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with a Special Reference to Side Effects—A Review
Kaj Winther

Department of Nutrition, Exercise and Sports, University of Copenhagen, 1958 Frederiksberg C, Denmark;
kaha@nexs.ku.dk; Tel.: +45-31333067

Abstract

Ashwagandha (Withania somnifera L.) root powder and extracts have long been used in
Ayurvedic medicine to improve sleep and anxiety. Recent scientific investigations into its
efficacy have shown promise for relief from anxiety, insomnia and stress and for improving
the immune system. It has also been suggested that oxygen uptake in the cardiovascu-
lar system, muscle strength, cognitive function, the reproductive system and the aging
process significantly benefit from ashwagandha treatment. Since the herbal remedy is
taken daily by millions of people in India, China and parts of the West, it is interesting
that there are very few case reports of side effects directly attributed to the treatment,
suggesting that the administration of ashwagandha preparations may be safe. Currently,
neither the European Medicines Agency nor the FDA considers ashwagandha as a drug or
general health supplement. Therefore, ashwagandha products are marketed in the West
as dietary supplements so that users may be exposed to unscrupulous vendors. In this
narrative/literature review, scientific findings from basic research and human clinical trials
on herbal remedies, spanning the period from 1994 to date, were critically evaluated for
the purpose of highlighting knowledge gaps to provide context for new research. Such
investigations will provide evidence for the efficacy and safety of ashwagandha treatment,
thus making the herbal preparations more accessible to a wider audience.

Keywords: ashwagandha; nutrients; herbal supplement; efficacy; side effects

1. Introduction
Ashwagandha (botanical identification: Whitania somnifera (L.)), also known as Dunal

or winter cherry (in English), is of the family Solanaceae, like potato and tomato. The leaves
and stems from members of the Solanaceae family, which also include auberges, can be
harmful and even toxic [1] due to high concentrations of glycoalkaloids and should not be
eaten. However, the potato and the fruits from tomato and aubergine plants are known
and used worldwide for their nutritional advantages. Ashwagandha has been known in
the Ayurvedic tradition for almost 4000 years, with the leaves and stems being avoided
due to their high content of cytotoxic and liver-damaging phytochemicals. By contrast,
ashwagandha root, in the form of a powder or as a water extract, is very useful as a food
and herbal remedy and does not have side effects [2].

Ashwagandha is often referred to as “Indian ginseng”, though this is very misleading,
as the plant has genetically nothing in common with ginseng. Ashwagandha is a large
family consisting of many different morpho- and chemo-subspecies [3]. So, when speaking
about ashwagandha, one should be aware of the huge variety in appearance and in the
phytochemical content of the ashwagandha subspecies [3,4].
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Ashwagandha is a perennial plant that grows well in India and in most Asian and
African countries, as well as in Europe, mostly in Spain. The plant is an erect subshrub with
a green stem and leaves and yellow or greenish flowers. It flowers all year, and the flowers
are followed by small orange-reddish berries containing seeds (see Figure 1). Ashwagandha
normally grows about 75 cm high but can be up to two meters high. It grows mainly on
wasteland up to an altitude of 1800 m, but can also be cultivated in the lowlands, where the
root is used as a nutritional supplement [2–6].

 
Figure 1. Ashwagandha plant, including the root. As is the case for other plants of the Solanacea
family, the roots of the ashwagandha plant are not poisonous.

The fresh roots are pale to yellowish-brown with a creamy interior. A main root often
bears much smaller secondary roots, which are normally removed before the main root is
dried and powdered (Figure 1). The resulting powder is light grey to yellowish-brown.
Commercial ashwagandha can be sourced from wild or cultivated plants. There are at
least five different cultivated species in India, and other species of ashwagandha are also
cultivated in the United States of America [2–4].

1.1. The Evolution and History of Ashwagandha

The species name “Somnifera” refers to the fact that in old times, the plant was used
to promote sleep. Later in history, the plant was also known for its ability to generate
energy and modify stress. The root has a strong aroma that may direct our thoughts
towards horses, for “Ashwa” literally means horse in Sanskrit, while “ghanda”, in the
same language, means smell. This can project the idea that the plant will make you “strong
like a horse”. As the name suggests, ashwagandha has been used in ancient Ayurvedic
traditional medicine for centuries for treating different ailments, including tiredness, sleep
disturbances, lack of energy, stress, hormonal disruptions and lack of sexual drive.

1.2. Utilization in Modern Times

During the last 50 years, interest in ashwagandha and especially the root of the
plant has drawn increasing attention from scientists. Applications of modern technology in
examining the constituents and effects of the plant parts have shown that extracts, especially
of the root, can improve sleep, as well as mediate analgesic, antiarthritic, anti-inflammatory
and muscle-strengthening effects [3–7]. Results from these studies and the accompanying
clinical studies, which also show promising results on stress, including a lowering of cortisol
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and a normalization of serum TSH and thyroid hormones in hypothyroid patients [8], are
reviewed below in Section 3.

2. Content of Different Metabolites in Ashwagandha Root and Leaves
As stated earlier, only the main tap root, which is cylindrical and about 1 to 1.25 cm in

diameter, is traditionally used for medicinal purposes. Smaller and more peripheral root
fragments are discarded as they contain less of the active ingredients [2–4]. Traditionally,
the leaves were only used in topical applications or for treating specific conditions under
the supervision of Ayurvedic doctors.

An example of the wide variety of metabolites detectible in ashwagandha roots, leaves
and fruits is presented in Table 1 [9–13]. There is a distinct quantitative difference in the
contents of secondary metabolites extractable from the leaf, as compared to those from
root parts. For example, withanone (class—steroidal lactones; a subclass of triterpenoids)
is about six times higher in the leaves than in the root, while withaferin A (a more toxic
withanolide) is more than twenty times higher in the leaves than in the root (Table 1).
Unfortunately, withanolides are often declared as one group on the labels of commer-
cial ashwagandha preparations, whereas, as shown in Table 1, there are several types of
steroidal lactones, each with differing biological effects. This practice makes it impossible
to determine if leaves, which are rich in withaferin A and withanone, have been included
in the so-called ashwagandha root product.

Table 1. The amounts of different constituents in roots, leaves and fruits.

Metabolite Roots Leaves Roots and
Leaves Fruits Reference

Primary metabolites

Fatty acids

Palmitic acid 1.18 ± 0.2 3.55 ± 0.5 [9]

Oleic acid 0.39 ± 0.1 0.71 ± 0.1 [9]

Linoleic acid 1.31 ± 0.2 1.52 ± 0.2 [9]

Linolenic acid 0.15 ± 0.1 4.38 ± 0.5 [9]

Amino acids

Alanine Detected [9]

Aspartate Detected [9]

Asparagine Detected [9]

Glutamine Detected [9]

Isoleucine 19.83 ± 0.8 [9]

Lysine Detected [9]

Leucine Detected [9]

Phenylalanine Detected [9]

Tyrosine Detected [11]

Threonine Detected [11]

Ornithine 21.5 ± 0.8 [9]

Valine 5.60 ± 0.5 [11]
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Table 1. Cont.

Metabolite Roots Leaves Roots and
Leaves Fruits Reference

Monosaccharide

Galactose Detected [9]

α-Glucose 6.11 ± 0.5 [9]

B-Glucose 10.22 ± 0.9 [9]

Alcohol

Glycerol Detected [9]

Organic acid

Lactic acid Detected [9]

Tartaric acid 4.10 ± 0.4 [11]

Other compounds

Citric acid Detected [9]

Fructose-5 Detected [9]

Fumaric acid 0.6 ± 0.2 [9]

GABA Detected 16.74 ± 0.8 [9]

Glutamate Detected [9]

Succinate 12.75 ± 0.5 [9]

Secondary metabolites

Triterpenoids (Steroidal
lactones)

Withanone 5.54 ± 0.4 18.42 ± 0.8 [9]

27-deoxywhitanone 3.94 ± 0.4 1.63 ± 0.2 [9]

27-hydroxywithanone 0.50 ± 0.1 [9]

Withaferin A 0.92 ± 0.4 22.31 ± 1 [10,11]

17-hydroxy-27-deoxy-
Withaferin A 0.66 ± 0.2 3.61 ± 0.5 [9]

Withanolide A 3.88 ± 0.7 2.11 ± 0.5 [9,10]

Withanolide B-D [12]

27-hydroxy Withanolide B 0.55 ± 0.2 2.78 ± 0.5 [9]

Withanoside IV 0.44 ± 0.1 1.60 ± 0.2 [9]

Withanoside VI 3.74 ± 0.2 1.90 ± 0.2 [9]

12-
deoxywithastromonolide 1.90 ± 0.5 2.15 ± 0.5 [9]

Physagulin Not
detected 3.46 ± 0.4 [9]

Flavonoids

Kaempferol Not
detected

Not
detected 0.06 [13]

Naringenin Not
detected

Not
detected 0.50 [13]

(+)-Catechin 12.82 28.38 19.48 [13]
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Table 1. Cont.

Metabolite Roots Leaves Roots and
Leaves Fruits Reference

Phenols

Gallic acid Not
detected 0.18 Not

detected [13]

Syringic acid 0.30 [13]

p-coumaric acid 0.80 [13]

vanillic acid 0.15 [13]

benzoic acid 0.80 [13]

Alkaloids

Trigonelline 1.33 ± 0.3 [9]

Choline 3.53 ± 0.5 [9]

Uracil 3.90 ± 0.2 [11]
There is a huge variation in the different constituents when comparing the leaf and root. The numbers of references
are given in the right panel. Units throughout are the mg/g dry weight.

As shown in Table 2, the type of solvent used in the preparation of the plant extracts
is also very important [9]. This means that it matters if an extract was made with alcohol
(e.g., methanol) or water or a combination of both, since there are water-soluble, as well as
fat-soluble, phytochemicals from the same ashwagandha plant. The same paper [9] also
analyzed the phytochemical classes and went on to investigate the primary and secondary
metabolites. For example, they identified porphyrin metabolites like chlorophylls and their
degraded secondary metabolites, pheophytins (not included in the tables). These secondary
metabolites are formed during the extraction process, where chlorophylls and pheophytins
are observed in leaves and not in roots.

Table 2. Total metabolic content in leaves and roots.

Extract Partition
Total Metabolite Content (mg/g of Dry Weight)

Leaf Root

Hexane 34.29 ± 2.0 4.44 ± 0.8

Chloroform 35.71 ± 1.5 10.00 ± 1.0

n-butanol 28.57 ± 1.6 11.11 ± 1.2

Methanolic water 228.57 ± 5.2 15.00 ± 1.6
Studies have shown that for different extracts of Withania somnifera L., the quantity of the metabolites in leaves
and roots is very different from each other, particularly in the aqueous methanolic fraction [9].

Although most products containing ashwagandha are declared as root-only products,
it is not uncommon to find unscrupulous vendors partially replacing or augmenting the
expensive root material with the significantly cheaper and easier-to-obtain aerial parts.
As previously stated, ashwagandha leaves are rich in ingredients like withaferin A and
whitanone, which can exert liver injury. Therefore, extracts from leaves should never be a
part of an ashwagandha product.

2.1. The Need for Standardization for Ashwagandha Root Preparations

The main active ingredients in ashwagandha are the steroidal lactones or withanolides,
and not surprisingly, six different types are the basis for the standardization of some leading
products, like KSM66, which is by far the most sold and researched product worldwide.
However, some other phytochemicals that may be contributing to the activity can be
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polyphenolic compounds and flavonoids. So, when speaking about standardization, the
above-mentioned ingredients are candidates that should be used. In addition, the toxic
withanone and withaferin A, which occur in high concentration in leaves, may be used
for standardization. Ideally, these ingredients should be at very low concentrations in
prospective ashwagandha products. Better still, they should be below detection levels
to ensure that ashwagandha leaves or other unsafe ingredients are not included in the
formulation under consideration.

