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Introduction: Ashwagandha (Withania somnifera [L.] Dunal) has been traditionally used for
various actions ranging from vitalizer, improve endurance and stamina, promote longevity,
improve immunity, and male and female fertility. However, clinical studies are needed to
prove the clinical efficacy of this herb, especially in cardiovascular endurance and physical
performance. Aims: This prospective, double-blind, randomized, and placebo-controlled
study evaluated the efficacy of Ashwagandha roots extract in enhancing cardiorespiratory
endurance and improving the quality of life (QOL) in 50 healthy male/female athletic adults.
Materials and Methods: Cardiorespiratory endurance was assessed by measuring the oxygen
consumption at peak physical exertion (VO,max) levels during a 20 m shuttle run test. The
World Health Organization self-reported QOL questionnaire (physical health, psychological
health, social relationships, and environmental factors) was used to assess the QOL. Student’s
t-test was used to compare the differences in a mean and change from baseline VOZmax levels,
whereas Wilcoxon signed-rank test was used to assess changes in QOL scores from baseline in
the two groups. Results: There was a greater increase from baseline (P < 0.0001) in the mean
VO,max with KSM-66 Ashwagandha (n = 24) compared to placebo (n = 25) at 8 weeks (4.91
and 1.42, respectively) and at 12 weeks (5.67 and 1.86 respectively). The QOL scores for all
subdomains significantly improved to a greater extent in the Ashwagandha group at 12 weeks
compared to placebo (P < 0.05). Conclusion: The findings suggest that Ashwagandha root
extract enhances the cardiorespiratory endurance and improves QOL in healthy athletic adults.

Ashwagandha, cardiorespiratory endurance, healthy athletics adults, quality of life,
VO,max

Ashwagandha (Withania somnifera [L.] Dunal), also known
as Indian Winter Cherry, is extensively used in Ayurveda, the
traditional health care system in India. This herb is used as a
general tonic and “adaptogen,” helping the body to adapt to
stress. Also, it has been shown to possess antioxidant properties
as well as an ability to support a healthy immune system.!'!

Ashwagandha is a popular medicinal plant in the South East
Asia and Southern Europe. Many people use this herb for
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general vitality. It is popularly called “Indian Ginseng” due to
its rejuvenating effects.>* In addition, it causes relaxation,
increases energy and promotes weight loss through stress
reduction. In Ayurveda, certain herbal formulac known as
Rasayana are considered to be rejuvenating."*** and are
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taken as a remedy for genecral weakness, exhaustion, and
stress. Ashwagandha is valued for its ability to increase
vitality, energy, endurance and stamina, promote longevity
and strengthen the immune system without stimulating
the body’s reserves. Numerous studies suggest Ashwagandha
can directly and indirectly prevent and treat a number of
discases.[#10:11]

Earlier studies clearly indicated that the traditional use of
Ashwagandha had a logical and scientific basis.!'? Nonetheless;
clinical studies are needed to prove the clinical efficacy of
this herb, especially in cardiovascular endurance and physical
performance. Hence, this study was conducted with a two-fold
objective: To evaluate the efficacy of a high concentration
root extract of Ashwagandha in enhancing cardiorespiratory
endurance, and to improve the quality of life (OOL) in healthy
athletic adults.

This randomized, double-blind, and placebo-controlled study
was approved by Suraksha Independent Ethics Committee,
Vishnu Institute of Pharmaceutical Education and Research,
Andhra  Pradesh, India (ref. no. SIEC/04/01/0014; dt.
13.04.2012) and the study was conducted in compliance with
good clinical practice guidelines, Declaration of Helsinki and all
other applicable regulations.

Study subjects

A total of 50 subjects were assessed with regards to
eligibility for inclusion in the study at the Department of
Orthopedics, Hyderabad Spine Clinics, Secunderabad, India.
This being an exploratory study, the sample size was not
based on any assumptions and calculations. Healthy athletic
male and/or female adult subjects aged between 20 and
45 years and subjects within the body mass index range of
18.5-24.9 kg/m? were enrolled in the study after obtaining
informed written consent. Subjects with previous history of
significant renal or hepatic impairment, asthma, urticarial,
or other allergic reactions, severe gastrointestinal disorders
such as malabsorption syndrome, diabetes, coronary artery
discase, and hypertension with or without complications, any
chronic physical, hormonal or psychiatric disorder, morbid
obesity (body fat percent >40%), and any medical condition
where exercise is contraindicated and recent surgery or trauma
that incapacitates the subject for exercise, subjects with
known hypersensitivity to Ashwagandha and related herbal
product extracts, and those subjects who were on any kind
of herbal preparations (such as other formulations containing
Ashwagandha, Ginseng, Brahmi, and Ginkgo biloba) were also
excluded.

