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Cyclophosphamide (CYP), an alkylating anticancer drug, is one of the main chemotherapy drug used to treat variety
of cancers that are linked to severe organ toxicities. Due to clinical manifestation on a wide range of organ systems,
toxicities place restrictions on dose escalation needed to treat advanced stages of cancer. The current investigation
aims to determine the protective effect of Argyreia speciosa (AS) root extract against CYP-induced cardiotoxicity,
testicular toxicity, gastrointestinal toxicity, and haematotoxicity. The methanolic and aqueous extracts were prepared
by maceration method and the toluene extract was prepared by soxhlet extraction methods. Adult male Wistar rats
were divided into five groups: control, CYP (100 mg/kg) treated, CYP (100 mg/kg) + amifostine (200 mg/kg) treated,
CYP (100 mg/kg) + low dose of AS root extract (100 mg/kg) treated, and CYP (100 mg/kg) + high dose of AS root
extract (300 mg/kg) treated. AS root extract protects CYP-induced damages in cardiac, testicular, and gastrointestinal
tissue but hematological results do not show a significant difference. AS enhances the antioxidant defense of the
body, reduces cellular damage and abnormal histomorphological alterations. The low dose of AS (100 mg/kg) is
found to be effective in mitigating and preventing the toxicities induced by CYP.

INTRODUCTION

Cyclophosphamide  (CYP), also known as

As per WHO, cancer is a large cluster of diseases
where the abnormal cells of any organ or tissue grow extensively
beyond their growth boundaries and invade the neighboring
parts of the organs and tissues in the body (WHO, 2020).
There are over 100 different types of cancer (Cooper, 2000).
The treatment options available for cancer treatment includes
radiation therapy, chemotherapy, immunotherapy, surgery, or
stem cell transplant. Despite the adverse effects, chemotherapy
is one of the most effective approaches (Huang et al., 2017).
Due to their increased toxicity profiles, chemotherapy, and
particularly chemotherapeutic agents, are known to produce
either acute or chronic organ toxicities at varying levels
(Chambers, 1987; Chan and Ismail, 2014; Nurgali et al., 2018).
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cytophosphane, is an oxazaphosphorine agent used in anticancer
chemotherapy and as an immunosuppressive agent (Anderson
etal.,1995;Millsetal.,2019). CYPis a type of nitrogen mustard
drug, it metabolizes to an active form capable of inhibiting
protein synthesis through DNA and RNA crosslinking (Colvin,
1999). Most of the antineoplastic effects of CYP are due to the
phosphoramide mustard formed from the metabolism of the
drug by liver enzymes such as cytochrome P-450 which converts
CYP to hydroxy CYP and then subsequently metabolizes to
aldophosphamide. It cleaved to the active alkylating agent
phosphoramide mustard and acrolein. The phosphoramide
metabolite forms cross-linkages within and between adjacent
DNA strands at the guanine N-7 position and eventually leads
to programmed cell death. Acrolein is a toxic metabolite that is
responsible for organ toxicity by CYP (International Agency for
Research on Cancer, 2012; Moghe et al., 2015).
Cardiotoxicity, reproductive toxicity, gastrointestinal
toxicity, and hematotoxicity are the primary chronic CYP-
induced toxicities. Uncertainty exists regarding the processes
by which CYP therapy and associated significant malignancy
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led to organ damage (Poorvu et al., 2019). However, the
proposed mechanisms by which toxicities are induced include
inducing oxidative stress in the mitochondria that leads to
DNA damage and peroxidation of membrane lipids, critical
thiol functional groups of proteins that cause apoptotic changes
and inflammation, as well as reduce the enzymes involved
in the citric acid cycle (tricarboxylic acid), which disrupts
cellular respiration and adenosine triphosphate production
(Ghobadi et al., 2017). Therefore, it is of great importance to
reduce toxicities with supplementary treatments that enhance
antioxidant defense systems (Uyar et al., 2018).

