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ABSTRACT

Objective: Plants are widely used in the traditional
system of medicine and many of them can adversely affect
the reproductive system. Cleistanthus collinus is a plant
containing many active phytochemicals, which have the
potential to be developed as a drug. The present study
was aimed to evaluate the effects of an aqueous extract of
C. collinus on the male reproductive system.

Methods: Male Wistar rats were treated with different
doses of C. collinus (200 and 400 mg/kg, orally), or with
saline for 28 days and its effect on the reproductive system
was assessed. Cyclophosphamide (100 mg/kg, weekly,
i.p), a well-known reproductive toxicant, was used as a
positive control.

Results: There was a significant reduction in sperm
count and motility with C. collinus treatment, along with
the destruction of primary spermatocytes, spermatids
and reduced thickness of the basal layer. The LH, FSH
and testosterone levels were reduced significantly. A
reduction in the area of seminiferous tubules indicates
the destruction of germ cells and Sertoli cells. C. collinus
treatment increased the oxidative stress, evidenced by
elevated malondialdehyde levels along with a reduction in
catalase and GSH activities. The expression of BAX, BCL-
2 and p53 was observed in spermatocytes, indicating an
increase in apoptosis.

Conclusions: C. collinus can produce male
reproductive toxicity, which may be mediated through
alterations in hormonal levels, which in turn interferes
with spermatogenesis. It may increase the expression
of apoptotic factors and deplete protective antioxidant
enzymes in the testis.
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INTRODUCTION

Plants help mankind in various ways, providing food,
medicine, oxygen and maintaining the environment
(Fridlender et al., 2015). Plant products are known for
both therapeutic and toxicological profile (George, 2011).
Medicinal plants can be used as contraceptives, emmen-
agogues and abortifacients (D’Cruz et al., 2010). Some
of them are reported to enhance reproductive processes;
but, on the other hand, they can also hinder testicular
functions. Many plants used therapeutically, can adversely
affect the male reproductive system. Neem and Carica pa-
paya extract are reported to impede various stages of tes-
ticular spermatogenesis in animal models. The reduction
in the levels of testosterone, luteinizing hormone (LH) and
follicle stimulating hormone (FSH) was reported with garlic

and Quassia amara extracts in male albino rats (D'Cruz
et al., 2010). The oral administration of Azadirachta indi-
ca leaves has produced regression and a decrease in the
number of Leydig cells, and their nuclear diameter, indicat-
ing androgen deficiency (D’Cruz et al., 2010). Therefore,
knowledge of the toxic profile of the plants on reproduction
is important before using them therapeutically.

Cleistanthus collinus is a plant species that belongs to
the Euphorbiaceae family, which vernacular name in Tam-
il is oduvanthalai. In Hindi it is called Garari; Telugu, as
Vadise; Malayalam, as Nilapala; and Bengali, as Karlajuri
(Eswarappa et al., 2003). It is widely distributed in South
Asia. Leaves of this plant are consumed for suicidal purpos-
es, and to induce abortion. Mainly decoction of leaves from
this plant is used for suicide. The patient presents with
abdominal pain, dyspnea, chest pain, giddiness and head-
ache. Signs of poisoning include hypotension, ST depres-
sion, acid-base imbalance and electrolyte imbalance (Ben-
jamin et al., 2006). The mortality rate due to Cleistanthus
collinus poisoning is around 30%. Hypotension caused by
Cleistanthus collinus poisoning paved the way for the iden-
tification of vasodilatory property of Cleistanthus collinus
(Benjamin et al., 2006; Parasuraman et al., 2009). Later
individual active components of this plant were isolated
and studied. The most notable compounds are cleistanthin
A, cleistanthin B, diphyllin and collinusin (Parasuraman et
al., 2009). Though it is a poisonous plant, the active com-
ponents of this plant have been explored for therapeutic
properties such as antihypertensive, diuretic and antican-
cer agents (Parasuraman et al., 2011; Pradheepkumar et
al., 2000; Parasuraman & Raveendran, 2012).

Promising active components of Cleistanthus colli-
nus will have a fair chance to emerge as a drug. Toxici-
ty studies in animals help identify the adverse effects of
the new compounds, which are to be tested in humans.
A sub-chronic toxicity study on Cleistanthus collinus was
done by Parasuraman et al. (2014). Their study focused
on the effect of Cleistanthus collinus on the cardiovascu-
lar system, respiratory system and gastrointestinal sys-
tem (Parasuraman et al., 2014). Though an increase in the
testis weight was reported, no study evaluated the effects
of Cleistanthus collinus on the male reproductive system
in morphological, hormonal and histopathological aspects.
Hence the present study was aimed to evaluate the effect
of an aqueous extract of Cleistanthus collinus exposure on
the male reproductive system in rats.

MATERIALS AND METHODS

Chemicals and Drugs

All the chemicals were of analytical grade. Trichloro-
acetic acid (Sigma, India), 2-Thiobarbituric acid (Sigma,
India), Sulfosalicylic acid (Avra, India), Dithiobis-2 nitro
benzoic acid (DTNB) (Himedia, India), EDTA (Ethylene-
diaminetetraacetic acid) disodium (REACHEM, India),
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Sodium chloride (REACHEM, India), Sodium dihydrogen
phosphate (Excelar, India), Sodium hydrogen monophos-
phate (Excelar, India), Hydrogen peroxide-(CHEMSURE,
India), Reduced glutathione (Himedia, India), Cyclophos-
phamide (Endoxan N 500 mg) were procured from com-
mercial suppliers.