2.2. The Importance of Standardization

Root content of alkaloids: Data from 15 very promising genotypes of ashwagandha
showed that the total root content of alkaloids differed from 0.24% to 0.90% dry weight [14].
This study was followed by a similar study [15], where 25 different genotypes of ashwa-
gandha root showed a variation in alkaloids from 0.16 to 0.96% (dry weight), indicating
that when generating herbal medicine, the species chosen is also of great importance. This
pattern with alkaloids was also observed when the total amount of withanolides was
investigated. Here, the variance was from 0.23 to 1.11% when comparing levels in different
cultivated ashwagandha and some wild varieties [16]. The amount of starch and fibers also
showed a wide variation when 25 different genotypes were tested [15]. These data clearly
indicate the importance of the subspecies chosen, in addition to the extraction methodology
used when making the preparation.

As with all plant-sourced materials, the quality of the ashwagandha product is de-
pendent on the soil properties, the use of fertilizers or manure, the amount of rain that
falls during the growth process, the number of sunny hours, the altitude where the plants
grew and the extent to which the plant matured before being harvested. For all these
reasons, when determining what ashwagandha product one should choose, key factors to
be considered, especially as regards the criteria used for the standardization of the product,
should include natural variability in plant composition (due to genetics), environment
and processing.

2.3. Are Raw Materials and Formulations of Commercial Ashwagandha Preparations the Same?

It is often puzzling when one goes to a store or a marketplace to buy a potato or an
apple, where there are so many different species that taste different and perhaps do not
contain the same ingredients. For just as with grapes used for making wine, the quality of
the vegetables can differ from year to year and from location to location.

Similarly, when one buys an ashwagandha root product, one ought to be watchful of
the subspecies of the source plant, where it was grown, when it was harvested and how the
finished herbal remedy was prepared because of the factors outlined above in Section 2.2.
There are many wild ashwagandha species around the world. In India, where the plant
is cultivated, there are at least five different species grown, and the same is true for the
USA [2–4]. The tables presented in this review include the results of analyzing metabo-
lites of subspecies that have been cultivated for two decades by an Indian family-owned
company and marketed under the name “KSM66”. The KSM66 is extracted using a very
standardized extraction procedure, involving the use of milk and water. Other established
products in the market may have used ethanol, methanol or combined extractions, resulting
in totally different results, as shown in Table 2. So, when considering whether a particular
ashwagandha preparation is relevant or not, or when discussing if ashwagandha should
be avoided due to possible side effects or not, two pertinent questions to be considered
are as follows:
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1. Is the product a good-quality ashwagandha root extract?
2. Are there chemically testable assurances that the product does not contain contami-

nations by elements from other plant parts or materials that are not from the ashwa-
gandha root?

Given the wide range of dietary supplements and the varying quality of products in the
market, it is preferable to choose a clinically well-documented and characterized product.

3. The Impact of Ashwagandha Root Preparations on Health and Disease
3.1. Ashwagandha’s Influence on the Immune System

The immunomodulatory effects of ashwagandha, defined as an increase in IgA, IgM,
IgG, IgG2, IgG3 and IgG4, were seen in a placebo-controlled study in which humans were
administered the herbal medicine for 30 days [17]. Aside from the effect on immunoglobulin
content, there was also a significant improvement in cytokines like IFN-gamma and IL4
and in CD45+, CD3+, CD4+, CD8+ and CD19+, as well as in natural killer (NK) cells.
No such changes were observed in the placebo group. It is important to note that all
cellular and biochemical markers of the immune system, which were improved, were
still within the normal physiological range of the respective markers, indicating that the
treatment did not give rise to uncontrolled immune stimulation. In a study with human
monocyte cells, ashwagandha inhibited TNF alpha, IL-1 and superoxide production in
a dose-dependent manner [18]. Such findings were reinforced in an animal study with
rats, where a dose-dependent reduction in CRP and oxidative stress was evidenced upon
ashwagandha administration, as indicated by a decrease in lipid peroxidation and in
glutathione-S-transferase activity [19]. In another in vivo rat model, where gout was
induced by monosodium urate crystals, edema was reduced to normal levels, indicating a
potent anti-inflammatory effect with ashwagandha treatment. In contrast to the control
group treated with NSAID, there were no gastrointestinal side effects, indicating that
ashwagandha can retard amplification and propagation of the inflammatory response
without causing any gastric injury [20].

3.2. Ashwagandha’s Influence on the Cardio-Respiratory System, Oxygen Uptake, Muscle Strength
and Recovery

In a rat model with isoprenaline (isoproterenol)-induced myocardial necrosis, Withania
somnifera exerted cardio-protective effects [21]. An augmentation of endogenous antiox-
idants, maintenance of the myocardial antioxidant status and significant restoration of
most of the altered hemodynamic parameters, initiated earlier by the artificially induced
myonecrosis, were suggested as sources of the observed cardio protection observed with
the treatment. In addition, there was improved cardiorespiratory endurance in healthy
younger athletes in a placebo-controlled study of ashwagandha water extract (KSM66)
administered for three months [22]. The study, which assessed the maximal oxygen uptake
and self-reported quality of life, showed a great and statistically significant improvement
in VO2 max (maximal oxygen uptake/consumption) after a 20 m shuttle run test and in
quality of life (Qol), which was associated with KSM66 treatment. These data were also
supported in a double-blinded, randomized, placebo-controlled study with 50 athletes,
in which VO2 max, recovery, energy and the ability to manage stress were improved as
a result of ashwagandha treatment (KSM66) [23]. The same was observed in an earlier
study (2010), in which a group of young adults in a placebo-controlled clinical trial used
ashwagandha for 8 weeks [24]. In a double-blinded study, where younger adults were
treated with ashwagandha for two months, muscle strength and recovery after strenu-
ous work were tested. In accordance with the above-reported studies, the ashwagandha
(KSM66)-treated group had a highly significant improvement in muscle strength when
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tested with the bench press exercise and leg extension exercise. Furthermore, the volunteers
also developed a significantly greater muscle size and improved their endurance and
VO2 max [25]. Compared to placebo, ashwagandha-treated healthy volunteers showed a
significant decline in exercise-induced muscle damage as indicated by serum creatinine
kinase measurements, combined with an increase in serum testosterone and a decline in
body fat percentage [26]. Muscle force and serum contents of total cholesterol were likewise
improved when healthy volunteers were treated with up to 1250 mg of ashwagandha
in one month [27]. An improvement in muscle recovery, as well as in levels of free and
total testosterone, was also documented with daily administration of 600 mg daily to
healthy younger volunteers for two months [28]. The above studies are summarized by a
meta-analysis on physical performance and ashwagandha, concluding that ashwagandha
supplementation was more efficacious than the placebo for improving variables related
to physical performance in healthy men and females [29]. Recently, a 12-month study
comprising 191 healthy volunteers with an age range of 18–65 years old, treated with
600 mg of ashwagandha KSM66 daily, likewise showed an improvement in serum testos-
terone levels, possibly due to a stress-reducing effect. It is important to state that although
the levels are modified, they remained within normal range [30].

3.3. The Impact of Ashwagandha on Stress, Anxiety, Insomnia and Sleep

Ashwagandha (full-spectrum) root extract was tested in volunteers under chronic
stress in a randomized, double-blind, placebo-controlled set-up. The study included mea-
surement of stress using standard stress and anxiety questionnaires. Serum cortisol was
measured throughout the study, which lasted for 8 weeks. The ashwagandha root extract
group showed a highly statistically significant reduction in stress after 8 weeks of treatment
when compared to the placebo. In accordance with the stress reduction, serum cortisol
dramatically declined [31]. It should also be noted that there was a significant reduction in
anxiety and insomnia because of the treatment, in addition to a decrease in social dysfunc-
tion and depression, as revealed with participants’ responses in GHQ-28 questionnaires.
A normalization of serum cortisol and significant decline in stress levels (when evaluated
through questionnaires) were also documented in another placebo-controlled, randomized,
double-blind study [32]. In a similar study, using the Hamilton anxiety rating scale, ashwa-
gandha root extract treatment also resulted in a statistically significant lowering of anxiety
and in a normalization of serum cortisol [33]. A statistically significant reduction in serum
levels of cortisol, a reduction in the level of stress and improvement of sleep were also
observed when 60 and 50 middle-aged volunteers, represented by both sexes, were tested
for 8 and 12 weeks, respectively [33–37]. An alleviation of stress, anxiety and improvement
of quality of life, as well as a (lowering) normalization of serum cortisol, in addition to
an increase in blood levels of serotonin, was reported [38]. The above summary of the
impact of ashwagandha on stress, anxiety and sleep is further supported by two systematic
reviews and meta-analyses of randomized controlled trials [39,40]. As an anecdote, it
should finally be mentioned that even in randomized, placebo-controlled studies in cats
and dogs, ashwagandha treatment for one month resulted in a (lowering) normalization of
serum cortisol and in a decline in fear and anxiety [41,42].

3.4. Ashwagandha and Cognitive Function

The efficacy and safety of ashwagandha root extract on affecting cognitive function in
healthy stressed adults was tested in a randomized, double-blinded and placebo-controlled
clinical trial, involving 130 men and women. The results showed that 300 mg of the root
extract taken daily significantly improved memory and focus, psychological well-being
and sleep quality, as well as reduced the level of stress. Aside from these positive effects on
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general well-being, the treatment, which lasted for three months, was safe, without reports
of side effects [43]. In another efficacy and safety study, ashwagandha root extraction was
tested in volunteers with moderately impaired cognition [44]. After 8 weeks of study, the
ashwagandha-treated group (300 mg daily) showed statistically significant improvements
in immediate and general memory. The treated group also showed enhancements in
executive function, sustained attention and information processing speed. Ashwagandha
extraction was later tested in Wistar rats of both sexes. Treatment resulted in increased brain
function, as shown from electrophysiological changes in the delta and gamma bands, and
the changes were statistically significant [45,46]. It is generally agreed that herbal remedies
need to be used for some time before any impact of relevance can be measured, as herbal
remedies generally do not work within hours. Very interestingly, it turned out that acute
supplementation with ashwagandha (400 mg) improved selected measures of executive
function, helped to sustain attention and increased short-term memory in test subjects [47].
There were also indications that administration of 225 mg of ashwagandha (nearly half
the test dose) can improve measures of memory, attention and executive function while
decreasing the perception of tension and fatigue in younger healthy individuals [48].

3.5. Ashwagandha and the Reproductive System
3.5.1. Ashwagandha in Women

Ashwagandha has been credited with improving women’s sexual function. In a
double-blinded, randomized, placebo-controlled clinical pilot study, 50 women were either
treated with ashwagandha extract (600 mg daily) or a placebo for eight weeks. Sexual
function was evaluated using psychometric scales such as the Female Sexual Function
Index (FSFI) and Female Sexual Distress Scale (FSDS). When compared to the placebo, the
ashwagandha extract led to improvements in the registered arousal, lubrication, orgasm
and satisfaction [49]. This study was later confirmed in 80 women who were treated with a
similar dosage and for the same period. Assessments were made using the same question-
naires [50]. The mechanisms behind the significant changes observed in the blinded studies
and evaluated using questionnaires gained some biochemical support, as a normalization
of estrogen levels was observed in peri-menopausal women [51]. This contrasts with a
study on younger women still having their menstrual period, in which ashwagandha did
not cause any changes in estrogen levels [52]. However, the normalization of symptoms
reported for peri-menopausal women can have many possible reasons. Ashwagandha has
been reported to improve sleep, lower stress and impact several brain functions detectible
from electrophysiological changes in electroencephalograms [45,46]. This may impact
sexual function. Moreover, ashwagandha contains isoflavones and flavonoids that may
be estrogen analogs [53]. Ashwagandha extract was also shown to exert GABA mimetic
properties and increase the secretion of gonadotropin hormones [54].

