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ABSTRACT

Objective: The present study investigates the phytochemical profile, antioxidant potential, and protective effects of Swertia chirayita extracts against 
cyclophosphamide (CP)-induced biochemical and oxidative stress alterations.

Methods: Methanolic and aqueous extracts were prepared and screened for phytoconstituents, extractive values, and total phenolic and flavonoid 
content. Antioxidant activity was evaluated using the 2,2-diphenyl-1-picrylhydrazyl radical scavenging assay, where the methanolic extract exhibited 
superior free radical inhibition with a lower IC₅₀ value compared to the aqueous extract. Cytotoxicity assessment in yeast models revealed no toxic 
effects, confirming extract safety. In vivo studies in CP-treated rats demonstrated significant improvement in biochemical parameters, including serum 
creatinine (Cr), urea, uric acid, protein, globulin, alanine aminotransferase, aspartate aminotransferase, glutathione, catalase, malondialdehyde, tumor 
necrosis factor (TNF)-α, and interleukin (IL)-1β levels.

Results: Both extracts, particularly the methanolic extract at higher doses, showed significant (p<0.05–p<0.001) marked amelioration of biochemical 
parameters, suggesting a strong protective role. Moreover, S. chirayita demonstrated anti-inflammatory potential by markedly decreasing TNF-α and 
IL-1β levels compared to the CP group. Growth curve analysis demonstrated a protective effect of S. chirayita extract on oxidative stress–sensitive 
∆trx2 yeast strains, indicating its antioxidant and stress-protective potential.

Conclusion: These findings highlight S. chirayita as a promising source of bioactive compounds with antioxidant and cytoprotective potential against 
CP-induced toxicity.

Keywords: Swertia chirayita, Phytochemical screening, Antioxidant activity, Cyclophosphamide, Oxidative stress, Biochemical parameters, 
Nephroprotection.

INTRODUCTION

Cyclophosphamide (CP) is a widely used alkylating chemotherapeutic 
agent employed in the treatment of various malignancies and 
autoimmune disorders [1]. Despite its clinical efficacy, its therapeutic 
applications are often limited due to severe adverse effects, particularly 
nephrotoxicity and hematological toxicity, largely mediated through 
oxidative stress and free radical generation [2,3].

CP undergoes hepatic metabolism to form active metabolites, 
including acrolein, which induce lipid peroxidation, DNA damage, 
and depletion of endogenous antioxidants such as glutathione (GSH), 
catalase (CAT), and superoxide dismutase [4,5]. Therefore, there is 
growing interest in identifying natural bioactive compounds with 
antioxidant and protective effects that may mitigate CP-induced 
toxicity.

Medicinal plants rich in polyphenols, flavonoids, and alkaloids are 
being extensively studied for their ability to counter oxidative stress-
related damage [6]. Swertia chirayita (Gentianaceae), commonly known 
as “chirata,” is a traditional medicinal herb widely used in Ayurveda, 
Siddha, and Unani systems of medicine [7,8]. It is reported to possess 
diverse pharmacological properties, including antioxidant, anti-
inflammatory, antidiabetic, and anticancer activities [9-12].

Phytochemical analyses have revealed that S. chirayita is a rich source 
of secoiridoid glycosides (swertiamarin, amarogentin, and mangiferin), 
xanthones, flavonoids, and alkaloids, which contribute to its therapeutic 
efficacy [13].

Recent studies have highlighted the antioxidant capacity of S. chirayita 
extracts in both in vitro and in vivo systems, demonstrating significant 
free radical scavenging activity and the ability to modulate oxidative 
stress markers [14]. However, limited research has focused on its role 
in attenuating drug-induced toxicity, particularly CP-mediated organ 
damage. Given its phytoconstituent profile, S. chirayita has the potential 
to reduce CP-induced biochemical alterations and oxidative stress by 
restoring antioxidant enzyme levels and reducing lipid peroxidation.

The present investigation aims to evaluate the biochemical and oxidative 
stress modulation by methanolic and aqueous extracts of S. chirayita 
in a CP-induced toxicity model. The study includes phytochemical 
screening, antioxidant potential assessment, and evaluation of serum 
biochemical, hepatic, renal, and oxidative stress parameters to explore 
the protective role of S. chirayita against CP toxicity.

MATERIAL AND METHODS

Material
The whole plant of S. chirayita was obtained from a certified herbal 
supplier and authenticated by a botanist. Methanol (analytical 
grade) and other solvents were procured from Merck, India, whereas 
phytochemical screening reagents such as Wagner’s, Hager’s, 
Salkowski’s, ferric chloride, and Folin-Ciocalteu reagent were purchased 
from HiMedia Laboratories. CP was obtained as a gift sample and used 
to induce toxicity. Standard ascorbic acid served as the reference 
antioxidant. Male Wistar albino rats (150–200  g) were used for the 
study and maintained under standard laboratory conditions with free 
access to food and water. All experimental procedures were approved 
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by the Institutional Animal Ethics Committee (IAEC) in accordance with 
CPCSEA guidelines.

Methods
Collection of S. chirayita
Aerial parts of S. chirayita were collected from Minor Forest Produce 
Processing and Research Centre, Vindhya Herbals, Bhopal. The plant 
materials were washed thoroughly with normal tap water, followed 
by sterile distilled water. Then dried under shaded conditions at room 
temperature. Dried plant materials were crushed into powder using 
a grinding machine. Powder was stored at 4 °C in a tight air container 
bottle.

