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A B S T R A C T   

Background: Withania somnifera (L.) Dunal, known as Ashwagandha, is an adaptogen with significant importance 
in Ayurveda for its potential health benefits in strength (’balavardhan’) and muscle growth (’mamsavardhan’). 
Despite numerous studies on its efficacy, limited research is reported on its clinical safety and tolerability in 
healthy individuals. 
Objective: This research evaluated the tolerability and safety of standardized Withania somnifera root extract 
(WSE) capsules (AgeVel®/Witholytin®) at 1000 mg/day dose upon oral administration in healthy male 
participants. 
Method: A non-randomized, open-label, single-treatment clinical study included eighteen healthy male partici-
pants aged 18 to 60. The participants were administered a dose of 500 mg of the WSE capsules twice daily for 
four weeks. Each capsule contained not less than 7.50 mg of total withanolides. The study evaluated various 
indicators in a cohort of healthy participants throughout the trial, including vital signs, organ function tests, 
urine analysis, X-ray and ECG, cardiorespiratory endurance, body fat percentage, lean body weight, adverse 
events profile, and tolerability of the WSE capsules. 
Results: The participant’s physical, hematological, and biochemical characteristics were normal, and no signif-
icant alterations or irregularities were observed in safety metrics like liver, kidney, and thyroid functions after 
administering AgeVel®/Witholytin®. 
Conclusion: This study found that healthy male participants could consume a standardized WSE at a daily dosage 
of 1000 mg for four weeks without any adverse effects. Future research should focus on long-term safety as-
sessments in male and female participants.   

1. Introduction 

Withania somnifera (L.) Dunal, also known as the ‘Indian Winter 
cherry’ or ‘Indian Ginseng’ or Ashwagandha, is a crucial traditional herb 
in Indian medicine, grown in semi-arid regions of India, the southeastern 
hemisphere, Congo, South Africa, Morocco, and Egypt [1]. Ashwa-
gandha’s therapeutic benefits are attributed to its bio-actives, including 
withanosides, withanolides, alkaloids, and numerous sitoindosides 
[2–5]. The Ayurvedic texts reveal that the Ashwagandha root is used for 
rejuvenating, muscle-strengthening, tonic, weight-promoting, and 
aphrodisiac purposes. It also treats oligospermia, phthisis, poisonous 

disorders, pox, psychosis, scrotal swell, bleeding, chest injury, and skin 
disorders [6]. In Charak Samhita (1500 BC), Ashwagandha was reported 
for boosting weight and strength [7]. It is also mentioned in the Sushruta 
Samhita (2000 BC) for internal and external emaciation usage and to 
nourish the body [8–10]. Roots and extracts of Ashwagandha have been 
reported in pre-clinical and clinical trials to have activities including 
adaptogenic, immunomodulatory, anxiolytic, anti-stress, anti-in-
flammatory, anti-bacterial, anti-aging, cardioprotective, treatments of 
sleep disorders, hypothyroidism, etc. [11–23]. 

Withanosides and withanolides-enriched Ashwagandha supplements 
are a significant and expanding part of dietary supplement markets for 
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their health-promoting effects internationally. Ashwagandha has been 
recently deemed a top priority for human mechanistic research by the 
National Center for Complementary and Alternative Medicines 
(NCCAM) of the US National Institute of Health. It had total sales of 
$13.7 million in the natural retail sector in the USA and ranked third, 
after elderberry and cannabidiol (CBD), with a 45.2% increase in sales 
[24]. The global market for Ashwagandha extract, valued at $864.3 
million in 2021 and is expected to grow at a CAGR of 11.4% from 2022 
to 2031, despite its potential health benefits, making it crucial to un-
derstand its safety and tolerability in healthy individuals. 

According to Ayurveda, W. somnifera leaves can be applied exter-
nally. Further, as per ethnopharmacological evidence, the paste of 
leaves is applied to painful areas, and boiling leaves are applied topically 
to treat boils and reduce pain [6]. Ayurveda advises the use of only roots 
for ingestible administration and therapeutic purposes. The Indian 
Ministry of ‘AYUSH’, Government of India, recently released an advisory 
urging people to “refrain from the use of W. somnifera leaves" due to the 
lack of “substantial evidence and literature" in favor of the use of Ash-
wagandha leaves as medicine [25]. The use of additional plant parts, 
particularly the leaves and stem, of the W. somnifera, could have blended 
with root material and/or its extract for commercial purposes, which, 
beyond adulteration concern, may lead to adverse effects. Commercial 
extracts with inadequate quality control pose a risk to consumers, re-
searchers, and regulatory organizations who expect material consistency 
and quality parameters. In 2023, the Indian Ministry of AYUSH also 
published a safety dossier on W. somnifera, analyzing 27 toxicity studies. 
They concluded that using W. somnifera root extract at a concentration 
dose of at least 2,000 mg/kg body weight is safe for human consumption 
without any negative impact [6]. 

Numerous clinical trials on Ashwagandha for treating schizophrenia, 
neuropathic pain, anxiety, stress, ADHD, memory and cognitive 
enhancement, sexual health in men and women, cardio-respiratory 
endurance, hyperlipidemia, and COVID-19 have been reported 
[26–31]. However, a significant problem for the worldwide nutraceut-
icals and dietary supplement industry and various countries’ regulatory 
bodies could be Ashwagandha’s safety. Relatively few adequate in-
vestigations on the safety of Ashwagandha have been published. Ac-
cording to Raut et al.’s (2012) study, W. Somnifera roots were well 
tolerated when administered as an aqueous extract in capsules with 
gradually increasing doses of 750–1250 mg/day [32]. Recent research 
by Verma et al. (2021) on the safety of ashwagandha root extract in 
healthy volunteers at a dose of 600 mg/day shows that both male and 
female participants could take the supplement for eight weeks without 
experiencing any side effects [33]. Chandrasekhar et al. (2012) reported 
the ashwagandha root extract for lowering adult stress and anxiety, in 
which six mild side effects were reported, including drowsiness and a 
decreased appetite [34]. In a study by Choudhary et al. (2017), two 
individuals using Ashwagandha root extract for memory and cognitive 
enhancement reported experiencing minor giddiness, a heavy head, 
blurred vision, and/or hyperacidity [35]. The effectiveness and safety of 
ashwagandha root extract were later reported by Sharma et al. (2018) in 
subclinical hypothyroid patients, where one participant reported an 
adverse event with symptoms of mild, transient fever, asthenia, and 
cough [23]. 

