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ABSTRACT

Withania somnifera (L.) Dunal, commonly known as ashwagandha, has been widely used in Ayurvedic medicine for its adap-
togenic properties and therapeutic potential and has been investigated for its benefits related to sleep and stress management by
Western medicine. However, concerns regarding its teratogenic and abortifacient effects have emerged following reports from
the World Health Organization (WHO) and regulatory bodies. This systematic and ethnobotanical review critically evaluates
these claims by assessing ashwagandha's toxicokinetics, toxicodynamics, and available safety data. A comprehensive literature
review following PRISMA guidelines was conducted to identify studies on its reproductive toxicity, molecular interactions, and
traditional usage. Historical ethnobotanical reports suggest potential abortifacient effects, but citation distortion and lack of pri-
mary source validation raise concerns regarding the validity of such claims. Toxicological studies in animal models demonstrate
high tolerability, with no significant reproductive toxicity observed at doses relevant to human consumption. Human clinical
studies also show no adverse effects on thyroid function, hormonal balance, or reproductive health. Altogether, evidence sup-
porting significant teratogenic or abortifacient activity remains inconclusive. This review highlights the need for standardized,
high-quality research addressing fertility and developmental outcomes in controlled conditions. Given the widespread use of
ashwagandha as a dietary supplement ingredient and traditional medicine, a balanced and evidence-based approach is required
to assess its safety, ensuring that regulatory actions are informed by robust scientific data rather than historical speculation.

1 | Introduction in dry regions of India, Pakistan, Sri Lanka, and China for

over 3000years. For centuries, it has played a central role in
Withania somnifera (L.) Dunal, Solanaceae, commonly known  Ayurveda, where it has been used as a “Rasayana” or rejuve-
as ashwagandha or Indian Ginseng, has been -cultivated nating tonic. Indeed, in Indian Traditional Systems of Medicine,

Abbreviations: ADME, absorption, distribution, metabolism and excretion; ADR, adverse event reporting; AHP, American Herbal Pharmacopeia; AWE,
ashwagandha water extract; ChEMBL, Chemogenomic European Molecular Biology Laboratory; EMBASEO, Excerpta Medica dataBASE; GRAS, generally recognized
as safe; ICH, International Council for Harmonization; NOAEL, no observed adverse effect level; OECD, Organization for Economic Cooperation and Development;
P450, Cytochrome P450; PICO, patients, intervention, comparison, outcome; PRISMA, preferred reporting items for systematic reviews and meta-analyses; STRING,
search tool for the retrieval of interacting genes/proteins; WHO, World Health Organization
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ashwagandha is best known for its adaptogenic properties, en-
ergy enhancement, improvement of concentration and memory,
sleep aid, fatigue reduction, and promotion of overall well-being.
Traditionally, aqueous extracts of mature roots have been used
in Ayurveda, with some evidence indicating occasional use of
the leaves. Various formulations of ashwagandha have been doc-
umented, including, but not limited to, root powder, decoction,
juice, or paste (reviewed in Joshi and Joshi 2021; Chittiboyina
and Khan 2024).

In the last decade, ashwagandha aqueous extracts (AWE) have
made inroads into Western markets as botanical products, either
asasingleactive ingredient or as a constituent of multi-ingredient
dietary supplement formulations. In Europe (EU and UK), ash-
wagandha is permissible in foods with non-concentrated aque-
ous infusion from the roots and in food supplements from any
part of the plant (European Commission 2024). In the U.S.,
while not having a “generally recognized as safe” (GRAS) sta-
tus (Other than self-affirmed GRAS) the sales of AWE, dictated
by the ever-growing demand, have skyrocketed in the past sev-
eral years (Smith et al. 2024; Koturbash et al. 2024) as dietary
supplements.

Despite its history of food use (prior to May 1997 in the EU
and October 1994 in USA), the safety of ashwagandha and
ashwagandha-containing products has been called into ques-
tion based on a series of reports that emanate from a 2009 World
Health Organization (WHO) monograph (WHO 2009) and high-
lighted in a controversial report in Denmark (DTU 2020). The
statement from the WHO is as follows:

Due to the lack of safety data and the fact that the
crude drug has been used in traditional medicine to
induce abortion, its use in pregnancy or breastfeeding
is contraindicated.

These reports have resulted in a proposal (HOA 2024) to restrict
the sale of ashwagandha extracts based on an Article 8 proce-
dure (Regulation 1925/2006). However, the science behind this
proposal has been as controversial as the suggestion that ashwa-
gandha is an abortifacient by the WHO and subsequent reports
are viewed by many as citation distortion (Agarwal et al. 2023;
Chittiboyina and Khan 2024). In support of this view, the basis
of the WHO statement has been refuted by the original authors
(AHP 2024).

This systematic review aims to provide an assessment of AWE
literature regarding the abortifacient and related teratogenic
claims through the assessment of key principles of AWE toxi-
cokinetics/toxicodynamics, molecular mechanisms of action,
related toxicities, and the ethnobotanical assessments underpin-
ning the WHO's conclusions.

2 | Toxicokinetics and Toxicodynamics of
Ashwagandha

Tissue absorption is a prerequisite for most substances to de-
liver their toxic effects. However, unlike most medicines and
man-made chemicals, botanical ingredients and products

often contain hundreds of phytochemicals that may directly
or indirectly affect the toxicity of any given plant. In order to
reach tissues, these components must generally be absorbed
and may either act at the site of exposure or be distributed
around the body systemically. Following systemic distribu-
tion, the molecules may act directly on the cells, or first be
metabolized to become activated prior to having their biolog-
ical effects.

AWE contains over 200 primary and secondary metabolites,
including alkaloids (i.e., anaferine, anahygrine, isopelletierine,
pseudotropine, and somniferine), flavonol glycosides (i.e.,
Quercetin, Kaempferol), steroidal lactones (i.e., withanosides,
sitoindosides withanolides and withaferins), and phenolics
(Trivedi et al. 2017). Ashwagandha plant extracts (both aqueous
and organic solvent) differ substantially in their chemical com-
positions, as do extractions of different parts of the plant (e.g.,
root vs. leaves). Together with variations in formulations, routes
of administration, and co-ingestion of botanicals with other
herbal extracts and drugs, this makes analysis of how the ac-
tive components act following ingestion difficult to assess. The
available data are limited to certain isolated metabolites that
have been suggested to be responsible for both beneficial and
toxic effects (Tetali et al. 2021).

