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ABSTRACT

Ashwagandha (Withania somnifera) is a well-known adaptogen with established roles in stress modulation and physical perfor-
mance enhancement traditionally. Low dose Ashwagandha (LDA/Ashwa 0.30) is a bioactive-optimized root-only extract stand-
ardized to withanolides (>15% w/w) and an ATP-active fraction (>15% w/w). This study investigated the efficacy and safety
of LDA supplementation on cardiorespiratory fitness and exercise-induced fatigue in healthy individuals. In this eight-week,
randomized, double-blind, placebo-controlled study, healthy adults received either LDA (30mg/day) or placebo. VO,max was
assessed as primary endpoint using an indirect method via the Modified Bruce Protocol Treadmill Test (MBPTT). Secondary
endpoints included lactic acid, creatine phosphokinase (CPK), Rating of Perceived Exertion (RPE), fatigue scores (VAS), and
safety biomarkers. LDA significantly improved VO,max and maximal heart rate compared to the placebo. Participants in the
treatment group showed lower lactic acid levels at exercise, indicating prolonged aerobic metabolism. CPK levels were signifi-
cantly reduced, suggesting mitigation of muscle energy stress. Borg RPE and fatigue scores improved in the LDA group. LDA
was well tolerated, with no treatment-related adverse events. Hematological, hepatic, renal, metabolic, and vital sign parameters
remained within normal clinical ranges following intake of LDA. LDA supplementation for 8 weeks significantly enhanced car-
diorespiratory fitness, delayed fatigue onset, and was safe for use in healthy adults. These findings support its potential as a safe

and effective low-dose aid for endurance enhancement and overall exercise performance.

1 | Introduction

Herbal products derived from various plant parts—such as roots,
seeds, leaves, and stems—have long been recognized for their
broad-spectrum health benefits. In recent years, there has been
a notable increase in the consumption of herbal supplements
among both athletic and non-athletic/general populations to

enhance endurance and energy levels (Amir et al. 2023). During
moderate to high-intensity exercise, the human body primarily
relies on key energy substrates such as glucose stored in hepatic
and muscular tissues. However, intense physical activity is also
associated with the accumulation of metabolic byproducts, such
as lactic acid and ammonia, which contribute to intracellular ac-
idosis and thereby lead to fatigue.

Abbreviations: AE, adverse event; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; BUN, blood urea nitrogen; CDSCO, Central
Drugs Standard Control Organization; CONSORT, consolidated standards of reporting trials; CPK, creatine phosphokinase; CRF, case report form; CRO, clinical
research organisation; CTRI-India, clinical trial registry-India; DBP, diastolic blood pressure; EMG, electromyogram; GCP, good clinical practice; GMP, good
manufacturing practice; HRmax, maximum heart rate; HRrest, heart rate at rest; ICH, international conference on harmonisation; IP, investigational product; LDH,
lactate dehydrogenase; MBPTT, modified bruce protocol treadmill test; N, number of subjects; NDCT, new drugs and clinical trials; PP, per protocol; RBC, red blood
cell; RBG, random Blood Glucose; RPE, rating of perceived exertion; SBP, systolic blood pressure; SpO,, peripheral oxygen saturation; TSH, thyroid stimulating
hormone; USP, United States Pharmacopeia; VAS, visual analogue scale; VO,max, maximal oxygen uptake; WBC, white blood cell.
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Addressing physical endurance and exercise-induced fatigue
through herbal interventions has become a growing area of sci-
entific interest (Chen et al. 2022). Adaptogenic herbal extracts,
known to enhance the organism's nonspecific resistance to a va-
riety of stressors, have demonstrated the ability to improve mi-
tochondrial ATP production efficiency. This leads to enhanced
cardiovascular endurance, increased energy availability, and
reduced fatigue (Panossian and Wikman 2009).

Among the various adaptogens, Withania somnifera (commonly
known as Ashwagandha) is one of the most widely studied and
traditionally used herbs worldwide.

W. somnifera is cultivated in hot and arid regions of tropical and
subtropical climates. It has been utilized for over 3000years
in the Indian traditional system of medicine (Ayurveda) as a
rasayana—a rejuvenative tonic believed to promote physical
and mental well-being and support longevity (Mandlik and
Namdeo 2021; Lopresti and Smith 2021). Classical Ayurvedic
texts such as Charaka Samhita and Sushruta Samhita (circa
1000BCE) specifically emphasize the use of the root (Mula) of
the plant for its therapeutic effects (Joshi and Joshi 2021).

The global surge in demand for Ashwagandha-based products
has resulted in the development of various formulations, most
commonly derived from the root or root-stem combinations.
Despite traditional recommendations favoring root use, many
commercially available root-based formulations either re-
quire high daily doses (typically in the range of 300- 600 mg)
to demonstrate clinical efficacy or lack globally harmonized
standardization protocols for active constituents. A recent re-
view by Zellner et al. (2025) critically evaluated 19 commercial
Ashwagandha products, highlighting the absence of validated,
universally accepted standardization techniques. This under-
scores a significant unmet need for low-dose, standardized
Ashwagandha formulations with proven efficacy and safety.

