 17.6%, while the prevalence of major
neurocognitive disorder such as Alzheimer disease (AD) is
7.2% [2]. Worldwide, MCI affects approximately 15% to
20% of older adults, while AD affects about 5% to 7% of the
global population aged 60 years and above [3]. Considered
the prodromal stage of dementia, MCI is a critical window
period for early therapeutic intervention.

MCI has 2 clinical subtypes: amnestic mild cognitive
impairment (aMCI) and nonamnestic MCI. aMCI is charac-
terized by significant memory impairment, while in non-
amnestic MCI, individuals face challenges with language,
executive functions, or visuospatial skills [4]. aMCI subtypes
are often linked to AD and pose a significantly higher
risk of progression toward dementia [5]. Recently, antiamy-
loid therapies have received approval for MCI due to AD,
but these drugs are costly, require sophisticated imaging
or fluid tests before administration, and will take time to
align to routine clinical practice [6]. The other US Food
and Drug Administration approved medications for AD, such
as donepezil (a cholinesterase inhibitor) and memantine (an
N-methyl-D-aspartate receptor antagonist), are not approved
for use in MCI. These medications also have numerous
adverse effects, such as gastrointestinal effects (nausea,
vomiting, diarrhea, loss of appetite), vagotonic (bradycardia,
heart block), headache, confusion, and bladder incontinence
[7.8]. In this scenario, traditional interventions for tackling
cognitive decline are gaining focus.

The Indian system of medicine or Ayurveda (Sushruta
Samhita, Charak Sambhita, and Atharva Veda) describes plants
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that have a specific action on the intellect and memory
as “Medhya Rasayana.” The word “Medhya” stands for
“intellect or retention,” while “Rasayana” means “procedure
or preparation” [9]. Bacopa monnieri (known as “Brahmi”
in India), a herbal nutraceutical native to South and South-
east Asia, is recognized for this role and has been tradition-
ally used for memory loss, anxiety, epilepsy, and insomnia
[10]. Its leaves contain important natural compounds such
as triterpenoid saponins (bacoside A and B), alkaloids,
flavonoids, and phytosterols, with bacosides being essential
for its effects on the brain, which are known to be pleiotropic.
Numerous experimental studies have shown that Bacopa
protects cholinergic neurons [11,12], upregulates expression
of N-methyl-D-aspartate receptors (which mediate structural
changes that occur in neurons during learning and memory
formation) in the prefrontal cortex and hippocampus [13],
reduces stress-induced hippocampal damage [14], enhances
cerebral blood flow [15], increases expression of neuroplas-
ticity markers like brain-derived neurotrophic factor and Arc
protein expression [16], and has an antioxidant and free
radical scavenging action [17-19]. It also has an anti-amyloi-
dogenic potential, reducing formation of amyloid fibrils and
offering protection against neuronal cell death induced by
amyloid-f protein [20-22].

Looking at the clinical translation of the above experi-
mental studies, Kongkeaw et al [23] did a meta-analysis of
9 randomized controlled trials (RCTs) where standardized
extracts of B. monnieri were administered to 437 eligible
participants (heterogeneous study population in terms of
age range; most were healthy volunteers, except for 79
participants who had memory complaints) for at least 12
weeks. The authors reported a significant improvement in
cognitive processing speed after 12 weeks of B. monnieri
extract. However, the effect of Bacopa on the memory
domain was inconclusive because of high heterogeneity.
Subsequent studies using Bacopa in healthy older adults
have reported improvement in working memory, a decrease
in N100 (assessing selective attention) and P300 latencies
(assessing cognitive processing) of event-related potentials,
and suppression of plasma acetylcholinesterase activity [24].
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To evaluate the role of Bacopa in people with cognitive
impairment, Basheer et al [25] did a meta-analysis on the
effectiveness of B. monnieri in mild, moderate, or severe
dementia due to AD or MCI-AD. The authors found no
difference between B. monnieri and the placebo or donepezil.
The analysis included 5 eligible studies; 2 compared Bacopa
with donepezil, and the rest compared Bacopa with placebo.
There was heterogeneity in dosage, duration, formulation,
follow-up, and outcomes, and the overall quality of evidence
was very low due to high risk of bias, small sample size, and
wide CIs. However, no major safety issues were reported in
the included trials.

Recently, Minale et al [26] used liquid chromatography-
mass spectrometry (LC-MS) in healthy individuals (age
range, 55-80 y) who had consumed Bacopa extract for 12
weeks and showed changes in metabolites (aminoacyl-trans-
fer RNA biosynthesis, aromatic and branched-chain amino
acid biosynthetic pathways) in plasma, urine, and feces. Prior
research findings on blood and cerebrospinal fluid metabo-
lites in AD and MCI have suggested possible alterations
in metabolomic pathways associated with cellular energy
and biosynthesis, oxidative stress, amino acid utilization,
lipid homeostasis, mitochondrial oxidative metabolism, and
neurotransmitters [27-31]. Yilmaz et al [32] combined proton
nuclear magnetic resonance spectroscopy, plasma LC-MS,
and machine learning statistical approaches in a commun-
ity-based sample cohort acquired from different sites across
the United States and reported significant perturbations in
amino sugar, alanine, glucose-alanine cycle (energy supply
to muscles and nitrogen disposal), cysteine and aspartate
metabolism, and urea cycle in patients with MCI compared
with healthy controls. Our recent work using untargeted
metabolomics in Indian patients with AD (vs cognitively
normal controls) showed disruptions in branched-chain amino
acid metabolism, nicotinamide metabolism, the tricarboxylic
acid cycle, and neurotransmitter pathways [33]. Although the
study by Minale et al [26] in healthy subjects suggests that
Bacopa may affect pathways implicated in MCI and AD, it
needs further validation.

Need for the Study

aMCI has a high risk of progression to Alzheimer demen-
tia. Currently, there are few approved treatments for aMCI.
Antiamyloid agents are the only approved pharmacological
options and need sophisticated tests for accurate diagnosis of
amyloid pathology in the brain. These drugs are costly, need
monitoring for serious adverse effects (SAEs), and are not yet
available in low- and middle-income countries. B. monnieri, a
herb that has been used as a memory enhancer for centuries in
India, is a culturally aligned intervention, cheap, and without
SAEs. Most studies in the literature on the effectiveness
of Bacopa on cognitive functions have focused on healthy
individuals. Reports in cognitively impaired older adults are
few and provide low-certainty evidence. Furthermore, few
studies have explored the underlying biological mechanisms
of Bacopa using the modern “omics” approaches. This study
aims to fill these critical gaps by assessing the efficacy of B.
monnieri (Linn.) in improving memory and other cognitive
functions in individuals with aMCI (early or prodromal AD)
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through an exploratory double-blind randomized controlled
trial design. It will also examine related changes in blood
metabolites through untargeted metabolomics. We will use
a standard Bacopa extract containing 50% bacosides, a
matching placebo, and culturally valid cognitive tests. The
results may contribute to therapeutic strategies for this entity
and promote evidence-based traditional medicine within
mainstream health care.

Objectives

The primary objective of the study is to evaluate the effect
of B. monnieri (Linn.) on memory as compared with placebo
among individuals with aMCI after 12 weeks of interven-
tion. The secondary objectives are to identify alterations
in metabolites, pathways, and networks after administration
of B. monnieri (Linn.) and to evaluate the effect on other
cognitive domains (processing speed, attention, and executive
functions) at 12 and 24 weeks. The study tests the hypothesis
that B. monnieri (Linn.) (300 mg standardized whole-plant
extract) is more effective than placebo in improving the
memory in patients with aMCI over 12 weeks.

Methods
Study Design

This study will follow a double-blind, randomized, placebo-
controlled trial design with 3 phases of assessment: baseline
evaluation (week 0), postintervention assessment at 12 weeks,
and follow-up assessment at 24 weeks.

Study Settings

The study will be conducted at the outpatient services of
the Department of Neurology, All India Institute of Med-
ical Sciences (AIIMS), New Delhi, a tertiary academic
and research institute in India. Participants presenting with
memory complaints will be screened and recruited by
qualified neurologists and professional clinical psychologists
based on predefined inclusion and exclusion criteria. Eligible
participants will be enrolled in the study and randomly
assigned to 1 of 2 groups using a stratified block randomi-
zation method (stratified by age: 45-60 and 61-75 y) with
a fixed block size of four and a 1:1 allocation ratio. Partici-
pants will receive either B. monnieri (300 mg standardized
whole-plant extract) or a matched placebo, taken once daily
with water after breakfast for 12 weeks. All clinical assess-
ments, blood sample collections, and follow-up visits will be
done at the designated study location.