Extraction by soxhlation method (hot continuous extraction)
Soxhlet has a similar assembly, and it also works on the same principle 
of condensation as reflux extraction. Extracts were obtained by the 
continuous hot filtrate extraction method using soxhlet apparatus [15]. 
Aerial parts of S. chirayita were dried in shade and moderately coarsely 
powdered. 100 g of powder was passed through sieve no. 18, which was 
placed in the middle chamber of the Soxhlet apparatus, and extracted 
using solvents such as methanol and distilled water as solvents. The 
filtrate was concentrated in a rotary vacuum evaporator, dried in a 
desiccator, and the percentage yield was determined.

Quantitative estimation of bioactive compound
Estimation of total phenol content
The total phenolic content of the extract was determined by the 
modified folin-ciocalteumethod [16]. 10 mg gallic acid was dissolved in 
10 mL methanol, and various aliquots of 10–50 µg/mL were prepared 
in methanol.10  mg of dried extracts were dissolved in 10  mL of 
methanol and filtered. 2 mL (1 mg/mL) of this solution was used for the 
estimation of phenol. 2 mL of each extract or standard was mixed with 
1 mL of Folin–Ciocalteu reagent (previously diluted with distilled water 
1:10  v/v) and 1  mL (7.5  g/L) of sodium carbonate. The mixture was 
vortexed for 15 s and allowed to stand for 15 min for color development. 
The absorbance was measured at 765 nm using a spectrophotometer.

Estimation of total flavonoid content
Determination of total flavonoid content was based on the aluminum 
chloride method [17]. 10  mg quercetin was dissolved in 10  mL 
methanol, and various aliquots of 5–25 μg/mL were prepared in 
methanol. A 10 mg of dried extract was dissolved in 10 mL of methanol 
and filtered. 3 mL (1 mg/mL) of this solution was used for the estimation 
of flavonoid. 1 mL of 2% AlCl3 solution was added to 3 mL of extract 
or standard and allowed to stand for 15  min at room temperature; 
absorbance was measured at λmax 420 nm [17].

In vitro antioxidant activity of extracts of S. chirayita
2,2-diphenyl-1-picrylhydrazyl (DPPH) method
The total free radical scavenging capacity of the extract from S. chirayita 
was estimated according to the previously reported method with 
slight modification. Solution of DPPH (6  mg in 100  mL methanol) 
was prepared and stored in a dark place. Different concentrations of 
standard and test (10–100 µg/mL) were prepared. 1.5 mL of DPPH and 
1.5 mL of each standard and test were taken in separate test tubes; the 
absorbance of this solution was taken immediately at 517 nm. 1.5 mL 
of DPPH and 1.5 mL of methanol were taken as a control absorbance at 
λmax 517 nm [18].

The percentage inhibition of free radical DPPH was calculated from the 
following equation: % inhibition = ([absorbance of control - absorbance 
of sample]/absorbance of control)×100%.

Antioxidant assay in wild and mutant yeast strains
Yeast strains and growth conditions
The strain wild-type (WT) BY4743 (MATa/MATahis3Δ1/his3Δ1leu2Δ0/
leu2Δ0met15Δ0/MET 15LYS2/lys2Δ0g/ura3Δ0) was used as WT yeast 

strain and TRX2 (Δtrx2) was used in the study. The yeast culture was 
prepared by allowing a single colony of WT/Knockout yeast strain in 
yeast extract-peptone-dextrose (YPD) medium [1% (w/v) yeast extract, 
2% (w/v) peptone, and 2% (w/v) glucose] overnight to exponential 
phase (OD600=0.6), in an orbital shaker, at 30°C, and 180  rpm, with a 
ratio of flask volume/medium volume of 5:1 [19].

Choice of yeast strains and optimization of stressing agent
Based on the literature survey and the facts from the Saccharomyces 
genome database, one H2O2-sensitive deletion yeast strain was chosen 
and tested (trx2) for H2O2 sensitivity. The stressing agent, H2O2, at 
various strengths (1 mM, 2 mM, 4 mM, and 6 mM) was tested, and it 
was found that 4 mM gave the optimum stressing effect on selected 
strains [20].

Growth curve assay
Different cultures were prepared when both the wild strain BY4743 
and the deletion strain Δtrx2 were seeded into YPD media, at 
180 rpm/30 °C for the whole night. Adjusted the culture obtained to 
get an initial seeding density of yeast in a 96-well plate at an OD600 of 
0.1. Then, 10 µl of either extract in strengths (0.4, 0.8, 1.6 mg/mL) and 
ascorbic acid (10 mM) were added to the yeast culture (100 µL) and 
incubated at 30°C/24  h in a multi-well plate reader with continuous 
shaking at medium intensity. OD600 was measured every hour [20].

Membrane integrity assay by propidium iodide (PI) Staining
The cultures of wild and deletion yeast strains (WT and trx2) were 
adjusted to OD600 ~ 0.5. All the groups were stressed with H2O2 (4 mM), 
leaving the control group. S. chirayita aqueous (SCA) (1.6 mg/mL) or 
ascorbic acid (10 mM) was added to the treatment groups. The tubes 
were kept in the dark at 30 °C for 3 h. Post-incubation, the cells were 
pelleted (12 000 rpm, 30 s), washed, and added in 200 µL of phosphate-
buffered saline (PBS) buffer and mixed with 0.2 µL of PI, from a stock 
(1 mg/mL), to get a strength of 1 µg/mL, after keeping for 5 min. In the 
dark, the cells were harvested and washed with PBS. An appropriate 
amount of PBS (≈100 µL) was used to get a final cell suspension. 
After keeping in the dark for 5  min post PI-treatment, the cells were 
harvested, and PBS was added to it. The slides were observed under an 
apotome axio imager (Carl Zeiss, Gottingen, Germany) at 100 X.