The present study was designed to evaluate the effects of a low-
dose Ashwagandha (LDA) formulation administered over an
8-week period in healthy adults aged 18-45years. The primary
objective was to assess the influence of LDA supplementation
on cardiovascular endurance, as measured by maximal oxygen
consumption (VO,max)—a gold standard parameter for aerobic
fitness. Secondary objectives included evaluating the effects of
LDA on lactic acid accumulation, a biomarker of anaerobic me-
tabolism during high-intensity exercise, as well as assessing per-
ceived exertion and fatigue experienced by study participants.

2 | Methods
2.1 | Study Design

A randomized, prospective, double-blind, placebo-controlled
clinical study was conducted at a clinical study site in India be-
tween November 2024 and February 2025, involving healthy ex-
ercisingsubjects. The studywasinitiated followingapproval byan
independent ethics committee and was prospectively registered
with the Clinical Trial Registry-India (CTRI/2024/10/075637).
It was conducted in accordance with the study protocol,
the applicable requirements of the Central Drugs Standard

Control Organization (CDSCO), the International Council for
Harmonisation Good Clinical Practice (ICH-GCP) Guidelines,
the Declaration of Helsinki, and the New Drugs and Clinical
Trials (NDCT) Rules 2019 of India.

The study comprised screening visits (Day-7 to Day 1), random-
ization visit (Day 1), follow-up visits (Day 7, Day 28 and Day 54),
and a final visit (Day 56), with a treatment duration of 8 weeks
for each subject. During the screening period (Day-7 to Day 1),
subjects were assessed for eligibility based on the inclusion
and exclusion criteria. Eligible subjects underwent baseline
assessments including demographic data collection, personal
and medical history, prior medication review, vital signs mea-
surement, physical examination, and laboratory investigations.
Additionally, baseline clinical evaluations for perceived exer-
tion (using the Borg rating of perceived exertion (RPE) scale),
fatigue (using a Visual Analog Scale (VAS), and neuromuscu-
lar activation via electromyogram (EMG) following a 20-Meter
Shuttle Run Test were carried out during the screening visits). A
Modified Bruce Protocol Treadmill Test (MBPTT) was carried
out on the randomization visit (Day 1), and it included deter-
mination of VO,max, blood lactate, and blood creatine phos-
phokinase (CPK) measurements during the MBPTT. Perceived
exertion (using the Borg RPE scale) and fatigue (using a Visual
Analog Scale (VAS) were also assessed following the MBPTT).

Following baseline evaluations, eligible subjects were random-
ized into two groups (LDA group or placebo group) and in-
structed to take one capsule of either LDA or placebo orally each
morning either before or after food for 56 days. Each subject was
provided with a diary with instructions to record date and time
of investigational product (IP) consumption. Medication com-
pliance was done by site personnel, from subject diary during
their follow-up visit and end of study visit. All subjects were in-
structed to bring the diary to each subsequent study visits. At
each post-randomization visit, vital signs, physical examina-
tions, and compliance with study procedures were assessed.
Clinical evaluations including perceived exertion (using Borg
RPE scale), fatigue (using VAS), neuromuscular activation (by
EMG) following the 20-Meter Shuttle Run Test and VO,max,
lactic acid threshold and blood CPK levels during the MBPTT
along with the laboratory investigations and IP accountability
were assessed during the final study visit.

2.2 | Participants

Healthy adult male and female (non-pregnant female subjects
if they were of child-bearing potential) subjects who provided
written informed consent to participate in the study, perform-
ing regular physical exercise almost 5days a week over the
last 2years, aged between 18 and 45years, with a body mass
index (BMI) between 18.5 and 24.9kg/m?, systolic blood pres-
sure (SBP)<130mmHg, and diastolic blood pressure (DBP)
<89mmHg, and who agreed to abstain from alcohol, caffeine,
and vigorous physical activity for 24h prior to each study visit
were included.

Subjects were excluded if they met any of the following criteria:
known hypersensitivity to the study product; blood donation
within 1 month prior to screening; hemoglobin level <12.0g/dL;
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history of any pulmonary disorder, peripheral oxygen saturation
(Sp0,) <96%, random blood glucose (RBG) levels > 140 mg/dL;
abnormal thyroid stimulating hormone (TSH) level (>4.2 uIU/
mL); history of any medical condition where exercise was con-
traindicated; inability to run due to any joint disorder; history of
smoking or active smokers using any form of tobacco; history/
symptoms of any cardiovascular disorder such as coronary ar-
tery disease or myocardial infarction; history of any significant
neurological and psychiatric condition that could affect the par-
ticipation or inference of the study endpoints; participation in
other clinical trials in the last 90days before screening; use of
nutritional supplements, medications, or steroids intended to
enhance physical performance; history of any orthopedic injury
or surgery that could limit exercise capacity; or plans to partici-
pate in any sporting event during the study period were excluded
from the study.