Study Population (Inclusion Criteria)

The trial will recruit participants aged 45 to 75 years who
have a clinical diagnosis of aMCI or early AD, diagnosed
using the clinical criteria given by the National Institute
of Ageing-Alzheimer’s Association workgroup (2011) [34].
Participants should report a decline in memory compared
with previous ability, have impaired scores (<15th percen-
tile on the published norms as abnormal) on tests of verbal
or visuospatial memory on the detailed neuropsychological
battery, and preserved functional independence [35]. They
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should be willing to participate in the study, give written
informed consent, be able to comply with the study require-
ments, read and comprehend either English or Hindi for
cognitive test assessments, and should have at least 5 years
of formal school education (participants with low education
may not perform as well on neuropsychological testing) [36].

Exclusion Criteria

Participants with advanced malignancies; significant systemic
diseases such as chronic kidney disease, severe hepatic,
pulmonary, cardiac disease; other neurologic diseases or
drugs that are known to affect cognition (like structural brain
lesions, stroke, epilepsy, traumatic brain injury, Parkin-
son disease, Parkinson-plus syndromes, normal pressure
hydrocephalus, autoimmune/paraneoplastic —encephalitis);
history of a major surgical procedure in the last 6 months;
uncontrolled hypothyroidism (thyroid-stimulating hormone
>10 pU/ml at time of enrollment) will be excluded. Partici-
pants with a clinically diagnosed major psychiatric disorder
(eg, psychosis, major depression, bipolar disorder), those
who use psychoactive medications that could affect their
ability to reliably perform neurocognitive testing, have visual
or auditory impairment that would preclude the participant
from participating in or cooperating with the protocol, have
a history of intake of B. monnieri or any other investiga-
tional drug or cholinesterase inhibitors within 1 month prior
to screening visit, or with alcohol abuse as defined by the

Table 1. Details of cognitive assessment.
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National Institute on Alcohol Abuse and Alcoholism will
also be excluded. The National Institute on Alcohol Abuse
and Alcoholism defines heavy drinking as follows: for men,
consuming more than 4 drinks on any day or more than 14
drinks per week; for women, consuming more than 3 drinks
on any day or more than 7 drinks per week [37].

Recruitment and Baseline Assessment

Eligible participants will be identified by neurologists and
clinical psychologists. Participants meeting the inclusion and
exclusion criteria will undergo cognitive screening using the
Indian adaptation of the Addenbrooke’s Cognitive Exami-
nation III (ACE-III; Hindi version) [38] and functional
screening Instrumental Activities of Daily Living in the
Elderly scale[39]. Participants with an ACE-III score greater
than 62 [40] and a cognitive disability index <16 will be
invited for a detailed cognitive assessment. This excludes
mild dementias and ensures that all the recruited participants
are at the MCI stage. A structured questionnaire will be
used to gather information on sociodemographic characteris-
tics, medical history, concomitant medications, vital signs,
lifestyle factors, and risk factors (Table S1 in Multimedia
Appendix 1). Cognitive assessments will be conducted by
trained clinical psychologists using the Indian Council of
Medical Research-Neurocognitive Tool Box [35], a culturally
validated tool for diagnosis of MCI in India (Table 1). The
study flow is presented in Figure 1.

Cognitive domain Test

Attention and executive functioning [35]

Visuospatial attention, concentration, and set
shifting

Verbal fluency
Episodic memory

Verbal memory
recognition)

Visuospatial memory
recall)

Global cognition
Screening of all domains

Functional activities
Instrumental activities of daily living

Trail making test (black and white)

Category fluency (animal, food, vegetable); phonemic fluency (Ka, Ma, Pa)

Verbal learning test (total learning, learning over trials, delayed recall, and delayed

Test des Neuf Images du—93 (TNI-93; immediate recall, free recall, cued recall and spatial

Addenbrooke’s Cognitive Examination 111

Instrumental Activities of Daily Living—Elderly
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Figure 1. Study flow. Inclusion criteria included: aged 45-75 years, with a clinical diagnosis of amnestic mild cognitive impairment (NIA-AA, 2011
clinical criteria), willing to participate and give written informed consent, able to read and comprehend either English or Hindi, and with at least
5 years of formal school education. Exclusion criteria included: participants with advanced malignancy, significant systemic diseases like chronic
kidney disease, severe hepatic, pulmonary, cardiac disease, other neurologic diseases or drugs known to affect cognition, major surgical procedure
in the last 6 months; thyroid-stimulating hormone >10 x#U/ml at time of enrollment; major psychiatric disorder (eg, psychosis, major depression,
bipolar disorder); use of psychoactive medications; visual or auditory impairment; history of intake of Bacopa monnieri or any other investigational
drug or cholinesterase inhibitors within 1 month prior to screening visit; or presence of alcohol abuse (National Institute on Alcohol Abuse and
Alcoholism guidelines). AIIMS: All India Institute of Medical Sciences; NIAAA: National Institute on Alcohol Abuse and Alcoholism; NIA-AA:
National institute on Ageing-Alzheimer’s Association.

Screening
Participants with subjective or self-perceived memory complaints or suspected mild

cognitive impairment (MCI) visiting the neurology department at AIIMS, New Delhi

Inclusion/exclusion criteria

Cognitive screening
a. Cognitive concerns
b. Cognitive screening: Addenbrooke’s Cognitive Examination—III (ACE-III)
c. Functional assessment: Instrumental Activities of Daily Living in the Elderly
(IADL-E)

Participants with ACE-III >62 &
normal functional activities
L invited for a detailed assessment

Detailed baseline assessment

a. Neuropsychological tests: Attention, executive functions, fluency, verbal &
visuospatial memory (<15th percentile on the published norms considered
abnormal)

Confirmation of MCI (amnestic) using NIA-AA 2011 clinical criteria

c. Blood sampling: 8-12 hours fasting, routine baseline tests (complete blood
count, liver, renal and thyroid function tests, serum B12 and folate levels, fasting
plasma glucose, lipids, HbA\c), plasma stored at -80 °C for metabolomics

\ 4
Randomization (1:1 stratified [age] block size of 4)

Intervention group: Tablet Control group: matched
Bacopa (300mg /d) for 12 wk placebo for 12 wk

Weekly telephonic follow-up to monitor adherence &
adverse effects

Follow-up assessment at 12 wk: Detailed cognitive evaluation, repeat
blood sampling for metabolomics & routine blood investigations

Follow-up assessment at 24 wk: Detailed cognitive evaluation

A

Statistical analysis
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Blood Sample Collection and Storage

Venous blood samples will be collected by certified labora-
tory technicians. Participants will be instructed to maintain
an 8 to 12 hours fast and to abstain from alcohol for at
least 72 hours before sample collection. Blood will be drawn
aseptically into the following tubes: 2 plain tubes, 3 ethyl-
enediaminetetraacetic acid tubes, and 1 gray-top (fluoride)
tube. Samples showing signs of hemolysis will be excluded
from further analysis. The collected samples will be used for
routine biochemical investigations, including complete blood
count, glycated hemoglobin (HbA|.), liver function tests,
kidney function tests, lipid profile, thyroid profile, fasting
blood glucose, vitamin B12, and folate levels in serum. For
metabolomic analysis, 1 plain and 1 ethylenediaminetetraace-
tic acid tube will be used, and the samples will be transported
via cold chain. All samples will be centrifuged at 2500 rpm
for 15 minutes at room temperature to separate serum and
plasma within 1 hour of drawing the sample. The separa-
ted components will be aliquoted into cryovials and stored
immediately at —80 °C until further analysis.

Randomization

Participants will be randomly assigned to the intervention
or control group using a computer-generated list. As age is
the most significant risk factor for cognitive decline, and
our study has a relatively small sample size, we will do a
stratified randomization by age (45-60 and 61-75 y) to avoid
significant baseline differences pertaining to age in the 2
groups. The sequence will be created using Stata 17 by an
independent statistician. Unique IDs starting with “BRY2001-
BRY?2038” for younger and “BRE3001-BRE3038” for older
participants will be assigned prior to allocation to ensure a
systematic and unbiased process. To maintain a 1:1 allocation
ratio and minimize selection bias, a block size of 4 will be
applied within each age stratum. This approach ensures that
participants in both age groups are evenly distributed between
the intervention and placebo arms. To prevent selection bias,
the randomization list will be kept strictly confidential and
accessible only to the independent statistician, who will not
be involved in recruitment or data collection.

Allocation Concealment

The statistician generating the randomization list will
prelabel the medicine bottles (intervention and placebo)
with sequential IDs based on the randomization list. These
prelabeled bottles will be used during participant enrollment,
ensuring that the recruitment team remains unaware of group
assignments at all times. This process ensures that the
allocation remains concealed before and during assignment,
maintaining the integrity of the randomization process.