In-vivo nephroprotective activity of extracts of S. chirayita
Animals
The animal studies were approved by the IAEC (Approval letter 
no.-  BU/Pharma/IAEC/A/23/02) constituted for the purpose of 
control and supervision of experimental animals by the Ministry of 
Environment and Forests, Government of India, New  Delhi, India. In 
the present study, Wistar rats (150–200 g) were used. During 1 week 
of acclimatization (22±1°C temperature and 50–80% humidity), with a 
12 h cycle variation between the light and dark, freely, animals consumed 
a standard diet for rodents and water filtered beforehand [21].

Acute toxicity study
The extracts of S. chirayita were assessed for acute oral toxicity using 
OECD ANNEX-423 standards. According to prior toxicity studies, the 
extract of S. chirayita was delivered orally to rats (2000  mg/kg body 
weight) [22].

Experimental design
Experimental-CP
•	 Group I (Normal group): Acquired daily vehicle (saline, p.o.).
•	 Group II (CP group): Administered 4-CP injections (150 mg/kg/day, 

i.p.) every 7 days.
•	 Group  III (Standard group): Administered4-N-acetylcysteine, 

150  mg/kg, p.o./day+CP injections (150  mg/kg/day, i.p.) every 
7 days.

•	 Group IV (Test group): CP-induced nephrotoxicity rats treated with 
bioactive methanolic extract of S. chirayita – 100 mg/kg/p.o./day.
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•	 Group V (Test group): CP-induced nephrotoxicity rats treated with 
bioactive methanolic extract of S. chirayita – 200 mg/kg/p.o./day.

•	 Group VI (Test group): CP-induced nephrotoxicity rats treated with 
bioactive Aqueous extract of S. chirayita – 100 mg/kg/p.o./day.

•	 Group VII (Test group): CP-induced nephrotoxicity rats treated with 
bioactive Aqueous extract of S. chirayita-200 mg/kg/p.o./day.

•	 A 10-day experimental study was conducted. CP (150 mg/kg, i.p.) 
was administered on Day 4. S. chirayita extracts were administered 
orally once daily from Day 1 to Day 10.

Biochemical assessment
Kidney tissue homogenate and biological sample preparations
A blood sample using the retro-orbital plexus was collected and 
centrifuged for 20 min at 1000 rpm in direction to disperse the serum. 
On the last day of the experiment, urine samples were collected from 
24-h urine samples. Biochemical analysis was then conducted on both 
samples. The rodent was sacrificed, and the kidneys were extracted for 
biochemical assessment using 10%  w/v tissue homogenates in 0.1 M 
Tris-HCl buffer (pH 7.5), after centrifugation at 3000 rpm for 15 min [23].

Estimation of biochemical parameters
After 24  h of the last day, blood samples were collected by retro-
orbital puncture. The serum was rapidly separated and processed for 
the determination of serum Cr, serum urea, serum uric acid, etc., as an 
indicator of kidney damage, using commercially available kits from 
Span Diagnostics Private Ltd. [23].

Statistical analysis
Graph Pad Prism (version  8.0.2) is used to represent all statistical 
analyses as mean±standard error of the mean. Data were compared 
with the control using Tukey’s post hoc test after one-way analysis of 
variance, where p<0.05 was deemed statistically significant. *: p<0.05, 
**: p<0.01 and ***: p<0.001 indicated a significance.

RESULTS AND DISCUSSION

The preliminary phytochemical evaluation of S. chirayita extracts 
revealed the presence of several bioactive compounds that may 
contribute to its pharmacological activity. Extractive values indicated 
a higher yield with the aqueous extract (3.0%) compared to the 
methanolic extract (1.7%), both showing characteristic green coloration 
(Table  1). Phytochemical screening demonstrated that alkaloids, 
flavonoids, diterpenes, phenols, proteins, saponins, and sterols 
were variably present in both extracts, with the methanolic extract 
showing a broader phytoconstituent profile (Table 2). The quantitative 
estimation further supported this observation, where the methanolic 
extract contained higher levels of total phenols (1.22 mg/100 mg) and 
flavonoids (1.84 mg/100 mg) than the aqueous extract (Table 3).

The antioxidant activity determined by DPPH assay revealed 
concentration-dependent inhibition of free radicals, with the 
methanolic extract exhibiting stronger activity (IC50=54.65  µg/mL) 
compared to the aqueous extract (IC50=81.17 µg/mL), although both 
were less potent than ascorbic acid (IC50=21.87  µg/mL) (Table  4). 
Importantly, cytotoxicity studies in yeast cells showed no toxicity of the 
extract at tested concentrations, confirming its safety profile (Fig.  1). 
Growth curve analysis demonstrated a protective effect of S. chirayita 
extract on oxidative stress–sensitive ∆trx2 yeast strains, indicating its 
antioxidant and stress-protective potential (Fig. 2).

