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ABSTRACT
Withania somnifera (WS), also known as Ashwagandha in Ayurveda, is valued for its anti-inflammatory, antioxidant, adapto-
genic, and memory-enhancing properties. This study assessed the safety of standardized Ashwagandha root extract in healthy 
adult participants over 180 days. A randomized, placebo-controlled, double-blind trial was conducted on 40 healthy adult partic-
ipants (50–70 years), randomized 1:1 to receive 200 mg WS extract or placebo capsules twice daily for 180 days. Each WS capsule 
contained ≥ 5.00 mg of withanolides, standardized by HPLC-PDA per USP-NF monograph. Safety outcomes were assessed at 
screening and day 180. Hematological, hepatic, renal, and lipid profiles remained within normal ranges with no clinically signif-
icant changes compared to screening. Testosterone levels significantly increased (15.7%) in male participants in the WS group. 
Thyroid hormone levels, inflammatory marker (CRP), and NT-pro BNP levels showed no adverse changes. CRP decreased by 
51.1%, and NT-pro BNP by 28.70% in the WS. Slight improvement in immunological markers (CD3, CD4, CD8) was also noted. 
The vital signs remained stable, with no clinical abnormalities detected on chest X-ray or ECG. Anthropometric parameters were 
not clinically changed after treatment. Taken together, the study concluded that WS root extract capsules (200 mg twice daily 
for 6 months) were well-tolerated and safe, with no adverse effects reported. This double-blind, placebo-controlled study with 
extended follow-up provides a comprehensive evaluation of the long-term safety profile of WS supplementation.
Trial Registration: Clinical Trial Registry-India (CTRI) approval number: CTRI/2023/11/059395

1   |   Introduction

Withania somnifera (L.) Dunal, belonging to the Solanaceae 
Family, also known as the “Indian Ginseng”, “Winter cherry”, 
“Ashgandh” or “Ashwagandha” is a widely used herb, renowned 
globally for its adaptogenic and immunomodulatory health ben-
efits (Paul et al. 2021). It is distributed in India, Sri Lanka, the 
Middle East, China, Africa, and the warm areas of Europe and 
Australia (Saleem et al. 2020). The trust reposed in the benefi-
cial properties of this herb is based on ancient Indian traditional 

systems of medicine, including Ayurveda, Unani and Siddha, 
which have a variety of medicinal effects attributed to their dif-
ferent uses (Joshi and Joshi  2021). WS consists of several bio-
actives, including alkaloids, saponins, tannins, withanolide 
glycosides (sitoindosides), and withanolide aglycones (Misico 
et al. 2011; Shinde et al. 2023; Girme et al. 2020). More than 12 
alkaloids, 40 withanolides such as withanolide A, B, Withaferin 
A, 12-Deoxy-withastramonolide, etc., and several sitoindosides 
have been isolated from roots, aerial parts and berries of dif-
ferent species of Withania (Modi et  al.  2022). Reports of WS 
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date back to 1000–1500 B.C. in “Ayurveda” and it is used as a 
rejuvenator, tonic, weight promoter, aphrodisiac, for eyes, ab-
domen and skin diseases, insomnia, gout, wounds, etc. (Meher 
et  al.  2016). In the “Siddha” medicinal system, WS is claimed 
as an anti-inflammatory, hypnotic, diuretic and tonic, whereas 
in “Unani” medical literature, the actions of “Asgand” are bulk 
promoting, nervine tonic, and hypnotic (Berra et al. 2024). Also, 
in “Homeopathy”, WS is used in debility, fatigue, and sperma-
torrhea (Joshi and Joshi  2013). Clinical and preclinical trials 
on the roots and extract of WS reveal a multitude of biological 
activities such as anti-cancer, adaptogenic, anti-stress, immuno-
modulatory, anti-bacterial, anti-aging, cardioprotective, neuro-
protective, etc. (Mahdi et al. 2011; Deshpande et al. 2020; Baker 
et al. 2022; Malik et al. 2009; Mohanty et al. 2004; Choudhary 
et al. 2015; Saha et al. 2024; Pandit et al. 2024).

The mechanism of WS in diseases such as chronic inflamma-
tion in aged individuals (inflammaging) and neurodegenerative 
disorders has been elucidated previously, which highlights the 
role of WS in alleviating these disorders at transcriptomic and 
proteomic levels (Saha et al. 2024; Basudkar et al. 2024). Effects 
of WS as an adaptogenic herb in mitigating stress and inflam-
maging have also been elucidated in recent years (Basudkar 
et al. 2024; Machín et al. 2023).

The global WS market is set to grow from $433 M in 2022 to 
$1187 M by 2032 (CAGR 10.9%). In the United States, WS was 
the third top-selling natural product in retail, with $13.7 M in 
sales, after elderberry and cannabidiol (Dadge et al. 2023). WS 
demand is rising with insomnia cases. The US National Center 
for Complementary and Alternative Medicine (NCCAM) prior-
itizes WS for research, and it is listed in major pharmacopeias 
(Wijeratne et al. 2014). However, some European regulators, in-
cluding Denmark's Danish Veterinary and Food Administration 
(DVFA), have raised safety concerns, banning WS over potential 
adverse effects (Patwardhan et  al.  2024). Therefore, assessing 
the safety and/or tolerability of WS root extract is crucial to un-
derstanding health-beneficial effects, or otherwise, in healthy 
individuals worldwide.

