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Abstract

Background: Withania somnifera (Linn) or Ashwagandha is used in Ayurveda and other traditional medicine
systems as an adaptogen and a neuroprotective supplement.

Objective: The effect of Ashwagandha root extract (ARE) standardized for 2.5% full-spectrum withanolides
as per The United States Pharmacopeia (USP) protocol with piperine (500 mg with 5 mg of 95% piperine) once
a day (12.5 mg withanolides/day) was evaluated in individuals with mild to moderate depression and anxiety.

Methods: In a randomized, double-blind placebo-controlled study, for 90 days, 70 participants were random-
ized to ARE (n=34) or placebo (n=36) once daily at night. Mean change in the Hamilton Depression Rating
Scale (HDRS) and Hamilton Anxiety Rating Scale (HARS), Groningen Sleep Quality Scale (GSQS), and quality of
life (QOL) from screening to days 30, 60, and 90 were evaluated. Safety was evaluated by monitoring any incidence
of adverse events and laboratory parameters. Two-way analysis of variance (ANOVA) and repeated-measure
ANOVA were used to compare ARE and placebo, and the changes within the group at different time points.

Results: Seventy individuals were randomized and all of them completed the study. The HARS, HDRS, GSQS,
and QOL scores improved significantly (p <0.001) in all the participants taking ARE compared to placebo on
days 30, 60, and 90. Anxiety and depression improved from baseline to end of the study in both groups, but the
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quantum of improvement was significantly higher in ARE. Serum levels of serotonin increased in ARE, but
showed a decrease in placebo, the difference being statically significant (p <0.001). Biochemical and hemato-
logical parameters remained in the normal range in all participants and ARE was well tolerated during the study.

Conclusion: The results of the study suggest that 500 mg of ARE standardized for 2.5% withanolides with
5 mg piperine is beneficial in improving depression, and anxiety, by increasing serum serotonin levels. The trial
was registered prospectively with the Clinical Trial Registry of India (CTRI) with the registration number

CTRI/2022/05/042640, on May 18, 2022.

Keywords: Ashwagandha root extract, depression, anxiety, sleep quality, serotonin, quality of life

Introduction

NXIETY AND DEPRESSION are the most common comor-

bid psychological disorders having similar emotional
profiles." While anxiety is a negative emotional state domi-
nated by fear and apprehension, depression is a mental health
condition characterized by a persistent feeling of debilitating
low mood sadness, loss of interest, and impaired cogni-
tion.> According to the World Health Organization, 4.4%
and 3.6% of the world’s population is affected by depres-
sion and anxiety disorders. Interestingly, more women are
affected by depression than men.*

Depression affects the personal and social behavior of the
affected individual and may also result in an inability to
experience pleasure, changes in sleep and eating behaviors,
and difficulty in concentrating and even suicidal thoughts
over time.” Depression may develop due to social and
psychological issues, but can also have a biological pre-
disposition due to genetic abnormalities, stress, dysbiosis,
sleep disorders, anxiety, and dysfunction of kynurenine
pathway.®’ The deficiency of monoamine neurotransmitters
like serotonin, noradrenaline, and dopamine is also believed
to play a role in the development of depression.” In addition,
a correlation between cortisol levels and low-grade inflam-
mation with depression has been reported in experimental
studies.®*'” The deficiency of monoamines is also involved
in the development of anxiety disorders.'' Apart from the
disruption of gamma-aminobutyric acid (GABA), regulation
of cortisol and the role of cholecystokinin have been img)—
licated in regulating emotional states of an individual.'*'

Tricyclic antidepressants, monoamine oxidase inhibitors,
selective serotonin reuptake inhibitors, serotonin and nor-
epinephrine reuptake inhibitors, norepinephrine and dopa-
mine reuptake inhibitors, and serotonin antagonist and
reuptake inhibitors are used for the pharmacological treat-
ment of anxiety and depression.'*'> Headaches, sexual
dysfunction, addiction, seizures, and suicide are few of the
common side effects associated with antidepressant and
anxiolytic medications.'® Natural products are a safer alter-
native with lower adverse effects and have seen a consid-
erable increase in their use in the past decades.'”'®

Withania somnifera (Linn) Dunal, or Ashwagandha, is a tra-
ditional Ayurvedic adaptogen used to enhance muscle strength,
endurance, and overall health.'® Ashwagandha is mentioned as a
“Rasayana’ in ancient texts such as the Sushruta Samhita®® and
the Charaka Samhita,®' written by Sage Sushruta and Sage
Charaka around 1000 BCE and 300 BCE, respectively.

Withanolides are the most studied pharmacologically active
phytoconstituents in the plant.”** Ashwagandha has been
shown to possess anxiolytic, antidepressant, and neuroprotec-
tive effects in several animal models and clinical studies.”>°

In this study, we used a standardized root extract of
W. somnifera (Linn), containing 2.5% withanolides (Sha-
gandha®) and analyzed by using The United States Pharma-
copeia (USP) monogra];h (High-Performance Liquid
Chromatography [HPLC]).”" Thus, the extract contains stan-
dardized amounts of withanolides compared with several
uncharacterized other Ashwagandha extracts studied earlier
and is fortified with the bioavailability enhancer, piperine.***?
The concept of bioavailability enhancers has been described
in the traditional Ayurvedic system of medicine. Pepper de-
rived from the plant Piper nigrum is one of the components of
“trikatu,” along with long pepper and ginger, meaning three
acrids.> Piperine has been shown to increase the absorption of
drug in the intestine, reduce their metabolism, and inhibit drug
efflux.®> We evaluated the clinical efficacy and safety of this
extract in improving the symptoms of depression and anxiety
in adults with mild to moderate depression and anxiety.