Indeed, ashwagandha treatment alleviated menopausal symptoms such as hot flushes,
somato-vegetative and urological domain problems in peri-menopausal women. In the
same study, there was a significant increase in serum estradiol and no significant changes
in serum testosterone when compared with the placebo [51].

Traditionally, ashwagandha root has been used to prevent miscarriages and to stabilize
the fetus. Despite this, during the last 20 years, there has been a growing suspicion that
ashwagandha can cause miscarriage—the primary reference has most often been the World
Health Organization (WHO), which, in turn, cited the American Herbal Pharmacopoeia
(AHP) Ashwagandha Root Monograph and Therapeutic Compendium [2]. However, ac-
cording to the American Herbal Pharmacopeia, the WHO monograph is an example of
what is known in the medical literature as “citation distortion” since it did not fully articu-
late the AHP review, which stated the following: “There are conflicting reports regarding
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the use of ashwagandha in pregnancy. Large but undefined doses have been reported to
possess abortifacient activity” [55]. The statement can be considered controversial since
ashwagandha is traditionally used in Ayurvedic practice to prevent miscarriage and stabi-
lize the fetus [56–58]. The latter notion is further supported by a recently published animal
study, where pregnant Wistar rats received up to 2000 mg of ashwagandha extract per kg
of body weight per day during the gestation period without showing any negative impacts
on the reproduction process or on fetal development [59]. Finally, the Ministry of Ayush
(Government of India) released a safety dossier in 2024 [60], noting the lack of abortifacient
activity in ashwagandha root, citing all clinical and preclinical data that have investigated
the use of ashwagandha and its root preparations in pregnancy. The conclusion was that
no clinical or preclinical investigations revealed an abortifacient activity of ashwagandha
root extracts, a claim which is supported by the American Herbal Pharmacopoeia (AHP)
press release, 25 June 2024 [56].

3.5.2. Ashwagandha in Men

From 2009 to 2024, there are several published scientific articles claiming that sexual
activity, sperm count and motility, serum LH, FSH, testosterone levels and even erection
and sexual arousal increased in sluggish male rats given ashwagandha for up to three
months [61].

In conformity with animal studies, administration of 600 mg of ashwagandha ex-
tract daily for 2 months was also reported to elevate serum testosterone in healthy young
male human volunteers [26], as well as in middle-aged overweight men [62]. Similarly,
serum testosterone, sperm count and motility were significantly improved as a result of
ashwagandha treatment—675 mg extract taken daily for 3 months—in a group of men
under infertility screening, as well as in another group of men who were infertile [63].
Serum testosterone also significantly increased, as did sexual function, in a study on male
volunteers with lowered sexual desire [64], who took 5 g of ashwagandha root powder
for 3 months. In three other studies on infertile men, the quality of sperm improved,
and the harmonic balance of seminal plasma metabolites and reproductive hormones
increased [65–67]. By contrast, neither ashwagandha nor placebos provided any improve-
ments when tested in volunteers with psychogenic erectile dysfunction [68]. Five studies
performed in male volunteers with low sexual desire or infertility indicate an improvement
in sex hormones, including serum testosterone, as a result of ashwagandha treatment. There
are, however, papers on healthy younger men [26], and one on middle-aged overweight
men [69], which, irrespective of the age, show a modest but significant increase in serum
testosterone levels as a result of 2–3 months of ashwagandha treatment. Interestingly, the
initial level of testosterone was within normal range when the study started and remained
so throughout the duration of treatment. As will be discussed below in Section 3.8, this
increase in testosterone with ashwagandha treatment is a slightly different pattern than
what was observed for thyroid hormones, in which individuals with hypothyroidism before
ashwagandha treatment were normalized, while subjects starting with normal thyroid
hormone levels remained unchanged at the end of the experiment [8,41].

Therefore, the mechanism or biochemical basis for the modest rise (up to 15% increase
in serum testosterone) in the above studies [26,69] and in another study, where the males
were treated with ashwagandha, 600 mg daily for one year [29], is not clear. It should,
however, be noted that increased physical activity can improve serum testosterone lev-
els [70]. Thus, considering that ashwagandha treatment improves energy and physical
activity in the recipient, the improvement of serum testosterone might indirectly result from
volunteers becoming more physically active [26,69]. Furthermore, ashwagandha lowers
cortisol levels in stressed subjects, which can, in turn, improve their testosterone levels [31].
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3.6. Ashwagandha and Liver Protection

Like hepatoprotective green tea, garlic and red grapes, the root extract of Witha-
nia somnifera has been shown to improve superoxide dismutase and catalase levels, as
well as enhance antioxidation in liver tissue [71]. In addition, ashwagandha was also
shown to protect mouse livers from paracetamol-induced damage [72] and protect rats
from gentamicin- and thioacetamide-induced liver damage (fibrosis and cirrhosis), as
indicated by a significant reduction in the liver enzymes ALT and AST and a decline in
bilirubin [73,74]. In the latter experiment, Withania somnifera administration exerted liver
protection in rats by influencing the levels of lipid peroxidation products. Histopathological
alterations after carbendazim-induced liver and kidney injury were also amended by 48
days of ashwagandha treatment in rats [75]. The root extracts of the herb were also shown
to attenuate hepatic and cognitive defects in a rat model of hepatic encephalopathy induced
by thioacetamide treatment [76]. Specifically, the administration of withaferin A (WA,
a major constituent of ashwagandha roots; refer to Table 1) significantly improved the
pathology of non-alcoholic steatohepatitis (NASH) in mice [77]. Here, WA prevented and
therapeutically improved liver injury in two NASH mouse models, as revealed by lower
serum aminotransaminases, hepatic steatosis, liver inflammation and fibrosis.

In old dogs, 28 days of ashwagandha treatment significantly improved ALT, AST and
superoxide dismutase (SOD) and normalized glutathione (GSH) levels [78]. These changes
in GSH levels can indicate how ashwagandha exerts its hepatoprotection, as it is one of
the most important enzymes protecting the liver from elements that can be poisonous or
destructive [79–81]. For example, oral administration of 300 mg of glutathione daily for
4 months to non-alcoholic fatty liver disease patients demonstrated a potential therapeutic
effect of GSH, as indicated by a decline in the liver enzyme ALT [82]. In another study with
healthy elderly dogs, ashwagandha root extract was also shown to significantly lower AST
and ALT, in addition to supporting kidney function by improving creatinine and blood
urea [83]. In a two-month study on healthy humans treated with 600 mg of ashwagandha
(KSM66) daily, there were no changes in ALT and AST levels, indicating that the herb is
neither hepatotoxic nor nephrotoxic under the tested conditions [26]. Similarly, in a long-
term study that lasted 12 months, where 191 participants took 600 mg of ashwagandha
(KSM66) daily, there were no clinically relevant changes in AST and ALT values [30].

However, there are a few case reports of liver damage, mostly from undefined ashwa-
gandha extracts and often during co-administration with other unknown herbal remedies.
This anomaly will be discussed below in Section 3.10, together with results from a recently
published 12-month study, which focused on the side effects of ashwagandha treatment.

3.7. Other Ashwagandha Effects, Including Possible Impacts on Longevity

There have been some indications that ashwagandha may have antidepressant ef-
fects [84], although the mechanisms are not fully understood. Various compounds isolated
from the root, stem and leaves have also been claimed to exhibit anti-cancer properties [3].
In randomized, double-blind, placebo-controlled studies, which involved testing a topical
preparation of ashwagandha root, it was possible to demonstrate improved hair health [85]
and enhanced facial skin in photoaged healthy adults [86]. These aging-related changes
in skin have been reported to affect the anti-oxidative defense systems, like superoxide
dismutase (SOD), catalase, glutathione and malondialdehyde in humans, as well as in
animal models [87]. In the study on elderly dogs, it is interesting to note that in addition
to improvements in liver enzyme (ALT and AST) levels, anti-inflammatory markers and
indicators of the anti-oxidative defense system, such as SOD, catalase, glutathione and
malondialdehyde, also improved with ashwagandha root extract treatment [83]. Some of
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these findings suggest a lifespan extension, which was also seen in another study where
Caenorhabditis elegans were treated with ashwagandha root extract [88].

3.8. Ashwagandha and Thyroid Function, Including Thyrotoxicosis

Herbs like Commiphora mukul, Humulus lupulus, Bauhinia purpura and Withania somnifera
(ashwagandha) are thought to interfere with thyroid function when consumed in their
raw form or as extracts [89]. In a randomized, double-blind, placebo-controlled study,
administration of 600 mg of KSM66 ashwagandha daily for eight weeks was found to
normalize thyroid hormones in elderly volunteers with mild hypothyroidism [8]. The
positive effect was accompanied by an improvement in the levels of T3 and T4 hormones,
as well as a reduction in TSH [8]. This observation is particularly interesting because many
of the elderly with cognitive impairment and a tendency for chronic depression often have
a modest thyroid hypofunction as the underlying cause of their symptoms [90].

Since ashwagandha can improve thyroid levels in hypothyroidism, a very pertinent
question is whether the treatment will continue to raise the hormone levels in volunteers
with normal thyroid function. The result of such an undesired effect would be hyper-
thyroidism or an overactive thyroid gland, which is not desirable, as symptoms include
tachycardia, nervousness or irritability, hand tremors, muscle weakness and excessive
sweating. The frequency of hyperthyroidism in the general population, depending on
where we are on our planet, is 1–2% [91]. As mentioned earlier in this review, many people
in Asia, Europe and the USA are taking ashwagandha daily and have been doing this for
centuries, with only very rare reports of hyperthyroidism. Hence, it is doubtful whether the
few incidences of hyperthyroidism are due to ashwagandha alone or whether they have
been provoked by diet or other factors.

As the possibility that ashwagandha might induce hyperfunction of the thyroid gland
in some volunteers cannot be excluded, the safety of ashwagandha root extract (KSM66)
(600 mg administered daily for 8 weeks) was tested in a randomized, placebo-controlled
trial in 80 healthy volunteers, representing both sexes [92]. There were no indications that
ashwagandha induced changes in T3, T4 or TSH in the actively treated group. Nevertheless,
the study was only run for 8 weeks, and higher doses of ashwagandha could have been
used. In 2022, another safety study was carried out, in which 2000 mg of KGM66 was
administered daily to volunteers with normal thyroid hormone levels for 3 months. Results
showed that the high doses of ashwagandha taken for three months did not lead to thyroid
values outside the normal range or changes in TSH, T3 and T4 hormones [93]. In accordance
with what has been reported so far in humans [8,93], results from experiments with several
animal models support the notion that ashwagandha treatment improves thyroid function
where hypothyroidism is induced experimentally but has no effect in normo-thyroid
animals [94–97].

However, a literature search showed four rare cases claiming hyperthyroid function
as a result of ashwagandha treatment. One case is a 47-year-old man from Japan, who
two months after he started taking ashwagandha (dose not provided), suffered from minor
weight loss (4 kg) and fatigue. There was no thyroid enlargement, but TSH was low, and
T3 and T4 were raised [98]. Fifteen days after withdrawal of ashwagandha, symptoms and
thyroid parameters that had been blamed on stimulation of the thyroid gland were nor-
malized. In another instance, a 62-year-old female from the USA, who suffered stress, was
diagnosed with thyrotoxicosis after self-administration of ashwagandha (1950 mg daily for
two months). In addition to the ashwagandha treatment, the lady was also receiving estra-
diol (menopause) and self-administering collagen, astaxanthin, vitamin B complex and a
“green powder”. She experienced physical fatigue, weight loss and palpitations two months
after adding ashwagandha to the plethora of medicines she was taking. Her TSH was low,
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and T3 and T4 were raised. After discontinuation (time not given) of ashwagandha, the neg-
ative symptoms stopped, and thyroid parameters normalized. The suggested mechanism
by the authors for the anomaly was direct stimulation of the thyroid tissue [99]. The third
report involved a 73-year-old woman from the USA with hypothyroidism. Two years before
presenting with the symptoms, she had stopped her prescribed levothyroxine treatment.
Instead, she was self-medicating with ashwagandha treatment (dose unknown). At the
time of the report, she came to the hospital with symptoms like palpitations, tachycardia,
fatigue and hair thinning. Her TSH level was markedly reduced, but T3 and T4 were within
normal range. Two weeks after withdrawal of ashwagandha treatment, the hypothyroid
symptoms vanished, and the TSH level normalized. Nevertheless, three weeks following
ashwagandha stoppage, the TSH level was elevated again, while T3 and T4 became low
due to her baseline hypothyroid status [100]. The final case is a 32-year-old woman from
Holland, who started out with ashwagandha (Holisan, Lelystad, The Netherlands; Lelystad
capsules) at 250 mg daily for six weeks, followed by an increase to 500 mg daily. After
a short while, she experienced weight loss and tachycardia. Upon admission into the
hospital, thyroid hormone levels indicated thyroid dysfunction. Four weeks after discon-
tinuation of ashwagandha treatment, hyperthyroid symptoms and thyroid values were
normalized [101].