Several clinical studies were performed concerning the safety 
of WS root extract on healthy and diseased participants. Raut 
et al. (2012) performed an open-label study on 18 participants to 
assess the safety of a WS formulation with escalating doses over 
30 days. WS was deemed safe based on hematological and bio-
chemical assessments and showed lipid-lowering and muscle-
strengthening effects (Raut et  al.  2012). In a separate study, 
Vaidya et al. (2024) found that 1000 mg/day of WS root extract 
(7.5 mg withanolides/capsule) was safe for male volunteers over 
30 days. Verma et al. (2021) conducted a double-blind, placebo-
controlled, parallel-group safety study of WS at 300 mg twice a 
day for 2 months. The study's results did not indicate any toxic 
effect in 80 healthy (40 male and 40 female) volunteers (Verma 
et  al.  2021). Gopukumar et  al.  (2021) reported the effect of a 
WS root extract capsule of 300 mg once a day for 90 days in 130 
healthy subjects and no AEs were observed during this study. 
Langade et  al.  (2019) reported a 10-week placebo-controlled, 
double-blind trial to assess the safety and effectiveness of 300 mg 
WS root extract, administered twice daily, in 60 patients expe-
riencing insomnia. The authors revealed that WS root extract 
is well-tolerated in patients without adverse effects (Langade 

et al. 2019). Biswal et al. (2013) investigated the effects of WS (6 g 
daily in divided doses) on cancer patients undergoing conven-
tional therapies and adverse effects of oral intolerance, gastritis, 
and flatulence were reported. In 2023, AYUSH, Government 
of India, published a Safety Dossier on WS, summarizing find-
ings from various studies on its potential adverse effects. After 
reviewing 27 toxicity studies, the dossier concluded that WS 
root powder (extract) is safe for human consumption at doses 
of up to 2000 mg/kg body weight, with no observed adverse 
effects (Ruknuddin et  al. 2023 ). Similarly, in 2024, AYUSH 
published a revised version of the Safety Dossier in which they 
have further consolidated all the relevant studies that have been 
published with respect to the safety aspect of WS (Ministry of 
Ayush, Government of India, New Delhi 2024). The Food Safety 
and Standards Authority of India (FSSAI) regulates nutritional 
supplements and food products in India. In Schedule II, FSSAI 
recommends 3–6 g of WS root powder or 0.5–1 g of extract daily 
for adults. Systematic reviews and meta-analyses confirm WS is 
safe with no serious adverse events reported (Bonilla et al. 2021).

In Ayurveda, WS leaves are recommended primarily for ex-
ternal use. Ethnopharmacological records indicate that a leaf 
paste can be used for application to painful areas, and boiled 
leaves are sometimes used topically to relieve pain and treat 
boils (Indian Ministry of AYUSH. Government of India 2021). 
However, traditional Ayurvedic texts advise against the oral 
use of WS leaves due to potential toxicity concerns. Despite this, 
some commercial products mix aerial parts, such as leaves or 
stems with root material, which may contribute to adverse ef-
fects. Ayurveda recommends that only roots be used for oral 
administration and therapeutic purposes. Recently, the Indian 
Ministry of AYUSH issued an advisory recommending against 
the use of WS leaves, citing insufficient evidence to support their 
medicinal use (Vaidya et al. 2024; Bonilla et al. 2021).

Although multiple clinical trials were performed on WS extract 
for various biological activities, the long-term safety of USP-NF 
standardized WS root-only extract is still missing. Further, the 
literature also lacks the effect of standardized WS root extract on 
the male/female reproductive system, thyroid function, and im-
mune system. In the current research work, the safety of HPLC-
PDA standardized WS root extract was evaluated on healthy 
adult participants based on a randomized, placebo-controlled, 
double-blind clinical study.

2   |   Material and Methods

2.1   |   Study Design and Objectives

A randomized, parallel-group, double-blind, comparative, 
placebo-controlled clinical trial was performed to assess the 
safety of WS root extract (LongeFera) capsules on healthy adult 
human volunteers. The study's primary objective was to inves-
tigate the safety of WS root extract capsules when administered 
to adult male and female participants. The secondary objective 
was establishing safety and tolerability by recording any AEs. In 
this study, 42 participants were randomly assigned into the treat-
ment (WS root extract capsules) and the placebo groups, with 21 
participants per group. However, 40 participants completed the 
study (20 in each group), including 36 males and 4 females. The 
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study duration was 180 days, and the safety of the investigational 
product was compared between both groups (Figure 1).

2.2   |   Ethics Approval and Registration of   
Clinical Trial

Institutional Ethics Committees (IECs) of Lokmanya Medical 
Research Centre Pune-411,033, Maharashtra, India, provided 
approval for the study (clinical trial ethics approval protocol 
no. MHC/CT/23-24/025, approved on 25/10/2023; Ethics com-
mittee Registration No. ECR/175/Inst/MH/2013/RR-19). The 
Drug and Cosmetic Act of 1940, the Drug and Cosmetic Rules 
of 1945, the World Medical Association's (WMA) Declaration 
of Helsinki, the International Conference on Harmonization's 
(ICH) guideline on Good Clinical Practice, and other ethical 
principles and guidelines were followed during the conduct 
of the clinical trial (ICH-GCP). The investigational product 
was manufactured in a GMP (Good Manufacturing Practice)-
approved facility. The clinical trial and protocol were registered 
with the Clinical Trial Registry-India (CTRI) with approval 
number CTRI/2023/11/059395 (Registered on: 01/11/2023). The 
approved clinical trial protocol was not altered during the study 
period.

2.3   |   Informed Consent

Participants received an explanation of the clinical trial design, 
expected benefits, and potential hazards of the study before 

participating. The participants could understand the format and 
language of this information. Participants were duly informed 
that they could leave at any time during the study. Each par-
ticipant gave written consent before they were enrolled in this 
study. Participants were informed about the study's objectives 
and methods, possible risks and benefits, confidentiality poli-
cies, and the institutional ethics committees' contact details and 
study investigators' contact details. All personal data and study 
information were tagged as well as securely archived to main-
tain confidentiality of participants. The anonymity of the partic-
ipants was preserved in all publications and study reports. The 
data were only accessible to approved study personnel.