Materials and Methods
Materials

The test material was a root extract of W. somnifera (Linn)
(Shagandha) standardized to contain 2.5% withanolides. Each
capsule contained 500 mg of extract with 5mg of 95% pip-
erine (BioPerine®) from P. nigrum. Piperine is known to in-
crease the bioavailability of drugs and phytochemicals.**?
Microcrystalline cellulose capsules were used as placebo. The
product was provided by Sami-Sabinsa Group Limited. The
HPLC profile of the extract is given in Figure 1.

Study design and ethics

The study was conducted as a randomized, double-blind
placebo-controlled design from May 19, 2022, to September
28, 2022, as per Declaration of Helsinki, and ‘‘Guidance on
Good Clinical Practice’” (GCP) requirements. The study was
approved by the independent ethics committee of Apollo
First Med Hospitals, Chennai, and DEC-Health Care Hos-
pital, Nellore, for Protocol No. CW/103/ASH_DEPN/II/
NOV/21. An informed consent form to participate in the
study was signed by all the participants.

Sample size

The sample size was calculated for an alpha error of 0.05
and power at 80% and assuming a correlation of 0.48, based
on the research publication by Chandrasekhar et al.?®
The sample size was calculated to be 60 for evaluation.
Assuming a dropout rate of 15%, the sample size was fixed
at 70, with 35 participants in each group. The sample size
calculations are given in Supplementary Methods section.
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Study population

Inclusion criteria. The study included adult participants
in the age group of 18-60 years with a Hamilton Depression
Rating Scale (HDRS) of 8—18 and Hamilton Anxiety Rating
Scale (HARS) from 6 to 24.

Exclusion criteria. Individuals with major psychiatric,
medical, or neurocognitive disorders that make participation
infeasible or interfere with the adherence to the lifestyle
intervention, using medication or psychotherapy for depres-
sion, or taking Ayurvedic/herbal/homeopathic/dietary sup-
plements (including Vitamin E) or any alternative therapy in
the last 1 month were excluded from the study. Participants
with a history of severe allergies or anaphylactic reactions,
alcohol abuse, excessive smoking, and hypersensitivity to
the investigational product were also excluded from the
study. Other exclusion criteria included the presence of
chronic gastrointestinal and genitourinary diseases, severe
immune deficiency, thyroid disorders, respiratory diseases,
acute medical/surgical complications, uncontrolled diabetes,
or hypertension and abnormal serum biochemical parame-
ters. Those who participated in any clinical study during the
previous 3 months, and pregnant/lactating women were
excluded from the study. Informed consent to participate in
the study was signed by all the participants.

Randomization and blinding. The randomization sequ-
ence was prepared by the statistician, using computer-based
randomization software (SAS 9.3), independent of the spon-
soring organization. The principal investigator assigned the
participants to two different groups by using the alphabetic
codes. A sealed envelope containing the treatment codes
was provided to the Principal Investigator to be broken only
in case of an emergency, that is, serious adverse event (AE).

The randomization sequence was prepared by a statisti-
cian, independent of the sponsoring organization and not
involved in the conduct or reporting of the study. An alpha

min

code was generated for both the active and placebo to imp-
rove the blindness of the study and concealment of allo-
cations. Block randomization with a block size of 6 was
followed, wherein the subjects were randomized to receive
either a placebo or the ashwagandha extract. The random-
ization codes were kept strictly confidential and were acc-
essible only to authorized persons on an emergency basis, as
per the Sponsor’s standard operating procedures, until the
time of unblinding.

The investigator, sponsor, study monitors, and participants
were blinded to the study intervention. The study supplements
were exactly similar, coded and supplied to the study site, in a
manner to keep the blinding throughout the study. The details
of randomization are given in Supplementary Methods.

Intervention and compliance. The participants were ins-
tructed to take 500 mg of ashwagandha root extract (ARE),
standardized for 2.5% withanolides as per The United States
Pharmacopeia method (Shagandha) containing 5 mg of pip-
erine (ARE), or an identical placebo capsule once a day after
dinner for 90 days. The study did not include psychotherapy.

The study period consisted of five scheduled visits,
including a screening visit, a baseline visit (day 0), and
follow-up visits on days 30, 60, and 90 and a telephonic
follow-up, 15 days from the date of the last visit to assess
the occurrence of any AE and overall well-being. Empty or
unused study medication bottles were collected, and In-
vestigational Product accountability was checked and re-
corded in the case record form to assess study compliance.
Compliance was assessed through record and review in the
data collection tool used during the conduct of the clinical
study. A record of the number of capsules dispensed to and
administered by the subject and returned at each visit was
kept in the Case Record Form.

Outcome. The primary endpoints of the study were
mean change in the depression and anxiety scores, HDRS
and HARS, from screening to days 30, 60, and
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90. The secondary endpoint included mean change in Gro-
ningen Sleep Quality Scale (GSQS) and WHO-quality of
life (WHO-QOL) Questionnaire from day O to days 30, 60,
and 90 and serum serotonin levels from day 0 to 90. Safety
was determined by changes in blood biochemistry, hema-
tology, urine profile from day 0 to 90, and occurrence of
AEs throughout the study.

Measures

HDRS is used to quantify the severity of symptoms of
depression and is one of the most widely used and accepted
instruments for assessing depression. The standard version
of the HDRS contains 17 items rated on a 4-point scale, with
the sum of all items making up the total score. An HDRS
score of 0-7 is considered normal, 8—13 mild depression,
14-18 moderate depression, 19-22 severe depression, and
more than 23 very severe depression.*®?’

HARS is a widely used 14-item rating tool to measure the
severity of anxiety symptoms among individuals previously
diagnosed with anxiety disorders. The 14 items reflect 13
categories of anxiety-related symptoms, including anxious
mood, tension, fear, insomnia, intellectual/cognitive symp-
toms, depressed mood, general somatic (muscular and
memory symptoms), cardiovascular, respiratory, genitourinary,
and gastrointestinal symptoms, with one item capturing the
rater’s assessment of behavioral symptoms. Each item is
scored on a scale of 0 (not present) to 4 (severe), with a total
score range of 0-56, where <17 indicates mild severity, 18-24
mild to moderate severity, and 25-30 moderate to severe.8

The GSQS-15 evaluates the subjective quality of sleep,
covering the general quality of sleep, insufficient sleep,
problems of falling asleep, and waking up feeling unrested.
The scale was originally constructed to study sleeping prob-
lems of depressed patients.*® GSQS score ranges from 0 to 14,
a higher score indicating lower subjective quality of sleep.

