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ABSTRACT

Withania somnifera, commonly known as Ashwagandha, is a widely recognized medicinal plant in India, belonging to the fam-
ily Solanaceae, used in Ayurveda due to its diverse therapeutic properties. The roots of Ashwagandha are considered the most
active part of the plant, for its biological and pharmacological effects. However, very little scientific evidence regarding its safety
assessment has been published. Thus, the objective of the present study was to assess the safety of the standardized extract of
Ashwagandha, known as Shagandha, which is prepared from the roots of Ashwagandha containing 2.5% Withanolides, analysed
using a USP method (HPLC). The GLP studies for acute, subacute, subchronic, reproductive, bacterial reverse mutation assay,
and mammalian erythrocyte micronucleus test were conducted following the test guidelines established by the Organization for
Economic Cooperation and Development (OECD). Treatment with Shagandha (Ashwagandha Root Extract-ARE) did not result
in any toxicologically significant changes regarding abnormal clinical signs or behavioral changes, body weight, reproductive
and developmental parameters, or gross and histopathological changes. Additionally, the results of genotoxicity as evaluated by
the in vitro reverse mutation assay and in vivo micronucleus test in mice demonstrated that ARE did not induce any genotoxic
effects. These findings indicate that the oral administration of ARE is safe in rodents, non-mutagenic, with no adverse effects
under experimental conditions.

1 | Introduction Ashwagandha has been used as an adaptogen, an anti-stress

agent, a memory enhancer, and a remedy for cognitive defi-

In recent times, research into naturally derived herbal products
has shown significant promise for managing various chronic
disorders, including neurodegenerative and neurological con-
ditions. Among the most well-known Indian medicinal plants,
Withania somnifera, commonly known as Ashwagandha,
Indian Ginseng, or winter cherry, has held a prominent place
in Ayurvedic preparations since the Vedic era, dating back
3000-4000years. In Ayurveda, Ashwagandha is classified as a
Rasayana, meaning a rejuvenating tonic, and is widely used by
people of all ages for various imbalances.
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cits (Dafni and Yaniv 1994; Andallu and Radhika 2000). The
phytochemical constituents in Withania somnifera have
been extensively studied and include alkaloids, steroidal
lactones (withanolides, withaferins), saponins, glycol with-
anolides, and tannins. Withanolides, the steroidal lactones,
with 28-carbons of triterpenoid backbone, are the primary
chemical constituents and most studied pharmacologi-
cally active constituents in the plant (Mirjalili et al. 2009;
Sharma et al. 2011; Singh et al. 2010). Numerous studies,
both in vitro and animal models, have demonstrated that
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W. somnifera offers various pharmacologically beneficial ef-
fects, including anxiolytic, antidepressant, immunomodula-
tory, anti-inflammatory, and anti-stress effects (Kumar and
Kalonia 2008; Deshpande et al. 2018; Ven Murthy et al. 2010;
Verma and Kumar 2011).

Shagandha (Ashwagandha root extract [ARE]), a standardized
extract prepared from the roots containing 2.5% Withanolides,
was analyzed by HPLC. Shagandha is a registered trademark of
Sami-Sabinsa Group Limited. ARE has been clinically proven
to improve depression and anxiety in individuals with mild to
moderate symptoms by increasing serotonin levels, suggesting
a mechanism of action through monoamine neurotransmitters
(Majeed et al. 2024). In another study, ARE effectively induced
positive effects on stress and anxiety, improving the quality
of life for healthy individuals with mild and moderate stress.
ARE improves stress and anxiety by reducing cortisol levels
and increasing serotonin levels in healthy individuals, indicat-
ing its effects through the hypothalamic-pituitary axis (Majeed
et al. 2023). However, the toxicological evaluation of ARE has
not been performed. Thus, the purpose of the present study
was to investigate the safety assessment of ARE using in vivo
experimental models for acute, subacute, subchronic, and re-
productive/developmental studies. Additionally, the genotoxic
potential of ARE was assessed using an in vitro reverse muta-
tion assay and an in vivo mammalian erythrocyte micronucleus
test, conducted according to OECD test guidelines and Good
Laboratory Practice.

2 | Materials and Methods

2.1 | Preparation and Standardization
of Shagandha

Shagandha (Ashwagandha root extract—ARE) is prepared from
the roots of Withania somnifera through a solvent extraction
process. The extract is standardized for 2.5% Withanolides

by HPLC, analyzed using the USP Monograph (USP 2020)
(Figure 1).
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2.2 | Chemicals

In the reverse mutation assay, chemicals used as a positive
control for assays included 2-Nitrofluorene, Sodium Azide,
Mitomycin-C, and 9-Aminoacridine. The tester strains used
were Salmonella typhimurium strains TA98, TA100, TA102,
TA1535, and TA1537. All the chemicals and solvents used in the
present study were of analytical grade.

2.3 | Maintenance of Experimental Animals

Wistar rats were used for acute, subacute, subchronic, and re-
productive/developmental studies, and Swiss Albino mice were
used for the mammalian bone marrow micronucleus test. Rats
were procured from Global Bioresearch Solution Private Limited
(Registration No.: 1899/PO/RcNRcBt/S/16/CCSEA). Mice for
the mammalian erythrocyte micronucleus test were procured
from Cadila Pharmaceuticals Ltd. (Registration No.: 161/PO/
RcBiBt/S/99/CPCSEA).

Animals were housed in polycarbonate cages, at a temperature
(19.2°C-24.9°C), and relative humidity (32%-69%) with a 12h
light and 12h dark cycle maintained. Throughout the study pe-
riod, all animals were provided with a pelleted rodent diet and
purified filtered/reverse osmosis (RO) water ad libitum.

2.4 | Ethics

The individual experimental protocols for acute (JDM/
IAEC/2024/01/016), subacute (JDM/IAEC/2022/03/119), sub-
chronic (JDM/IAEC/2022/03/124), reproduction/developmen-
tal (JDM/TIAEC/2023/01/145) toxicity studies, and mammalian
erythrocyte micronucleus test (JDM/IAEC/2024/01/250) were
approved by the Institutional Animal Ethics Committee (IAEC)
of JDM Scientific Research Organization Private Limited, Gujarat.

Experimental protocols were conducted following the recom-
mendation of the Committee for Control and Supervision of
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FIGURE1 | HPLC chromatogram of Shagandha.
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Experiments on Animals (CCSEA) guidelines for laboratory an-
imal facilities published in the Gazette of India, on December
15%, 1998. Under OECD principles of Good Laboratory Practice,
the studies were performed to ensure and promote consistency,
quality, safety, and reliability during non-clinical and laboratory
testing. The standard operating procedures described in the
guidelines for testing of chemicals no. 423, 407, 408, 421, 471,
and 474 were followed.

2.5 | Acute Oral Toxicity in Female Wistar Rats

The study to assess acute toxicity was conducted per the proto-
col outlined in OECD Guideline 423 (OECD 2002). Six healthy
young adults female Wistar rats (3 animals per step), aged
10-11weeks and weighing between 218.82g and 237.43 g, were
used. The animals were fasted overnight for 16-18 h before ad-
ministration of ARE, and feed was provided 3 to 4 h after dosing.
Based on the body weight, on Day 0, the ARE was dissolved in
water (vehicle) and administered to the animals by oral gavage
using a suitable intubation cannula.

For step 1, the animals were administered an initial dose of
2000 mg/kg body weight, with no mortality observed; additional
dosing was discontinued as per the test guidelines. All the ani-
mals were acclimatized for 7 days before Step 1. Following dos-
ing, animals were individually monitored for signs of toxicity
at 30min, 1, 2, 3, and 4h, and observed once-daily for 14 days
and twice-daily for mortality. Body weights were recorded be-
fore dosing (Day 0), on the 7" and 14" days after administration.
After 14 days of observation, the animals were euthanized using
an overdose of carbon dioxide and subjected to external and in-
ternal gross necropsy examinations.