2.4   |   Study Participants, Inclusion, and Exclusion 
Criteria

Forty-two participants were recruited in a double-blind, 
placebo-controlled, randomized clinical trial of WS root ex-
tract capsule to assess long-term safety upon oral consumption. 
In this study, healthy adult men and women ages 50–70 years 
with a BMI < 30.00 kg/m2 were screened and included. During 
screening and prior to administration of the WS capsules, each 
volunteer underwent baseline tests that included an X-ray chest 
(PA view), ECG (Electrocardiogram), complete blood count 
(CBC), liver function test (LFT) and kidney function test (KFT), 
clinical biochemistry, and urine analysis. During the clinical 
trial period, the well-being and safety of each healthy partici-
pant was monitored, and AEs were recorded. Participants meet-
ing the following inclusion criteria were enrolled: (a) Males and 

FIGURE 1    |    Consolidated Standards of Reporting Trials (CONSORT) diagram for the study.
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females between 50 and 70 years of age (both inclusive); (b) 
Participants were included with or without comorbidity (type 2 
diabetes and hypertension); if comorbidity was present, it was 
either one or both of the following: In the case of type 2 diabetes, 
the hemoglobin A1c (HbA1c) level was ≤ 8% on a stable regimen 
(i.e., same drug and same dose) for at least 12 weeks before the 
screening visit. In the case of hypertension, systolic BP was be-
tween 120 and 160 mmHg (both inclusive), and diastolic BP was 
between 70 to 100 mmHg (both inclusive) while on a stable regi-
men (i.e., same drug and same dose) for at least 12 weeks before 
the screening visit. (c) Participants who had committed to show-
ing up for follow-up appointments regularly. (d) Participants 
who could read and write in English.

The study's exclusion criteria were as follows: (a) Individuals 
with a known record of hypersensitivity to herbal extracts or 
dietary supplements were excluded from the study; (b) women 
who were nursing or pregnant, those who were not using suf-
ficient forms of birth control, and those who tested positive for 
urine pregnancy test were also not included; (c) participants 
with a history or presence of malignancy within the last 2 years 
were excluded; (d) Participants with asthma, uncontrolled 
diabetes mellitus, or hypertension were not included in the 
study; (e) Participants who were on immunosuppressive drugs 
(e.g., corticosteroids) and/or antihistamines (e.g., antiallergics) 
during the last 7 days before the commencement of the study 
were excluded; (f) Participants with any history or immediate 
family history of schizophrenia, other psychotic or neurological 
illness, severe personality disorder, or other significant psychiat-
ric disorder that the investigator believed could impact the abil-
ity of the participant to comply with requirements of the study; 
(g) Participants with deranged biochemical parameters such as 
AST (SGOT), ALT (SGPT) > 1.5× ULN (Upper Limit of Normal); 
Total bilirubin > 1.5 mg/dL; Creatinine > 2 mg/dL; Alkaline 
phosphatase > 5× ULN were eliminated from the study; (h) 
Participants with known or suspected history of a diagnosed de-
pendence disorder, heavy alcohol consumption, use of an illicit 
drug, or non-prescribed use of any prescription drug were not 
included; (i) Participants who were currently using WS in any 
form or any other herbal nutraceutical were also excluded from 
this study.

2.5   |   Clinical Study Procedure

The participants' demographic and medical history information, 
such as age, sex, height and body weight were recorded during 
the screening of participants. Each participant was subjected to 
a body examination, vital signs, clinical examination, anthro-
pometric evaluation, hematological and biochemical evaluation, 
ECG, and chest X-ray (P/A radial). Each participant filled out 
the case report form (CRF) to report medication interaction and 
concurrent medical conditions. If participants met all inclusion/
exclusion criteria, they were then enrolled in the clinical trial 
with informed consent. Two groups of 20 participants each were 
randomly assigned to receive either a WS root extract capsule 
(200 mg) or a placebo capsule in a 1:1 ratio (20 people in each 
group) (Figure 1). The treatment duration was 180 days, and the 
product's safety was compared with screening/180-day data and 
between both groups. Patients were instructed to consume the 
designated capsule twice daily for 30 min after breakfast and 

dinner for 180 days. The dose of WS root extract capsule was es-
timated based on data from preclinical in vivo studies for safety 
and efficacy and clinical pharmacokinetic study of WS root ex-
tract capsule in male and female participants at 400 mg dose 
(Sharma et al. 2025). Ayurveda, homeopathy, Siddha, Unani, and 
nutraceutical supplements were not permitted during the clini-
cal study period. None of the study participants had concomitant 
diseases; hence, no concomitant treatment was required.

The primary safety assessment was carried out by assessment 
of any changes in the clinical laboratory examination of com-
plete blood count, renal function test, liver function test, thyroid 
profile, X-ray (Chest), ECG, and vital signs at screening and the 
end of 180 days. Further, additional blood analyses such as gly-
caemic status, immune system biomarkers, CRP level, cortisol, 
and male reproductive system hormone (testosterone) were also 
performed at screening and end of the study from participants 
of both the groups. A trained phlebotomist collected blood sam-
ples during the screening and day 180 visits, with each sample 
having a maximum volume of 10 mL. The blood was collected 
and divided into 5 mL in an EDTA tube and 5 mL in a plain tube. 
A centralized National Accreditation Board for Testing and 
Calibration Laboratories (NABL) accredited laboratory (My Labs 
Healthcare, Office No 15, 1st Floor, Ganesham Commercial, 
Sai Nagar Park, Pimple Saudagar, Pimpri-Chinchwad, Pune-
411027, Maharashtra) processed the safety assessment of sam-
ples. The investigators strictly adhere to the regulatory authority 
and IRB-approved protocol. The study monitor reported all pro-
tocol “violations” (for inclusion/exclusion) and protocol “devia-
tions” (related to study procedures), and a protocol deviation/
violation log was filled for every such case. The safety and toler-
ability of the investigational product were assessed by reporting 
and analyzing the AEs that occurred, vital signs, etc.

