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Abstract
Introduction: Age-related cognitive decline affects quality of life and freedom during old age. Early interventions help to 
maintain normal and healthy cognitive aging. Bacopa monnieri is known for its memory-enhancing properties and used widely 
to improve cognitive functions. This study reports safety and efficacy of B. monnieri extract (BME) on memory and cognitive 
functions in healthy adults. Methods: Eighty healthy subjects (40 per group) were evaluated in this randomized, double-blind, 
placebo-controlled, parallel group study. Subjects consumed either 300 mg of BME containing 90 mg of total bacosides or 
placebo every morning after breakfast for 12 weeks. Memory (baseline, Days 28, 56 and 84) and cognitive functions (baseline, 
Days 1, 14, 28, 56 and 84) were measured using Creyos battery of tests; anxiety and sleep quality were assessed by Beck Anxiety 
Inventory and Pittsburgh Sleep Quality Index, respectively at baseline, Days 28, 56 and 84. Brain Derived Neurotrophic Factor 
(baseline and Day 84) and cortisol levels (baseline, Days 56 and 84) were analyzed in serum samples. Safety was assessed 
throughout the study based on physical examination, vital signs, clinical laboratory tests and monitoring of adverse events. 
Results: Thirty-six subjects from placebo group and 38 subjects from BME group completed the study. BME group showed 
significant improvements on both memory (verbal short-term memory, spatial short-term memory, working memory, visuospatial 
working memory, and episodic memory) and cognition skills (concentration, alertness, reasoning, and mental flexibility) over 
placebo from baseline to Day 84, with effects on cognitive skills as early as Day 14 and Day 28 for memory. Further, a significant 
acute effect on concentration was observed as early as 3 hours post single dose consumption of BME. Anxiety score and sleep 
quality were significantly improved for BME group on Days 28, 56 and 84 as compared to placebo. Serum cortisol levels were 
significantly reduced from baseline to Day 56 and 84, whereas serum BDNF was significantly increased on Day 84 for BME 
group as compared to placebo. However, no significant effects were observed for sustained attention and planning tasks. No 
safety concerns were observed. Conclusion: BME supplementation improved memory and cognitive functions. Anxiety and 
serum cortisol levels were significantly reduced and sleep quality and serum BDNF was increased by BME consumption. The 
investigational product was safe and well tolerated throughout the study.

Trial Registration: Clinical Trials Registry, India – Identifier CTRI/2023/05/052880
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Introduction
Cognitive impairment associated with aging in otherwise 

healthy individuals is a major public health concern. Age-related 
cognitive decline varies considerably across individuals and 
substantially affects quality of life during old age [1-6]. Cognitive 
functions such as memory, attention, language, and executive 
functions are essential for day-to-day activities and starts declining 
gradually in the late 20s, and is further accelerated in case of 
neurodegenerative conditions such as Alzheimer’s disease [7,8]. 
Early interventions help to maintain normal cognitive aging [9].

Cognitive enhancers, also known as nootropics, are 
prescribed to improve cognitive performance in elderly individuals 
and those with dementia. However, nootropics are increasingly 
being used by healthy individuals seeking to improve their 
attention, memory, focus, concentration, and alertness. Students 
use nootropics to boost attention, increased vigilance and to stay 
awake for an extended period [10,11]. Herbal products extensively 
used in traditional medicine are increasingly being used as a 
source of nootropics to promote cognitive functions and alleviate 
symptoms of memory loss and depression. Bioactive from plant 
extracts provide support against oxidative stress as well as improve 
cerebral vascular function and cognitive performance including 
memory and learning [12-16].

B. monnieri, known as brain tonic in traditional medicine is 
a perennial creeper found in the damp and marshy wetlands and is 
used to promote memory and learning as well as reduce anxiety and 
stress [17-19]. The bioactive phytochemicals present in Bacopa 
include a group of steroidal saponins known as Bacosides (A and 
B), bacopasides III, IV, V, and bacosaponins A, B, C, D, E, and F 
which are responsible for neuroprotection, enhance memory, and 
antioxidant properties [20-22]. In vitro and in vivo experimental 
studies have demonstrated that bacosides improve cognitive 
function through anti-oxidant support [23,24], modulation of 
neurotransmitters, increasing cerebral blood flow [25] and improve 
synaptic activity [26]. Numerous animal studies have demonstrated 
cognition-enhancing effects of Bacopa including improved motor 
learning [27] and memory [28]. Multiple clinical studies and meta-
analysis of clinical studies on cognitive effects of Bacopa has 
demonstrated its ability to improve cognitive properties including 
attention. 