Plant extract preparation

Leaves from Cleistanthus collinus were obtained from
the village near Sedharapet, Puducherry, India, in the
month of June 2016. Then they were confirmed and cer-
tified by a botanist. The leaves were dried under shade
for four weeks and after drying these leaves were ground
into powder form with the help of a mixer. Then the pow-
dered leaves were weighed, 100 grams of leaf powder
were dissolved in 1000 mL of distilled water. The dissolved
Cleistanthus collinus leaf powder was boiled at 100°C. Af-
ter 1h of boiling, the decoction was cooled under running
tap water and was filtered with nylon mesh. The decoction
was then condensed and the resultant aqueous extract of
Cleistanthus collinus was in the form of crystals, which was
stored in the refrigerator. The required quantity of crystal
forms of the aqueous extract of Cleistanthus collinus was
dissolved in normal saline at the time of administration.
Cleistanthus collinus leaf powder of 1.5 kg was used and
the extract obtained was 111g. The yield of this plant was
7.4%.

Dose selection: The lethal dose 50% (LD 50) of
Cleistanthus collinus is 8g/kg. Hence 10% of it, which was
800 mg/kg, was considered as a toxic dose (Jayanthi et al.,
2009; Almanga et al., 2011). Two lower graded doses of
400 and 200 mg/kg were selected for the study.

Animals

Animal care and experiments complied with the CPCSEA
guidelines, The Government of India. The study was ap-
proved by the Post-graduate Research Monitoring Commit-
tee and the Institute of Animal Ethics Committee, JIPMER,
Puducherry. Healthy male Wistar rats (24 animals) of 2-3
months old, weighing 200-250g were obtained from the
Central Animal House, JIPMER, Puducherry. The procured
animals were kept in the animal house of the Department
of Pharmacology, in plastic transparent cages. The animals
were acclimatized for 7 days. Three animals were grouped
in a single cage. Continuous access to rat chow and drink-
ing water were provided, and a 12 h light/12 h dark cycle
was maintained. The temperature was set at 22°C and hu-
midity was maintained at 70%.

Experimental design

Adult male Wistar rats (n=24) were divided randomly
into five groups, 6 animals per group. All the animals were
weighed before the start of the experiment.

Group 1, control group: the animals received 2 mL of
normal saline once daily for 28 days through oral gavage.

Group 2, positive controls: the animals received cyclo-
phosphamide at the dose of 100 mg/kg through the intra-
peritoneal route, once weekly for 4 weeks.

Group 3, the animals received a 200 mg/kg dose of
Cleistanthus collinus for 28 days through oral gavage.

Group 4, the animals received a 400 mg/kg dose of
Cleistanthus collinus for 28 days through oral gavage.

Blood and tissue collection

The animals were anesthetized with isoflurane inhala-
tion and the blood sample was collected by cardiac punc-
ture. The coagulated blood was centrifuged under 3500
rpm for 10 min, and the serum was separated for hormonal
assays (LH, FSH and testosterone). After the blood collec-
tion, the animals were sacrificed by cervical dislocation and
laparotomy was conducted. Both the testes and epididymis
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were removed. The right testis was processed for histo-
pathological and immunohistochemical examinations. The
left testis was homogenized with the help of a homogenizer
in phosphate-buffered saline and centrifuged at 3500 rpm
for five min, and the supernatant was further centrifuged
at 10,000 rpm for 45 min. The supernatant was stored in
-80°C for antioxidant assays (GSH-reduced glutathione,
catalase) and a malondialdehyde (MDA) assay.

Analysis of sperm parameters

Body weight, testis and epididymal weight:

The body weight of the rats was measured at the begin-
ning of the study and at weekly intervals. At the end of the
study, i.e on the 29* day, the animals were slaughtered,
the testes and epididymis were removed and weighed us-
ing an electronic weighing balance.

Sperm motility and count: The cauda epididymis was
dissected and minced in 1 ml of phosphate-buffered saline
and the dilution was made in the ratio of 1:40. Then the
sperm parameters were assessed under a light microscope
(10X). The sperm count was determined using a hemo-
cytometer. The sperm was counted in all hemocytome-
ter chambers, except for the central red blood corpuscles
(RBC) chamber. The sperm were counted from left to right.
After counting the total sperm in each chamber, their mo-
tility was also assessed and we calculated the percentage
of motile sperms (Tripathi & Jena, 2008; Narayana et al.,
2012).

Sperm morphology assay: The fine epididymal sperm
suspension was made and stained with 0.2 mL of 1%
aqueous eosin. About one drop of stained suspension was
placed on a clean slide and dried. The slides were exam-
ined under the microscope (40X), for abnormalities in 500
sperms per animal, and were classified into normal and
abnormal sperms. The abnormal sperms were classified
under head abnormalities and tail abnormalities, then we
calculated the percentage of sperm abnormalities (Naraya-
na, 2008; Johnsen, 1970).

Macroscopic and microscopic examination of tes-
tis

The right testes were fixed in formaldehyde solution
for 24h and was processed for paraffin embedding. The
sections were analyzed for any histopathological changes,
including the presence or absence of vacuoles, gaps and
abnormal cells.

Johnsen’s scoring and area of the seminiferous tubule:
Johnsen’s testicular scoring was performed for the control
and study groups. All cross-sectioned tubules were eval-
uated systematically, and a score between 1 (very poor)
and 10 (excellent) was given to each tubule according to
Johnsen’s criteria (Johnsen, 1970). Twenty-five tubules
were evaluated for each animal.

Area of seminiferous tubules: we assessed each testis
using a calibrated ocular micrometer. We randomly mea-
sured 30 rounded section of seminiferous tubules (Naraya-
na, 2008).

Immunohistochemistry of testis for p53, BCL2
and BAX

Tissue sections were deparaffinized in xylene (2 X
5 min), hydrated in ethanol (2 X 3 min 100% ethanol,
1 X 1 min 95% and 1 X 1 min 80% ethanol), and then
rinsed in distilled water. Antigen retrieval was done by the
heat retrieval method, where the slide rack immersed in
Tris-buffer (pH - 9.9) in a pressure cooker. The sections
were rinsed in PBS-Tween 20 and incubated with protein
block for 10 min at room temperature. Then the sections
were incubated with primary antibodies for p53 (pre-dilut-
ed, Bio SB, USA, Cat no: BSB 5841) BCL-2 (pre-diluted,
Bio SB, USA, Cat no: BSB 6541) and BAX (pre-diluted, Bio
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SB, USA, Cat no: BSB 6078) for 1 h. at room temperature.
The sections were rinsed in PBS-Tween 20 and treated with
secondary antibodies (Bio SB, USA, Cat no: BSB0201), at
a 1:100 dilution for 18 min at room temperature. After
rinsing in PBS-Tween 20 the sections were covered with
diaminobenzidine tetrahydrochloride (DAB) for 5 min at
room temperature. The sections were counterstained with
Mayer’s hematoxylin and dehydrated in ascending grades
of ethanol (95 % ethanol - 2 min, 100 % ethanol - 2x3
min). Finally, the sections were mounted in a DPX (Disty-
rene Plasticizer Xylene), and the coverslip was added.