2.1 | Toxicokinetics

Assessments of absorption, distribution, metabolism, and ex-
cretion (ADME) are key to defining the mechanism(s) of ac-
tion and safe use of any xenobiotic. The following provides an
assessment of this consideration from the available literature
on AWE.

2.1.1 | Absorption

In a study of Swiss albino mice, oral administration of an AWE
of ashwagandha root showed rapid absorption of withanolides,
with withaferin A absorbing faster (T, . =10min) than withan-
olide A (T,,,,=20min). Patil et al. (2013) and Modi et al. (2022)
administered root extract (500mg/kg BW) by oral gavage to
Sprague-Dawley rats. Following a single administration, both
withanolide and withanosides were detectable in plasma within

15min, demonstrating rapid absorption.

In a recent study, 18 healthy males received a single-dose 500 mg
capsule containing hydroalcoholic extract of roots with 1.5%
total withanolides (7.5mg) (Vaidya et al. 2024). The C_, was
determined to be 0.639+0.211, 2.926 +1.317, 2.833+0.981, and
5.498 +1.986ng/mL for withanoside IV, withanolide A, with-
aferin A, and 12-deoxy-withastramonolide, respectively, with
T,.. (hours) of 1.639+0.993, 1.361 +0.850, 0.903+0.273, and
1.375+0.510, respectively. Further, withanoside V was also de-
tected in plasma, but its concentration was found below LLOQ
and could not be quantified. The authors concluded that the
withanosides and withanolides were rapidly absorbed from the
stomach and have high oral bioavailability, yet this conflicts
with earlier work showing absolute bioavailability of less than
5% (Singh et al. 2018). It should be noted that Vaidya et al. (2024)

did not calculate bioavailability.
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volunteers following 400 mg of an AWE containing not less than 2.5% withanolides (Source: Sharma et al. 2025).

Alluri et al. (2021) assessed the pharmacokinetics of an aqueous
root extract versus a sustained release capsule of the same ex-
tract. The treatments were provided to 14 healthy adult males as
a single 600 mg dose that contained 30 mg of withanolides. The
study assessed the plasma concentration of total withanolides,
withanolide A, and 12-deoxywithastramonolide pre- and 24h
after oral intake, with the sustained release capsules resulting in
higher bioavailability of withanolides.

In 2025, Sharma et al. conducted a single dose study to assess the
pharmacokinetic parameters of 400 mg of an AWE (not less than
2.5% withanolides) in 12 volunteers (6 male, 6 female) (Figure 1).
The study identified a number of sex-based differences in the
metabolism of AWE. Following dosing in male participants,
withanolide A and withaferin A were detected in plasma for 15
and 12h, respectively. In females, these were detected for sig-
nificantly less time (6 h) despite the dose per kg of body weight
being higher. It is suggested that this longer duration in males
may be indicative of a lower elimination rate attributed to

biotransformation of tissue binding after passing through the
intestinal wall and liver.

A mechanistic analysis of some of the factors relevant to the
pharmacokinetic profile of ashwagandha's key effects includes
its pH-dependence, plasma stability, cell membrane permeabil-
ity, and plasma protein binding. The latter of these is important
as the ratio of bound-to-free forms of the bioactive components
may impact the concentration in systemic circulation and regu-
late the therapeutic and/or toxic effects.

Singh et al. found that the withanone exhibited 93% stability in
simulated gastric fluid over 180 min and was similarly stable in
rat plasma up to 120 min (Singh et al. 2021). This demonstrates
that such compounds could reach the tissues at significant con-
centrations to deliver the intended (or unintended toxic) effects.
The plasma binding of withanone was found to be high (82%-
88%) relative to dose, suggesting a lower bioavailability or activ-
ity that may occur over a prolonged period.




2.1.2 | Distribution

There are four studies that have provided minimal data on the
distribution of primary active compounds present in AWE.
In silico assessments predict that withanolide A, withanolide
B, withanone, 12-deoxywithastramonolide, and withaferin A
could cross the blood-brain barrier (Probability >0.8), and
withanoside IV and withanoside V could not (Modi et al. 2022).
This may be due to the relatively high molecular weight of
these compounds (>700Da) and, as such, for molecules to
cross the BBB, they should be~400 to 500Da (Levin 1980;
Banks 2009). Given the predicted ability of these compounds
to cross the BBB, further investigation is warranted into their
central nervous system effects, including both therapeutic and
neurotoxic potential.

After a single intragastric administration of 4.5mg/kg BW in
Sprague-Dawley rats (n=5), withaferin A was measurable in
the following organs: stomach, intestine, heart, liver, lungs, and
kidneys (Wang et al. 2019). These results demonstrate witha-
ferin A being distributed in the stomach and richly vascularized
tissues, such as the heart, lungs, and kidneys, demonstrating
the significant impact blood flow may have on distribution and
subsequent metabolism. The T ___varies from 1.5h (stomach) to

max

3 or 3.5h (liver, heart, lungs) up to 5h (kidney), to reach C_ .

varying from 0.9 to 1.8 ug/mL in the tissues studied (excluding
stomach).

An in situ perfusion study in the intestine and liver in male
Sprague-Dawley rats (n=3) showed that withaferin A content
decreased rapidly within 1h (Dai et al. 2019). There are limited
data regarding the storage and distribution of other active com-
ponents from AWE following ingestion.

2.1.3 | Metabolism

Most herbal substances are known to be metabolized by phase
I enzymes rather than phase II, of which cytochrome p450
(CYP) accounts for 90% of catalyzed reactions (Rendic and
Guengerich 2015; Fasinu et al. 2012). These microsomal cy-
tochrome enzymes are involved in drug metabolism for elim-
ination and/or biotransformation and are thus key to the
understanding of AWE metabolism. In addition, P-glycoproteins
and ATP-binding cassette transporter proteins function as bio-
logical barriers by limiting cellular uptake of drugs from the cir-
culation (Lin and Yamazaki 2003).