Variations of commercially available WSE (including roots, leaf, or 
combining root and leaf extracts) are marketed globally as foods, bev-
erages, and dietary supplements. These extracts are standardized with 
various analytical techniques and contain varying concentrations of 
withanolides (1%–5% to 35% total withanolides). More in-depth data is 
needed to grasp the clinical safety of the standardized WSE in the 
healthy population. The current study intends to investigate the safety 
and tolerability of WSE standardized to not less than 7.50 mg of total 
withanolides per capsule at a dose of 500 mg twice daily in 18 healthy 
male participants following repeated intake for four weeks to close this 
knowledge gap. Based on this study’s clinical findings, standardized 
WSE can be successfully introduced into the global nutraceutical market 

while ensuring adequate safety and biological activity as a highly potent 
botanical ingredient. 

2. Material and methods 

2.1. Study design 

A four-week, open-label, non-randomized clinical trial was con-
ducted to assess the safety of WSE on healthy human volunteers. The 
study’s primary goal was to determine the safety of WSE (AgeVel®/ 
Witholytin®) capsules when administered to healthy human male vol-
unteers. The study’s secondary goal was to establish the product’s safety 
and tolerability by keeping track of adverse events. 

Ethics approval 

The study received approval from the Lokmanya Medical Research 
Centre’s institutional ethics committee in Pune, Maharashtra, India 
(clinical trial ethics approval protocol no. MHC/CT/22-23/015, 
approved on 28/03/2023; Ethics Committee Registration No. ECR/ 
175/Inst/MH/2013/RR-19). The Drug and Cosmetic Act of 1940 of 
India, the Drug and Cosmetic Rules of 1945 of India, the Declaration of 
Helsinki of the World Medical Association (WMA), and the recom-
mended harmonized tripartite guideline regarding Good Clinical Prac-
tice (ICH-GCP) of the International Conference on Harmonization (ICH) 
were all followed during the research. The study was carried out, 
documented, and reported strictly following ICH-GCP standards. The 
study participants’ rights, safety, and general well-being were priori-
tized throughout the clinical trial’s administration. The investigational 
product was prepared in a GMP (Good Manufacturing Practice) 
approved manufacturing facility. 

2.2. Registration of clinical trial 

The protocol and clinical trial were registered with the Clinical Trial 
Registry-India (CTRI). The registration was completed with the approval 
number CTRI/2023/04/051632 on April 17, 2023. The approved clin-
ical protocol remained unchanged throughout the study. 

2.3. Study participants 

A non-randomized, open-labeled safety and tolerability study of WSE 
capsules included 18 healthy male volunteers. Twenty participants were 
initially screened to complete 18 participants for the study. Two par-
ticipants were excluded from the study after being screened; one was 
excluded because he did not satisfy the criteria for inclusion, and the 
other was excluded at the investigator’s discretion. There were 18 par-
ticipants signed up for the study, and there were no dropouts. All 18 
recruited participants completed the study. The clinical safety study’s 
data collection period ran from April 29, 2023, to June 16, 2023. Fig. 1. 
displays the process of the clinical safety study as per CONSORT. The 
study only accepted participants who gave written informed consent, 
were willing to participate in ongoing follow-up visits until the end of 
the investigation, and met the inclusion and exclusion requirements. 

2.4. Screening of participants 

Male participants aged 18 years and above were screened for the 
eligibility criteria. Participants able to provide written informed consent 
approved by the ethics committee and willing to complete the study 
intervention and follow-up were enrolled. Mentally and physically 
healthy males with a BMI between 18.5 and 24.9 kg/m2 (inclusive) and 
blood profiles within normal ranges were enrolled in the study at the 
investigator’s discretion. Participants with normal cardiovascular 
function with no evidence of acute ischemic heart disease in the elec-
trocardiogram were included in the study. Participants willing to refrain 
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from medicines and other health supplements along with alcohol and 
tobacco were enrolled in the study. Participants on medically prescribed 
drugs were excluded from the study. Participants with reported weight 
loss/gain >10% of body weight in the 6-month preceding study were 
excluded. Participants using herbal or dietary supplements meant for 
improving health and well-being and subjects undergoing medical 
treatment that may interfere with the study outcome were excluded. 
Participants with a history of hypersensitivity to Ashwagandha were 
also excluded from the study. Participants consuming alcohol, smoking, 
and/or chewing tobacco during the past six months were excluded. 
Participants diagnosed with active disease and/or receiving pharmaco-
logical treatment prescribed for active disease and with evidence of 
active disease at the initial clinical examination were excluded from the 
study. Participants were advised to use adequate contraception and 
avoid fathering a child while receiving the investigational product 
during the study. The study did not allow the use of hormone replace-
ment therapy and androgens or anabolic steroids. 

2.5. Informed consent 

Before participating, all potential volunteers received a thorough 
explanation of the study’s objectives, design, potential risks, and any 
anticipated benefits. The participants could understand the language 
and manner used to provide this information. Participants were 
informed that participating in the study was voluntary and could stop 
without suffering consequences or losing out on prizes. Additionally, 
they were made aware that it was their choice to participate in the study 
and that each participant’s written informed consent had been obtained 
before their inclusion. The study’s objectives, the methods involved, any 
possible hazards and advantages, confidentiality safeguards, and the 
study investigators and the institutional ethics committee’s contact in-
formation were all described in the consent form. All identifying infor-
mation and study data were tagged and securely kept, guaranteeing 
participant confidentiality. All study reports, and publications kept 

participant confidentiality, and only authorized study personnel could 
access the data. 