In conclusion, adverse side effects on the thyroid glands from ashwagandha treatment
are rare. To the best of my knowledge, only four cases have been recorded. Although it
is generally agreed that ashwagandha treatment improves thyroid function in volunteers
with low thyroid function, while not affecting normo-thyroid patients, more detailed safety
studies need to be carried out for clarification of this very important aspect.

3.9. Side Effects in General

It is well known that herbal remedies used in the Ayurvedic tradition can cause side
effects, including liver toxicity [102]. Suspected hepatotoxic herbal remedies include the root of
ginseng kianpi, a green tea, which can cause oxidative stress and apoptosis in liver cells; several
lichen species; and the root of kava; and Withania somnifera (ashwagandha) [102–104]. However,
as will be discussed below, the basis for the claim that ashwagandha can be hepatotoxic is
conflicting [102,103].

In the clinical trials mentioned above in Section 3.6, where a total of 191 volun-
teers (male and female) took ashwagandha (KSM66) for up to 12 months, there were
no indications that active treatment was different from the placebo, regarding side ef-
fects like itching skin, gastrointestinal complaints, drowsiness and headache [30]. In
the same studies, there were no side effects related to the liver, as seen in changes in
biochemical parameters suggestive of liver damage jaundice or pruritus, or to the thy-
roid gland, as seen in changes in biochemical markers, weight loss, tachycardia and hair
loss. This trend is furthermore supported by all the review papers and meta-analyses
cited in this review. It should, however, be noted that most of the clinical studies, on
average, lasted from 1 to 3 months, which is not comparable to taking the remedy for
years. In some of the cases, the side effects occurred after 3 months of the treatment. In-
deed, in a single case, the negative effects were reported after more than one and a half
years of treatment.

When the reported cases of side effects were evaluated by Professor Nilsson, a spe-
cialist in medicine and gastroenterology at the University of Lund in Sweden, he could
not find a clear relation between ashwagandha preparations and liver ailment [105]. His
conclusion was that ashwagandha, in rare cases, may cause an idiosyncratic reaction
(DILD), usually with a mixed cholestatic/hepatocellular profile. He further concluded
that although there may be some underreporting of severe liver reactions worldwide, it
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is very unlikely that there should be a significant underreporting in Western Europe. The
few reported severe side effects, despite the widespread use of ashwagandha, indicate
that such reactions must be very rare, probably much rarer than the equally rare, lethal or
transplant-requiring idiosyncratic reactions to commonly used drugs (such as ibuprofen,
diclofenac and paracetamol), which can be purchased over the counter.

Although ashwagandha root, at first glance, seems to be very safe, one must be watch-
ful of the few case reports indicating ashwagandha root toxicity, especially when used in
combination with other herbal remedies. In some of these reports, the root extract combined
with extracts from the leaves may be responsible for liver toxicity [106–110]. Thus, adul-
terations of the product, as well as the administration of high doses, have been suggested
as possible explanations for the toxicity reported in some of the cases [111]. However, in
rare instances where ashwagandha root extract was taken as a monotherapy, liver injury
has been reported, and possible biochemical pathways for the rare phenomenon have
been discussed [107–110]. It should, however, be mentioned that for all the cases reported
above, except for one, the liver injury was self-limiting [110]. A summary of different case
reports on liver injury that could have been induced by ashwagandha treatment includes
symptoms like jaundice and pruritus and elevated levels of key liver enzymes and markers
(ALT, AST and bilirubin), which can occur after a few weeks of treatment but also after
daily administrations lasting up to several months. As indicated earlier, values for the liver
function test reverted to normal levels within 1 to 8 months of cessation of ashwagandha
treatment in all the reported cases reviewed in this study, apart from one case. Nevertheless,
there are no clear indications as to what could be the metabolic mechanisms or nature of
the substances that cause disturbances of the liver in the very few reports of side effects
associated with ashwagandha treatment [107–110]. While discussing possible threats from
ashwagandha treatment and how we should respond to them, Simon Mills [111] points
out that idiosyncratic reactions known from consuming general food, herbs or medicine
could play a role in some of these rare cases. Underlying enzyme deficiencies from genetic
or hormonal variations have been known to cause reactions, and some can form a DNA
adduct from unknown sources. In addition, low levels of glutathione in the individual,
as mentioned earlier, may contribute to the “idiosyncratic reactions”. As the liver is the
main site for drug metabolism, many drugs are bio-transformed there, and some of the
toxic phytochemicals may harm the liver cells if the glutathione level is low. The combi-
nation of drugs (paracetamol) and alcohol can also cause severe liver injury. To the best
of my knowledge, we do not know the pattern of possible (if any) interactions between
ashwagandha and over-the-counter and prescription medicines, especially in patients who
are prone to marginal or more severe liver injury. It might also make life easier (and safer)
if it were mandatory to declare the content of withaferin A and withanone (mainly present
in the leaves) on each package entering the shelves in a store.

The sales of KSM66 are approximately 2.5 billion doses per year, of which 650,000 doses
are consumed in Europe. In the USA, the world’s largest market of ashwagandha outside
India, KSM66 accounts for 49% of the total sales (spin data).

From these figures, one would expect a far higher number of reported liver injuries
than what has been described if the intake of ashwagandha was truly associated with
serious liver side effects and should be avoided [106–113]. Interestingly, some of the re-
ported side effects mentioned above were from patients who already had severe liver injury
prior to taking ashwagandha. These findings should also be seen in light of daily reported
liver damage from high intake of alcohol or from paracetamol [114] and NSAIDs [115,116],
which can be bought without a prescription in most parts of the world. It is also important
to note that in animal models, ashwagandha has never been observed to confer liver toxicity.
When animals were treated with 5 to more than 200 times the dose of what is relevant for
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humans, there were no histopathological changes in the different tissues and organs tested
and no signs of deleterious or disruptive changes in blood biochemistry [94,97,117,118].
By contrast, there was an improvement in the level of antioxidants like superoxide dis-
mutase and catalase in hepatic tissue [72,73,75], indicating some liver protection with
ashwagandha treatment, including protection from paracetamol-induced liver damage [72]
and non-alcoholic steatohepatitis [76,77], possibly by improving glutathione levels. As
glutathione was shown to protect the liver in humans suffering from alcohol-induced
liver injury [82], improvement of glutathione levels may be important. Therefore, the
thorough evaluation of this issue and deep diving into the literature regarding side effects
and ashwagandha treatment are blurred and lack any cohesive conclusion. Ashwagandha
seems to exert some liver protection, and at the same time, there are rare case reports in a
few individuals where the changes in liver enzymes tend towards liver injury. Still, other
more likely reasons for liver injury could be multiple, like adulteration of the product
(possibly contamination with ashwagandha leaves or administration of very high doses, as
well as combination with other herbs or medicines, which are dangerous to compromised
livers). Finally, there is the possibility of idiosyncratic reactions in sensitive or predisposed
individuals. Therefore, there is a need for more studies to elucidate both the safety and
efficacy of ashwagandha products.

Summary of Declared Case Reports of Ashwagandha Treatment with Side Effects

India: Eight cases were reported [106]. Three of these cases were known to have pre-
existing chronic liver disease, while two cases were diagnosed to have underlying chronic
liver failure during the evaluation of herb-induced liver injury (HILI). Among the latter two,
one was diagnosed with HILI on the background of non-alcoholic steatohepatitis (NASH)
on liver biopsy, while the other had imaging features of cirrhosis and portal hypertension.
One patient had a history of non-Hodgkin’s lymphoma in remission. The various types of
ashwagandha formulations consumed by patients included homemade powdered roots,
jam preparations, manufactured branded ashwagandha root formulations as powdered
root and syrups and nonbranded Ayurveda practitioner-prepared tablets.

Dosing in the different cases was not clear. Time to onset of symptoms and lab abnor-
malities varied from 14 to 540 days. The major symptom was jaundice, and biochemical
disturbances were elevated liver enzymes and elevated bilirubin. Four had liver injury on
a cholestatic basis, three on a hepatocellular basis, and one was mixed. Of the four patients
with chronic pre-existing liver disease, three died with the development of acute-on-chronic
liver failure (ACLF), while the one without ACLF survived. The mortality rate in ACLF
is up to 89%. In all the patients, ashwagandha liver injury was self-limited, except in the
ones who died from their pre-existing or underlying chronic liver failure, and where it was
unlikely that ashwagandha was the cause of death [106].

USA: Six cases have been reported up to 2021, of which five were reversible [107] and
one ended up with liver transplantation [109]. The one patient with liver transplantation
was treated years earlier with thyroid hormones due to thyroid cancer. She went to an
herbal practitioner three months before being admitted to the hospital, as she felt tired
and was not in good shape. She was treated with ashwagandha (unknown dose) at the
same time as she was taking corticoids. After two months, she discontinued treatment with
ashwagandha as she felt the treatment was not working. One month into the ashwagandha
treatment, she had gone to the hospital because, in her opinion, things were not getting
better. It turned out that she had elevated liver enzymes and bilirubin, which continued to
increase when measured a month later. The situation slowly got worse and ended with her
getting a liver transplant. It is not easy to understand why liver enzymes and bilirubin were
elevated one month after withdrawal of ashwagandha—instead, the enzymes continued to

https://doi.org/10.3390/nu18050871

https://doi.org/10.3390/nu18050871


Nutrients 2026, 18, 871 16 of 24

increase during the ashwagandha withdrawal period. Her case was different from other
reviewed cases, where normalization of liver enzymes and bilirubin followed withdrawal
of Ashwagandha treatment [109].

Iceland: Five cases were reported in 2020; of these, three were from Iceland [110]. After
withdrawal of ashwagandha, the previously high levels of liver enzymes and bilirubin were
normalized. The formulations of the ashwagandha used, as well as the presence or absence
of multiple medications, are not known. In addition, contaminants from ashwagandha
leaves could not be excluded in some of the cases [106,111].

Ireland: One case reported [107]. Indication: anxiety. A 39-year-old woman, 3 months
abstinent from alcohol, bought over-the-counter ashwagandha together with basil and
biotin. She developed cholestatic hepatitis after 45 days of treatment. However, she had
remission one month after withdrawal of ashwagandha treatment.

Holland: From 2018 to 2023, four cases were reported [112]. Indications are stress,
cognitive disorder and panic reaction. Symptoms started after 3–10 months of treat-
ment. Although all four cases were being treated with other herbal remedies/vitamins
and medicine, it was ashwagandha that was suspected to have caused the liver injury.
The blood biochemistry of the patients indicated jaundice and elevated liver enzymes.
Three recovered after 1 month of withdrawal of ashwagandha, but in one patient, remission
occurred after three months following withdrawal.

Since 2023, the Netherlands Pharmacovigilance Centre, Lareb, reported an additional
eight cases of liver toxicity associated with the consumption of products that contained
ashwagandha. The interpretation of these reports is not so easy. In some of the cases, there
is the possibility that ashwagandha administration to people with certain underlying liver
abnormalities could lead to the elevation of liver enzymes [119,120].