2.3 | Randomization and Blinding

Eligible subjects were randomized into Arm 1 (LDA group) or
Arm 2 (Placebo group) in a 2:1 ratio according to the random-
ization schedule. Subjects deemed eligible for randomization
were assigned a unique treatment assignment number, which
was appropriately recorded in the source documents and case
report forms (CRFs). Study medication was dispensed based on
the next available treatment assignment number, which was dis-
tinct from the subject number.

Randomization documentation, including sealed, blinded enve-
lopes and pharmacy records, was securely stored in the site phar-
macy, separate from participant study files. This information
was not accessible to the study staff responsible for conducting
study procedures with participants. Blinding was maintained
until all study data had been entered into the study database, all
endpoint and other data included in the final analysis had been
collected, verified, and finalized, and the database was ready
for analysis. The blinding process and conditions under which
unblinding might occur were explained to participants during
the informed consent process. Only the designated study phar-
macist from the Contract Research Organization (CRO) had full
access to the randomization list/schedule. Site personnel, in-
cluding the investigator and study team, had only access to the
treatment assignment number.

2.4 | Plant Material & Intervention

Withania somnifera, also known as Ashwagandha (Family:
Solanaceae), cultivated roots were sourced from Andhra
Pradesh, India. The authentication was done, and voucher spec-
imen number 128101 is kept in the Herbarium of the Foundation
for Revitalisation of Local Health Traditions (FRLHT),
Bengaluru.

Test substance used was a proprietary (Pending patent:
202541047928) extract derived from the roots of Withania som-
nifera. It was extracted with ethanol and water to achieve a
standardization of withanolides (>15% w/w determined using
a modified USP HPLC method). In addition, the extract was
also standardized to ATP active fraction (> 15% w/w determined

using gravimetric method).Notably, the ATP-active fraction in
LDA is devoid of withanolides yet plays a pivotal role in pro-
moting endurance. Chemically, this fraction is enriched in
arabinogalactans and contains a complex matrix of secondary
metabolites, including saponins, micronutrients (vitamins, min-
erals, and amino acids), phenolic compounds, and other minor
bioactive constituents, which together are hypothesized to con-
tribute synergistically to the endurance-enhancing effects of
LDA (Patent Pending).

LDA capsules containing 30 mg of Ashwagandha extract (Brand
name: Ashwa 0.30) were used as the test product and capsules
containing microcrystalline cellulose and syloid 244 FP excipi-
ents were used as the placebo. Both LDA and placebo capsules
were manufactured in a Good Manufacturing Practice (GMP)-
certified facility and the test products complied with the United
States Pharmacopeia (USP) requirements for dietary supple-
ments, including limits for microbial contaminants, heavy met-
als, residual pesticides, aflatoxins and residual solvents. Each
white bottle dispensed to subjects contained 34 capsules of ei-
ther LDA or placebo. Each product bottle was labelled with a
unique randomization number. Subjects were instructed to take
one capsule daily in the morning, either before or after food, for
aduration of 56 days. The study products (LDA capsules and pla-
cebo capsules) were identical in appearance and were packaged
in a manner designed to maintain the study blinding.

2.5 | Outcomes

The primary outcome of the study was the mean change in car-
diovascular endurance (by maximal oxygen uptake (VO,max))
from baseline to the end of the study compared to placebo. The
secondary outcomes included changes in lactic acid levels, blood
CPK levels, subjective rate of perceived exertion, fatigue level,
and neuromuscular activation from baseline to Day 54/Day 56
compared to placebo. Additionally, safety assessments includ-
ing the documentation of adverse events were also considered as
secondary outcomes.

Cardiovascular endurance (by VO,max) was assessed during
the Modified Bruce protocol Treadmill Test at baseline (Day
1) and on day 56. The Modified Bruce protocol Treadmill Test
(McDermott et al. 2022) commenced with a warm-up phase,
during which subjects performed a 5 to 10-min light exercise
prior to the test. Resting heart rate was measured prior to the
initiation of the test. The test began with subjects walking on a
treadmill at a speed of 2.7km/h (1.7 mph) with no incline (Level
0) for 3 min. In the second stage, the incline was increased to
Level 1 while maintaining the same speed for another 3 min.
The third stage involved raising the incline to Level 2, with
the speed remaining constant at 2.7km/h (1.7 mph) for an ad-
ditional 3 min. Subsequent stages involved increases in both
treadmill speed and incline at three-minute intervals as detailed
in Supplementary Table S1. The test was continued until the sub-
ject reached volitional exhaustion, defined as either achieving
their maximum heart rate or being unable to continue exercise.
Blood samples were collected at three-minute intervals during
the exercise to assess the lactic acid threshold, which was mea-
sured using a Lacto Spark instrument (Manufactured by Sensa
Core Medical Instrumentation PVT. LTD, India).
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The cardiovascular endurance (by VO,max) was calculated
using the formula:

VO, max = 15X (HRmax/HRrest)

where HRmax represents the maximal heart rate recorded
at volitional exhaustion during the Modified Bruce Protocol
Treadmill Test and HRrest is the resting heart rate measured
prior to the test.