2.6 | Subacute Toxicity in Wistar Rats

The study to assess subacute toxicity was conducted per the pro-
tocol outlined in OECD Guideline 407 (OECD 2008). A total of 60
Wistar rats (30 males and 30 females), distributed into six groups
(5 animals/sex/group, 7-8 weeks old), weighing approximately
213.79-271.52g for males and 184.02-236.11g for females,
were used in the study. As per the dose range-finding study,
the dose levels were as follows: low dose (G2) 500 mg/kgbody
weight (b.w.), mid dose (G3) 1000 mg/kgb.w., and high dose (G4)
2000mg/kgb.w. The grouping of animals and respective doses
is detailed in Table 1.

The animals in the treatment groups were administered three
different doses of ARE (500, 1000, 2000mg/kgb.w.) for 28
consecutive days through oral gavage using a suitable intuba-
tion cannula. The maximum volume for administration was
1mL/100g of bw. The control group received only the vehicle
(G1 water). The animals in the control (G1IR) and high-dose
(G4R) recovery groups were observed for an additional 14days
after treatment. At the end of the treatment period, reversibility
of treatment-related changes or delayed test item-related toxic
effects was observed. Throughout the study, all animals were
monitored for mortality twice daily, observed for clinical signs
once daily, assessed for body weight changes, and feed con-
sumption once a week. Blood samples for hematological and

TABLE1 | Dose grouping for the subacute toxicity study of ARE.

Dose No. of rats
Treatment (mg/
Group no. groups kgbw.) Male Female
Gl Vehicle 0 5 5
control
G2 Low dose 500 5 5
G3 Mid dose 1000 5 5
G4 High dose 2000 5 5
G1R® Control 0 5 5
recovery
G4R* High dose 2000 5 5
recovery

#Recovery groups with a 14-day recovery period.

biochemical analyses were collected from all groups on Day
28—main groups (G1-G4) and Day 42—recovery groups (G1R &
G4R). Blood samples were drawn from the retro-orbital plexus
using a micro-hematocrit heparinized glass capillary tube. For
biochemical analyses, the blood samples were centrifuged, and
plasma was separated. Hematological analyses were conducted
using blood samples collected in centrifuge tubes containing
dipotassium ethylene di-amine tetra acetic acid (K2 EDTA) for
hematological analyses. Urine samples were collected and an-
alyzed on Day 28 (for main groups) and Day 42 (for recovery
groups). After the experimental period, all animals from the
main and recovery groups were sacrificed by exsanguination
under carbon dioxide. During necropsy, tissues and organs from
all animals were collected. The organ/tissue samples were fixed
in a 10% neutral-buffered formalin solution except for the testes,
which were preserved in Bouin's fluid. The preserved organs
and tissue samples from each animal in both the control and
high-dose groups were embedded, sectioned, stained, and ex-
amined under a microscope. All gross lesions were thoroughly
examined and recorded.

2.7 | Subchronic Toxicity in Wistar Rats

The experiment on subchronic toxicity was conducted under
the protocol guidelines OECD 408 (OECD 2018). One hundred
Wistar rats (50 males+ 50 females), 8-9weeks old, weighing
226.07-285.21 g for males and 189.64-221.13 g for females, were
selected and distributed into six groups as 40 each (males and fe-
males) for the treatment group and 10 each (males and females)
for recovery group. The grouping of animals and respective
doses is explained in Table 2.

In the treatment groups, animals were administered ARE at
varying dose levels: low dose of 500mg/kgb.w. (G2), mid dose of
1000mg/kgb.w. (G3) and high dose of 2000 mg/kgb:w. (G4) once
daily by oral gavage for 90 consecutive days using a suitable in-
tubation cannula, for the control group (G1), vehicle (water) was
administered. The maximum dose volume for administration was
1mL/100g of body weight. Animals in the recovery group, which
included the control (G1R) and high dose (G4R) groups, were
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TABLE 2 | Dose grouping for the subchronic toxicity study of ARE.

Dose No. of rats
Treatment (mg/
Group no. groups kgbw.) Male Female
Gl Vehicle 0 10 10
control
G2 Low dose 500 10 10
G3 Mid dose 1000 10 10
G4 High dose 2000 10 10
G1R? Control 0 5 5
recovery
G4R*? High dose 2000 5 5
recovery

2Recovery groups with a 28-day recovery period.

TABLE 3 | Dose grouping for the reproductive/developmental
toxicity study of ARE.

Dose No. of rats
Group Treatment (mg/
no. groups kgb.w.) Male  Female
Gl Vehicle 0 10 10

control

G2 Low dose 100 10 10
G3 Mid dose 500 10 10
G4 High dose 1000 10 10

observed for an additional 28days to assess any reversibility of
treatment-related changes/delayed ARE-related toxic effect.

All animals were monitored for mortality twice daily and clin-
ical signs of toxicity once daily. A detailed clinical observation
was performed once before the start of treatment and weekly
throughout the treatment and recovery period. The animals
were subjected to neurological and ophthalmological exam-
inations, and their body weight and feed consumption were re-
corded weekly. At the end of the 90-day treatment period and
during the recovery period, hematological, biochemical, and
urine analyses were noted.

After the experimental period, all the animals were sacrificed by
exsanguination under carbon dioxide, necropsy was performed,
and the weight of various organs was recorded. After completion
of gross pathology examination, tissues and organs were col-
lected from all animals. The organs/tissue samples were fixed in
10% buffered neutral formalin solution, except for the testes and
eyes, which were preserved in Bouin's fluid. A histopathologi-
cal examination was then performed on the preserved organs
and tissues of all animals in the control and high-dose groups.
Since there were no treatment-related changes in the high-dose
group, examinations were not extended to animals of other dose
groups and recovery groups. All gross lesions were examined
and recorded.

2.8 | Reproductive/Developmental Toxicity in
Wistar Rats

The experiment on reproductive/developmental toxicity was
conducted as per the protocol described in OECD guidelines 421
(OECD 2016). In the reproductive study, 8 Wistar rats [40 males
and 40 females (nulliparous and non-pregnant)| were divided
into four groups of 10 animals/sex/group, administered diets
with ARE at graded doses of 0, 100, 500, and 1000 mg/kgb:w.
(Table 3).

The Wistar rats of 13 to 14weeks old weighing male: 325.99-
459.76 g and female: 234.01-314.06 g were used in the study. In
the study, animals received water, which was used as a vehicle
(G1), and other groups (G2-G4) were treated with 100, 500, and
1000 mg/kgb.w. ARE by oral route through intubation cannula.
Male rats were treated for 2 weeks before mating, during mating,
and up to the day before sacrifice during the post-mating period
(28-day treatment period). Female rats were treated for 2 weeks
pre-mating, during mating, during the gestation period, and up
to lactation Day 13. Pups and females (dams) were sacrificed
on lactation Day 14. The dose volume of 1 mL/100g of b:w. was
maintained in all the groups.

All experimental animals have been examined for mortality
twice daily and clinical signs once daily during the study. Food
consumption was recorded weekly for males and females during
pre-mating, gestation, and lactation. Body weight of all animals
was measured weekly (including females on Day 0, Day 7, Day
14, and Day 20 post-partum and on lactation Day 1, 4, 7, 14).
All females were observed pre- and post-treatment for oestrous
cyclicity, and vaginal smears were observed every day until the
successful mating period. Oestrous cycles were divided into
four stages (i.e., Estrus, Metestrus, Diestrus, and Proestrus), and
the frequency of a 4-5-day cycle was the same in all treatment
group rats.