Japan: One case, a 20-year-old man, who took more than double the recommended
dose for one month, was admitted to the hospital with cholestasis. One hundred and fifty
days after withdrawal of treatment, he totally recovered [107].

Poland: One case, a 23-year-old man, who had taken ashwagandha as a single-
ingredient, over-the-counter supplement for 3 months (dose not reported). Complete
resolution within 106 days of ashwagandha withdrawal [106,107].

Germany: One case, a 65-year-old female taking ashwagandha as a single ingredient
for 30 days, though the dosage is not reported. Complete resolution within 2 months after
withdrawal [107].

Underlying ailments include prior daily exposure to alcohol, concomitant with intake
of over-the-counter or prescription medicine, as well as simultaneous self-medication with
different herbs. These aspects, together with the fact that the dosage of ashwagandha
and the types of other medication were not stated, make it difficult to draw a clear causal
relation to ashwagandha treatment.

Unpredictable liver injuries (hepatoxicity) caused by defined chemicals (medicine) are
well known, and herb-induced liver injury, although not common, can be caused by one or
more of the phytochemicals and, in rare cases, contribute to unpredictable hepatoxicity. A
toxic effect of a drug, herbal remedy or food would normally be predictable; have a shorter
and well-defined latency period; and should be reliably reproduced in animal models. This
is not the case for ashwagandha, where reports of side effects are so far unpredictable, the
latency period varies from 14 to 540 days, and animal models have not indicated liver
toxicity. Idiosyncratic injury is difficult to predict, varies in latency and can be linked to
immune responses in a susceptible patient [107,108].
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One possible explanation of reported liver injury from ashwagandha can be that a
herb-specific compound, for example, withanone, which is present, to some extent, in the
root and, to a much larger degree, in the leaves (see Tables 1 and 2), can form DNA adducts
and interfere with biological activity in a few susceptible individuals, especially when
glutathione is low. The process may be reversible and interfere with amines [79–83]. At the
same time, one must admit that there is clear evidence that ashwagandha can protect the
liver (i.e., lower the liver enzymes AST and ALT in the background of paracetamol abuse),
as well as protect the liver against steatosis [77] and anti-peroxidation of hepatic tissue [74]
and protect from histopathological changes [75].

When a dose of 600 mg of ashwagandha (KSM66) daily was tested in a placebo-
controlled study lasting for two months, there were no changes in the liver enzymes ALT
or AST when comparing the initial levels to the two-month levels, nor when comparing the
placebo and active treatment [29]. Recently, a 12-month placebo-controlled study on the
safety of ashwagandha (KSM66) was released, indicating no significant clinical changes in
liver parameters such as AST and ALT [30].

A three-month study on Wistar rats administered doses of ashwagandha (KSM66)
up to 2000 mg/kg of body weight/day [94] and indicated no alteration in AST, ALT or
bilirubin as a result of treatment. The findings in this study were further confirmed by
histopathological examination of the liver, which did not reveal any lesions when the
treated animals were compared to control animals [94].

In conclusion, there have been a few reports worldwide in which ashwagandha has
been claimed to have caused liver injury. Interestingly, this is irrespective of who the
producer is or where the product originates. In the few cases reported, the dosage used
has sometimes been unknown, and where it was stated, it has often been above the rec-
ommended daily dose of 600 mg. However, in a few cases where ashwagandha was
monotherapy and the dose was <600 mg daily, jaundice, pruritus and elevated laboratory
values for AST, ALT and bilirubin have been reported. One to eight months after with-
drawal of ashwagandha treatment, symptoms and laboratory values were normalized,
except in one person with comorbidities. As stated earlier in this paper, millions of doses
of ashwagandha are consumed every day worldwide. Indeed, the exact number of daily
doses of ashwagandha sold outside India is hard to estimate. According to Ixoreal Biomed,
the producer of KSM66, 2.5 billion daily doses of KSM66 are sold outside India every year.
Of this, 650 million daily doses are sold in Europe. In the background of this high global
exposure, the reported side effects of ashwagandha are rare, indicating the general safety
of a well-defined root extract with a negligible content of withaferin A and withanone. The
safety of the high-quality root extract of ashwagandha is also reinforced by the fact that in a
total of 40 clinical studies with KSM66, the number of reported side effects was comparable
(4%) in both the placebo and active groups. Furthermore, most of the side effects were mild
and transient [119–121].

3.10. Effect Size

There is clear evidence from the reviewed literature, 40 placebo controlled clinical trials,
that ashwagandha positively impacts mood, sleep, the cardiovascular system, the immune
system and endocrine functions. However, the effect size (ES) has not been estimated in any
of the studies. When looking broadly at the data, the ES of ashwagandha on anxiety and
sleep [35] is not far from what can be expected when anxiety and sleep patients are treated
with benzodiazepines [122]. As benzodiazepines are often associated with the development
of addiction and other undesirable side effects, it would be of great interest to investigate
and compare the ES of ashwagandha to other prescription medicines used for the areas
where ashwagandha treatment shows promise. If herbal remedies (green therapy) can
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reduce the consumption of prescription medicine, including those like benzodiazepines,
this would be of great interest to our society in general and to governmental organizations
that determine which health alternatives should be promoted.

4. Limitations of This Study
As a narrative review, a major limitation of this study is the heterogeneity in the

reviewed literature. Although a structured literature search was carried out for publications
in Google Scholar using the search word “ashwagandha”, the material collected included
publications spanning nearly three decades (1998 to the present). The literature considered
included published basic scientific studies of ashwagandha effects in cells and different
animal models, as well as in human intervention studies and clinical trials with varying
designs, protocols and outcome measures. Consequently, this study only provides a
contextual basis for more systematic studies.

5. Conclusions
All of the literature accessed for this review indicates that ashwagandha root powder,

or extracts thereof, can improve the immune system, sex hormones and libido and the
uptake of oxygen, as well as improve muscle strength. Ashwagandha can also positively
impact stress, anxiety, insomnia and sleep and cognitive function. There are indications that
ashwagandha can boost thyroid function in modest hypothyroid volunteers, while up until
now, there are no indications that ashwagandha will improve thyroid hormones above
normal levels in volunteers with normal thyroid function who are treated for up to twelve
months. However, more long-term studies are still welcome to shed more light on this
question. Ashwagandha is also reported to improve the reproductive system, especially in
men, and to protect the liver.

In general, it should be noted that side effects with ashwagandha are rare. Indeed,
the levels reported so far in clinical trials are comparable to what would be seen with
a placebo. A few cases indicating liver injury have been reported during ashwagandha
treatment, even when the dose is <600 mg daily. Symptoms like jaundice, pruritus, elevated
liver enzymes and the elevation of bilirubin normalized after withdrawal of treatment
in all the cases except one, who had been treated earlier for a cancer and had received
glucocorticoids. Conversely, ashwagandha is also reported to protect the liver, making it
difficult to decipher the basis for liver injury reported in the rare cases mentioned above.
However, idiosyncratic reactions that have also been reported for other herbs and medicines
may be at play here. Other likely explanations include the possibility that a few volunteers
who present with the rare side effects of liver injury may have enzyme deficiencies from
genetic or hormonal variation, as exemplified in volunteers low in glutathione. In the
few cases where hyperthyroid function was reported, symptoms and hormone levels
normalized shortly after withdrawal of ashwagandha treatment.

Overall, administrations of ashwagandha root powder and extracts seem to be safe.
Due to the lack of product control and the risk of adulteration (for example, the inclusion
of the less expensive leaves in the preparations), it is wise to only use well-standardized
and clinically documented ashwagandha root products. Moreover, there is a need for
more randomized, double-blinded, placebo-controlled human clinical trials that clarify the
efficacy, safety and effect size of standardized ashwagandha root preparations. Animal
model studies aimed at clarifying the molecular basis of its action will also be very useful.
A systematic biological approach is highly recommended for studying the herbal remedy
ashwagandha, especially because of its broad spectrum of different activities.

https://doi.org/10.3390/nu18050871

https://doi.org/10.3390/nu18050871


Nutrients 2026, 18, 871 19 of 24

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analyzed in this study.

Acknowledgments: The author acknowledge Joan Campbel-Tofte for proof reading text and rear-
ranging Figure 1 and tables. Joan Campbell-Tofte has consented to the acknowledgement.

Conflicts of Interest: The author declares no conflicts of interest.

References
1. Ostreikova, T.O.; Kalinkina, O.V.; Bogomolov, N.G.; Chernykh, I.V. Glycoalkaloids of plants in the family Solanaceae (Nightshade)

as potential drugs. Pharm. Chem. J. 2022, 56, 948–957. [CrossRef] [PubMed]
2. Upton, R. (Ed.) American Herbal Pharmacopoeia and Therapeutic Compendium, Monograph, Ashwagandha Root (Withania somnifera);

American Herbal Pharmacopoeia: Santa Cruz, CA, USA, 2000.
3. Mikulska, P.; Malinowska, M.; Ignacyk, M.; Szustowski, P.; Nowak, J.; Pesta, K.; Szelag, M.; Szklanny, D.; Judasz, E.; Kaczmarek,

G.; et al. Ashwagandha (Withania somnifera)—Current Research on the Health-Promoting Activities: A Narrative Review.
Pharmaceutics 2023, 15, 1057. [CrossRef] [PubMed]

4. Mishra, L.-C.; Singh, B.B.; Dagenais, S. Scientific Basis for the Therapeutic Use of Withania somnifera (Ashwagandha): A review.
Altern. Med. Rev. 2000, 5, 334–346. [PubMed]

5. Elgar, K. Ashwagandha: A review of clinical use and efficacy. Nutr. Med. J. 2021, 1, 68–78.
6. Musamil, A.; Nawab, J.D. Withania somnifera: Ethnobotany, Pharmacology, and Therapeutic Functions. In Ethnobotany, Pharmacol-

ogy and Therapeutic Functions; Elsevier Inc.: Amsterdam, The Netherlands, 2017; Chapter 8; pp. 137–154. [CrossRef]
7. Panossian, A.; Wikman, G. Effects of Adaptogens on the Central Nervous System and the Muscular Mechanisms Associating

with Their Stress—Protective Activity. Pharmaceuticals 2010, 3, 188–224. [CrossRef]
8. Sharna, K.S.; Basu, I.; Sing, S. Efficacy and Safety of Ashwagandha Root extract in Subclinical Hypothyroid Patients: A Double-

Blind, Randomized Placebo-Controlled Trial. J. Altern. Complement. Med. 2018, 24, 243–248. [CrossRef]
9. Chatterjee, S.; Srivastava, S.; Khalid, A.; Singh, N.; Sangwan, R.S.; Sidhu, O.P.; Roy, R.; Khetrapal, C.L.; Tuli, R. Comprehensive

metabolic fingerprinting of Withania somnifera leaf and root extracts. Phytochemistry 2010, 71, 1085–1094. [CrossRef]
10. Namdeo, A.G.; Sharma, A.; Yadav, K.N.; Gawande, R.; Mahadik, K.R.; Lopez-Gresa, M.P.; Kim, H.K.; Choi, Y.H.; Verpoorte, R.