Hormonal assay

LH, FSH and testosterone levels in serum were mea-
sured by the ELISA method using commercial kits (Bioas-
say Technology Laboratory, Shanghai, China). The assays
were performed according to the instructions, given in the
catalogue (LH, Cat no: EAOO13Ra, FSH, Cat no: EAOO015Ra,
and testosterone Cat no: E0259Ra).

Oxidative stress parameters of testis

The supernatant of the tissue homogenate was used for
oxidative stress parameter as follows:

Estimation of malondialdehyde (MDA): Malondialde-
hyde was assayed using thiobarbituric acid reacting sub-
stance (TBARS) by the method described by Utley et al.
(1967). MDA was expressed in nanomoles/ml.

Estimation of reduced glutathione (GSH): Reduced
glutathione, a non-enzymatic antioxidant was estimated
by the method described by Smith et al. (1988). Dithio-
bis-2 nitro benzoic acid (DTNB) is a disulfide chromogen,
which gets reduced by sulfhydryl compounds to produce
a yellow-colored product. The absorbance of this colored
chromogen is measured at 412 nm, which is directly pro-
portional to GSH concentration.

Estimation of antioxidant enzyme, catalase: The activ-
ity of catalase was assayed by the method of Aebi (1984).

Statistical analysis

Body weight was measured at baseline and after four
weeks of treatment. The change in body weight and ep-
ididymal weight were analyzed by one way ANOVA, fol-
lowed by the Tukey Krammer test (post hoc test). Testic-
ular weight, sperm count, LH levels, Johnson’s testicular
scoring, area of seminiferous tubule and the levels of FSH,
testosterone, catalase, MDA and GSH were analyzed by
the Kruskal Wallis test, followed by Dunn’s multiple com-
parison post-hoc test. A p-value of <0.05 was considered
statistically significant.

RESULTS

Effect of Cleistanthus collinus on body weight,
testicular and epididymal weight

The animals received saline (control group) or
Cleistanthus collinus (200 and 400 mg/kg), through oral

gavage daily for 28 days. Cyclophosphamide was given
intraperitoneally once a week for four weeks.

There was a gain in body weight in the control group,
whereas in the Cleistanthus collinus groups (200 and
400 mg/kg) and cyclophosphamide-treated group, there
was a significant reduction in body weight (Table 1).
There was a significant reduction in testicular weight in
the cyclophosphamide and Cleistanthus collinus groups.
Epididymal weight was reduced in the cyclophospha-
mide-treated group (p<0.05) and in the Cleistanthus
collinus group - 400 mg/kg; though not statistically sig-
nificant.

Effect of Cleistanthus collinus on sperm param-
eters

There was a statistically significant reduction in sperm
count and motility in the Cleistanthus collinus 400 mg/
kg group (p<0.05), and in the cyclophosphamide-treat-
ed group (p<0.01) in comparison with the control group
(Table 2 & Figure 1A). Morphological abnormalities in
sperm were seen in the Cleistanthus collinus (200 and
400 mg/kg) groups and cyclophosphamide-treated groups
(p<0.001, Figure 1B).

Macroscopic and microscopic appearance of tes-
tis

There was testis calcification in the animals treat-
ed with Cleistanthus collinus (200 and 400 mg/kg) on
gross pathology. Microscopically, there were degenera-
tion of primary spermatocytes and spermatogonia. The
layers of spermatogenic cells were reduced in the cyclo-
phosphamide, Cleistanthus collinus 200 and 400 mg/kg
groups (Figure 2). The control group showed 4-5 lay-
ers of spermatogenic cells without any degeneration of
sperm cells.

Effect of Cleistanthus collinus on Johnson’s scor-
ing and area of the seminiferous tubule

Johnson’s testicular scoring in the cyclophosphamide
and Cleistanthus collinus (200 and 400 mg/kg) groups
showed a low score, as given in Table 2. The area of semi-
niferous tubules was measured and found to be decreased
in the cyclophosphamide and Cleistanthus collinus (200
and 400 mg/kg) groups is given in Table 2.

The control group, which was treated with saline,
showed positivity only towards BAX but BCL-2 and p53
were not expressed. The Cleistanthus collinus 200 mg/
kg group showed Bcl-2 positivity in the spermatid head
(Figure 3). The Cleistanthus collinus 400 mg/kg group
showed BAX positivity in spermatocytes and expression
of BCL-2 and p53 in mature sperm cells. In the cyclo-
phosphamide group, BAX was negative and the p53 ex-
pression was seen in the stromal cells and endothelial
cells. BCL-2 was expressed in the stromal cells (Leydig
cells and Sertoli cells).

Table 1. Effect of Cleistanthus collinus on body weight, testicular weight and epididymal weight of Wistar rats.
. Cyclophosphamide C. collinus C. collinus
Control (saline) 100 mg/kg 200 mg/kg 400 mg/kg
Change in body weight (g) 52.16+13.22 -59.16+7.49¢ -39+9.12° -51.66+12.86°
Testes (g) 1.22 (1.01-1.25) 0.79 (0.72-0.89)¢ 0.95 (0.9-1.26)° 0.89 (0.86-0.98)°
Epididymis (g) 0.45+0.03 0.38+0.06° 0.44+0.04 0.39+0.03

(-) Indicates reduction in body weight. Rats received saline or plant extract through oral gavage daily for 28 days.
Cyclophosphamide was given through the intraperitoneal route once a week for four weeks. Data are represented as mean
+ SD or median (IQR), n=6. 3p<0.05, ?p<0.01, ©p<0.001 compared to the control group. The parametric test used was one
way ANOVA with the Tukey Krammer post hoc test and the Non-parametric test used was the Kruskal Wallis with Dunn’s
multiple comparison post hoc test, based on the normality testing.
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Table 2. Effect of Cleistanthus collinus on sperm count and testicular parameters of Wistar rats.

