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Abstract Menopausal women are prone to cognitive
disorders. Various therapies that have been developed to
overcome this problem are the administration of Indian
Pennywort (Centella asiatica) and exercise. Both have
positive effects on cognitive function, but previous studies
have not examined the combined effect of the two on the
brain-derived neurotrophic factor (BNDF), cognition, and
physical fitness among menopausal women. Methods: This
study used a pre and post-test design. Subjects consisted of
64 people who were divided into four groups, consisting
Indian pennywort/IP group (500 mg daily), an exercise
group (2x90 minutes per week), a group combination of IP-
exercise (IP 500 mg daily and exercise for 2x90 minutes
per week), and the control group. The intervention was

given for 12 weeks. Results: The study showed that Indian
Pennywort, exercise, and its combination can increase
plasma BDNF, cognition, and physical fitness in
menopausal women (p<0.05). Mann-Whitney test showed
that the combination of Indian Pennywort and exercise
caused the highest increase in plasma BDNF (A=236;
p=0.007), MoCA (A=3.5; p<0.001), right-hand strength (A
=4.6; p=0.001), left-hand strength (A=3.5; p=0.001), and
lower extremity strength (A=6; p<0.001). Conclusion:
Overall results showed that Indian Pennywort, exercise,
and the combination of the two above were effective in
ameliorated plasma BDNF, cognition, and physical fitness
in menopausal women, but the combination provides a
maximum effect compared to other groups.
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1. Introduction

The elderly population continues to grow along with the
increase in life expectancy. The life expectancy for women
is higher than the life expectancy for men [1]. The increase
in the number of older women certainly causes the need for
attention to problems related to health problems in older
women [2]. One of the risks of health problems in the
elderly is cognitive impairment [3-4]. Mild cognitive
impairment is a predementia phase characterized by a
cognitive decline that is not severe and can still carry out
daily activities [5]. The incidence of cognitive disorders in
Indonesia was 1.2 million cases in 2015. By 2030 it is
estimated to increase to 3.98 million [6]. Cognitive decline
is a frequent complaint during the menopause transition
and among post-menopausal women. Changes in memory
correspond with diminished estrogen production. Having
trouble remembering words or numbers, needing memory
aides, and forgetting why one was engaging in a certain
behavior were the most often reported problems [7].

Women have a higher prevalence of Alzheimer's than
men. In addition, women with mild cognitive impairment
tend to deteriorate more quickly than men [8]. This is
related to the condition of older women experiencing
menopause which reduces estradiol levels, which plays a
major role in regulating nerve activity in several brain areas
such as the hippocampus and prefrontal cortex [9]. Brain-
derived neurotrophic factor (BDNF) is one of the
neurotrophins with a high level of expression in the brain
and its potent effects on synapses. The function of BDNF
is to regulate synapses ranging from short-term to long-
lasting in many brain regions [10].

BDNF plays an important role in improving cognitive
power, memory, resilience, and nervous system
development [11-12]. BDNF also plays a role in increasing
neurogenesis and neuronal transmission at synapses,
increasing synaptic growth, and modulating synaptic
plasticity to form long-term memory [13]. Furthermore,
one of the effects of menopause on older women is
decreased cognitive function [14]. The decrease includes

attention, calculation, orientation, and language ability [15].

These things affect the process of long-term memory and
information. Decreased cognitive function will cause a
decrease in the quality of life in older women.

Early interventions such as brain supplementations and
exercises are thought to be able to prevent the progressive
neurodegenerative process, including a decrease in
cognitive function. Indian Pennywort is one of the plants
known to have neuroprotective effects. The active
compounds asiaticoside and madecoside in Indian
Pennywort are known to strengthen memory and

intelligence [16]. Indian Pennywort can induce positive
modulation and increase BDNF in the prefrontal cortex so
that cognitive function in male rats increases [17]. Another
study found that the ethanol extract of Indian Pennywort
increased memory and serum BDNF via TrkB-MAPK
pathways in the hippocampus [18]. Indian Pennywort has a
good effect on older women because of its cholinergic
activity, antioxidant, and anti-inflammatory activity [19].
Indian Pennywort affects several cognitive domains such
as attention and concentration, executive cognitive
function, information processing speed, language, working
memory, verbal memory, and visual memory [20].

Several studies showed the benefit of exercise in
preventing the progression of cognitive impairment.
Exercise stimulates the brain and increases BDNF. Aerobic
exercise can reduce the possibility of memory loss in the
elderly. Furthermore, aerobic exercise can improve
cognitive function and increase BDNF concentration in the
elderly [21]. A systematic review reported a higher BDNF
response after moderate-intensity aerobic exercise in
healthy older people [22]. The research facts above show
that there are many positive effects of Indian Pennywort
and exercise on BDNF, cognition, and physical fitness, but
the combination of both in humans especially menopausal
women was not been studied yet.