Metabolic characterization of Withania somnifera from different regions of India using NMR spectroscopy. Planta Med. 2011, 77,
1958–1964. [CrossRef]

11. Johri, S.; Jamwal, U.; Rasool, S.; Kumar, A.; Verma, V.; Qazi, G.N. Purification and characterization of peroxidases from Withania
somnifera (AGB 002) and their ability to oxidize IAA. Plant Sci. 2005, 169, 1014–1021. [CrossRef]

12. Zhao, J.; Nakamura, N.; Hattori, M.; Kuboyama, T.; Tohda, C.; Komatsu, K. Withanolide derivatives from the roots of Withania
somnifera and their neuritis outgrowth activities. Chem. Pharm. Bull. (Tokyo) 2002, 50, 760–765. [CrossRef]

13. Alam, N.; Hossain, M.; Khalil, M.I.; Moniruzzaman, M.; Suleiman, S.A.; Gan, S.H. High catechin concentrations detected in
Withania somnifera (ashwagandha) by high performance liquid chromatography analysis. BMC Complement Altern. Med. 2011, 11,
65. [CrossRef] [PubMed]

14. Srivastava, M.P.; Gupta, S.; Dixit, S.; Yadav, N.; Yadav, V.; Singh, H.; Kanaujia, P.; Sharma, Y.K. Withania somnifera (Ashwagandha):
A wonder herb with multiple medicinal properties. Asian J. Pharm. Pharmacol. 2018, 4, 123–130. [CrossRef]

15. Chauhan, S.; Joshi, A.; Jain, R.; Devendra, J. Estimation of withanolide A in diverse genotypes of Ashwagandha Withania somnifera
(L.) Dunal. Indian J. Exp. Biol. 2019, 57, 212–217.

16. Sreerekha, M.V.; Patel, K.V.; Bhatnagar, R.; Sriram, S. Distribution of total withanolides in various plant parts of ashwagandha
(Withania somnifera) accessions as influenced by light and dark reaction cycle. J. Med. Aromat. Plant Sci. 2004, 26, 681–683.

17. Tharakan, A.; Shukla, H.; Benny, I.R.; Tharakan, M.; George, L.; Koshy, S. Immunomodulatory Effect of Withania somnifera
(Ashwagandha) Extract—A Randomized, Double-blind, Placebo Controlled Trial with an Open Label Extension on Healthy
Participants. J. Clin. Med. 2021, 10, 3644. [CrossRef] [PubMed]

18. KrishnaRaju, A.V.; Somepalli, V.; Thanawala, S.; Shah, R. Efficacy and Anti-Inflammatory Activity of Ashwagandha Sustained-
Release Formulation on Depression and Anxiety Induced by Chronic Unpredictable Stress: In vivo and in vitro Studies. J. Exp.
Pharmacol. 2023, 15, 291–305. [CrossRef] [PubMed]

19. Khan, M.A.; Subramaneyaan, M.; Arora, V.K.; Banerjee, B.D.; Ahmed, R.S. Effect of Withania swomnifera (Ashwaganda) root
extract on amelioration of oxidative stress and autoantibodies production in collagen-induced arthritic rats. J. Complement. Integr.
Med. 2015, 12, 117–125. [CrossRef]

20. Rasool, M.; Varalakshmi, P. Suppressive effects of Withanin somnifera root powder on experimental gouty arthritis: An in vivo and
in vitro study. Chem. Biol. Interact. 2006, 164, 174–180. [CrossRef]

https://doi.org/10.3390/nu18050871

https://doi.org/10.1007/s11094-022-02731-x
https://www.ncbi.nlm.nih.gov/pubmed/36277854
https://doi.org/10.3390/pharmaceutics15041057
https://www.ncbi.nlm.nih.gov/pubmed/37111543
https://www.ncbi.nlm.nih.gov/pubmed/10956379
https://doi.org/10.1016/B978-0-12-805413-0.00008-9
https://doi.org/10.3390/ph3010188
https://doi.org/10.1089/acm.2017.0183
https://doi.org/10.1016/j.phytochem.2010.04.001
https://doi.org/10.1055/s-0031-1279997
https://doi.org/10.1016/j.plantsci.2005.05.015
https://doi.org/10.1248/cpb.50.760
https://doi.org/10.1186/1472-6882-11-65
https://www.ncbi.nlm.nih.gov/pubmed/21854608
https://doi.org/10.31024/ajpp.2018.4.2.5
https://doi.org/10.3390/jcm10163644
https://www.ncbi.nlm.nih.gov/pubmed/34441940
https://doi.org/10.2147/JEP.S407906
https://www.ncbi.nlm.nih.gov/pubmed/37521489
https://doi.org/10.1515/jcim-2014-0075
https://doi.org/10.1016/j.cbi.2006.09.011
https://doi.org/10.3390/nu18050871


Nutrients 2026, 18, 871 20 of 24

21. Mohanty, I.; Arya, D.S.; Dinda, A.; Talwar, K.K.; Joshi, S.; Gupta, S.K. Mechanisms of Cardioprotective Effect of Withania somnifera
in Experimental Induced Myocardial Infarction. Basic Clin. Pharmacol. Toxicol. 2004, 94, 184–190. [CrossRef]

22. Choudhary, B.; Shetty, A.; Langade, D.G. Efficacy of Ashwagandha (Withania somnifera [L.] Dunal) in improving cardiorespiratory
endurance in healthy athletic adults. Int. Q. J. Res. Ayurveda 2015, 36, 63–68.

23. Tiwari, S.; Gupta, S.K.; Pathak, A.K. A double-blind, randomized, placebo-controlled trial on the effect of Ashwagandha (Withania
somnifera dunai.) root extract in improving cardiorespiratory endurance and recovery in healthy athletic adults. J. Ethnopharm.
2021, 272, 113929. [CrossRef] [PubMed]

24. Sandhu, J.S.; Shah, B.; Shenoy, S.; Chauhan, S.; Lavekar, G.S.; Padhi, M.M. Effects of Withania somnifera (Ashwagandha and
Terminalia Arjuna) on physical performance and cardiorespiratory endurance in healthy young adults. Int. J. Ayurveda Res. 2010,
1, 144–149. [CrossRef] [PubMed]

25. Verma, N.; Gupta, S.K.; Patil, S.; Tiwari, S.; Mishra, A.K. Effects of Ashwagandha (Withania somnifera) standardized root extract
on physical endurance and VO2max in healthy adults performing resistance training: An eight-week, prospective, randomized,
double-blind, placebo-controlled study. F1000Research 2023, 12, 335. [CrossRef] [PubMed]

26. Wankhede, S.; Langade, D.; Joshi, K.; Sinha, S.R.; Bhattacharyya, S. Examining the effect of Withania somnifera supplementation on
muscle strength and recovery: A randomized controlled trial. J. Int. Soc. Sports Nutr. 2015, 12, 43. [CrossRef]

27. Raut, A.A.; Rege, N.N.; Tadvi, F.M.; Solanki, P.V.; Kene, K.R.; Shirolkar, S.G.; Pandey, S.N.; Vaidya, R.A.; Vaidya, A.B. Exploratory
study to evaluate tolerability, safety and activity of Ashwagandha (Withania somnifera) in healthy volunteers. J. Ayurveda Integr.
Med. 2012, 3, 111–114. [CrossRef]

28. Verma, N.; Gupta, S.K.; Tiwari, S.; Kumar, R.; Gupta, S. Effect of Ashwagandha Root Extract on serum Testosterone and Muscle
Recovery in Strength Training. Int. J. Med. Pharm. Res. 2023, 4, 371–381.

29. Bonilla, D.A.; Moreno, Y.; Gho, C.; Petro, J.L.; Odriozola-Martínez, A.; Kreider, R.B. Effects of Ashwagandha (Withania somnifera)
on Physical Performance: Systematic Review and Bayesian Meta-Analysis. J. Funct. Morphol. Kinesiol. 2021, 6, 20. [CrossRef]

30. Salve, J.; Kale, S.; Prajapati, B.L.; Sparavigna, A.; Savant, M.; Ademola, J.; Langade, D. Safety of 12-months Administration of
Ashwagandha (Withania somnifera) Standardized Root Extract in Healthy Adults: A Prospective, Observational Study. Phytother.
Res. 2025, 1–24. [CrossRef]

31. Chandrasekhar, K.; Kapoor, J.; Anishetty, S.A. Prospective, Randomized, Double-Blind, Placebo-Controlled Study of Safety and
Efficacy of High-Concentration Full-Spectrum Extract of Ashwagandha Root in Reducing Stress and Anxiety in Adults. Indian J.
Psychol. Med. 2012, 34, 255–262. [CrossRef]

32. Choudhary, D.; Bhattacharyya, S.; Joshi, K. Body Weight Management in Adults Under Chronic Stress Through Treatment with
Ashwagandha Root Extract: A Double-Blind, Randomized, Placebo-Controlled Trial. J. Evid.-Based Complement. Altern. Med. 2016,
1, 11. [CrossRef]

33. Lopresti, A.L.; Smith, S.J.; Malvi, H.; Kodgule, R. An investigation into the stress-relieving and pharmacological actions of an
ashwagandha (Withania somnifera) extract: A randomized, double-blind, placebo-controlled study. Medicine 2019, 98, e17186.
[CrossRef] [PubMed]

34. Salve, J.; Pae, S.; Debnah, K.; Langade, D. Adaptogenic and Anxiolytic Effects of Ashwagandha Root Extract in Healthy Adults: A
Double-blind, Randomized, Placebo controlled Clinical Study. Cureus 2019, 11, e6466. [CrossRef] [PubMed]

35. Kelgane, S.B.; Salve, J.; Sampara, P.; Debnath, K. Efficacy and Tolerability of Ashwagandha Root Extract in the Elderly for
Improvement of General Well-being and Sleep: A Prospective, Randomized, Double-blind, Placebo-controlled Study. Cureus 2020,
12, e7083. [CrossRef] [PubMed]

36. Langade, D.; Kanchi, S.; Jaising Salve, J.; Debnath, K.; Ambegaokar, D. Efficacy and Safety of Ashwagandha (Withania somnifera)
Root Extract in Insomnia and Anxiety: A double-blind, Randomized, Placebo-controlled Study. Cureus 2019, 11, e5797. [CrossRef]

37. Langade, D.; Vaishali, T.; Kanchi, S.; Kelgane, S. Clinical evaluation of the pharmacological impact of ashwagandha root extract
on sleep in healthy volunteers and insomnia patients: A double-blind, randomized, parallel-group, placebo-controlled study.
J. Ethnopharmacol. 2021, 264, 113276. [CrossRef] [PubMed]

38. Majeed, M.; Nagabhushanam, K.; Mundkur, L.A. Standardized Ashwagandha root extract alleviates stress, anxiety and improves
quality of life in healthy adults by modulating stress hormones: Results from a randomized, double-blind, placebo-controlled
study. Medicine 2023, 102, e35521. [CrossRef]

39. Akhgarjand, C.; Asoudeh, F.; Bagheri, A.; Kalantar, Z.; Vahabi, Z.; Shab-bidar, S.; Rezvani, H.; Djafarian, K. Does Ashwagandha
supplementation have a beneficial effect on the management of anxiety and stress? A systematic review and meta-analysis of
randomized controlled trials. Phytother. Res. 2022, 36, 4115–4124. [CrossRef]

40. Cheah, K.L.; Norhayati, M.N.; Yaacob, L.H.; Rahman, R.A. Effect of Ashwagandha (Withania somnifera) extract on sleep: A
systematic review and meta-analysis. PLoS ONE 2021, 16, e0257843. [CrossRef]

41. Kaur, J.; Seshadri, S.; Golla, K.H.; Sampara, P. Efficacy and safety of standardized Ashwagandha (Whitania Somnifera) root extract
on reducing stress and anxiety in domestic dogs: A randomized controlled trial. J. Vet. Behav. 2022, 51, 8–15. [CrossRef]

https://doi.org/10.3390/nu18050871

https://doi.org/10.1111/j.1742-7843.2004.pto940405.x
https://doi.org/10.1016/j.jep.2021.113929
https://www.ncbi.nlm.nih.gov/pubmed/33600918
https://doi.org/10.4103/0974-7788.72485
https://www.ncbi.nlm.nih.gov/pubmed/21170205
https://doi.org/10.12688/f1000research.130932.1
https://www.ncbi.nlm.nih.gov/pubmed/38988644
https://doi.org/10.1186/s12970-015-0104-9
https://doi.org/10.4103/0975-9476.100168
https://doi.org/10.3390/jfmk6010020
https://doi.org/10.1002/ptr.70096
https://doi.org/10.4103/0253-7176.106022
https://doi.org/10.1177/2156587216641830
https://doi.org/10.1097/MD.0000000000017186
https://www.ncbi.nlm.nih.gov/pubmed/31517876
https://doi.org/10.7759/cureus.6466
https://www.ncbi.nlm.nih.gov/pubmed/32021735
https://doi.org/10.7759/cureus.7083
https://www.ncbi.nlm.nih.gov/pubmed/32226684
https://doi.org/10.7759/cureus.5797
https://doi.org/10.1016/j.jep.2020.113276
https://www.ncbi.nlm.nih.gov/pubmed/32818573
https://doi.org/10.1097/MD.0000000000035521
https://doi.org/10.1002/ptr.7598
https://doi.org/10.1371/journal.pone.0257843
https://doi.org/10.1016/j.jveb.2022.03.002
https://doi.org/10.3390/nu18050871