The current research is a randomized, placebo-controlled 
study to evaluate the effect of B. monnieri extract (BME) on 
memory and cognition skills, stress, anxiety and sleep using 
a comprehensive objective software-based tools, validated 
questionnaires and biomarkers in healthy subjects.

Methods

A prospective, randomized, double-blind, placebo-
controlled, parallel group study was conducted to assess the 
safety and efficacy of BME. Healthy male and/or female subjects 
aged between 18-55 years with normal cognition profile assessed 
by Mini-Mental State Examination (MMSE) and meeting the 
eligibility criteria were enrolled in the study.

The study was approved by BGS Global Institute of Medical 
Sciences Institutional Ethics Committee, Bengaluru, prior to the 
start and was conducted in accordance with the Indian Council of 
Medical Research (ICMR) ethical guidelines, International Council 
for Harmonization (ICH) Guidance on Good Clinical Practice 
(E6R2) and the Declaration of Helsinki. The study was registered 
with the Clinical Trials Registry of India (CTRI/2023/05/052880).

There were six study visits for each subject – Screening/
Baseline Visit (Day -7 to Day 0), Randomization Visit (Day 1), 
Three Follow-Up Visits (Day 14±3 days; Day 28±3 days; Day 
56±3 days) and End of Study Visit (Day 84±3 days). During 
the screening period, subjects were explained about the study 
procedures, risks and discomforts, the investigational product, 
and other alternative treatments. After obtaining voluntary 
informed consent, demographic details, medical history including 
hypertension, diabetes mellitus, chronic liver, gastrointestinal, 
renal disorder, psychiatric disorders, surgeries, any other clinically 
significant medical, medication history, prior and concomitant 
medications were obtained. During randomization visit, eligible 
subjects were randomly assigned in double-blinded fashion into 
two treatment groups to receive placebo or BME in 1:1 ratio. The 
subjects were asked to consume one capsule every morning after 
breakfast for 84 days.

The active group (BME) capsules contained 300 mg B. 
monnieri extract (30% total bacosides) providing 90 mg of 
total bacosides (commercially known as B-Lit Bacopa) and the 
placebo capsules were made of Microcrystalline Cellulose. Both 
the capsules were manufactured by Samriddh Nutractive Private 
Limited, India. 

Fasting blood samples were collected for biomarker analysis; 
serum Brain-Derived Neurotrophic Factor (BDNF), serum cortisol 
as well as safety assessments which included complete blood 
count (CBC), alanine transaminase (ALT), aspartate transaminase 
(AST), total bilirubin (TB) and alkaline phosphatase (ALP) 
for liver function and serum creatinine and blood urea nitrogen 
(BUN) for renal function. After blood sample collection, subjects 
were evaluated for memory and cognitive functions. All tests 
were administered by a single examiner. Acute effects of BME on 
cognitive skills were assessed by conducting tests at baseline at 
least 1 hour before supplement administration and at 1, 3 and 5 
hours post-dose on Day 1. Anxiety levels were assessed by Beck 
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Anxiety Inventory (BAI) and sleep quality by Pittsburgh Sleep 
Quality Index (PSQI).

Creyos Cognitive Test Battery

Creyos has been used by several researchers in academic 
and commercial settings which uses scientifically rigorous and 
validated suite of cognitive tasks backed by more than 300 peer-
reviewed studies and with 25+ years of scientific research. The tasks 
have been shown in numerous published studies to be extremely 
sensitive to even minor changes in cognition. The specific tasks 
include domains like verbal short-term memory, spatial short-
term memory, visuospatial working memory, working memory, 
episodic memory, concentration, alertness, sustained attention, 
reasoning, planning and mental flexibility. Details of these tests 
are available on www.creyos.com.

Beck Anxiety Inventory

Beck Anxiety Inventory (BAI) is a tool for assessing the 
severity of an individual’s anxiety symptoms. It has 21 questions 
that can be self-administered or given verbally by a practitioner.

Pittsburgh Sleep Quality Index (PSQI)

The Pittsburgh Sleep Quality Index (PSQI) is a self-rated 
questionnaire that measures sleep quality and disruptions over 
a one-month period. It includes 19 self-reported items and 5 
additional questions for the bed partner. It is divided into seven 
domains: subjective sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, the use of sleeping 
medication, and daytime dysfunction.

Serum BDNF and cortisol was analyzed using ELISA kits by the 
central laboratory.