2. Materials and Methods

2.1. Study Design

This study used a pre and post-test design. The inclusion
criteria  of this study were premenopausal to
postmenopausal women aged 45 to 65 years, who had no
history of serious illness, had not done sports activities in
the previous three months, and had not used brain-
stimulating drugs in the previous two weeks. The Ethics
Commission of the PPNI West Java Nursing College (No.
111/001/KEPK-SLE/STIKEP/PPNI/JABAR/V111/2020) has
approved this study.

2.2 Intervention

The interventions were divided into four groups. The
first group was given 500 mg of Indian pennywort/IP daily.
The second group received exercise training twice a week
for 90 minutes per session (15 minutes warm-up, 60
minutes core movement, and 15 minutes cool-down). The
third group was a combined group that exercised twice a
week for 90 minutes and required 500mg of IP daily. The
fourth and final group served as the control group. The
sample size of this study was 64 women. This intervention
took 12 weeks to implement.

Exercise is done with a combination of cardiovascular
and respiratory exercises (maximizing aerobic breathing),
metabolic ~ exercises  (lipid  metabolism),  and
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musculoskeletal strength (muscle strength and endurance).
The movements in each type of gymnastics are carried out
alternately and accompanied by music that sparks the
enthusiasm of the participants. The choice of music is
adjusted to the movements/exercise being performed.

CA extract is made through a standardized process by
quality control until the dry CA extract is produced and
packaged in capsule form. Each capsule contained 500 mg
of CA extract with an asiaticoside level of 1.41 mg/g and
was examined using the HPLC. Each participant consumed
one capsule/per day. Compliance monitoring was carried
out by observing the results of daily checklists which were
checked every two weeks by nurses in the research team.
Participants were also reminded via the WhatsApp
platform every morning to consume CA extract capsules
every day.

2.3. Measurement of Cognitive Function

Cognitive function was measured by the MoCA-
Indonesian version. The MoCA consists of 30 questions
regarding  visuospatial/executive  function, naming,
memory, attention, language, abstraction, delayed recall,
and orientation. A specific biologically determined
relationship between exercise and cognitive function can
be detected using MoCA [23].

2.4. Measurement of Physical Fitness

Upper and lower extremity muscle strength was assessed
as part of the physical fitness exam. A dynamometer was
used to measure muscle strength in the upper extremities.

Participants pull the handgrip with their left and right hands.

Handgrip dynamometer readings recorded (in kilograms).
Lower extremity muscle strength was measured by
counting and recording the number of times the individual
could squat and stand in 30 seconds [24]. Researchers also
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carried out a physical examination, which included
anthropometric measurements, blood pressure checks, and
a review of previous medical history.

2.5. BDNF Plasma Examination

In the Molecular and Genetics Laboratory, Faculty of
Medicine, Universitas Padjadjaran, plasma levels of BDNF
were tested using an ELISA technique and HPLC. Before
the intervention, 3 mL of blood was drawn from the
brachialis veins of fasting participants and placed in an
EDTA tube. The tube was left at room temperature for one
hour before being transferred to the laboratory in a cool box
(-8°C). The blood was centrifuged for 10 minutes in the
laboratory. Plasma was separated and stored at -8°C before
further examination.

2.6. Statistical Methods

The Shapiro-Wilk test was used to determine the
normality of the data. The Wilcoxon test was used to
compare the differences between each group before and
after the intervention. To identify differences across groups,
the Mann-Whitney test was utilized. SPSS 25 was used to
process and analyze data, with a significance threshold of
p<0.05.

3. Results

The research subjects consisted of 64 menopausal
women. Each group consists of sixteen people. The
characteristics of respondents consisted of age, weight,
height, blood pressure, education, menopause status, and
marital status. From the characteristics of the respondents,
there were no differences between the four groups (p>0.05)
(Table 1).

Table 1.  Characteristics of Respondents Based on Intervention
Indian Pennywort/IP Exercise Combination of IP- Control
Characteristics (n=16) (n=16) Exercise (n=16) (n=16)
Median (min-max) Median (min-max) Median (min-max) Median (min-max)
Age, yr 54 (44-62) 52.5 (44-61) 54.5 (47-62) 52.5 (45-60)
Weight, kg 56.5 (50-72) 57.5 (48-80) 60.5 (48-80) 56 (50-70)
Height, cm 152.5 (149-162) 151.5 (144-162) 150.5 (142-165) 152.5 (146-160)

Sistole, mmHg 120 (100-150)

Diastole, mmHg 80 (70-90)
Education, n (%)
Low 8 (50)
High 8 (50)
Menopause status, n (%0)
Perimenopause 3(20.0)
Postmenopause 9 (27.3)
Marital status, n (%)
Married 16 (100)
Widowed 0 (0)

