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ABSTRACT
Background and Aims: The study was designed to evaluate the anti-fertility effect of methanolic extract of Clerodendrum 
serratum (MECS) on mature male rats. 
Methods: The vehicles and MECS were administered orally to four groups of forty male albino rats on consecutive days for 
30 days. At the end of the experimental period, five animals from both the control and experimental groups were given an-
esthesia and the animal reproductive organs were collected and anti-fertility effect evaluated by studying the following pa-
rameters (i) Body and reproductive organ weight (ii) Biochemical estimation (iii) Reproductive hormone analysis (iv) Abnor-
malities in reproductive organ histology. Another five rats in each group were subjected to fertility testing.
Results: This study shows that female rats which mated with MECS treated male rats delivered fewer pups than those which 
mated with the control rats. An antisteroidogenic effect was revealed through the increased concentration of testicular cho-
lesterol and ascorbic acid in MECS treated rats. However, testicular Δ5-3β-hydroxysteroid dehydrogenase (Δ5-3β-HSD), 
glucose-6-phosphate dehydrogenase (G-6-PD); serum reproductive hormones testosterone, FSH and LH were significantly 
reduced. 
Conclusion: The present investigation discovered the antisteroidogenic effect of MECS, which confirms the male antifertility 
effect of this plant. This encourages the traditional use of this plant in the Indian subcontinent as a male contraceptive.

Keywords: Clerodendrum serratum, Δ5-3β-hydroxysteroid dehydrogenase (Δ5-3β-HSD), glucose-6-phosphate dehydroge-
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INTRODUCTION

The population of India is increasing at an alarming rate and 
has gone above 1.5 billion. Regulation of fertility has become 
a major distress factor for many people (Savadi & Alagawadi, 
2009). A growing population is not only a worldwide issue but 
also a national public well-being concern. Birth control mea-

sures have become an essential part of our live. There are lim-
ited contraceptive agents available for men and these are only 
to be found in the market. However, women have access to 
various synthetic contraceptive agents, but these come with 
severe side effects (Joshi, Sharma & Chaturvedi, 2011). The 
WHO recommended the practice of utilization of traditional 
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medicine for conception prevention instead of using synthetic 
drugs as this is more cost-effective (Umadevi Kumar, Bhowmik, 
& Duraivel 2013).

Clerodendrum serratum (L.) Moon (Verbenaceae) is a vital me-
dicinal plant distributed throughout the tropical forest region 
in India and Sri Lanka and other warm temperature regions like 
South Asia, Malaysia and Africa. In the Indian system of medi-
cine, C. serratum is an important medicinal plant and its leaves 
and roots are used for various ailments. C. serratum (English: 
Blue-floral glory, Tamil: Cherutekku) leaves can be used as a 
febrifuge and the roots are used as antiasthmatic, antihista-
minic, antispasmodic, antitussive carminative and febrifuge 
(Khare, 2007). The 50% ethanolic extract of C. serratum dem-
onstrated in vitro spermicidal activity in rat and human semen. 
A N-butanol fraction of 50% ethanolic C. serratum extracts also 
exhibited in vitro spermicidal activity in humans (Setty Kamboj, 
& Khanna 1977). As per our earlier research this plant shows 
changes in sperm concentration and motility with abnormali-
ties in sperm morphology indicating that the plants have a 
potential spermatotoxic effect on male mature rats. C. serratum 
is a traditional tribal folk medicine which works as a male con-
traceptive (Pokharkar, Saraswat, & Kotkar, 2010). 

The major groups of chemical constituents present in the C. 
serratum are carbohydrates, serratagenic acid, acteoside, indol-
izino and verbascoside, leucoanthocyanidins, flavanones, fla-
vanonols, betulin, oleanolic acid, clerodermic acid β-sitosterol, 
γ-sitosterol and compesterol (Singh, Khare, Iyer, & Tripathi, 
2012). 

Nevertheless, scientific evidence about the potential effects 
of this plant on male antifertility effect is still lacking. In this 
study, we sought to extend the existing literature dealing with 
the investigation of the anti steroidogenic effect of C. serratum 
in male mature rats. The present work, therefore, attempts to 
report the preliminary results based on our in vivo studies to 
justify traditional and folklore beliefs.