Studies on the impact of AWE on CYP3A4 and P-glycoprotein
are conflicted. Dai and coauthors suggest that withaferin A
may undergo a strong first-pass effect as it is a substrate of P-
glycoprotein and microsomal CYP3A4 (Dai et al. 2019). In con-
trast, Savai et al. (2014, 2015) demonstrated that root extracts
in rat and human liver microsomes CYP1A, CYP2D6, CYP1A2,
and CYP2C9 lack significant interaction.

The differences in study outcomes may not be only related
to study design, but also to the composition of the extracts
such as the specific withanolides. Kumar et al. (2021) as-
sessed the effects of methanolic and ethanolic extracts on the

induction and inhibition of CYP enzymes in HepG2 (human
hepatocellular carcinoma cells). The results showed inhibi-
tion of CYP2B6 with IC,, of 79.16 and 57.96 ug/ml, respec-
tively. Induction of CYP3A4 was also linked to the presence
of certain flavones and withanolides. Other studies also using
methanolic extract found no effect of purified withanolides
on CYP3A activity in liver microsomes (Varghese et al. 2013)
yet there was an effect present in an ethanolic extract (Sultana
and Sultan 2018). In an in silico ADMET (admetSAR online
database) assessment of constituents of AWE, several were
determined to be non-inhibitors (Modi et al. 2022). Similar
findings were seen with AWE containing multiple actives
(Raichura et al. 2025).

Although there are some conflicts regarding the specific actives
and the degree of first-pass metabolism, it is clear that it occurs
for some withanolides, such as withaferin, and not for others.
Dai et al. (2019) demonstrated that at least 3 of 7 compounds re-
sulting from withaferin A metabolism were a result of hydrox-
ylation, hydrogenation, and/or hydrolysis in the intestine and
liver. In addition, phase II activities demonstrated that glucuro-
nide conjugates were detected in the liver, small intestine, and
large intestine. The data suggest at least 77.8% of withaferin A
might be metabolized as one of these compounds, and if exhib-
iting greater reactivity than the parent compound, could act as
the ultimate toxicant. This raises the possibility of metabolite-
mediated toxicity.

2.1.4 | Excretion

No reports were found regarding urinary or faecal levels of
withanolides following their direct administration or following
intake of an extract in animal or human models, and this rep-
resents a significant data gap. Such data may further clarify pos-
sible bioaccumulation of ashwagandha metabolites and related
whole-body clearance.

2.2 | Toxicodynamics—Proposed Mechanisms
of Toxicity

The underlying mechanisms and interactions of AWE on
specific molecular targets are not clear due to the many ac-
tive constituents in the herb. Metabolomics and genomics
studies are beginning to identify the primary and secondary
metabolites in botanicals and link these compounds to po-
tential molecular mechanisms. For example, Chandran and
Patwardhan (2017) assessed the potential immune modula-
tion effects of AWE using network ethnopharmacology, a da-
tabase method that assesses the effects of botanical actives on
the interactome and diseasome by correlating data from the
likes of Kyoto Encyclopedia of Genes and Genomes (KEGG),
STRING databases for protein-protein interactions, and re-
lated targeting pathways from ChEMBL. Additional work has
considered metabolomic assessment (Tripathi et al. 2018) of
ashwagandha. At present, the gold standard for understand-
ing the mechanisms underpinning potential toxicity is the
pairing of in vitro and in vivo animal models with proteom-
ics. Some early research in this regard has been conducted on
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TABLE1 | Inclusion and exclusion criteria forming part of search limits.

PRISMA search terms limits

Inclusion criteria

Exclusion criteria

« Ashwagandha leaf or root

 Oral intake

« Human, mouse and rat

« Ashwagandha provided by oral gavage in single dose

« Whole plant, stem, seed or other parts

+ Co-ingestion of Ashwagandha and other substances
« Non-oral delivery (except for genotoxicity studies)

« Any species not human, mouse and rat

« Studies where delivery is not in a single dose

« Reviews

« Subjects with disease states

« Subjects on medication or supplements

some of the chemical constituents of AWE, such as withaferin
A (Dom et al. 2019) and its transcriptomes (Senthil et al. 2010).
Combined, these omic approaches provide a predictive frame-
work for understanding the toxicology of botanicals.

3 | Systematic and Ethnobotanical Review of
Ashwagandha

A systematic review of the peer-reviewed literature on ashwa-
gandha root was carried out to identify the reprotoxic and tera-
togenic effects. The specific areas examined are identification of
possible cellular dysfunction mechanisms and resultant organ
toxicity from dietary intake of AWE and possible repair (or dis-
repair) following cessation from administration in the organs
involved during pregnancy. The aim of this paper was to assess
any teratogenic and reprotoxic effects of ashwagandha based on
the concerns raised in the WHO report.

3.1 | Methods
3.1.1 | Search Strategy

The review of literature was carried out in accordance with
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (Page et al. 2021). A systematic
search of PubMed and EMBASE was conducted to retrieve all
articles reporting Withania somnifera use in healthy popula-
tions using ‘Withania somnifera’ AND ‘toxicity’ as Boolean
search terms. These search terms were then further restricted by
applying database search limits including: non-human, human,
clinical trial, case report, case study, randomized control trial,
year (1966 to 2024 Nov 1—Nov 1) and articles.

In order to complete the task, the following PICO (patients,
intervention, comparison, outcome) format was applied: P:
Healthy subjects; I: Known dose, root, and per os; C: placebo
or control; O: Changes in organ histology, pathology, blood
chemistry, genotoxic analysis, and fetal growth and develop-
ment relevant to growth and development and possible tera-
togenic activity of AWE. The final stage of selection was the
application of the exclusion and inclusion criteria applied in
Table 1. Two reviewers extracted data using a standardized

data extraction form after assessing and reaching consensus
on eligible studies.

3.1.2 | Data Extraction and Endpoints

The search was conducted on 8th November 2024. As clarified
in PICO, clinical studies involving healthy subjects (humans
and animals) were included with safety assessment as the pri-
mary outcome measure. The study endpoints as they relate to
safety were extracted (Tables 2 and 3).