2.6   |   Adverse Events (AE)

All adverse events-related signs or symptoms were recorded in 
the AE form as part of the CRF. In particular, the information 
included details of the administration of the investigational 
product and details of AE with its date, onset time, causality, 
frequency, severity, outcome, and if any treatment or diag-
nostic steps were taken. All AEs were followed until resolved 
completely.

2.7   |   Investigational Product

2.7.1   |   Quality Control of WS Extract (LongeFera)

Roots of WS were received from Madhya Pradesh, India, and 
validated by a certified taxonomist at Botanical Survey of 
India, Jodhpur, India. A voucher specimen was deposited 
(BSI/AZRC/I.12012/Tech/19-20/PI.Id/671). The root material 
was washed and pulverized, and a rigorous investigation was 
conducted to determine the content of total withanolides, con-
taminants, and heavy metals. The powder was thereafter ex-
tracted using ethanol: water (8:2 v/v) at 60°C; following which 
the extract was processed to obtain a powder. The extract was 
analyzed for withanosides and withanolides content using 
HPLC-PDA as per the USP-NF “WS root extract monograph”. 
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The USP-NF standardized root extract of WS containing not 
less than 2.50% w/w total withanolides, which is globally mar-
keted by Phytoveda USA and Phytoveda Pvt. Ltd., India, with 
the brand name LongeFera, was used for manufacturing of 
Investigational Product.

2.7.2   |   Manufacturing of Investigational Product (WS 
Root Extract Capsules)

The WS extract was formulated in veggie capsules (Size “00”) 
with a dosage of 200 mg and manufactured in a state-of-the-art 
GMP-certified facility. The placebo capsule contained an equal 
amount of Maltodextrin. The capsules were filled in a child-lock 
container and used as an investigational product in randomized 
clinical trials.

2.8   |   Statistical Considerations and Analysis

2.8.1   |   Sample Size Consideration

Sample size estimation was on the basis of available literature 
evidence. The therapeutic dose was considered for dosage selec-
tion considering the long-term safety assessment approach for 
deciding study duration.

2.8.2   |   Demographic and Baseline Information

The analysis was conducted using a Student's t-test. The contin-
uous variable, age, was comprehensively summarized using de-
scriptive statistics, including the number of observations, mean, 
and standard deviation, with a 95% confidence interval assum-
ing a normal distribution. Gender was assessed separately using 
the Chi-squared test. All safety parameters were checked for 
normality using the Kolmogorov–Smirnov test. Data on weight, 
BMI, waist circumference, hip circumference, vital signs, and 
all laboratory parameters were analyzed using a dependent 
Student's t-test. The statistical analyses of X-ray and ECG were 
performed using the Chi-squared test. The AEs were denoted as 
the number and frequency of events in a study group.

2.8.3   |   Statistical Analysis

All study analyses were carried out using SPSS Version 10.0. 
The data were summarized with descriptive statistics (num-
ber of patients, mean, standard deviation, minimum, median, 
and maximum) for continuous endpoints and frequency and 
percentage for categorical endpoints. The safety population 
consisted of all patients enrolled in the study who received at 
least one dose of study products, that is, the mITT population. 
AEs and SEs were summarized by counting both the number of 
separate events and the number of patients experiencing events 
during the study period. Furthermore, similar summaries were 
stratified according to the seriousness, severity, and relation-
ship to the study medication. The percentage of cases with an 
event and tolerability was analyzed and compared by the Chi-
squared test.

3   |   Results

3.1   |   Demographic Characteristics 
and Anthropometric Parameters of Participants

The demographic and anthropometric data of the study popu-
lation comprised 40 participants. The demographic character-
istics, including age, weight, height, BMI, hip circumference 
and waist circumference, are depicted in Table 1. Each group 
comprised 20 participants, with the test group including 19 
males and 1 female, and the placebo group comprising 17 males 
and 3 females, all of whom completed the study. The mean age 
of participants in the WS group was 55.25 ± 5.24 years, whereas 
in the placebo group, it was 52.25 ± 1.97 years. Screening and 
Day 180 data suggest statistically insignificant (p > 0.05) dif-
ferences in weight and BMI. However, there was a significant 
difference in hip and waist circumference observed on Day 
180 (p < 0.05).

3.2   |   Effect of WS on Hematological Parameters

A hematological analysis was conducted at screening and day 
180 for all participants. After 180 days, both groups demonstrated 

TABLE 1    |    Demographic and anthropometric characteristics of participants.

Demographic details

Screening Day 180

Test Placebo p Test Placebo p

No of participants 20 20 — 20 20 —

Male 19 17 — 19 17 —

Female 01 03 — 01 03 —

Age (Mean ± SD) 55.25 ± 5.24 52.25 ± 1.97 0.022 — — —

Weight (kg) 66.69 ± 11.48 65.58 ± 8.28 0.727 66.17 ± 11.19 65.25 ± 7.70 0.754

BMI 24.42 ± 3.78 25.28 ± 2.49 0.397 24.39 ± 3.64 25.23 ± 2.45 0.901

Waist circumference 92.53 ± 12.84 89.95 ± 8.70 0.462 92.33 ± 13.00 91.14 ± 8.78 < 0.001

Hip circumference 94.65 ± 13.54 95.95 ± 10.90 0.740 93.75 ± 13.45 96.80 ± 11.01 < 0.001

Note: Data were analyzed by the dependent Student's t-test. Significant at p-value < 0.05.
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statistically significant changes, with increased RBC counts 
and decreased ESR compared to screening. The test group also 
showed a statistically significant increase in total leukocyte 
count. However, these changes were not clinically significant. All 
other hematological parameters were both statistically and clin-
ically non-significant (p > 0.05). All parameters including RBC, 
ESR, and TLC remained within reference ranges throughout the 
study. These findings support a favorable safety profile for both 
the test and control groups. Hematological data are presented in 
Table 2.