Eligibility Criteria

Inclusion Criteria

Subjects with the following criteria were included in the 
study. Healthy male or female adults, ≥18 to ≤55 years; subjects 
with body mass index of 18.5 kg/m2 to 29.9 kg/m2 (both limits 
inclusive); those who refrained from taking any medications to 
improve memory and cognition during the study; healthy subjects 
with MMSE score of 24-30; those who were willing to refrain 
from consuming caffeine and caffeine-containing products 12 
hour prior to visiting days; those who were willing to refrain 
from consuming alcohol 24 hours prior to the visiting days; those 
who were willing to refrain from vigorous physical activity 12 
hours prior to test days; those having basic computer literacy and 
exposure to computerized tests; those who were willing and able 
to give informed consent and comply with the study procedures.

Exclusion Criteria

Subjects who met any of the following criteria were excluded 

from the study. Subjects who were consuming any memory 
improving medicines, alcohol, tobacco, or any other central 
nervous system (CNS) acting medicines; have hypersensitivity or 
history of allergy to the study product; have any degree of cognitive 
impairment; suffer from sleep disturbances and/or were taking 
sleep aid medication; having chronic diseases like hypertension, 
ischemic heart disease, diabetes, and psychiatric or CNS disorders; 
those were on anxiolytics, anti-depressants, antipsychotics, 
anticonvulsants, centrally acting corticosteroids, opioid pain 
relievers, hypnotics, and/or prescribed sleep medications; with 
excessive habitual caffeine consumption (>300 mg caffeine/day 
or ≥3 cups of caffeinated coffee/day) throughout the study period; 
who were pregnant, nursing, or planning a pregnancy within the 
study participation period; those who were currently participating 
or having participated in another clinical trial during the last 3 
months prior to the beginning of this study; and any additional 
condition(s) that in the investigators opinion would warrant 
exclusion from the study or prevent the subject from completing 
the study.

Endpoints Evaluation

Efficacy endpoints: Primary efficacy endpoints included 
mean change in verbal short-term memory assessed by Digit Span 
task, visuospatial working assessed by Monkey Ladder task, work-
ing memory assessed by Token Search task, episodic memory as-
sessed by Paired Associates task, and spatial short-term memory 
assessed by Spatial Span task using Creyos Assessment (formerly 
Cambridge Brain Sciences) from baseline to Days 28, 56 and 84.

Secondary efficacy endpoints were mean change in cognitive 
skills parameters - alertness and sustained attention through Fea-
ture Match task and Sustained Attention to Response Task; con-
centration assessed by Double Trouble task; reasoning assessed by 
Odd One Out and Grammatical Reasoning task; planning assessed 
by Spatial planning task and mental flexibility assessed by Rota-
tions task using Creyos on Day 0 (baseline) and Days 14, 28, 56 
and 84. Concentration assessed by Double Trouble task, alertness 
and sustained attention assessed by Feature Match task and Sus-
tained Attention to Response Task were also evaluated at 1, 3 and 
5 hours post dose on Day 1 by Creyos Assessment.

Mean change in serum BDNF (baseline, Day 84), serum 
cortisol levels (baseline, Day 56 and 84), BAI scores for evaluation 
of anxiety levels, PSQI scores for evaluation of sleep quality 
(baseline, Days 28, 56 and 84), and safety (incidence of adverse 
events) from baseline to Day 84 were evaluated.

Statistical methods

Sample Size Determination

A study population of 70 subjects, 35 in each arm, was 
considered sufficient to detect a clinically important difference 

http://www.creyos.com
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between groups with 80% power and a 5% level of significance. 
Considering a dropout rate of 10% the sample size was finalized as 
80 subjects. The sample size calculation was based on difference 
of two treatments considered to be medically relevant. Assuming 
for the primary endpoints, a common standard deviation of 3.80 at 
the end of treatment, 35 per group would be sufficient to detect a 
difference of 1.86 in mean difference between the 2 treatment group 
with power of 80% and a 0.05 two-sided level of significance.

Efficacy Evaluation

The continuous type efficacy endpoints were summarized by 
treatment using descriptive statistics (n [number of subjects], mean, 
standard deviation (SD), standard error (SE), median, minimum 
and maximum). Within group significance was evaluated by using 
paired t-test and between group significance was evaluated using 
independent t-test or Wilcoxon rank sum test as determined by 
Shapiro-Wilk normality test. A value of p<0.05 was considered 
statistically significant.

Safety Evaluation

The continuous type safety endpoints were summarized by 
treatment using descriptive statistics (n [number of subjects], mean, 
SD, SE, median, minimum and maximum) on safety population. 
The categorical type safety endpoints were summarized by 
treatment using frequency and percentage on safety population. 
The difference between the treatments groups were evaluated 
using independent t-test. The analysis was conducted on the safety 
population only. The safety population included all randomized 
subjects who received investigational products.

