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ABSTRACT
Objective: To evaluate the acute oral toxicity of the ethanolic extract of Swertia chirayita in female albino Wistar rats.

Methods: Acute oral toxicity was assessed according to OECD Guideline 423. Female albino Wistar rats received the ethanolic extract
orally at doses of 300 mg/kg and 2000 mg/kg body weight, while the control group received distilled water. Animals were observed
for 14 days for mortality, clinical signs of toxicity, behavioural changes, and body weight variations. Gross necropsy was performed
to examine pathological changes in vital organs.

Results: No mortality, clinical signs of toxicity, or behavioural abnormalities were observed in any treatment group throughout the
study. Body weight increased normally and remained comparable to the control group. Gross examination of the brain, heart, liver,
kidneys, spleen, and lungs revealed no treatment-related pathological changes. The oral LDso of the extract was estimated to be
greater than 2000 mg/kg body weight according to OECD Guideline 423.

Conclusion: The ethanolic extract of Swertia chirayita exhibited a low order of acute toxicity and demonstrated a favourable acute
safety profile following oral administration. These findings support its traditional medicinal use; however, further repeated-dose and

chronic toxicity studies are warranted to establish its long-term safety.

Keywords: Swertia chirayita, Acute oral toxicity, Ethanolic extract, OECD 423, Wistar rats.

INTRODUCTION

lant-based medicine is the oldest known form of

healthcare and continues to serve as the primary

treatment for up to 80% of the global population,
particularly in developing countries 2. In many of these
regions, herbal remedies are commonly used as alternatives
to modern pharmaceuticals, often regarded as safer due to
their natural origin and long history of use. Reflecting this,
the World Health Organisation® has advocated for the
integration of traditional medicine into national healthcare
systems.

Despite their widespread use, herbal medicines contain
bioactive compounds that can exert both therapeutic and
toxic effects. Several reports have highlighted adverse
reactions caused by long-term or improper use of herbal
products . Thus, evaluating the safety of medicinal plants is
essential to ensure their efficacy and minimise health risks.

Toxicology, a vital field within pharmacology, focuses on
identifying and understanding the harmful effects of natural
or synthetic substances °. The toxic effects of
phytocompounds can vary depending on the chemical
composition and their interaction with biological
membranes, tissues, or extracellular matrices °. Acute
toxicity studies, which estimate the median lethal dose
(LDso) following a single oral administration and observation
over 14 days, are often the first step in evaluating plant
safety in animal models 7.

Among the numerous medicinal plants in use, Swertia
chirayita holds a notable place in Indian traditional
medicine. Initially classified as Gentiana chirayita by
Roxburgh in 1814, it is indigenous to the temperate
Himalayan regions, found at altitudes between 1200 and
3000 meters, from Kashmir to Bhutan, and in the Khasi Hills
8. It is cultivated in sub-temperate climates ranging from
1500 to 2100 meters and is widely known by its vernacular
names—chirata, chirayata, and kirata-tikta. This herb has
been referenced in the Charaka Samhita, a foundational
text of ancient Indian medicine, for its multifaceted
therapeutic applications and is extensively used in
Ayurvedic, Unani, and Siddha systems.

Swertia chirayita is a seasonal herbaceous plant (annual,
biennial, or perennial) belonging to the Gentianaceae
family, typically growing between 60 and 150 cm °. It is rich
in diverse bioactive constituents such as xanthones (e.g.,
mangiferin, bellidifolin, swertianin), seco-iridoid glycosides
(e.g., amarogentin, amaroswerin, sweroside,
gentiopicroside), terpenoids, flavonoids, alkaloids, and
lignans. The presence of chiratin and ophelic acid is
responsible for its characteristic bitterness °.

Traditionally, this plant has been employed as an
anthelmintic, antidiarrheal, blood purifier, digestive aid,
carminative, expectorant, febrifuge, antiperiodic, and
laxative 1. Its pharmacological efficacy also extends to
treating flatulence, skin ailments, malaria, gout, and
bronchial asthma. Additionally, it demonstrates
antimalarial, antidiabetic, hepatoprotective, anti-
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inflammatory, antioxidant, anticancer, antimicrobial, and
central nervous system (CNS) stimulant activities 12
Although the entire plant possesses medicinal value, the
roots are especially potent, with the leaves and stems also
showing significant biological activity in several studies *3.

