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Abstract

Background: Co-administration of streptozotocin and fructose is believed to induce type 2 diabetes as
well as to cause reproductive toxicity and testicular damage via increasing oxidative stress in rats.
Objectives: In this study, the potential protective effect of Costus afer leaves methanol extract (CAME) on
andrological parameters and pituitary-gonadal axis hormones of type 2 diabetes (T2D) in rats treated with
streptozotocin and fructose was investigated.

Methods: A total of 35 rats were divided into five groups, each including seven rats. Group 1 received
normal saline, whereas T2D was induced in rats from groups 2, 3, 4, and 5. Group 2 served as diabetic
control; while groups 3, 4, and 5 were treated orally with 12 mg/kg body weight (BW) of metformin as
well as 100 and 200 BW of CAME, respectively, for 4 weeks. Hypothalamic—pituitary—gonadal responses,
andrological parameters, DNA fragmentation, and oxidative stress parameters of the reproductive organs
were examined in all treatment groups.

Results: Administration of CAME reduced the degenerative changes in testes, epididymis and improved
pituitary-gonadal axis hormone concentrations, and sperm morphology occasioned by the treatments.
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T2D rat models treated with streptozotocin-fructose administration.

@ Conclusion: It was concluded that the administration of CAME ameliorated reproductive abnormalities in
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Background

One of the most common metabolic diseases occurring
all over the world is diabetes mellitus (DM) which affects
almost every organ and system in human body. Glucose
metabolism is an important process in spermatogenesis,
and it is believed that male and even female’s reproductive
functions are often disrupted with DM (1). Infertility
and reproductive dysfunctions in male are among
major complications of the disease due to continuous
hyperglycemia in body system. Yannasithinon et al (2)
have concluded that type 2 diabetes (T2D) can cause
male infertility in human and rodents by affecting their
spermatogenesis and testosterone synthesis. The number
of people with DM especially T2D is increasing on an
annual basis. It has been reported that around 51% of the
cases with T2D face sub-fertility (3).

Studies on human and animal models have already
confirmed the adverse effects of DM on reproductive
functions, compassing, nuclear DNA fragmentation,
chromatin quality, and semen parameters (4,5). The
delirious effect of DM on reproduction unction is
successfully linked to oxidative stress that accompany
hyperglycemia, also spermatozoa are vulnerable to

reactive oxygen species damage (6). Streptozotocin and
fructose have also been proven to increase hyperglycemia
and cause reproductive toxicity in rats models (7).

It has been confirmed that diabetic reproductive
dysfunctions induced in experimental animal models can
be modulated with medicinal plants (4). Many medicinal
plants have been used for the treatment of male infertility
after diverse etiologies; however, only a few of these plants
have been examined for their specific roles in correcting or
ameliorating reproductive dysfunctions secondary to DM
(8). These plants or their extracts, including extracts of
Dracaena arborea (Tree Dracaena) root barks (9), the ethyl
acetate fraction of Eugenia jambolana (Jambul tree) seed
(10), as well as methanol and aqueous extracts of Zingiber
officinale (Ginger) root have been found to significantly
enhance sperm parameters and sexual indices (11).
Some antioxidant and andrological properties have been
attributed to the ameliorating potentials of these plant
extracts (12). Costus afer is one of the candidate medicinal
plants effective in alleviating reproductive complications
of diabetes due to the presences of antioxidants and other
phytonutrients. It is a medicinal plant whose parts (i.e., leaf,
stem, roots) have long been used to treat hyperglycemia (13).
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Costus afer Ker-Gawl, a tropical plant with a creeping
rhizome that is usually unbranched, is a tiny monocot
shrub that grows in the humid and large forests, as well as
in the vicinity of rivers. It is a perennial plant with white
and yellow flowers that can reach a height of 4 meters. C.
afer is also known as bush cane, spiral ginger, and ginger
lily. It is also use in treatment and control of a variety of
conditions, including diabetes mellitus, stomach aches,
arthritis, inflammation, and gout (14). According to the
previous investigations, saponins, cyanogenic glycosides,
tannins, and other compounds have been found in the
extracts from the leaves, roots, and rhizome of this plant
(14,15).

According to the results from our previous (Silico and In
vitro) studies (16), it was revealed that standardized extract
of Costus afer methanol extract (CAME) had antioxidant
and anti-diabetes properties; however, the properties of
anti-hyperglycemia and reproductive damage protection
of CAME have never been investigated. This study,
therefore, aimed to evaluate the protective effects of
CAME on reproductive toxicity in T2D rats model.

Materials and Methods

Absolute methanol, hydrogen peroxide, ether solution,
trichloroacetic acid, sodium chloride, and fructose were
purchased from Merck Chemicals Limited (England).
Streptozotocin, orthophosphoric acid, thiobarbituric acid,
glucose oxidase reagent (SERA-PAK Plus, Bayer), and
Metformin were purchased from Sam Pharmaceuticals
(Tlorin, Nigeria). Elabscience Biotechnology Co. Ltd
(Bethesda, USA) was the source of follicle stimulating
hormone, testosterone, and luteinizing hormone ELISA
kits. Analytical grade of chemicals and reagents were used.
CAME was prepared as described by Atere et al (16), and
was applied as instructed by Atere and Akinloye (17).