3.3   |   Effect of WS on Hepatic and Renal Function

Liver and renal function tests between the test and control 
groups over the 180 days demonstrated that all the values 
stayed within the normal physiological range in both groups, 
and these changes were not clinically significant, indicating 
a favorable safety profile for both the test and control group 
(Table 3).

3.4   |   Effect of WS Root Extract on Lipid Profile

The lipid profile between the test and placebo groups over 
180 days demonstrated that all the values remained within the 
normal physiological range in both groups. Total Cholesterol 
and LDL significantly increased in the placebo group; the 
changes were non-significant in the test group, indicating that 
the WS root extract does not have any significant effect on lipid 

levels upon repeated dose oral consumption for up to 6 months 
(Table 4).

3.5   |   Effect of WS Root Extract Capsule on 
the Male Reproductive Hormone

Testosterone levels were evaluated in study participants at screen-
ing and upon treatment with WS on Day 180. There was a signif-
icant improvement (p < 0.05) in testosterone levels in males in 
the test group than in the placebo group (Table 5). This indicates 
that WS root extract increases the testosterone level and could in-
crease muscle mass. Since the number of female participants was 
very small (n = 1 in the test group and n = 3 in the placebo group), 
no analysis data has been included for female participants.

3.6   |   Effect of WS Root Extract on Thyroid 
Hormones

Thyroid function tests between the test and control groups 
over the 180 days demonstrated that all the values stayed 
within the normal physiological range in both groups and 
demonstrated statistically significant changes, with decreased 
Triiodothyronine and Thyroxine compared to screening. 
However, these changes were not clinically significant. All 
other thyroid parameters were both statistically and clinically 
non-significant (p > 0.05), indicating that the WS root extract 
was safe for thyroid gland function upon repeated oral dose 
exposure for 6 months (Table 6).

TABLE 2    |    Assessment of hematological parameters during screening and upon completion of treatment at day 180 in healthy adult participants.

Parameters

Test (n = 20) Placebo (n = 20)

Reference rangeScreening Day 180 Screening Day 180

Complete blood count

Total leukocyte 
count (cell/mm3)

6890.00 ± 1442.89 7877.25 ± 1984.78a,b 6632.50 ± 2123.40 6200.00 ± 1252.14 4000–11,000

Neutrophils (%) 67.10 ± 6.32 66.15 ± 8.57 62.75 ± 9.66 60.70 ± 7.69 40–75

Lymphocytes (%) 25.55 ± 4.84 25.85 ± 7.75 29.50 ± 9.08 30.80 ± 8.21 20–40

Monocytes (%) 4.65 ± 1.76 5.05 ± 1.61 4.35 ± 1.50 5.15 ± 1.57 2–10

Eosinophil (%) 2.70 ± 0.86 2.95 ± 1.00 2.90 ± 1.07 3.35 ± 1.09 1–6

Basophils (%) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0–1

Total RBC count 
(m/mm3)

4.70 ± 0.66 5.05 ± 0.56a 4.53 ± 0.71 4.82 ± 0.32a 4.7–6.0

Platelets (103/μL) 234.40 ± 72.98 227.25 ± 72.52 278.90 ± 66.48 252.60 ± 51.95 150–450

Hemoglobin (gm/dL) 13.32 ± 1.81 13.87 ± 1.49 12.52 ± 1.40 12.99 ± 1.41 13.2–16.6

Hematocrit (%) 41.13 ± 4.94 42.83 ± 4.26 38.99 ± 5.17 40.05 ± 4.27 42–52

ESR (mm/h) 14.30 ± 3.40 11.15 ± 3.98a 13.15 ± 2.46 9.65 ± 2.46a 0–20

Note: Data is represented as Mean ± SD (percent change). The data was analyzed within a group using the dependent Student's t-test and Wilcoxon signed-rank test and 
between groups using the independent Student's t-test and Mann–Whitney U test. Statistically significant at p-value < 0.05.
aSignificant p-value within the group.
bSignificant p-value between groups.

 20487177, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.71388, W

iley O
nline L

ibrary on [08/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



7 of 13Food Science & Nutrition, 2026

3.7   |   Effect of WS Root Extract on Cardiac Health

C-Reactive Protein (CRP), a protein produced by the liver as a 
response to inflammation, is one of the biomarkers of cardiac 
health. Elevated CRP levels are a strong indicator of inflammation 
in the body. The test group showed a significant decrease in CRP 
levels (51.1%). However, no statistically significant improvement 

was seen in the control group. The study findings indicate that 
WS root extract has anti-inflammatory properties, as evidenced 
by its potential to reduce CRP levels. NT-proBNP (N-terminal 
pro-B-type natriuretic peptide) is a cardiac biomarker secreted in 
response to ventricular wall stress and volume overload, and it is 
widely used for the diagnosis, prognosis, and risk stratification of 
heart failure. It serves as a sensitive biomarker for cardiac function 

TABLE 3    |    Liver and renal function test upon treatment with WS root extract capsule and placebo at screening and day 180.