2.6. Inclusion and exclusion criteria 

Healthy male participants were screened and enrolled in a non- 
randomized, open-labeled, single-treatment, single-dose safety study 
of Withania somnifera extract capsules. In the current study, we enrolled 
healthy male adults between 18 and 45 years of age with a BMI of 18.50- 
30.00 kg/m2 and a body weight of at least 50.00 Kg. During the 
screening and before administration of the investigational product, each 
participant underwent a baseline test that included a complete blood 
count (CBC), clinical biochemistry, liver function test (LFT), kidney 
function test (KFT), urine analysis, X-ray chest (PA view), and ECG. 
Throughout the study, the safety and well-being of the healthy partici-
pants were monitored, and any adverse events were recorded. All par-
ticipants who met the following inclusion criteria were enrolled: (a) 
participants in normal health as determined by personal medical history, 
clinical examination including vital signs, and clinically acceptable re-
sults of laboratory examinations (including serological tests); (b) par-
ticipants have a normal or clinically insignificant 12-lead 
electrocardiogram recording; (c) participants have a normal or clinically 
insignificant chest X-Ray (P/A view); (e) a negative alcohol breath test 
result; (f) participants can communicate effectively and provide written 
informed consent; and (g) participants are willing to follow protocol 
requirements as evidenced by written informed consent approved by the 
ethics committee; (h) participants who can provide adequate identifi-
cation; (i) availability of participants for the duration of the study. 

The following were the study’s exclusion criteria: (a) known hyper-
sensitivity to W. somnifera (Ashwagandha) or related drugs/botanicals, 
or any component of this medication; (b) participant unable to 
comprehend the informed consent information; (c) history or presence 
of significant cardiovascular, pulmonary, hepatic, renal, gastrointes-
tinal, endocrine, immunological, dermatological, neurological, or psy-
chiatric disease or disorder; (d) any treatment that could induce or 
inhibit the hepatic microsomal enzyme system within one month of 
beginning the study; (e) a history of alcoholism or drug abuse; (f) history 
of asthma, urticaria, or other allergic reactions; (g) a history of gastric 
and/or duodenal ulceration; (h) a history of thyroid disease, adrenal 
dysfunction, or an organic intracranial lesion; (i) a history of cancer; (j) 
consuming any prescribed medication (including herbal remedies) 
during the two weeks preceding the study’s start date or OTC medicinal 
products (including herbal remedies) during the week preceding study 
initiation and throughout the study; (k) taking benzodiazepines, anti-
convulsants, or barbiturates for one month before the start of the study 
and for the duration of the study; (l) smokers who consume 9 or more 
cigarettes per day or who are unable to abstain during the study; (m) 
participants had a significant illness within 90 days of screening; (n) 
participants took part in a drug research study within 90 days of 
screening and donated blood within 90 days of screening; (o) a positive 
screening test result for HIV, Hepatitis B, Hepatitis C, or VDRL; (p) a 
history or presence of easy bruising or bleeding (q) an abnormal dietary 
pattern for any reason (e.g., low sodium, fasting, and high protein diets); 
in the four weeks preceding the study. 

2.7. Clinical study procedure 

During a general screening organized seven days before the start of 
the medicine, the participant’s medical history and demographic in-
formation, such as sex, age, body weight, and height, were recorded. 
Each participant underwent a thorough clinical examination, vital sign 
check, anthropometric evaluation, hematological and biochemical 
testing, urine analysis, ECG, chest X-ray, and cardiorespiratory endur-
ance by step test as part of a screening process for health concerns. 
Medication interactions and concurrent medical problems were noted in 
the CRF. The participants questioned the presence of any adverse events 

Fig. 1. CONSORT flow diagram of the clinical safety study of WSE in healthy 
male participants. 
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during the screening period. The participant’s allergies to the investi-
gational product’s substances were questioned. The final follow-up 
occurred on day 31 of the 30-day therapy period. 

If a person met all inclusion criteria during the baseline visit, they 
were enrolled in the study. All The participants were told to take one 
capsule of the W. somnifera extract twice daily (morning after breakfast 
and evening after dinner) for 30 days. The health evaluation, which 
included laboratory, clinical, and diagnostic data, was carried out on 
days 15 and 30 of the follow-up. At the beginning and end of the trial, 
step tests for cardiorespiratory endurance and lean body weight evalu-
ation were performed. Throughout the trial, adverse events, tolerability, 
and compliance were evaluated. The assessment of aerobic fitness was 
done using the VO2 max test, which measures cardiorespiratory endur-
ance. The maximum rate at which oxygen can be taken from the air and 
delivered into the bloodstream for utilization by working muscles was 
used to measure it. Before the exam, all the participants received in-
structions and information on the procedure. Forty-eight hours before 
the exam, they were told not to do any kind of active training. The 
maximum aerobic capacity (VO2 max) was calculated using the Queens 
College Step Test [36]. A submaximal exercise like bench stepping, 
acceptable for participants, is a common strategy to determine 
maximum oxygen comprehension. Participants were instructed to warm 
up their lower extremities before the test. A timer and an 8-inch stepping 
bench were both used. The participants were required to do each 
one-stepping cycle at a four-step rhythm, up, up, down, and down 
continuously for 1 min, after which their heart rates were measured. The 
VO2 max was calculated by the formula VO2 max (mL/kg/min) =
111.33 − (0.42 × heart rate (bpm). 

The primary efficacy assessment was done by evaluating changes in 
clinical laboratory examination of CBC, lipid profile, TFT, LFT, KFT, 
urine analysis, serum B12 levels, CRP, observations in X-ray and ECG, 
and vital signs from screening to the end of the study. Trained phle-
botomists at the study center were responsible for collecting all blood 
samples. These blood samples were analyzed from all participants at a 
laboratory accredited by the National Accreditation Board for Testing 
and Calibration Laboratories (NABL), Quality Council of India. The 
secondary efficacy assessment was done by evaluating changes in 
cardiorespiratory endurance by step test, body fat percentage, and lean 
body weight by measuring skinfold thickness at four areas such as bi-
ceps, triceps, subscapular, and suprailiac, with a Skin Fold Caliper in 
millimeters at screening and end of the study. 