Blood samples collected during the Modified Bruce Protocol
Treadmill Test at baseline (Day 1) and on day 56 were used to
determine the lactate threshold using the Lacto Spark instru-
ment (Sensa Core Medical Instrumentation Pvt. Ltd., India).
The device measures the blood lactate from 0.5uL of capillary
blood, providing results within 5s. Serum CPK levels were
measured at baseline (Day 1) and on Day 56 using the NAC (N-
acetyl-L-cysteine) kit method, Alinity CI module instrument
(Abbott, USA).

For the 20-Meter Shuttle Run Test (Léger and Lambert 1982;
Ozmen et al. 2017; Slettalokken and Rennestad 2014), subjects
began with a 5-10-min warm-up exercise, followed by practice
trials to familiarize themselves with the procedure. During the
test, subjects were instructed to run back and forth between two
markers placed 20 m apart, in synchrony with pre-recorded beep
signals. The initial running speed was set at 8.5km/h, increas-
ing by 0.5km/h every minute. Subjects were required to reach
one end of the 20-m course at the sound of each beep. The test
was terminated when a participant could no longer continue or
failed to complete two consecutive laps within the designated
time frame, as outlined in Supplementary Table S2.

Perceived exertion was assessed at baseline (Day-2 and Day 1),
Day 7, Day 54, and Day 56 by Borg Rating of Perceived Exertion
(RPE) scale while performing the 20-Meter Shuttle Run Test and
Modified Bruce Protocol Treadmill Test. The Borg RPE scale
measures an individual's subjective perception of effort during
physical activity and the scale ranges from 6 (no exertion) to 20
(maximal exertion). Neuromuscular activation was measured
by electromyogram (EMG) of four lower limb muscle groups:
the Quadriceps, Calf muscles (Gastrocnemius), Hamstring,
and Adductor muscles. Assessments were conducted at base-
line (Day-2), Day 7, and Day 54 after Modified Bruce Protocol
Treadmill Test. Fatigue levels were evaluated using the VAS at
baseline (Day-2 and Day 1), Day 7, Day 54, and Day 56 after com-
pletion of both the Modified Bruce Protocol Treadmill Test and
20-Meter Shuttle Run Test. The VAS ranged from 0 (no fatigue)
to 100 (complete exhaustion).

2.6 | Safety Assessments

Safety assessments included monitoring of adverse events (AEs),
vital signs (SpOz, blood pressure, respiratory rate, pulse rate,
and body temperature), physical examinations, and laboratory
investigations. AEs were monitored continuously throughout
the study. Vital signs and physical examinations were per-
formed at each study visit. The physical examination included
assessment of general appearance, respiratory, skin, head, eyes,
ears, nose, throat, heart, abdomen, reflexes, lymph nodes, and

extremities, neurological, and mental status. Laboratory assess-
ments included hematology (hemoglobin, RBC count, platelet
count, WBC count, hematocrit, neutrophils, eosinophils, lym-
phocytes, basophils, and monocytes) and clinical biochemistry
(LDH, ALT, AST, RBG, serum creatinine, total cholesterol, tri-
glycerides, and BUN). Laboratory investigations were conducted
at baseline and at the end of the study except LDH, which was
additionally assessed on Day 7 and Day 28.

2.7 | Sample Size

The sample size for this clinical study was calculated based on
a standard deviation of 2.86 and a difference to be detected of
3.22, as reported in the literature (Malik et al. 2013). The calcu-
lation followed the method described by Dell et al. (2002), with
a significance level (alpha) of 0.05 and a statistical power of 90%.
Allowing for a 20% dropout rate, the estimated total sample size
required was 44 participants. However, keeping in view the dif-
ferences in the experimental methods for endurance, the sample
size was increased to 66.

2.8 | Statistical Methods

Descriptive statistics were used for demographic and baseline
clinical characteristics, including laboratory safety parameters.
Quantitative variables were reported as mean +standard devi-
ation, while categorical variables were presented as counts or
percentages. Within-group comparisons were performed using
a paired ¢ test or Wilcoxon signed-rank test, depending on data
distribution. Between-group comparisons were conducted using
an unpaired ¢ test or Mann-Whitney U test. Normality tests
(Kolmogorov-Smirnov or Shapiro-Wilk) were conducted to
assess data distribution assumptions. All statistical tests were
two-sided, with a significance threshold set at p<0.05. Per
Protocol (PP) population was used for the analysis. PP popula-
tion included all randomized subjects who completed the study
as per the protocol without any major protocol deviation/proto-
col violation.

3 | Results

3.1 | Demography (Baseline Characteristics)
and Participants Flow

Overall, 86 potential subjects were assessed for participation in
the study after providing informed consent. Of these, 20 subjects
did not meet the inclusion criteria, and a total of 66 subjects were
subsequently enrolled. The enrolled subjects were randomized
to two groups, namely the LDA group (n=44) and the placebo
group (n=22). The flow of participants through the study, as per
CONSORT guideline is illustrated in Figure 1.