Blinding

This study will adopt a double-blind design, in which
participants, caregivers, and investigators including those
administering the intervention, conducting assessments, and
handling data are blinded to group allocation throughout
the study. This blinding helps reduce both performance and
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detection bias, supporting the reliability and objectivity of the
trial results.

Intervention Arm

Participants will receive either the B. monnieri (Linn.) tablets
(300 mg) or a matched placebo, identical in appearance,
weight, shape, size, color, and packaging. B. monnieri (Linn.)
will be administered as a standardized whole-plant extract at
a dose of 300 mg once daily, taken orally in the morning
after meals with water. At baseline, each participant will
be provided with a bottle containing 90 tablets, along with
6 additional tablets to account for potential missed doses.
The B. monnieri (Linn.) formulation (Dabur India Limited)
contains 50% bacosides, and the placebo will be devoid
of active bacosides while maintaining physical similarity.
The intervention period will last for 12 weeks. Concomi-
tant medications for comorbidities will be allowed, and any
change in the prescriptions will be documented.

Control Arm

The placebo tablets will be carefully matched with the
investigational tablets in terms of color, taste, texture, shape,
and size, and will be supplied in similar bottles. Placebo
tablets will be prepared using starch and the same excipients
that are known to be biologically inactive. Each participant
will be given dispensed bottles (containing 90 tablets) at the
time of the baseline visit.

Methodology for Metabolomics

This study will use the LC-MS approach for untargeted
metabolite analysis.

Sample Preparation for Protein Extraction

Prior to LC-MS/MS analysis, plasma samples will be
deproteinized using a protein precipitation technique.
Nonaqueous solvents such as chilled methanol will be used
to remove proteins. Plasma samples will be thawed on ice
and be vortexed using a vortex mixer to ensure uniformity.
For each sample, 100 pl of plasma will be transferred into a
new 2-ml microcentrifuge tube, followed by the addition of
400 pl of chilled methanol. The mixture will be vortexed
for 1 minute and then centrifuged at 10,000 rpm for 10
minutes at 4 °C. After centrifugation, the clear supernatant
will be carefully transferred into new 2 ml microcentrifuge
tubes in a fixed volume. These samples will then be subjec-
ted to vacuum drying using a CentriVap Cold Trap vacuum
concentrator (Labconco, Kansas City, MO, USA). Finally,
each sample will be resuspended in 25 pl of a methanol-
water mixture (3:17, methanol:water), vortexed briefly, and
centrifuged at 11,000 rpm for 10 min at 4 °C and injected into
LC-MS/MS.

LC-MS/MS Methodology

The Orbitrap Fusion mass spectrometer (Thermo Scientific)
coupled with a heated electrospray ion source will be used
for data acquisition. Data acquisition methods have been
followed as per published protocols [4142] with minor
modifications. Briefly, for MS1 mode, mass resolution will
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be kept at 120,000, and for MS2 acquisition, mass resolution
will be 30,000. The mass range of data acquisition will be
60 to 900 Da. Extracted metabolites will be separated on
UPLC Ultimate 3000. Data will be acquired on reverse-phase
and hydrophilic interaction liquid chromatography columns
in both positive and negative ionization modes. HSS T3 will
serve as a reverse phase column, while XBridge BEH Amide
(Waters Corporation) will be used as a hydrophilic interac-
tion liquid chromatography column. For polar compound
separation, solvent A will have 20 mM ammonium acetate
in the water (pH 9), and mobile phase B will have 100%
acetonitrile. The elution gradient will start from 85% B
to 10% B over 14 min with a flow rate of 0.35 ml/min.
For reverse phase, solvent A will be water, and B will be
methanol with 0.1% formic acid added in both solvents. The
elution gradient will start with 1% B to 95% B over 10 min
with a flow rate of 0.3 ml/min. The sample injection volume
will be 5 ul. Pooled quality control samples will run after
every five samples to monitor signal variation and drift in
mass error.

Data Processing

All LC-MS-acquired data will be processed using the
Progenesis QI for Metabolomics (Water Corporation)
software using the default settings. The untargeted work-
flow of Progenesis QI facilitates retention time alignment,
feature detection, deconvolution, and prediction of elemen-
tal composition. The Metascope plug-in of Progenesis QI
will be used for the in-house library, incorporating accurate
mass, fragmentation patterns, and retention times for database
searches. The study will use an online spectral library for
further confirmation of identification. The retention time
match cut-off will be set at 0.5 minutes, with a spectral
similarity exceeding 30% for fragmentation matches in
Progenesis QI. Peaks with a coefficient of variation below
30% in pooled quality control samples will be chosen for
subsequent data analysis. Furthermore, manual verification
of each identified feature will be conducted to select the
appropriate peaks.

Follow-Up

There are 3 in-person primary data collection points in
the study: “baseline evaluation (week 0),” “postintervention
assessment at 12 weeks,” and “second follow-up assess-
ment at 24 weeks.” Between the in-person visits, partic-
ipants will receive weekly telephonic follow-up calls to
promote participant retention, monitor medication adherence,
and collect information on any SAEs. In the case of any
SAEs, participants will be instructed to discontinue the study
medication immediately and to contact the study team for
appropriate medical evaluation. In such scenarios, unblind-
ing will be done by the statistician who has access to the
randomization and conveyed to the treating medical team.
Following completion of the 12-week intervention period,
participants will return to the hospital for a comprehensive
follow-up visit, which will include assessment of primary and
secondary outcome measures; and blood sample collection for
postintervention metabolomic analysis, and repeat laboratory
investigations, including hematological, hepatic, and renal
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function tests. Participants will be allowed to withdraw from
the study if they wish to do so, and the reason for withdrawal
will be clearly documented. They will be encouraged to return
the used bottles at the end of 12 weeks or if they withdraw
from the study at any time point, for pill count to confirm
adherence. The second follow-up assessment will take place
at 24 weeks and will include detailed cognitive evaluation.
Blood sampling will not be done at this time point. Partici-
pants will continue to receive posttrial standard of care from
their treating physicians.

Outcomes

The primary outcome will be change in the composite z
score of memory between the 2 groups at 12 weeks. The
memory domain will include both verbal (Verbal Learning
Test: learning over trials, delayed recall, delayed recogni-
tion) and visuospatial memory (Test des Neuf Images du
93-Spatial Recall). The secondary outcomes will include
alterations in metabolites, pathways, and molecular networks,
and frequency of SAEs after 12 weeks of treatment with
B. monnieri; change in z scores for other cognitive domains
(attention, executive functioning, and information processing)
at 12 and 24 weeks (including z score for the memory domain
at 24 wk); proportion of participants in both groups who
demonstrate clinically meaningful cognitive improvement,
defined as either =5 point improvement on the ACE-III [43],
or =0.5 SD improvement in the composite z score of memory
domain in the Bacopa versus placebo group at 12 and 24
weeks. Adherence will be monitored through self-reported
medication logbooks and weekly telephonic follow-ups.

Ethical Considerations

This study has received ethical approval from the Insti-
tute Ethics Committee of the All-India Institute of Medi-
cal Sciences (AIIMS), New Delhi, India (reference IEC—
660/03.09.2021, RP-35/2021). Written informed consent will
be obtained from all participants before their enrollment
in the study by the clinical psychologist under the supervi-
sion of the principal investigator. Participants will be told
about the study’s goals, methods, risks, and benefits, as
well as their right to withdraw and the steps taken to keep
their data confidential. Data will be entered into REDCap
(Research Electronic Data Capture), which is a secure web
application for managing databases. Any data sharing will
involve anonymization of personally identifiable information.
All procedures will adhere to the ethical standards established
by the institutional review board and the principles outlined
in the Declaration of Helsinki. This is an academic, investiga-
tor-initiated, nonpharma-funded clinical trial; hence, there is
no provision of compensation in the study protocol. However,
any adverse event related to the research will be treated free
of cost in the hospital.

Statistical Methods

Sample Size Estimation

There are no previous studies investigating the effects of
B. monnieri versus placebo in patients with aMCI, looking
at changes in composite memory z scores as the primary
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outcome. By considering a clinically relevant effect size as
a SD change of 0.5, a 2-sided o at 5%, and 80% power, a
sample size of 128 (64 in each group) was calculated. With
a 20% dropout rate, the final sample size reached 160 (80
in each group), which did not seem feasible for the selec-
ted patient population in the specified duration. Therefore, a
sample size of 60 (30 in each group) is determined for this
exploratory study based on feasibility. The sample size was
further adjusted for a dropout rate of 20% and 76 participants
(38 in each group) will be recruited for this study.