2.8. Investigational product 

2.8.1. Quality control of Withania somnifera roots 
The roots of W. somnifera were collected from Madhya Pradesh, 

India. Botanical Survey of India, Jodhpur, India, received a voucher 
specimen that had been authenticated (BSI/AZRC/I.12012/Tech/19- 
20/PI.Id/671). For extraction and analysis, the roots were washed and 
then pulverized finely. The W. somnifera roots underwent rigorous ex-
amination for total withanolides, contaminants, and heavy metals for 
quality control. Five grams of the finely powdered W. somnifera roots 
were placed in a 250.00 mL round bottom flask with a reflux condenser. 
Then, 50 mL methanol was added to the flask, refluxed in the water bath 
for 15 min, cooled to room temperature, and retained the solvent [37, 
38]. The liquid sample was analyzed by the HPLC method. The physical 
parameters (identification, description, color, odour, taste, and foreign 
matter) were analyzed with visual, organoleptic, and HPTLC, HPLC, 
methods [38,39]. Further, the chemical parameters such as loss on 
drying, total ash content, acid insoluble ash content, alcohol soluble 
extractives, and heavy metals were also analyzed [39]. 

2.8.2. Manufacturing of Withania somnifera root extract capsule 
W. somnifera roots were extracted thrice with ethanol: water (8:2 v/ 

v) at 60 ± 5 ◦C for 3 h. The hydroalcoholic extract is further processed to 
get powdered extract. Powdered extract, after analysis, was 

encapsulated in a GMP-certified facility of Pharmanza Herbal Pvt. Ltd. 
(Anand-388430, Gujarat, India) in veggie capsules Size ‘00’ (AgeVel®) 
containing a 500 mg WSE with thorough quality control measures and 
further used as an investigational product in this research [38]. The 
same Withania somnifera extract is marketed by Verdure Science 
(Noblesville, IN, 46060, USA) under the brand name Witholytin®. 

2.9. Statistical analysis 

The continuous variable, i.e., age, was summarized overall using 
summary statistics, i.e., the number of observations, mean, and standard 
deviation with 95% CI (among normal distribution) analyzed by student 
t-test. All safety parameter was checked for normality by ‘Kolmogorov- 
Smirnov Test’. Data of weight, BMI, cardiorespiratory endurance, body 
fat percentage, lean body weight and skinfold thickness, vital signs, 
urine analysis, and all laboratory parameters were analyzed by depen-
dent student t-test. The statistical analysis of X-ray and ECG was per-
formed using the chi-square test. The adverse events were expressed as 
the number and frequency of events in a study group. All Statistical 
analysis has been carried out by using SPSS version 10.0. 

3. Results and discussion 

3.1. Participants’ demographics 

The study included 18 healthy male participants. All of them 
completed the study, and data were examined (Fig. 1). The participants 
had an average age of 32.50 ± 7.69 years and an average height of 
171.06 ± 8.24 cm. The participant’s body weight and BMI did not alter 
significantly (P > 0.05), as depicted in Table 1. 

3.2. Quality control of W. somnifera root extract capsule 

The content of withanosides and withanolides was evaluated in the 
W. somnifera roots and WSE capsules. The results revealed total with-
anolides not less than 1.5 % w/w in WSE (Table 2). Also, the WSE 
capsule was analyzed, and it was found that total withanolides (with-
anoside IV, withanoside V, withaferin A, withanolide A, withanone, 
withanolide B, 12 deoxy withastramonolide) not less than 7.50 mg per 
capsule [38]. Representative HPLC chromatogram of W. somnifera root 
and WSE capsules is shown in Fig. 2 and 3, respectively. The physical, 
chemical, and microbiological specifications of the WSE capsule are 
depicted in Table 3. 

3.3. Assessment of vital signs 

At baseline, heart rate, blood pressure, and oral body temperature 
were within normal range. No clinical or statistically significant change 
was observed in the study participant’s oral body temperature, heart 
rate, respiration rate, and blood pressure after 30 days of the treatment 
with the WSE capsule (Table 4). 

3.4. Assessment of laboratory parameters 

The laboratory results remained within normal ranges before and 
after intervention, with no clinically significant changes observed 
(Table 5). Serum T3 levels steadily increased on days 15 (P = 0.002) and 

Table 1 
Demographic details of healthy male participants.  

Parameter Screening Day 31 P value 

Weight (kg) 65.33 ± 8.66 65.34 ± 8.67 0.903 
BMI (kg/m2) 22.30 ± 2.22 22.31 ± 2.24 0.439 

Data were analyzed by the student-dependent t-test. Significant at P-value 
<0.05. 
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30 (P = 0.007) without reaching a clinically relevant threshold (70 -204 
ng/mL). Compared to the baseline measurements, there was a sub-
stantial increase in blood urea nitrogen and blood urea levels at day 15 
(P = 0.025). Conversely, a considerable decrease was observed in tri-
glyceride levels (P = 0.049), the TG/LDL ratio (P = 0.046), and serum 
T4 (P = 0.044) at day 15. Nevertheless, no noticeable distinction was 
observed between day 31 and baseline measurement. Following days 15 
and 31, the difference had no observable clinical significance. On day 
31, a significant decrease was observed in the total bilirubin levels (P =
0.005) compared to the initial measurements. Moreover, LDL (P =
0.053), ALP (P = 0.037), and total cholesterol levels (P = 0.035) exhibit 
a significant increase. The investigation found no clinically significant 
alterations in the individuals; all biological parameters were within the 
reference range, as depicted in Table 5. 