Randomization

The enrolled  subjects were randomized to  either
placebo (control) group (n = 25), or Ashwagandha (study)
group (n = 25). Randomization was done using a computer
based predetermined randomization chart (Rando 1.2,
RRaveendran, 2014). After the subjects were enrolled, they
were provided a study serial number in chronological order. The
study and placebo capsules were provide in containers without
revealing the contents of the capsule and were numbered as per
the randomization chart. Only after the subjects were assigned

the study serial number, the corresponding container was given
to the subject.

The study subjects in the Ashwagandha group were
administered one capsule of KSM-66 Ashwagandha (containing
300 mg of a high concentration full-spectrum root extract of
the Ashwagandha plant, Ixoreal Bio-med Private Ltd.,) orally,
twice daily for a period of 12 weeks, whereas the subjects in
placebo group received identical capsules containing sucrose.

The Ashwagandha root extract (KSM-66 Ashwagandha
from Ixoreal Biomed, Hyderabad, India) used in this study
has been standardized to 5% withanolides as ascertained
by high-performance liquid chromatography (HPLC). It is
manufactured using a proprictary water-based process, without
the use of alcohol or any chemical solvents. The analysis of
withanolides was performed with a Waters 515 HPLC System,
using a Sunfire C1§ column of dimension 250 mm X 4.6 mm,
5 um at a flow rate of 1 ml/min. The solvent system was based
on methanol: water (60:40). The column temperature was 30°C,
and the injection volume was 20 ul.

Study visits and assessments

During the study period, the subjects visited the study center at
screening and enrollment and then after 4, §, and 12 weeks. All
enrolled subjects underwent a complete physical examination at
all visits.

The efficacy of Ashwagandha on cardiorespiratory endurance
was evaluated by conducting a 20-m Shuttle Run Test at
baseline, week 8 and week 12. Oxygen consumption at peak
physical exertion (VO,max) is one of the most widely used
indicator of cardiorespiratory endurance and shuttle run test!'”
is found to be a reliable substitute to assess VO,max, when
laboratory-based assessments of VO,max are not feasible.”!

The OOL was assessed by a self-reported World Health
Organization-QOL (WHO-QOL) questionnaire. This QOL had
subdomains for assessment of physical health, psychological
health, social relationships, and environmental factors.
Compliance was assessed using the capsule count and those
who consumed over 80% of tablets were classified as compliant.
All data were recorded in the source documents and data
collection forms for 12 weeks.

Statistical analysis

The data were analyzed using windows based statistical program
Medcalc® (Version 12.7.0.0). The VO,max and QOL scores are
expressed as a means with SD. Mann—-Whitney U-test was used
to compare the VO,max values with 20-m Shuttle Run Test
between the two groups. Similarly, Wilcoxon signed-rank test
was used to compare the two groups for differences in the QOL
scores and change from baseline in QOL scores for different
subdomains of QOL questionnaire.

One subject from the Ashwagandha group withdrew consent
from the study and was not included for analysis. Thus, data of
49 subjects were used for analysis [Flow chart 1]. The subjects
from the two groups were comparable and had a matching
demographic profile. The compliance was satisfactory in both
the groups.



Treatment with the root extract of Ashwagandha resulted in a
significantly greater increase (P < 0.0001) in mean VO,max at
week 8 and week 12 compared to placebo subjects [Table 1].
The QOL sub-domain scores are presented in Table 2.
Ashwagandha has shown to exert a greater improvement in all
the OOL sub-domain scores as compared to placebo.

The data of this study showed a significant (P < 0.05)
improvement in the physical and psychological health and the
social relationship status of the study subjects by the end of
12 weeks of the study. However, the status of the environmental
impact on the QOL of the study subjects was found to have
increased substantially; albeit, not significant at § weeks and
significant (P < 0.01) at 12 weeks of the study period. There
were no changes in the vital parameters such as pulse rate,
blood pressure (systolic and diastolic), and respiratory at resting
state in the subjects of both groups.