Swertia chirayita has shown promising pharmacological
properties; however, its safety profile remains inadequately
explored. Given its widespread traditional use, it is essential
to conduct standardised toxicological assessments to
ensure its safe use in therapeutic applications .

This study highlights the importance of evaluating the acute
oral toxicity of the ethanolic extract of Swertia chirayita in
albino Wistar rats following OECD guidelines 423 °. The
findings of this study will contribute to the safety
assessment of this medicinal plant and provide scientific
evidence supporting its traditional use.

MATERIALS AND METHODS
Collection and Authentication of Plant Material

The whole dried plant of Swertia chirayita was procured
from Anant Ayurveda Bhandara, Goregaon, Mumbai, India.
The plant was identified and authenticated by the botanist
Dr Kamlakar H. Patil, Department of Botany, Shivaji
University. A voucher specimen number (SSAK 001) was
prepared and deposited in the herbarium of the
department.

Preparation of Ethanolic Extract

The dried plant material was powdered and stored. 95%
ethanol was used to macerate the weighed powder, and the
mixture was agitated in a shaker for 24 hours to facilitate
the extraction of phytoconstituents. The extract was
subsequently filtered using Whatman No. 1 filter paper. The
filtrate was concentrated using a rotary evaporator at
controlled temperature and pressure to afford crude
ethanol extract. The concentrate was further evaporated
and dried by a hot water bath at 75°C. Lastly, the final
extract was stored in the refrigerator and was ready for the
acute toxicity test.

Preliminary Phytochemical Screening

The ethanolic extract was screened for the presence of
major phytochemical constituents, including flavonoids,
tannins, phenolic compounds, terpenoids, saponins, and
glycosides, using standard qualitative tests based on
characteristic colour changes and precipitation reactions. All
analyses were performed in triplicate. The screening
methods were adopted from previously published
procedures with minor modifications.

Quantification of Total Flavonoid and Phenolic Content

Total flavonoid content (TFC) and total phenolic content
(TPC) were estimated using the aluminium chloride
colourimetric assay and the Folin—Ciocalteu method,
respectively, following established protocols.The results
were expressed as mg quercetin equivalents (QE)/g extract
and mg gallic acid equivalents (GAE)/g extract, respectively.

Experimental animals

An acute oral toxicity test was performed to determine the
LD50 of the ethanolic extract of Swertia chirayita.
Experiments were carried out using healthy female albino
Wistar rats aged 8-12 weeks and weighing 230-300 g. The
animals were housed under standard laboratory conditions.
The study was conducted at SCITESLA Private Limited in
Mumbai, Maharashtra, India, in accordance with OECD
guidelines 423. The study protocol was reviewed and
approved by the Institutional Animal Ethics Committee
(IAEC; Approval No. SCI/IAEC/2024-25/167) and conducted
in compliance with CPCSEA guidelines?®.

Experimental Design

All the animals were weighed, and their health was verified.
The animals selected for the study were nulliparous and
non-pregnant. They were randomly divided into three
groups, each comprising four female Rats. Animals were
allowed an acclimatisation period of 7 days to the laboratory
conditions before initiation of the study. Each animal was
assigned to a cage and was numbered for identification. All
groups of rats fasted overnight before administration.
Following the fasting period, all animals were weighed, and
the doses were calculated based on their body weight. The
ethanolic extract of the plant was then administered orally
at the doses of 300 mg/kg (group I) and 2000 mg/kg (group
II) body weight of rats in the test groups. Animals in the
control group (group Ill) received distilled water. All
treatments were administered orally using an appropriate
gavage technique.

Housing and Feeding Conditions

The animals were housed in polypropylene cages with
bedding of autoclaved corn cob. The animal room was
maintained at a temperature of 20 + 3°C with relative
humidity ranging from 50% to 70%. A 12-hour light and 12-
hour dark cycle was maintained throughout the study
period. The animals were fed a standard laboratory pellet
diet, and drinking water was provided ad libitum except
during the fasting period before dosing.