3.5. Assessment of urine analysis 

At screening, days 15 and 31, all physicochemical characteristics and 

microscopic examinations, including color, pH, clarity, specific gravity, 
protein, sugar, ketone bodies, RBC, WBC, pus cells, etc., of urine samples 
were within normal ranges. No statistical or clinically significant alter-
ations were found (P > 0.05). 

3.6. Assessment of chest X-ray and ECG 

All healthy participants underwent chest X-ray and ECG exams on 
day 1, day 15, and day 31 of the study. None of the participants had any 
abnormalities or alterations that were both clinically and statistically 
significant (P > 0.05). Pre- and post-treatment reports from every in-
dividual were within normal limits. 

3.7. Assessment of cardiorespiratory endurance by VO2 max 

The total oxygen consumption capacity improvement was deter-
mined using the participants’ aerobic capacity (VO2 max). During the 
screening, VO2 max was found to be 80.74 ± 1.87 mL/kg/min whereas 
after 30 days of treatment, a non-significant reduction (80.34 ± 1.07 
mL/kg/min, P = 0.349) in VO2 max was observed among study partic-
ipants (n = 18). 

3.8. Assessment of anthropometric parameters 

Skinfold thickness in millimeters at four locations, including the bi-
ceps, triceps, subscapular, and suprailiac, as well as body fat percentage 
and lean body weight, were carried out in each participant. The thick-
ness of the biceps, triceps, subscapular, and suprailiac skinfolds did not 
alter significantly during the study treatment’s first and last 30 days. 
Table 6 shows anthropometric measurements at the start and end of the 
study in healthy male individuals. 

Table 2 
Quantification of withanosides and withanolides in W. somnifera roots and WSE 
capsules.  

Sr. No Analyte W. somnifera roots WSE capsules 

% Content Content mg/ 
capsule 

1 Withanoside IV 0.070 1.950 ± 0.041 
2 Withanoside V 0.060 1.565 ± 0.031 
3 Withaferin A 0.050 1.995 ± 0.037 
4 12-Deoxy- 

withastramonolide 
0.020 0.700 ± 0.011 

5 Withanolide A 0.030 1.285 ± 0.026 
6 Withanone 0.001 0.195 ± 0.001 
7 Withanolide B 0.010 0.280 ± 0.002 

Total Withanolides 0.241 7.970 ± 0.151  

Fig. 2. Representative HPLC chromatograms of (A) Blank Methanol, (B) reference standard (withanoside IV and Withanolide A), (C) W. somnifera roots at 227 nm.  
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3.9. Assessment of adverse events and tolerability 

The detection of any clinical signs and symptoms during the clinical 
examination or the patients’ self-reporting of adverse events served as 
the basis for recording adverse events. During the trial, there were no 

adverse effects, i.e., none. All the healthy volunteers participating in the 
safety research demonstrated tolerability to the WSE capsule at a dose of 
500 mg twice daily for 30 days. 

4. Discussion 

Ashwagandha has many advantageous benefits for human health, so 
it is regarded as a marvelous herb. The name “Ashwagandha" originates 
from the Sanskrit language. It combines two Sanskrit words: “Ashwa," 
which means “horse." “Gandha," which means “smell" or “aroma." So, 
“Ashwagandha" roughly translates to “smell of a horse" or “horse-like 
smell" in reference to the distinctive aroma of the plant’s young root, 
which is believed to resemble the smell of a horse [44]. Traditionally, 
Ashwagandha has been used in Ayurveda for ages as an adaptogen and 
‘Rasayana’ [45]. Although the root powder of W. somnifera has report-
edly been used safely for ages in the Indian Ayurvedic medical system, 
every substance, plant, and component must first undergo thorough 
scientific testing for safety, efficacy, and adverse events before being 
accepted and used by the general public. Additionally, it is the alarming 
need of the hour to check the safety profile of standardized W. somnifera 
extract due to global demand and the constant watch of regulatory 
agencies of different countries. 

The results of pre-clinical safety studies suggest that Ashwagandha 
and its constituents demonstrate a favorable safety profile, even when 
supplied at high doses. Singh et al. (1982) conducted a study that re-
ported the LD50 value of the ethanolic extract of Ashwagandha to be 
1750 ± 41 mg when administered orally to Swiss albino mice. A study 
conducted on mice examined a single intraperitoneal administration of 

Fig. 3. Representative HPLC chromatograms and quantified phytoconstituents WSE capsule at 227 nm.  

Table 3 
Physical, chemical, and microbiological specifications of WSE capsule.  

Name of 
Product 

Withania somnifera root extract capsule (Each capsule contains 
500 mg Withania somnifera root extract) 

Common 
Name 

Ashwagandha root extract 

Brand Name AgeVel®  

Details of Quality control Assay 
Method 

Description Green-green color “00″ size veggie capsule Visual 
Appearance Light to dark brown color granular powder in 

Green-green color “00″ size veggie capsule 
Visual 

Total Withanolides > 7.500 mg total withanolides per capsule [38] 
Disintegration Test < 30 min [40] 
Weight variation 580 mg ± 5% [41] 
Total Heavy metal < 10 PPM [42] 
Total plate count <1000 cfu/gm [43] 
Yeast and mold <200 cfu/gm [43] 
Coliforms Absent [43] 
Escherichia coli Absent [43] 
Salmonella Absent [43] 
S. aureus Absent [43] 
Enterobacteriaceae Absent [43]  

Table 4 
Assessment of vital signs in healthy participants of the study.  