The mean (SD) age of the subjects in the LDA and placebo groups
was 34.0 (6.28) years and 37.1 (5.20) years, respectively. No no-
table differences were observed in demographic characteristics
between the two groups, except for concomitant medication use,
where one subject (4.55%) in the placebo group reported con-
comitant medication use, compared to none (0%) in the LDA

4
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Number of subjects
screened (N = 86)

[ Number of screen failures (N = ]

20)

Number of subjects
randomized (N = 66)

Ashwagandha

group
(N = 44)

Received
Ashwagandha
(N =44)

Subjects dropped out (N = 2)
1. Adverse events (N = 0)
2. Withdrew consent (N = 1)
3. Lost to follow-up (N = 1)

A

Completed
(N=42)

[ mITT (N = 44) ]

PP (N = 42)

Placebo group

(N =22)

Received
placebo (N = 22)

Subjects dropped out (N = 1)
1. Adverse events (N = 0)
2. Withdrew consent (N = 0)
3. Lost to follow-up (N = 1)

A

Completed
(N=21)

[ mITT (N = 22) ]

PP (N =21)

FIGURE1 | Participants flow in the study (CONSORT Chart). mITT, analyzed modified Intention-to-treat population; PP: analyzed per protocol

population.

TABLE1 | Baseline demographic characteristics of participants.

LDA (N=44) Placebo (N=22)

Male, n (%) 39 (88.6) 20 (90.9)
Female, n (%) 5(11.4) 2(9.1)

Age (Years)* 34 +£6.28 371 +£5.2
Height (cm)* 164.4 +5.62 164.0 £5.3
Weight (kg)* 60.1 £3.9 58.8 +2.1
BMI (kg/m?2)* 2224 +1.2 219+1.6
Concomitant 0 1(4.55)

medication, n (%)

*Each value is represented as mean + SD.

group. Baseline demographic characteristics of both groups
are presented in Table 1. A total of three subjects discontinued
from the study, with two subjects from the LDA group and one

from the placebo group. Investigational product compliance was
found to be acceptable, with rates of 95.90% in the LDA group
and 95.05% in the placebo group.

3.2 | Effect of LDA on Maximal Oxygen Uptake by
(VO2max) & Heart rate (HR) During the Modified
Bruce protocol Treadmill Test in the PP Population

In the PP population, at baseline, VO,max levels (Table 2) as-
sessed during the Modified Bruce protocol Treadmill Test were
comparable between the LDA (29.29 +1.71 mL/kg/min) and pla-
cebo (29.86 +1.42mL/kg/min) groups. Following 56 days of in-
tervention, the LDA group demonstrated a significant increase
(p<0.05) in VO,max to 32.20+1.82mL/kg/min (increased by
10.11%), whereas the increase observed in the placebo group
to 30.21+1.31mL/kg/min (increased by 1.23%) was not statis-
tically significant compared to its baseline. Furthermore, the
improvement in VO,max in the LDA group was significantly
(p<0.05) greater than that of the placebo group. These findings
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indicate that LDA supplementation enhances cardiorespiratory
endurance and aerobic capacity compared to placebo.

A significant (p <0.05) increase in maximal heart rate (HRmax)
was observed in the LDA group following 56days of interven-
tion (p <0.05), compared to both its baseline value and the pla-
cebo group. This suggests improved cardiovascular response
and exercise tolerance with LDA supplementation during the
Modified Bruce Protocol Treadmill Test. Results of the heart
rate at rest (HRrest) and maximum heart rate (HRmax) of
the PP population used to calculate the VO,max are shown in
Table 2.

3.3 | Effect of LDA on Exercise Stage Completion

The proportion of subjects achieving higher exercise stages
improved greatly in the LDA group compared to placebo over
56 days (Table 2). Notably, 100% of LDA subjects reached Stage
7 on Day 56 compared to 92.86% of people at baseline, and the
number of subjects reaching Stage 8 increased from 30.95%
at baseline to 61.90% on Day 56, while the placebo group
showed minimal improvement at Stage 7 (90.48% at baseline
to 95.24% on Day 56) and no improvement at Stage 8 (9.52%
at baseline and on Day 56). This indicates a clear enhance-
ment in exercise tolerance and endurance capacity with LDA
supplementation.

3.4 | Effect of LDA on Blood Lactate Concentration

At baseline, the mean blood lactate conration of the PP popula-
tion at Stage 6 (6.7km/h, Level 5 incline) of the Modified Bruce
protocol Treadmill Test was 4.88+1.23mmol/L in the LDA
group and 5.03+1.17mmol/L in the placebo group. Following
56 days of supplementation, lactate levels at this stage decreased
(p<0.05) to 4.49+0.50mmol/L in the LDA group compared to
4.80+0.73mmol/L in the placebo group (Table 3). The lactate
concentrations at Stage 1 remained stable in both groups over
the study period. These findings suggest an improvement in lac-
tate handling capacity in both groups, with a (p < 0.05) greater
reduction observed in the LDA group compared.