After the mating period, all females showed a 100% fertility
index and 100% gestation index (all gave live birth). On the litter
day (lactation Day 1), the number of pups (dead or alive), sex,
and gross abnormalities were examined. Live pups’ body weight
was weighed on Days 1, 4, 7, and 14 post-partum. The anogeni-
tal distance of each pup was measured on postnatal Day 4, and
the number of nipples/areolae in male pups was counted and re-
corded on postnatal Day 13. Blood samples were collected from
all male animals on Day 28, females on Day 13 post-partum,
pups on Day 4 after birth, and at termination on Day 13. Blood
samples were assessed for serum levels of thyroid hormones (T4
and TSH). All the animals were weighed and sacrificed by ex-
sanguination under carbon dioxide, and a necropsy was carried
out. The number of implantation sites was recorded, and vaginal
smears were examined in the morning on the day of the nec-
ropsy to determine the stage of the estrous cycle and to allow
correlation with the histopathology of the ovaries. Dead pups
and pups killed at Day 4 post-partum or 13, were examined ex-
ternally for gross abnormalities, especially external reproduc-
tive genitals for signs of altered development. For animals of
both high dose and control groups, a detailed histological exam-
ination was performed on the ovaries, uterus with cervix, testes,
and epididymis. The preserved organs, including the thyroid
from pups, were also examined.
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2.9 | Genotoxicity Studies
2.9.1 | Bacterial Reverse Mutation Test—In vitro

As per the OECD test guidelines 471 (OECD 2020), a bacterial
reverse mutation assay was conducted to evaluate the ability of
ARE to induce reverse mutations in the presence or absence of
mammalian microsomal enzymes at the histidine locus in the
genome of Salmonella typhimurium tester strains (TA98, TA100,
TA1535, TA1537, and TA102). A preliminary cytotoxicity assay
was conducted to establish the dose concentration for the mu-
tagenicity assay. Using the tester strain TA100, a cytotoxicity
assay was conducted, with eight concentrations of the test item,
ranging from 125 to 5000 ug/plate, in both the presence and ab-
sence of 5% v/v S9 mix. Normal bacterial background lawn and
no reduction in the number of revertant colonies was observed
at concentrations 125-5000 ug/plate in both the presence and
absence of the metabolic activation system when compared with
the vehicle control.

Five different tester strains of Salmonella typhimurium were
used in the mutagenicity assay. The assay was conducted both
in the presence and absence of the S9 mix along with concur-
rent vehicle and strain-specific positive controls using tripli-
cate plates for each concentration. The concentrations tested
in the mutagenicity assay (Trial I) were 50, 150, 500, 1500, and
5000 pg/plate, with both presence and absence of metabolic
activation system (5% v/v S9 mix), separated by approximately
half-log.

2.9.2 | Mammalian Erythrocyte Micronucleus Test-
In Vivo

The experiment on mammalian erythrocyte micronucleus
test was conducted under the protocol guidelines OECD 474
(OECD 2014). The objective was to evaluate the induction of
micronucleus polychromatic erythrocytes (PCE) in the bone
marrow using Swiss albino mice. Forty animals (20 male and 20
female), aged 7-8 weeks, were selected for a dose range finding
study with five animals/sex/group, and the doses were selected
as 500, 1000, and 2000mg/kgb.w. They were administered at
10mL/kgbw. for two consecutive days, separated by 24h. As
per the results of the dose range finding study, no toxicity was
observed in either sex; thus, only female animals were selected
for the main study. Twenty-five female animals (8-9 weeks old)
were distributed into five groups: A vehicle control group (re-
ceived water), three test groups (500, 1000 & 2000 mg/kgb.w.
respectively), and a positive control group (cyclophosphamide
monohydrate at 50mg/kgb.w.).

The ARE was administered on two consecutive days, separated
by about 24 h, by oral route to respective groups of animals. The
animals were observed for clinical signs at intervals of 1h, 2h
after, and before each treatment, also before necropsy of the
animals. After treatment, all animals were sacrificed by CO,
asphyxiation post-treatment and bone marrow samples were
collected from their femurs. Fetal bovine serum was inserted
through the opening at the lower end of the femur bone to rinse
the marrow into pre-labeled tubes. The samples were centri-
fuged at 1500 rpm for 10 min, and the supernatant was removed.

A small amount of re-suspended cell pellet was smeared onto
pre-labeled slides, resulting in two slides per animal, which
were air dried, fixed, and stained. To determine the proportion
of immature erythrocytes among total erythrocytes, at least 500
erythrocytes were counted for each animal. Additionally, pa-
rameters like clinical observations, mortality, body weight, P/E
ratio, and micronucleus induction were evaluated.

3 | Statistical Analysis

The data have been subjected to statistical analysis for the sig-
nificance of test item-induced changes and their interpretation
of potential for toxicity using Sigma Plot statistical software.
One-way analysis of variance (ANOVA) followed by Dunnett's
post hoc test or student “t” test (as appropriate) was performed
for different treatment and recovery groups compared with the
respective control group data. All analyses and comparisons
were evaluated at the 95% level of confidence (p <0.05).

4 | Results
4.1 | Acute Oral Toxicity

In an acute oral toxicity study, after a single dose of ARE at
2000mg/kgb.w., there was no mortality and no clinical signs
of toxicity in female Wistar rats. No treatment-related changes
were observed in mean body weight and percent change in body
weight in any of the animals. A physiologically normal increase
in body weight was recorded on Day 7 and Day 14, as compared
to Day 0, as indicated in Table 4. No gross pathological changes
were observed internally or externally in any of the animals at a
dose level of 2000 mg/kgb.w., and thus, histopathological evalu-
ation was not performed.

4.2 | Subacute Toxicity

In subacute toxicity, the animals neither showed any clinical
signs of toxicity nor mortality at doses up to 2000mg/kg in any
of the groups throughout the study period. Additionally, there
were no significant changes in body weight, body weight gain
percentage (Figure 2A,B), or feed consumption in any of the
groups.

The hematological (Table 5), biochemical (Table 6), and urine
analysis showed no control-related effects in animals of ei-
ther sex in any dose group when compared to their respective
groups. Similarly, absolute (Table 7) and relative organ weights
did not indicate any treatment-related effects in any of the treat-
ment groups. Also, no treatment-related findings were observed
during the gross and microscopic examinations.

4.3 | Subchronic Toxicity

The subchronic toxicity study demonstrated no signs of tox-
icity or mortality in any of the groups. There were no signifi-
cant changes in body weight or percentage body weight change
(Figure 3A,B), feed consumption, hematological, biochemical
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TABLE 4 | Effect of single-dose oral gavage to ARE on body weight and body weight change (%) in female Wistar rats.

Body weight change
Dose (mg/ Body weight (g) on day (%) on day
Study type = Animal no. kgb.w.) 0 7 14 0-7 0-14
Step 1 1 2000 183.40 201.8 226.11 10.03 23.29
2 194.64 227.34 239.18 16.80 22.88
3 179.11 200.51 218.46 11.95 21.97
Mean+SD 185.72+8.02 209.88+15.13 227.92+10.48 12.93+3.49 22.71+0.68
Step 2 4 2000 190.40 212.19 224.31 11.44 17.81
5 183.20 202.43 213.09 10.50 16.32
6 197.77 224.15 236.03 13.34 19.35
Mean+SD 190.46 +7.29 212.92+10.88 224.48+11.47 11.76 £1.45 17.83+1.52

Note: Values are expressed as mean + SD.
Abbreviations: b.w., body weight; SD, standard deviation.

% Body Weight Change

% Body Weight Change
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High dose 2000mg/
kgb.w. recovery
3.58+3.00
0.33+0.24
0.74+0.31
0.03+0.02
67.98 £42.41
10.64 +£0.50
18.76 £1.26

Control recovery
2.37+1.65
0.24+0.09
1.06+0.50
0.02£0.01

74.02£16.52
10.52+0.49
18.28 £1.20

2000mg/
kgb.w.
5.02+2.22
0.66+1.05
0.06£0.05
0.05+0.03
75.58 £31.35
10.62+0.30
19.14+1.30

High dose—

Treated
Mid dose—1000mg/
kgb.w.
7.01+£3.98
0.22+0.10
0.11+0.08
0.05+0.04
68.66+21.91
10.64+£0.57
18.82+1.04

kgb.w.

5.31£1.78
0.20£0.09
0.10£0.06
0.03+0.01
96.76 £21.16
10.84+0.94
18.94+1.41

Low dose—500mg/

Vehicle control
4.65+1.75
0.24£0.03
0.08 £0.05
0.03+0.02

43.42+£22.33
10.42+0.60
18.04 £0.64

(Continued)

Lymphocytes (X103 cells/uL)
Monocytes (X103 cells/uL)
Eosinophils (x103cells/uL)
Basophils (x103cells/uL)
Reticulocyte count (x10°cells/L)

Prothrombin time (sec)

Parameters
APTT (sec)

Abbreviations: APTT, activated partial thromboplastin time; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; RBC, Erythrocyte count; WBC, total

Note: Values are expressed as mean + SD.
leukocyte count.