Clinical Observation

Following administration of the test substance, the animals
underwent 30-minute observations, which continued
regularly during the initial 24-hour period, with a specific
emphasis on the 6-hour mark, and were subsequently
conducted daily for a total of 14 days. Clinical evaluations
involved assessments of behaviour alteration, posture,
locomotor activity, skin and fur condition, respiratory
pattern, autonomic responses, mucous membranes, and
neurological functions. Particular attention was paid to the
occurrence of tremors, convulsions, salivation, diarrhoea,
lethargy, sleep disturbances, coma, or any other signs
suggestive of toxicity.

Body Weight Assessment

Individual body weights of animals were recorded shortly
before the test substance was administered and at least
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weekly thereafter. Weight changes were calculated and
recorded. At the end of the test, surviving animals were
weighed for general health status and potential treatment-
related toxicity. The body weight of each animal was
recorded on day 0, day 7 and day 14. Mean body weights for
each group were calculated and compared.

Mortality Assessment

Animals were observed for toxic reactions and mortality
throughout the 14 days. The time and occurrence of any
observed deaths would have been recorded and considered
during toxicity classification.

Gross Necropsy Examination

After the observation period, surviving animals were
humanely euthanised and subjected to gross necropsy. Each
animal's gross pathological alterations were noted. Vital
organs, including the brain, heart, liver, kidneys, spleen, and
lungs, were carefully examined for any visible abnormalities
such as changes in size, colour, texture, haemorrhage,
congestion, or other pathological alterations.

Statistical Analysis

Body weight data are expressed as mean + SEM (n = 4).
Percentage body weight changes relative to day 0 were
calculated for each animal to account for baseline variation
between groups. Group means (absolute body weight and
percentage change) were compared using one-way ANOVA
followed by Tukey’s post hoc test, with p < 0.05 considered
statistically significant. All statistical analyses were
performed using GraphPad Prism software.

RESULTS AND DISCUSSION
Preliminary Phytochemical Screening

Qualitative phytochemical analysis of the ethanolic extract
demonstrated the presence of flavonoids, phenolic
compounds, tannins, saponins, and terpenoids, whereas
cardiac glycosides were not detected (Table 1).

Quantitative Phytochemical Analysis

Quantitative analysis showed that the ethanolic extract
contained 144.60 + 5.20 mg QE/g extract of total flavonoids
and 90.40 + 4.35 mg GAE/g extract of total phenolic
compounds (Table 2).

Effect of Ethanolic Extract of Swertia chirayita on Body
Weight

The body weight was measured on days 0, 7, and 14. One-
way ANOVA revealed a statistically significant difference in
absolute body weight between groups at each time point
(Day 0: F(2,9) = 25.61, p < 0.001; Day 7: F(2,9) = 16.08, p =
0.001; Day 14: F(2,9) = 8.88, p = 0.007); however, this
difference was already present at day 0, before any dosing,
and most likely reflects unequal distribution of animals at
randomisation rather than a treatment-related effect.
When expressed as percentage body weight gain from day
0 to day 14, all groups showed comparable, progressive
growth (Control: 6.4%; 300 mg/kg: 6.2%; 2000 mg/kg: 9.6%;
p > 0.05), indicating that administration of the extract did
not adversely affect normal growth or physiological
development during the 14-day observation period (Table
3).

Table 1: Preliminary phytochemical screening of the ethanolic extract of Swertia chirayita

Phytochemical constituent Test employed Observation Status
Flavonoids Alkaline reagent test Yellow coloration Present (+)
Phenolic compounds Ferric chloride test Bluish-black coloration Present (+)
Tannins Ferric chloride test Greenish-black colouration Present (+)
Saponins Froth test Persistent froth formation Present (+)
Terpenoids Salkowski test Reddish-brown interface Present (+)
Cardiac glycosides Keller—Killiani test No brown ring observed Absent (-)
(+) indicates presence; (-) indicates absence. Qualitative screening was performed using standard phytochemical methods, each in triplicate.

Table 2: Quantitative estimation of total flavonoid and phenolic content in the ethanolic extract of Swertia chirayita

Parameter

Total flavonoid content (mg QE/g

Total phenolic content (mg GAE/g extract)

Values are expressed as Mean % SD (n = 3), QE-

Content (Mean 1 SD)
144.60 £ 5.20
90.40 £ 4.35

extract)

quercetin equivalent; GAE, gallic acid equivalent.