Results

A total of 89 subjects were screened for the study and 9 
subjects were screen failure. Of the 80 randomized subjects, 36 
subjects from placebo group and 38 subjects from BME group 
completed the study (Figure 1). The efficacy analysis included 

data from the study participants who completed it, while the safety 
analysis included data from all the randomized subjects.

Of the 74 subjects who completed the study, 50 were males 
and 24 were females (Table 1). Twenty-three males and 13 females 
in placebo group, and 27 males and 11 females in BME group 
completed the study. The mean body weight (±SD) of subjects 
were 66.93±8.77 kg in placebo group and 69.55±9.37 kg in BME 
group. The mean (±SD) height was 164.58±10.60 cm in the 
placebo and 165.55±6.81 cm in BME group. The mean (±SD) BMI 
of subjects in the placebo and BME groups were 24.74±2.91 kg/
m2 and 25.33±2.82 kg/m2, respectively. The mean (±SD) MMSE 
score of subjects in the placebo group was 24.31±1.41 and BME 
group was 24.26±1.22. No significant differences were observed 
between the groups for any of the parameters.

Figure 1: Consolidated Standards of Reporting Trials (CONSORT) 
diagram – placebo vs. Bacopa monnieri Extract (BME).

Placebo (N=36)  BME (N=38)

Age (years) [Mean ± SD] 35.83±7.06 37.21±6.73

Male [n (%)] 23 (31%) 27 (36%)

Female [n (%)] 13 (18%) 11 (15%)

Weight (kg) [Mean ± SD] 66.93±8.77 69.55±9.37

Height (cm) [Mean ± SD] 164.58±10.60 165.55±6.81

BMI (kg/m2) [Mean ± SD] 24.74±2.91 25.33±2.82

MMSE Total Score (Mean ± SD) 24.31±1.41 24.26±1.22
BME: Bacopa monnieri Extract; MMSE: Mini-Mental State Examination; N: Number of subjects in the specified group; n: Number of subjects in 

the specified category; SD: Standard deviation

Table 1: Demographic details of participants.
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Efficacy Evaluation

Primary Endpoints

The primary objective of the study was to evaluate the effect 
of BME versus placebo on memory from baseline to Day 84.

Verbal Short-term Memory Assessed by Digit Span Task

Summary of mean change for verbal short-term memory 
assessed by Digit Span Task by visit and treatment is presented 
in Figure 2a. For the BME group, the change from baseline in 
the Digit Span Task scores was significant (p<0.05) on Day 28 
(BME=1.26±2.09, placebo=0.22±1.99), Day 56 (BME=1.82±2.01, 
placebo=0.14±2.84) and Day 84 (BME=2.45±2.57, 
placebo=0.17±2.48) versus placebo.

Spatial Short-term Memory Assessed by Spatial Span Task

Summary of mean change for spatial short-term memory 
assessed by Spatial Span Task by visit and treatment is presented 
in Figure 2b. For the BME group, the change from baseline 
for the Spatial Span Task score was non-significant on Day 28 
(BME=0.34±0.99, placebo=0.17±1.28). However, the change from 
baseline was significant (p<0.05) on Day 56 (BME=0.79±0.91, 
placebo=0.17±1.21) and Day 84 (BME=1.21±1.04, 
placebo=0.22±1.48) when compared to the placebo.

Working Memory Assessed by Token Search Task

Summary of working memory assessed by Token 
Search Task by visit and treatment is presented in Figure 2c. 
For the BME group, the change from baseline for the Token 
Search Task showed an increasing trend (p=0.0533) on Day 28 
(BME=0.79±1.34, placebo=0.08±1.52). However, the change from 
baseline was significant (p<0.05) at Day 56 (BME=1.05±1.54, 
placebo=0.19±1.33) and Day 84 (BME=1.55±2.02, 
placebo=0.25±1.38) compared to the placebo.

Visuospatial Working Assessed by Monkey Ladder Task

Summary of mean change for visuospatial working assessed 
by Monkey Ladder Task by visit and treatment is presented 
in Figure 2d. For the BME group, the change from baseline in 
the Monkey Ladder Task scores was non-significant on Day 28 
(BME=1.05±2.32, placebo=0.28±2.09). However, the change from 
baseline was significant (p<0.05) on Day 56 (BME=1.37±1.76, 
placebo=0.22±1.27) and Day 84 (BME=2.00±2.77, 
placebo=0.33±1.55) as compared to the placebo.