Argyreia speciosa (AS) is a woody climber belonging
to the Convolvulaceae family. The common name of AS includes
Hawaiian Baby Woodrose and Elephant Creeper, and it is found
throughout India (Galani et al., 2010). It is well documented
for its various effects from antioxidant, hepatoprotective,
immunomodulatory, and anti-inflammatory to antimicrobial,
analgesic, aphrodisiac, and central nervous system depressant
properties (Habbu e al., 2008). The extract from roots of
AS contains 5,8-oxidotetracosan-10-one and tetradecanyl
palmitate (Rani and Shukla, 1997), two aryl esters-hexadecanyl
p-hydroxycinnamate and stigmasteryl p-hydroxycinnamate
(Srivastava and Shukla, 1998), and coumarin scopoletin was
also isolated from the roots along with several esters of fatty
acids. Other isolated molecules from the root include coumarin
glycosides called L-ester coumarin and 6-methoxy-7-0-alpha-
D-glu (Chhavi ef al., 2017; Galani et al., 2010; Joseph et al.,
2011) and ergoline type of alkaloids and quercetin-type of
flavonoids. A specific ergoline alkaloid N-methyl ergometrine
was isolated from the alkaloidal fraction of the root of AS (Vyas
et al., 2019). The present study is designed to investigate the
protective effects of AS root extract against CYP-induced organ
toxicities: cardiotoxicity, gonadal toxicity, gastrointestinal
toxicity, and haematotoxicity. Amifostine was chosen as a
standard protective agent for reference. The efficacy of AS
root extract was evaluated using different biochemical assays,
electrocardiogram measurements, and histopathology analysis.

MATERIALS AND METHODS

Chemicals

CYP (Cycloxan- Zydus Celexa), amifostine, methanol,
toluene (Merck Lifescience Pvt. Ltd.), cardiac kinase—MB (CK-
MB) kit, lactate dehydrogenase (LDH) kit (Arkray Healthcare
Pvt. Ltd.), thiobarbituric acid, sodium dodecyl sulfate,
acetic acid, potassium chloride, butanol, pyridine (HiMedia
Laboratories Pvt. Ltd.), tetramethoxypropane, ethylenediamine
tetra acetic acid (EDTA), phosphate buffer, hydrogen peroxide,
Tris, Triton- X 100, and nitro blue tetrazolium, pyrogallol (TCI
Chemicals Pvt. Ltd.)

Experimental animals

Male albino Wistar rats of age 8-10 weeks and
weighing 150-200 g used in the present studies were procured
from the animal house of the Sun Pharma Advanced Research
Centre, Vadodara. All the animals were kept under the standard
environment condition at 23°C + 2°C (under well-ventilated
room conditions with 12 hours light/12 hours dark cycle) and

were allowed free access to a standard diet and clean drinking
water. The rats were adapted to laboratory conditions for 7 days
prior to experiments. The studies were performed with the
approval of the Institutional Animal Ethics Committee (IAEC)
at Ramanbhai Patel College of Pharmacy, CHARUSAT (RPCP/
IAEC/2020-21/R132).

Experimental protocol

The animals were divided into five groups. Group 1:
Normal animals (6 rats) were considered as a control group.
Group 2: CYP at a dose of 100 mg/kg was administered
subcutaneously to 10 animals for 2 days. Group 3: CYP at a
dose of 100 mg/kg was administered subcutaneously followed
by amifostine at a dose of 200 mg/kg intraperitoneally to 8
animals for 14 days. Group 4: CYP at a dose of 100 mg/kg
was administered subcutaneously followed by a low dose of AS
root extract at a dose of 100 mg/kg orally to 8 animals for 14
days. Group 5: CYP at a dose of 100 mg/kg was administered
subcutaneously followed by a high dose of AS root extract at
a dose of 300 mg/kg orally to 8 animals for 14 days. A sixth
group was included to standardize the CYP-induced toxicity
model. The study lasted for 14 days, and on the 15th day,
all the animals were euthanized by an overdose of ketamine
(100 mg/kg) (CPCSEA, 2018; Stankiewicz and Skrzydlewska,
2005; Swamy et al., 2013).