Planned Analyses

As mentioned previously, data will be entered into REDCap,
a secure web-based application for managing databases. A
data monitoring committee is not needed for this trial, as it
is a short-duration study and the known risks of the inter-
vention drug are minimal. No interim analysis is planned.
Data will be analyzed using Stata version 17.0 (StataCorp
LLC, College Station, TX, USA) and presented data as
number (%), mean (SD), or median (IQR), as appropriate.
Pearson chi-square test or Fisher exact test will be used
(as appropriate) for qualitative variables. For quantitative
variables, normality will be assessed using the Shapiro-Wilk
test. The Student ¢ test for independent samples will be used
to compare differences in means for normally distributed
quantitative variables. The Mann-Whitney U test will be
used for quantitative variables with a distribution other than
normal. All tests will be 2-tailed, and a P value <.05 will
be considered statistically significant. Raw scores of each
cognitive test will be converted to a z score (z score=[indi-
vidual participant raw score — group mean]/group SD) for
each participant. The group mean and SD will be derived
by pooling the baseline scores of all participants. For all
the tests, a higher z score will indicate better performance,
except for the trail making tests A and B. The signs of
these two tests will be inverted for a uniform interpreta-
tion. Both intention-to-treat and per protocol analysis will
be done. Generalized linear mixed models with a between-
subject factor of group (treatment vs placebo) and within-sub-
ject factor of time (baseline, mid-point, end point) will be
conducted to assess differences in continuous primary and
secondary outcome measures. Planned simple contrasts will
be conducted to assess all time points (baseline vs. 12 wk,
12 wk vs. 24 wk, and baseline vs 24 wk). To handle any
missing data, analysis of last observation carried forward will
be undertaken within the intention-to-treat analysis model.
Comprehensive statistical and functional analysis pertaining

Table 2. Baseline sociodemographic characteristics of the participants.

Dwivedi et al

to the metabolomics will be performed using MetaboAna-
lyst version 6.0. The investigation based on observed peak
values will encompass principal component analysis, partial
least squares discriminant analysis, ANOVA, and molecular
pathway identification. Heat maps will be developed with
samples arranged in columns and features in rows, presented
in a gradient from cold to hot. Pathway analysis will be
conducted utilizing the integrated features of MetaboAnalyst
6.0, which includes the Kyoto Encyclopedia of Genes and
Genomes and the Human Metabolome Database.

Reporting Guidelines

The SPIRIT 2025 reporting guidelines have been used while
reporting this study protocol. The checklist is provided in
Checklist 1. Changes made to protocol after submission to
CTRI are summarized in Table S2 in Multimedia Appendix 1.

Dissemination of Results

The results will be presented at scientific meetings and will
be published in scientific journals. The results will also be
conveyed to the public in simple language during patient
awareness programs after study completion.

Results

Study Status and Timeline

The study was funded in October 2023, and the first
participant was enrolled in April 2024. Data collection will
conclude in June 2026, after which data analysis will begin
and be completed by September 2026, with primary findings
targeted for publication in spring 2027.

Baseline Characteristics

As of November 2025, a total of 60 participants had been
recruited, with a mean age of 62.2 (SD 8.1) years. Most
participants were men (53/60, 88.3%), and 47/60 (78.3%)
had completed at least high school (Table 2). Among the
risk factors, 39/60 (65%) had diabetes, 33/59 (55.9%) had
dyslipidemia, 29/60 (48.3%) had hypertension, 29/60 (48.3%)
were overweight or obese, 15/60 (25%) had coronary artery
disease, and 13/60 (21%) reported a positive family history of
dementia (Table 3). The biochemical profile and the cognitive
raw scores are provided in Tables S3 and S4 in Multimedia
Appendix 1, respectively.

Characteristics

Whole cohort (N=60)

Age,y, mean (SD)

Men, n (%)

Married, n (%)

Education (high school and above), n (%)
Occupation, n (%)

Unemployed

622 (8.1)
53 (88.3)
57 (95)

47 (78.3)

3(5)
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Characteristics

Whole cohort (N=60)

Semiskilled and skilled workers
Semiprofessional to professional
Arithmetic skill job
Monthly family income (INR?), mean (SD)
Socioeconomic status, n (%)
Upper class

Middle class to upper-middle class
Lower class to lower-middle class

27 (45)
16 (26.7)
14 (23.3)
37.462.5 (18,584.7)

37 (61.7)

20 (33.3)
3(5)

4] INR equals US $0.011.

Table 3. Baseline risk factor profile of the participants.

Characteristics

Whole cohort (N=60)

Height (cm), mean (SD)

Weight (kg), mean (SD)

Body mass index (kg/m?), mean (SD)
Average SBP? (mm Hg), mean (SD)b
Average DBP® (mm Hg), mean (SD)b

Pulse rate (bpm), mean (SD)

Duration of forgetfulness (months), mean (SD)
Hypertension, n (%)

Duration of hypertension (months), median (IQR)
Diabetes, n (%)

Duration of diabetes (months), median (IQR)
CADY, n (%)

Duration of CAD (months), median (IQR)
Dyslipidemia, n/N (%)

Overweight, n (%)

Obese, n (%)

Hypothyroidism, n (%)

Hyperthyroidism, n (%)

Alcohol use, n (%)¢

History of smoking, n (%)

Family history of dementia, n (%)

163.7 (6.9)
68.4 (10.2)
25.6 (3.8)
126.7 (16.5)
75 (10.5)
92.5(11.8)
40.8 (23.6)
29 (48.3)

72 (3-138)
39 (65)

96 (36-186)
15 (25)

120 (90-162)
33/59 (55.9)
20 (33.3)

9. (15)

3(5)

5(83)

3(5)

0(0)

13 21)

4SBP: systolic blood pressure.

bAverage of 3 readings taken 2 minutes apart.
“DBP: diastolic blood pressure.

dCAD: coronary artery disease.

Not fulfilling the National Institute on Alcohol Abuse and Alcoholism criteria of alcohol abuse.

Deviations From Original Registered
Protocol

We made some amendments to the inclusion and exclu-
sion criteria, allocation concealment procedure, and cogni-
tive test battery before the commencement of participant
recruitment (December 2023). These revisions were minor
and intended to improve implementation, feasibility, and the
precision of cognitive assessments. They did not affect the
overall study design, sample size, randomization strategy, or
predefined clinical outcomes. These deviations are summar-
ized in Table S2 in Multimedia Appendix 1. We have
added “at least 5 years of formal school education” to

https://www .researchprotocols.org/2026/1/e82891

the inclusion criteria, and “participants who have under-
gone a major surgical procedure in the last 6 months, or
thyroid-stimulating hormone >10 xU/ml at time of enroll-
ment” to the exclusion criteria. We also elaborated on
“other neurologic diseases or drugs known to affect cogni-
tion” (eg, structural brain lesions, stroke, epilepsy, traumatic
brain injury, Parkinson disease, Parkinson-plus syndromes,
normal pressure hydrocephalus, autoimmune/paraneoplastic
encephalitis) in the exclusion criteria. Prelabeled medicine
bottles (intervention and placebo) with sequential IDs based
on the randomization list are being used for allocation
concealment instead of “sequentially numbered opaque sealed
envelopes.” Two changes were made to the cognitive battery:
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ACE-III (clinically significant improvement will be defined
as =5-point improvement in score) is being used for cognitive
screening and Test des Neuf Images du 93 for visuospatial
memory in place of Montreal Cognitive Assessment scale and
Modified Taylor Complex Figure Test, respectively.

Discussion

Principal Findings

The current clinical trial seeks to evaluate the potential of
B. monnieri (Linn.) as a therapeutic intervention for mid-
dle-aged and older adults (aged 45-75 y) diagnosed with
aMCI. Previous literature on the efficacy of B. monnieri in
enhancing cognitive functions has shown variable results.
Most clinical studies that support its efficacy for improving
memory and other cognitive functions have been done in
healthy adults [23,24]. There is limited data on its efficacy in
aMCI. A Cochrane review on the clinical efficacy and safety
of B. monnieri in persons with mild, moderate, or severe
dementia due to AD or with MCI-AD by Basheer et al [25]
found a high risk of bias in the included trials, and imprecise
results due to small sample sizes (most studies had 30-40
participants in total) and wide CIs. There was heterogeneity in
the formulation (some studies have used Bacopa in combina-
tion with herbal extracts, others have used Bacopa extract
only), comparator (donepezil or placebo), treatment duration,
follow-up, and outcomes. We have summarized the random-
ized controlled trials in which B. monnieri has been used for
healthy older adults, or MCI, or AD dementia in Table S5 in
Multimedia Appendix 1.