Nutrients 2026, 18, 871 21 of 24

42. Devarasetti, A.K.; Bharani, K.K.; Khurana, A.; Anand, S.; Kollipaka, R.; Saranu, V.D.T.; Hanuman, D.D.V.; Addanki, V.K.; Chetla,
V.S.; Banothu, A.K. Adaptogenic Ashwagandha root extract modulates inflammatory markers in feline stress management: A
double-blind placebo controlled clinical trial. J. Appl. Anim. Res. 2024, 52, 2335921. [CrossRef]

43. Gopukumar, K.; Thanawala, S.; Somepalli, V.; Rao, T.S.S.; Thamatam, V.B.; Chauhan, S. Effficacy and safety of Ashwagandha Root
Extract on Cognitive Functions in Healthy, Stressed Adults: A Randomized, Double-Blind, Placebo-Controlled Study. Evid.-Based
Complement. Altern. Med. 2021, 2021, 8254344. [CrossRef]

44. Choudhary, C.D.; Bhattacharyya, S.; Bose, S. Efficacy and safety of Ashwagandha (Withania somnifera (L.) Dunai) Root Extract in
Improving Memory and Cognitive Functions. J. Diet. Suppl. 2017, 14, 599–612. [CrossRef]

45. Dimpfel, W.; Schombert, L.; Keplinger-Dimpfel, I.K.; Panossian, A. Effects of an Adaptogenic Extract on Electrical Activity of
the Brain in Elderly Subjects with Mild Cognitive Impairment: A Randomized, Double-Blind, Placebo-Controlled, Two-Armed
Cross-Over Study. Pharmaceuticals 2020, 13, 45. [CrossRef]

46. Basani, M.; Malothu, R.; Sinha, R.; Murthy, V. Electroencephalogram Correlates the Role of Ashwagandha in Sleep and Memory
Promoting Effect. Ind. J. Pharm. Edu. Res. 2021, 55, 184–189. [CrossRef]

47. Xing, D.; Yoo, C.; Gonzalez, D.; Jenkins, V.; Nottingham, K.; Dickerson, B.; Leonard, M.; Ko, J.; Faries, M.; Kephart, W.; et al.
Effects of Acute Ashwagandha Ingestion on Cognitive Function. Int. J. Environ. Res. Public Health 2022, 19, 11852. [CrossRef]
[PubMed]

48. Leonard, M.; Dickerson, B.; Estes, L.; Gonzalez, D.E.; Jenkins, V.; Johnson, S.; Xing, D.; Yoo, C.; Ko, J.; Purpura, M.; et al. Acute
and Repeated Ashwagandha Supplementation Improves Markers of Cognitive Function and Mood. Nutrients 2024, 16, 1813.
[CrossRef] [PubMed]

49. Dongre, S.; Langade, D.; Bhattacharyya, S. Efficacy and Safety of Ashwagandha (Withania somnifera) Root Extract in Improving
Sexual Function in Women: A Pilot Study. Biomed. Res. Int. 2015, 2015, 284154. [CrossRef] [PubMed]

50. Ajgaonkar, A.; Jain, M.; Debnath, K. Efficacy and Safety of Ashwagandha (Withania somnifera) Root Extract for Improvement of
Sexual Health in Healthy Women: A Prospective, Randomized, Placebo-Controlled Study. Cureus 2022, 14, e30787. [CrossRef]

51. Gopal, S.; Ajgaonkar, A.; Kanchi, P.; Kaundinya, A.; Thakare, V.; Chauhan, S.; Langade, D. Effect of an ashwagandha (Withania
Somnifera) root extract on climacteric symptoms in women during perimenopause: A randomized, double-blind, placebo-
controlled study. Obstet. Gynaecol. Res. 2021, 47, 4414–4425. [CrossRef]

52. Mutha, A.S.; Mutha, S.A.; Tejuja, A.H.; Langade, D. Efficacy and safety of ashwagandha root extract on sexual health in healthy
women: Findings of a prospective, randomized, double-blind, placebo-controlled study. Cogent Psychol. 2025, 12, 2459467.
[CrossRef]

53. Akbaribazm, M.; Goodarzi, N.; Rahimi, M. Female infertility and herbal medicine: An overview of the new findings. Food. Sci.
Nutr. 2021, 9, 5869–5882. [CrossRef]

54. Bhattarai, J.P.; Park, S.A.; Han, S.K. The methanolic extract of Withania somnifera ACTS on GABAA receptors in gonadotropin
releasing hormone (GnRH) neurons in mice. Phytoter. Res. 2010, 24, 1147–1150. [CrossRef] [PubMed]

55. The Wealth of India, a Dictionary of Indian Raw Materials and Products; Raw Materials, Vol. X: Sp-W; National Institute of Science
Communication and Information Resources CSIR: New Delhi, India, 1948; pp. 582–583.

56. Upton, R.; American Herbal Pharmacopoeia (AHP). Press Release: AHP Response to Claims of Ashwagandha Abortification
Effects. 25 June 2024. Available online: https://herbal-ahp.org/wp-content/uploads/2024/07/Press-Release-Ashwagandha-
Abortifacient-Assessment_06-24-2024.pdf (accessed on 25 February 2026).

57. Aleksic, A. Ashwagandha Pregnancy & Breastfeeding Safety 2025. Herbal Doula–A Woman Centered Natural Remedies Database.
15 September 2024. Available online: https://herbaldoula.com/ashwagandha-pregnancy-breastfeeding-safety (accessed on 25
February 2026).

58. Tirtha, S.S. Ayurveda Encyclopedia (Natural Secrets to Healing, Prevention and Longevity), 2nd ed.; Sat Yuga Press: Bayville, NY, USA, 2007.
59. Kalaiselvan, K.; Sweatha, V.; Gayathri, V.; Kalaivani, P.; Tamrakar, S.; Tamrakar, S. Reproductive and developmental safety

assessment of Ashwagandha (Withania somnifera) root extract in Wistar rats. Front. Pharmacol. 2025, 16, 1572025. [CrossRef]
[PubMed]

60. Safety of Ashwagandha (Withania somnifera); Report of the Expert Committee; Constituted by Ministry of Ayush Govt. of India,
New Delhi; Central Council for Research in Ayurvedic Sciences, Ministry of Ayush, Government of India: New Delhi, India, 2024.

61. Yadav, A.; Mishra, R.K. Withania somnifera ameliorates sexual arousal and impotence in stressed sexual sluggish male rats by
modulating neurotransmitters and NO/cGMP/PDE5alpha pathway. J. Ethnopharm. 2024, 318, 116971. [CrossRef] [PubMed]

62. Ahmad, M.K.; Mahdi, A.A.; Shukla, K.K.; Islam, N.; Singh Rajender, S.; Madhukar, D.; Shankhwar, S.N.; Ahmad, S. Withania
somnifera improves semen quality by regulating reproductive hormone levels and oxidative stress in seminal plasma of infertile
males. Fertil. Steril. 2010, 94, 989–996. [CrossRef]

63. Ambiye, V.R.; Langade, D.; Dongre, S.; Aptikar, P.; Kulkarni, M.; Dongre, A. Clinical Evaluation of the Spermatogenic Activity of
the root Extract of Ashwagtandha (Withania somnifera) in Oligospermic Males: A Pilot Study. Evid.-Based Complement. Altern. Med.
2013, 2013, 571420. [CrossRef]

https://doi.org/10.3390/nu18050871

https://doi.org/10.1080/09712119.2024.2335921
https://doi.org/10.1155/2021/8254344
https://doi.org/10.1080/19390211.2017.1284970
https://doi.org/10.3390/ph13030045
https://doi.org/10.5530/ijper.55.1.20
https://doi.org/10.3390/ijerph191911852
https://www.ncbi.nlm.nih.gov/pubmed/36231152
https://doi.org/10.3390/nu16121813
https://www.ncbi.nlm.nih.gov/pubmed/38931168
https://doi.org/10.1155/2015/284154
https://www.ncbi.nlm.nih.gov/pubmed/26504795
https://doi.org/10.7759/cureus.30787
https://doi.org/10.1111/jog.15030
https://doi.org/10.1080/23311908.2025.2459467
https://doi.org/10.1002/fsn3.2523
https://doi.org/10.1002/ptr.3088
https://www.ncbi.nlm.nih.gov/pubmed/20044800
https://herbal-ahp.org/wp-content/uploads/2024/07/Press-Release-Ashwagandha-Abortifacient-Assessment_06-24-2024.pdf
https://herbal-ahp.org/wp-content/uploads/2024/07/Press-Release-Ashwagandha-Abortifacient-Assessment_06-24-2024.pdf
https://herbaldoula.com/ashwagandha-pregnancy-breastfeeding-safety
https://doi.org/10.3389/fphar.2025.1572025
https://www.ncbi.nlm.nih.gov/pubmed/40606615
https://doi.org/10.1016/j.jep.2023.116971
https://www.ncbi.nlm.nih.gov/pubmed/37532077
https://doi.org/10.1016/j.fertnstert.2009.04.046
https://doi.org/10.1155/2013/571420
https://doi.org/10.3390/nu18050871


Nutrients 2026, 18, 871 22 of 24

64. Chauhan, S.; Srivastra, M.K.; Pathak, A.K. Effect of standardized root extract of ashwagandha (Withania somnifera) on well-being
and sexual performance in adult males: A randomized controlled trial. Health Sci. Rep. 2022, 5, e741. [CrossRef]

65. Mahdi, A.A.; Shukla, K.K.; Ahmad, M.K.; Rajender, S.; Shankhwar, S.N.; Singh, V.; Dalela, D. Withania somnifera Improves Semen
Quality in Stress-Related Male Fertility. Evid.-Based Complement. Altern. Med. 2011, 2011, 576962. [CrossRef]

66. Gupta, A.; Mahdi, A.A.; Shukla, K.K.; Ahmad, M.K.; Bansal, N.; Sankhwar, P.; Sankhwar, S.N. Efficacy of Withania somnifera on
seminal plasma metabolites of infertile males: A proton NMR study at 800 MHz. J. Ethnopharmacol. 2013, 149, 208–214. [CrossRef]

67. Rashidi, M.; Emtiazy, M.; Khodadoost, M.; Fallahzadeh, H.; Mirjalili, A.M. Determining the Effect of Ashwagandha Plant Powder
on Men with Semen Disorders. Int. J. Ayurvedic Med. 2020, 11, 728–734. [CrossRef]

68. Prasad, M.; Thakar, A.B. Efficacy of Ashwagandha (Withania somnifera Dunal. Linn.) in the management of psychogenic erectile
dysfunction. Int. Q. J. Res. Ayurveda 2011, 32, 322–328. [CrossRef]

69. Lopresti, A.L.; Drummond, P.D.; Smith, S.J. A Randomized, Double-Blind, Placebo-Controlled, Crossover Study Examining the
Hormonal and Vitality Effects of Ashwagandha (Withania somnifera) in Aging, Overweight Males. Am. J. Mens Health 2019, 13,
1–15. [CrossRef] [PubMed]

70. Kumagai, H.; Zempo-Miyaki, A.; Yoshikawa, T.; Tsujimoto, T.; Tanaka, K.; Maeda, S. Increased physical activity has a greater
effect than reduced energy intake on lifestyle modification-induced increases in testosterone. J. Clin. Biochem. Nutr. 2016, 58,
84–89. [CrossRef]

71. Rajaratnam, M.; Prystupa, A.; Lachowska-Kotowska, P.; Zaluska, W.; Filip, R. Herbal medicine for treatment and prevention of
liver diseases. J. Pre-Clin. Clin. Res. 2014, 8, 55–60. [CrossRef]

72. Malik, T.; Pandey, D.K.; Dogra, N. Ameliorative Potential of Aqueous Root Extract of Withania somnifera Against Paracetamol
Induced Liver Damage in Mice. Pharmacologica 2013, 4, 89–94. [CrossRef]

73. Sultana, N.; Shimmi, S.C.; Parash, M.T.H.; Akhtar, J.; Sultana, N.; Shimmi, S.C.; Parash, M.T.H.; Akhtar, J. Effects of Ashwagandha
(Whitania somnifera) Root Extract on Some Serum Liver Marker Enzymes (AST; ALT) in Gentamicin Intoxicated Rats. J. Bangladesh
Soc. Physiol. 2012, 7, 1–7. [CrossRef]

74. Harikrishnan, B.; Subramanian, P.; Subash, S. Effect of Whitania somnifera Root Powder on the Levels of Circulatory Lipid
Peroxidation and Liver Marker Enzymes in Chronic Hyperammonemia. E-J. Chem. 2008, 5, 872–877.