In addition to the search results from papers within the Embase/
PubMed analysis, we conducted a review of the WHO (2009) pub-
lication and its references for historic ethnobotanical data. Where
abortifacient papers were referenced, we reviewed these papers
and, where relevant and possible, the primary source of evidence
was traced. Several documents in the WHO monograph did not
cite primary source data but provided only references to evidence
cited in secondary or tertiary sources. This approach can result
in citation distortion, with consequences of misinterpretation or
unjustified extrapolation of the data (Agarwal et al. 2023).

Following the application of the inclusion and exclusion crite-
ria to the ethnobotanical review, only two papers are of rele-
vance as part of the data appropriate for the systematic review,
for example, an intervention trial that directly demonstrates
abortifacient (embryo-lethality or embryo-foeto-toxic) (Garg
and Parasar 1965) and teratogenicity (Sharma et al. 1985). For
completeness, the 16 studies from the ethnobotanical review are
summarized in Table 2.

4 | Results of Systematic Review
4.1 | Literature Search

The initial literature search using the terms “Withania somnif-
era AND toxicology” yielded 937 records, and when the addi-
tional search criteria were applied, there remained 381 papers
(See Figure 2). Applying the inclusion/exclusion search criteria
resulted in 45 full-text papers for review (27 papers from system-
atic reviews and 18 from ethnobotanical research). Following
final revision and duplicate removal, 17 studies were found to




TABLE 2 | Summary of included ethnobotanical studies (n=16).

Study

Substance/dose

Methodology

Commentary

Al-Quran (2005)

Badhwar et al. (1946)

Casey (1960)

Chadha and Chadha (1976)

Withania somnifera (L.) Dunal

Withania somnifera

Withania coagulens Dunal

Withania somnifera (root
and leaf assessed)

Interviews of 80
participants with
knowledge of folk

medicine and toxicity
across 13 sites across
southern Jordan.

Review of literature.

Review of 7 primary
authoritative texts
related to Indian
Ayurveda.

Review of literature.

17 responses recognised the
place of Withania somnifera
(L.) Dunal as having a
toxic effect of abortion and/
or sterility in humans.

Withania somnifera: Abortion
meaning fetal expulsion during
first 6 months of pregnancy.
In their review of plants
located in India report:
“Root occasionally employed
in the Punjab to effect criminal
abortion, and the practice
believed common in Sind
(Stewart 1869). Pammel (1911)
also state that the plant has
abortifacient properties.”
No note on if used
orally or internally.

Class III (plant mention in 3
major authorities in Indian
botanicals, Chopra et al. 1956;
Blatter et al. 1935; Nadkarni
1954). Mentioned as having
abortifacient* effect in 2 sources
and mentioned in another
but not as an abortifacient.
Plant part not stated.

Withania somnifera: In relation
to the root the alkaloids show
relaxant and antispasmodic
effects against uterine
muscles. This was suggested
to lend credence to the use
of ashwagandha as a uterine
sedative. (Malhotra et al. Indian
J Physiol Pharmacol. 1965, 9, 9)
In Pakistan, it is credited with
abortifacient properties.

It was found to prolong the
oestrus period of experimental
mice and reduce their fertility
by 25%. The leaves are bitter
and given in fever (Reference—
Garg and Parashar)

In relation to the leaves then
Withaferin A is given greatest
importance as to the source
of its curative effects.

(Continues)

Phytotherapy Research, 2025



TABLE 2 | (Continued)

Study

Substance/dose

Methodology

Commentary

See quote above in Badhwar

Chopra et al. (2006)

Jamwal and Anand (1962)

Kapoor (1990)

Kirtikar and Basu (1933)

Merzouki et al. (2000)

Withania somnifera—root

Withania somnifera—root
Dose (ug/ml)
10-100
100-1000
1000-2000

Withania somnifera (root and leaf)

Withania somnifera (L.) Dunal

Withania somnifera (L.) Dunal

Review of literature.

In vitro (Isolated
guinea-pig uterus)

Review of literature.

Based on review
on Indian works
on botany and
related works.

Systematic survey
of 14 districts in
Rif (northern zone
of Morocco) where
carried out. Eight
midwives where
interviewed and
found 14 abortion
cases where abortive
preparations
where used.

et al. (1946) in relation
to the Sind and use to
produce abortion.

Plants including ashwagandha

where studies to assess the
effect of extracts on tone,
amplitude and frequency of
uterine contractions. Whilst
no specific results where
shown for ashwagandha it
was stated that it would have
resulted in very weak of no
action on the isolated uterus.

States pharmacological action
is as a nervine sedative and
aphrodisiac for root. At a dose
of 2g results in spermatorrhea.
There is no mention of
Abortifacient activity.

Root regarded as aphrodisiac
but in Sind, it is used to cause
abortion. (No statement
if used orally or other).
The Transvaal Sutos administer
it to tone up the uterus in
women who habitually
miscarry and in order to
remove retained conception
products. (No statement
if used orally or other).
Pammel states that the
plant is Abortifacient.

Give reference to Mathieu and
Maneville (1952) mentioning
that the root powder is used
in Casablanca for abortion.

(Continues)




TABLE 2 | (Continued)

Study

Substance/dose

Methodology

Commentary

Merzouki and Molero
Mesa (1999)

Nadkarni (1994)

Pammel (1911)

Stewart (1869)

Svoboda (2004)

Tirtha (1998)

Withania somnifera (L.) Dunal

Withania somnifera (L.)
Dunal (Root and leave)

Withania somnifera (L.) Dunal

Withania somnifera
(L.) Dunal (Root)

Withania somnifera (Root)

Withania somnifera
(L.) Dunal (Root)

Review of literature.

A review and
summary of traditional
medicine practice
of Indian medicine
including Ayurveda.

Review of observations
from selected
literary sources.

Personal insights and
bibliographic reviews
of journals from
Indian horticultural
societies and reports.

Book providing a
view on traditional
use but no references
provided.

Preparations include
decoctions, ghee,
oil, powder (1/4 to 3
tsp) herbal wine.