Collection of plant materials

AS root powder was collected from a local herbal
shop in Nadiad, Gujarat. The plant powder was identified in the
Department of Pharmacognosy, RPCP.

Preparation of crude extract

Three different extracts of root powder of AS were
prepared for the experimental purpose. The methanolic extract
and aqueous extract were prepared by maceration method (for
4 days) and the toluene extract was prepared by using Soxhlet

Figure 1. TLC profile of active phytoconstituents; (A) Scopoletin at 366 nm,
(B) Quercetin at 254 nm.
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apparatus. From the results of preliminary phytochemical tests,
it was observed that methanolic extract contains alkaloids,
aqueous extract contains carbohydrates and toluene extract
contains steroids and triterpenoids (Vyas et al., 2019).

Thin layer chromatography (TLC)

For confirmation of Quercetin and Scopoletin, TLC
was performed. ALUGRAMR Xtra SIL G/UV254 TLC-sheets
were used for the stationary phase and the mobile phase used
was Toluene: Ethyl acetate: Glacial acetic acid (5:4:0.5%/V/V)
for the quercetin and Toluene: Ethyl acetate: Formic acid
(7:3:1%V/V) for scopoletin. With compared to standards,
quercetin was identified at a short ultraviolet (UV) range (254
nm) and scopoletin was observed at a long UV range (366 nm)
(Vyas et al., 2019).

Dose preparation

Methanol extract and Toluene extract each were
dissolved in 3 ml of distilled water using Tween-80 as a
dissolution aid. Water soluble extract was dissolved in 4 ml of
distilled water. All the extracts were combined and stirred to
form a dose with a final volume of 10 ml.

Electrocardiographic (ECG) studies

Cardiac recordings were made using a digital
electrocardiograph (BIOPAC MP-36). The changes in heart
rate and ST segment variations were observed and evaluated
(Maheshkumar et al., 2016).

Blood collection and parameter estimation

After 24 hours of the last dose, all rats were anesthetized
under ketamine (75 mg/kg) and xylazine (10 mg/kg) anesthesia
intraperitoneally and blood was collected by the retro-orbital
puncture. For the estimation of hematological parameters, the
blood was given to CHARUSAT Hospital, Changa. The total
blood count was estimated by the Mindray BC-5130 analyzer.
The serum was separated through centrifugation at 5,000 rpm
for 9 minutes and used for the estimation of marker enzymes
(Ohaeri, 2001).

Determination of cardiac markers

The serum that was collected was analyzed for the
activities of LDH and CK-MB. The estimation was done using
commercial kits obtained from Arkray Healthcare Pvt. Ltd.

Sample collection of sperm

The animals were euthanized and the testis were
exposed via a midline scrotal incision. The cauda epididymis
was then identified and isolated carefully. The cauda epididymis
was scraped in a petri dish with 10% phosphate buffer solution
and left for around 10 minutes. The resulting milky suspension
was filtered and used for further analysis (Srinivasulu and
Changamma, 2017).

Sperm count

The filtered milky suspension of sperm was mixed
with 1% aqueous Eosin Y in a ratio of 10:1 and kept aside
for 15 minutes for the staining of sperm. Sperm count was

performed in a white blood cell (WBC) counting chamber at
40x% in the light microscope. The average number of sperm per
chamber was calculated according to the number of counted
cells and hemocytometer dimensions (Afsar et al., 2017).

Preparation of tissue homogenate—heart and testis

The animals were euthanized using an overdose of
Ketamine. The same procedure was carried out for both the
heart and testis. The animals were dissected, and the organs
were isolated from an animal from each group. Portions of the
organ’s tissue were cut and homogenized in a 10% phosphate
buffer solution with pH 7.4. The homogenate was centrifuged
at 4,000x g for 18 minutes. The supernatant was collected in an
Eppendorf and was used for further analysis (Ali ef al., 2020).