The WHOQOL-Bref is a frequently used generic ques-
tionnaire for the assessment of QoL across different popu-
lations. It captures many subjective aspects of quality of life
(QOL) and is one of the best-known instruments that has
been developed for cross-cultural comparisons of QOL and
is available in more than 40 languages.*’

Enrollment qi

MAJEED ET AL.

Biomarkers and safety parameters

Serum serotonin levels were measured by ELISA at Sub-
urban Diagnostics Lab as per the manufacturer’s instructions.

Safety analysis

The principal investigator monitored safety data throughout
the course of the study, which included monitoring of AEs an-
d/or serious AEs, laboratory investigations, and vital signs.
Regular serum biochemical tests and hematological and urine
analyses were carried out at Apollo & Vijaya Diagnostic Centre.

Statistical analysis

The normality of quantitative variables was analyzed
using the Shapiro-Wilks test, and the data are represented as
mean, standard deviation, or median, and range based on
their distribution. The differences within the group at dif-
ferent time points were compared by repeated-measures
analysis of variance (ANOVA) and Dunnett’s Multiple
Comparison post hoc test. The differences between the
groups at different time points were analyzed by two-way
ANOVA and the change in values from day 0 to 90 by
Mann—Whitney test. All the statistical analysis was per-
formed by STATA Software version 16.0 by an independent
statistician blinded to the study groups. The level of signif-
icance was defined as a p-value <0.05.

Results
Demographic and baseline characteristics

The principal investigators prescreened 94 probable subjects
and 72 participants were considered for screening. There was
one screen failure and one participant did not come for the
screening visit. Thus, 70 were found eligible and were ran-
domized for intervention, 34 in ARE and 36 in placebo groups.
As per the statistical software (SAS 9.4), the randomization
codes were generated in a block of 6. There were two sites. One
site recruited 36 participants, 18 each in ARE and placebo. The
second site recruited 34 participants, distributed as 16 in ARE
and 18 in placebo as per the 6-block randomization schedule.
All the participants completed the study (Fig. 2). The mean age

Pre-screened

{n:94 ]

Assessed for
eligibility (n=72)

Excluded (n=1)
Did not come for screening (n=1)

| —

Randomized (n=70)

FIG. 2. Consort flow diagram

showing the participant disposition. ARE

Received allocated intervention (n=34)

Placebo
Received allocated intervention (n= 36)

Allocation

‘ Discontinued intervention (n=0)

!

‘ Discontinued intervention (n=0)
|

Analysed (n=34)
Excluded from analysis (n=0)

Analysed (n=36 )
Excluded from analysis (n=0)
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TABLE 1. DEMOGRAPHIC AND BASELINE CHARACTERISTICS OF STUDY SUBJECTS

Demographics Placebo (n=36) ARE (n=34) Total patients (n=70)
Gender
Male 21 (58.33%) 22 (64.70%) 43 (61.42%)
Female 15 (41.66%) 12 (35.29%) 27 (38.57%)
Age 39.53£12.36 41.88+10.24 40.69+11.34
Height (cm) 162.89+7.68 161.41£8.40 162.17£8.01
Weight (kgg 67.83£11.97 66.55+£8.48 67.21£10.37
BMI (kg/m~) 25.60+£4.71 25.55+3.13 25.58+3.99

36 (100.00%)
36 (100.00%)
36 (100.00%)
36 (100.00%)

Asian race

Smoking history (no)
Alcohol history (no)
Drug abuse history

Systolic BP (mm Hg) 125.03+4.68
Diastolic BP (mmHg) 81.53+2.24
Body temperature (°F) 98.23+£0.58
Pulse rate (beats/min) 81.08+£3.13

34 (100.00%)
33 (97.05%)
33 (97.05%)
33 (97.05%)

70 (100.00%)
69 (98.57%)
69 (98.57%)
69 (98.57%)

126.97+£4.07 125.97+4.47
81.56+2.11 81.54+£2.43
98.32£0.72 98.27+0.65
81.35+£2.98 81.21+3.04

Data are represented as mean*SD for anthropometric parameters, body temperature, and respiratory rate. Gender, race, smoking,
alcohol, and drug abuse history as number of participants N (%), while BP and pulse rate are given as median and range.
ARE, Ashwagandha root extract; BMI, body mass index; BP, blood pressure; SD, standard deviation.

of subjects was 40.69 £ 11.34 years, 43 (61.42%) were men and
27 (38.57%) were women. Table 1 represents the baseline
characteristics of enrolled patients.

Hamilton Anxiety Rating Scale

The HARS scores were assessed on day 0, 30, 60, and 90,
for all the participants. A significant decrease in the dep-
ression scores was observed as early as a month of sup-
plementation with ARE. The scores decreased from
17.09£4.45 on day 0 to 15.03+3.08 on day 30, 11.53+3.13
on day 60, and to 8.18 £3.20 on day 90. In comparison, the

A Hamilton Anxiety rating scale
25
—a— ARE
204 —a— Placebo
e
§ 154
et P<0.001
e 104
€ 10
T
5
Day0 Day30 Day60 Day90
C Groningen Sleep Quality Scale
17.5+
-a— ARE
15.04 —i— Placebo
© 12.5-
8
2 10.04
w
- R P< 0.001
O 5.0+
2.5
0.0 T T T T
Day0 Day 30 Day 60 Day 90

decrease in placebo was 18.68+3.94 to 17.00%3.76,
17.06£3.50, and 16.14 £3.09 on days 0, 30, 60, and 90. The
change in the score was —8.06 U (52.91%) on day 90, was
significantly better in ARE (p <0.001) compared to placebo
(-1.78U, 11.65%). Two-way ANOVA revealed a signifi-
cant difference between ARE and placebo for HDRS scores
on days 60 and 90 (Fig. 3A and Table 2).