MATERIALS AND METHODS

Animals
We utilized 40 Sprague-Dawley rats which weight ranged from 
150 to 200 g. The rats were kept in certain conditions including 
a 12 h dark /12 h light cycle with free running water and pellets 

of rat feed. They were kept in relative humidity of 55±10% and 
constant temperature (21±2°C). All the animals were prepared 
for acclimatization for half a month. The experimental proto-
cols were assessed and agreed by the Institutional Animal Eth-
ics Committee (IAEC) of the institute (No. SRCP/IAEC/B.Pharm. 
Project /01 /2016-17).

Preparation of extract
The aerial parts of C. serratum were collected from the eastern 
part of the Seshachalam hill ranges and from the area lying 
within the geographical coordinates 14.3333oN, 78.2500oE in 
Thirumala, Andhra Pradesh, India. Taxonomical identification 
was made using the Botanical Survey of Medicinal Plants Unit 
at Sri Venkateshwara University, Thirupathi, Andhra Pradesh, 
India in August 2012. Figure 1 shows the aerial parts of the 
plant which were used for this study (Singh et al., 2012).

The aerial parts of C. serratum were dried at 28oC, pulverized by 
a mechanical grinder and passed through 22 mesh sieves. The 
powder was subjected to defatting with petroleum ether (40-
60oC), followed by Soxhlet extraction with 70% v/v ethanol at 
68oC. The extracts were collected and filtered. The solvent was 
dried under reduced pressure using the Eyela Rotary evapora-
tor at 40-45oC. Finally, the crude extract was stored in vacuum 
desiccators.  Based on our survey of the literature, we chose 
methanol solvent to extract the following active components 
from this plant: terpenoids, saponins, tannins, xanthoxyllines, 
totarol, quassinoids, lactones, flavones, phenones, and poly-
phenols (Pandey & Tripathi, 2014).

Design of the experiments
The Sprague-Dawley rats were housed and acclimatized for 
one week before the experiment started. Forty healthy male 
albino rats were selected and divided into four groups contain-
ing 10 rats each and treated as follows: 

Group 1 received distilled water (10 mL kg-1 b.wt. p.o.) as the 
normal control; Group 2 received MECS (100 mg kg-1 b.wt. p.o.); 
Groups 3 and 4 received MECS at doses of 300 and 500 mg kg-1 

b.wt p.o.), respectively.

The vehicles and MECS were administered orally on 30 consec-
utive days. At the end of the experimental period, five animals 
from both the control and experimental groups were given 
anesthesia under sodium pentobarbital 24 h after the last dose 

Figure 1. Aerial parts of the C. serratum.
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and 18 h after fasting. The animal reproductive organs were 
utilized for histology studies, including measurement of repro-
ductive organ weight, biochemical estimation, and reproduc-
tive hormone analysis. Another five rats in each group were 
subjected to fertility testing.

Gravimetric analysis of body weight and weights of re-
productive organs
The body weights of the animals were recorded prior to and 
after treatment. Testis, epididymis, and seminal vesicles were 
weighed. Relative organ weight (ROW) for each organ collect-
ed was ascertained using the following expression:

Determination of reproductive performance
Every animal's fertility index was calculated as follows. After 
completion of teatment schdule, each male animal was paired 
with two fertile females, and their mating behavior was ob-
served. Samples from vaginal smears were analyzed the day 
after the mating exposure. Day 0 post coitum was considered 
if spermatozoa were present. On the 15th post-coitum day, the 
mated females were laparotomized, the resorption site and/
or several implantations were registered, and the term was al-
lowed to run its course. The number of females who gave birth, 
as well as the number of litters born, was also reported (WHO 
Protocol MB-50, 1983).

Biochemical estimations
Estimation of cholesterol
An approximate weight of 3 mg of testicular tissues was care-
fully homogenized in Potter-Elvejem homogenizer using the 
combination of chloroform: ethanol mixture (2:1), non-polar 
parts were extracted out, and then the total cholesterol con-
tent was estimated. A standard curve was prepared by dis-
solving cholesterol (0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 mg/mL) in 
chloroform, mixed with glacial acetic acid and color reagent 
accordingly. The optical density was determined in the spec-
trophotometer at 620 nm against a blank (chloroform) and the 
total cholesterol content of the testis was determined from the 
standard curve (Speery & Webb, 1950).