Test (n = 20) Placebo (n = 20)

Reference rangeScreening Day 180 Screening Day 180

Liver function test

Total bilirubin (mg/dL) 0.67 ± 0.22 0.73 ± 0.36 0.64 ± 0.36 0.60 ± 0.27 0.0–1.1

Direct bilirubin (mg/dL) 0.15 ± 0.05 0.18 ± 0.07 0.17 ± 0.11 0.16 ± 0.08 NMT 0.4

Indirect bilirubin (mg/dL) 0.53 ± 0.18 0.55 ± 0.30 0.49 ± 0.30 0.44 ± 0.21 0.1–1.2

SGOT/AST (U/L) 31.31 ± 11.41 33.33 ± 9.62 32.85 ± 15.75 38.23 ± 20.59 0–49

SGPT/ALT (U/L) 28.58 ± 15.87 32.44 ± 20.62 28.58 ± 16.00 30.01 ± 15.05 0–49

Alkaline phosphatase (ALP) (U/L) 208.54 ± 59.06 175.12 ± 45.95a 193.32 ± 52.10 161.07 ± 36.12a 63–306

Total protein (g/dL) 7.14 ± 0.60 7.43 ± 0.68a 7.18 ± 0.71 7.43 ± 0.46 6.0–8.3

Albumin (g/dL) 4.18 ± 0.17 4.31 ± 0.19a 4.21 ± 0.28 4.37 ± 0.23a 3.5–5.5

Globulin (g/dL) 2.95 ± 0.50 3.12 ± 0.60 2.97 ± 0.58 3.06 ± 0.37 1.8–3.6

A/G ratio 1.45 ± 0.22 1.43 ± 0.28 1.47 ± 0.30 1.45 ± 0.19 —

Renal function test

Blood urea nitrogen (mg/dL) 10.88 ± 2.69 12.61 ± 2.97a 9.89 ± 3.45 10.20 ± 2.72 7–21

Blood urea (mg/dL) 23.29 ± 5.76 27.00 ± 6.35a 21.19 ± 7.39 21.83 ± 5.83 10–50

Serum creatinine (mg/dL) 0.89 ± 0.13 0.96 ± 0.15a 0.87 ± 0.17 0.93 ± 0.15 0.7–1.4

Uric acid (mg/dL) 5.69 ± 1.28 5.69 ± 1.26 5.53 ± 1.20 5.39 ± 0.99 3.0–7.2

Note: Data is represented as Mean ± SD (percent change). The data was analyzed within the group using the dependent Student's t-test and between groups using the 
independent Student's t-test. Statistically significant at p-value < 0.05.
aSignificant p-value within the group.

TABLE 4    |    Lipid profile at screening and day 180 upon oral administration of WS root extract and placebo capsule in healthy adult participants.

Lipid profile

Parameters

Test (n = 20) Placebo (n = 20)

Reference rangeScreening Day 180 Screening Day 180

Total Cholesterol (mg/dL) 171.01 ± 36.26 177.37 ± 42.59 167.00 ± 40.06 182.55 ± 33.07a Desirable level | < 200

Triglycerides (mg/dL) 166.39 ± 79.87 126.71 ± 33.30 154.47 ± 77.34 155.39 ± 77.15 Normal: < 165

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

49.94 ± 9.65 52.51 ± 11.54 46.53 ± 8.37 46.70 ± 5.62 Normal: 35–80

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

87.79 ± 35.23 92.33 ± 37.67 89.58 ± 30.12 104.77 ± 31.99a Optimal < 100 Near/
Above Optimal 100–129

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

33.28 ± 15.97 25.21 ± 6.66 30.89 ± 15.47 31.08 ± 15.43 6–38

Note: Data is represented as Mean ± SD (percent change). The data was analyzed within a group using the dependent Student's t-test and between groups using the 
independent Student's t-test. Statistically significant at p-value < 0.05.
aSignificant p-value within the group.
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(Muscari et al. 2021; Raveendran et al. 2025). Its levels also vary 
with age and sex and have been proposed as a marker of biological 
aging and mortality risk in older adults (Braisch et al. 2022; Cao 
et al. 2019). In the test group, there was a decrease in NT-pro BNP 
levels (28.70%) compared to a slight increase in the control group. 
The levels of NT-pro BNP were in the normal physiological range; 
the WS root extract afforded further cardiac protection by reduc-
ing the marker. The effect of WS root extract and placebo capsules 
on CRP and NT-pro BNP is depicted in Table 7.

3.8   |   Effect of WS on Immune Function, Glycemic 
Profile, and Cortisol Levels

The effect of WS on the immune system was evaluated by an-
alyzing the level of CD3, CD4, and CD8 cells of each partici-
pant during screening and upon oral treatment for 180 days. 

The data demonstrated that the test group showed a slight 
improvement in CD3, CD4, and CD8 levels, and the placebo 
showed a significant increase in CD3 and CD8. However, all 
parameters including CD3 and CD8 remained within reference 
ranges throughout the study and were clinically non-significant 
(p > 0.05) in nature.

Glycemic status assessments revealed that fasting blood glu-
cose levels remained normal in the test group but significantly 
increased in the control group. Fasting insulin levels decreased 
significantly in the test group, while the control group showed 
an increase. In the test group, 2 prediabetic and 2 diabetic par-
ticipants at baseline saw improvements, with 3 normalizing and 
1 remaining diabetic post-study. In the placebo group, 2 predi-
abetic and 3 diabetic participants progressed, with 9 becoming 
prediabetic, 2 remaining diabetic, and 1 converting to predia-
betic. This data is summarized in Table 8.

TABLE 5    |    Male sex hormone (testosterone) at screening and upon treatment with WS root extract capsule in participants.