In vivo studies using a CP-induced toxicity model highlighted the 
protective efficacy of S. chirayita extracts. Administration of bioactive 

methanolic and aqueous extracts significantly ameliorated altered 
biochemical parameters. The methanolic extract, particularly at 
200  mg/kg, was more effective in reducing serum Cr and urea levels 
(Table  5), as well as uric acid (UA) and protein imbalance (Table  6). 
Nephroprotective activity was evident through the restoration of 
globulin and a marked reduction in AST and ALT levels (Tables 7 and 8). 
Antioxidant defense markers such as CAT and GSH were significantly 
restored, while malondialdehyde (MDA), a lipid peroxidation marker, 
was reduced in treated groups (Tables 8 and 9).

Moreover, S. chirayita demonstrated anti-inflammatory potential by 
markedly decreasing tumor necrosis factor (TNF)-α and interleukin 
(IL)-1β levels compared to the CP group (Table  10). The methanolic 
extract at 200  mg/kg showed the most pronounced effect, nearly 
restoring values close to the normal control.

Table 1: Extractive values of extracts of Swertia chirayita

S. No. Extracts Percentage of yield (w/w) Color of extractive
1 Methanolic 1.7 Sticky green
2 Aqueous 3.0 Solid green

Table 4: Percentage of Inhibition of ascorbic acid and the extract 
of Swertia chirayita

S. 
No.

Concentration 
(µg/mL)

Percentage of inhibition

Ascorbic 
acid

Methanolic 
extract

Aqueous 
extract

1 10 37.627 19.548 9.831
2 20 50.734 27.458 19.548
3 40 64.407 41.808 24.520
4 60 74.237 54.124 37.062
5 80 88.136 67.797 45.198
6 100 92.655 77.627 64.746
IC50 value 21.87 54.65 81.17

Table 2: Result of phytochemical screening of extracts of 
Swertia chirayita

S. No. Constituents Methanolic extract Aqueous extract
1. Alkaloids

Wagner’s test +ve +ve
Hager’s test −ve +ve

2. Glycosides
Conc. H2SO4 test −ve −ve

3. Flavonoids
Lead acetate test +ve +ve
Alkaline reagent test +ve ‑ve

4. Diterpenes
Copper acetate test +ve +ve

5. Phenol
Ferric chloride test −ve −ve
Folin–Ciocalteu test +ve +ve

6. Proteins
Xanthoproteic test −ve +ve

7. Carbohydrate
Fehling’s test −ve −ve
Benedict’s test −ve −ve

8. Saponins
Froth test −ve +ve

9. Tannins
Gelatin test −ve −ve

10. Sterols
Salkowski’s test −ve +ve

+Ve: Positive, −Ve: Negative

Table 3: Results of total phenol and flavonoid content of the 
extract of Swertia chirayita

S. 
No.

Extracts Total phenol content Total flavonoids content

mg/100 mg
1 Methanolic 1.22 1.84
2 Aqueous 0.91 1.56
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These findings establish that the methanolic extract of S. chirayita 
possesses superior phytochemical richness, antioxidant activity, 
nephroprotective, and anti-inflammatory effects compared to the 
aqueous extract. The observed protective role is likely attributed to its 
higher phenolic and flavonoid content, supporting its traditional use 
as a medicinal herb for oxidative stress and inflammation-associated 
disorders.

Toxicological study of SCA extract
Toxicological test of the extracts at tested concentrations proved to be 
safe to yeast in all the experimental groups.

Growth curve assay
A decrease in the number of yeast cells was observed (WT) in the 
H2O2-treated group relative to the normal, after incubation for 24  h 
in a significant (p<0.01) manner. The H2O2-induced growth halt was 
repaired by SCA, which was concentration-dependent in both the wild 
and Δtrx-2 strains. Initially, the extract showed a lag phase; after 6 h, 
it helped the cells to overcome the stress significantly (p<0.01), and 
the recovered cells showed a normal exponential phase as that of the 
control. Ascorbic acid served as the standard, which totally arrested 
the challenge and encouraged a normal growth curve for the treatment 
group.

Comparable to the standard (ascorbic acid), SCA (1.6 mg/mL) treated 
culture was significantly (p<0.01) able to overcome the growth 
inhibitory effect of the H2O2 after 24 h of incubation in WT yeast cells, 
whereas SCA failed to revert the H2O2-induced growth arrest in Δtrx-2 
strains.

PI staining method
From the previous investigations on yeast, we are not able to conclude 
about the viability of the cells. We confirmed it by another method, 
staining with PI, which is the nucleic acid-binding fluorescent probe. 
The moment membrane integrity is lost, the cell internalizes PI, and it 
reacts with double-stranded nucleic acid by intercalating between the 
bases, showing red fluorescence. Our findings show that incubating 
with H2O2 allowed PI infiltration of about 39.25±1.00% in the case of WT 
cells and 68.4±2.9% in the case of ∆trx2, yeast cells. The ascorbic acid-
treated group resulted in approximately 5 times reduction in PI-stained 
WT cells and ∆trx2 cells in comparison to the negative control. At the 
same time, the adaptive treatment with SCA resulted in a reduction in 
PI-stained WT cells and ∆trx2 strain by approximately 2.5 and 2 times, 
respectively, as compared to the negative control. The results indicate 
that SCA and ascorbic acid bring about adaptive changes in cells, which 

Table 5: Effect of extract of Swertia chirayita on serum creatinine and serum urea induced by CP

Group Drug and dose Serum creatinine (mg/dL) Serum urea (mg/dL)