Table 3: Effect of Swertia chirayita Ethanolic Extract on the Body Weight of Rats During the 14-Day Acute Oral Toxicity

Study
Group
Initial day
Control 261.75+2.06
| 262+1.47
] 243+2.74

Body Weight
7th day 14t day
269.75+2.06 278.5+1.44
270.5+2.40 278.2542.29
253.25+2.78 266.25+3.04

Group I-Il ethanolic extracts with doses (I: 300 mg/kg; II: 2000 mg/kg). Values are expressed as mean = SEM (n = 4). No treatment-related differences in

body weight gain were observed during the study period.
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Clinical observations and Mortality

All groups of animals showed neither any toxic effect nor any
lethal effect and were free of any intoxicating signs
throughout the observation period of 14 days, and thus
were found to exhibit no toxic or clinical reactions. The
present study shows that administration of ethanolic extract
of Swertia chirayita at doses of 300mg/kg and 2000 mg/kg
did not reveal any signs of toxicity or mortality in rats during
the entire observation period. Animals showed normal
behaviour, posture, locomotor activity, feeding habits, and
grooming behaviour during the observation period.

Furthermore, no signs of tremors, convulsions, salivation,
diarrhoea, lethargy, respiratory distress, sleep disturbances,
coma, or other behavioural abnormalities were observed in
any of the treated animals. No mortality occurred during the
14-day observation period (Table 4).

The absence of toxic manifestations following
administration of the ethanolic extract of Swertia chirayita
indicates that it was well tolerated at both tested doses.
Therefore, the LD50 of the extract may be considered to be
greater than 2000 mg/kg.

Table 4: Clinical Observations Following Oral Administration
of Ethanolic Extract of Swertia chirayita

Observation Control 300 mg/kg 2000
Parameter mg/kg
Mortality None None None
Tremors None None None
Convulsions None None None
Salivation None None None
Diarrhoea None None None
Lethargy None None None
Respiratory Distress None None None
Behavioural Changes None None None
Sleep Disturbances None None None
Coma None None None

Gross Necroscopy Examination

No gross abnormalities were observed in any of the vital
organs—brain, heart, liver, kidneys, spleen, or lungs—of
rats treated with ethanolic extract at 300 mg/kg and 2000
mg/kg.

Table 5: Gross Necropsy Observations of Vital Organs in
Wistar Rats Administered Ethanolic Extract of Swertia
chirayita

Organ Control 300 mg/kg = 2000 mg/kg
Brain Normal Normal Normal
Heart Normal Normal Normal
Liver Normal Normal Normal

Kidneys Normal Normal Normal
Spleen Normal Normal Normal
Lungs Normal Normal Normal

All organs appeared normal in size, colour, texture and
morphology. No evidence of haemorrhage, congestion,

oedema, necrosis, enlargement, shrinkage, or other visible
pathological alterations was observed in either treatment
group. The findings were comparable to those observed in
the control animals. These findings suggest that the extract
did not cause visible organ toxicity at the tested doses (Table
5).

DISCUSSION

The use of medicinal plants as primary healthcare remedies
has gained widespread popularity globally, especially in
developing countries, due to the perception that natural
sources are inherently safe. Bioactive compounds derived
from herbal plants are commonly believed to be non-toxic
and free from adverse health effects, which has led to their
widespread use as over-the-counter (OTC) medications 7.
Plant-based drugs have played a significant role in managing
chronic diseases and are increasingly preferred by
researchers as alternatives to conventional allopathic
pharmaceuticals®.

Toxicological evaluations are essential for assessing the
safety of various products, including isolated compounds,
compound mixtures, crude plant extracts, pesticides,
pharmaceuticals, food additives, packaging materials, and
their chemical constituents. The World Health Organisation
(WHO) recognises medicinal herbs as a key source for the
development of a wide range of therapeutic agents.
Consequently, thorough scientific investigation is necessary
to evaluate the pharmacological properties, safety profiles,
and therapeutic efficacy of these medicinal plants ®.

The safety of plant extracts is primarily evaluated through
acute oral toxicity analysis. Acute oral toxicity studies
provide valuable information on the potential harmful
effects of a substance after a single administration and are
commonly used as an initial screening tool for safety
evaluation. In the present study, the acute oral toxicity of
the ethanolic extract of Swertia chirayita was investigated in
female albino Wistar rats according to OECD Guideline 423.
The findings demonstrated that oral administration of the
extract at doses of 300 mg/kg and 2000 mg/kg did not
produce mortality, behavioural abnormalities, or visible
signs of toxicity during the 14-day observation period.