TABLE 5

parameters (Tables 8 and 9), urine analysis or organ weight
(both absolute and relative, Table 10). Additionally, there
were no findings in gross and microscopic examinations up to
2000mg/kgb.w. in any of the groups (treatment or control).

4.4 | Reproductive/Developmental Toxicity Study

In the reproductive/developmental toxicity study, none of the an-
imals in any of the treatment groups exhibited any clinical signs
of toxicity or mortality. In females, during the study period, no
significant changes were observed in body weight (Table 11),
percentage change in body weight, and feed consumption
during the premating, gestation, and lactation periods.

There were no significant changes between control and treat-
ment groups in biochemical parameters, necropsy, and absolute
organ weights of males and females (Table 12). No treatment-
related effect was observed in the reproductive parameters of
the experimental animals.

4.5 | Genotoxicity Studies
4.5.1 | Bacterial Reverse Mutation Test

The results from the initial mutagenicity experiment, Trial I,
were confirmed in Trial IT using the same ARE concentrations
as Trial I, using the pre-incubation method with and without a
metabolic activation system (5% v/v S9 mix). In Trials I and II, no
reduction in the number of revertant colonies was observed and
no cytotoxicity to the bacterial background lawn at a concentra-
tion of 5000 ug/plate was noted when compared with the con-
current vehicle control, both in the absence and presence of the
metabolic activation system. There was no evidence of a 2-fold
increase (or a 3-fold increase in the case of TA1537 and TA1535)
in revertant colonies at any concentration tested up to 5000 ug/
plate, in comparison with concurrent vehicle control in both tri-
als. A more than 2-fold increase (or 3-fold in case of TA1537 and
TA1535) in revertant colonies compared to concurrent vehicle
controls was observed in the strain-specific positive controls
in the presence and absence of the metabolic activation system
in both trials, indicating the sensitivity of the assay. Therefore,
based on these results, the ARE did not cause a positive increase
in the mean number of revertants per plate with any of the tester
strains, both in the presence and absence of the metabolic acti-
vation system (S9).

4.5.2 | Mammalian Erythrocyte Micronucleus Test

In the mammalian erythrocyte micronucleus test, no mortalities
or abnormal clinical signs were reported in both the dose range
finding and the main study. The ARE-related animals at differ-
ent doses were normal throughout the mammalian erythrocyte
micronucleus study. In the main study, the %P/E ratio observed
in animals was 60.96, 58.04, 55.40, 52.20, and 47.20 at vehicle,
test item dose levels of 500, 1000, 2000 mg/kg body weight, and
50mg/kg body weight of cyclophosphamide monohydrate, re-
spectively. The % reduction in P/E ratio observed in animals was
4.79, 9.12, 14.37, and 22.57 at test item dose levels of 500, 1000,
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FIGURE3 | EFFECT of ARE on the percentage of body weight change of (A) male and (B) female rats in subchronic toxicity.

2000 and 50 mg/kgb.w. for cyclophosphamide monohydrate, re-
spectively, as compared to the concurrent vehicle control group.
The %MNPCE observed was 0.120, 0.115, 0.110, 0.105, and
1.270 at vehicle, test item dose levels of 500, 1000, 2000 mg/kg
body weight and 50mg/kg body weight of cyclophosphamide
monohydrate, respectively. None of the animals treated with
the test item exhibited any increase in the numbers of MNPCE
compared to concurrent vehicle control. The observed increase
(p<0.05) in MNPCE frequency in the positive control group
indicated the sensitivity of the test system and was considered
biologically significant (Tables 13A and 13B).

5 | Discussion

The present study aimed to evaluate the safety profile of ashwa-
gandha root extract (ARE) derived from the roots of Withania

somnifera. A prominent member of the Solanacea family,
Withania somnifera—commonly known as ashwagandha
has been used traditionally in Indian medicine for centuries.
Recognized as a Rasayana herb in Ayurveda, it is valued for its
rejuvenating properties and in promoting health and longevity.
It is widely regarded for its adaptogenic, anti-stress, anxiolytic,
cognitive-enhancing, and immune-modulatory effects (Ven
Murthy et al. 2010; Verma and Kumar 2011). Its pharmacolog-
ical activity is attributed to a diverse range of phytochemicals,
including alkaloids, steroidal lactones (withanolides and with-
aferins), saponins, and glycol withanolides. Due to its exten-
sive traditional use and therapeutic potential, this study aimed
to assess the safety and potential toxicity of ARE to establish a
comprehensive toxicological profile. In acute toxicity, through-
out the study period, single-dose treatment of 2000 mg/kgb.w. of
ARE to female Wistar rats did not show any clinical signs of tox-
icity and mortality. The body weight gain, and gross pathology

12

Phytotherapy Research, 2026

51801 SUOWILLIOD BAER.D) |l ddke U Aq pauBA0B B8 SSIL WO 88N J0 S9N J0J ARRIGIT BUIIUO ABIA UO (SUONIPUOD-PUE-SWLBHWIOD"/B M ARG [BU1 UO//:ScU) SUORIPUOD PUE SuLB | 3y 885 *[9202/20/62] Uo Ariq1 auliuo A81im ‘saded Aq 95TOL 1Id/Z00T OT/10p 00" A W ARG jBulUo//:Scy W0y papeo|umod 0 ‘€/ST660T



were found to be normal during the study period. Further, no
toxic effects were observed during the 14-day observation pe-
riod. In a subacute toxicity study, ARE was found to be safe up
to 2000mg/kg with no mortality and abnormal clinical signs
observed in animals. During both the treatment and recov-
ery period, there were no significant changes in body weight
gain and feed consumption. Additionally, no treatment-related
changes were observed in hematological or biochemical param-
eters, except for some changes in a few animals that cannot be
attributed to the test item as these changes were neither con-
sistent nor in a dose-dependent manner, and were not observed
in both sexes. In males, there was a decrease in MCV & MCH
(low and high dose), monocytes (mid and high dose), and an
increase in neutrophils (low and high dose). In females, an in-
crease in reticulocytes (low dose) was observed. Similarly, bio-
chemical analysis revealed that male animals showed increased
levels of albumin, calcium, and total protein (mid dose), as well
as sodium (mid and high dose), whereas in the female animals,
a decrease in total bilirubin (low dose), total protein, globulin,
and potassium (during high dose recovery). Furthermore, there
were no treatment-related changes observed in organ weight
(both absolute and relative) or urine analysis when compared
to the control group. Except for a few changes in male animals,
such as increased absolute organ weight of epididymis (mid
dose), thymus (high dose recovery), relative organ weight of
thymus (low dose and high dose recovery), whereas in female
animals, an increase in absolute organ weight of the thyroid
with parathyroid was noted at the high dose recovery. Further,
external and internal (gross) examination of animals from both
treatment and control groups showed no abnormalities of gross
or histopathological significance. Microscopic examination of
sacrificed male animals revealed few changes in various or-
gans—the liver, kidneys, prostate (which showed infiltrates and
inflammatory cells), and lungs (which exhibited inflammation
and non-significant increase in macrophages). In contrast, fe-
male animals showed changes in the liver (with infiltrates and
inflammatory cells). (See Figure S1 for the histopathological
findings of the liver in both control and high dose groups). The
microscopic changes observed in the high-dose group male and
female animals did not reveal any treatment-related lesions and
were almost comparable to those in the control group. Thus,
ARE can be considered safe in subacute toxicity, with a no ob-
served adverse effect level (NOAEL) of 2000mg/kgb.w. in both
male and female Wistar rats.

In a subchronic toxicity study, no mortality or clinical signs of
abnormalities were observed at doses up to 2000 mg/kgb.w. in
Wistar rats. No significant changes were noticed in the body
weight, feed consumption and ophthalmological examination
in both treatment and recovery groups. No treatment-related
changes were observed in hematological and biochemical pa-
rameters, except for some changes in a few animals that cannot
be attributed to the ARE, as these changes were not consistent,
did not follow a dose-dependent pattern, or were not observed in
both sexes. Further, organ weight, external and internal gross
examinations of animals, their clinical and neurological obser-
vations, and urine analysis did not reveal any treatment-related
changes compared to respective control groups.