Control
(Saline)

Cyclophosphamide
(100 mg/kg)

C. collinus
(400 mg/kg)

C. collinus
(200 mg/kg)

Sperm count (x 10°) 51.52 (38.35-54.65)

19.75 (18.0-42)¢

35.42 (33.65-47.0) | 29.32 (28.65-47.5)°

Area of seminiferous

. + .
tubules (mm?) 584.83+16.01

374.50+46.68¢

385.83+67.88¢ 356.0£47.19¢

Johnson’s scoring 9.40 (9-9.9)

7.00 (0-8.1)°

8.65 (8-9.4) 7.30 (5.2-8.1)°

Rats received saline or plant extract through oral gavage daily for 28 days. Cyclophosphamide was given through the
intraperitoneal route once a week for four weeks. The following day, the animals were slaughtered, and the parameters were
assessed. The data are represented as mean = SD or median (IQR), n=6. 3p< 0.05, ?p<0.01, ©p<0.001, compared with the
control group. 9p<0.05 compared with the cyclophosphamide group. The parametric test used was one way ANOVA with
Tukey Krammer post hoc test and the Non-parametric test used was the Kruskal Wallis with Dunn’s multiple comparison post

hoc test, based on the normality testing.

Figure 1. Effect of Cleistanthus collinus on sperm
motility and sperm morphology of Wistar rats. Data are
expressed as mean = SD, n=6. *p< 0.05, **p<0.001
compared with control group. The statistical test used
was One way ANOVA with Tukey Krammer post hoc test.
Cyclo-cyclophosphamide, 100 mg/kg, CC 200-
Cleistanthus collinus, 200 mg/kg CC 400- Cleistanthus
collinus, 400 mg/kg.

Effect of Cleistanthus collinus on serum LH, FSH
and testosterone

LH (p<0.001) and testosterone levels (p<0.01) were
reduced significantly in the cyclophosphamide-treated
group in comparison to the control group (Table 3). In
the Cleistanthus collinus (400 mg/kg) group, LH, FSH and
testosterone levels were reduced significantly (p<0.05) in
comparison to the control group.

Effect of Cleistanthus collinus on MDA, catalase
and GSH

MDA, an indicator of lipid peroxidation was increased
in the cyclophosphamide and the Cleistanthus collinus 400
mg/kg groups in comparison to the control group (Table
4). Catalase, an antioxidant enzyme, was decreased in
the Cleistanthus collinus 400 mg/kg group and cyclophos-
phamide group. But GSH was reduced significantly in all
groups compared with the control group.

DISCUSSION

In this study, the effect of different doses of Cleistan-
thus collinus was examined on the reproductive system of
male Wistar rats. Our findings, maybe reported for the first
time, revealed the reproductive toxicity of the aqueous ex-
tract of Cleistanthus collinus in male rats on different re-
productive, histological and hormonal parameters. Sperm
count and motility were lowered in all animals treated with
Cleistanthus collinus. The morphological abnormalities ob-
served in the Cleistanthus collinus treated group suggests
the direct damage caused by the plant extract. The reduc-
tion seen in the seminiferous tubules was due to the de-
struction of germ cells and Sertoli cells. The toxic effect of
Cleistanthus collinus may be mediated through increased
production of free radicals, resulting in oxidative stress
and resultant damage produced to cells. The expression
of apoptotic and antiapoptotic markers was found to be al-
tered, indicating the role of apoptosis on testicular toxicity.

One of the endpoints for assessing the toxicity is body
weight, which indicates the presence of toxic substances.
Animals treated with Cleistanthus collinus (200 and 400
mg/kg) extract showed a decrease in body weight, which
was measured after 28 days of its ingestion. Cyclophos-
phamide also produced a decrease in body weight because
of its targeted action on rapidly dividing cells (germ cells)
(Kanno et al., 2009). In the control group, there was a gain
in body weight, which was a natural process that occurred
due to adequate intake of food and water. The findings
described above demonstrated the systemic toxicity pro-
duced by Cleistanthus collinus (Eswarappa et al., 2003).

Reproductive toxicity produced by any substance may
cause a change in the reproductive organ weight. Hence
testis and epididymal weight were studied to evaluate re-
productive toxicity. Cleistanthus collinus treatment (200
and 400 mg/kg) reduced the testicular and epididymal
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Figure 2. Histopathological changes of rat testis after treatment with Cleistanthus collinus. Testis of saline-
treated rats showing normal seminiferous tubules and Sertoli cells (A, B). Arrow showing the presence
of 3- 4 layers of spermatogenic cells along with mature sperm. The cyclophosphamide-treated group
showed reduced spermatogenic layers, with reduced spermatocytes and spermatogonia (C,D). The
Cleistanthus collinus, 200 mg/kg treated group showed rounded and degenerated sperm cells (E). The
Cleistanthus collinus, 400 mg/kg treated group showed necrotic seminiferous tubules with the absence of
spermatogenesis with granular debris (F). There was also giant cell formation. (H&E stain 200X & 400X).

weights when compared with the control group. Para-
suraman et al. (2014) studied the sub-chronic toxicity
caused by the individual compound of Cleistanthus colli-
nus i.e, cleistanthin A and B on different organ systems
(Parasuraman et al., 2014). In their study cleistanthin A
showed a gain in testicular weight, whereas cleistanthin
B did not cause any change in testicular weight. Animals
treated with cyclophosphamide showed a reduction in tes-
ticular and epididymal weights due to its targeted action
on rapidly dividing cells leading to the loss of spermato-
genic cells (Elangovan et al., 2006). A similar effect might
have also been produced by Cleistanthus collinus, leading

JBRA Assist. Reprod. | v.26 | n°3| July-Aug-Sept/ 2022

to a decrease in testis weight. In addition, the reduction
in hormone levels, especially testosterone, should directly
impact the weight of the testis. In the case of the epidid-
ymis, there was certainly a decrease in weight (especially
the 400 mg/kg dose), though not statistically significant.
The reproductive organ weight may also be influenced by
the inflammatory changes that occur in these organs due
to the toxin, resulting in fluid buildup. So, the changes in
organ weight must be interpreted by considering different
factors (Azenabor et al., 2015).