Animals

A total of 35 male Wistar rats of 130-150 g were maintained
under appropriate atmospheric and standard colony
photoperiod conditions humanely. They were served ad
libitum with standard rat food. All animals were treated
humanely and under the conditions outlined in the
National Academy of Science’s “Guide for the Care and
Use of Laboratory Animals” which had been issued by the
National Institute of Health.

Type 2 Diabetes Induction

In this study, the method described by Wilson and Islam
(18) as well as Ibrahim and Islam (19) for inducing type
2 diabetes (T2D) in rats was adopted. Briefly, insulin
resistance was induced in animals in diabetic groups with
administration of 10% fructose solution ad libitum; then,
partial pancreatic B-cell dysfunction was induced with
a single injection (i.p.) of streptozotocin (STZ, 40 mg/
kg body weight prepared in citrate buffer, pH 4.5) to the
over-night fasted animals (20). A week after the injection
of STZ, a portal glucometer was used to measure the levels

of non-fasting blood glucose (NFBG) (21) in the blood
from the animal tail veins. Non-fasting blood glucose
concentrations less than 300 mg/dL were excluded from
the study.

Rats were randomized into five groups (n=7) as follows:
the first group was considered as normal (NC), and the
second group was taken as diabetic control (DC); three
diabetic rat groups were administered orally once daily
with 12 mg/kg body weight of metformin (D+MF) and
two different doses of CAME (100 and 200 mg/kg body
weight/day) D+100 and D+200, respectively, for 30 days
using a gavage syringe after the confirmation of diabetes.
Doses of CAME administered to rats in this study were
based on earlier studies (17).

Collection of Blood and Organ Samples

At the end of the animals treatments, nearly 2 mL blood
was obtained from them through the orbital venous plexus
of 12 hours fasted and diethyl ether anesthetized animals
using method described by Sorg and Buckner (22). The
remaining blood was collected into clean and plain test
tubes and, then, centrifuged for 10 minutes at 3000 rpm.
The obtained serum, seminal vesicle, epididymis, and
harvested testis prostrate from dissected animals were
stored at -70°C.

Organ/Body Weight Ratio
The organ/body weight ratios of harvested organs were
evaluated using the following formula:

Organ / body weight ratio = Weight of organ

Animal weight
Homogenates Preparation
Five percent of homogenates were obtained from the
tissues of interest using phosphate buffer (of 0.1 M and pH
7.4). Resulting homogenate at 3000 rpm and 15 minutes
was centrifuged and the supernatants were deployed
for biochemical assays. Remaining organs were further
processed for hematoxylin and eosin staining after fixing
them first in Bouin’s solution.

Biochemical Assay

A diphenylamine spectrophotometric assay method
of Burton (23) was adopted in quantifying DNA
fragmentation in testes. On the homogenates of epididymis
and testis, nitric oxide assay was performed using method
described by Green et al (24).

Hormonal Assay

Method described by Wilke and Utley (25) was used to
determine concentration of luteinizing hormone, follicle
Stimulating Hormone, and testosterone using Kkits.

Antioxidant Assay

Method described by Sinha (26) was employed to calculate
catalase activity in the samples. Beutler et al method was
applied to estimate reduced glutathione (GSH) (27).
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Lipid peroxidation was determined by measuring the
amount of malondialdehyde (MDA) formed and using the
spectrophotometrically method described by Ohkawa et al
(28). Habig et al (29) and Rotruck et al (30) methods were
deployed to determine glutathione S-transferase (GST)
and glutathione peroxidase (GPx) activities, respectively.

Semen Analysis/Evaluation

From the right testicles, testis was excised along with its
epididymis. Caput was separated from epididymis and
quickly placed on a preheated (27°C) slide and, then,
it was cut with a razor to release semen on the slide.
Semen progressive motility, epididymal sperm life/death
ratio, and sperm quality were measured using Zemjanis’s
method (31). Method described by World Health
Organization (WHO) (32) and adopted by Oyeyipo et al
(33) was employed to determine epididymis sperm count.
Method described by Alabi et al (34) was also adopted for
morphological study of abnormal spermatozoa.

Histopathological Analysis
Fixed tissues were processed for histological studies using
method described by Krause (35).

Statistical Analysis

Generated data were processed with GraphPad Prism
version 5.00 for Windows (GraphPad software) and were
expressed as mean + SEM. Turkey’s HSD multiple post
hoc test was used to evaluate the significance by using one
way ANOVA. P values < 0.05 were considered significantly
different.