Mean SEM Mean SEM
Group Ι Normal control (saline) 0.76 0.04 28.4 1.3
Group ΙI CP 2.88 0.12# 71.8 2.7#

Group III Standard group 0.80 0.04** 30.1 1.4**
Group ΙV CP+bioactive Me‑OH extract of S. chirayita (100) 1.15 0.06** 42.6 1.8**
Group V CP+bioactive Me‑OH extract of S. chirayita (200) 0.89 0.05*** 36.9 1.6***
Group VI CP+bioactive aqueous extract of S. chirayita (100) 1.37 0.07* 49.2 2*
Group VII CP+bioactive aqueous extract of S. chirayita (200) 0.98 0.04** 33.8 1.5**
CP: Cyclophosphamide, SEM: Standard error of the mean. Values are expressed in mean±S.E.M (n=6). A one‑way analysis of variance followed by Tukey’s post hoc test, 
#p<0.001 versus Normal, *p<0.05, **p<0.01, ***p<0.001 versus CP

Fig. 2: (a) Growth curve for wild-type yeast strains treated with Swertia chirayita aqueous (0.4 mg/mL, 0.8 mg/mL, 1.6 mg/mL). 
(b) Growth curve for ∆trx2 yeast strains treated by SCA (0.4 mg/mL, 0.8 mg/mL, 1.6 mg/mL)

Fig. 1: Cytotoxicity study in wild (BY4743) type of yeast cell 
treated with different concentrations of Swertia chirayita 

aqueous (0.2, 0.4, 0.8, and 1.6 mg) on a normal yeast extract-
peptone-dextrose plate, and the extract showed no toxicity
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could counteract against the reactive oxygen species, and can keep 
the cell membrane intact against H2O2 challenge. The cell membrane 
protective effect of SCA is comparable to that of the standard (Fig. 3).

CP can interfere with the antioxidant defense system and produce highly 
reactive oxygen-free radicals [24,25], which can be responsible for the 
hepatic oxidative damage (indicated by the high level of MDA) and AST 
disturbance in this study. Our finding indicates that treatment with CP 
decreases CAT and GSH (non-enzymatic) levels while increasing MDA 

Table 8: Effect of extract of Swertia chirayita on ALT levels induced by CP

Group Drug and dose ALT levels (IU/L) GSH levels (µmol/mg)

Mean SEM Mean SEM
Group Ι Normal control (saline) 48.6 2.1 7.45 0.22
Group ΙI CP 154.8 4.9# 2.38 0.15#

Group III Standard group 59.7 2.2** 4 0.2**
Group ΙV CP+bioactive Me‑OH extract of S. chirayita (100) 95.2 3.8* 5.12 0.2**
Group V CP+bioactive Me‑OH extract of S. chirayita (200) 74.6 3.2** 6.03 0.21***
Group VI CP+bioactive aqueous extract of S. chirayita (100) 106.9 4* 4.85 0.19*
Group VII CP+bioactive Aqueous extract of S. chirayita (200) 80.7 3.4** 5.94 0.2*
CP: Cyclophosphamide, SEM: Standard error of the mean, ALT: Alanine aminotransferase, GSH: Glutathione. Values are expressed in mean±S.E.M (n=6). A one‑way 
analysis of variance followed by Tukey’s post hoc test, #p<0.001 versus Normal, *p<0.05, **p<0.01, ***p<0.001 versus CP

Table 6: Effect of extract of Swertia chirayita on uric acid and protein induced by CP

Group Drug and dose Uric acid (mg/dL) Protein (g/dL)

Mean SEM Mean SEM
Group Ι Normal control (saline) 2.8   0.2 6.9 0.2
Group ΙI CP 6.5   0.3# 4.2 0.2#

Group III Standard group 3.1 0.2** 5.9 0.2**
Group ΙV CP+bioactive Me‑OH extract of S. chirayita (100) 4.2   0.2** 6.3 0.2**
Group V CP+bioactive Me‑OH extract of S. chirayita (200) 3.5   0.2*** 5.8 0.2***
Group VI CP+bioactive Aqueous extract of S. chirayita (100) 4.8   0.3* 6.4 0.2*
Group VII CP+bioactive aqueous extract of S. chirayita (200) 3.3   0.2** 5.6 0.2**
CP: Cyclophosphamide, SEM: Standard error of the mean. Values are expressed in mean±S.E.M (n=6). A one‑way analysis of variance followed by Tukey’s post hoc test, 
#p<0.001 versus Normal, *p<0.05, **p<0.01, ***p<0.001 versus CP

Table 9: Effect of extract of Swertia chirayita on CAT and MDA levels induced by CP

Group Drug and Dose CAT levels (U/mg) MDA levels (nmol/mg)

Mean SEM Mean SEM
Group Ι Normal control (saline) 45.6 1.8 1.8 0.12
Group ΙI CP 18.4 1.2# 5.6 0.25#

Group III Standard group 40.2 1.4** 2 0.14**
Group ΙV CP+bioactive Me‑OH extract of S. chirayita (100) 32.1 1.5** 3.4 0.18**
Group V CP+bioactive Me‑OH extract of S. chirayita (200) 38.9 1.6*** 2.9 0.15***
Group VI CP+bioactive aqueous extract of S. chirayita (100) 30.5 1.4* 3.7 0.17*
Group VII CP+bioactive aqueous extract of S. chirayita (200) 36.5 1.5** 3.1 0.16**
CP: Cyclophosphamide, SEM: Standard error of the mean, CAT: Catalase, MDA: Malondialdehyde. Values are expressed in mean±S.E.M (n=6). A one‑way analysis of 
variance followed by Tukey’s post hoc test, #p<0.001 versus Normal, *p<0.05, **p<0.01, ***p<0.001 versus CP