Parameters

Test (n = 19) Placebo (n = 17)

Screening Day 180 Screening Day 180

Testosterone (ng/dL) 471.33 ± 218.50 555.12 ± 270.72a,b 489.33 ± 306.10 434.77 ± 249.85

%Change 17.78% (Improvement) 11.15% (Reduction)

Note: Data is represented as Mean ± SD (percent change). Data were analyzed by the dependent Student's t-test and Wilcoxon signed-rank test for within groups and 
independent Student's t-test and Mann–Whitney U test for between groups. Statistically significant at p-value < 0.05.
aSignificant p-value within the group.
bSignificant p-value between groups.

TABLE 6    |    Thyroid function test upon oral administration of WS root extract and placebo capsule in healthy adult participants.

Thyroid profile

Parameters

Test (n = 20) Placebo (n = 20)

Reference rangeScreening Day 180 Screening Day 180

Triiodothyronine (T3) (ng/dL) 160.20 ± 22.82 142.86 ± 23.26a 158.65 ± 33.01 141.91 ± 29.09 60–215

Thyroxine (T4) (μg/dL) 10.11 ± 1.20 8.41 ± 1.43a 10.05 ± 1.94 7.76 ± 2.01a 4.5–14.5

Thyroid-stimulating hormone (TSH) 
Triiodate (μIU/mL)

2.68 ± 1.46 2.72 ± 0.97 2.50 ± 1.82 2.74 ± 2.22 0.35–5.5

Note: Data is represented as Mean ± SD (percent change). The data was analyzed within a group using the dependent Student's t-test and between groups using the 
independent Student's t-test. Statistically significant at p-value < 0.05.
aSignificant p-value within the group.

TABLE 7    |    Effect of WS root extract and placebo capsule on CRP and NT-pro BNP levels.

Parameters

Test (n = 20) Placebo (n = 20)

Reference rangeScreening Day 180 Screening Day 180

CRP (mg/dL) 5.88 ± 3.37 2.88 ± 1.09a 4.66 ± 4.30 3.37 ± 1.08 < 6

%Change 51.10% 27.77%

NT-pro BNP (pg/mL) 106.32 ± 166.43 75.81 ± 52.28 75.63 ± 78.53 79.14 ± 61.90 50 to 75 years: ≤ 900 
(Acute heart failure)%Change 28.70% 4.63%

Note: Data is represented as Mean ± SD. Analysis was done using the independent Student's t-test and Mann–Whitney U test for between groups and the dependent 
Student's t-test and Wilcoxon signed-rank test for within groups. Statistically significant at p-value < 0.05.
aSignificant p-value within the group.
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3.9   |   Assessment of Chest X-Ray and ECG

No clinically significant abnormalities or changes were detected 
in the ECG and chest X-ray examinations both at screening and 
at the end of the study.

3.10   |   Assessment of Vital Signs

No clinically significant changes were observed in blood pres-
sure, pulse rate, respiratory rate, and oral temperature across 
both groups throughout the study. All vital signs remained 
within normal limits for all groups. All 40 participants were 
compliant and showed excellent tolerability to the investiga-
tional product.

3.11   |   Standardization and Quality Control of WS 
Root, Extract, and Capsule

The WS root, extract, and capsules were analyzed for the con-
tent of withanosides and withanolides per the USP-NF WS 
root monograph. The total withanolides in the extract were 
found to be NLT 2.5% w/w whereas each capsule of WS root 
extract consists of NLT 5.00 mg total withanolides. The quality 
control parameters of the WS capsule are depicted in Table 9. 
Standardization of extract and capsules using HPLC-PDA is rep-
resented in Figure 2.

4   |   Discussion

Over the 180-day study period, standardized Withania somnif-
era root extract demonstrated a strong safety profile, with no 

significant adverse events reported. No clinically significant 
changes were seen in vital signs (temperature, pulse, respiratory 
rate, blood pressure) or hematological, hepatic, renal, lipid, and 
thyroid parameters, with all values remaining within clinically 
normal limits before and after the study, thus reinforcing the 
extract's safety for long-term use. Key findings include a signif-
icant increase in levels of testosterone in males. A significant 
reduction, that is, 51.1% in CRP and 28.70% in NT-pro BNP sug-
gests anti-inflammatory benefits.

WS exerts anti-inflammatory effects through withanolides like 
withaferin-A, which inhibit TNF-α, IL-1β, and NF-κB path-
ways, reducing oxidative stress, neutrophil infiltration, and 
tissue inflammation. Additionally, WS enhances testosterone 
production by stimulating the hypothalamic–pituitary–gonadal 
axis, increasing luteinizing hormone secretion and testosterone 
levels. This action supports its therapeutic potential in reducing 
inflammation and improving the anabolic hormone to support 
muscle health (Paul et al. 2021).

The findings from the present study align with previous re-
search demonstrating the tolerability and safety of WS root 
extract. A study on WS capsules, administered 1000 mg/day to 
healthy male participants for 4 weeks, reported no AEs and ob-
served no significant changes in safety parameters such as liver, 
kidney, and thyroid functions. These results enhance enthusi-
asm for the safety of WS supplementation in healthy populations 
(Vaidya et al. 2024).

Previous studies, including a randomized, placebo-controlled, 
double-blind trial conducted earlier, supported the safety of WS 
root extract at 300 mg twice daily in healthy adults. In conso-
nance with this study's findings, this trial observed no significant 
AEs or abnormalities in vital signs, biochemical, hematological, 

TABLE 8    |    Effect of WS root extract capsule on immune function, sugar, and cortisol level.