Oxidative stress estimation

Malondialdehyde (MDA)

0.2 ml of 8.1% sodium dodecyl sulfate, 1.5 ml of
20% acetic acid, and 1.5 ml of 0.81% thiobarbituric acid
were added in succession. To this mixture, 0.2 ml of tissue
homogenate was added. Then, the prepared mixture was
heated over a water bath for 60 minutes and was then allowed
to cool. After cooling to room temperature, 5 ml of butanol:
pyridine(15:1 v/v) solution was added immediately. It was then
kept in a centrifuge for 15 minutes at a speed of 5,000 rpm.
On centrifugation, the organic layer that was formed above
was separated and the intensity of the resulting pink color
was read at 532 nm. In this method, tetramethoxypropane
was used as an external standard and the lipid peroxide is
expressed as nmol of MDA formed in pmol/g wet weight for
lenses (Ohkawa et al., 1979).

Catalase (CAT)

1 ml of supernatant was added to the cuvette
containing 1.9 ml of 50 mM phosphate buffer with a pH of 7.0.
This reaction was initiated by the addition of 1.0 ml of freshly
prepared 30 mM H,O,. The rate of degradation of H,O, was
assessed spectrophotometrically by recording the changes
in absorbance at 240 nm. The activity of CAT is generally

expressed as units/mg protein (Hugo and Lester, 1984).

Superoxide dismutase

0.25 ml of supernatant was added to the reaction
mixture containing 0.5 ml tris EDTA buffer, 0.1 ml of Triton-X
100, and 0.1 ml of nitro blue tetrazolium, and the reaction was
initiated by adding pyrogallol. The changes were recorded in
absorbance spectrophotometrically at 546 nm every 30 seconds
for about 40 minutes. The activity of superoxide dismutase
(SOD) is generally expressed in units/mg protein (Masayasu
and Hiroshi, 1979).

Preparation of tissue homogenate— seminal vesicles

After dissection, seminal vesicles were isolated from
animals of each group and homogenized in distilled water.
Homogenate was centrifuged at 4,000 g for 18 minutes.
The supernatant was collected in an Eppendorf and was used
for fructose content estimation (Ali et al., 2020).
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Estimation of fructose content in seminal vesicles

The supernatant fluid collected after homogenization
and centrifugation of seminal vesicles was taken in a test tube.
To 1 ml of supernatant fluid, 0.5 ml of resorcinol and 1.5 ml
of HCL were added. The resulting mixture was heated at 80°C
for 12 minutes in a water bath. The resorcinol in the mixture
reacts with fructose to form a rosy color, which was measured
at 500 nm using a spectrophotometer (Chauhan et al., 2011).

Histopathological examination

After the last treatment, the animals were euthanized
using an overdose of Ketamine. The animals were dissected, and
organ samples (heart, testis, tongue, duodenum, and colon) were
collected. The separated organs were washed in saline solution
before being kept in a 40% of formalin solution. The samples
were subsequently sent to the Vadodara Clinical Laboratory for
pathological analysis (Maynard and Downes, 2019).

Statistical analysis

Data is stated as mean = SEM, for various parameters
that were carried out. Statistical comparison between different
groups was carried out using a one-way analysis of variance
(ANOVA) followed by Tukey’s multiple comparison tests. The
values in the table and graph are expressed as mean = SEM of
6 animals. A p-value of 0.05 or less was taken as a criterion for
a statistically significant difference with a confidence level of
95%. Statistical analysis was carried out using GraphPad Prism
8.4.3 software.

RESULTS AND DISCUSSION

CYP is a potent anticancer, immunosuppressive, and
immunomodulatory chemotherapeutic drug, which is classified
as an alkylating agent. The anticancer effect of CYP is dose-
dependent, and higher doses of CYP lead to the induction
of various toxicities like cardiotoxicity, testicular toxicity,
gastrointestinal toxicity, and haematotoxicity (Taniguchi, 2005).
Plant sources have always been a major source of free radical
quenching active principles and these plant-based therapies are
a part of our vast repository of traditional medicines (Henkel
etal.,2005). AS is a native Indian medicinal plant with a variety
of uses in traditional medicines out of which its antioxidant,
anti-inflammatory, and spermatogenic properties are highly
appreciated. Therefore, the main objective of this study was to
investigate the effect of AS plant extract against CYP-induced
testicular toxicity, cardiotoxicity, gastrointestinal toxicity, and
haematotoxicity.