Table 7: Effect of extract of Swertia chirayita on globulin and AST levels induced by CP

Group Drug and dose Globulin (g/dL) AST levels (IU/L)

Mean SEM Mean SEM
Group Ι Normal control (saline) 2.9 0.1 74.3 3.1
Group ΙI CP 1.6 0.1# 182.5 5.4#

Group III Standard Group 3 01** 88.2** 3.2**
Group ΙV CP+bioactive Me‑OH extract of S. chirayita (100) 2.4 0.1** 110.2 4.2*
Group V CP+bioactive Me‑OH extract of S. chirayita (200) 2.7 0.1*** 91.7 3.6***
Group VI CP+bioactive aqueous extract of S. chirayita (100) 2.3 0.1* 120.6 4.4*
Group VII CP+bioactive aqueous extract of S. chirayita (200) 2.8 0.1** 95.3 3.7**
CP: Cyclophosphamide, SEM: Standard error of the mean, AST: Aspartate aminotransferase. Values are expressed in mean±S.E.M (n=6). A one‑way analysis of variance 
followed by Tukey’s post hoc test, #p<0.001 versus Normal, *p<0.05, **p<0.01, ***p<0.001 versus CP

levels in the tissues of the kidney in comparison to the negative control 
group levels. Both extracts at doses of 100  mg/kg and 200  mg/kg 
boost the antioxidant capacity in the damaged kidney, which could be 
explained by the nephroprotective mechanisms of naringenin on CP-
induced renal damage. These findings are in agreement with a previous 
report [26]. Hence, a multifactorial approach exists for the management 
of central pontine myelinolysis-induced nephrotoxicity. In line with this, 
it was found that natural products have been explicitly investigated for 
their role in various disease conditions, including as an adjuvant with 



260

Asian J Pharm Clin Res, Vol 19, Issue 2, 2026, 255-261
	 Pawar and Irchhiaya

Table 10: Effect of extract of Swertia chirayita on TNF‑α levels induced by CP

Group Drug and Dose TNF‑α levels (pg/mL) IL‑1β levels (pg/mL)

Mean SEM Mean SEM
Group Ι Normal control (saline) 15.2 1.1 12.8 1
Group ΙI CP 78.5 3.8# 65.7 3.5#

Group III Standard group 32.2 1** 28.6 2**
Group ΙII CP+bioactive Me‑OH extract of S. chirayita (100) 48.7 2.4** 42.6 2.1**
Group ΙV CP+bioactive Me‑OH extract of S. chirayita (200) 35.9 1.9*** 30.9 1.8***
Group V CP+bioactive aqueous extract of S. chirayita (100) 52.3 2.7* 45.8 2.3*
Group VI CP+bioactive aqueous extract of S. chirayita (200) 38.4 2** 33.5 1.9**
CP: Cyclophosphamide, SEM: Standard error of the mean, TNF‑α: Tumor necrosis factor‑alpha, IL‑1β: Interleukin‑1 beta. Values are expressed in mean±S.E.M (n=6). 
A one‑way analysis of variance followed by Tukey’s post hoc test, #p<0.001 versus Normal, *p<0.05, **p<0.01, ***p<0.001 versus CP

Fig. 3: Percentage of yeast strains (wild-type and ∆trx2), stained 
with propidium iodide**

chemotherapeutic agents [27]. The natural products possess significant 
antioxidant, anti-inflammatory, and nephroprotective properties. In 
addition, most of the natural products are considered safe to use, as 
these are used in traditional systems of medicine.

It also became necessary to highlight that being important mediators 
and mechanisms, such as oxidative stress and inflammation, these are 
not renal-specific markers. Henceforth, it became permissive to estimate 
and evaluate the level of renal-specific injury markers such as serum Cr, 
UA, blood urea nitrogen (BUN), and various other electrolytes [28,29]. 
UA, in normal physiology, undergoes renal excretion, and when its serum 
level increases beyond a certain level, it signifies compromised renal 
function and renal toxicity. Like UA, Cr, and BUN also indicate the extent 
of healthy renal activity, and their derailed level signifies damaged renal 
function [29]. Kidney injury molecule-1 (KIM-1) is another important 
and sensitive renal injury marker and has been extensively studied in 
various preclinical and clinical models [30,31]. Considering this fact, 
we will evaluate the serum levels of renal injury markers and KIM-1 in 
future studies along with the histopathological findings. It was found 
that CP administration effectively elevated the urea, UA, Cr, and BUN, 
validating the compromised renal function. S. chirayita, both extracts 
showed a promising renal protective effect, where the urea, UA, Cr, and 
BUN levels were reduced significantly.

CONCLUSION

The findings of the present investigation demonstrate that Swertia 
chirayita possesses significant antioxidant and cytoprotective 
activities, which effectively counteract CP-induced biochemical and 
oxidative stress alterations. The methanolic extract, rich in phenolic 
and flavonoid compounds, exhibited superior free radical scavenging 
activity and provided better restoration of liver and kidney function 
markers compared to the aqueous extract. Improvement in enzymatic 
antioxidants (GSH, CAT) and reduction in oxidative markers (MDA) 
as well as pro-inflammatory cytokines (TNF-α, IL-1β) further confirm 
the therapeutic potential of the plant. S. chirayita can be considered 
a promising natural candidate for the management of drug-induced 
toxicity and related oxidative stress disorders.