There were a few changes in feed consumption (increase at week
8,11, and 12) in the recovery high dose group male animals when

compared with the recovery control group animals. However,
the effect was not considered treatment-related, as it lacks con-
sistency between sexes and was not observed in subsequent
weeks during the study period. The hematological parameters
in the male group compared to the control showed a signifi-
cant decrease in MCHC (mid and high dose males), an increase
in platelets (high dose, females), WBC, and lymphocyte (high
dose recovery females). The changes in biochemistry parame-
ters showed a decrease in gamma glutamyl transferase (low and
mid dose) and calcium (high dose) in the male group and total
bilirubin (mid and high dose) in both males and females. In the
recovery group, there was a decrease in alkaline aspartate ami-
notransferase & total protein (high dose- male group), and al-
bumin, aspartate aminotransferase & alanine aminotransferase
(high dose) in the female group. There were no significant dif-
ference in functional observation battery which includes neuro
behavioral, sensory observation, foot splay measurement, grip
strength assessment and activity meter, except a few changes in
the treatment and recovery group were comparable to those in
the control group that is a decrease in neurobehavioral urina-
tion (high dose), increase in grip strength in the hind limbs (low
dose-female) which was considered incidental and not attributed
to the test item. A decrease was observed in absolute and relative
organ weight of adrenals (high dose) in female animals. Further
external and internal (gross) examination of animals from both
treatment and control groups showed no abnormalities of gross
or histopathological significance. The microscopic findings ob-
served in the high dose were almost comparable to control group
and did not reveal any treatment-related lesions however, a non-
significant change was observed in both the control and high
dose groups. In both male and female animals, a few exhibited
lesions in the lungs, liver, and kidneys, all showing infiltrates
and inflammatory cells. Additionally, the mandibular lymph
node showed dilatation, increased cellularity and the uterus dis-
played lumenal dilatation (See Figure S1 for histopathological
findings of the liver in both control and high dose groups).

In the reproductive and developmental toxicity study, ARE at
doses of up to 1000 mg/kgb.w. showed no clinical signs of tox-
icity or mortality during the study. In females, during the study
period, no significant changes were observed in body weight,
percentage change in body weight, and feed consumption.
Estrous cycle evaluation through vaginal smear analysis was
consistent with histopathological findings. No treatment-related
changes were observed in maternal and developmental toxicity,
including number of corpora lutea, implantations, litter size,
number of live and dead foetus, weights, sex ratio, external
anomalies, anogenital distance or nipples/areolae in male pups.
No ARE-related changes in hormone levels or organ weight,
except minor, non-dose-dependent increase in absolute weight
of testes (low dose) and Cowper's gland (mid dose) in males. In
gross pathology, no significant abnormalities in pups or parent
animals, except a few male animals showed a change in size of
testes and epididymis, and a female animal showed bilateral
ovarian cysts, which were not dose or treatment-related. In the
male group, microscopic evaluation revealed minimal to mod-
erate degeneration of seminiferous tubules (low, mid and high
dose) in testes, decreased sperm in the lumen (mid and high
dose), and the presence of sperm granuloma (mid dose) in epi-
didymis, and active supportive inflammation (control) in ovaries
in female. These changes were of minimal to moderate severity

Phytotherapy Research, 2026

13

51801 SUOWILLIOD BAER.D) |l ddke U Aq pauBA0B B8 SSIL WO 88N J0 S9N J0J ARRIGIT BUIIUO ABIA UO (SUONIPUOD-PUE-SWLBHWIOD"/B M ARG [BU1 UO//:ScU) SUORIPUOD PUE SuLB | 3y 885 *[9202/20/62] Uo Ariq1 auliuo A81im ‘saded Aq 95TOL 1Id/Z00T OT/10p 00" A W ARG jBulUo//:Scy W0y papeo|umod 0 ‘€/ST660T



(senunuo))
LV'OFOLTL SY'T+9S'T1 79'0F20°¢l Y9'0+¢9°Cl 65'0+89°CI LS TF+6SCT (1p/3) urqodowsy
9¢€'0+6SL9 08°0+0L9 Ir0+9S°L OFCTrL 61'0+CEL YO'C+PL9 (TM/ST190,4,01X) DAY
¥S'0+99'9 VS TFL9Y 69'T+189 9€'C+0S'L LYTF6V'L ETT+0EL (TM/S1199 01X) DI M
orewo]
0T T+V¥0'61 L9°0+88'8T 08'0+¥¥'8T CETFSP'8T SE'T+8E8T 88°0+79°81 (puo29s) LLAV
(puooas)
STOFVITL YE0F¥L 01 LY'0OF9S°01 97’ 0FS9°01 9C'0F0L0T S’ 0+6801 sui) urquiolyiold
(1/81199,01X)
8CVL+96'TLT ¥9'8L+TT'6ST TO'TT+TILT8 9L'6C+96°001 90°€C+89'66 YO'6T+TCELS sa3400[no10Y
T0'0+200 TO'0F 100 20°'0FS0°0 T00F+0°0 €0°'0+90°0 Z0'0+S0°0 (1M/s1199:01X) spiydoseg
(1
T0'0F90°0 20°'0+90°0 60'0+ST°0 LO'OFCT0 ¥1'0+02°0 LO'0O+8T°0 /81192 01X) s[iydoursog
IT°'0+8C0 0T’'0+22°0 7o+ 0¥'0 LS'0F8Y0 ST'0+¢€€0 Cro+¢€¢0 (TM/s1199 ;0TX) 91400UON
(1
YEIF0Y ISTF8S'E 0€'TFEE'S 76'TF 899 88 TFH9L LOTFT6'S /81199 :01X) 91400ydw AT
(1
€C0FCI'T IT'0F¢C0'T 19°'0+06'T TT+99°C ¥8'0+8S'C Y€'0+L0°C /81192 ¢01X) s|iydonnaN
S¢COT+01'626 I8°L0T+0C968 69°0L+09°LT8 09°9L+09°928 8T'0L+0¢°€S8 LYLOT + 0" V8 (TM/81192 (01X) s19[e3e[d
9%°'0F90°9¢C SS0F+¢9T 9S°0+S9°LT TL0FTI'SC LS'0OFC'8C 6€°0+8L'8C (1p/3) DHOIN
€LO0FVT0C €7'0+80°0C 0S'0+0591 €9'0+ 6791 LYV'OFTICIT 7' 0+6991 (8d) HOW
SCCTFVYS'LL 9P T+80°9L 98 T+¥9°6S ¢S T+89'8¢ ECTFLOLS 19'T+S6'LS (1) ADIN
9T TF+VLLE 88'C+00'8¢ 0L T+89°9% IS T+699% CTTFE69Y SY'CT+8T 9% (%) M100)RWOH
SLOFV86 98°0+20°01 S9°0+26'CL SOOFVI'CT I8°0+SE¢CT CLOFTECT (1p/3) urqodowsy
6€0FL8 Y 9%7'0+00°G LY OFV8'L 'O+ L6’L 8€'0+CT'8 87’0+ 66°L (TM/ST199,4,0TX) DY
OL'TF¢ES'S YLTF26'F SL'TF68°01 ST'CTF+¢0°01 LETF 6801 ETCF+T9TL (TM/SI199:01X) DI M
STeIN
AI9A0931 'm'q Sy AI3A0931 [0XIUOD ‘Mq Sy ‘M q Sy ‘m-q Sy [013U0D J[ITYIA sI9joweIeq
/3u1000z—asop YSTH /3w 000z /3w 0001 /3ur100S—asop mo]
—asop Y3y —9s0p PIA
pajeaxy,

*SJeI TBISIM UT sI9jourered [edrSojojeway uo Ay 03 21nsodxd sAep06Jo1093d | S ATAV.L

10991573, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ptr.70156 by Capes, Wiley Online Library on [23/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Phytotherapy Research, 2026

14



JUN0d 31£203 N[

8303 ‘DM IUN0d 93K0013KId ‘DY QWN[oA 18[nosndIod ueaW ‘A DA {UOHRIIUOU0D ulqojdoway Ie[nosndioo ueawr QI ‘uiqojSoway tenosndiod ueaw ‘HOW own unsejdoquiory) renied pajeAnoe ‘LLJV :SUOHRIAIQQY