Preliminary phytochemical tests

For preliminary phytochemical screening, various
tests were performed. Dragendroff’s test was performed for
alkaloids, Molisch’s test was performed for carbohydrates, for
flavonoids, Shinoda’s test was performed, Froth formation test
was performed for saponins, Libermann-Burchard test was
performed for steroids, Ferric chloride test was performed
for tannin and protein Biuret test was performed (Kokate
et al., 2021). Based on the results obtained from preliminary
tests, it was found that in the plant extract alkaloids, steroids,
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Figure 2. Effect of treatments on various physiological parameters. (A): % Decrease in BW, (B): % GSI, (C): heart weight/BW ratio, (D): Sperm count, (E): Fructose
level. All values are expressed as mean +£ SEM of six animals. a, p < 0.05 versus control; b, p <0.05 versus CYP treated; c, p < 0.05 versus CYP + Amifostine treated;
d, p <0.05 versus CYP + Test low dose treated; e, p < 0.05 versus CYP + high dose treated. One-way ANOVA followed by Tukey’s multiple comparison tests using

GraphPad Prism software.



Patel et al. / Journal of Applied Pharmaceutical Science 13 (12); 2023: 153-161 157

carbohydrates, and flavonoids were present while saponin,
tannin, and protein were absent.

Thin layer chromatography

After placing standard and test marker at the
respective places, the existence of a specific phytoconstituent
was established by ascending of mobile phase at to maximum
height and comparing of Retention factor (Fig. 1).

Total blood count

The study results of hematological parameters show
that both doses of the test drug were not able to improve
blood counts which were disturbed due to the toxicity of CYP
(Table 1). The reason behind this can be that the test drug
protects vital organ tissue cells against CYP-induced toxicities
but are unable to protect blood cells.

Physiological parameters

Toxicological studies greatly rely upon the weight of
animals and specific organs, and they constitute an essential
benchmark for the studies (Desai et al., 2016). AS root extract
administration prevented weight reduction in rats up to an extent
as compared to the CYP-treated group (Fig. 2). The retardation in
the body weight (BW) of rats can be attributed to various factors
that include anorectic properties of the CYP (Merwid-Lad et al.,
2015) or the toxicities induced by CYP which includes diarrhea,
gastro-intestinal ulceration, or cell growth disruption.

Primarily, the effect of AS against testicular toxicity
was observed and evaluated using spermatogenic and
biochemical parameters along with histopathological changes.
Several effects of chemotherapeutic drugs on testicular
damage have been established (Uyar ef al., 2018). From the
observations, it is observed that AS is found to decrease lipid
peroxidation levels along with the reduction in the MDA
content and thereby, increasing the antioxidant capacity.
Reduction in testicular weight may be due to the decreased
number of germ cells and elongated spermatids (Katoh ez al.,
2002). Results of gonadosomatic index (GSI) revealed that a
low dose of AS root extract had high GSI as compared to the
CYP + amifostine treated group and CYP + high dose treated
group of the test drug.

Semen analysis plays a foremost role in the
evaluation of male factor infertility. The epididymal sperm
concentration in CYP-treated rats was less as compared to the
control rats. The reduced sperm count clearly demonstrates
the removal of sperm cells at various stages of development
and points to the harmful reactive oxygen species (ROS)
produced by CYP metabolism. Furthermore, at some stages
of the germinal cycle, CYP triggers an increase in apoptosis
(Cai et al., 1997). The increase in sperm concentration on
root extract administration can be presumed to be because
of an increase in the concentration of hormones that affect
metabolism and steroid secretion in testis (McLachlan et al.,
2002).
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Figure 3. Effect of treatments on oxidative stress and ECG parameters. (A): LDH level, (B): CK-MB level, (C): MDA level, (D): Catalase, (E): SOD, (F): ST segment.
All values are expressed as mean £ SEM of six animals. a, p < 0.05 versus control; b, p < 0.05 versus CYP treated; c, p < 0.05 versus CYP + Amifostine treated;
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GraphPad Prism software.
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Table 1. Total blood count parameters.