Episodic Memory Assessed by Paired Associates Task

Summary of episodic memory assessed by Paired Associates 
Task by visit and treatment is presented in Figure 2e. For the BME 
group, the change from baseline for the Paired Associates Task scores 
was significant (p<0.05) on Day 28 (BME=0.66±0.99, placebo= 
-0.03±1.13), Day 56 (BME=0.90±1.31, placebo=0.03±0.91) and 

Day 84 (BME=1.50±1.62, placebo=0.14±1.29) as compared to the 
placebo.

Figure 2: Summary of mean change – placebo vs. Bacopa 
monnieri Extract (BME). (a) Digit Span Task; (b) Spatial Span 
Task; (c) Token Search Task; (d) Monkey Ladder Task; and (e) 
Paired Associates Task. *p value<0.05; #p value<0.1.

Secondary Endpoints

The secondary objectives of the study was to evaluate the 
effect of BME on cognitive skills, anxiety, sleep quality, serum 
cortisol and BDNF levels from baseline to Day 84.

Cognitive Skills Parameters - Feature Match Task

Acute Effect - Featured Match Task (Baseline to 1, 3 and 5 hours 
Post-dose)

Summary of acute effect on alertness and sustained attention 
assessed by Feature Match Task by visit and treatment is presented 
in Figure 3a. For the BME group, the change from baseline for the 
Feature Match Task scores was non-significant at 1-hour post-dose 
(BME=15.80±34.45, placebo=15.30±35.00), 3-hour post-dose 
(BME=15.85±29.87, placebo=10.13±27.28) and 5-hour post-dose 
(BME=26.00±34.04, placebo=19.13±29.76) as compared to the 
placebo.

Chronic Effect - Featured Match Task (Baseline to Week 12)

Summary of chronic effect on alertness and sustained 
attention assessed by Feature Match Task by visit and treatment 
is presented in Figure 3b. For the BME group, the change from 
baseline for the Feature Match Task scores was significant 
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(p<0.05) on Day 14 (BME=21.79±31.19, placebo=5.92±24.88), 
Day 28 (BME=25.79±28.86, placebo=8.39±20.91) Day 
56 (BME=24.42±30.15, placebo=6.44±25.36) and Day 84 
(BME=27.74±26.75, placebo=7.25±26.64) as compared to the 
placebo.

Cognitive Skills Parameters - Sustained Attention to Response 
Task (SART)

Acute Effect - Sustained Attention to Response Task (Baseline to 
1, 3 and 5 hours Post-dose)

Summary of acute effect on alertness and sustained attention 
assessed by Sustained Attention to Response Task by visit and 
treatment is presented in Figure 3c. For the BME group, the 
change from baseline for the Sustained Attention to Response Task 
scores was non-significant at 1-hour post-dose (BME=7.18±30.84, 
placebo=4.88±21.36), 3-hour post-dose (BME=13.15±21.57, 
placebo=5.78±12.49) and 5-hour post-dose (BME=12.65±20.75, 
placebo=5.18±13.83) compared to the placebo.

Chronic Effect - Sustained Attention to Response Task (Baseline 
to Week 12)

Summary of chronic effect on sustained attention assessed 
by Sustained Attention to Response Task by visit and treatment is 
presented in Figure 3d. For the BME group, the change from baseline 
for the Sustained Attention to Response Task scores was non-
significant on Day 14 (BME=13.66±25.99, placebo=11.06±13.15), 
Day 28 (BME=13.05±24.15, placebo=6.14±17.01) Day 
56 (BME=16.29±21.59, placebo=7.19±16.33) and Day 84 
(BME=11.21±22.45, placebo=4.06±16.97) compared to the 
placebo.

Cognitive Skills Parameters - Concentration Assessed by 
Double Trouble Task

Acute Effect - Double Trouble Task (Baseline to 1, 3 and 5 hrs 
Post-dose)

Summary of acute effect on concentration assessed by 
Double Trouble Task by visit and treatment is presented in 
Figure 3e. For the BME group, the change from baseline for the 
Double Trouble Task scores was non-significant at 1-hour post-
dose (BME=10.35±9.25, placebo=8.25±11.07). The change 
from baseline was significant (p<0.05) at 3-hour post-dose 
(BME=14.50±9.15, placebo=8.70±11.09) and 5-hour post-dose 
(BME=16.23±11.69, placebo=10.30±9.54) as compared to the 
placebo.