Very few studies have reported the efficacy and safety of
Bacopa in different dosages and formulations. Most studies
have compared a dried extract composed of 300 to 320 mg of
Bacopa, either once a day or in two divided dosages, against
placebo and reported efficacy with no major side effects [24,
26,44 45]. Others have used doses ranging from 250 to 450
mg and 600 mg [11,46-48]. Studies have not demonstrated
any incremental benefit with a higher dose [24].

From a safety perspective, Pravina et al [49], in a phase
I study, evaluated the short-term safety and tolerability of
B. monnieri in healthy adult volunteers (aged 22-42 y)
through a randomized, open-label, dose-escalation design.
The standardized extract of B. monnieri was given to each
participant in a dose of 300 mg per day for 15 days, and then
450 mg per day for another 15 days. Pre- and post-treatment
examination of clinical, hematological, biochemical, and
electrocardiographic parameters of the treated volunteers did
not indicate any untoward effects. There were mild adverse
events related to the gastrointestinal system in the trial (300
mg dosage: epigastric burning sensation in one volunteer,
nausea in one volunteer; 450 mg dosage: fullness and bloating
sense of abdomen in one volunteer) which resolved spontane-
ously without any need to discontinue treatment. There were
no dropouts in the study period. At the dose administered
for the given duration of the trial period, B. monnieri extract
was found to be safe in healthy adults. Stough et al [50]
have also reported a higher percentage of participants with
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nausea (18% vs 4%), dry mouth (23% vs 16%) and fatigue
(14% vs 4%) in the B. monnieri (300 mg for 12 wk) group
in comparison to placebo (double-blind placebo-controlled
study in 46 healthy volunteers aged between 18 and 60 y).
Other studies have reported rash, constipation, drowsiness,
and aftertaste following ingestion of B. monnieri formulation
[25]. Prabhakar et al [51] in their study comparing Bacopa to
donepezil reported 3 deaths due to myocardial infarction (2 in
the donepezil arm and 1 in the B. monnieri arm).

Given the complexity of AD pathophysiology, omics-
based investigations of molecular and cellular pathway
disruptions are gaining momentum, as they can guide
biomarker and therapeutic development. From a mechanis-
tic perspective, B. monnieri has been postulated to have
antiapoptotic, antioxidant actions, repairs damaged neurons,
stimulates kinase activity, restores synaptic function, and
improves neurotransmission. A systematic review of 22
studies reported that B. monnieri reduces the levels of
proinflammatory markers, oxidative stress, and also reduces
nuclear factor-»B phosphorylation [52]. However, there is a
lack of adequate clinical research on the molecular targets
and pathways of Bacopa in modulating neuroinflammation
and neurotrophism. In our previous work using untarge-
ted metabolomics in Indian patients with AD, we found
significant disruption in branched-chain amino acid metabo-
lism, and Bacopa consumption for 12 weeks has been shown
to alter metabolites of this pathway in healthy adults [33]. We
intend to gain better mechanistic insights through the rigorous
RCT design of this study and also correlate metabolomic
changes with cognitive outcomes.

Strengths and Limitations

The strengths of the study include a double-blind, random-
ized, placebo-controlled trial design, which is considered
the gold standard for evaluating intervention -efficacy,
clearly defined relevant predictor variables and primary and
secondary outcomes; a standardized and culturally validated
cognitive battery tailored for the Indian population; and
the use of standardized B. monnieri (with 50% bacosides)
formulation and a matching placebo, ensuring consistency in
dosage and bioactive content across participants. The second
assessment at 24 weeks (12 wk after the intervention is
stopped) will inform about the sustainability of cognitive
changes and differences, if any, in the 2 groups. Finally,
integration of metabolomics with the clinical outcomes will
provide mechanistic insights on the actions of B. monnieri on
cognition. The limitations include the exploratory nature of
the study, lack of sufficient power to evaluate the efficacy,
lack of biomarkers to confirm the etiological diagnosis of AD,
and a relatively short follow-up period to observe meaningful
change in cognitive functions.

Future Work

Future studies could look at the efficacy and mechanisms
of B. monnieri Linn in a larger sample through multicenter
studies, using a longer duration of intervention (12-18 mo),
in a more precisely selected patient population using blood
biomarkers, in genetically diverse phenotypes (eg, APOE4
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positive and negative), and in the preclinical phase as a
neuroprotector.
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therapies as early intervention strategies for cognitive decline,
particularly in conditions for which conventional treatments

Conclusion are unavailable.
We plan to disseminate the results of this study through

scientific meetings and publication in scientific journals. The
results will also be conveyed to the public in simple language
during patient awareness programs after study completion.
The SPIRIT 2025 reporting guidelines were used in reporting
this study protocol (Checklist 1).

To conclude, this study aims to evaluate the effectiveness of
B. monnieri in improving cognitive performance, particularly
memory, and resultant changes in blood metabolites over a
12-week intervention period in middle-aged and older Indian
adults with aMCI or early AD. The results of this study have
the potential to generate evidence on the role of traditional

Acknowledgments

The authors acknowledge the Indian Council of Medical Research for getting this protocol reviewed by an expert committee
and supporting this study financially. We also thank Dabur India Limited for providing the active drug and placebo. We are
grateful to all participants for giving consent and actively participating in the study. Generative artificial intelligence tools were
not used for any portion of this manuscript.

Funding

The study is financially supported by the Indian Council of Medical Research (grant 5/4-5/3/7/ Neuro/2022-NCD-1). Dabur
India Limited provided the active drug and placebo. The funding agency and the drug provider had no role in the study design,
data collection, analysis, interpretation, decision to publish, or manuscript preparation.

Data Availability

Deidentified individual-level data sets will be available upon reasonable request to the corresponding author following
publication of the study results.

Authors’ Contributions

AG, GS, and RB conceptualized the study. A Dwivedi, A Dubey, AA, HPS, and YK collected and analyzed data. HN and NN
helped with methodology, randomization, allocation concealment, and designing the statistical analysis plan. AG supervised
the data collection, analysis, and interpretation. A Dwivedi wrote the first draft. All authors critically read and revised the
manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Supplementary tables.
[DOCX File (Microsoft Word File), 47 KB-Multimedia Appendix 1]

Checklist 1

SPIRIT 2025 checklist.
[DOCX File (Microsoft Word File), 24 KB-Checklist 1]

Peer Review Report 1

Peer-review report from the Indian Council of Medical Research.
[PDF File (Adobe File), 1838 KB-Peer Review Report 1]

References

1. Duff K. Mild cognitive impairment: quantifying a qualitative disorder. Neurol Clin. Nov 2024;42(4):781-792. [doi: 10.
1016/j.nc1.2024.05.007] [Medline: 39343474]

2. Gross AL, Nichols E, Angrisani M, et al. Prevalence of DSM-5 mild and major neurocognitive disorder in India: results
from the LASI-DAD. PLoS ONE. 2024;19(2):¢0297220. [doi: 10.1371/journal.pone.0297220] [Medline: 38324518]

3. Song WX, Wu WW, Zhao YY, et al. Evidence from a meta-analysis and systematic review reveals the global prevalence
of mild cognitive impairment. Front Aging Neurosci. 2023;15:1227112. [doi: 10.3389/fnagi.2023.1227112] [Medline:
37965493 ]

4. Portet F, Ousset PJ, Visser PJ, et al. Mild cognitive impairment (MCI) in medical practice: a critical review of the

concept and new diagnostic procedure. Report of the MCI Working Group of the European Consortium on Alzheimer’s
Disease. J Neurol Neurosurg Psychiatry. Jun 2006;77(6):714-718. [doi: 10.1136/jnnp.2005.085332] [Medline:
16549412]

JMIR Res Protoc 2026 | vol. 15 1e82891 | p. 11
(page number not for citation purposes)

https://www .researchprotocols.org/2026/1/e82891


https://jmir.org/api/download?alt_name=resprot_v15i1e82891_app1.docx
https://jmir.org/api/download?alt_name=resprot_v15i1e82891_app1.docx
https://jmir.org/api/download?alt_name=resprot_v15i1e82891_app2.docx
https://jmir.org/api/download?alt_name=resprot_v15i1e82891_app2.docx
https://jmir.org/api/download?alt_name=resprot_v15i1e82891_app3.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e82891_app3.pdf
https://doi.org/10.1016/j.ncl.2024.05.007
https://doi.org/10.1016/j.ncl.2024.05.007
http://www.ncbi.nlm.nih.gov/pubmed/39343474
https://doi.org/10.1371/journal.pone.0297220
http://www.ncbi.nlm.nih.gov/pubmed/38324518
https://doi.org/10.3389/fnagi.2023.1227112
http://www.ncbi.nlm.nih.gov/pubmed/37965493
https://doi.org/10.1136/jnnp.2005.085332
http://www.ncbi.nlm.nih.gov/pubmed/16549412
https://www.researchprotocols.org/2026/1/e82891