Estimation of ascorbic acid 
Testicular tissues weighing around 5 mg were homogenized in 
a Potter-Elvejem homogenizer with 45 µL of ice-cold 5% meta-
phosphoric acid and centrifuged at 3500 rpm. The optical den-
sity was estimated at 540 nm using 30 µL of supernatant and 
15 µL of 2.6-dichlorophenol-indophenol sodium (0.1 mg/mL). 
The standard curve was drawn against the established ascor-
bic acid concentration. The standard curve was used to calcu-
late the amount of ascorbic acid present in the testis (Omaye, 
Turnbull, & Souberlich, 1979). 

Estimation of Glucose-6-Phosphate Dehydrogenase (G-
6-PD) activity 
Testes were homogenized and the mixture was centrifuged at 
1000g for 5 minutes at 0°C, the supernatant was again centri-
fuged at 10,000 g for 10 minutes at 0ºC. 0.2 mL of Tris HCl buf-
fer (pH 8.3, 0.5 M), 0.01 mL of 20 mM Nicotinamide adeninen 
dinucleotide phosphate (NADP), 0.025 mL of tissue extract and 
0.025 mL of glass distilled water were added and mixed well. 
The absorbance of this mixture was read was kept in a spectro-

photometer at 340 nm against a blank (distilled water) (Lohr & 
Waller, 1974)

Estimation of ∆5-3β-Hydroxysteroid Dehydrogenase (∆5-
3β- HSD) activity 
The weighed testes were homogenized in 0.1 M phosphate 
buffer (pH 7.4) and centrifuged at 10000×g. for 10 minutes at 
0°C. Then the supernatant was taken in a conical flask (50 mL) 
and 0.2 mL of Nicotinamide adenine dinucleotide (NAD), 0.1 
mL of dehydroepiandrosterone were added and mixed well. 
This solution was kept in a shaking incubator at 37°C for 90 
minutes, and acidified with 0.1 mL of 3 M acetate buffer (pH 
5.0). This solution was then extracted with 10 mL of ethyl 
acetate and evaporated until it was dry. The residue was dis-
solved in 2 mL of ethanol and optical density was read by a 
spectrophotometer at 240 nm against ethanol as the blank. 
The protein content of the tissue was determined and specific 
activity was expressed per mg of protein (Rabin, Leipsner, & 
Deane,1961). 

Estimation of Follicle Stimulating Hormone (FSH), Lu-
teinizing Hormone (LH) and Testosterone
Serum FSH, LH, and testosterone levels were assessed using an 
enzyme-linked immunosorbent assay kit from UNITED BIOTEK, 
Canada. In 96 well plates, 50 μL rabbit anti-hormone reagent, 
100 μL of working hormone-HRP conjugate reagent, and 25 
μL standard and samples, were added to each well and incu-
bated at 37°C for 1½ hours. The wells were rinsed five times 
with distilled water, followed by the addition of 100 μL TMB 
and incubated at room temperature. The solution 1N HCl was 
used to stop the reaction. Absorbance was measured at 450 
nm (Auletta, Caldwell, & Hamilton, 1979).

Estimation of fructose in seminal vesicles and epididy-
mal protein content 
Fructose content in seminal vesicles was measured using the 
previously described procedure in keeping with the WHO 
laboratory manual (Padashetty & Mishra, 2007). Standard curve 
was prepared by dissolving fructose (0.1, 0.2, 0.3, 0.4, 0.5, and 
0.6 mM/mL) in water and mixing it with indole reagent. Final-
ly, the absorbance was noted at 470 nm wavelength against 
blank. Protein was estimated with Folin’s phenol reagent and 
the activities of the enzyme were expressed in unit per mg of 
protein as per the previously described method (Lowry, Rosen-
brough, Farm, & Randall, 1951). Standard curve was prepared 
by dissolving BSA (0.1, 0.2, 0.3, 0.4, and 0.5 mg/mL) in distilled 
water. Optical density was recorded at 660 nm against the re-
agent blank 

Histological studies of rat testis and epididymis
The histology of the tissue was studied adopting the rou-
tine paraffin method (Hamilton, 1975) and resin embedding 
method (Hayat, 1981). A section of tissue was mounted over 
the slide for the microscopic studies and the following steps 
were taken.