Vitals Screening (n =18) Baseline (n=18) Day 15 (n=18) P value Day 31 (n=18) P value 

Systolic Blood Pressure (mmHg) 122.33 ± 5.90 121.00 ± 4.98 124.56 ± 3.70 0.164 124.44 ± 4.29 0.263 
Diastolic Blood Pressure (mmHg) 76.94 ± 3.86 75.61 ± 3.62 74.83 ± 6.24 0.164 75.39 ± 4.46 0.303 
Pulse Rate (BPM) 72.83 ± 4.45 71.67 ± 2.70 72.67 ± 2.91 0.897 73.78 ± 2.56 0.349 
Oral temperature (◦F) 97.77 ± 0.60 97.77 ± 0.74 97.28 ± 0.80 0.024* 97.59 ± 0.49 0.380 
Respiratory Rate (breaths/min) 16.06 ± 1.92 16.44 ± 1.20 16.50 ± 1.15 0.331 16.50 ± 0.99 0.288 

Data were analyzed by dependent student t-test. 
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varying doses (1.1, 1.2, 1.3, 1.4, or 1.5 g/kg) of an ethanol extract 
derived from Ashwagandha. The results indicated that the 1.1 g/kg dose 
did not induce animal mortality. However, as the dosage was incre-
mentally increased by 100 mg/kg, a dose-dependent lethality was 
observed, with all animals succumbing to death at the highest dose of 
1.5 g/kg [46]. Later, Singh et al. (2001) conducted a study to assess the 
acute toxicity in mice. The mice were separated into multiple groups, 
each consisting of 10 individuals. Various groups of mice were admin-
istered increasing dosages ranging from 100 to 3,000 mg/kg of an 

“active" fraction derived from a 70% alcohol extract. A separate group of 
mice was designated as the control group. No mortality or significant 
alterations in behavior were recorded throughout the 72-h observation 
period, even at doses as high as 3,000 mg/kg. Furthermore, no adverse 
effects were detected for the 15-day trial course, as reported in Ref. [47]. 
According to a study conducted by Sharada et al. in 1993, the intra-
peritoneal injection of an ethanol extract of Ashwagandha at a dosage of 
100 mg/kg/day for 30 days in mice led to notable reductions in the 
weights of the thymus, adrenal glands, and the spleen. A considerable 
rise in blood acid phosphatase activity was also seen [48]. According to 
Gupta et al. (2022), a study assessed the toxicity of withaferin-A in mice 
when provided orally at doses up to 2,000 mg/kg for 28 days. The study 
results indicated no toxicity was observed in the mice at this dosage 
level. The no observed adverse effect level (NOAEL) was determined to 
be at least 500 mg/kg when extrapolated to rats [49]. In a study con-
ducted by Antony et al. (2018), it was observed that there were no 
observed harmful effects following the repeated administering of Ash-
wagandha root and leaf extract at a maximum dose level of 1,000 mg/kg 
over 90 days. The hematological and biochemical profile of the treated 
rats exhibited similarities to that of the control animals, and the histo-
pathological analysis of the major organs in all animals revealed normal 
findings. The NOAEL was established at 1,000 mg/kg [50]. Patel et al. 

Table 5 
Assessment of hematological and biochemical parameters during screening and upon consumption of WSE capsule in healthy male volunteers.  

Parameters Screening Day 15 P value Day 31 P value Reference range 

Hemoglobin (g/dL) 14.7 ± 0.88 14.69 ± 1.03 0.969 14.71 ± 0.86 0.977 13.2-16.6 
Hematocrit (PCV) (%) 45.11 ± 3.19 44.85 ± 3.08 0.610 44.44 ± 3.58 0.516 42–52 
Red blood cell count (mil/cu.mm) 5.03 ± 0.47 5.01 ± 0.38 0.771 4.87 ± 0.33 0.164 4.7–6.0 
Platelet Count (103/μL) 247.17 ± 43.08 255.50 ± 43.84 0.250 255.89 ± 41.76 0.415 150 - 450 10∧3/uL 
Total Leukocyte Count (cell/cu.mm) 6744.44 ±

1785.31 
6455.56 ±
1597.14 

0.253 7088.89 ±
1633.43 

0.111 4000–11000 

Neutrophils (%) 55.00 ± 5.55 57.28 ± 5.46 0.040 56.28 ± 6.29 0.445 40–75 
Basophils (%) 0.00 ± 0.00 0.00 ± 0.00 – 0.00 ± 0.00 – 0–1 
Lymphocytes (%) 36.06 ± 5.23 32.83 ± 5.43 0. 004 33.94 ± 6.11 0.184 20–40 
Eosinophils (%) 3.56 ± 0.78 3.83 ± 0.38 0.205 3.72 ± 0.67 0.563 1–6 
Monocytes (%) 5.39 ± 1.72 6.06 ± 0.42 0.117 6.06 ± 0.64 0.192 2–10 
CRP (mg/dL) 2.54 ± 1.03 2.73 ± 0.79 0.275 2.30 ± 0.72 0.341 < 6 
Serum B12 Levels (Pg/mL) 386 ± 97.95 409.94 ± 90.35 0.083 407.94 ± 42.42 0.359 200–1100 
Total cholesterol (mg/dL) 155.98 ± 20.25 160.62 ± 13.95 0.057 164.98 ± 20.49 0.035* Desirable level | < 200; 

Borderline High | 200-239; 
High | > or = 240 

Low-density lipoprotein (LDL) (mg/ 
dL) 

84.25 ± 22.45 92.68 ± 10.66 0.080 96.04 ± 15.51 0.035* Optimal <100; 
Near/Above Optimal 100-129; 
Borderline High 130-159; 
High 160-189; 
Very High > or = 190 

Very Low-Density Lipoprotein 
(VLDL) (mg/dL) 

27.60 ± 8.55 23.99 ± 6.90 0.497 24.47 ± 8.02 0.146 6–38 

Triglycerides (mg/dL) 137.98 ± 42.74 119.97 ± 34.51 0.049* 122.37 ± 40.09 0.147 Normal: <60-165; 
Borderline High: 200-260; 
High: 260-499; 
Very High: ≥ 500 

High-density lipoprotein (HDL) (mg/ 
dL) 

44.13 ± 8.85 43.94 ± 3.90 0.927 44.47 ± 4.04 0.885 Normal: 35-80; 
Major Risk for Heart: above 80 