Withania somnifera (L.)
Dunal.... Mathieu and
Maneville (1952), rapportent que
la poudre des racines est utilisée
a Casablanca cornme abortive.
Translation: Mathieu and
Maneville (1952), report that
the root powder is used in
Casablanca as abortifacient.
*Could not obtain
copy of Mathieu and
Maneville (1952) book

Stated as nervine sedative.
Root (30 grains—circa 2g) also
used for spermatorrhoea and
a decoction of the root boiled
down with milk and ghee (a
type of heated butter) added
for curing sterility in women.

No part given.
Authority = Greshoff's ‘The
Distribution of Prussic Acid

in the Vegetable Kingdom.
Phytochemical Investigations
at Greshoff (1906).
Properties = Abort
Locality =Mediterranean region

The reference in the paper
states: “At least one case has
occurred in the Punjab in which
the root was used with a view
to effect criminal abortion,
and I learned that in Sind this
practice in not uncommon.”

States: “...relieves conditions
such as impotence, ...
infertility...”

“In small amounts it is a good
tonic for weak pregnant women,
but it must be used with
care, because large amounts
have caused abortion.”

States effects tissues including
reproductive. Uses cited as for
fertility, female blood discharge,
sterility, fetus (stabilizes).

(Continues)
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TABLE 2 | (Continued)
Study Substance/dose Methodology Commentary
Upton et al. (2000) Withania somnifera Monograph States: “There are conflicting

(L.) Dunal (Root)

reports regarding the use of
ashwagandha in pregnancy.
Large but undefined doses
have been reported to possess
abortifacient activity (Chadha
and Chadha 1976; Svoboda
2004). Of several ayurvedic
practitioners consulted, none
reported having observed an
abortifacient activity clinically.
Conversely, ashwagandha has,
traditionally and in modern
ayurvedic practice, been used
to prevent miscarriage and
stabilize the fetal (Tirtha 1998).
Specific data regarding
potential mutagenicity and
reproductive effects are
lacking. In erring on the side
of caution, it is recommended
that ashwagandha not be used
during pregnancy unless under
the direct supervision of a
qualified health professional.”

*Abortifacients in this paper are subdivided into emmenagogues (menstruation stimulators), ecbolics (uterine contractors), anti-metabolites, and others.

be appropriate for analysis (Table 3). A flow chart of the articles
retrieved are included in Figure 2.

Of the 17 studies, 13 were placebo-controlled trials (PCT), two
were clinical studies/trials (such as non-randomised trials), one
was a case study, and two included genotoxic trials.

4.1.1 | Characteristics of Studies

Of the 17 studies, there were 829 rats (488 f/341 m) and 40 mice
(32f/8m) tested. The intake, primarily as an LD, study proto-
col, was up to 2000mg/kg/d administered orally. For sub-acute
studies, intake in rats ranged from 800 to 3000 mg/kg/d and in
mice only 2 studies were undertaken with intake levels of 300
and 1389mg/kg/d over a 10-day or 21-day study duration. The
sub-chronic intake was 200 to 2000 mg/kg/d in rats, all over a
90-day period. There was one chronic study using 100 mg/kg for
8 months (Sharma et al. 1985), although it is to be interpreted
with caution, as it is not clear if the whole plant or the root is
used as the source material.

4.1.2 | Intervention Trial—Outcomes

4.1.2.1 | Acute. Of the five studies assessing AWE admin-
istered as an acute dose, all assessed an upper dose of 2000 mg/
kg/d, and there were no clinical signs of toxicity (including
bodyweight, mortality, gross pathology, behavioral changes),

compared to the placebo. All extracts were alcohol-based other
than Kalaivani, Siva, and Gayathri (2024) which applied a water
extraction. It was suggested that, based on these observations,
the LD, cut-off value of the root extract is greater than 2000 mg/
kg bodyweight. This classifies AWE as Category-5 or unclassi-
fied, as per the Globally Harmonized Classification System
(GHS) for chemical substances and mixtures (Kalaivani, Siva,
Gayathri, and Langade 2024).

4.1.2.2 | Sub-Acute. Of the sub-acute studies, 1 assessed
intake over 7days, 1 over 10days, 2 over 14days, 1 over 21days,
and 5 over 28days. The dose intake range was between 200
and 3000mg/kg/d in rats and a dose of 300 and 1389mg/kg/d in
mice. In 1 study (Garg and Parasar 1965), 25mg (~1388 mg/kg)
of root powder was provided in feed for 10days prior to mating
through pregnancy. It was found that mating was delayed com-
pared to control, and litter size decreased from 5.25 to 3 pups/
dam compared to controls.

Sharma et al. (1985) fed rats 250 mg/kg/d over a 4-week period.
The study provided evidence of several treatment-related effects,
including increased liver and lung weight and reduced adrenal
weight. However, there was no relationship to such changes
based on histopathology. The biochemical analysis found reduc-
tions in plasma cortisol when compared to control, but no data
on pre-intervention levels are provided.

Kalaivani, Siva, and Gayathri (2024) found feed consumption in
males was higher in test vs. control over week 1 but not week 2.
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Identification of studies via databases and registers

Records identified from:

Embase (n = 684)
PubMed (n = 253)

!

Records retrieved after search
limits screened

Identification

Total: 937

Embase (n = 385)
PubMed (n = 171)

l Reports excluded:
Reason 1 (Reviews)(n = 4)
Additional studies found from Reason 2 (Other substance)(n = 2)
hand searching references — Reason 3 (Non root source)(n = 5)
(n = 3) and bibliographic search Reason 4 (Co-ingestion)(n = 1)
(n=17) Reason 5 (Other products)(n = 1)
Reason 6 (On medication)(n = 1)
i Reason 7 (Disease state)(n=1)
Reason 8 (Other species)(n=1)
. Reason 9 (In vitro/in silico)(n=5)
Zﬁgig‘;ﬁ;?mde assessed for Reason 10 (IP delivery)(n=1)
- *Only 2 (Sharma et al. 1985, Garg &
Eumbbl\jlizz Eg - 17;5) EE— Parasar (1965) bibliographic studies
- Bibliographic (n = 18) were included in the systematic
= Hanngegrch (n=5) review; all other papers were
8 commentary on historic use.
=)
i !
Reports assessed for eligibility Duplicate records removed
(n=23) > (n=6)

\4

Studies included in qualitative
analysis
(n=17)

FIGURE2 | A flow diagram for identification of relevant studies.