The reproductive organs were separated from the experi-
mental and control rats, then washed altogether with normal 
saline, cut to pieces of the desired size and fixed in Bouin's 



215

Subramaniyan et al. Anti-fertility and antisteroidogenic activity of Clerodendrum serratum in mature male rats

liquid fixative promptly after autopsy examination. Fixation 
continued at room temperature for one day, after which the 
tissues were transferred into 70% alcohol. The tissues were 
then dried out by passing them through ascending grades in 
alcohol, cleared in a solution of xylene, penetrated with liquid 
paraffin, and lastly implanted in paraffin wax (58°C MP). 5 μm 
thickness sections were acquired utilizing a rotary microtome 
(Leica, Germany). The section was stained in Harris' hema-
toxylin and eosin was, dried out utilizing alcohol, cleared in 
xylene and mounted using dihydroxyphthalate xylol (DPX). 
The stained slides images were captured using a research 
microscope.

Statistical analysis
The statistical analysis was performed by Graph Pad Prism 5.0 
Version (Graph Pad Software, Inc., San Diego, California, USA). 
All data are presented as mean±SEM and comparisons done 
by one-way ANOVA followed by Tukey's test as a post hoc test. 
Values were considered significant at p<0.05 or less.

RESULTS

Body weights and reproductive organ weights
The final body weights of rats of all groups increased marked-
ly when compared with their respective initial body weights 
and are shown in Table 1. A great decline in the weights of 

testis, epididymis and seminal vesicle was observed in all 
treatment groups when compared with Group I animals and 
this is shown in Table 1. Oral administration of the extract at 
the dose of 100 mg kg-1 b.wt, and 300 mg kg-1 b.wt showed 
significant (p<0.05) decrease in testis, epididymis and vas 
defenses compared with the control. The most significant 
reduction (p<0.01) of this reproductive organ weight was 
observed at the dose of 500 mg kg-1 b.wt compared as with 
control. 

Reproductive performance 
The female rats who mated with the MECS 100,300 and 500 
mg kg-1 b.wt. p.o. treated male rats delivered fewer pups than 
those mated with the control. However, the female rats who 
mated with MECS 500 mg kg-1 body weight treated male rats, 
were not delivered of pups. That is, the MECS 500 mg kg-1 body 
weight showed 0% fertility, followed by MECS 300 mg kg-1 

b.wt. p.o (16.7%) and MECS 100 mg kg-1 b.wt. p.o (33.3%), at a 
tested dose when compared to the control (100%). These re-
sults are shown in Table 2.

Antisteroidogenic property
In the current study, the decrease in protein concentration by 
MECS-treated rats can be attributed to a decrease in secretory 
activity. Figure 2A shows that the methanol extract of the aerial 
portion of C. serratum significantly increased cholesterol and 

Table 1. Effect of MECS on body and reproductive organ weights of Male albino rats.

Groups
Body Weights (Grams) Reproductive Organ Weights (%)

Initial Final Testis Epididymis Seminal Vesicles

Group I- Control
DW (10ml kg-1b.wt. p.o.)

171.3±2.716 211.5±3.89 0.745±0.039 1.65±0.047 3.27±0.045

Group II-
MECS (100mg kg-1b.wt. p.o.) 171.8±3.55 210.8±1.30 0.69±0.022 0.14±0.025* 2.67±0.25*

Group III-
MECS (300mg kg-1b.wt. p.o.) 169.8±3.21 207.7± 2.53 0.64±0.013* 0.12±0.054* 0.22±0.03*

Group IV-
MECS (500mg kg-1b.wt. p.o.) 170.7±3.52 210.2±1.74 0.59±0.020** 0.10±0.032** 0.17±0.12**

 ‘n = 5’ in each group; values are expressed as Mean±SEM. *p<0.05, ** p<0.01, compared with normal control.. Statistical test employed was one 
way ANOVA followed by Tukey multiple comparison test.

Table 2. Effect of MECS on Reproductive Performance by Fertility testing in Female rats after 30 days of 
treatment.

Design of treatment Number of mated 
males/females

Number of females 
delivered

Litter size of the 
mated female Percent Fertility

Group I- Control
DW (10ml kg-1b.wt. p.o.)

3/6 6 59 100

Group II-
MECS (100mg kg-1b.wt. p.o.)

3/6 2 8 33.3

Group III-
MECS (300mg kg-1b.wt. p.o.)