‘(S F UBOW S passaidxo 9Ie SON[eA 2JON

IT'T+89°8T YCTTF+VL'8T SV T+ECT6I 06'0F0T'61 LT TF€88T SL'0F09°'8T (pu029s) LLAV
(puooas)
LS OF YL 0T 61°0+C80T IT°0+68°01 0+ TL 0T 0V’ 0F 601 €T0F6S0T auf ulquoJatiold
(1/81199 60TX)
0T 1+l 6y YY" CCF98'8Y 67 €ECF06'IL 8L ¥CT+S0°SS 80'TC+6S'TIL 08’ TE FLS69 s91£00noNeY
00°'0F200 T0°'0+20°0 T0°'0+ 200 200+ €00 T0'0F €00 T0°0+¢€0°0 (1/s1192 moﬂxv s[iydoseg
(1
SO0FTTI0 0OT'0F9T°0 LO'OFS8T0 CT0OFLIO 80°0FST0 LT'OF9T0 /S1199 (01X) s[rydoursos
SO'0FLTO IT0+2CC0 ¢T'0F9C0 ST0OFTIE0 YT'0F0¢0 0T'0+8C°0 ﬁi\m:womoﬁxv 91400U0N
(1
STOFoY Yy G8'0+88'C CTTFILY 96'T+ LTS OT'CF+VvES YO OFIT'S \m:wo%ﬁxv 8%00&&5\3
(1
PP OFSLT 6L 0FLET SLOF09'T 8C0FS8LT 9S'0F 791 0S'0F89'T \m:oomoHXV sjiydonmaN
6€° 16 +08'8SL €E'G8F 0T VEY V9T +01°L86 L €0C+00°0S6 TO'CETF007998 LT'9€C+08°09L (TM/S1199 (01 X) S19[318[d
6C°0+20°8T 80'T+7TS'8C 8 0F0T°6C 'O+ ¢6'8T 9L'0FSL'8T LOLEFTT T Aqt\wv OHOIN
69°0FCELT 6S'0F8TLI 09°0FVT'LT IS 0FSO0°LT 6V 0FTCELT 91+ 67T Awmv HOIN
6S'CTFC819 89'T+79°09 9SG TF9T°6S IT'CF+V¥6'8S ¥8°0+97°09 YI'TF0L6S (13) ADIN
Y1+ 89'1h TI6'€F1vS 0 19 T+SL VY €8 TFLoEY CO'TF+80Vv ITCIFvE 0V (%) nro0reWAH
AI9A0931 'm'q Sy AI3A0931 [0XIUOD ‘mq Sy ‘M q Sy ‘m-q Sy [013U0D J[ITYIA sIojowreIRq
/8w 000z—asop ySrH /8w 000z /8w 0001 /8w 00S—as0p MO
—asop ysrH —9s0p PIN
pajeai],

(ponunuo)) | S ATAVL

10991573, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ptr.70156 by Capes, Wiley Online Library on [23/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

15

Phytotherapy Research, 2026



10991573, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ptr.70156 by Capes, Wiley Online Library on [23/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))
e+ 1CL0T 8S €T+ST9CI LLSTF+89LIT 80CE+SL6ET 9E Y +LT9T1 8€'0E Fo6r vl (1/0) 1SV
orewa]
(1P
¢S EF80'IT 6L°0+¢€°0C L6'TFERIT LT'EF6GLT 96'T+CT'LL LI SFYELT /3ur) usgonru eaIn poolg
SLTFLTOVI LEVYFLIVPL IS°'S+69°SPl ITv+Cevrl ECIOFI0PPI €V CF 6L STL (T/10WTI) SULIOTYD
IS'0F18'S €C°0+89°S 8C0F61'S €CO0F8T'S YCOFCIS 0€'0FI€°S (T/10WT) WnIsse1od
CLTFTS0ST 1€°€+8L0ST LS TF0SeVL L9V F6ELYL LETFOLYYT 60V +L9'SPI (/10w Wwnipos
8COFI6°¢ e0+CTY STO+8LE €TO0FILE YT'0+68°¢ SC'0+68°¢ (1p/8) urnqoro
CSLFCTUSY 69'T+0S'¢r SE'9+109¢ 6L 9FVI'LE 0T ¥+¢€99¢ YICI+1IT'LE (Tp/3w) ea1n
LT'0F989 600FVvCL LTOFV¥6'9 ST'0+¥89 €C0FL6'9 9¢€'0+ €69 (1p/3) ureroad [e30,
0L0+¢€09 S8'0F16'S r'0+509 79’0+ 8L'S 0€'0+S9°S €S0FV6'S (1p/3w) 93seydoyq
98°'C+80'6 S0'CTF90°01 YI'T+8Y'S 86'C+V¥'8 0ST+ITL 6T°'T+8E'8 (Tp/3w) 1AT
€8'8F61°9¢ SOOT+IT'T¥ SS9F9T'T¥ 8T'6+L69¢ 796 FTh'9¢ 16'v +96'9¢ (Tp/3w) TaH
CT'OL+61'68 90'v +¢0°00T e TI+0006 €6'CCFYETY6 60°CTL+S1'S8 2E6+1C8EY (Tp/3u) asoon(H
€V'0+89'6 0¥'0+9S6 CE0+FST0T YT0+16'6 LY'OFY9°6 YT'0+SL'6 (Tp/Sw) wnre)
Y0 0FS€0 20'0+S¢€0 SO'0F+E0 ¥0'0+2€0 Y0'0F+¢0 YT'0+S€0 (Tp/3w) surunear)
Y0O'ST+CL99 61'STF91'8L ETYIF0TSL OT'LTF+TT 0L 9P’ ST+81°99 8C'6+5699 (Tp/Sw) [01338d[0YD
20'0+9T1°0 C0'0FLT0 20'0+600 €0'0F+600 T0'0+0T°0 SO'0+€T0 (Tp/3u) uIqniq [ejo,
SO'VC+6S611 619 +CI'€E8I 8T 8EFEV'LTT ceoT+eeeel TL'9C+00°LET 09Ty +89'¥91 (1/0) A1V
8T'0+S6'C ST0+20°¢ YIO+9T°€¢ €T0F+60°¢ €T0F60°¢ 60°0+S0°€ (1p/8) urwnqry
180F+T'1 ¥9'0F#8°0 YT TF09T 68°0F9LT 9 0FEST 8EYFIS Y (1/n) 19D
00°0C+¢v'v6 0¢'ST+9L°¢8 9¢ €T+ 16'C9 v1'6+8E€°6S SY'6+6199 V8 LIF6LCL (1/0) L1V
Y'6S +€8'L6T 96'9T +S0°I8T 69°0C+0S'€rl CL8TF+0S°¢eT Y8 €T+ TS 9¢T ETPI+18'8¥1 (1/n) LSV
SN
A33A0291 "m"q S AI3A0931 [01IU0D ‘mq Sy ‘M q Sy ‘m-q Sy [0IIUO0D S[OTYIA sI9joweIeq
/3w 000z—3sop YSTH /3w 000z /3w 0001 /3w 00s
—asop ySiyg —9s0p PIA —3sop MOT
pajeaxy,

*SJeI TBISIM UT SI9jourered [BOTWOYI0Iq UO YV 03 2Insodxa sAep6Jo 109 | 6 HTAV.L

Phytotherapy Research, 2026

16



-oseraysuen) [Aurein[S-ewrwed {100 ‘oseIdjsueIjourwe djelredse LSV ‘oseIojsSurIlOUTWE dUTUEE ‘I TV osejeydsoyd aurfey[e :dTV :SUONBIAIQQY