Mean + SEM
Groups RBC WBC Platelets Lymphocytes
(million/cmm) (thousand/cmm) (lakh/cmm) (% population)
Control 7.523+£0.24 7.945+1.35 866.6 +£23.43 53.4£23.30
CYP-treated 5.296 £ 1.89* 0.043 £ 0.009* 13.833 +£7.84* 70.26 + 14.26a
CYP + Standard 4213 +1.02%° 0.031 +0.008° 9.833£1.18 75.38 £9.70a
CYP + low-dose-treated 4.633 + 1.228b¢ 0.038 = 0.008* 5.5+ 1.5%0¢ 47.23 £16.43b,c
CYP + high-dose-treated 2.246 + 0.460<4 0.045 +0.012° 4+ 1.15%0¢ 36.76 + 8.413bed

All values are expressed as mean = SEM of six animals. *p < 0.05 versus control; » < 0.05 versus CYP treated; °p < 0.05 versus CYP + Amifostine
treated; 9 < 0.05 versus CYP + test low dose treated; °p < 0.05 versus CYP + high-dose-treated. One-way ANOVA followed by Tukey’s multiple

comparison tests using GraphPad Prism software.

Figure 4. A-F: Effect of AS on histology of heart. (A): Hematoxylin and Eosin
(H & E) stained microscopic section (100 um) of control rat’s heart shows
normal cardiac muscle bundle. (B): H & E stained microscopic section (100
um) of CYP treated (100 mg/kg) rat’s heart shows extensive cardiac injuries
with necrotic damage. (C): H & E stained microscopic section (100 pm) of
CYP (100 mg/kg) + amifostine (200 mg/kg) group rat’s heart shows necrosis
and interstitial edema in minimal areas along with contraction band necrosis
in myocardial fibers. (D): (H & E) stained microscopic section (100 pm) of
CYP (100 mg/kg) + low dose (100 mg/kg) treated group rat’s heart shows mild
necrosis and interstitial edema. (E): (H & E) stained microscopic section (100
pm) of CYP (100 mg/kg) + high dose (300 mg/kg) treated group rat’s heart
shows reactive swollen viable myocardium, intravascular thrombus, contraction
band necrosis; N-necrosis, CB-contraction band necrosis, IV-T-intravascular
thrombus, SVM-swollen viable myocardium, and IE-interstitial edema.

ECG studies

CYP was observed to induce changes in ECG
patterns such as a decrease in the heart rate, P wave inversion,
prolongation of QT interval, PR interval, ST interval difference,
and decrease in R wave amplitude (Fig. 3). The CYP + high
dose treated group of test drug showed changes identical to that
of CYP + amifostine treated group. The CYP + low dose treated
group of the test drug would not completely normalize the ST
segment but was found to reduce the amplitude of ST segment.

Cardiac markers estimation and oxidative stress estimation

Cardiotoxicity caused by CYP is due to impaired
mitochondrial metabolism (Swamy ef a/., 2013). Cardiotoxicity
caused by the generation of free radicals (Gunes et al., 2017)
causes significant damage to a cell’s membrane integrity
accompanied by endothelial and vascular damage to the

myocardium. According to some studies, the estimation of
cardiac-specific biomarkers such as CK-MB, LDH, troponin,
and myoglobin has been observed to evaluate the cardiac injury
in a more precise manner (Benstoem et al., 2015; Gunes ef al.,
2017). The data demonstrated here shows that CYP causes an
increase in the levels of enzymes like LDH, CK-MB, and MDA,
which are associated with certain types of cardiac damage. On
one hand, CYP-induced cardiotoxicity successfully elevates
the biomarker enzyme levels but on the other hand, AS was
not able to stop the rupture and extra leakage but helped in
reducing the levels of lipid peroxidation, LDH and CK-MB. So,
this confirms that AS cannot restrict the leakage of biochemical
markers, but it was observed that the rupture and leakage were
controlled up to an extent in low doses due to its antioxidant and
membrane stabilizing properties. In the CYP + low dose treated
group of the test drug, inflammation was controlled while in
the CYP-treated group, inflammation was observed. As a result
of changes in antioxidant parameters, it was demonstrated that
CYP increased lipid peroxidation in rat blood (Alhumaidha
et al., 2016). For oxidative stress estimation, a fall in CAT and
superoxide dismutase levels was seen but the low dose of AS
displayed a control in the fall of oxidative stress level which
shows the antioxidant properties of AS.