Changes in body weight are one of the most sensitive
indicators of an animal’s health. In this acute toxicity study,
all animals exhibited normal and progressive body weight
gain throughout the observation period. These findings
suggest that the ethanolic extract of Swertia chirayita did
not interfere with normal growth or induce systemic toxicity
at the tested doses.

Clinical observations are a critical component of acute
toxicity studies as they provide early evidence of toxic
effects on the nervous, respiratory, and autonomic systems.
No clinical signs of toxicity, including tremors, convulsions,
salivation, diarrhoea, lethargy, respiratory distress, coma, or
behavioural abnormalities, were observed in any treated
animals during the study period. These findings indicate that
the ethanolic extract of Swertia chirayita was well-tolerated
at the tested doses.
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Gross pathological examination revealed no Vvisible
abnormalities in the brain, heart, liver, kidneys, spleen, or
lungs, suggesting the absence of treatment-related organ
toxicity following acute oral administration.

The findings of the present study indicate that the ethanolic
extract of Swertia chirayita possesses low acute oral
toxicity, as evidenced by the absence of mortality, clinical
signs of toxicity, and gross pathological changes at the
tested doses. These results are consistent with previous
studies reporting the safety of several medicinal plant
extracts, such as Pericampylus glaucus 8, Moringa oleifera
19 Echinops kebericho 2°, Rhamnus prinoides 23,
Crassocephalum rubens %, and Aframomum melegueta %,
evaluated according to OECD guidelines. Comparable
findings have similarly been reported for Reichardia picroide
2 Azadirachta indica %°, Erythrina senegalensis %%, and
Alstonia scholaris 2, among other traditionally used
medicinal plants subjected to acute toxicity screening.
Extracts of Nasturtium officinale 28, Terminalia citrina 2°,
Carica papaya 3, Artemisia afra 3, and Polygala fruticosa 3?
have likewise been classified as practically non-toxic under
similar OECD-based protocols. Further support comes from
acute toxicity evaluations of Nelsonia campestris 33, Salvia
scutellarioides 34, Herniaria glabra 3°, Cassia occidentalis 35,
and a panel of Nigerian ethnomedicinal plants ¥, as well as
a Moroccan herbal mixture 3 and java tea leaf extract 39, all
of which reported an absence of mortality or major
treatment-related toxicity at doses comparable to those
used in the present study. The observed safety profile may
be attributed to the presence of bioactive constituents such
as xanthones, seco-iridoid glycosides, flavonoids,
terpenoids, and phenolic compounds, which are known for
their diverse pharmacological activities %2, The findings
support the traditional use of Swertia chirayita in Ayurvedic,
Unani, and Siddha medicine. However, the present study
was limited to acute toxicity assessment and did not include
biochemical, haematological, or histopathological
evaluations. In addition, the small group size (n = 4) resulted
in an unequal distribution of baseline body weight across
groups, which should be addressed in future studies
through stratified randomisation or larger sample sizes.
Therefore, further sub-acute, sub-chronic, and chronic
toxicity studies are required to establish its long-term safety
profile and therapeutic applicability.

CONCLUSION

The present study evaluated the acute oral toxicity of the
ethanolic extract of Swertia chirayita in experimental
animals and revealed no signs of toxicity, behavioural
abnormalities, or mortality at the tested doses of 300 mg/kg
and 2000 mg/kg body weight. Even at the higher dose of
2000 mg/kg, animals exhibited no adverse effects,
indicating that the extract possesses a high safety margin.
Based on the absence of mortality and treatment-related
toxicity at 2000 mg/kg body weight, the oral LD50 of the
ethanolic extract of Swertia chirayita is considered to be
greater than 2000 mg/kg according to OECD Guideline 423.

The extract may therefore be classified under GHS Category
5 or unclassified depending on regulatory interpretation.

The absence of clinical toxicity symptoms and pathological
changes further supports the non-toxic nature of the extract
at the administered doses. These findings align with the
traditional use of Swertia chirayita in herbal medicine and
reinforce its potential as a safe natural remedy. However,
while the acute toxicity results are promising, further
studies are recommended to establish a comprehensive
safety profile and support the therapeutic application of
Swertia chirayita in modern medicine.
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