JMIR RESEARCH PROTOCOLS Dwivedi et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Csukly G, Sirdly E, Fodor Z, et al. The differentiation of amnestic type MCI from the non-amnestic types by structural
MRI. Front Aging Neurosci. 2016;8:52. [doi: 10.3389/fnagi.2016.00052] [Medline: 27065855]

Beshir SA, Hussain N, Menon VB, Al Haddad AHI, Al Zeer RAK, Elnour AA. Advancements and challenges in
antiamyloid therapy for Alzheimer’s disease: a comprehensive review. Int J Alzheimers Dis. 2024;2024:2052142. [doi:
10.1155/2024/2052142] [Medline: 39081336]

Varadharajan A, Davis AD, Ghosh A, et al. Guidelines for pharmacotherapy in Alzheimer’s disease — a primer on
FDA-approved drugs. J Neurosci Rural Pract. 2023;14(4):566-573. [doi: 10.25259/JNRP_356_2023] [Medline:
38059250]

Zhang X, Lian S, Zhang Y, Zhao Q. Efficacy and safety of donepezil for mild cognitive impairment: a systematic review
and meta-analysis. Clin Neurol Neurosurg. Feb 2022;213:107134. [doi: 10.1016/j.clineuro.2022.107134] [Medline:
35078087]

Chaudhari KS, Tiwari NR, Tiwari RR, Sharma RS. Neurocognitive effect of nootropic drug Brahmi (Bacopa monnieri)
in Alzheimer’s disease. Ann Neurosci. May 2017;24(2):111-122. [doi: 10.1159/000475900] [Medline: 28588366]
Kulkarni R, Girish KJ, Kumar A. Nootropic herbs (Medhya Rasayana) in Ayurveda: an update. Pharmacogn Rev. Jul
2012;6(12):147-153. [doi: 10.4103/0973-7847.99949] [Medline: 23055641]

Uabundit N, Wattanathorn J, Mucimapura S, Ingkaninan K. Cognitive enhancement and neuroprotective effects of
Bacopa monnieri in Alzheimer’s disease model. J Ethnopharmacol. Jan 8,2010;127(1):26-31. [doi: 10.1016/j.jep.2009.
09.056] [Medline: 19808086]

Le XT, Pham HTN, Do PT, et al. Bacopa monnieri ameliorates memory deficits in olfactory bulbectomized mice:
possible involvement of glutamatergic and cholinergic systems. Neurochem Res. Oct 2013;38(10):2201-2215. [doi: 10.
1007/s11064-013-1129-6] [Medline: 23949198]

Rai R, Singh HK, Prasad S. A special extract of Bacopa monnieri (CDRI-08) restores learning and memory by
upregulating expression of the NMDA receptor subunit GluN2B in the brain of scopolamine-induced amnesic mice. Evid
Based Complement Alternat Med. 2015;2015:254303. [doi: 10.1155/2015/254303] [Medline: 26413117]

Kumar SS, Saraswathi P, Vijayaraghavan R. Effect of Bacopa monniera on cold stress induced neurodegeneration in
hippocampus of wistar rats: a histomorphometric study. J Clin Diagn Res. Jan 2015;9(1):AF05-7. [doi: 10.7860/JCDR/
2015/10199.5423] [Medline: 25737970]

Kamkaew N, Norman Scholfield C, Ingkaninan K, Taepavarapruk N, Chootip K. Bacopa monnieri increases cerebral
blood flow in rat independent of blood pressure. Phytother Res. Jan 2013;27(1):135-138. [doi: 10.1002/ptr.4685]
[Medline: 22447676]

Konar A, Gautam A, Thakur MK. Bacopa monniera (CDRI-08) upregulates the expression of neuronal and glial
plasticity markers in the brain of scopolamine induced amnesic mice. Evid Based Complement Alternat Med.
2015;2015:837012. [doi: 10.1155/2015/837012] [Medline: 26413129]

Simpson T, Pase M, Stough C. Bacopa monnieri as an antioxidant therapy to reduce oxidative stress in the aging brain.
Evid Based Complement Alternat Med. 2015;2015:615384. [doi: 10.1155/2015/615384] [Medline: 26413126]

Kapoor R, Srivastava S, Kakkar P. Bacopa monnieri modulates antioxidant responses in brain and kidney of diabetic
rats. Environ Toxicol Pharmacol. Jan 2009;27(1):62-69. [doi: 10.1016/j.etap.2008.08.007] [Medline: 21783922]

Russo A, Izzo AA, Borrelli F, Renis M, Vanella A. Free radical scavenging capacity and protective effect of Bacopa
monniera L. on DNA damage. Phytother Res. Sep 2003;17(8):870-875. [doi: 10.1002/ptr.1061] [Medline: 13680815]
Mathew M, Subramanian S. Evaluation of the anti-amyloidogenic potential of nootropic herbal extracts in vitro. Int J
Pharm Sci Res. 2012;3(11):4276-4280. [doi: 10.13040/1JPSR.0975-8232.3(11).4276-80]

Holcomb LA, Dhanasekaran M, Hitt AR, Young KA, Riggs M, Manyam BV. Bacopa monniera extract reduces amyloid
levels in PSAPP mice. J Alzheimers Dis. Aug 2006;9(3):243-251. [doi: 10.3233/jad-2006-9303] [Medline: 16914834]
Limpeanchob N, Jaipan S, Rattanakaruna S, Phrompittayarat W, Ingkaninan K. Neuroprotective effect of Bacopa
monnieri on beta-amyloid-induced cell death in primary cortical culture. J Ethnopharmacol. Oct 30,
2008;120(1):112-117. [doi: 10.1016/j.jep.2008.07.039] [Medline: 18755259]

Kongkeaw C, Dilokthornsakul P, Thanarangsarit P, Limpeanchob N, Norman Scholfield C. Meta-analysis of randomized
controlled trials on cognitive effects of Bacopa monnieri extract. J] Ethnopharmacol. 2014;151(1):528-535. [doi: 10.1016/
j.jep.2013.11.008] [Medline: 24252493]

Peth-Nui T, Wattanathorn J, Muchimapura S, et al. Effects of 12-week Bacopa monnieri consumption on attention,
cognitive processing, working memory, and functions of both cholinergic and monoaminergic systems in healthy elderly
volunteers. Evid Based Complement Alternat Med. 2012;2012:606424. [doi: 10.1155/2012/606424] [Medline:
23320031]

Basheer A, Agarwal A, Mishra B, et al. Use of Bacopa monnieri in the treatment of dementia due to Alzheimer disease:
systematic review of randomized controlled trials. Interact ] Med Res. Aug 1,2022;11(2):e38542. [doi: 10.2196/38542]
[Medline: 35612544]

https://www .researchprotocols.org/2026/1/e82891 JMIR Res Protoc 2026 | vol. 15 182891 I p. 12

(page number not for citation purposes)