Histopathological studies

Heart

The tissue in the control group appears normal and
stable. The CYP + amifostine-treated group shows necrosis
and interstitial edema in minimal areas along with contraction
band necrosis in myocardial fibers. The CYP-treated group had
extensive cardiac injuries with almost 80% necrotic damage
such as inflammation, necrosis, interstitial edema, reactive
swollen viable myocardium, intravascular thrombus along
with interstitial fibrin deposition and contraction band necrosis
in myocardial fibers. The CYP + low-dose-treated group has
some necrosis of just around 5%-10% with interstitial edema.
The CYP + high dose treated group showed 25%-30% of
necrotic damage. The section of the heart was observed to have
reactive swollen viable myocardium, intravascular thrombus,
contraction band necrosis, and necrosis of 20%-25%. Some
areas of the heart were observed to have inflammation even
on treatment. Also, the CYP + low dose treated group of test
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Figure 5. A-F: Effect of AS on histology of testis. (A): H & E stained
microscopic section (100 wm) of control rat’s testis shows a normal structure
of'testis. (B): H & E stained microscopic section (100 pum) of CYP treated (100
mg/kg) rat’s testis shows interstitial edema, detachment of the spermatogonial
cells, high vacuolization in the spermatogenic cells, and desquamation can be
seen in the lumen of the spermatogenic cells. (C): H & E stained microscopic
section (100 pum) of CYP (100 mg/kg) + Amifostine (200 mg/kg) group rat’s
testis shows intertubular edema, detachment of the spermatogonial cells and
mild vacuolization in the spermatogenic cells. (D): (H & E) stained microscopic
section (100 pm) of CYP (100 mg/kg) + low dose (100 mg/kg) treated group
rat’s testis shows interstitial edema, detachment of the spermatogonial
cells and vacuolization in the spermatogenic cells and desquamation in the
lumen of the spermatogenic cells. (E): (H & E) stained microscopic section
(100 pum) of CYP (100 mg/kg) + high dose (300 mg/kg) treated group rat’s
testis shows detachment of the spermatogonial cells and vacuolization in
the spermatogenic cells; SZ-spermatozoa, SG-spermatogonia, SP-primary
spermatocytes, SD-spermatids, L-interstitial cells of Leydig, DT-detachment,
E-edema, and DS-desquamation.

drugs showed changes identical to that of the CYP + amifostine
treated group. Therefore, it can be inferred that AS root extract
shows anti-inflammatory and cardioprotective effects at low
doses and it is able to reduce cardiac inflammation as well as
resist extensive cardiac damage (Fig. 4).

Testis

In the control group, no histopathological changes
were observed. The CYP + amifostine-treated group showed
intertubular edema, detachment of the spermatogonial cells,
and mild vacuolization in the spermatogenic cells. Testis of the
CYP-treated group shows interstitial edema, detachment of the
spermatogonial cells, high vacuolization in the spermatogenic
cells, and desquamation can be seen in the lumen of the
spermatogenic cells. The CYP + low dose treated group of
the test drug displayed interstitial edema, detachment of the
spermatogonial cells and vacuolization in the spermatogenic
cells and desquamation in the lumen of the spermatogenic cells.
The CYP + high dose treated group of the test drug showed
detachment of the spermatogonial cells and vacuolization in the
spermatogenic cells. Desquamation can be seen in the lumen
of the spermatogenic cells, immature germ cell proliferation,
interstitial edema as well as detachment of the spermatogenic
cells with desquamated cells in the lumen and vacuolization
of the spermatogonial cells are observed. It can, therefore,
be deduced that AS root extract in low dose is able to resist
histological changes induced by CYP. However, in CYP +