75. Akbarsha, M.A.; Vijendrakumar, S.; Kadalmani, B.; Girija, R.; Faridha, A. Curative property of Withania somnifera Dunal root in
the context of carbendazim-induced histopathological changes in the liver and kidneys of rat. Phytomedicine 2000, 7, 499–507.
[CrossRef]

76. Khalil, H.M.A.; Eliwa, H.A.; El-Shiekh, R.A.; Al-Mokaddem, A.K.; Hassan, M.; Tawfek, A.M.; El-Maadawy, W.H. Ashwagandha
(Whitania somnifera) root extract attenuates hepatic and cognitive deficits in thioacetamide-induced rat model of hepatic en-
cephalopathy via induction of Nrf2/HO-1 and mitigation of NF-kappa B/MAPK signalling pathways. J. Ethnopharm. 2021, 277,
114141. [CrossRef]

77. Patel, D.P.; Yan, T.; Kim, D.; Dias, H.B.; Krausz, K.W.; Kimura, S.; Gonzalez, F.J. Withaferin A improves non-alcoholic Steatohep-
atitis in Mice. J. Pharmacol. Exp. Ther. 2019, 371, 360–374. [CrossRef] [PubMed]

78. Nabi, S.U.; Wani, A.R.; Dey, S. Therapeutic Effect of Ashwagandha (Whitania somnifera L.) In Liver Dysfunction of Old Dogs.
Appl. Biol. Res. 2014, 16, 232–236. [CrossRef]

79. Wu, G.; Lupton, J.R.; Turner, N.D.; Fang, Y.Z.; Yang, S. Glutathione Metabolism and Its Implications for Health. J. Nutr. 2004, 134,
489–492. [CrossRef]

80. Pizzorno, J. Glutathione! Integr. Med. Clins. J. 2014, 13, 8–12.
81. Franceschelli, S.; Lanuti, P.; Ferrone, A.; Gatta, D.M.P.; Speranza, L.; Pesce, M.; Grilli, A.; Cacciatore, I.; Ricciotti, E.; Di Stefano, A.;

et al. Modulation of Apoptotic Cell death and Neuroprotective Effects of Glutathione-L-Dopa Codrug Against H2O2-Induced
Cellular Toxicity. Antioxidants 2019, 8, 319. [CrossRef]

82. Honda, Y.; Kessoku, T.; Sumida, Y.; Kobayashi, T.; Kato, T.; Ogawa, Y.; Tomeno, W.; Imajo, K.; Fujita, K.; Yoneda, M.; et al.
Efficacy of Glutathione for the treatment of non-alcoholic fatty liver disease: An open-label, single-arm, multicentre, pilot study.
BMC Gastroenterol. 2017, 17, 96. [CrossRef]

83. Bharani, K.K.; Devarasetti, A.K.; Carey, L.; Khurana, A.; Kollipaka, R.; Hanuman, D.D.V.; Chetla, V.S.; Banothu, A.K. Effects of
ashwagandha (Whitania somnifera) root extract on aging-related changes in healthy geriatric dogs: A randomized, double-blinded
placebo-controlled study. Vet. Med. Sci. 2024, 10, e1556. [CrossRef]

84. Ibrahim, M.; Pawar, G.; Khan, N.; Gudalwar, B.; Khan, S.; Mazhar, M. Therapeutic effect of Withania somnifera (Ashwagandha) on
depression: A Comprehensive review. Natl. Rev. Hum. Health (NRFHH) 2024, 4, 142–151. [CrossRef] [PubMed]

85. Yerram, C.; Jillella, A.; Reddy, V. Effects of Withania somnifera root extract serum application on hair health in healthy adults: A
prospective, double-blind, randomized, parallel, placebo-controlled study. J. Ayurveda Integr. Med. 2023, 14, 100817. [CrossRef]
[PubMed]

86. Narra, K.; Naik, S.K.; Ghatge, A.S. A study of Efficacy and Safety of Ashwagandha (Withania somnifera) Lotion on Facial Skin in
Photoaged Healthy Adults. Cureus 2023, 15, e36168. [CrossRef] [PubMed]

https://doi.org/10.3390/nu18050871

https://doi.org/10.1002/hsr2.741
https://doi.org/10.1093/ecam/nep138
https://doi.org/10.1016/j.jep.2013.06.024
https://doi.org/10.47552/ijam.v11i4.1730
https://doi.org/10.4103/0974-8520.93907
https://doi.org/10.1177/1557988319835985
https://www.ncbi.nlm.nih.gov/pubmed/30854916
https://doi.org/10.3164/jcbn.15-48
https://doi.org/10.26444/jpccr/71468
https://doi.org/10.5567/pharmacologia.2013.89.94
https://doi.org/10.3329/jbsp.v7i1.11152
https://doi.org/10.1016/S0944-7113(00)80036-7
https://doi.org/10.1016/j.jep.2021.114141
https://doi.org/10.1124/jpet.119.256792
https://www.ncbi.nlm.nih.gov/pubmed/31420528
https://doi.org/10.5958/0974-4517.2014.00015.9
https://doi.org/10.1093/jn/134.3.489
https://doi.org/10.3390/antiox8080319
https://doi.org/10.1186/s12876-017-0652-3
https://doi.org/10.1002/vms3.1556
https://doi.org/10.53365/nrfhh/177661
https://www.ncbi.nlm.nih.gov/pubmed/23530404
https://doi.org/10.1016/j.jaim.2023.100817
https://www.ncbi.nlm.nih.gov/pubmed/38006746
https://doi.org/10.7759/cureus.36168
https://www.ncbi.nlm.nih.gov/pubmed/36937128
https://doi.org/10.3390/nu18050871


Nutrients 2026, 18, 871 23 of 24

87. Alexander, J.E.; Colyer, A.; Haydock, R.M.; Hayek, M.G.; Park, J.S. Understanding how dogs are: Longitudinal analysing of
markers of inflammation, immune function and oxidative stress. J. Gerontol. Ser. A 2018, 73, 720–728. [CrossRef]

88. Kumar, R.; Gupta, K.; Saharia, K.; Pradhan, D.; Subramaniam, J.R. Withania somnifera root extends lifespan of Caenorhabditis
elegans. Ann. Neurosci. 2013, 20, 13–16. [CrossRef]

89. Liver Toxicity of Products Containing Ashwagandha; Bijwerkingencentrum Lareb: ’s-Hertogenbosch, The Netherlands, 2023.
90. Dedon, J. Thyroid Disease in Aging. Mo. Med. 2022, 119, 351–353. [PubMed] [PubMed Central]
91. Mathew, P.; Kaur, J.; Rawla, P. Hyperthyroidism. StatPearls–NCBI Bookshelf. 2024. Available online: https://www.ncbi.nlm.nih.

gov/books/NBK537053/https://www.ncbi.nlm.nih.gov/books/NBK537053/ (accessed on 25 February 2026).
92. Verma, N.; Gupta, S.K.; Tiwari, S.; Mishra, A.K. Safety of Ashwagandha Root Extract: A Randomized, Placebo-controlled, study

in Healthy Volunteers. Complement. Ther. Med. 2021, 57, 102642. [CrossRef] [PubMed]
93. Movva, N.; Salve, J.; Debnath, K.; Thakare, V.; Langade, D. Safety and Efficacy of Ashwagandha (Withania somnifera) Root Extract

(2000 mg/day) in Healthy Adults: A Prospective, Non-comparative Study. Figshare 2024, preprint. [CrossRef]
94. Kalaivani, P.; Siva, R.; Gayathri, V.; Langade, D. Ninety-day repeated dose toxicity of Ashwagandha (Withania somnifera) root

extract in Wistar rats. Toxicol. Rep. 2023, 11, 189–198. [CrossRef] [PubMed]
95. Hosny, E.N.; Mayada, M.M.; El-Gizawy, H.G.; Sawie, H.G.; Abdel-Wahhab, K.G.; Khadrawy, Y.A. Neuroprotective Effects of

Ashwagandha Extract against the Neurochemical Changes Induced in Rat Model of Hypothyroidism. J. Diet. Suppl. 2020, 18,
72–91. [CrossRef]

96. Abdel-Wahhab, K.G.; Mourad, H.H.; Mannaa, F.A.; Morsy, F.A.; Hassan, L.F.; Taher, R.F. Role of Ashwagandha methanolic extract
in the regulation of thyroid profile in hypothyroidism modelled rats. Mol. Biol. Rep. 2019, 46, 3637–3649. [CrossRef]

97. Panda, S.; Kar, A. Changes in thyroid hormone concentrations after administration of ashwagandha root extract to adult male
mice. J. Pharm. Pharmacol. 1998, 50, 1065–1068. [CrossRef]

98. Hayashi, M.; Hamada, H.; Azuma, S.S.; Hayashi, K. Painless Thyroiditis by Withania somnifera (Ashwagandha). Cureus 2024, 16,
e55352. [CrossRef]

99. Curry, K.M.; McNeil, L.E.; Flores, A.; Fuks, J. Thyrotoxicosis with Ashwagandha: A Case Report. 2019, SSRN. Available online:
https://papers.ssrn.com/sol3/papers.cfn?abstract_id=3506409 (accessed on 25 February 2026).

100. Kamal, H.I.; Patel, K.; Brdak, A.; Heffernan, J.; Ahmad, N.; Kamal, K. Ashwagandha as a Unique Cause of Thyrotoxicosis
Presenting with Supraventricular Tachycardia. Cureus 2022, 14, 23494. [CrossRef]

101. van der Hooft, C.S.; Hoekstra, A.; Winter, A.; de Smet, P.A.; Stricker, B.H. Thyreotoxicose na gebruik van Ashwagandha.
[Thyrotoxicosis following the use of ashwagandha]. Ned. Tijdschr. Geneeskd. 2005, 149, 2637–2638. [PubMed]

102. Ashwagandha—LiverTox-NCBI Bookshelf. 2019. Available online: https://www.ncbi.nlm.nih.gov/books/NBK548536/ (ac-
cessed on 25 February 2026).

103. Fødevarestyrelsen. Advarer Forbrugerne Mod Kosttilskud, Ginseng Kianpi Pil, Der Giver Leverskader. 15 October 2024. Available
online: https://foedevarestyrelsen.dk/nyheder/pressemeddelelser/2024/okt/ (accessed on 25 February 2026).
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