Sperm count, motility and morphology are the most im-
portant parameters in the assessment of spermatogenesis
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Figure 3. Immunohistochemistry of rat testis for BCL-2, p53 and BAX expression. Saline treated control
group animals showing negative stain for BCL-2 and p53 in testis (A & B, 200X.) and BAX positive basal cells
and interstitial cells (C, 200X). Cleistanthus collinus 200 mg/kg treated animals showing BCL-2 positivity in
sperm heads of spermatid and negative in other spermatogenic cells (D), weak p53 positivity (E) and BAX
positivity in sperm cells (F). IHC 200X Cleistanthus collinus 400 mg/kg group showing BCL-2 positivity in
mature sperm and negative in immature sperm cells (G), p53 focal nuclear positivity in spermatocytes (H)
and BAX positivity in the spermatozoa(I). IHC 200X.

Table 3. Effect of Cleistanthus collinus on serum LH, FSH and testosterone levels of Wistar rats.
- Cyclophosphamide C. collinus C. collinus
Control (saline) 100 mg/kg 200 mg/kg 400 mg/kg
LH (mIU/L) 13.8 (11.5-19.5) 3.8 (3.5-5.6)¢ 11.95 (9.2-13.7)¢ 8.3 (7.2-10.6)2¢
FSH (mIU/L) 14.68+4.04 13.56+2.40 14.41+1.99 10.30+2.332
Testosterone (nmole/L) 34.0+6.20 19.2+3.90° 28.9+7.60 25.70+£3.592

Rats received saline or plant extract through oral gavage daily for 28 days. Cyclophosphamide was given through intraperitoneal
route once in a week for four weeks. The following day, the animals were slaughtered, and the parameters were assessed.
Data are represented as mean £ SD or median (IQR), n=6. ?p<0.05, ®p<0.01, ©p<0.001 compared to the control group;
4p<0.05, ¢p<0.01 compared to the cyclophosphamide group. The parametric test used was the one-way ANOVA with the
Tukey Krammer post hoc test; and the Non-parametric test used was the Kruskal Wallis with Dunn’s multiple comparison
post hoc test, based on the normality testing.

Table 4. Effects of Cleistanthus collinus on tissue MDA, catalase and GSH levels of Wistar rats.
Control Cyclophosphamide C. collinus C. collinus
(saline) 100 mg/kg 200 mg/kg 400 mg/kg
MDA nmole/ml 3.24+1.22 7.24+1.10¢ 4.41+£2.19¢ 6.78+1.13"
Catalase K/ml 2.63+0.83 0.86+0.61¢ 1.68+0.22¢ 1.33+0.45¢
GSH pg/mg of protein 94.30+7.18 47.53+10.34¢ 62.66 +1.75¢¢ 60.71+6.43c4

Rats received saline or plant extract through oral gavage daily for 28 days. Cyclophosphamide was given through intraperitoneal
route once in a week for four weeks. The following day, the animals were slaughtered, and the parameters were assessed.
Data are expressed as mean + SD, n=6. 3p<0.05, ?p<0.01, p<0.001 compared with the control group. ¢p<0.05, ¢p<0.01

compared with the cyclophosphamide group.
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quality. In our study, sperm count was reduced in animals
treated with 400 mg/kg; whereas in the 200 mg/kg group
a decrease in sperm count did not occur. This showed
dose-related reproductive toxicity of the aqueous extract
of Cleistanthus collinus. The cyclophosphamide-treated
animals also showed reduced sperm count compared with
the control group. Sperm motility was affected in animals
treated with 400 mg/kg of Cleistanthus collinus, when
compared with the control group. Sperm motility is strictly
regulated by the tail end of it. Energy is needed for the
forward movement of sperm and this energy (ATP-adenos-
ine triphosphate) is mainly produced from mitochondria,
which are present in the middle piece of the sperm (Piom-
boni et al., 2012; Ruiz-Pesini et al., 1998). In our study
sperm motility was affected by Cleistanthus collinus, which
may be due to the mitochondrial damage caused by the
plant extract. The plant extract with the poisonous prop-
erty was responsible for the damage in the cell organelle
(mitochondria) and resulted in decreased ATP synthesis
needed for sperm motility. Cyclophosphamide is a cyto-
toxic drug that caused cell damage, resulting in reduced
sperm motility among the animals treated with it. The
sperm morphological examination revealed abnormalities
in all treatment groups, but not in the control group. The
morphological alteration produced by Cleistanthus collinus
was more in the 400 mg group than the 200 mg group and
was comparable with the cyclophosphamide group. These
changes may be attributed to the imbalance between the
oxidant and antioxidant levels. This was supported by a
decrease in antioxidant levels (catalase and GSH), which
was demonstrated in our study.