Figure 6. A-F: Effect of AS on histology of duodenum. (A): H & E stained
microscopic section (100 um) of control rat’s duodenum shows a normal
architecture of villi and epithelial cells of the intestinal mucosa. (B): H &
E stained microscopic section (100 um) of CYP treated (100 mg/kg) rat’s
duodenum shows shortening of villi and damage at the mucosal level. (C): H
& E stained microscopic section (100 pm) of CYP (100 mg/kg) + Amifostine
(200 mg/kg) group rat’s duodenum shows mild lamina inflammation. (D): (H &
E) stained microscopic section (100 pm) of CYP (100 mg/kg) + low dose (100
mg/kg) treated group rat’s duodenum shows improvement in villi and mucosa
structure and mild focal mucositis. (E): (H & E) stained microscopic section
(100 pm) of CYP (100 mg/kg) + high dose (300 mg/kg) treated group rat’s
duodenum shows a large number of inflammatory cells infiltration in villi along
with crypts deformation.

high-dose-treated group, it is not as effective to counteract the
histological distortions (Fig. 5).

Duodenum

The effect of AS against gastrointestinal toxicity was
evaluated as it is a major obstacle to the absorption of nutrition
from food. There was no indication of histological impairment
found in the control for tongue, duodenum, and colon. For the
CYP-treated group, severe keratosis on the mucosal layer of
the tongue, major destruction in the duodenum which includes
extensive damage in lamina propria and cryptitis, and colon,
major destruction in the mucosal and submucosal layer of tissue
which include damage to the lamina propria and decreased
goblet cells was observed. In the CYP + amifostine-treated
group, mild keratosis on the tongue, mild lamina inflammation
in the duodenum and mild mucositis in the colon was observed.
In the CYP + low-dose-treated group of the test drug, keratosis
only on focal areas of the tongue, mild focal mucositis in the
duodenum and the tissue of the colon were similar to the control
group (Fig. 6). In the CYP + high-dose-treated group of the
test drug, moderate keratosis in the tongue, extensive lamina
propria damage along with crypts and crypts deformation in the
duodenum and extensive mucositis along with ulceration was
seen in the colon.

Despite CYP being known to produce diarrhea, there
are relatively very few research studies available to understand
the underlying process (Siber et al., 1980). However, few
experts claim that CYP is the causal agent for the mitotic arrest
of intestinal crypt cells, which reduces the relative percentage
of villous enterocytes and decrease the surface area available
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for resorption (Cao ef al., 1998). The results clearly suggest that
a low dose of AS shows a great effect on diarrhea.

However, the exact mechanism of AS is unclear,
it is proposed that the presence of flavonoids and triterpenes
possesses an anti-inflammatory effect, because of which AS
tends to reduce ROS levels and inflammation which leads
to healing in a low dose of AS root extract (Bachhav et al.,
2009). For the high dose of AS root extract, we did not observe
any sign of toxicities at the high dose (300 mg/kg) of the test
drug in normal rats (test drug alone, without induction of CYP
toxicities). So, it seems that the combination of CYP with a high
dose of the test drug aggravates the CYP-induced toxicity. It
may be due to the excessive metabolic burden on vital organs
like the liver, lungs, and kidneys and high oxidative stress.

CONCLUSION

In conclusion, our study results showed that AS root
extract prevented the development of cardiotoxicity, testicular
toxicity, and gastrointestinal toxicity of CYP and alleviated
the damage occurring in the organs due to its antioxidant, anti-
inflammatory, and cytoprotective effects. However, AS was found
ineffective in the prevention of haematotoxicity. The conclusion
is supported by the histopathological and biochemical findings.
Based on these results, we concluded that the AS root extract can
alleviate CYP-induced toxicities but among the two doses low
dose (100 mg/kg) is proven to be more effective.
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