Hamilton Depression Rating Scale

The HDRS scores showed a similar trend as HARS in the
reduction of anxiety in the ARE group. The HDRS scores

B Hamilton Depression rating scale

20+
—a—ARE

—4— Placebo

-
L
L

HDRS score
2

P<0.001
54
.: L L L L}
Day0 Day 30 Day 60 Day 90
D WHO Quality of Life
65+
—a—ARE
®© 60+ —a— Placebo
S 554
a
_y 504 P<0.001
o
O 454
2w
=
35+
30 L} L] L] L]
Day0 Day 30 Day 60 Day 90

FIG. 3. Change in anxiety, depression, QOL, and sleep from baseline to day 90. The HARS (A), HDRS (B), GSQS (C),
and WHO-QOL (D) scores of the placebo and ARE group from day O to 90 are represented in the graph. The p values
represent the difference between ARE and placebo by two-way ANOVA. ANOVA, analysis of variance; ARE, Ashwa-
gandha root extract; GSQS, Groningen Sleep Quality Scale; HARS, Hamilton Anxiety Rating Scale; HDRS, Hamilton

Depression Rating Scale; QOL, quality of life.
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TABLE 2. MEAN DIFFERENCES IN EFFICACY PARAMETERS FROM BASELINE TO END OF THE STUDY

Parameters Group Day 0 (mean=*SD) Day 90 (mean+SD) Mean change p

HARS Placebo 18.68+3.94 16.14 £3.09%%** -2.56 <0.001
ARE 17.09+£4.45 8.18 £3.20%** -8.91

HDRS Placebo 15.19+£2.18 13.42£2.18 -1.78 <0.001
ARE 15.21£2.65 7.151£2.93%*% -8.06

GSQS-15 Placebo 12.61+1.44 8.89 £ 2 53 -3.72 <0.001
ARE 12.85+1.28 4.06£2.70%** -8.79

WHOQOL Placebo 40.82+5.58 44,73 £7.88%%:* 391 <0.001
ARE 40.55+£5.94 54.53 £5.46%%* 13.98

Serotonin levels Placebo 86.00 (53.43, 159.50) 65.93 (28.88, 131.23) -20.18 <0.001
ARE 87.43 (56.39, 134.00) 132.24 (91.43, 188.30)*** 55.28

Data are represented as mean=SD. Serotonin levels were not normally distributed; hence median (interquartile range) is given.
Significance (***p <0.001) within the group from baseline to end of the study. The significance (p value) of the mean change in scores

between ARE and placebo are represented in the table.

GSQS, Groningen Sleep Quality Scale; HARS, Hamilton anxiety rating scale; HDRS, Hamilton depression rating scale; SD, standard
deviation; WHOQOL questionnaire, world health organization quality-of-life questionnaire.

decreased from 15.21+4.45 on day O to 15.03+£3.08 on
day 30, 11.53+3.13 on day 60, and to 8.18 +3.20 on day 90.
In comparison, the decrease in placebo was 15.19+£2.18 to
13.91+£2.45, 13.94+2.14, and 13.42%2.18 on days 0, 30,
60, and 90. The change in the score was —8.91 U (52.13%)
on day 90 compared to day O in the ARE group and —2.56 U
(13.59%) in placebo, which was significantly better
(p<0.001). Two-way ANOVA revealed a significant dif-
ference between ARE and placebo for HARS scores, on day
60 and 90 (Fig. 3B and Table 2).

The Groningen Sleep Quality Scale (GSQS-15)

The quality of sleep improved in both ARE and placebo,
but the extent of improvement was significantly better
(p<0.001) in ARE compared to placebo. The score was
comparable on day O at 12.85+1.28 in ARE and 12.61 %
1.44 in placebo. A gradual improvement was observed in
ARE group (10.41£2.43 on day 30, to 7.74+2.53 on day 60
and 4.06£2.70 on day 90) and placebo (9.75%1.54,
9.11£2.19, and 8.89%+2.53 on days 30, 60, and 90, res-
pectively). The sleep index changed by —8.79 U (68.40%) in
ARE and —-3.72U (29.50%) in placebo, which was signifi-
cant between the groups (p<0.001). Two-way ANOVA
showed a significant difference between the groups on days
60 and 90 (Fig. 3C and Table 2).

Change in QOL (WHOQOL Score) from baseline
to the final visit

The WHOQOL measures the physical, psychological, and
social relationships, environment, and general (Q16) health
status of the individual. An increase in the score indicates
better QOL. The QOL showed an increase of 34.47% in
ARE and 9.57% in placebo from day 0 to 90, which was
significant (p<0.001) between ARE and placebo by two-
way ANOVA analysis. The WHOQOL scores on day 0 were
40.55%£5.94 in ARE and 40.82£5.58 in placebo. The scores
increased to 46.18+7.01 in ARE and 46.25+5.39 in pla-
cebo on day 30, to 49.95+5.93 and 45.64 £6.48 in ARE and
placebo, respectively, on day 60, and to 54.53+5.46 and
44.73+£7.88 on day 90 in ARE and placebo, respectively
(Fig. 3D and Table 2).

Serotonin levels from baseline to final visit

The serum serotonin levels increased in ARE, but showed
a decreasing trend in placebo. The median serotonin levels
in serum increased from 87.43 (56.39, 134.00) to 132.24
(91.43, 188.30) in ARE, while the values decreased from
86.00 (53.43, 159.50) to 65.93 (28.88, 131.23) in placebo.
The mean difference from day O to 90 was significant
between ARE and placebo (Fig. 4 and Table 2).