This study aimed to assess the effects of root extract of
Ashwagandha on cardiorespiratory endurance in healthy athletic
adults and to evaluate the QOL of these subjects. Isometric
exercise involves daily and athletic activity, which significantly
increases blood pressure, heart rate, myocardial contractility,
and cardiac output; this enhanced physiological activity
requires a fit cardiorespiratory system. A study in children
and adolescents suggests that low cardiorespiratory fitness is
strongly associated with the clustering of cardiovascular disease
risk factors in children, independent of country, age, and
sex."%) Cardiorespiratory endurance is generally recognized as
a major component of physical fitness. The maximum oxygen
consumption (VO,max) is considered by many as the most
valid measure of cardiorespiratory fitness.!'®"!
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Table 1: Assessment of VO,max by 20-m shuttle run test
Assessment period Mean (SD) Mann-Whitney U-test

Placebo (n=24) Ashwagandha (n=25) P

Baseline 42.18 (5.3) 41.74 (5.21) 0.7714
Week 8 43.59 (4.97) 46.65 (6.29) 0.0651
Week 12 44.03 (5.95) 47.41 (6.63) 0.0668
Mean change from baseline Mean (%)
Week 8 1.42 (1.92) 4.91 (1.72) <0.0001
Week 12 1.86 (2.28) 5.67 (2.15) <0.0001

VO,max measurements are generally displayed in I/min. (i.e., liters per minute, representing the volume of oxygen consumed by the entire body each minute). SD: Standard

deviation,VO,max: Maximum oxygen consumption



Table 2: Assessments of WHO-QOL questionnaire

Assessment period

QOL subdomains physical health

Baseline
Week 8
Week 12
Mean change from baseline
Week 8
Week 12
Psychological
Baseline
Week 8
Week 12
Mean change from baseline
Week 8
Week 12
Social relationships
Baseline
Week 8
Week 12
Mean change from baseline

Placebo (n=24)

58.88 (15.12)
60.71 (13.86)
56.58 (10.82)

1.83(7.7)
-2.3(5.7)

60.71 (21.85)
61.08 (13.86)
63.17 (14.12)

0.37 (11.41)
2.46 (15.07)

57.79 (23.21)
60.54 (18.89)
63.12 (18.13)

Week 8 2.75 (08.4)

Week 12 5.33 (08.5)
Environmental

Baseline 58.79 (16.97)

Week 8 63.42 (12.07)

Week 12 60.17 (13.21)
Mean change from baseline

Week 8 04.63 (7.86)

Week 12 01.38 (7.39)

WHO-QOL: World Health Organization-Quality of Life, SD: Standard deviation

The test for VO,max is perhaps the most commonly employed
procedure in exercise physiology. This measurement determines
an athlete’s ability to take in, transport, and utilize oxygen and
is probably the best assessments of the athlete’s endurance
capabilities. The maximum oxygen consumption (VO,max) is
a measure of long-term aerobic and cardiovascular endurance
parameters.  VO,max represents a long-term acrobic and
cardiovascular endurance and is considered to be a gold
standard for measuring the cardiorespiratory fitness level.l®18]
Endurance activities characteristically require high repetitions
and low resistance.'! A study states that 20 m shuttle run test
is valid and reliable for prediction of the VO,max of male and
female adults."” The 20 m shuttle run test is as a valid test
of cardiorespiratory endurance as other distance run tests in
American Students of 12-15 years old.? In this study, 20 m
shuttle run test was used to measure VO,max levels which in
turn depicted the cardiorespiratory endurance. It was observed
that there was a significant increase in VO,max by the end of
8 weeks and by the end of 12 weeks as compared to placebo
group. The data of the present study defined an excellent range
of VO,max following administration of Ashwagandha.

Ashwagandha is known as an “adaptogen,” as it increases
resistance to physical, chemical, and biological stressors, builds

Mean (SD) Wilcoxon test
Ashwagandha (n=25) P
62.88 (12.31) 0.3159
70.96 (10.36) 0.0055
72.16 (13.64) <0.0001
8.08 (6.3) 0.0033
9.28 (7.6) <0.0001
63.28 (11.64) 0.6125
71.5 (12.15) 0.0076
75.72 (12.78) 0.0021
8.22 (7.65) 0.0075
12.44 (9.16) 0.0083
60 (21.94) 0.7339
70.2 (20.56) 0.0932
72.96 (17.11) 0.0571
10.20 (6.16) 0.001
12.96 (9.46) 0.0047
65.52 (12.37) 0.1214
71.64 (14.79) 0.0381
71.88 (12.44) 0.0025
6.12 (5.91) 0.4575
6.36 (4.62) 0.0076