120 (100-150)

120 (110-150) 120 (100-150)

80 (70-90) 80 (70-90) 80 (70-90)
6 (37.5) 2 (12.5) 7(43.7)
10 (62.5) 14 (87.5) 9(56.3)
5(33.3) 3(20.0) 4(26.7)
7(21.2) 9(27.3) 8(24.2)
16 (100) 13 (81.3) 16 (100)

0 (0) 3(18.7) 0(0)
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Table 2. Comparison of BDNF, cognition, and physical fitness between before and after intervention for 12-weeks

Indian Exercise Combination of Control
. Pennywort/IP . _
Variable (n=16) (n=16) IP—E).(eI’CIS(-Zj (n=16) (n=16) p°
Median (min-max) Median (min-max)  Median (min-max) Median (min-max)
BDNF, pg/ml

Pre 372.5 (63-890) 465 (136-1942) 241 (59-1387) 587.5 (90-2336) 0.002*

Post 700 (110-1749) 705 (140-1974) 622 (124-1974) 474 (108-1296)
A 230 (-549-1317) 156 (-267-1467) 236 (-309-999) -149.5 (-1843-570)
p? 0.034* 0.044* 0.007* 0.020*

Cognition
MoCA, score

Pre 24 (10-26) 23.5(17-26) 23.5(19-26) 24.5 (15-26)

Post 26 (21-29) 28 (21-30) 28.5 (25-29) 24.5 (15-27) <0.001*
A 3(-1-5) 3.5(1-11) 3.5(1-10) 0(-2-5)
p? <0.001* <0.001* <0.001* 0.312

Physical fitness
Righthand strength, kg

Pre 13.1 (12-27) 19.9 (11-25) 15.5(11-25) 21.9 (13-23) 0.002*
Post 18.3 (14-28) 22.1(11-27) 20.6 (15-29) 22.4 (12-24)
A 1.1(-2.4-7.4) 2.7 (-1.6-11) 4.6 (-36-11) 0.35(-1.3-1.3)
p? 0.007* 0.003* 0.001* 0.432

Lefthand strength, kg

Pre 13.5 (12-24) 18.4 (10-25) 14.6(10-23) 21 (12-23)

Post 17.4 (12-25) 19.9 (10-24) 18.3 (14-28) 22 (13-23) 0.016*
A 1.6 (-3.9-6.4) 1.3 (-3.5-6) 3.5(-3.4-8) 0.5 (-1.7-1.5)
p? 0.013* 0.104 0.001* 0.229

Lower extremity strength,

score

Pre 11 (9-16) 15.5 (9-20) 13.5 (9-16) 13 (11-16)

Post 23 (14-29) 20 (11-26) 17.5 (14-27) 14.5 (10-18) <0.001*
A 4.5 (1-15) 5.5 (-3-11) 6 (1-18) 1(-2-2)
p <0.001* <0.001* <0.001* 0.270

A: the difference between pre and post-intervention
p* Wilcoxon test

p°: Mann-Whitney test

*Significant

Subjects that received Indian Pennywort extract,
exercise, and a combination of Indian Pennywort and
exercise had significant differences in BDNF plasma,
cognition, and physical fitness before and after intervention
(p<0.05). In the control group, BDNF plasma showed a
significant decrease of -149.5 (-1843-570) (p=0.020)
(Table 2).

The results of the Mann-Whitney test showed significant
differences between the four groups (p<0.05). The
combination of Indian Pennywort and exercise led to the
highest increase in BDNF plasma (A=236; p=0.007),
MoCA (A=3.5; p<0.001), righthand strength (A=4.6;
p=0.001), lefthand strength (A=3.5; p=0.001), and lower
extremity strength (A=6; p<0.001) (Table 2).

Adverse events

Two subjects (Indian Pennywort group, n = 1;

combination Indian Pennywort-exercise group, n = 1)
experienced adverse events diarrhea, and urinated
frequently but not related to the intervention. There were
no other adverse events during Indian Pennywort and
exercise treatment for 12 weeks.

4. Discussion

4.1. Effects of Centella asiatica (Indian Pennywort),
Exercise, and Its Combination on BDNF plasma

The results showed that Indian Pennywort, exercise, and
the combination of both could significantly increase
plasma BDNF in menopausal women. Based on the three
interventions, a combination of Indian Pennyworth and
exercise gave the highest increase in BDNF plasma. This is
following research showing that exercise for 2 years can
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increase plasma BDNF in mild cognitive impairment
elderly with an average age of 70.5 years [25]. Another
study on 120 older adults showed that aerobic exercise
improves memory function, serum levels of BDNF, and
neurogenesis in the dentate gyrus mediator more than the
control group [26]. Another study showed that a 1-year
moderate-intensity ~ walking intervention  improved
executive function and plasma BDNF compared to a
control group [27]. Aerobic exercise increases BDNF
production and consequently improves learning, memory,
and executive function [28-29].