Safety

Eighteen subjects in ARE and 16 subjects in placebo rep-
orted mild discomforts like headache, nausea, diarrhea,
drowsiness, fever, back pain, and stomach pain. All the events
were transient and were resolved within 24h (Table 3 and
Supplementary Table S1). No patient discontinued the study
due to AEs or reported any serious AE. The biochemical and
hematological parameters were in the normal range in both
ARE and placebo groups (Supplementary Tables S2-S4).

Discussion

We observed significant improvements in depression, anx-
iety, and sleep quality in individuals consuming 500 mg

Serum Serotonin

175+ wkk P<0.001

I ARE
N Placebo

Serotonin ng/ml

ARE Placebo

FIG. 4. Change in serum serotonin levels from baseline to
day 90 (Mean £ SEM). Serotonin levels in serum at baseline
and on day 90 in ARE and placebo groups. **p<0.01,
**%p<0.001. p Value represents the difference between
ARE and placebo on day 90.
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TABLE 3. SUMMARY STATISTICS OF SAFETY ASSESSMENT BY ADVERSE EVENTS

Count (N=70)

Parameter Total (n=70) Active (n=34)  Placebo (n=36)

AEs
N 34 18 16
Patients with any AE 34 (34.00%) 18 (18.00%) 16 (16.00%)
Patients with severe AEs 00 (0.00%) 00 (0.00%) 00 (0.00%)
Patients with investigator—defined drug-related AEs 00 (0.00%) 00 (0.00%) 00 (0.00%)
Patients with AEs leading to discontinuation of trial medication 00 (0.00%) 00 (0.00%) 00 (0.00%)
Patients with serious AEs 00 (0.00%) 00 (0.00%) 00 (0.00%)

AE, adverse event.

ARE standardized for 2.5% total withanolides (Shagandha)
for 90 days in this randomized, double-blind placebo-
controlled study. All participants (100%) in the ARE group
reported an improvement in anxiety and depression compared
to 66.6% in placebo. The magnitude of improvements was
52.1% for anxiety and 52.9% for depression in ARE com-
pared to 13.6% and 11.6% in placebo. Improvement in sleep
and QOL was reported by 100% and 97% of participants,
respectively, in ARE and 83.3% and 55.5% in placebo, ARE
being significantly better than the effect of placebo

Ashwagandha has been reported to alleviate anxiety
and stress in several studies earlier.”®****"*> In a recent
meta-analysis, ashwagandha supplementation was reported
to significantly reduce anxiety (standardized mean differ-
ence: —1.55, 95% confidence interval: —2.37 to —0.74;
p=0.005; P= 93.8%).43 Our results agree with these studies,
at a lower dosage of total withanolides. The ARE used in
this study was standardized for 2.5% of withanolides cor-
responding to 12.5 mg of withanolides in the 500 mg dose.
Earlier studies have used ashwagandha extracts with 15—
48 mg of effective withanolides.

The effect of ashwagandha in depression has been evalu-
ated in fewer studies compared to anxiety and stress. Chauhan
et al. showed a beneficial effect of ashwagandha (500 mg/day)
for 6 weeks in moderately depressed elderly women.** ARE
containing 5% withanolides at a dose of 300 mg twice a day
was reported to significantly reduce in scores corresponding to
depression by 79.2% after 60 days.”® In another study, ash-
wagandha supplementation at 100 mg per day for 12 weeks
showed promising effect on alleviating depression in patients
with schizophrenia.*> In rodent models of depression and
anxiety, treatment with ashwagandha extract could demon-
strate significant antidepressant effect.*6™*®

Glycowithanolides from ashwagandha roots were found
to exhibit an antidepressant effect, comparable with that of
imipramine in a rat model.?® Our results are concurrent with
these reports and demonstrate that even at a dose of 12.5 mg
of withanolides per day, ARE was beneficial in improving
the depression scores in individuals with mild to moderate
depression.

Sleep disorders are frequently observed as comorbidity in
depression and is a risk factor for both incident and recurrent
episodes of depression.*’ In fact, depression and insomnia
share a bidirectional relationship as the presence of one is
a risk factor for the development of the other disorder.”®
A recent meta-analysis revealed moderate to large effect
size improvement in depression in individuals treated for
insomnia.”’ Ashwagandha extract has been shown to imp-

rove sleep quality in clinical studies.”> We observed a sig-
nificant improvement in sleep pattern in participants taking
ARE, suggesting an overall benefit in improving anxiety
depression and sleep pattern. It is worthwhile to mention
that an improvement in sleep was also observed in the
placebo, This could be due to placebo effect, which is
known for perceived insomnia symptoms.”® However, the
effect of ARE was significantly better than placebo.

To further understand the possible mechanism of action
of ARE, we estimated the change in serum serotonin levels
during the study. A deficit in monoamine neurotransmitters
(serotonin, dopamine, and noradrenaline) is responsible
for the development of depression.” ARE supplementation
increased the serum serotonin levels significantly com-
pared to placebo, suggesting a possible mechanism of action
through this neurotransmitter activity. Earlier studies
have shown that withanolide A could increase serotonin
mRNA in Caenorhabditis elegans and alleviate stress and
depression.>*

In an experimental study in Equine stress model, Priyanka
et al. observed an increase in serotonin levels in response to
administration of ashwagandha root powder for 21 days.>
Bhatnagar et al. observed that ARE suppresses corticoste-
rone release and activates choline acetyltransferase, which
in turn increases serotonin level in hippocampus in ex-
perimental rodents.’® We also observed an increase in
serotonin levels with ARE supplantation in our earlier
study (unpublished observation). Ashwagandha supplemen-
tation has been shown to have an antioxidant and anti-
inflammatory effect and reduce serum cortisol levels in
stressed adults,‘“’”’60 which could have also helped in the
increase in serotonin levels.