3/6 1 2 16.7

Group IV-
MECS (500mg kg-1b.wt. p.o.)

3/6 0 0 0
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ascorbic acid content in the testicular tissues of rats at all doses 
of 100, 300, and 500 mg kg-1 b.wt. When compared to control 
animals, the MECS 500 mg kg-1 b.wt displayed a significant in-
crease in cholesterol and ascorbic acid content of 133.46 g/mg 
and 195.52 g/mg, respectively.

The MECS-treatements also suppressed the activities of 
two primary testicular steroidogenic enzymes, G-6-PD and 
5-3β-HSD, significantly (p<0.05). In Figure 2B, the MECS-
treated rats had the highest suppression of G-6-PD and 5-3β 
-HSD at 500 mg kg-1 b.wt, with 7.17 and 2.18 U/mg protein, 
respectively, as compared to control-treated animals. Among 

the therapies, this extract demonstrated that this drug has an 
antisteroidogenic effect in male rats.

Oral administration of the extract at the dose of 100 mg kg-1 
b.wt, 300 mg kg-1 b.wt, and 500 mg kg-1 b.wt showed very sig-
nificant (p<0.005) reduction in serum testosterone, FSH and LH 
levels comparable to that of the control has shown in Table 3. 
The results are summarized in Table 4. Among all groups, the 
MECS 500 mg kg-1 b.wt treated rats showed more of a reduc-
tion in the content of fructose in seminal vesicles, and epididy-
mal protein content was 1.5% and 55.54%, respectively when 
compared to the control.

Table 3. Effect of MECS on fructose content in seminal vesicle and epididymal protein content of male rats.

Design of treatment Fructose in seminal vesicle (mg/g) Protein in epididymis (mg/g)

Group I- Control
DW (10ml kg-1b.wt. p.o.)

4.88±0.21 237.23±5.19

Group II-
MECS (100mg kg-1b.wt. p.o.)

3.33±0.11* 131.08±3.78*

Group III-
MECS (300mg kg-1b.wt. p.o.)

2.45±0.11* 77.42±2.30*

Group IV-
MECS (500mg kg-1b.wt. p.o.)

1.5±0.05* 55.54±1.47*

‘n = 5’ in each group; values are expressed as Mean±SEM. *p<0.05, compared with normal control. Statistical test employed was one way ANOVA 
followed by Tukey multiple comparison test.

Table 4. Effects of MECS on hormone profile of male albino rats.

Groups Testosterone LH FSH

Group I- Control
DW (10ml kg-1b.wt. p.o.)

5.160±0.025 4.470±0.560 3.397±0.352

Group II-
MECS (100mg kg-1b.wt. p.o.)

3.367±0.465* 2.310±0.223* 1.990±0.054*

Group III-
MECS (300mg kg-1b.wt. p.o.)

2.087±0.094** 2.087±0.076** 1.950±0.043**

Group IV-
MECS (500mg kg-1b.wt. p.o.)

1.612±0.063*** 1.680±0.329*** 1.180±0.043***

‘n = 5’ in each group; values are expressed as Mean±SEM. *p<0.05, ** p<0.01, ***p<0.001 compared with normal control. Statistical test 
employed was one way ANOVA followed by Tukey multiple comparison test.

Figure 2. A. Effect of MECS on testicular cholesterol and ascorbic content in male rats after 30 days of treatment. 2. B. Effect of MECS on testicular 
∆5-3β–HSD and G-6-PDH enzymes content in male rats after 30 days of treatment MECS- Methanolic extracts of C. Serratum, DW – Distill water. Data 
are presented as Mean±SEM (n=5); for each dose group. *Mean difference values compared to control group are significant at the 0.05 level.
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Effects of MECS on tissue histology

Testicular histology
As shown in Figure 3, the histological results indicated that the 
control animals had the usual histological structure of rat tes-
tis. Standard seminiferous tubules with multiple germ cells are 
visible in this segment. There is evidence of spermatogenesis, 
as shown by the orderly maturation of germ cells from the lu-
men's base to its middle. In MECS-treated testes (Sections B, C, 
and D), there were fewer secondary spermatocytes, sperma-
tids, and Leydig cells, as well as histological damage to the tes-
tes with an increased diameter of seminiferous tubules, there 
are areas of degenerating cells and debris.