https://doi.org/10.3389/fnagi.2016.00052
http://www.ncbi.nlm.nih.gov/pubmed/27065855
https://doi.org/10.1155/2024/2052142
http://www.ncbi.nlm.nih.gov/pubmed/39081336
https://doi.org/10.25259/JNRP_356_2023
http://www.ncbi.nlm.nih.gov/pubmed/38059250
https://doi.org/10.1016/j.clineuro.2022.107134
http://www.ncbi.nlm.nih.gov/pubmed/35078087
https://doi.org/10.1159/000475900
http://www.ncbi.nlm.nih.gov/pubmed/28588366
https://doi.org/10.4103/0973-7847.99949
http://www.ncbi.nlm.nih.gov/pubmed/23055641
https://doi.org/10.1016/j.jep.2009.09.056
https://doi.org/10.1016/j.jep.2009.09.056
http://www.ncbi.nlm.nih.gov/pubmed/19808086
https://doi.org/10.1007/s11064-013-1129-6
https://doi.org/10.1007/s11064-013-1129-6
http://www.ncbi.nlm.nih.gov/pubmed/23949198
https://doi.org/10.1155/2015/254303
http://www.ncbi.nlm.nih.gov/pubmed/26413117
https://doi.org/10.7860/JCDR/2015/10199.5423
https://doi.org/10.7860/JCDR/2015/10199.5423
http://www.ncbi.nlm.nih.gov/pubmed/25737970
https://doi.org/10.1002/ptr.4685
http://www.ncbi.nlm.nih.gov/pubmed/22447676
https://doi.org/10.1155/2015/837012
http://www.ncbi.nlm.nih.gov/pubmed/26413129
https://doi.org/10.1155/2015/615384
http://www.ncbi.nlm.nih.gov/pubmed/26413126
https://doi.org/10.1016/j.etap.2008.08.007
http://www.ncbi.nlm.nih.gov/pubmed/21783922
https://doi.org/10.1002/ptr.1061
http://www.ncbi.nlm.nih.gov/pubmed/13680815
https://doi.org/10.13040/IJPSR.0975-8232.3(11).4276-80
https://doi.org/10.3233/jad-2006-9303
http://www.ncbi.nlm.nih.gov/pubmed/16914834
https://doi.org/10.1016/j.jep.2008.07.039
http://www.ncbi.nlm.nih.gov/pubmed/18755259
https://doi.org/10.1016/j.jep.2013.11.008
https://doi.org/10.1016/j.jep.2013.11.008
http://www.ncbi.nlm.nih.gov/pubmed/24252493
https://doi.org/10.1155/2012/606424
http://www.ncbi.nlm.nih.gov/pubmed/23320031
https://doi.org/10.2196/38542
http://www.ncbi.nlm.nih.gov/pubmed/35612544
https://www.researchprotocols.org/2026/1/e82891

JMIR RESEARCH PROTOCOLS Dwivedi et al

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Minale G, Saesong T, Temkitthawon P, et al. Characterization of metabolites in plasma, urine and feces of healthy
participants after taking Brahmi essence for twelve weeks using LC-ESI-QTOF-MS metabolomic approach. Molecules.
May 15, 2021;26(10):2944. [doi: 10.3390/molecules26102944] [Medline: 34063409]

Mai Y, Huang F, Mi H, et al. Metabolomics and lipidomics study on serum metabolite signatures in Alzheimer’s disease
and mild cognitive impairment. Neurotherapeutics. Oct 2025;22(6):e00756. [doi: 10.1016/j.neurot.2025.600756]
[Medline: 41006122]

Shao Y, Ouyang Y, Li T, et al. Alteration of metabolic profile and potential biomarkers in the plasma of Alzheimer’s
disease. Aging Dis. Dec 2020;11(6):1459-1470. [doi: 10.14336/AD.2020.0217] [Medline: 33269100]

Hajjar I, Liu C, Jones DP, Uppal K. Untargeted metabolomics reveal dysregulations in sugar, methionine, and tyrosine
pathways in the prodromal state of AD. Alzheimers Dement (Amst). 2020;12(1):e12064. [doi: 10.1002/dad2.12064]
[Medline: 32793799]

Weng WC, Huang WY, Tang HY, Cheng ML, Chen KH. The differences of serum metabolites between patients with
early-stage Alzheimer's disease and mild cognitive impairment. Front Neurol. 2019;10:1223. [doi: 10.3389/fneur.2019.
01223] [Medline: 31824405]

Francois M, Karpe AV, Liu JW, et al. Multi-omics, an integrated approach to identify novel blood biomarkers of
Alzheimer’s disease. Metabolites. Oct 6,2022;12(10):949. [doi: 10.3390/metabo12100949] [Medline: 36295851]
Yilmaz A, Ustun I, Ugur Z, et al. A community-based study identifying metabolic biomarkers of mild cognitive
impairment and Alzheimer’s disease using artificial intelligence and machine learning. J Alzheimers Dis.
2020;78(4):1381-1392. [doi: 10.3233/JAD-200305] [Medline: 33164929]

Tiwari P, Gupta A, Kaushik M, et al. Comprehensive metabolomics profiling reveals novel biomarkers and pathways for
early detection of Alzheimer’s disease. Brain Commun. 2025;7(6):fcaf410. [doi: 10.1093/braincomms/fcaf410]
[Medline: 41229615]

Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cognitive impairment due to Alzheimer’s disease:
recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines
for Alzheimer’s disease. Alzheimers Dement. May 2011;7(3):270-279. [doi: 10.1016/j.jalz.2011.03.008] [Medline:
21514249]

Menon RN, Varghese F, Paplikar A, et al. Validation of Indian Council of Medical Research Neurocognitive Tool Box
in diagnosis of mild cognitive impairment in India: lessons from a harmonization process in a linguistically diverse
society. Dement Geriatr Cogn Disord. 2020;49(4):355-364. [doi: 10.1159/000512393] [Medline: 33412549]

Tripathi R, Kumar K, Bharath S, Marimuthu P, Varghese M. Demographic effects on neuropsychological functions in
older Indians. Dement Neuropsychol. 2014;8(2):148-154. [doi: 10.1590/S1980-57642014DN83000007] [Medline:
29213896]

Understanding alcohol drinking patterns. National Institute on Alcohol Abuse and Alcoholism. URL: https://www.niaaa.
nih.gov/alcohols-effects-health/alcohol-drinking-patterns [Accessed 2026-01-27]

Mekala S, Paplikar A, Mioshi E, et al. Dementia diagnosis in seven languages: the Addenbrooke’s Cognitive
Examination-III in India. Arch Clin Neuropsychol. Jul 24, 2020;35(5):528-538. [doi: 10.1093/arclin/acaa013] [Medline:
32188967]

Mathuranath PS, George A, Cherian PJ, Mathew R, Sarma PS. Instrumental activities of daily living scale for dementia
screening in elderly people. Int Psychogeriatr. Sep 2005;17(3):461-474. [doi: 10.1017/s1041610205001547] [Medline:
16252378]

Bajpai S, Upadhyay A, Sati H, Pandey RM, Chaterjee P, Dey AB. Hindi version of Addenbrooke’s Cognitive
Examination III: distinguishing cognitive impairment among older Indians at the lower cut-offs. Clin Interv Aging.
2020;15:329-339. [doi: 10.2147/CIA .S244707] [Medline: 32184582]

Naz S, Gallart-Ayala H, Reinke SN, et al. Development of a liquid chromatography-high resolution mass spectrometry
metabolomics method with high specificity for metabolite identification using all ion fragmentation acquisition. Anal
Chem. Aug 1,2017;89(15):7933-7942. [doi: 10.1021/acs.analchem.7b00925] [Medline: 28641411]

Kumar A, Kumar Y, Sevak JK, Kumar S, Kumar N, Gopinath SD. Metabolomic analysis of primary human skeletal
muscle cells during myogenic progression. Sci Rep. Jul 16, 2020;10(1):11824. [doi: 10.1038/541598-020-68796-4]
[Medline: 32678274]

Carrick J, Cheung SC, Foxe D, Piguet O. Interpreting Addenbrooke’s Cognitive Examination-III scores in dementia:
performance distributions and clinically meaningful change. Eur J Neurol. Jul 2025;32(7):¢70257. [doi: 10.1111/ene.
70257] [Medline: 40583793]

McPhee GM, Downey LA, Wesnes KA, Stough C. The neurocognitive effects of Bacopa monnieri and cognitive

training on markers of brain microstructure in healthy older adults. Front Aging Neurosci. 2021;13:638109. [doi: 10.
3389/fnagi.2021.638109] [Medline: 33692683]

https://www .researchprotocols.org/2026/1/e82891 JMIR Res Protoc 2026 | vol. 15 1 e82891 | p. 13