Participants taking ARE reported a significant improve-
ment in WHOQOL and was well tolerated with no change in
hematological and biochemical parameters and no major AE
was reported over time.

The strength of the studies includes assessment of anxi-
ety, depression, sleep quality serum, and serotonin levels in
the same population to understand the effect of Ashwa-
gandha on the interrelated parameters. The limitations of the
study could be a relatively smaller sample size from a single
ethnic population. We estimated only serotonin levels in this
study, while cortisol, noradrenaline, dopamine, and GABA
are also known to play an important role in the development
of anxiety and depression, which could be considered a
study limitation. Future studies in diverse populations with
different degrees of depression, anxiety, and related disor-
ders and follow-up after termination of supplementation will
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help to understand the sustained effects of ARE. Multiple,
interdependent pathways are involved in the development of
depression and anxiety. Future studies, including the effect
of ARE on the hypothalamic-pituitary-adrenal axis, in-
flammation, and other neurotransmitters, would delin-
eate the mechanism of action of the supplement.

Conclusions

In conclusion, the results of this study suggest a posi-
tive impact of ARE (Shagandha, standardized for 2.5%
withanolides) at 500 mg with 5mg of 95% piperine once a
day on individuals with mild to moderate depression and
anxiety. ARE increased serum serotonin levels, suggesting
its mechanism of action through the monoamine neuro-
transmitters. The results of the study were comparable to
earlier studies conducted with ashwagandha extracts con-
taining a higher quantum of withanolides. Future studies in
diverse populations would substantiate our results.

Acknowledgments

The authors thank Mr. Kamal Kammili and his team at
Sanjeevani BioSolutions, Hyderabad, for the statistical
analysis and the clinical team associated with the study.

Authors’ Contributions

Conceptualization: M.M. and K.N.; methodology and
validation: L.M. and A.M.; formal analysis: A.M. and L.M.;
investigation: M.V.R. and T.V.D.; resources: M.M..; data
curation: A.M. and L.M.; writing—original draft prepara-
tion: L.M.; writing—review and editing: K.N., M.M., AM.,
and L.M.; supervision: K.N.; project administration: K.N.;
and funding acquisition: M.M. All authors have read and
agreed to the published version of the article.

Informed Consent Statement

Informed consent was obtained from all subjects involved
in the study.

Author Disclosure Statement

MM, KN., AM,, and L.M. are employees of Sami-
Sabinsa Group Limited/Sabinsa Corporation that markets
Ashwagandha products. M.V.R. and T.V.D. do not have any
conflicts to declare. All the authors have agreed on the
contents of the article. The study was conducted by the
principal investigators: T.V.D. and M.V.R. The results were
analyzed by an independent statistician. The investigators,
sponsors, and the subjects were blinded to the study.

Funding Information

This research received no external funding. The study
was funded by Sami-Sabinsa corporation.

Supplementary Material

Supplementary Methods
Supplementary Table S1
Supplementary Table S2
Supplementary Table S3
Supplementary Table S4

MAJEED ET AL.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

. Dobrek L,

Brady EU, Kendall PC. Comorbidity of anxiety and depres-
sion in children and adolescents. Psychol Bull 1992;111(2):
244-255; doi: 10.1037/0033-2909.111.2.244

. Cohen JR, Andrews AR, Davis MM, et al. Anxiety and

depression during childhood and adolescence: Testing the-
oretical models of continuity and discontinuity. J Abnorm
Child Psychol 2018;46(6):1295-1308; doi: 10.1007/
$10802-017-0370-x

. Higgins ET, Klein R, Strauman T. Self-concept discrep-

ancy theory: A psychological model for distinguishing
among different aspects of depression and anxiety. Soc
Cogn 1985;3(1):51-76; doi: 10.1521/s0c0.1985.3.1.51

. World Health Organisation. Depressive Disorder (Depres-

sion); March 2023. Available from: https://www.who.int/
news-room/fact-sheets/detail/depression [Last accessed:
May 20, 2023].

. Clack S, Ward T. The classification and explanation of

depression. Behav Change 2019;36(1):41-55; doi: 10.1017/
bec.2019.4

Gtowacka K. Depression and its
phytopharmacotherapy—A narrative review. Int J Mol Sci
2023;24(5):4772; doi: 10.3390/ijms24054772

. Bernaras E, Jaureguizar J, Garaigordobil M. Child and

adolescent depression: A review of theories, evaluation
instruments, prevention programs, and treatments. Front
Psychol 2019;10:543; doi: 10.3389/fpsyg.2019.00543

. Qin DD, Rizak J, Feng XL, et al. Prolonged secretion of

cortisol as a possible mechanism underlying stress and
depressive behaviour. Sci Rep 2016;6:30187; doi: 10.1038/
srep30187

. Jesulola E, Micalos P, Baguley I1J. Understanding the

pathophysiology of depression: From monoamines to the
neurogenesis hypothesis model—Are we there yet? Behav
Brain Res 2018;341:79-90; doi: 10.1016/j.bbr.2017.12
.025

Lee CH, Giuliani F. The role of inflammation in depression
and fatigue. Front Immunol 2019;10:1696; doi: 10.3389/
fimmu.2019.01696

Munir S TV. Generalized Anxiety Disorder. StatPearls
Publishing; 2022. Available from: https://www.ncbi
.nlm.nih.gov/books/NBK441870/ [Last accessed: May 6,
2023].

Nutt DJ. Neurobiological mechanisms in generalized anx-
iety disorder. J Clin Psychiatry 2001;62 Suppl 11:22-27;
discussion 28.