Terminal bodyweight was significantly higher only in group 2
versus control. Adrenals in females and kidneys of males were
decreased in weight compared to controls. Sexual stimulation/
mating behavior (measurement of number of proceptivity/copu-
latory signs) was enhanced in female mice (Kaspate et al. 2015).

In some studies, there were changes in hematology and serum
chemistry, but these were neither dose dependent nor toxico-
logically relevant (Patel et al. 2016). There was also no organ
weight change. In the only PCT assessing the impact of AWE
on maternal toxicity and related fetal development, Prabu and
Panchapakesan (2015) highlighted only minor changes, in-
cluding greater maternal body weight (7.5%) and gravid uterine
weight (28.7%) in the high dose vs. control. In addition, there
was a significant decrease (36% and 25%) in the mean fetal body
weight in the medium (1000 mg/kg/d) and high dose (2000 mg/
kg/d) female groups. Further assessments of gross external mor-
phology, development endpoints, and visceral and skeletal ex-
amination were normal.

—»| Records excluded (search

— | exclusion applied to abstract

criteria applied) (n = 381)

Records excluded (Inclusion /

review) (n = 334)**

Of the remaining studies, the changes were in most part inci-
dental, spontaneous in nature or within the historical normal
range of the laboratory and the relevant control group. When
viewed in totality, no consistent pattern of dose-dependent tox-
icity emerged across subacute studies. Observed changes in re-
productive endpoints or organ weights were either reversible,
non-dose dependent, or lacked histopathological correlation.

4.1.2.3 | Sub-Chronic. There are only 3 sub-chronic stud-
ies, and all are 90days and are in line with OECD 408 guidelines
(Antony et al. 2018; Kalaivani et al. 2023; Wangikar et al. 2024).
The NOAEL (No Observed Adverse Effect Level) was on aver-
age 1333mg/kg/d, which, based on a conservative application
of uncertainty factors (uf) (10x 10 for within and between spe-
cies and 2 for sub-acute to chronic) (Malkiewicz et al. 2009) cor-
responds to an estimated daily human intake of 467 mg per day.

Adverse events were observed in only one study (Kalaivani, Siva,
and Gayathri 2024), with abnormal vaginal cytology observed
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in female animals. The effects were observed in all control and
treatment groups at the end of the study period and the first few
days in recovery. The effects were not test-related.

4.1.2.4 | Chronic. Sharma et al. (1985) assessed the number
of pregnancies, litter size, weight of progeny, and bodyweight
of albino rats following an 8-month treatment of 100 mg/kg/d
of Ashwagandha decoction from the root (equivalent to 70 mg
in a 70kg man with uf applied). The study did not find any sig-
nificant differences over the treatment period between groups
other than in bodyweight, which was 103% compared to 67.9% in
the control. The total gain over initial weight was 227% in treat-
ment versus 145% in the control. The authors concluded AWE at
this dose over 8 months of continuous daily administration was
devoid of any toxic effects.

4.1.2.5 | Other Studies. Case studies can be difficult
sources of scientific information as they tend to lack consistent
and substance-specific datasets. However, they can indicate a
source of concern and correlation between intake of a substance
and a toxic event. Bjornsson et al. (2020) reviewed cases high-
lighting concerns about AWE's effects on the liver. Of the 5 cases
(3 men and 2 women), AWE was implicated in liver injury but
was only judged as definite in one case, highly likely in 2, prob-
able in one, and possible in another.

Four of the cases used products containing root and leaf extracts
(Now Ashwagandha) and the other was a multi-ingredient sup-
plement that included at least 7 other herbs (Infowarslife Super
Male Vitality). In addition, 4 of the subjects were using other
botanical-based supplements, and the dose intake of AWE was
expected to be as high as 1350mg. However, supplemental ma-
terials associated with the above-mentioned papers show that in
all cases of concern subjects took other dietary supplements or
reported use of a medication (pharmaceutical). Furthermore, as
with most other cases, no phytochemical characterization was
performed on the vast majority of the products reportedly asso-
ciated with hepatotoxicity, thus precluding the establishment of
a causative relationship (Gurley et al. 2022).

Verma et al. (2021) was the only randomized trial that had safety
as a primary outcome and focused on a root-based extract that
was standardized to a specific composition of actives. In addi-
tion to adverse event reporting (AER), body weight, systolic and
diastolic blood pressure, and hematological/clinical chemistries,
markers of thyroid function were assessed over the 8 weeks due
to prior concerns of thyrotoxicosis (van der Hooft et al. 2005).
The results of the trial indicated no concerns in relation to self-
reported AERs, thyroid function, or hematological and bio-
chemical parameters.

From a toxicological perspective, the case series by Bjornsson
et al. (2020) highlights a potential signal of hepatotoxicity as-
sociated with Ashwagandha extract (AWE); however, the ev-
idence does not support a definitive causal relationship. The
reported cases involved confounding factors including multi-
ingredient formulations, concurrent use of hepatically active
botanicals or pharmaceuticals, and a lack of phytochemical
characterization of the implicated products. In the absence of
controlled exposure data, standardized extract verification,
and exclusion of alternative etiologies, these findings cannot

be considered conclusive evidence of human harm attribut-
able to AWE alone.

4.1.2.6 | Genotoxicity. A key aspect of this review was to
consider the risk of AWE being a teratogen. The in vitro assess-
ment of genotoxicity may not be conclusive as to the presence
or absence of teratogenicity, but in the context of a stepwise/tiered
approach to toxicology, they are vital screening tools. The studies
in this review assess the 2 most important mechanisms in relation
to genotoxicity, and they are mutagenicity' (Ames test) and chro-
mosomal damage? (Chromosome aberration assay).

Kalaivani, Siva, Gayathri, and Langade (2024) carried out 3 tests
covering mutagenicity (Ames (OECD471), in vivo micronucleus
test (OECD 474)) and a chromosome aberration assay (human
blood lymphocytes; OECD 473) to assess chromosomal damage.
The results from all 3 tests were negative, suggesting no further
assessment of genotoxicity is needed before the botanical could
be tested in humans.