TG/LDL ratio 1.82 ± 0.93 1.32 ± 0.43 0.046* 1.32 ± 0.56 0.065 – 
Serum TSH (uIU/mL) 2.21 ± 0.77 2.35 ± 0.60 0.138 2.64 ± 0.75 0.089 First Trimester: 0.35-5.5; Second Trimester: 0.2-3.0 

Third; trimester: 0.3-3.0 
Serum T3 (ng/mL) 128.92 ± 18.59 134.94 ± 15.63 0.002* 139.28 ± 11.97 0.007* 70–204 
Serum T4 (mcg/dL) 8.86 ± 1.87 8.63 ± 1.69 0.044* 8.42 ± 1.70 0.137 5.1–14.1 
Blood Urea Nitrogen (mg/dL) 11.96 ± 1.99 13.29 ± 2.49 0.025* 12.55 ± 1.67 0.252 7–21 
Blood Urea (mg/dL) 25.62 ± 4.27 28.45 ± 5.33 0.025* 26.88 ± 3.58 0.252 13–45 
Serum Creatinine (mg/dL) 0.86 ± 0.20 0.90 ± 0.10 0.333 0.85 ± 0.08 0.931 0.5–1.5 
Uric Acid (mg/dL) 5.87 ± 1.44 5.62 ± 1.46 0.349 5.23 ± 1.56 0.056 2.6–7.7 
Total Bilirubin (mg/dL) 0.84 ± 0.24 0.79 ± 0.18 0.354 0.65 ± 0.14 0.005* 0.0–1.1 
Total Protein (g/dL) 7.35 ± 0.67 7.56 ± 0.51 0.286 7.74 ± 0.52 0.104 6.0–8.3 
Albumin (g/dL) 4.55 ± 0.53 4.52 ± 0.47 0.828 4.82 ± 0.31 0.056 3.2–5.5 
Alanine Aminotransferase (ALT)(U/ 

L) 
33.07 ± 12.40 33.03 ± 9.87 0.981 32.33 ± 7.06 0.765 0–49 

Alkaline Phosphatase (ALP) (U/L) 139.68 ± 35.90 152.57 ± 24.08 0.137 163.89 ± 19.48 0.037* 64–306 
Aspartate Aminotransferase (AST) 

(U/L) 
30.74 ± 8.50 30.48 ± 5.55 0.824 31.15 ± 3.84 0.841 0–49 

Data were analyzed by dependent student t-test. Statistically significant at P-value <0.05; *indicates significant changes. 

Table 6 
Assessment of anthropometric parameters in healthy male participants at 
screening and the end of the study.  

Anthropometric parameters Screening (n=18) Day 31 (n=18) P value 

Body Fat Percentage (%) 20.01 ± 6.76 19.92 ± 6.74 0.166 
Lean Body Weight (kg) 45.32 ± 7.49 45.37 ± 7.45 0.252 
Biceps (mm) 8.04 ± 2.76 8.00 ± 2.69 0.421 
Triceps (mm) 12.46 ± 4.22 12.52 ± 4.27 0.271 
Subscapular (mm) 18.14 ± 5.78 18.12 ± 5.84 0.439 
Suprailiac (mm) 18.93 ± 5.24 18.91 ± 5.25 0.686 

Data was analyzed by the student-dependent t-test. Significant at P-value <0.05. 
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2016 reported no adverse effects in rats after oral administration of a 
methanolic ashwagandha extract standardized to 4.5% withaferin A at 
dosages of 500 mg/kg/day, 1,000 mg/kg/day and 2,000 mg/kg/day for 
28 days [51]. 

In a recent publication by Balkrishna et al. (2021), a study was 
conducted to investigate the sub-acute toxicity of a whole plant extract 
of W. somnifera. In this experiment, Sprague Dawley rats of both genders 
were subjected to oral administration of WS whole plant (including 
roots, stem, leaves, berries, and seeds) for 28 days. The doses were 100, 
300, and 1000 mg/kg/day. The research also incorporated a supple-
mentary group of animals that were administered whole plant extract 
for 28 days, followed by a recovery period of 14 days. The safety of 
W. somnifera whole plant extract was assessed, and it was determined 
that doses up to 1000 mg/kg/day did not result in any detectable toxi-
cologically significant data [52]. These findings collectively support the 
safe use of Ashwagandha and its derivatives in pre-clinical settings. 
However, it’s important to note that clinical research involving healthy 
human participants is limited. 

A prospective, open-label study evaluated an ashwagandha extract’s 
acceptability, safety, and efficacy in 18 healthy persons. The study 
involved administering escalating doses of an aqueous extract of Ash-
wagandha to participants over 30 days. The dosage regimen consisted of 
750 mg/day for the initial ten days, followed by an increase to 1,000 
mg/day for the subsequent ten days, and reached 1,250 mg/day for the 
final ten days. The participants were then evaluated for any negative 
effects through self-reported adverse events and various medical tests, 
including hemogram, liver and renal function tests, fasting sugar levels, 
lipid profile, and electrocardiogram. One of the participants exhibited 
heightened appetite, heightened libido, and hallucinatory effects 
accompanied by vertigo at the lowest dosage, leading to their with-
drawal from the trial. Otherwise, no other adverse events [32]. Gopu-
kumar et al. (2021) examined the sustained-release ashwagandha root 
extract in a single randomized, double-blind, placebo-controlled inves-
tigation. The extract was provided to a cohort of 125 participants at a 
dosage of 300 mg once daily for 90 days. Throughout the trial, there 
were no recorded instances of adverse effects [53]. In a separate study 
conducted by Verma et al., 40 females and 40 males were administered a 
relatively low dosage of 300 mg of water extract twice daily for eight 
weeks. This study focused on healthy adult participants [33]. The pri-
mary safety outcomes assessed in this study were hematological pa-
rameters and serum biochemistry analysis, explicitly focusing on 
hepatotoxicity and thyroid function. Additional outcomes included 
documenting reported adverse effects and measuring basic vital signs 
such as body temperature, respiration, heart rate, and blood pressure. 
Within the context of the therapy group, there were no observed oc-
currences of adverse events or alterations in the parameters used for 
evaluation. In a phase I trial conducted by Pires et al. (2019), the authors 
examined the pharmacokinetics and safety of withaferin-A in in-
dividuals with high-grade, advanced osteosarcoma. The study’s findings 
indicated that the formulation was well-tolerated by patients at a 
maximum dosage of 4800 mg, equivalent to a daily intake of 216 mg of 
withaferin A. No adverse effects were seen that would restrict the 
dosage. Among the cohort of 11 patients, it was observed that five in-
dividuals exhibited elevated liver enzymes at grade 1, whereas two 
patients reported the presence of a skin rash. In addition, there were 
instances of fever, fatigue, edema, and diarrhea. No adverse events of 
grade 3 or 4 were documented [54]. These studies collectively indicate 
that when administered within the specified dosages and under various 
trial conditions, most participants find ashwagandha extract 
well-tolerated with minimal adverse effects. However, individual re-
sponses may vary, and further research is essential to comprehensively 
assess its safety, especially in diverse populations and clinical contexts. 