The hormones involved in the regulation of spermato-
genesis are LH, FSH and testosterone. Reproductive toxic
drugs may interfere with them. The positive control drug
and the well-known reproductive toxicant agent, cyclo-
phosphamide-treated animals showed decreased levels
of LH and testosterone without affecting the FSH level.
Cleistanthus collinus at higher doses (400 mg/kg) showed
a reduction in the levels of LH, FSH and testosterone. This
demonstrated the reproductive toxic nature of the plant
extract affecting the endocrine system (Tuchinda et al.,
2006). LH and FSH play a vital role in steroidogenesis,
where LH causes the Leydig cells to synthesize testoster-
one; whereas FSH acts on Sertoli cells to produce andro-
gen-binding protein. Numerous herbal drugs can target
these Leydig cells, hinder spermatogenesis and produce
infertility (D'Cruz et al., 2010). Reduction in the levels of
testosterone, LH and follicle-stimulating hormone was re-
ported when the crude methanol extract of Quassia ama-
ra was administered to male albino rats. Administration
of the methanol extract of Sarcostemma acidum to male
albino rats for 60 days was shown to cause a decrease
in the number of mature Leydig cells, and an increase in
the degeneration of the Leydig cell population. Suppres-
sion of the activities of steroidogenic enzymes including
the P450 side-chain cleavage enzyme, 3 B-hydroxysteroid
dehydrogenase, 17 a-hydroxylase, 20 a-hydroxylase and
17 a-hydroxysteroid dehydrogenase, was observed when
primary mouse Leydig cells were incubated with varying
concentrations of crude Toona sinensis (D'Cruz et al.,
2010). Carica papaya seed extracts were reported to pro-
duce pronounced hypertrophy of pituitary gonadotrophs
and degeneration of Leydig cells, in sexually mature Wis-
tar rats. Similarly, Cleistanthus collinus may decrease the
number of mature Leydig cells or suppress the activities of
steroidogenic enzymes. The alteration in hormonal levels
might have suppressed spermatogenesis, which is regu-
lated by the hypothalamic-pituitary-gonadal axis (Ghosh
et al., 2002).

Antioxidants are the enzymatic or non-enzymatic
substances involved in fighting against the free radicals
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which cause cell injury. In our study, we assessed the lev-
els of two antioxidants, catalase (enzymatic antioxidant)
and GSH (non-enzymatic antioxidant), which are need-
ed to protect the cells against free radicals. Catalase and
GSH were reduced in the testicular tissue homogenate of
Cleistanthus collinus 400 mg/kg and cyclophosphamide
groups compared with the control group. This may be due
to the increased levels of free radicals, which have con-
sumed the antioxidants and resulted in low levels of it. This
reveals the toxic nature of Cleistanthus collinus extract on
testicular tissue. Malondialdehyde (MDA) is another mark-
er for assessing cellular injury whose levels are increased
due to the lipid peroxidation caused by free radicals.
MDA was increased in the Cleistanthus collinus 400 mg/
kg group and the cyclophosphamide group, but not in the
Cleistanthus collinus 200 mg/kg group. It showed that the
plant extract increased cellular stress due to increased free
radical synthesis, ultimately leading to the rise of MDA.
These findings indicate that Cleistanthus collinus has the
property of causing cell injury by generating free radicals.
Jayanthi et al. (2009) studied the effects of melatonin on
the oxidative damage caused by Cleistanthus collinus plant
extract (Jayanthi et al., 2009). In their study, an aqueous
extract of Cleistanthus collinus caused damage to the brain
tissue where the levels of GSH and catalase were reduced,
which supported our study findings (Parasuraman et al.,
2009; Ghobadi et al., 2017).

Morphometric analysis deals with the measurement of
cells of interest in terms of diameter, area and perimeter
(Narayana, 2008). In this study, the area of the seminif-
erous tubules was reduced significantly in all treatment
groups when compared to the control group. The area of
seminiferous tubule is dependent on the spermatogenic
cells. From the above finding, it was evident that the aque-
ous extract of Cleistanthus collinus had exerted its toxic
activity on rapidly dividing cells and thereby reduced the
area of the seminiferous tubule.

Histopathology of the testis showed degeneration and
necrosis of sperm cells in animals treated with 200 and
400 mg/kg of Cleistanthus collinus. This explained the di-
rect damage caused by Cleistanthus collinus on the rapidly
dividing cells of testes. Similar findings were observed in
the cyclophosphamide group. Johnson’s scoring is a quan-
titative assessment of the seminiferous tubules. A score of
1-10 was given based on the presence of spermatogenic
cells and Sertoli cells. A high score indicates the normal
function of the testes, whereas a score will be low in the
presence of necrosis, calcification and inflammation of
germ cells and Sertoli cells of the testicular tissue (Johnsen,
1970). With a 200 and 400 mg/kg dose of Cleistanthus col-
linus group, there was degeneration and necrosis of sperm
cells. The cyclophosphamide group demonstrated reduced
spermatogenic layers and primary spermatocytes. From
the results of testicular scoring, it was evident that the
animals treated with Cleistanthus collinus extract damaged
the testicular tissue.

Like histopathology, the immunohistochemical analysis
also provides direct evidence when compared to other bio-
chemical investigations. Normally BAX (apoptotic factor) is
expressed in the testicular tissue to remove the immature
and incompetent sperm cells by programmed cell death,
causing a proper control over the spermatogenesis pro-
cess (Ghobadi et al., 2017). Other apoptotic (p53) and
anti-apoptotic factors (BCL2) are not expressed normally
(Dindar et al., 2005; Beumer et al., 1998).

As expected, the control group expressed positivity for
BAX (apoptotic factor)m which is needed for the normal
development of testes and spermatogenesis. P53 and BCL-
2 were not expressed in the control group. This happened
because of an adequate balance between the oxidants and
antioxidants. The Cleistanthus collinus 200 mg/kg group
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showed BCL-2 positivity in the spermatid head. Expres-
sion of BAX was increased compared to the control group.
This clearly showed the change in the expression of normal
regulatory apoptotic factors. Apoptosis was increased in
the testicular tissue due to irreparable damage caused by
the excess reactive oxygen species (Oldereid et al., 2001;
Ozaki & Nakagawara, 2011).