‘(S F UBOW S passaidxo oIe Son[eA 210N

T
YOvF¥TTT SSYFE6TIT L8 EFE06T 16'€ ¥99°'8T €ETF6E 8T 6T TFIt'61 /3ur) usdoniu BaIN uomh
L6TF6Y°SET 88'€ FS0'8ET 1Ty FSPSel 69’ TFIT'9ET TTEFEYTET STYFESTET (T/10wu) SULIOTYD
TTOF6LY Or'0FTLY YE0F90°S ECOFVOY STOFI6Y LEOFE6T (7/10WIwr) WnTssejoq
YO TFESTET LY TF LY TET LOEFI8°8HT YI'TFOL'SYT LYTFLE VYT €9'C F O Op1 (7/10WIUr) Wnipos
YTOFSOY STOFIOY 9€'0F06'E YT0F96'E 9¢'0F 60t 8E'0F 60t (1p/3) urngorn
¥9'8F6SLY SL6FT69Y LT8FTLOY 9€° 8 F T6'6€ 86'% FSE'6€ 067 F+S T (Tp/3w) ea1n
9T 0FECL LY'0OF08'L SEOFISL 8C0F6EL 8T 0F¥S'L TSOFSSL (1p/3) urejoid [e3oL,
9€'0FI0°S 65’0F0S'v Y9'0FT6Y 8SOF VIS SSOFELY 1L0F 66t (1p/3w) ayeydsoyq
YOTF 19V 96’ TF 659 9T'TFST9 SOTFELY 6ZTF06'S 08’ TF98°S (Tp/3w) TA'T
TTLF¥60S 9TLIFIOEY 8T'6F L09S YT8FEYLY S9'8FIT'SS YEOTFETHS (1p/3w) TaH
69°'L F 6768 89°0T ¥ 8L'96 TO'STFLO66 YO'STFIT'66 SYLIF 6166 00+ F0Z'66 (Tp/3ur) asoongo
61°0F 066 TTOFSTOL YEOFITOL €E°0F 866 8E0F 6’6 SE'0F 986 (Tp/8w) wnme)
Y00 FTH0 90°'0F 6€°0 90°'0F I¥°0 €0'0FLEO YO'OF I¥'0 900 F I¥'0 (Tp/3wr) dururyear)
€E'SFTI9L €L'9TF00°S6 €' CTF 98 TSTIFETEL €9'TIF6T°S8 YISTF16'C8 (Tp/3u) [012389[0YD
TO0FITO YO'OFET0 10°0F01°0 TO0FIL0 T00FCI0 €O0FHT0 (Tp/3w) urqnayiq [ejo,
STTITIFSET9 LLYTFLL9Y 80°9TFT8'9L LSTTFLYEL €C'SEFLTSL €L9EFSESL (1/0) 4TV
0€'0F 8T YTOF6LE IT0F29°€ STOFEY'E 6T 0FSH'E 6T0F9P'E (1p/3) urunqry
69°0F90°T 8T'0FSS0 S60FS0T IS0FL6T 867 F68°E 69°0F 68'T (1/n) 159
IS TTFIL'6S 96'LF 1T°S9 ETLFE0TS €TETIF08°ES SLTTFLSOL OT'0TF+0°19 (1/0) L1V
A33A0291 "m"q S AI3A0931 [0XIU0D ‘mq Sy ‘M q Sy ‘m-q Sy [0IIUO0D S[OTYIA sI9joweIeq
/8w 0007—3sop ySrg /8w 0002 /8w 0001 /8w 00s
—asop ySiyg —9s0p PIA —asop MOT
pajeda]

(ponunuo)) | 6 ATAVL

10991573, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ptr.70156 by Capes, Wiley Online Library on [23/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

17

Phytotherapy Research, 2026



‘dSFueauwse Uomwmﬁmxw Q1€ SAN[eA 9J0N

T€E00'0FTZLIO0
62000+ LLTIOO
8020°0+600T°0
8YCT'0F 6290
8900°0+2990°0
L0900+ ¥SECT0
8SL0'0+LOT8'T
PLIT'0+¢€62S°0
6L90°0+CCS60
6€CT0+¢9S8'T

90LY'0+8SET'8

¥100°0+8ZT10°0

0S00°0+¥¥20°0

8CTY' 0+ 8161°C
CLITOFLELE'T
0LECOFT8YY'E
Y9T0°0+€CL0O0
GSE0'0FEL6TO
SI9T'0F0696'T
8€ST'0F0186°0
IVITOFVIIS'T
CLOTOFLYST'E

ITITTF66EL YT

9500°0F 6910°0
T200°0F0L100
¥0C0'0F9LIT'O
¥20T'0F1859°0
8TT0'0+8280°0
LSE0'0+992C°0
8090°0+0L8L'T
9L80°0+ 168%°0
990T'0+29%0°'T
8LTE0+7TLCOT

¥206'T+9898°8

91000+ 0€T0°0

8€00°0+0220°0

86LS°0+L8SE'T
9€0T°0+886¢°T
6VvY'0F18CCT'C
STIO0F+¥80°0
6T#0°0F068T°0
09€T'0F8IS6'T
8690°0FST¥L 0
ELITOFT8LE'T
e’ 0F¥916'C

CTLOE € FESTTET

82000 F8ST0°0
0200'0F6510°0
¥C20°0F9T1T°0
SY6T0F6£0L0
YEI0'0F¥¥L0°0
YO0+ LLITO
YSST'0+CCT8'T
6STT'0+06€S0
6CCT'0+6986°0
LTCT 0+ L8881

899T' T+€L98'8

02000+ I€T0°0

¥$00°0+8920°0

0T0L'0+FL06€E°C
00LT'0FLS6E'T
816C0+88Ch'¢
0¥10°0+9€90°0
20600 F TLEEO
Y260°0F€€06'T
8CTCT'0F 11980
9S6T°0FTOLY'T
9LTE0FLLOOE

T1969'T+TE0S°€T

T200°'0F6ST0°0
0€00°0FCLIO0
re0’0F0STIT'0
Y¥9C°0+S009°0
09T0°0+98L0°0
S€S0'0F061C0
CTETOF9PSL'T
06L0°0+8¢09°0
092T°'0+9696°0
LTPTO+€CT168'T

8S6V T+1659°8

TI00'0+LITO0

LEOO'0FS¥T00

8SSH'0+201IE'C
YT O+ Iv6e'T
9TET 0+ 886E°¢C
TITIT0'0+S090°0
8YLO'0F€TEC0
€OVTOFELER'T
S€60°0FTCI6'0
€0IT0FCI6Y T
9610+ 1890°¢

99S8' T+ ELIL'ET

Z100°'0F+910°0
T200°0+8910°0
6T€0'0F6IIT0
6TTT'0FT9LS°0
88T0°0+6CL0°0
€990°0FCPLT 0
OTOT'0FSTL8'T
0LTT'0F0LLS O
TEETOF ICIOT
6€€C°0+0506'T

TLLETF6SPL'S

ST00'0+2TZ10°0

8€00°0+8920°0

LT6V'0F0SYS'T
STOEC0FTISY'T
88LE'0F699¢°€
0L00°0F2650°0
€2S0°0FLEOE0
LTST'0F8LO6'T
LTTT'0F€068°0
GSST'OF66ST'T
T9TE0F6€06'C

VIV T+GIC8ET

€200°'0F8910°0
9¢€00°0F0910°0
LTEO'OFEPETO
CTST0F+<€0¥9°0
LITO'0F9+L0°0
T1650°0F€EYT0
20900+ €908'T
6VIT'0+6¥65°0
LY60°0FTECO'T
€EIT'0F65S¢6'T

TYYL'0FT1EST6

TT100°'0+2CZI0°0

ST00'0+¢€¥20°0

ISTV'0+8STI0°C
SOYT0+602¢'T
Y8V 0+ 190T°¢
8600°0F6190°0
TT60'0F LYSE0
9¢60°0F98L8'T
681T°0+6808°0
LSSTOF8EYY'T
IVLT'OFESTLT

COPTT+¥66TC1

pueS Lreymig
proxAyiered yim proify L,
SOLIBAQ
XIATD YIIM SNId)N
S[eUaIpY
SNWAY ],
urerg
ua9rds
J1e0H
sKoupryy
IOATT

orewa g
pueS Areymig
proxAyjered ym proIfyL

DD
IIM SI[OISAA [euTwas snid 9)e31soid

stwApipidg
S9189],
S[EURIPY
snuwAy,L,
ureig
ua9rds
JIedH
sKaupry
I9ATT

AR

AI9A0231 ‘M"q Sy

/8w 0002Z-9s0p YSTH

AJI9A0231 [01IU0D

.B.&MM—
/8w 000z
—osop Y3ty

.B.A#@Vﬂ

/8w 000T—3sop PIA

.B-QMVM

/8w gpS—asop mo

Pajeary

[013U0D I[OTYIA

suediQ

'syex 1e3sIM Ul (8) s3ySrom uedio 9injosqe uo FYV 0) 2Insodxd sAep6Jo 19913 | 0L ATAV.L