Korte SM. Corticosteroids in relation to fear, anxiety and
psychopathology. Neurosci Biobehav Rev 2001;25(2):117—
142; doi: 10.1016/s0149-7634(01)00002-1

Bandelow B, Michaelis S, Wedekind D. Treatment of
anxiety disorders. Dialogues Clin Neurosci 2017;19(2):
93-107; doi: 10.31887/DCNS.2017.19.2/bbandelow

Arroll B, Chin WY, Martis W, et al. Antidepressants for
treatment of depression in primary care: A systematic rev-
iew and meta-analysis. J Prim Health Care 2016;8(4):325—
334; doi: 10.1071/hc16008

Fajemiroye JO, da Silva DM, de Oliveira DR, et al.
Treatment of anxiety and depression: Medicinal plants in
retrospect. Fundam Clin Pharmacol 2016;30(3):198-215;
doi: 10.1111/fcp.12186

Yeung KS, Hernandez M, Mao JJ, et al. Herbal medicine
for depression and anxiety: A systematic review with
assessment of potential psycho-oncologic relevance. Phyt-
other Res 2018;32(5):865-891; doi: 10.1002/ptr.6033



STANDARDIZED ASHWAGANDHA EXTRACT ON ANXIETY AND DEPRESSION

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kenda M, Kocevar Glava¢ N, Nagy M, et al. Medicinal
plants used for anxiety, depression, or stress treatment: An
update. Molecules 2022;27(18):6021.

Kulkarni SK, Dhir A. Withania somnifera: An Indian gin-
seng. Prog Neuropsychopharmacol Biol Psychiatry 2008;
32(5):1093-1105; doi: 10.1016/j.pnpbp.2007.09.011
Shastry A. Sushruta Samhita. Volume I. Chikitsa Sthanam,
(Vyakhya on Sushruta Samhita by Sushruta). Chaukham-
bha Sanskrit Samsthan: Varanasi, India; 2007.

Tripathi B. Charaka Samhita Hindi Commentary (edited
from Charaka Sambhita by Agnivesha). Vol. II. Chaukham-
bha Surabharati Prakashan: Varanasi, India; 2013.
Mirjalili MH, Moyano E, Bonfill M, et al. Steroidal lac-
tones from Withania somnifera, an ancient plant for novel
medicine. Molecules 2009;14(7):2373-2393; doi: 10.3390/
molecules14072373

Sharma V, Sharma S, Pracheta RP. Withania somnifera:
A rejuvenating ayurvedic medicinal herb for the treatment.
Int J PharmTech Res 2011;3(1):187-192.

Singh G, Sharma P, Dudhe R, et al. Biological activities of
Withania somnifera. Ann Biol Res 2010;1(3):56-63.
Auddy B, Hazra J, Mitra A. A standardized Withania Som-
nifera extract significantly reduces stress-related parameters
in chronically stressed humans: A double-blind, randomized,
placebo-controlled study. JANA 2008;11:50-56.
Bhattacharya SK, Bhattacharya A, Sairam K, et al.
Anxiolytic-antidepressant activity of Withania somnifera
glycowithanolides: An experimental study. Phytomedicine
2000;7(6):463-469; doi: 10.1016/s0944-7113(00)80030-6
Bhattacharya SK, Muruganandam AV. Adaptogenic activ-
ity of Withania somnifera: An experimental study using a
rat model of chronic stress. Pharmacol Biochem Behav
2003;75(3):547-555; doi: 10.1016/s0091-3057(03)00110-2
Chandrasekhar K, Kapoor J, Anishetty S. A prospective,
randomized double-blind, placebo-controlled study of
safety and efficacy of a high-concentration full-spectrum
extract of ashwagandha root in reducing stress and anxiety
in adults. Indian J Psychol Med 2012;34(3):255-262; doi:
10.4103/0253-7176.106022

Choudhary D, Bhattacharyya S, Joshi K. Body weight
management in adults under chronic stress through treat-
ment with ashwagandha root extract: A Double-Blind,
Randomized, Placebo-Controlled Trial. J Evid Based
Complementary Altern Med 2017;22(1):96-106; doi: 10
1177/2156587216641830

Udayakumar R, Kasthurirengan S, Vasudevan A, et al.
Antioxidant effect of dietary supplement Withania somni-
fera L. reduce blood glucose levels in alloxan-induced
diabetic rats. Plant Foods Hum Nutr 2010;65(2):91-98, doi:
10.1007/s11130-009-0146-8

United States Pharmacopeia. Dietary Supplement Mono-
graphs PARE. Dietary Supplement Monographs, Powdered
Ashwagandha Root Extract. Rockville, MD; 2023. Avail-
able from: https://doi.org/10.31003/USPNF_M?2789_08_01
[Last accessed: May 20, 2023].

Haq IU, Imran M, Nadeem M, et al. Piperine: A review of
its biological effects. Phytother Res 2021;35(2):680-700;
doi: 10.1002/ptr.6855

Zhang W, Zheng Q, Song M, et al. A review on the bio-
availability, bio-efficacies and novel delivery systems for
piperine. Food Funct 2021;12(19):8867-8881; doi: 10
.1039/D1IFO01971F

Kesarwani K, Gupta R, Mukerjee A. Bioavailability
enhancers of herbal origin: An overview. Asian Pacific J

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

467

Trop Biomed 2013;3(4):253-266; doi: 10.1016/s2221-
1691(13)60060-x

Atal CK, Dubey RK, Singh J. Biochemical basis of
enhanced drug bioavailability by piperine: Evidence that
piperine is a potent inhibitor of drug metabolism. J Phar-
macol Exp Ther 1985;232(1):258-262.

Hamilton M. Development of a rating scale for primary
depressive illness. Br J Soc Clin Psychol 1967;6(4):278—
296; doi: 10.1111/j.2044-8260.1967.tb00530.x

Sharp R. The Hamilton Rating Scale for Depression. Occup
Med 2015;65(4):340; doi: 10.1093/occmed/kqv043
Hamilton M. The assessment of anxiety states by rating. Br
J Med Psychol 1959;32(1):50-55; doi: 10.1111/j.2044-
8341.1959.tb00467.x

Meijman T, Vries-Griever Ad, Vries Gd, et al. The Eva-
luation of the Groningen Sleep Quality Scale (HB 88-13-
EX). RUG: Groningen; 1988.