Chronic Effect - Double Trouble Task (from Baseline to Week 12)

Summary of chronic effect on concentration assessed 
by Double Trouble Task by visit and treatment is presented 
in Figure 3f. For the BME group, the change from baseline 
for the Double Trouble Task scores was significant (p<0.05) 

on Day 14 (BME=19.68±10.13, placebo=9.69±12.57), Day 
28 (BME=22.97±11.96, placebo=16.33±12.75), Day 56 
(BME=24.24±14.22, placebo=16.08±13.98) and Day 84 
(BME=27.11±14.41, placebo=15.39±16.87) as compared to the 
placebo.

Figure 3: Summary of mean change – placebo vs. Bacopa 
monnieri Extract (BME). Feature Match Test   ̶  (a) acute effects 
and (b) chronic effects; Sustained Attention to Response Task ̶ (c) 
acute effects and (d) chronic effects; Double Trouble Task  ̶ (e) 
acute effects and (f) chronic effects. *p value<0.05.

Odd One Out Task

Summary of reasoning assessed by Odd One Out Task 
by visit and treatment is presented in Figure 4a. For the BME 
group, the change from baseline for the Odd One Out Task 
scores was non-significant on Day 14 (BME=1.13±3.14, 
placebo= -0.08±3.94). The change from baseline was significant 
(p<0.05) on Day 28 (BME=0.87±3.63, placebo= -0.11±3.12) 
at Day 56 (BME=1.68±2.73, placebo= -0.03±3.45) and Day 
84 (BME=2.08±2.58, placebo=0.03±4.55) as compared to the 
placebo.

Grammatical Reasoning Task

Summary of reasoning assessed by Grammatical 
Reasoning Task by visit and treatment is presented in Figure 
4b. For the BME group, the change from baseline for the 
Grammatical Reasoning Task score showed an increasing trend 
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on Day 14 (BME=3.55±6.03, placebo=1.14±4.95; p=0.0633). 
The change from baseline were significant (p<0.05) on Day 28 
(BME=4.47±5.80, placebo=2.47±4.00), Day 56 (BME=5.90±6.60, 
placebo=2.19±6.69) and Day 84 (BME=7.42±6.45, 
placebo=4.08±5.89) as compared to the placebo.

Spatial Planning Task

Summary of planning assessed by Spatial Planning Task by 
visit and treatment is presented in Figure 4c. For the BME group, the 
change from baseline for the Spatial Planning Task scores was non-
significant on Day 14 (BME=7.45±13.70, placebo=5.14±14.32), 
Day 28 (BME=8.79±13.93, placebo=7.97±15.89), and 
Day 56 (BME=14.03±18.76, placebo=9.75±17.07), and 
showed an increasing trend on Day 84 (BME=16.03±15.14, 
placebo=10.00±16.57; p=0.0968) as compared to the placebo.

Rotations Task

Summary of mental flexibility assessed by Rotations Task 
by visit and treatment is presented in Figure 4d. For the BME 
group, the change from baseline for the Rotations Task scores 
was non-significant (p>0.05) at Day 14 (BME=35.61±40.41, 
placebo=17.28±53.24), Day 56 (BME=41.16±58.50, 
placebo=18.61±53.83) and an increasing trend at Day 28 
(BME=33.74±48.62, placebo=19.86±46.80, p=0.0886) compared 
to the placebo. The change from baseline was significant (p<0.05) 
at Day 84 (BME=49.74±48.00, placebo=20.08±42.78) compared 
to the placebo.

Figure 4: Summary of mean change – placebo vs. Bacopa 
monnieri Extract (BME). (a) Odd One Out scores; (b) Grammatical 
Reasoning scores; (c) Spatial Planning scores, and (d) Rotations 
Task scores. *p value<0.05; #p value<0.1.

Beck Anxiety Inventory (BAI)

Summary of anxiety assessed by BAI by visit and treatment 
is presented in Figure 5a. For the BME group, the change from 
baseline for BAI scores was significant (p<0.05) on Day 28 (BME= 
-1.45±1.03, placebo= -0.19±0.67), Day 56 (BME= -2.00±1.27, 
placebo= -0.44±0.77) and Day 84 (BME= -2.37±1.42, placebo= 
-0.36±1.07) as compared to the placebo.

Pittsburgh Sleep Quality Index (PSQI)

Summary of sleep quality assessed by PSQI by visit and 
treatment is presented in Figure 5b. For the BME group, the change 
from baseline for the PSQI scores were significant (p<0.05) on 
Day 28 (BME= -0.90±1.11, placebo= -0.17±1.13), Day 56 (BME= 
-1.42±1.27, placebo= -0.28±1.34) and Day 84 (BME= -1.71±1.49, 
placebo= -0.06±1.26) as compared to the placebo.