Regression analysis shows that BDNF and aerobic
fitness are associated with hippocampal memory [30-31].
Animal models demonstrate the important role of brain-
derived neurotrophic factor (BDNF), insulin-like growth
factor-1 (IGF-1), and endothelial vascular growth factor
(VEGF) in mediating exercise-induced hippocampal
structural and functional changes [32].

The administration of Indian Pennywort improves
cognitive performance by inducing an increase in BDNF in
the prefrontal cortex in mice. Research shows Indian
Pennywort 0.50 ug/ml can increase BDNF expression in
young mice through the mechanism of neurogenesis [33].
BDNF effect on the brain synapses comes from
downstream signaling pathways that are complex, and the
diametrically opposite effect of pro and mature forms
through a different receptor, TrkB, and p75NTR [11].
Studies show that Indian Pennywort induces positive
modulation and increases BDNF in the prefrontal cortex so
that cognitive function in male rats increases [19]. Another
study found Indian Pennywort ethanol extract increased
memory and serum BDNF via the TrkB-MAPK pathway in
the hippocampus [20].

This study shows that BDNF decreased significantly in
the control group. The hormone estradiol alters the function
of memory circuits including BDNF during the
menopausal transition. Decreasing estradiol in menopausal
women has an impact on memory circuit aging, thus
affecting the decrease in BDNF [34]. Other studies have
shown that the climacteric period has nothing to do with
BDNF [35].

4.2. Effects of Centella asiatica (Indian Pennywort),
Exercise, and Its Combination on Cognition

Cognition examination results show Indian Pennywort,
exercise, and their combination can improve cognitive
function in menopausal women. Based on the Mann-
Whitney test, the combination of Indian Pennywort-
exercise gave the highest increase in cognitive function.
This is following research showing that there is a
significant improvement in memory in the Indian
Pennywort 600 group in adult male rats compared to the
control group [36]. In addition, Indian Pennywort has
several active components that are thought to be anti-
inflammatory. In addition, the results showed that Indian
Pennywort can increase mitochondrial expression,

antioxidant response in the brain and liver, and synaptic
expression in the hippocampus and frontal cortex in healthy
mice [37]. In addition, Indian Pennywort can improve
memory and executive function in aged mice via a
mechanism of increasing synaptic density in the
hippocampus [38].

A meta-analysis of 11 Indian Pennywort intervention
studies concluded that there was no significant effect of
Indian Pennywort on human cognitive function. However,
some studies with IP doses greater than 1000 mg/day can
improve memory. The combination of Indian Pennywort
with several other herbs has also been shown to be effective
in improving cognitive function [19]. In late adulthood and
the elderly, volume shrinking hippocampus causes memory
impairment and increased risk of dementia. Several recent
studies have shown that the effect of moderate-intensity
aerobic exercise is effective in preventing hippocampal
volume loss. Several meta-analyses have shown that
physical activity is associated with increased attention,
processing speed, and executive function in older adults
with and without cognitive impairment [39].

4.3. Effects of Centella asiatica (Indian Pennywort),
Exercise, and Its Combination on Physical Fitness

Studies show that a combination of Indian Pennywort
and exercise is most effective in increasing right-hand
strength, left-hand strength, and lower extremity strength.
This is consistent with a systematic review study which
showed that regular and programmed exercise for 60
minutes, 2-3x/week can improve leg muscle strength,
balance, flexibility, walking speed, and 6-minute walking
test in people with mild cognitive impairment or dementia
[40]. Another study showed Indian Pennywort 500 and 750
mg can increase lower muscle strength in healthy elderly
through the mechanism of increasing blood circulation
which causes mitochondrial function and muscle capacity
to use oxygen to increase, besides Indian Pennywort causes
a decrease in ROS (reactive oxygen species) so that
oxidative stress decreases and muscle degeneration also
decreases [25].

Recent research has shown that physical exercise
improves cardiorespiratory fitness and physical fitness in
subjects who attend regularly a 16-week exercise
intervention [41]. During aerobic exercise, there is an
increase in muscle oxygen consumption, an increase in
cardiac muscle contractility, and an increase in cardiac
output. This results in an increase in systolic blood pressure
and generalized vasoconstriction in muscles at rest. After
exercising regularly, the efficiency of the work of the heart
increases, indicated by a decrease in resting pulse rate.

5. Conclusions

Indian Pennywort, exercise, and the combination
improve plasma BDNF, cognition, and physical fitness in
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menopausal women. In addition, the Indian Pennywort-
exercise combination showed the highest increase
compared to other groups. This shows that the combination
of the two modalities can provide maximum results
compared to their own. Further clinical results are needed
with larger samples and other biochemical tests in the
different sexes.
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