Modi et al. (2022), using an ashwagandha alcoholic root extract
(8.4% yield) with 7 quantified constituents, conducted a chromo-
somal aberration assay and Ames test. The results corroborate
those of Kalaivani, Siva, Gayathri, and Langade (2024), con-
firming that root extracts do not result in chromosomal aber-
ration any more than positive controls, and there is no tendency
for higher mutation with increasing concentration of extract
with or without metabolic activation.

4.1.3 | Ethnobotanical—Study Details and Outcomes

Within the ethnobotanical assessment, there were only 2
studies considered to be an intervention trial. All other stud-
ies that can be traced from the initial concerns raised in the
WHO report are based on observations of local practice and/
or survey data from practitioners of Ayurveda or other tradi-
tional medicine systems.

In following the literary sources in the WHO monograph for
abortifacient activity, the Upton paper (Upton et al. 2000)
gives reference to literature by Svoboda (2004), Chadha and
Chadha (1976) and Tirtha (1998). Following these papers to fur-
ther source references, we identified the primary source mate-
rial (Table 2).

The ethnobotanical assessment can be considered in 2 distinct
information forms as it relates to an understanding of the toxicity
of Ashwagandha and its extracts. The first can be viewed from
a practice basis such as traditional use of which the chronology
can be sourced to Stewart (1869), who, based on personal in-
sights and reviews, stated:

At least one case has occurred in the Punjab in which
the root was used with a view to effect criminal
abortion, and I learned that in Sind this practice is
not uncommon.

The source of the abortifacient claims was mentioned in
early works including Badhwar et al. (1946) and Kirtikar and
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Basu (1933). An additional source independent of Stewart (1869)
canbe traced to Pammel (1911), which references Greshoff (1906)
as a source to the singly worded statement in the Pammel paper
“abort” for ashwagandha (no plant part for this property is
stated). On review of Greshoff (1906), no mention of any aborti-
facient activity is presented, and as such, we view this is a refer-
encing error. Later papers by Greshoff (1909) also do not support
any such statements.

The secondary line of information from the ethnobotanical assess-
ment is the proposed mechanism of action. In accordance with the
classification of abortifacients defined in Casey (1960), we do find
data that assessed the use of ashwagandha as an ecbolic or oxy-
toxic (contractor). Kirtikar and Basu (1933) state that the Transvaal
Sutos administer it to tone up? the uterus in women who habitu-
ally miscarry and in order to remove retained conception products.
This would be in conflict with other references that suggest that
ashwagandha is a nerve sedative (Nadkarni 1994; Kapoor 1990).
Jamwal and Anand (1962) in a clinical study, assessed the effect of
ashwagandha on uterine tone in the guinea pig uterus. The results
suggest that there was little to no effect on tone, amplitude, and
frequency of uterine contractions.

5 | Discussion
5.1 | Mechanistic Evidence

Mechanistic data related to ashwagandha's (Withania som-
nifera) potential reproductive toxicity are based on both
pharmacological studies of its active withanolides and ste-
roidal lactones and experimental observations in animals.
Constituents such as withaferin A, withanolide A, and related
steroidal lactones have demonstrated endocrine-disrupting
potential (Abdel-Magied et al. 2001; Ahmad et al. 2009) and
vasoconstrictive effects (Budhiraja et al. 1983), which in the-
ory may impair uteroplacental perfusion or alter hormonal
balance critical for implantation and fetal development. These
may then contribute to spontaneous abortion (Buchholz
et al. 2004). Furthermore, thyrotoxic responses have been re-
ported in rare case reports (van der Hooft et al. 2005), and ma-
ternal thyrotoxicosis is linked with reduced fertility, low birth
weight, and neurodevelopmental delays in offspring (Luewan
et al. 2011; Morreale de Escobar et al. 2000).

However, these mechanistic hypotheses are not consistently
supported by in vivo outcomes. Toxicokinetic data show rapid
absorption of withanolides (Patil et al. 2013; Modi et al. 2022;
Vaidya et al. 2024), but low systemic bioavailability (< 5% in
Singh et al. 2018), rapid metabolism, and extensive first-pass
hepatic clearance, suggesting limited tissue exposure at typ-
ical dietary doses. Plasma binding of withanolides is high
(82%-88%), further reducing free active concentrations (Singh
et al. 2021). Thus, the internal dose at clinically relevant in-
takes is unlikely to reach thresholds required for teratogenic
effects.

The NOAEL for standardized root extracts is high %1333 mg/
kg/day in rats (Kalaivani et al. 2023). This translates to
~467mg/day in humans with uncertainty factors (Uf).
However, the application Uf used in this paper mirrors that

used by EFSA (Thanthilla and Coulson 2020), and does not
typically include allometric scaling (AS) as used by the FDA
(FDA 2005). Implementing AS factors such as FDA K factors
(body weight in kg divided by BSA in m?) would result in a
Human Equivalent Dose (HED) of 216 mg/kg/d and an accept-
able human intake value of 76 mg/d after applying an Uf of 200
to the rat NOAEL. Thus, the margin of safety is markedly im-
pacted depending on the approach taken in HED and typical
dietary intake recommendations.

It should be noted that AS is a very conservative approach and
can lead to overestimations of toxicity or bypass some toxici-
ties that may be present in humans (Greaves et al. 2004). This
would likely be the case for a botanical like ashwagandha
with a complex and reactive chemical structure (EFSA 2013),
which also includes substances with high first-pass metab-
olism (Sharma and McNeill 2009) and high plasma bind-
ing, which would reduce free active concentrations (Singh
et al. 2021).

5.2 | Animal Data

Controlled animal studies (Antony et al. 2018; Wangikar
et al. 2024; Kalaivani, Siva, and Gayathri 2024) show no overt
maternal toxicity, no significant histopathological changes, and
no gross malformations even at 2000 mg/kg/day.

Regarding reproductive endpoints, conflicting findings exist for
sexual behavior and fertility:

« Reduced sexual vigor was reported by Llayperuma et al.
(2002) in male rats receiving supraphysiological doses of
3000mg/kg/day, showing libido weakness, erectile dys-
function, and reduced mating performance.

« Delayed mating and non-statistically significant smaller
litter size were observed in mice fed 1389 mg/kg/day for
10days prior to mating (Garg and Parasar 1965).