Serum Levels of Brain Derived Neurotrophic Factor (BDNF)

Summary of BDNF by visit and treatment is presented in 
Figure 5c. For the BME group, the change from baseline for the 
BDNF was significant (p<0.05) on Day 84 (BME=2.03±3.00 ng/
ml, placebo= -0.14±1.62 ng/ml) as compared to the placebo.

Serum Cortisol 

Summary of serum cortisol levels by visit and treatment 
is presented in Figure 5d. For the BME group, the change from 
baseline for the serum cortisol levels were significant (p<0.05) on 
Day 56 (BME= -4.84±3.98 mcg/dL, placebo=0.93±4.46 mcg/dL) 
and Day 84 (BME= -8.80±4.80 mcg/dL, placebo=1.20±5.40 mcg/
dL) as compared to the placebo.

Figure 5: Mean change summary of (a) Beck Anxiety Inventory 
– BAI; (b) Pittsburgh sleep quality index – PSQI; (c) serum Brain 
Derived Neurotrophic Factor – BNDF (ng/ml), and (d) serum 
cortisol (mcg/dL). *p value<0.05.
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Safety Evaluation

No clinically significant difference in the vital signs, 
biochemical analysis or physical parameters was found in all the 
groups at the end of the study as compared to the baseline. During 
the study, a total of 12 adverse events (AEs) were reported by 8 
(19.04%) subjects. Three subjects in BME and 5 subjects in the 
placebo group experienced 5 (fever, headache, and body ache) and 
7 (fever, headache, cold, upper respiratory tract infection (URTI), 
and gastritis) AEs respectively. All the AEs reported by the subjects 
were mild in severity and the causality of the AEs was diagnosed 
by the Investigator as not related to the investigational product. 
The outcomes of all the AEs were noted as resolved before the end 
of the study. None of the subjects reported any severe AE or was 
withdrawn from the study due to an AE or a severe AE.

Overall 8 subjects used at least one concomitant medication 
during the course of the study, of which 3 subjects belonged to 
each BME group and 5 subjects belonged to the placebo group. 
Most commonly used medication included acetaminophen.

Discussion

Cognitive function declines with age leading to decreased 
processing speed and certain aspects of memory, language, 
visuospatial, and executive function. The parameters of cognitive 
function changes vary considerably across individuals and across 
cognitive domains, with some cognitive functions appear more 
susceptible than others to the effects of aging. B. monnieri rich with 
bioactive compounds called bacosides that are known to improve 
cognitive properties including memory while reducing episodes of 
stress and anxiety [29-32]. Unlike synthetic cognitive enhancing 
drugs which are potentially addictive, herbal supplements are less 
adverse and highly tolerable by humans [13,16,18,19,33].

Here we report the results of a randomized, double-blind, 
placebo-controlled study where 74 out of 80 recruited subjects 
completed the study with 36 subjects in placebo and 38 subjects 
in BME group. Subjects were supplemented with 300 mg of BME 
that was formulated to contain 30% total bacosides (90 mg of total 
bacosides) or placebo for 84 days and efficacy evaluation was done 
on Days 1, 14, 28, 56 and 84. To our knowledge this is the most 
comprehensive assessment of cognitive skills along with anxiety 
and sleep index supported by objective biomarkers in form of 
BDNF and cortisol levels for B. monnieri in a single clinical study. 
Further, we also measured acute effect of BME on cognitive skills 
after 1, 3 and 5 hours post supplementation on Day 1.

There was significant improvement in all primary efficacy 
points measured for cognitive skills such as verbal and spatial 
short-term memory, working memory, and episodic memory from 
baseline to as early as Day 28 followed by Day 56 and 84 post 
supplementations of BME versus placebo. In case of visuospatial 

working memory, significant improvement was observed on Day 56 
and 84 from baseline versus placebo. 

Cognitive skill parameters such as alertness, concentration, 
reasoning and grammatical reasoning task, and mental flexibility 
assessed as secondary efficacy endpoints were also significantly 
improved from baseline on Day 84 versus placebo group. Further, 
we observed a significant improvement in additional secondary 
efficacy points such as BAI score for anxiety levels and PSQI 
score for sleep on Day 28, 56 and 84 from baseline in BME group 
versus placebo. There was also a significant increase in serum 
BDNF levels on Day 84 whereas significantly decreased levels of 
serum cortisol on Day 56 and 84 from baseline in case of BME 
group versus placebo.

We also measured acute effect of BME supplementation 
as a secondary end point on Day 1 at baseline, 1, 3 and 5 hours 
post-supplementation. Although we did not see a significant 
acute benefit in terms of improvement in alertness and sustained 
attention, we observed a significant improvement in concentration 
in case of BME group when compared against placebo at 3 and 5 
hours post supplementation on Day 1.