energy and general vitality.271%2!1 Previous studies assessing
physical and cardiorespiratory endurance of healthy adult
subjects have also reported similar beneficial results with the
use of Ashwagandha, underscoring the significant increase
in VO,max and muscle strengthening."21 W. somnifera
administered in the form of aqueous extract in capsules with
gradual escalating doses from 750 to 1250 mg/day was found to
be safe and well tolerated. The study also demonstrated marked
muscle strengthening, exercise tolerance, and lipid-lowering
potential of Ashwagandha, along with improved quality of sleep
and QOL.12

Adenosine triphosphate is responsible for the maintenance of
the energy processes at the cellular level. Ashwagandha has
been shown to exert significant effects on the energy levels and
mitochondrial health. It beneficially influences Mg** dependent
ATPase activity and reduces the succinate dehydrogenase
enzyme activity in the mitochondria of granulation tissue of
carrageen induced air pouch granuloma as demonstrated in an
experimental study.? In agreement with the fact that exercise
endurance capacity is largely determined by the functional
mitochondrial content of muscle, this study confirms the
energizing effect of Ashwagandha. 1t has been shown that
Ashwagandha increased both the red blood corpuscles (RBC)



and hemoglobin count. The increase in RBC results in an
increased capacity of the blood to transport oxygen directly to
the exercising muscles; thus, enhancing the aerobic capacity of
the athletes.” These findings suggest a possible mechanism
of the ergogenic effect of Ashwagandha root extract.

An animal study reported a 2-3-fold in free
radical (R*) concentrations of muscle and liver following
exercise to exhaustion. Exhaustive exercise also resulted in
decreased mitochondrial respiratory control and increased
levels of oxidative stress.””! Ashwagandha on a long period
of administration markedly augmented antioxidants and
significantly reduced ischemia reperfusion induced myocardial
injury as reported in an carlier experimental study.?*?”) These
observations are indicative of its cardio protective potential.

increase

Ashwagandha as an herbal drug finds its mention in various
reference  books/literature on traditional medicines and is
being used widely and since long. There are no reported
Phase-I or Phase-II studies being conducted due to its known
knowledge of safety and efficacy. In view of the fact that
Ashwagandha is an herb which is extensively used traditionally
in Ayurveda, Phase-I and Phase-II trials may not be necessary.
The herb under investigation is being clinically evaluated for
the same indication for which it is being used or as has been
described in ancient texts. Furthermore, the design of the
trial is appropriate to provide the expected outcomes for the
traditional medicine.

The WHO-QOL questionnaire is used to evaluate a given
subject’s QOL. It comprises 26 items, which measures the
following broad domains: Physical health, psychological
health, social relationships, and the environment (WHO-QOL
Questionnaire, 1996).%) The procedure entails each question
being read out to the subjects, along with the response options.
In this study, QOL was checked by self-reported WHO-QOL
Questionnaire. Ashwagandha was shown to improve all
subdomains of the QOL (physical health, psychological
health, social relationships, and environmental factors) of
the healthy athletic adult subjects as compared to placebo.
The data of the present study showed significant (P < 0.05)
improvement in physical and psychological health and these
domains have a greater contribution in the QOL than the other
domains of social relationships, and environmental factors.
This study was first of its kind and limited by a small sample
size. Further studies with a larger sample with an additional
aims of understanding the underlying mechanism of action of
Ashwagandha may further validate the findings of this study.

Ashwagandha an important herb in Ayurveda, the traditional
Indian medicine system is considered to be a Rasayana.
Ashwagandha root extract has been used for several 1000 years
in Ayurveda as a tonic, prophylactic agent and “restorative.”
It has been used by athletes for improved muscular strength,
resistance to fatigue, recovery from exercise, and as an ergogenic
aid for many years. In this study, oral administration of a high
concentration root extract of Ashwagandha led to increased
VO,max, enhanced cardiorespiratory endurance, and improved
OOL in healthy athletic adults. Findings of this study suggest
that Ashwagandha root extract improves the cardiovascular

dynamics by increasing the VO,max levels thereby enhancing
the cardiorespiratory —endurance, and also brings an
improvement in QOL in healthy adults. However, due to the
limited cross-section of the population considered in this study,
the findings may not generalize to all populations. Further
studies are needed to validate these findings.
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