« Enhanced mating behavior was seen in female mice at low
to moderate doses (100-400 mg/kg/day; Kaspate et al. 2015)
and in male mice (Ganu et al. 2010).

This biphasic response (Hormesis) is typical for adaptogens
and steroidal phytochemicals, indicating pharmacological
modulation rather than outright toxicity (Jodynis-Liebert and
Kujawska 2020). Importantly, these studies did not evaluate
standard fertility parameters (sperm count, implantation sites,
embryo viability) comprehensively. Whilst data on females
remain limited, male reproductive system effects and ashwa-
gandha have been systematically reviewed (Sengupta et al. 2018;
Nasimi Doost Azgomi et al. 2018).

Regarding  embryonic/fetal  development, Prabu and
Panchapakesan (2015) dosed rats during organogenesis (GD5-
GD19) with up to 2000mg/kg/day. In this study, the extract
was administered after implantation but before differentiation
(during organogenesis), a time of gestation when the developing
fetal is highly susceptible to malformations or, if a teratogen is
present, embryonic death. The study found no malformations or
visceral/skeletal anomalies, with only a mild decrease in female
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fetal weight at mid/high doses (2000 mg/kg/d). As the study did
not expose animals to the drug prior to mating, no insight can
be drawn on the effects of the treatment on fertilization and
implantation and possible teratogenicity of the AWE. Sharma
et al. (1985) observed no differences in pregnancy outcomes
after 8 months of 100 mg/kg/day dosing.

Genotoxicity screens (Kalaivani, Siva, Gayathri, and
Langade 2024; Modi et al. 2022) showed no mutagenic or clasto-
genic effects, reducing the likelihood of teratogenic DNA dam-
age. Collectively, mechanistic concerns remain theoretical and
are not confirmed in standardized in vivo teratogenicity assays.

5.3 | Ethnobotanical and Traditional Context

The claims of abortifacient effects stem from historical ethno-
botanical reports rather than primary experimental evidence
and are often anecdotal, culturally embedded, and poorly doc-
umented. Early accounts (Stewart 1869; Badhwar et al. 1946;
Kirtikar and Basu 1933) describe anecdotal use of ashwa-
gandha root to “effect criminal abortion” in Punjab and Sind
regions. Pammel (1911) listed the plant as abortifacient, citing
Greshoff (1906), but upon review, Greshoff did not mention
abortifacient activity—suggesting a citation error.

Later works (Chadha and Chadha 1976; Svoboda 2004; Upton
et al. 2000), perpetuated these claims without new data, resulting
in citation distortion (Agarwal et al. 2023). In Morocco, surveys of
midwives (Merzouki et al. 2000; Merzouki and Molero Mesa 1999)
cited the use of root powder in abortion preparations but again
lacked dose, administration, or confirmation of causality.

Conversely, several ethnobotanical sources describe ashwa-
gandha as uterine protective or stabilizing rather than abortive.
Tirtha (1998) cites its use to prevent miscarriage, while Jamwal
and Anand (1962) found little to no uterine contraction in
guinea-pig models. Nadkarni (1994) and Kapoor (1990) describe
ashwagandha as a nervine sedative and fertility tonic.

Thus, traditional use narratives are contradictory and/or cannot
be equated with robust toxicological evidence because:

» Historical contexts often used multi-herb abortive prepara-
tions, making causality unclear.

« Ethnobotanical claims rarely distinguish between root,
leaf, or whole plant—and leaves contain higher withaferin
A levels, which may have different pharmacology.

« Without dose standardization, traditional practices cannot

define a toxic threshold.

Therefore, while cultural practices acknowledged abortive po-
tential, ethnobotanical evidence lacks toxicological rigor and
cannot establish hazard classification.

5.4 | Regulatory Implications and Data Gaps

Regulatory caution originates from the WHO monograph
(2009), which describes Ashwagandha as contraindicated in

pregnancy based on historical ethnobotanical reports. This
was echoed by the Danish DTU (2020) report. However, WHO
cited secondary/tertiary sources (e.g., Mishra et al. 2000;
likely Sharma et al. 1985) without critical evaluation of study
quality or extract composition, resulting in questionable
conclusions.

Animal data describes toxicity thresholds as high
(LD50>5000mg/kg) with no significant reproductive toxicity
in OECD-aligned sub-chronic studies (Kalaivani et al. 2023;
Wangikar et al. 2024), including no teratogenic malformations
(Prabu and Panchapakesan 2015). Furthermore, human clini-
cal trials with standardized root extracts (e.g., Verma et al. 2021)
show no thyroid or reproductive hormone disruptions at typical
doses (300-600mg/day).

Nevertheless, key data gaps remain as no studies fulfill ICH S5
(R3) reproductive toxicity guidelines (covering fertility, embry-
onic/fetal, neurodevelopment, and peri/postnatal segments)
(EMA 2023). The pre-implantation effects and long-term off-
spring development have not been evaluated, and extract hetero-
geneity (root vs. leaf, aqueous vs. hydroalcoholic, withanolide
variability) complicates regulatory extrapolation.

Hence, while current data do not support strong abortifacient
risks, regulators maintain precautionary contraindications due
to historical claims and the absence of definitive ICH/OECD
compliant studies. Future regulatory clarity will require con-
trolled, standardized reproductive toxicity studies addressing all
guideline segments (Hill and Richards 2022).

Therefore, while Ashwagandha cannot yet be deemed entirely
risk-free in pregnancy, there is no compelling evidence of tera-
togenicity or abortifacient effects at typical oral doses of stan-
dardized root extracts. Regulatory policies should acknowledge
these limitations and should balance current overreliance on
historical claims against modern toxicological risk assessment
principles.
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Endnotes

! Alteration of DNA to cause abnormal gene expression in the affected
cell and its offspring.
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https://pubmed.ncbi.nlm.nih.gov
https://pubmed.ncbi.nlm.nih.gov
https://www.embase.com/landing?status=grey
https://www.embase.com/landing?status=grey

2Including clastogenesis (chromosomal breakage), fusion, transloca-
tion, and so forth. These changes have a similar propensity to cancer-
ous changes.

3We consider this to mean “stimulate.”
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