3.5 | Effect of LDA Muscle Stress evident from
the Blood CPK Levels

After 56 days of supplementation, blood CPK levels decreased sig-
nificantly (p <0.05) in the LDA group, from 138.04 £63.99 U/L
atbaseline to 116.32+47.88 U/L, indicating a 15.7% reduction. In
comparison, the placebo group showed a non-significant reduc-
tion, from 126.82+47.53 U/L to 117.95+45.02 U/L (7% decrease)
(Table 3). This significantly greater decline in CPK levels in the
LDA group suggests enhanced muscle protection and reduced
exercise-induced muscle stress, supporting its role in improving
recovery and endurance performance.

TABLE 2 | Cardiorespiratory endurance and exercise performance parameters of the PP population.

LDA (N=42) Placebo (N=21)
Test parameters Baseline Day 56 Baseline Day 56
HRrest (bpm) 83.83 £5.30 82.38 +£4.54 83.67 £4.70 83.62 +3.07
HRmax (bpm) 163.33 £8.93 176.50 +8.16** 166.33 £8.99 168.24 £5.98
VO,max (ml/kg/min) 29.29 +1.71 32.20 +£1.82%* 29.86 +1.42 30.21 +£1.31
Stage 7 subjects (%) 92.86 100 90.48 95.24
Stage 8 subjects (%) 30.95 61.9 9.52 9.52

Note: Unless otherwise specified, each value represents mean + SD; N=42 for LDA group and N=21 for placebo group; Stage 7 and Stage 8 represent the stages of the

Modified Bruce Protocol Treadmill Test as outlined in Supplementary Table S1.

Abbreviations: HRmax, maximum heart rate; HRrest, heart rate at rest; PP, per protocol; VO, max, maximal oxygen uptake.

*p <0.05 compared to respective baseline.
#p <0.05 compared to placebo.

TABLE 3 | Cardiorespiratory endurance and exercise performance parameters of the PP population.

LDA (N=42) Placebo (N=21)
Test parameters Baseline Day 56 Baseline Day 56
Stage 1 Blood lactate (mmol/L) 1.47 £0.63 1.56 £0.40 1.56 £0.55 1.47 £0.38
Stage 6 Blood lactate (mmol/L) 4.88 +1.23 4.49 £0.50* 5.03 +1.17 4.80 +0.73

Blood CPK (U/L) 138.04 +63.99

116.32 +£47.88*

126.82 +£47.53 117.95 £45.02

Note: Unless otherwise specified, each value represents mean + SD; N=42 for LDA group and N =21 for placebo group.

Abbreviation: CPK, creatinine phosphokinase.
*p <0.05 compared to respective baseline.
#p <£0.05 compared to placebo.
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3.6 | Effect of LDA on Subjective Rate of Perceived
Exertion by Borg Rating of Perceived Exertion
(RPE) Scale Post Modified Bruce Protocol
Treadmill Test

Following the Modified Bruce Protocol Treadmill Test, the
mean Borg RPE significantly (p <0.05) decreased in the LDA
group from 16.95+0.99 at baseline to 16.60+1.01 on Day 56.
In contrast, the placebo group showed a slight non-significant
increase in perceived exertion, from 17.33+1.02 at baseline to
17.43+£0.81 on Day 56. This reduction in perceived exertion in
the LDA group is significantly (p <0.05) greater compared to
the placebo group and indicates improved exercise tolerance
and reduced fatigue perception following endurance effort
(Figure 2a).

3.7 | Effect of LDA on Subjective Rate of Perceived
Exertion by Borg Rating of Perceived Exertion
(RPE) Scale Post 20-Meter Shuttle Run Test

The mean Borg RPE following the 20-m shuttle run test
decreased significantly (p<0.05) in the LDA group from
16.86 +1.24 at baseline to 16.38+£1.23 on Day 54. In con-
trast, the placebo group showed no change, with RPE values
of 16.62+1.16 at baseline and 16.62+0.86 on Day 54. This
reduction in perceived exertion in the LDA group suggests
improved exercise tolerance and reduced subjective fatigue
with supplementation over the study period. Results of the
Borg RPE following the 20-m shuttle run test are shown in
Figure 2b.

3.8 | Effect of LDA on Fatigue Level Post Modified
Bruce Protocol Treadmill Test

The LDA group demonstrated a significant reduction (p <0.05)
in fatigue post-treadmill test over 56days from its base-
line, whereas the placebo group showed a significant in-
crease (p<0.05). Nevertheless, there are no between group
significance (Figure 3a).

3.9 | Effect of LDA on Fatigue Level post Post
20-Meter Shuttle Run Test

There were no statistically significant differences in post-
exercise fatigue levels, measured immediately after the 20-m
shuttle run test, either within the LDA and placebo groups over
time or between the groups at any of the assessment points
(Baseline, Day 7, and Day 54). However, a numerical reduction
in perceived fatigue scores post 20-m shuttle run test was ob-
served in the LDA group over 54 days, whereas a slight increase
was noted in the placebo group (Figure 3b).