(page number not for citation purposes)


https://doi.org/10.3390/molecules26102944
http://www.ncbi.nlm.nih.gov/pubmed/34063409
https://doi.org/10.1016/j.neurot.2025.e00756
http://www.ncbi.nlm.nih.gov/pubmed/41006122
https://doi.org/10.14336/AD.2020.0217
http://www.ncbi.nlm.nih.gov/pubmed/33269100
https://doi.org/10.1002/dad2.12064
http://www.ncbi.nlm.nih.gov/pubmed/32793799
https://doi.org/10.3389/fneur.2019.01223
https://doi.org/10.3389/fneur.2019.01223
http://www.ncbi.nlm.nih.gov/pubmed/31824405
https://doi.org/10.3390/metabo12100949
http://www.ncbi.nlm.nih.gov/pubmed/36295851
https://doi.org/10.3233/JAD-200305
http://www.ncbi.nlm.nih.gov/pubmed/33164929
https://doi.org/10.1093/braincomms/fcaf410
http://www.ncbi.nlm.nih.gov/pubmed/41229615
https://doi.org/10.1016/j.jalz.2011.03.008
http://www.ncbi.nlm.nih.gov/pubmed/21514249
https://doi.org/10.1159/000512393
http://www.ncbi.nlm.nih.gov/pubmed/33412549
https://doi.org/10.1590/S1980-57642014DN83000007
http://www.ncbi.nlm.nih.gov/pubmed/29213896
https://www.niaaa.nih.gov/alcohols-effects-health/alcohol-drinking-patterns
https://www.niaaa.nih.gov/alcohols-effects-health/alcohol-drinking-patterns
https://doi.org/10.1093/arclin/acaa013
http://www.ncbi.nlm.nih.gov/pubmed/32188967
https://doi.org/10.1017/s1041610205001547
http://www.ncbi.nlm.nih.gov/pubmed/16252378
https://doi.org/10.2147/CIA.S244707
http://www.ncbi.nlm.nih.gov/pubmed/32184582
https://doi.org/10.1021/acs.analchem.7b00925
http://www.ncbi.nlm.nih.gov/pubmed/28641411
https://doi.org/10.1038/s41598-020-68796-4
http://www.ncbi.nlm.nih.gov/pubmed/32678274
https://doi.org/10.1111/ene.70257
https://doi.org/10.1111/ene.70257
http://www.ncbi.nlm.nih.gov/pubmed/40583793
https://doi.org/10.3389/fnagi.2021.638109
https://doi.org/10.3389/fnagi.2021.638109
http://www.ncbi.nlm.nih.gov/pubmed/33692683
https://www.researchprotocols.org/2026/1/e82891

JMIR RESEARCH PROTOCOLS Dwivedi et al

45. Cicero AF, Bove M, Colletti A, et al. Short-term impact of a combined nutraceutical on cognitive function, perceived
stress and depression in young elderly with cognitive impairment: a pilot, double-blind, randomized clinical trial. J Prev
Alzheimers Dis. 2017;4(1):12-15. [doi: 10.14283/jpad.2016.10] [Medline: 29188854]

46. Raghav S, Singh H, Dalal PK, Srivastava JS, Asthana OP. Randomized controlled trial of standardized Bacopa monniera
extract in age-associated memory impairment. Indian J Psychiatry. Oct 2006;48(4):238-242. [doi: 10.4103/0019-5545.
31555] [Medline: 20703343]

47. Roodenrys S, Booth D, Bulzomi S, Phipps A, Micallef C, Smoker J. Chronic effects of Brahmi (Bacopa monnieri) on
human memory. Neuropsychopharmacology. Aug 2002;27(2):279-281. [doi: 10.1016/S0893-133X(01)00419-5]
[Medline: 12093601]

48. Sathyanarayanan V, Thomas T, Ein6ther SJL, Dobriyal R, Joshi MK, Krishnamachari S. Brahmi for the better? New
findings challenging cognition and anti-anxiety effects of Brahmi (Bacopa monniera) in healthy adults.
Psychopharmacology (Berl). May 2013;227(2):299-306. [doi: 10.1007/s00213-013-2978-z] [Medline: 23354535]

49. Pravina K, Ravindra KR, Goudar KS, et al. Safety evaluation of BacoMind in healthy volunteers: a phase I study.
Phytomedicine. May 2007;14(5):301-308. [doi: 10.1016/j.phymed.2007.03.010] [Medline: 17442556]

50. Stough C, Downey LA, Lloyd J, et al. Examining the nootropic effects of a special extract of Bacopa monniera on
human cognitive functioning: 90 day double-blind placebo-controlled randomized trial. Phytother Res. Dec
2008;22(12):1629-1634. [doi: 10.1002/ptr.2537] [Medline: 18683852]

51. Prabhakar S, Vishnu VY, Modi M, et al. Efficacy of Bacopa monnieri (Brahmi) and donepezil in Alzheimer’s disease
and mild cognitive impairment: a randomized double-blind parallel phase 2b study. Ann Indian Acad Neurol.
2020;23(6):767-773. [doi: 10.4103/aian.AIAN 610 19] [Medline: 33688125]

52. Valotto Neto LJ, Reverete de Araujo M, Moretti Junior RC, et al. Investigating the neuroprotective and
cognitive-enhancing effects of Bacopa monnieri: a systematic review focused on inflammation, oxidative stress,
mitochondrial dysfunction, and apoptosis. Antioxidants (Basel). Mar 25, 2024;13(4):393. [doi: 10.3390/antiox13040393]
[Medline: 38671841]

Abbreviations
ACE-III: Addenbrooke’s Cognitive Examination III
AD: Alzheimer disease
aMCI: amnestic mild cognitive impairment
LC-MS: liquid chromatography-mass spectrometry
MCT: mild cognitive impairment
REDCap: Research Electronic Data Capture
SAE: serious adverse effect

Edited by Amy Schwartz; The proposal for this study was peer-reviewed by the Indian Council of Medical Research. See the
Peer Review Report for details; submitted 23.Aug.2025; final revised version received 18.Dec.2025; accepted 31.Dec.2025;
published 25.Feb.2026

Please cite as:

Dwivedi A, Anjali A, Narzari H, Kumar Y, Sharma HP, Dubey A, Nilima N, Rajan R, Bhushan Singh M, Vishnu VY, Bhatia
R, Sharma G, Gupta A

Efficacy of Bacopa monnieri (Linn.) on Cognitive Function and Alterations in Blood Metabolites in Patients With Amnes-
tic Mild Cognitive Impairment and Early Alzheimer Disease: Protocol for an Exploratory Double-Blind, Randomized,
Placebo-Controlled Trial

JMIR Res Protoc 2026;15:e82891

URL: https://www .researchprotocols.org/2026/1/e82891

doi: 10.2196/82891

© Abhilasha Dwivedi, Anjali Anjali, Hina Narzari, Yashwant Kumar, Hanuman Prasad Sharma, Aditi Dubey, Nilima Nilima,
Roopa Rajan, Mamta Bhushan Singh, Venugopalan Y Vishnu, Rohit Bhatia, Gautam Sharma, Anu Gupta. Originally published
in JMIR Research Protocols (https://www.researchprotocols.org), 25.Feb.2026. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication on https://www .research-
protocols.org, as well as this copyright and license information must be included.

https://www researchprotocols.org/2026/1/e82891 JMIR Res Protoc 2026 | vol. 15 1 e82891 | p. 14
(page number not for citation purposes)


https://doi.org/10.14283/jpad.2016.10
http://www.ncbi.nlm.nih.gov/pubmed/29188854
https://doi.org/10.4103/0019-5545.31555
https://doi.org/10.4103/0019-5545.31555
http://www.ncbi.nlm.nih.gov/pubmed/20703343
https://doi.org/10.1016/S0893-133X(01)00419-5
http://www.ncbi.nlm.nih.gov/pubmed/12093601
https://doi.org/10.1007/s00213-013-2978-z
http://www.ncbi.nlm.nih.gov/pubmed/23354535
https://doi.org/10.1016/j.phymed.2007.03.010
http://www.ncbi.nlm.nih.gov/pubmed/17442556
https://doi.org/10.1002/ptr.2537
http://www.ncbi.nlm.nih.gov/pubmed/18683852
https://doi.org/10.4103/aian.AIAN_610_19
http://www.ncbi.nlm.nih.gov/pubmed/33688125
https://doi.org/10.3390/antiox13040393
http://www.ncbi.nlm.nih.gov/pubmed/38671841
https://www.researchprotocols.org/2026/1/e82891
https://doi.org/10.2196/82891
https://www.researchprotocols.org
https://creativecommons.org/licenses/by/4.0/
https://www.researchprotocols.org
https://www.researchprotocols.org
https://www.researchprotocols.org/2026/1/e82891

	Efficacy of Bacopa monnieri (Linn.) on Cognitive Function and Alterations in Blood Metabolites in Patients With Amnestic Mild Cognitive Impairment and Early Alzheimer Disease: Protocol for an Exploratory Double-Blind, Randomized, Placebo-Controlled Trial
	Introduction
	Background
	Need for the Study
	Objectives

	Methods
	Study Design
	Study Settings
	Study Population (Inclusion Criteria)
	Exclusion Criteria
	Recruitment and Baseline Assessment
	Blood Sample Collection and Storage
	Randomization
	Allocation Concealment
	Blinding
	Intervention Arm
	Control Arm
	Methodology for Metabolomics
	Data Processing
	Follow-Up
	Outcomes
	Ethical Considerations
	Statistical Methods
	Reporting Guidelines
	Dissemination of Results

	Results
	Study Status and Timeline
	Baseline Characteristics
	Deviations From Original Registered Protocol

	Discussion
	Principal Findings
	Strengths and Limitations
	Future Work
	Conclusion