Parameters

Test (n = 20) Placebo (n = 20)

Reference rangeScreening Day 180 Screening Day 180

CD3 (%) 72.89 ± 8.38 75.00 ± 7.15 76.35 ± 7.78 79.80 ± 6.86a 60–90

CD4 (%) 41.20 ± 7.34 42.35 ± 6.67 42.61 ± 7.68 42.75 ± 6.38 30–50

CD8 (%) 30.63 ± 5.28 31.60 ± 5.11 31.00 ± 6.97 34.85 ± 7.71a 10–35

Cortisol

Cortisol (nmol/L) 96.36 ± 29.60 84.74 ± 28.13 96.49 ± 30.38 93.89 ± 30.68 83–359

%Change 12.05% 2.69%

Glycemic status

Fasting blood Glucose (mg/dL) 88.78 ± 7.94 91.67 ± 6.85 85.55 ± 8.42 101.78 ± 16.92a,b Normal: 70–99

Fasting insulin (mIU/L) 13.13 ± 8.44 8.63 ± 6.36a,b 13.53 ± 5.01 16.57 ± 13.35 0.2–25.0

HbA1C (%) 5.58 ± 0.58 5.56 ± 0.36 5.60 ± 0.81 5.75 ± 0.50 Non-diabetic adults < 6.0

Prediabetes = 6.0–6.4

Diabetes = ≥ 6.5

Note: Data is represented as Mean ± SD (percent change). The data was analyzed within a group by using the dependent Student's t-test and independent Student t-test 
between groups. Statistically significant at p-value < 0.05.
aSignificant p-value within the group.
bSignificant p-value between groups.
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or thyroid parameters across an 8-week period, reinforcing the 
safety profile of WS for regular use (Verma et al. 2021).

The safety findings from the present study are consistent with 
those reported in a dose-escalation study that evaluated the tol-
erability of WS in healthy volunteers at doses ranging from 750 
to 1250 mg daily. In that open-label trial (Raut et al. 2012), the 
WS formulation was well tolerated, with only one adverse event 
leading to participant withdrawal. Muscle strengthening, lipid-
lowering effects, and improved sleep quality were also noted. At 
the same time, all hematological and biochemical organ func-
tion tests remained within normal ranges, further supporting 
the safety profile of WS in escalating doses (Raut et al. 2012).

Smith et al. (2023) have demonstrated WS exceptional influence 
on hormone regulation, particularly its ability to significantly 
boost free testosterone in men. Consistent with these findings, 

the present study observed a marked increase in testoster-
one levels among male participants following WS root extract 
supplementation.

The strength of the study lies in its double-blind, placebo-
controlled design and extended duration, which provide a ge-
stalt assessment of the long-term effects and/or safety of WS 
supplementation. However, a limitation of the study is its small 
sample size, which may restrict the overall generalizability of 
the key findings to larger, more diverse populations. Another 
major limitation is that the study provides data only for male 
participants.

In summary, Withania somnifera root extract offers a safe oral 
nutraceutical, with its potential benefits establishing a signifi-
cant impact on health outcomes in males. The findings of this 
study underscore the safety profile of WS supplementation, 
offering valuable insights that can support evidence-based 
decision-making in health strategies for healthcare profession-
als and consumers.

5   |   Conclusion

This 180-day randomized, placebo-controlled, double-blind trial 
provides robust evidence of the safety and tolerability of stan-
dardized WS root extract capsules in healthy adult participants. 
The anthropometric parameters, hematological, hepatic, renal, 
and lipid profiles, male reproductive hormones, thyroid func-
tion, glycemic indices, and cortisol levels were within normal 
ranges after treatment. Notably, significant reductions were 
observed in inflammatory markers (CRP), NT-pro BNP levels, 
and slight improvements in immunity markers. Furthermore, 
assessments of vital signs, chest X-rays, and ECG revealed no 
abnormalities, and no adverse events were reported. These 
findings support the safety of standardized WS root extract 
for long-term consumption and highlight its potential as a safe 
nutraceutical intervention to support health and well-being in 
human populations.
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TABLE 9    |    Quality control parameters of WS root extract capsules.

Name of product Withania somnifera (L.) Dunal 
root extract (2.5%) Capsule 

(Each capsule contains 
200 mg of WS root extract)

Brand Name LongeFera

Plant part used Roots

Physical characteristics Description of capsule

Yellow/yellow color 
veggie capsule, size “0”

Appearance of Extract

Light to dark brown 
free-flowing powder

Chemical analysis Total Withanolides NLT 
5.00 mg/Capsule

Disintegration time NMT 30 min

Weight variation 500 mg ±7.5%

Impurities Lead: < 0.50 ppm
Mercury: < 0.50 ppm
Arsenic: < 1.00 ppm

Cadmium: < 0.50 ppm
Residual solvents: Meets 

USP-NF <467>

Microbial analysis Total plate count: < 1000 cfu/g
Yeast & Mold: < 100 cfu/g

Coliform: < 3.0 mpn/g
Enterobacterial Count: 

< 100.00 cfu/g
E.coli: Absent

Salmonella: Absent
Staphylococcus aureus: Absent

Shelf life 24 months from the 
date of manufacture

Packaging 65 Capsules in white color 
round HDPE bottles
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FIGURE 2    |    HPLC Chromatogram of (A) Blank Plasma; (B) Withania somnifera roots; (C) Withania somnifera root extract; (D) Withania somnif-
era root extract capsules.
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or analysis of results. The clinical trial was conducted by an external 
Contract Research Organization (CRO), MPREX Healthcare Pvt. Ltd., 
Pune, India, who analyzed the results themselves along with the clini-
cians conducting the study in this multicentric trial (N.V., R.A., P.K., 
G.G., D.N.).

Data Availability Statement

The data generated during and/or analyzed during the current clinical 
study are available from the corresponding author upon request.
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