AUTHOR CONTRIBUTION

Sulakshana Pawar is working on her Ph.D research work topic. 
Raghuveer Irchhiaya is contributing to designing the research concept 
and mentoring on the research project.

CONFLICTS OF INTEREST

None.

AUTHOR FUNDING

None.

REFERENCES

1.	 Ahlmann M, Hempel G. The effect of cyclophosphamide on the 
immune system: Implications for clinical cancer therapy. Cancer 
Chemother Pharmacol. 2016;78(4):661-71. doi: 10.1007/s00280-016-
3152-1, PMID 27646791

2.	 Haghi-Aminjan H, Farhood B, Rahimifard M, Didari T, Baeeri M, 
Hassani S, et al. The protective role of melatonin in chemotherapy-
induced nephrotoxicity: A  systematic review of non-clinical 
studies. Expert Opin Drug Metab Toxicol. 2018;14(9):937-50. 
doi: 10.1080/17425255.2018.1513492, PMID 30118646

3.	 Chen C, Xie D, Gewirtz DA, Li N. Nephrotoxicity in cancer treatment: 
An update. Adv Cancer Res. 2022;155:77-129. doi: 10.1016/
bs.acr.2022.03.005, PMID 35779877, PMCID PMC11017963

4.	 Unsal V, Cicek M, Sabancilar İ. Toxicity of carbon tetrachloride, 
free radicals and role of antioxidants. Rev Environ Health. 
2021;36(2):279-95. doi: 10.1515/reveh-2020-0048, PMID 32970608

5.	 MacAllister SL, Martin-Brisac N, Lau V, Yang K, O’Brien  PJ. 
Acrolein and chloroacetaldehyde: An examination of the 
cell and cell-free biomarkers of toxicity. Chem-Biol Interact. 
2013  Feb  25;202(1-3):259-66. doi: 10.1016/j.cbi.2012.11.017, 
PMID 23220588

6.	 Forni C, Facchiano F, Bartoli M, Pieretti S, Facchiano A, 
D’Arcangelo D, et al. Beneficial role of phytochemicals on oxidative 
stress and age-related diseases. Biomed Res Int. 2019;2019(1):8748253. 
doi: 10.1155/2019/8748253, PMID 31080832

7.	 Kumar V, Van Staden J. A review of Swertia chirayita (Gentianaceae) 
as a traditional medicinal plant. Front Pharmacol. 2016 Jan 12;6:308. 



261

Asian J Pharm Clin Res, Vol 19, Issue 2, 2026, 255-261
	 Pawar and Irchhiaya

doi: 10.3389/fphar.2015.00308, PMID 26793105
8.	 Jauhari N, Bharadvaja N, Sharma N. Swertia chirata: A comprehensive 

review with recent advances. Curr Pharm Biotechnol. 
2017  Jul  1;18(9):730-9. doi: 10.2174/1389201018666171026153515, 
PMID 29076426

9.	 Verma D, Pundir S, Goyal R, Aljabali AA, Dua K, Chellappan DK, 
et  al. Versatile therapeutic potential of Swertia chirayita(roxb.) H. 
Karst: A  review. Chem Afr. 2024  Aug;7(6):2941-61. doi: 10.1007/
s42250-024-00978-3

10.	 Panthari D, Saklani K, Chandra S, Ghosal P, Saklani S, Purohit VK. 
Exploring Swertia: Ethnobotanical insights, medicinal potential, 
and conservation strategies. Afr J Biomed Res. 2025;27:6668-96. 
doi: 10.53555/AJBR.v27i3S.5742

11.	 Dey P, Singh J, Suluvoy JK, Dilip KJ, Nayak J. Utilization of Swertia 
chirayita plant extracts for management of diabetes and associated 
disorders: Present status, future prospects and limitations. Nat Prod 
Bioprospect. 2020  Dec;10(6):431-43. doi: 10.1007/s13659-020-
00277-7, PMID 33118125

12.	 Hameed A, Zafar M, Majeed S, Alhomaidi E, Makhkamov T, 
Naraliyeva  N, et al. Bioactive compounds from Swertia kingie 
Hook. f.: A  promising resource for innovative crop disease 
management under changing environmental conditions. J Phytopathol. 
2025 May;173(3):e70067. doi: 10.1111/jph.70067

13.	 Khanal S, Shakya N, Thapa K, Pant DR. Phytochemical investigation 
of crude methanol extracts of different species of Swertia from Nepal. 
BMC Res Notes. 2015  Dec  26;8(1):821. doi: 10.1186/s13104-015-
1753-0, PMID 26708007

14.	 Chen Y, Huang B, He J, Han L, Zhan Y, Wang Y. In vitro and in vivo 
antioxidant effects of the ethanolic extract of Swertia chirayita. 
J  Ethnopharmacol. 2011  Jun  22;136(2):309-15. doi: 10.1016/j.
jep.2011.04.058, PMID 21549823

15.	 Saefurahman G, Rahman AA, Hidayatuloh S, Farobie O, Abidin  Z. 
Continuous extraction of Spirulina platensis biopigments using 
different extraction sequences. IOP Conf S Earth Environ Sci. 
2021 May 1;749(1):012005. doi: 10.1088/1755-1315/749/1/012005