The BME supplementation was found to be safe with no 
clinically significant difference in the vital signs, biochemical 
analysis or physical parameters and no significant adverse events 
observed throughout the study.

B. monnieri (BM) is an established herb in Ayurvedic 
medicine and has been used to promote memory, learning as 
well as to reduce stress and anxiety. Bacosides A and B, the 
active component of BM are primarily attributed to the nootropic 
effect which has been extensively established through in vitro 
and in vivo experimental studies. The BM extract improves free 
radical scavenging activity and antioxidant status and reduce 
inflammatory condition in brain tissue, modulates acetylcholine 
release, muscarinic cholinergic receptor binding, and choline 
acetylase activity which is collectively responsible for improved 
learning, memory, and cognitive performance [34,35]. Anti-
inflammatory activity of BM extract regulate activity of microglial 
cell and helps in neuroprotection through β-amyloid reduction, 
increased cerebral blood flow to brain [32,36,37]. Further, 
Bacosides being nonpolar can easily cross blood-brain barrier 
and increase the bioavailability in the brain [38-40]. Several 
human clinical trials have demonstrated that BM extract promotes 
cognitive properties including improved immediate and delayed 
memory recall, processing speed, and sustained attention after 
supplementation for three months. [17,19,41-45] Our study results 
indicate significant cognitive improvements as early as Day 14 and 
memory improvements on Day 28 followed by 56 and 84 days 
supplementation which are early benefits as compared to most of 
the studies reported earlier.
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In traditional Ayurvedic medicine, BM is considered as an 
adaptogenic herb and used for reducing anxiety and depression 
which was further supported by both experimental animal studies 
as well as human clinical trials [46]. In our study we measured 
anxiety and stress using BAI score and found significantly 
decreased anxiety score (BAI) as early as Day 28 and also Day 
56 and 84 versus placebo thus validating the published results. 
Reduced stress and anxiety observed in BME was further supported 
in our study by the serum cortisol level which was significantly 
reduced on 56 and 84 days of BME supplementation. Cortisol 
is a hormone that regulates response to stress and found in high 
levels in the system during the stressful situations [47]. Our results 
further validate previous findings where administration of BM 
reduced symptoms of anxiety in subjects diagnosed with anxiety 
related health conditions [48,49]. 

BDNF, a neurotrophic factor that supports neuronal survival, 
growth, and neuronal plasticity and thus play an important role in 
promoting cognitive function [50]. Decrease in BDNF levels are 
seen in many neurological disorders including Alzheimer’s disease 
[51]. Further increase in BDNF levels such as during exercise 
helps in ameliorating conditions associated with depression [52]. 
Thus, it is interesting to see significantly increased serum BDNF 
levels in our study after 84 days of BME supplementation which is 
associated with improved cognitive functions and reduced anxiety 
score further validating the neuroprotective role of BME.

Previously Kumar et al have demonstrated influence of 
Bacopa extract on hypothalamic-pituitary- adrenal (HPA) axis 
which further has an impact on sleep through modulation of 
associated neurotransmitters [53]. However, Bacopa extract 
supplementation did not have any effect on self-reported sleep 
problems in randomized, human study [54]. Contrary to the above 
study, we observed significant improvement in sleep quality score 
in our subjects from as early as Day 28 of BME supplementation 
which was maintained throughout the study period. It might be 
useful to explore further the beneficial effects of BME in subjects 
with sleep problems.

No significant adverse event was observed throughout 
the study. The safety and tolerability of the study product was 
confirmed by the various safety assessments in comparison 
with placebo. Clinical studies in children, young, and elderly 
people further demonstrated the suitability and benefits of BM 
supplementation for improving cognitive functions [29,33,55-57]. 
BM is generally well-tolerated. The most common side effects are 
gastrointestinal, including increased stool frequency, nausea, and 
abdominal cramps [58]. Our study did not show any side effects 
related to gastrointestinal or other. Future clinical studies could 
be designed to evaluate the effect of BME extract in subjects with 
cognitive impairment.

Conclusion

This is the most comprehensive study ever done on BM with 
extensive measures on memory, cognitive skills, anxiety, sleep, 
biomarkers, and acute effects. Our battery of cognitive functions 
test results show that the BME improves cognitive health, 
promotes concentration as early as 3 hours post dose on Day 1, 
increases overall memory, mental alertness, reasoning skills, 
mental flexibility, BDNF levels, sleep quality and reduces anxiety, 
and serum cortisol. The dosage of 300 mg BME for 86 days are 
well tolerated by the subjects.
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