The Cleistanthus collinus 400 mg/kg group showed
BAX positivity in spermatocytes. BCL-2 and p53 were ex-
pressed in mature sperm cells. Expression of both apoptot-
ic and anti-apoptotic factors in mature sperm cells directly
tell us that these cells were the target of free radical injury.
Increased BAX expression implied increased apoptosis in
spermatocytes. In the cyclophosphamide group, BAX was
negative and p53 expressed positivity in stromal cells and
endothelial cells. Similarly, BCL-2 was also expressed in
stromal cells. Leydig cells and Sertoli cells are the stro-
mal cells involved in testosterone synthesis and provide
nourishment, respectively. Cyclophosphamide had caused
damage to these stromal cells and resulted in the expres-
sion of apoptotic (p53) and antiapoptotic factors (BCL-2).
Alteration in the apoptotic factors demonstrated the cell
damage caused by the cyclophosphamide drug (Dindar et
al., 2005; Beumer et al., 1998).

This is the first study conducted to assess the male
reproductive toxicity of Cleistanthus collinus. This informa-
tion must be kept in mind while developing compounds
from Cleistanthus collinus, since it contains phytochem-
icals with pharmacological properties which can act as
drugs. We did not characterize this extract in the present
study. Therefore, it is difficult to know which compounds
are present in the plant that could have caused the repro-
ductive impact. Further studies should be carried out for
knowing the reproductive toxic effect on long term expo-
sure to this plant, along with developmental toxicity. The
reversibility of infertility in Cleistanthus collinus extract
was not assessed. Cleistanthus collinus contains many
chemicals more notably cleistanthin A, cleistanthin B, di-
phyllin and collinusin. Such active phytochemicals isolated
from Cleistanthus collinus should be studied for male and
female reproductive toxicity.

CONCLUSION

Aqueous extract of Cleistanthus collinus, when adminis-
tered to male Wistar rats, produced reproductive toxicity. This
was reflected as a reduction in sperm count and motility in
male Wistar rats. The morphology of spermatozoa was also
affected by the ingestion of the plant extract. The levels of lu-
teinizing hormone, FSH and testosterone were reduced after
exposure to Cleistanthus collinus extract. The levels of en-
zymatic antioxidant, catalase and non-enzymatic antioxidant
GSH were reduced in animals treated with Cleistanthus colli-
nus extract, indicating an imbalance between the pro-oxidant
and antioxidant systems. There was a rise in the MDA levels in
animals treated with Cleistanthus collinus, demonstrating the
cell membrane damage, which was due to lipid peroxidation.
There was the destruction of primary spermatocytes, sper-
matids and reduced thickness of the basal layer. The area of
seminiferous tubule was also reduced in animals treated with
Cleistanthus collinus extract, indicating loss of the germ cells
needed for sperm production. BCL2 (anti-apoptotic factor)
and p53 (apoptotic factor) were expressed in animals treated
with Cleistanthus collinus, indicating their role in the toxic ef-
fect. All the above findings suggested the reproductive toxic
nature of Cleistanthus collinus extract on male Wistar rats.

Funding
This work was financially supported by the Institute in-
tramural fund, JIPMER, India.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

Reproductive toxicity of C. collinus in male rats - Umamaheswari, s.467

Corresponding author:

Chandrashekaran Girish

Department of Pharmacology

Jawaharlal Institute of Postgraduate Medical Education and
Research

Puducherry- India.

E-mail: gcnx@rediffmail.com

REFERENCES

Aebi H. Catalase in vitro. Methods Enzymol.
1984;105:121-6. PMID: 6727660 DOI: 10.1016/s0076-
6879(84)05016-3

Almanga CC, Saldanha SV, Sousa DR, Trivilin LO, Nunes
LC, Porfirio LC, Marinho BG. Toxicological evaluation of
acute and sub-chronic ingestion of hydroalcoholic ex-
tract of Solanum cernuum Vell. in mice. J Ethnopharma-
col. 2011;138:508-12. PMID: 22001590 DOI: 10.1016/].
jep.2011.09.045

Azenabor A, Ekun AO, Akinloye O. Impact of Inflammation
on Male Reproductive Tract. J Reprod Infertil. 2015;16:123-
9. PMID: 26913230

Benjamin SP, Fernando ME, Jayanth JJ, Preetha B.
Cleistanthus collinus poisoning. J Assoc Physicians India.
2006;54:742-4. PMID: 17212028

Beumer TL, Roepers-Gajadien HL, Gademan IS, van Buul
PP, Gil-Gomez G, Rutgers DH, de Rooij DG. The role of
the tumor suppressor p53 in spermatogenesis. Cell Death
Differ. 1998;5:669-77. PMID: 10200522 DOI: 10.1038/
sj.cdd.4400396

D’Cruz SC, Vaithinathan S, Jubendradass R, Mathur PP. Ef-
fects of plants and plant products on the testis. Asian J
Androl. 2010;12:468-79. PMID: 20562897 DOI: 10.1038/
aja.2010.43

Dindar M, Kogak I, Culhaci N, Erol H. Determination of
apoptosis through bax expression in cryptorchid testis:
an experimental study. Pathol Oncol Res. 2005;11:170-3.
PMID: 16195771 DOI: 10.1007/BF02893394

Elangovan N, Chiou TJ, Tzeng WF, Chu ST. Cyclophospha-
mide treatment causes impairment of sperm and its fertil-
izing ability in mice. Toxicology. 2006;222:60-70. PMID:
16517039 DOI: 10.1016/j.tox.2006.01.027

Eswarappa S, Chakraborty AR, Palatty BU, Vasnaik
M. Cleistanthus collinus poisoning: case reports
and review of the literature. ] Toxicol Clin Toxicol.
2003;41:369-72. PMID: 12870879 DOI: 10.1081/CLT-
120022005

Fridlender M, Kapulnik Y, Koltai H. Plant derived substances
with anti-cancer activity: from folklore to practice. Front
Plant Sci. 2015;6:799. PMID: 26483815 DOI: 10.3389/
fpls.2015.00799

George P. Concerns regarding the safety and toxicity
of medicinal plants - An overview. J Applied Pharm Sci.
2011;1:40-4.