3.10 | Electromyogram
The EMG findings suggest that there were no significant

changes indicative of exercise-induced muscle damage in ei-
ther group.
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FIGURE 2 | (a) BRPE post MBPTT and (b) BRPE post 20 m shuttle
run. Figure 2a *p <0.05 compared to respective baseline; #p <0.05 com-
pared to placebo; N=42 for LDA group and N=21 for placebo group.
Figure 2b *p<0.05 compared to respective baseline; N=42 for LDA
group and N =21 for placebo group.

3.11 | Safety Assessments

A total of three adverse events (AEs) were reported during the
study with one in the test group and two in the placebo group.
The reported AEs included headache in the test group, and
headache and nasopharyngitis in the placebo group. All events
were mild in severity, non-serious, and assessed as unrelated to
the study intervention. All subjects with AEs recovered, and no
subject discontinued the study due to adverse events.

No clinically significant changes were observed in vital signs
and upon physical examinations throughout the study period.
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FIGURE3 | (a) VAS post MBPTT and (b) VAS post 20 m shuttle run.
Figure 3a *p<0.05 compared to respective baseline; N=42 for LDA
group and N =21 for placebo group. Figure 3b N=42 for LDA group and
N =21 for placebo group.

The results of the laboratory investigations are presented in
Supplementary Table S3 No safety concerns were identified,
with all laboratory values within normal physiological ranges.

4 | Discussion

This 8-week, randomized, double-blind, placebo-controlled
study demonstrated that daily supplementation with LDA extract
resulted in a statistically significant increase in maximal oxygen
uptake (VO,max), along with a reduction in exercise-induced

lactic acid accumulation, perceived exertion, and fatigue lev-
els among healthy, physically active individuals. The LDA in-
tervention was well tolerated, with no major treatment-related
adverse events reported, and no participant discontinuations
attributable to adverse effects. Pre- and post-treatment evalua-
tions of vital signs, physical examination findings, hematologi-
cal indices, blood biochemistry, lipid profile, and glucose levels
remained within clinically acceptable ranges, indicating that
LDA supplementation is safe for human consumption under the
conditions studied.

Cardiorespiratory fitness, or endurance capacity, is a critical de-
terminant of overall health and physical performance. It reflects
the integrated functional capacity of the pulmonary, cardiovas-
cular, and musculoskeletal systems to support sustained aerobic
activity during daily life or exercise. Maximal oxygen uptake
(VO,max) is widely recognized as the gold standard metric for
assessing cardiorespiratory fitness. Both direct and indirect
methods of VO, max estimation, using treadmill or cycle ergom-
eter protocols, are well established and broadly accepted in clin-
ical and research settings (Neshitov et al. 2023).

In the present study, VO,max was assessed using a validated in-
direct method—based on heart rate response—employing the
Modified Bruce Protocol Treadmill Test (MBPTT). The results
demonstrated a significant improvement in VO,max among
participants receiving LDA compared to the placebo group
over the eight-week intervention period. Multiple studies on
Ashwagandha extracts have reported within-group improve-
ments in VO,max following Ashwagandha supplementation in
athletes and healthy individuals (Sandhu et al. 2010; Tripathi
et al. 2016; Malik et al. 2013; Shenoy et al. 2012). A systematic
review and meta-analysis encompassing randomized controlled
trials reported that Ashwagandha supplementation significantly
enhanced VO,max in healthy adults and athletes, with a pooled
mean difference of approximately 3.00 mL/kg/min compared
with control conditions (p = 0.04) across a range of participant
profiles and dosages (300-1000 mg/day) over intervention pe-
riods of 2-12 weeks. Comparatively, the magnitude of VO,max
improvement observed with LDA in our cohort is consistent
with or exceeds the effects reported for other standardized root
extracts.

Further meta-analysis (Pérez-Gomez et al. 2020) indicated that
significant VO,max enhancements were typically associated
with high cumulative Ashwagandha intake (>50g over the in-
tervention period), the current study observed comparable im-
provements at a markedly lower cumulative dose (<2g). This
highlights the potential of Ashwa 0.30, a bioactive-optimized
extract developed using mathematical and biological modeling,
to deliver measurable physiological benefits at low doses.

Given the variability in phytochemical composition, extraction
methods, and standardization practices across commercially
available Ashwagandha formulations, it is important to inter-
pret the generalizability of these findings with caution. The
efficacy observed in this study is specific to LDA, a root-only
extract standardized to contain >15% withanolides and en-
riched with an ATP-active fraction. Extrapolation to other
Ashwagandha preparations should therefore be approached
carefully.
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As a byproduct of anaerobic glycolysis, lactic acid generation
reflects a metabolic shift from aerobic to anaerobic ATP produc-
tion. While this increase in lactic acid is transient and typically
resolves post-exercise, its accumulation during exertion is indic-
ative of the onset of anaerobic metabolism (Chand et al. 2023).