10991573, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ptr.70156 by Capes, Wiley Online Library on [23/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Phytotherapy Research, 2026

18



‘xa1durod sposnuwr snsouraAed0qng snid 1ue 101BAI] ‘O VT :UONIRIAIQQY
‘(S F UedW SB PassaIdxa aIe san[eA 210N

.\(/.vaM
/3w 0001
—asop
IS00'0+6810°0 8I60'0+¢€CCH' 0  89CTO'0O+60IT'0 CITOOFCTPET'0  6SETOFTIPCET  T1€000+6€C00 CTOIO0OFHSIT'0  9€TE0+809CT' T  68LTT+8IIC'E YStH
.\(/.QwvM
/3u00s
LEO0'0+88IO0  TSCT'O+SPPP'0  O8IO0O+890T°0 9ICO0+6¥YT'0  SLITO++CIF'T  LIOO'0+00C00 6€TO0OFO0VET'0  LI90O'0+080Y'T  88€S'0+9L96°C —9S0p PIA
.B.@MVM
/3w 001
€€00°'0F ILIO'0  OSPT'OF00LY'0  98TOOFISIT'0  ¥ITOOFEEET'O0  €SOTOFLTOV'T  SPO0'0F9020°0 9YIOOFVLCT'O  T990°0+CELE'T  60€8°0+F609CF  —9SOp MO
[o13u0d
YSO00'0F L1200  CIIT'0F€86%'0  989C0+LLOTO O8I0°0+8LIT'O TIST'OF6I6ET LFOO'OF86I00 0SEO0F9CZET'0  T196T°0FTI0SE'T  CTIBEOFO0SEV'E S[PIY2A
proafiyjyered XIAID SaLIRAQ spue[s 09dV'T proafyjyered stuad suerH stpruAprprdg $93IS9], sdnoag
pue proafyry, YIM SNIdI) sJadmo) YIM PIOIAYL JUdUI)BAL],
srewdg eI

‘gYV Jo Apnis £3101%03 [Rjuswdorosap/aanonpordal oy ut sfewtue jo (3) syySrom uedio ainjosqe Jo 109134 | ¢L ATAV.L

‘dSFueauw se —uumwmugxm 9Ie SANJeA 9J0N
V' 9C+CS'1Ee SQ'LTFI9S'LIE TI8'8CT+97°60¢€ 8T6T+91°C0¢ 66 TY +8€'66€ 10°CE+6T'1CE SO TEF L9 V8T 6C'8CF€ES9C "M 3Y/3w 000T—2S0p YSIH
€ETY+90795¢ €8 VY +1760v¢ VEVYY+ LT CEE ITCr+L'6C¢ LL'6EF+ TV 9T CO'TE+09'97¢ 8T 0¢€ +¥8°€0¢ 8L'6C+11'18C "mq 3Y/3w 00s—3s0p PIN
66'VEFET'8YE 0€'CE+86'8¢€¢C TP CE +€5°8¢C¢ L6'6CFL6°0CE 09°€ +¥8°00% ITT+ST0¢gE LS'TCF+T6'S6T SECCFVI'SLT "m'q3Y/3w 0OT—3S0p MO
08'vE+2CSvhe STLEFPI'CEE TE€°SE+TI'STE ETeEEF+6v'LIE 8V 'T+79°80% P IE +9T'6¢€ YL OCTFST'Y0¢E Y0'CT+9TLLT [03U0D S[OIY2A
141 L v T 0cC 141 L 0 sdnoi8 jusurjeary,

(sAep) porrad uonyeloe]

(sAep) poriad uonyesan

‘gYV Jo Apnys K101%0) [RIuawdoronap/aanonpoidal ut sporiad uorie}oe] pue uorie}sas ayj Surinp sjewiue spewd) Jo (3) 1ysSom £poq Jo 1093 |

ITHdTIVL

10991573, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ptr.70156 by Capes, Wiley Online Library on [23/02/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

19

Phytotherapy Research, 2026



TABLE 13A | Summary data of average P/E ratio and % average reduction (main study) in mammalian erythrocyte micronucleus test of ARE in

female mice.

% PCE
Dose (mg/ % P/E % P/E ratio compared

Group kgb.w.) PCE NCE TE ratio average toVC % reduction
Vehicle control 0 309 191 500 61.80 60.96 NA NA
(water) G1 312 188 500  62.40

304 196 500 60.80

301 199 500 60.20

298 202 500 59.60
ARE low dose (G2) 500 294 206 500 58.80 58.04 95.21 4.79

285 215 500 57.00

2901 209 500 58.20

288 212 500 57.60

293 207 500 58.60
ARE mid dose (G3) 1000 275 225 500 55.00 55.40 90.88 9.12

272 228 500 54.40

279 221 500 55.80

276 224 500 55.20

283 217 500 56.60
ARE high dose (G4) 2000 257 243 500 51.40 52.20 85.63 14.37

263 237 500 52.60

265 235 500 53.00

259 241 500 51.80

261 239 500 52.20
Cyclophosphamide 50 240 260 500 48.00 47.20 77.43 22.57
monohydrate (G5) 238 262 500 47.60

236 264 500 47.20

235 265 500 47.00

231 269 500 46.20

Abbreviations: NA, not applicable; NCE, normochromatic erythrocytes; P/E, PCE/total erythrocyte ratio; P/E, ratio of polychromatic erythrocytes to total number of
erythrocyte; PCE, polychromatic erythrocytes; TE, total erythrocytes.

TABLE 13B | Summary data of total MNPCE and % MNPCE (main study) in mammalian erythrocyte micronucleus test of ARE in female mice.

Total PCE
Dose (mg/ considered for Total Average Average %
Group kgb.w.) % MNPCE MNPCE MNPCE MNPCE +SD
Vehicle control (water G1) 0 20,000 24 4.8 0.120 0.01
ARE low dose (G2) 500 20,000 23 4.6 0.115 0.02
ARE mid dose (G3) 1000 20,000 22 4.4 0.110 0.02
ARE high dose (G4) 2000 20,000 21 4.2 0.105 0.02
Cyclophosphamide 50 20,000 256 51.2 1.2802 0.08

monohydrate (G5)

Abbreviations: MNPCE, micronucleated polychromatic erythrocytes; SD, standard deviation.
aStatistically significant increase in mean %MNPCE was observed compared to the concurrent vehicle control.
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and not treatment-related due to the lack of dose-dependency
and histopathological correlation. From the results obtained,
the NOAEL of ARE was found to be 1000 mg/kg body weight for
the reproductive and developmental toxicity study.

In a bacterial reverse mutation study, ARE was found to be
non-mutagenic, as it does not induce (point) gene mutations by
base-pair changes or frameshift in the histidine operon in any
of the bacterial strains of Salmonella typhimurium (either with
or without metabolic activation). Likewise, in a mammalian
erythrocyte micronucleus study, ARE did not induce micronu-
clei formation in female animals treated with dose levels up to
2000 mg/kgb.w. justifying it as non-mutagenic.

6 | Conclusion

In summary, the findings indicate that administration of ARE
at the tested doses to Wistar rats showed no adverse effects
or mortality in acute (at a single dose of 2000 mg/kg body
weight), subacute, subchronic, and reproductive/developmen-
tal toxicity studies. Based on these results, the NOAEL was
determined to be up to 2000 mg/kg body weight for subacute
and subchronic studies, and up to 1000 mg/kg body weight for
reproductive/developmental studies in both male and female
animals. The NOAEL for subchronic studies was established
at up to 2000mg/kg body weight, which is the highest dose
tested. However, the actual NOAEL value for ARE may be
higher than the highest dose tested. Additionally, the findings
suggest that ARE is unlikely to cause any genotoxic effects
based on mammalian erythrocyte micronucleus and bacterial
reverse mutation tests.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Histopathological findings
in liver section were examined in vehicle and high dose groups in (A)
Subacuteand (B) Subchronic toxicity.
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