This study’s primary goal was to assess the safety of the standardized 
capsule containing W. somnifera root extract (commercially branded as 
AgeVel®/Witholytin®) in a cohort of healthy male participants. The 
standardized capsule containing W. somnifera root extract has effectively 

ensured the safety of hematological, urine analysis, diagnostic, and 
biochemical organ function. No clinically or statistically significant al-
terations were seen in the individuals’ chest X-ray and ECG results. No 
intolerance or side effects were noticed, and there was no significant 
alteration in vital functions, including blood pressure, respiration rate, 
oral temperature, and pulse rate, when contrasting the baseline and 
treatment end. No notable alterations were detected in the participant’s 
cardiorespiratory endurance, body fat percentage, lean body weight, 
and skinfold thickness at the biceps, triceps, suprascapular, and supra-
iliac areas. In the context of the safety investigation of W. somnifera 
extract, it is noteworthy to mention that a total of thirty human clinical 
trials, approved by the Clinical Trials Registry of India (CTRI), have 
provided evidence of the satisfactory effectiveness of root preparations 
in treating diverse health issues. The conditions above encompass sub-
clinical hypothyroidism, schizophrenia, chronic stress, insomnia, anxi-
ety, memory and cognitive enhancement, stamina and strength 
improvement, obsessive-compulsive disorder, rheumatoid arthritis, 
type-2 diabetes, male infertility, fertility promotion in females, adap-
togenic effects, growth promotion in children, and chemotherapy 
adjuvant activity. 

Furthermore, empirical investigations have substantiated the effi-
cacy of W. somnifera in enhancing cardiovascular performance, endur-
ance capacity, and resilience against fatigue. Ashwagandha exhibits 
potential benefits in the management of body weight and possesses anti- 
aging effects, such as the augmentation of telomerase activity [22,27,55, 
56]. These findings highlight the potential therapeutic value of W. 
somnifera root extract in addressing a diverse range of health concerns. 

Further, In the present study, total body weight and BMI were not 
changed significantly compared to screening, like the findings reported 
by Raut AA et al. 2012 [32]. Although previous research has indicated 
enhancements in VO2 max following an eight-week ashwagandha sup-
plementation regimen among young adults and athletes, our investiga-
tion did not corroborate these results. The observed discrepancy could 
be ascribed to including healthy adult participants in our investigation, 
suggesting that a more extended study time could be required to detect 
substantial consequences. The current investigation showed no sub-
stantial alterations while evaluating the hepatic, renal, and thyroid 
function markers. Following ingestion of the W. somnifera root extract 
capsule, no appreciable alterations in the participants’ hematological 
and biochemical indicators were seen. After treatment with the extract 
of W. somnifera, several other investigations have documented compa-
rable findings [28,57]. The investigation observed that using WSE did 
not result in any noteworthy adverse effects or substantial alterations in 
hematological, biochemical, or vital parameters (P > 0.05). Further-
more, the participants showed a high level of tolerability towards the 
intervention. This study’s observed adverse event outcomes are incon-
sistent with the previously reported data. The preceding research studies 
documented a distinct pattern of adverse effects, with the most prevalent 
being moderate and predominantly temporary somnolence, epigastric 
pain or discomfort, and loose stools observed in more than 5% of the 
individuals participating in the study. The less frequently seen adverse 
effects encompassed giddiness, sleepiness, hallucinations, vertigo, 
coughing, colds, nausea, constipation, dry mouth, nocturnal cramps, 
blurred vision, hyperacidity, skin rash, weight gain, and nasal conges-
tion (rhinitis) [58]. Notably, the safety profile of W. somnifera may 
exhibit variability among individuals, and standardized extract may 
impact it. The limitation of the current study was a small sample size, 
and only male participants were enrolled. Therefore, trials in male and 
female participants and vigilant monitoring are imperative to compre-
hensively comprehend potential long-term effects or interactions with 
concurrent drugs. This clinical study presents scientific and clinical ev-
idence about the safe use of standardized W. somnifera root extract 
capsules in healthy individuals. 
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5. Conclusions 

The clinical study on the safety of W. somnifera root extract capsule 
(AgeVel®/Witholytin®) revealed that it was effectively tolerated by 
healthy male participants when administered orally at a dosage of 500 
mg twice a day. Statistical significance (P < 0.05) was observed in total 
cholesterol, low-density lipoprotein, triglycerides, serum T3, serum T4, 
blood urea nitrogen, blood urea level, and total bilirubin. Still, partici-
pants’ physical, hematological, and biochemical parameters, as well as 
their urine analysis, chest X-ray, and ECG results, all fell within the 
normal reference ranges. Throughout the four-week study period, no 
adverse effects were associated with administering the W. somnifera root 
extract capsule. Considering the results obtained from this study, it is 
recommended that comprehensive safety assessments be conducted on 
standardized W. somnifera root extract in both male and female healthy 
participants to provide a substantial understanding of the safety profile 
associated with long-term usage. 
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