In the present study, lactic acid concentrations measured at Stage
6 of the Modified Bruce Protocol Treadmill Test (MBPTT) were
significantly higher in the placebo group compared to the LDA
group. These findings suggest that participants receiving LDA
were able to sustain aerobic metabolism for a longer duration
before transitioning to anaerobic pathways, thereby delaying
lactic acid accumulation. This prolonged aerobic efficiency im-
plies a higher ATP yield and improved energy availability during
exercise in the LDA group relative to the placebo. These find-
ings are directionally consistent with clinical data from other
plant-derived bioactives, such as 2S-hesperidin supplementation
(500 mg/day) in amateur cyclists for 8 weeks, which has been
shown to reduce blood lactate at ventilatory thresholds follow-
ing chronic supplementation. While between-group differences
were not always statistically established in this study, large ef-
fect sizes support the concept that botanical interventions can
meaningfully influence lactate handling (Martinez-Noguera
et al. 2022).

Creatine phosphokinase (CPK) is an intracellular enzyme pre-
dominantly localized in skeletal muscle, cardiac tissue, and
the brain, commonly used as a biomarker for muscle stress or
injury. Although elevated serum CPK levels are traditionally
associated with muscle fiber damage, emerging evidence sug-
gests that increases may also result from transient disruptions
in cellular energy homeostasis or non-mechanical biochemical
stress (Baird et al. 2012). In the current study, a statistically sig-
nificant reduction in CPK levels was observed in the LDA group
following moderate-intensity exercise, indicating that LDA may
help stabilize muscle energy metabolism or mitigate subclinical
muscle stress.

Collectively, the observed improvements in VO, max in conjunc-
tion with lower lactic acid and CPK levels in the LDA group sup-
port the conclusion that LDA supplementation enhances aerobic
efficiency, reduces muscle energy disruption, and improves over-
all exercise performance and recovery in healthy individuals.

Both the Modified Bruce Protocol Treadmill Test (MBPTT) and
the 20-m shuttle run test are recognized as high-intensity exer-
cise assessments that effectively challenge aerobic and anaero-
bic capacity. The Rating of Perceived Exertion (RPE) measured
using the Borg scale is a validated subjective tool for quantifying
exercise intensity and has been shown to significantly correlate
with physiological parameters such as VO, max, heart rate, and
the overall sensation of fatigue.

In the present study, participants in the LDA group reported a
statistically significant reduction in RPE scores compared to
the placebo group. This decrease in perceived exertion was ob-
served alongside significant increases in VO,max and maximal
heart rate, suggesting a strong concordance between subjec-
tive perceptions of effort and objective physiological improve-
ments. Furthermore, individuals in the LDA group experienced

reduced levels of fatigue during exercise, whereas fatigue
scores increased in the placebo group, further supporting the
anti-fatigue and endurance-enhancing effects of LDA. The ob-
served reduction in fatigue may be partly mediated through
neuroendocrine mechanisms. Ashwagandha has been shown
to modulate hypothalamic-pituitary-adrenal (HPA) axis activ-
ity, including suppression of corticotropin-releasing hormone
(CRH) and attenuation of exercise-induced cortisol responses.
Acute supplementation with Withania extracts has been re-
ported to reduce post-exercise cortisol by ~17% and lowered sub-
jective fatigue scores (VAS scale) by 21% compared to placebo in
recreational runners (Jiao et al. 2025). Such stress-modulating
effects may complement peripheral metabolic adaptations, con-
tributing to reduced central fatigue and improved overall exer-
cise experience.

The study also rigorously assessed the safety profile of LDA over
the eight-week intervention period. No serious adverse events
or discontinuations due to treatment intolerance were reported,
and the extract was well tolerated by all participants. Post-
supplementation evaluations showed no clinically significant al-
terations in hepatic function markers (alanine aminotransferase
[ALT], aspartate aminotransferase [AST]), renal markers (blood
urea nitrogen [BUN], and serum creatinine), muscle stress indi-
cators (lactate dehydrogenase [LDH], electromyography), or any
hematological parameters (including hemoglobin, red and white
blood cell counts, platelets, hematocrit, and leukocyte differen-
tials such as neutrophils, eosinophils, lymphocytes, basophils,
and monocytes). Additionally, lipid profiles (total cholesterol
and triglycerides) and fasting blood glucose levels remained
within normal physiological ranges. Vital signs including blood
pressure and heart rate were also stable throughout the study
duration.

These findings are consistent with previous safety evaluations
of Ashwagandha supplementation in human populations (Durg
et al. 2018; Pratte et al. 2014), supporting the conclusion that
LDA is safe for daily use at the administered dose in healthy
adults.

In summary, 8 weeks of supplementation with LDA—a root-only
Ashwagandha extract standardized to >15% withanolides and
enriched with an ATP-active fraction—resulted in significant
improvements in VO,max and maximal heart rate, alongside
reductions in lactic acid accumulation, perceived exertion, and
fatigue. These findings suggest that Ashwa 0.30 may serve as a
safe and effective low-dose adaptogenic intervention to support
cardiorespiratory fitness, endurance performance, and overall
exercise tolerance in healthy individuals.
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