16.	 Bora RE, Khakhalary SE, Dutta TA. Phytochemical profiling, 
assessment of total phenolic content, total flavonoid content, and 
antioxidant activity of ethnomedicinal plant, Meyna spinosa from 
Assam. Asian J Pharm Clin Res. 2019;12(11):61-3. doi: 10.22159/
ajpcr.2019.v12i11.34616

17.	 Alam NU, Sharma KR. Estimation of phenolic content, flavonoid 
content, antioxidant, and alpha-amylase inhibitory activity of some 
selected plants from Siraha district Nepal. Asian J Pharm Clin Res. 
2020;13(4):18-23. doi: 10.22159/ajpcr.2020.v13i4.36734

18.	 Zhao Y, Du SK, Wang H, Cai M. In vitro antioxidant activity of 
extracts from common legumes. Food Chem. 2014  Jun  1;152:462-6. 
doi: 10.1016/j.foodchem.2013.12.006, PMID 24444962

19.	 Kumar S, Pawar RS, Jain D. Metabolic profile elucidation of Ventilago 
calyculataa queous extract attenuating sequelae of aspirin retarded 
wound healing. Pharmacogn Mag. 2019;15(66):426-32. doi: 10.1089/
ars.2011.4115

20.	 Lakshmi PK, Kumar S, Dobriyal N, Sahi C, Pawar RS. Ameliorative 
effect of Tinospora tuberculata in insulin resistance: Potential roles 
of oxidative stress resistance and heat shock protein 70 (Hsp 70) 
modulation. Pharmacogn Mag. 2020;16(72):769. doi: 10.4103_366_20

21.	 Mahipal P, Pawar RS. Nephroprotective effect of Murraya koenigii on 
cyclophosphamide induced nephrotoxicity in rats. Asian Pac J Trop 
Med. 2017  Aug  1;10(8):808-12. doi: 10.1016/j.apjtm.2017.08.005, 
PMID 28942830

22.	 Thippeswamy BS, Mishra B, Veerapur VP, Gupta G. Anxiolytic 
activity of Nymphaea alba Linn. In mice as experimental models of 
anxiety. Indian J Pharmacol. 2011 Jan 1;43(1):50-5. doi: 10.4103/0253-
7613.75670, PMID 21455422

23.	 Kalantar M, Goudarzi M, Khodayar MJ, Babaei J, Foruozandeh H, 
Bakhtiari N, et al. Protective effects of the hydroalcoholic extract of 
Capparis spinosa L. Against cyclophosphamide-induced nephrotoxicity 
in mice. Jundishapur J Nat Pharm Prod. 2016;11(4):e37240. 
doi: 10.17795/jjnpp-37240

24.	 Oyagbemi AA, Omobowale OT, Asenuga ER, Akinleye AS, 
Ogunsanwo RO, Saba AB. Cyclophosphamide-induced hepatotoxicity 
in wistar rats: The modulatory role of gallic acid as a hepatoprotective 
and chemopreventive phytochemical. Int J Prev Med. 2016;7(1):51. 
doi: 10.4103/2008-7802.177898

25.	 Sherif IO. The effect of natural antioxidants in cyclophosphamide-
induced hepatotoxicity: Role of Nrf2/HO-1 pathway. Int 
Immunopharmacol. 2018;61:29-36. doi: 10.1016/j.intimp.2018.05.007, 
PMID 29800788

26.	 Ahmed O, Fahim H, Ahmed H, Mahmoud B, Aljohani S, 
Abdelazeem  W. The nephropreventive and antioxidant effects of 
navel orange peel hydroethanolic extract, naringin and naringenin in 
n-acetyl-p-aminophenol-administered Wistar rats. Adv Anim Veter Sci. 
2019;7:96-105.

27.	 Ayza MA, Zewdie KA, Yigzaw EF, Ayele SG, Tesfaye BA, 
Tafere GG, et al. Potential protective effects of antioxidants 
against cyclophosphamide-induced nephrotoxicity. Int J Nephrol. 
2022;2022:5096825. doi: 10.1155/2022/5096825, PMID 35469319

28.	 Uyumlu AB, Satılmış B, Atıcı B, Taşlıdere A. Phenethyl isothiocyanate 
protects against cyclophosphamide-induced nephrotoxicity via 
nuclear factor E2-related factor 2 pathway in rats. Exp Biol Med 
(Maywood). 2023;248(2):157-64. doi: 10.1177/15353702221139206, 
PMID 36598044

29.	 Hu J, Tong C, Zhou J, Gao C, Olatunji OJ. Protective effects of 
Shorea roxburghii phenolic extract on nephrotoxicity induced by 
cyclophosphamide: Impact on oxidative stress, biochemical and 
histopathological alterations. Chem Biodivers. 2022;19(5):e202200053. 
doi: 10.1002/cbdv.202200053, PMID 35352457

30.	 Bonventre JV. Kidney injury Molecule-1 (KIM-1): A  specific and 
sensitive biomarker of kidney injury. Scand J Clin Lab Invest Suppl. 
2008;241:78-83. doi: 10.1080/00365510802145059, PMID 18569971

31.	 Rees AJ, Kain R. KIM-1/Tim-1: From biomarker to therapeutic target? 
Nephrol Dial Transplant. 2008;23(11):3394-6. doi: 10.1093/ndt/
gfn480, PMID 18769021