Ghobadi E, Moloudizargari M, Asghari MH, Abdollahi M.
The mechanisms of cyclophosphamide-induced testicu-
lar toxicity and the protective agents. Expert Opin Drug
Metab Toxicol. 2017;13:525-36. PMID: 28019118 DOI:
10.1080/17425255.2017.1277205

JBRA Assist. Reprod. | v.26 | n°3| July-Aug-Sept/ 2022



Original Article

Ghosh D, Das UB, Ghosh S, Mallick M, Debnath J. Testicular
gametogenic and steroidogenic activities in cyclophospha-
mide treated rat: a correlative study with testicular oxida-
tive stress. Drug Chem Toxicol. 2002;25:281-92. PMID:
12173249 DOI: 10.1081/DCT-120005891

Jayanthi M, Raveendran R, Basu D. Role of melatonin against
oxidative tissue damage induced by Cleistanthus collinus in rat
brain. Indian J Med Res. 2009;130:467-74. PMID: 19942753

Johnsen SG. Testicular biopsy score count--a method for
registration of spermatogenesis in human testes: normal
values and results in 335 hypogonadal males. Hormones.
1970;1:2-25. PMID: 5527187 DOI: 10.1159/000178170

Kanno TYN, Sensiate LA, de Paula NA, Salles MJ]S. Toxic effects
of different doses of cyclophosphamide on the reproductive
parameters of male mice. Braz J Pharm Sci. 2009;45:313-9.
DOI: 10.1590/51984-82502009000200017

Narayana K. An aminoglycoside antibiotic gentamycin in-
duces oxidative stress, reduces antioxidant reserve and
impairs spermatogenesis in rats. J Toxicol Sci. 2008;33:85-
96. PMID: 18303187 DOI: 10.2131/jts.33.85

Narayana K, Al-Bader M, Mousa A, Khan KM. Molecular ef-
fects of chemotherapeutic drugs and their modulation by
antioxidants in the testis. Eur J Pharmacol. 2012;674:207-
16. PMID: 22134005 DOI: 10.1016/j.ejphar.2011.11.025

Oldereid NB, Angelis PD, Wiger R, Clausen OP. Expression
of Bcl-2 family proteins and spontaneous apoptosis in nor-
mal human testis. Mol Hum Reprod. 2001;7:403-8. PMID:
11331661 DOI: 10.1093/molehr/7.5.403

Ozaki T, Nakagawara A. Role of p53 in Cell Death and Hu-
man Cancers. Cancers (Basel). 2011;3:994-1013. PMID:
24212651 DOI: 10.3390/cancers3010994

Parasuraman S, Raveendran R, Madhavrao C. GC-MS anal-
ysis of leaf extracts of Cleistanthus collinus Roxb (Euphor-
biaceae). Int J Ph Sci. 2009;1:284-6.

Parasuraman S, Raveendran R, Selvaraj RJ]. Effects of
cleistanthins A and B on blood pressure and electrocardio-
gram in Wistar rats. Z Naturforsch C J Biosci. 2011;66:581-
7. PMID: 22351983 DOI: 10.1515/znc-2011-11-1207

JBRA Assist. Reprod. | v.26 | n°3| July-Aug-Sept/ 2022

Parasuraman S, Raveendran R. Diuretic effects of cleistan-
thin a and cleistanthin B from the leaves of cleistanthus
collinus in wistar rats. J Young Pharm. 2012;4:73-7. PMID:
22754257 DOI: 10.4103/0975-1483.96616

Parasuraman S, Raveendran R, Rajesh NG, Nandhakumar
S. Sub-chronic toxicological evaluation of cleistanthin A
and cleistanthin B from the leaves of Cleistanthus collinus
(Roxb.). Toxicol Rep. 2014;1:596-611. PMID: 28962273
DOI: 10.1016/j.toxrep.2014.08.006

Piomboni P, Focarelli R, Stendardi A, Ferramosca A, Zara
V. The role of mitochondria in energy production for hu-
man sperm motility. Int J Androl. 2012;35:109-24. PMID:
21950496 DOI: 10.1111/j.1365-2605.2011.01218.x

Pradheepkumar CP, Panneerselvam N, Shanmugam G.
Cleistanthin A causes DNA strand breaks and induces
apoptosis in cultured cells. Mutat Res. 2000;464:185-93.
PMID: 10648905 DOI: 10.1016/S1383-5718(99)00179-5

Ruiz-Pesini E, Diez C, Lapefia AC, Pérez-Martos A, Mon-
toya J, Alvarez E, Arenas ], Lopez-Pérez MJ. Correlation of
sperm motility with mitochondrial enzymatic activities. Clin
Chem. 1998;44:1616-20. PMID: 9702947 DOI: 10.1093/
clinchem/44.8.1616

Smith IK, Vierheller TL, Thorne CA. Assay of glutathione
reductase in crude tissue homogenates using 5,5'-dithio-
bis(2-nitrobenzoic acid). Anal Biochem. 1988;175:408-13.
PMID: 3239770 DOI: 10.1016/0003-2697(88)90564-7

Tripathi DN, Jena GB. Astaxanthin inhibits cytotoxic and
genotoxic effects of cyclophosphamide in mice germ cells.
Toxicology. 2008;248:96-103. PMID: 18485558 DOI:
10.1016/j.tox.2008.03.015

Tuchinda P, Kumkao A, Pohmakotr M, Sophasan S, Santisuk
T, Reutrakul V. Cytotoxic arylnaphthalide lignan glycosides
from the aerial parts of Phyllanthus taxodiifolius. Planta
Med. 2006;72:60-2. PMID: 16450297 DOI: 10.1055/s-
2005-873141

Utley HG, Bernheim F, Hochstein P. Effect of sulfhy-
dryl reagents on peroxidation in microsomes. Arch Bio-
chem Biophys. 1967;118:29-32. DOI: 10.1016/0003-
9861(67)90273-1

468



	_Hlk71954988
	_Hlk71955018