Epididymis histology
The findings revealed that the control animal had typical his-
tological structure of the rat epididymis. Figure 4, Section A of 
the control epididymis reveals multiple tubules lined by cili-
ated epithelium extending into the lumen, as well as normal 
interstitial cells. There was an significant improvement in the 

histological composition of the epididymis in MECS treated 
rats relative to controls, so that (Figure 4, Section B, C, & D) 
revealed derangement, shrinkage of interstitial cells, and dra-
matic changes in cellular integrity. When these MECS-treated 
groups were compared to the control groups, there was a bio-
logically significant difference in the histological parts.

DISCUSSION

Several medicinal plants have been stated to have antifertility 
properties in India as well as other parts of the world. Medi-
cal historians have identified a number of plants with abortifa-
cient, contraceptive, and emmenagogue properties. With this 
in mind, the aim of this study was to test whether MECS had an 
antisteroidogenic impact in male rodents.

Our earlier research on the phytochemical screening of meth-
anol extracts of C. serratum revealed the presence of carbo-
hydrates, flavonoids, tannins, sterols and terpenoids. As per 
the OECD guideline 420 (acute oral toxicity-Acute Toxic Class 

Figure 4. Effects of MECS on histological structure of rat epidydimis

Section A. Control, Distilled water (10 ml kg-1 b.wt. p.o.) showed the normal interstitial cells (Yellow arrow). Section B. MECS (100 mg kg-1 b.wt. 
p.o.) exhibited the derangement of interstitial cells (Green arrow). Section C.  MECS (300 mg kg-1 b.wt. p.o.), the shrinkage of interstitial cells (Blue 
arrow) was present. Section D. MECS (500 mg kg-1 b.wt. p.o.) showed the drastic changes in the cellular integrity (Red arrow).
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Method) the acute toxicity of plant of C. serratum was reported 
this plant extract was not not cause lethal to the male rats even 
at the dose of 2000 mg kg-1 b.wt (Sarathchandiran, Kadalmani, 
& Navaneetha Krishnan, 2014 b).

The anti-fertility effect of MECS was confirmed by the follow-
ing measures. A great decline in the weights of testis, epididy-
mis and seminal vesicle were observed in all treatment groups 
when compared with the control. Reduction of reproductive 
organ weights, the disintegration of Leydig cells and regressive 
degenerative changes in testis, vas deferense, and epididymis 
indicated the anti-androgenic activity (Hiremath, Badami, Swa-
my, Londonkar, & Patil, 1997).

In the androgenic pathway, cholesterol and ascorbic acid are 
essential principle precursors for the formation of androgen 

in testis. This is involved in the process of steroidogenesis in 
rat testis (Rajnish et al., 2011; Sharma & Jacob, 2001). Feronia 
limonia fruit pulp extract-treated rats show impairment of 
spermatogenesis due to an accumulation of cholesterol and 
ascorbic acid in rat testis (Dhanapal, Ratna, Sarathchandran, & 
Gupta, 2012). Mycotoxin MT81 and its benzoylated derivative 
induced an increased level of testicular cholesterol and ascor-
bic acid in male mature rats leading to impaired spermatogen-
esis (Choudhury, Gupta, & Majumder, 2011). The present study 
showed an elevated level of cholesterol and ascorbic acid in 
MECS treated rats testicular tissues, indicating the impaired 
spermatogenesis.

In our earlier studies, the MECS showed a reduction in sperm 
count and their motility. This indicates the inhibition of testos-
terone synthesis (Sarathchandiran, Kadalmani, & Navaneetha 

Figure 4. Effects of MECS on histological structure of rat testis.