Skevington SM, Lotfy M, O’Connell KA. The World
Health Organization’s WHOQOL-BREF quality of life
assessment: Psychometric properties and results of the
international field trial. A report from the WHOQOL group.
Qual Life Res 2004;13(2):299-310; doi: 10.1023/b:Qure
.0000018486.91360.00

Lopresti AL, Smith SJ, Malvi H, et al. An investigation
into the stress-relieving and pharmacological actions of an
ashwagandha (Withania somnifera) extract: A randomized,
double-blind, placebo-controlled study. Medicine 2019;
98(37):e17186; doi: 10.1097/md.0000000000017186
Salve J, Pate S, Debnath K, et al. Adaptogenic and anxio-
Iytic effects of ashwagandha root extract in healthy adults:
A Double-blind, Randomized, Placebo-controlled Clinical
Study. Cureus 2019;11(12):e6466; doi: 10.7759/cureus
.6466

Akhgarjand C, Asoudeh F, Bagheri A, et al. Does Ash-
wagandha supplementation have a beneficial effect on the
management of anxiety and stress? A systematic review
and meta-analysis of randomized controlled trials. Phyt-
other Res 2022;36(11):4115-4124; doi: 10.1002/ptr.7598
Chauhan Komal PG. Impact of Ashwagandha (Withania
somnifera) on mental health profile of elderly women. Eur
Sci J 2013;9(27):177-187; doi: 10.19044/esj.2013.vI9n27p%p
Gannon JM, Brar J, Rai A, et al. Effects of a standardized
extract of Withania somnifera (Ashwagandha) on depres-
sion and anxiety symptoms in persons with schizophrenia
participating in a randomized, placebo-controlled clinical
trial. Ann Clin Psychiatry 2019;31(2):123-129.

Gupta GL, Rana AC. Protective effect of Withania som-
nifera dunal root extract against protracted social isolation
induced behavior in rats. Indian J Physiol Pharmacol 2007;
51(4):345-353.

Gupta GL, Rana AC. Effect of Withania somnifera Dunal
in ethanol-induced anxiolysis and withdrawal anxiety in
rats. Indian J Exp Biol 2008;46(6):470-475.

Kumar A, Kalonia H. Protective effect of Withania som-
nifera Dunal on the behavioral and biochemical alterations
in sleep-disturbed mice (Grid over water suspended meth-
od). Indian J Exp Biol 2007;45(6):524-528.

Ohayon MM. Epidemiology of insomnia: What we know
and what we still need to learn. Sleep Med Rev 2002;6(2):
97-111; doi: 10.1053/smrv.2002.0186

Franzen PL, Siegle GJ, Buysse DJ. Relationships between
affect, vigilance, and sleepiness following sleep depriva-
tion. J Sleep Res 2008;17(1):34—41; doi: 10.1111/j.1365-
2869.2008.00635.x



468

51.

52.

53.

54.

55.

56.

57.

Gebara MA, Siripong N, DiNapoli EA, et al. Effect of
insomnia treatments on depression: A systematic review
and meta-analysis. Depress Anxiety 2018;35(8):717-731;
doi: 10.1002/da.22776

Cheah KL, Norhayati MN, Husniati Yaacob L, et al. Effect of
Ashwagandha (Withania somnifera) extract on sleep: A sys-
tematic review and meta-analysis. PLoS One 2021;16(9):
e0257843; doi: 10.1371/journal.pone.0257843

Yeung V, Sharpe L, Glozier N, et al. A systematic review
and meta-analysis of placebo versus no treatment for
insomnia symptoms. Sleep Med Rev 2018;38:17-27; doi:
10.1016/j.smrv.2017.03.006

NaB J, Abdelfatah S, Efferth T. Induction of stress resis-
tance and extension of lifespan in Chaenorhabditis elegans
serotonin-receptor knockout strains by withanolide A.
Phytomedicine 2021;84:153482; doi: 10.1016/j.phymed
.2021.153482

Priyanka G, Anil Kumar B, Lakshman M, et al. Adapto-
genic and immunomodulatory activity of Ashwagandha
root extract: An experimental study in an Equine Model.
Front Vet Sci 2020;7:54112; doi: 10.3389/fvets.2020
541112

Bhatnagar M, Sharma D, Salvi M. Neuroprotective effects
of Withania somnifera dunal.: A possible mechanism.
Neurochem Res 2009;34(11):1975-1983; doi: 10.1007/
s11064-009-9987-7

Majeed M, Nagabhushanam K, Mundkur L. A standardized
Ashwagandha root extract alleviates stress, anxiety, and

58.

59.

60.

MAJEED ET AL.

improves quality of life in healthy adults by modulating
stress hormones: Results from a randomized, double-blind,
placebo-controlled study. Medicine 2023;102(41):e35521;
doi: 10.1097/md.0000000000035521

Archana R, Namasivayam A. Antistressor effect of With-
ania somnifera. J Ethnopharmacol 1999;64(1):91-93; doi:
10.1016/s0378-8741(98)00107-x

Singh B, Saxena AK, Chandan BK, et al. Adaptogenic
activity of a novel, withanolide-free aqueous fraction from
the roots of Withania somnifera Dun. Phytother Res 2001;
15(4):311-318; doi: 10.1002/ptr.858

Baitharu I, Jain V, Deep SN, et al. Withania somnifera root
extract ameliorates hypobaric hypoxia induced memory
impairment in rats. J Ethnopharmacol 2013;145(2):431—
441; doi: 10.1016/j.jep.2012.10.063

Address correspondence to:
Lakshmi Mundkur, PhD
Sami-Sabinsa Group Limited
19/1& 19/2, I Main, Il Phase
Peenya Industrial Area
Bangalore

Karnataka 560058

India

E-mail: lakshmi@sami-sabinsagroup.com