Section A. Control, Distilled water (10 ml kg-1 b.wt. p.o.) showed the normal arrangement of sertoli cells (Black arrow), spermatogonia (yellow colour) 
and leydig cells (Red arrow). Section B. MECS (100 mg kg-1 b.wt. p.o.) showed the distorted seminiferous tubule (Black arrow). Section C. MECS (300 
mg kg-1 b.wt. p.o.) exhibited the disorganized population of spermatogenic cells (Green arrow). Section D. MECS (500 mg kg-1 b.wt. p.o.) the Sper-
matocytes within the lumen are very few with evidence of reduction spermatogenesis, showing severe hypercellularity of leydig cells (Grey arrow).
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Krishnan, 2014a). This theory was reinforced by changes in 
cholesterol and ascorbic acid, and it is further supported by 
the decreased importance of G-6-PD and ∆5-3β-HSD activities 
in testicular tissues. G-6-PD and ~5-3ß-HSD have been succes-
sively identified to form two major androgen biosynthesis en-
zymes. The synthesis of androgen, based on the G-6-PD and 
∆5-3β-HSD enzyme on Knorr's well-documented knowledge. 
The suppressed steroid activity of the testicles could prevent 
cholesterol from being converted into testosterone by damag-
ing the activities of these two basic androgen-based enzymes. 
(Anuja, Nithya, Rajamanickam, & Madambath, 2010; Pankajak-
shy & Madambath, 2009).

The decrease in Leydig cells observed in the histological struc-
ture of rat testis may be correlated with decreased testoster-
one production (Eik-Nes, 1970). Diminution of testosterone 
levels may indicate the delayed maturation of spermatozoa 
and the lower FSH and LH levels may affect the Sertoli cell 
function present in the seminiferous tubules resulting in the 
disturbing facilitatory function of these cells. The testosterone 
surge is required to stimulate the accessory glands fully. De-
creased endogenous testosterone secretion from the testis de-
prive the development of mature sperm and also it suppresses 
testicular steroidogenesis and spermatogenesis (Kusemiju, 
Osinubi, Noronha, & Okanlawon, 2010). The fructose contents 
in seminal vesicles and epididymal protein were shown to be 
significantly (p<0.05) reduced in all doses of MECS treated rats. 
Fructose and citric acid play an essential role in sperm motility 
and concentration, especially with regards to energy metabo-
lism (Videla, Blanco, Galli, & Fernández-Collazo, 1981). Fructose 
is a fundamental sugar in semen. Sperm motility and sperm 
count were diminished in aluminum chloride treated rats due 
to an absence of fructose content in seminal vesicles of mice 
(Chinoy & Ranga Geetha, 1984). The protein level is directly 
associated with the secretory activity of epididymis, which in 
turn depends on the androgen levels (Jones, 1977).

The antisteroidogenic property findings are additionally up-
held by histopathological changes in the testicles. Leydig 
cells were lessened which demonstrates the inadequacy of 
these cells to synthesize testosterone. The quantity of Leydig 
cells has an immediate bearing on spermatogenesis (Gupta, 
Kumar, Dixit, & Dobhal, 2000). The reduction in the number of 
secondary spermatocytes and spermatids may be due to an 
insufficient amount of testosterone (De Kretser & Kerr, 1994). 
Distorted epithelial layer patterns and pyknosis were ob-
served among the epithelial cells. The interstitial spaces were 
filled with loose connective tissue (Vengaiah, Govardhan, & 
Changamma, 2015). Ethanolic extract of C. papaya seeds on 
the epididymal histology revealed changes such as vacuola-
tion in the tubules, loose contacts of the principal cells in the 
epithelium of epididymis and presence of degenerated late 
spermatids (Madan, 2013). Similar findings were observed in 
MECS treated animal testes such that a reduced number of 
secondary spermatocytes, spermatids and Leydig cells with 
changes of epididymal cellular integrity were eliciting adverse 
histological damage in the testes and epididymis. As per the 
previous reports, in rabbits, intravaginal administration of 0.5 
mg β -sitosterylsulphate in KY jelly reduced pregnancy rates 

(Burck, Thakkar, & Zimmerman, 1982). Chronic administration 
of β -sitosterol at doses ranging from 50 to 500 pg triggered 
testicular lesions and prevented the process of spermatogen-
esis in males (Ghannudi, Shareha, Elsamannoudy, Ibrahim, & 
Elmougy, 1978; Malini, 1987). Based on the information pre-
sented above, we concluded that β-sitosterol plays an impor-
tant role in male anti-fertility. 

CONCLUSION

In conclusion, the testicular steroidogenesis and fertilities were 
lower in the MECS-treated rats, and anti-androgenic results 
were reported in hormonal study. Furthermore, histopatho-
logical findings confirmed the drug's male contraceptive func-
tion. More research is needed to determine the antifertility ef-
fect of MECS in various animal species, as well as to identify the 
bioactive principles responsible for this effect and to compre-
hen the cellular behavior's underlying mechanism.
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