Results

Table 1 shows weekly blood glucose concentrations (mg/
dL) of the rats in normal control group and diabetic
experimental groups. Generally, the blood glucose levels
of the diabetic rats were significantly higher (P <0.05) than
those of the rats in the NC group after diabetes induction
(week 0). From week one, however, a steady decrease in
blood glucose concentration was observed in diabetic
animals receiving 200 mg/kg body weight of CAME. A
sharp reduction in blood glucose concentration was also
detected in diabetic animals administered with 100 mg/
kg body weight of CAME (D+100 group) from week 0 up
to week two. From week two, significant decreases were
found in glucose concentrations (P<0.05) for D+ME
D+100, and D+200 groups compared to normal control
group throughout the remaining experimental weeks.

Effect of CAME on Fertility Capacity in Type 2 Diabetes
Male Rat Model

The T2D rat model revealed a significant reduction
(P<0.05) in the sperm count in diabetic rats. The sperm
count in DC, D+ME and D+200 groups was decreased by
22.6%, 25.9%, 22.4% (P <0.05), respectively, compared to
that in NC. The 100 mg/kg body weight of CAME reversed
the low sperm count significantly due to diabetic induction
when compared to that observed in other treatment groups
(Table 2).

A slightly higher sperm viability value was observed in
rats from D+100 group (P<0.05) when compared with
the values from other treatment groups. There were no
significant changes in the percentages of sperm viability in
other diabetic groups compared to normal control group
(Table 2).

Table 1. Weekly Blood Glucose Level in Experimental Animals After Four Weeks Post Induction of Diabetes

NC D+MF D+100 D+200
WEEK 0 107+3.742 379+4.70 387+4.78 395+5.80 39346.01
WEEK 1 113+13.70° 426+19.300 405+15.00" 192+18.30¢ 228+2.52¢
NFBG (mg/dL)
WEEK 2 124+4.78° 460+15.0" 413217¢ 136+11.50¢ 320+9.13¢
WEEK 3 144+5.80° 425+18.3 293+10.7° 11943.95° 274+6.22
FBS (mg/dL) WEEK 4 88.246.01° 309+2.52" 224+11.8¢ 105+3.49° 183+3.27¢

Abbreviations: FBS, fasting blood sugar; NFBG, non-fasting blood glucose.

Data are presented as the mean + SEM (n=7). Values with different letters are significant different from each other (P<0.05). NC, Normal control; DC, Diabetic
control; D+MF, Diabetic rats treated with metformin; D+100, Diabetic rats treated with 100 mg/kg body weight of CAME; D+200, Diabetic rats treated with 200

mg/kg body weight of CAME.

Table 2. Sperm Parameters of Normal and Type 2 Diabetic Rats

Group Epididymal Sperm Count (Millions cells/mL) Sperm Viability % (Live/Death Ratio) Sperm Motility (%)
NC 128.8 £2.11* 97.0+0.58° 92.5+1.02°
DC 96.6+3.36" 92.2+2.67° 67.6+1.94"
D+MF 92.5+3.61° 95.5+0.75? 71.25+1.08"
D+100 110.4+2.28¢ 96.2+0.66" 80.0+1.35¢
D+200 96.8+3.41° 86.0+0.89° 66.0+2.19°

Data are presented as the mean + SEM (n=7). Values with different letters are significant different from each other (P<0.05). NC, Normal control; DC, Diabetic
control; D+MF, Diabetic rats treated with metformin; D+100, Diabetic rats treated with 100 mg/kg body weight of CAME; D+200, Diabetic rats treated with 200

mg/kg body weight of CAME.
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In terms of sperm motility, a significant increase
(P<0.05) was observed in D+100 group compared with
DC one. Furthermore, daily treatment with high dose of
CAME or metformin failed to reverse the reduction in
sperm motility in D+MF and D+200 compared to DC
(Table 2).

Sperm Morphology of Normal and Type 2 Diabetic Rats
at the End of Experimental Period

Tailless Head

As compared to rats in other treatment groups, the rats in
the D+MF group had a reduced number of spermatozoa
with normal head without tail abnormality. The differences
of the means were insignificant (P>0.05) within the
groups (Table 3).

Headless Tail

As compared to the control groups, diabetic animals
treated with two doses of CAME had highest values of
spermatozoa with normal tail without head. Differences of
the means detected in the control and any of the treatment
groups were non-significant (P>0.05) (Table 3).

Rudimentary Tail

Population of the sperm cells with rudimentary tail in
controls were not significantly (P>0.05) different from
the values obtained for other treatment groups (Table 3).
The lowest value of this abnormality was observed in the
diabetic rats administered with 100 mg/kg body weight of
CAME.

Bent Tail

Significantly higher (P<0.05) spermatozoa with bent
tail abnormality was seen in rats from treatment groups
when compared with rats from control groups. Treatment
with CAME or metformin significantly reduced (P<0.05)
sperm bent tail abnormality (Table 3).

Table 3. Sperm Morphology of Normal and Type 2 Diabetic Rats

Curved Tail, Curved Mid-Piece and Bent-Mid Piece

Curved tail, curved mid-piece, and ben-mid piece
abnormalities observed in the sperms of diabetic rats from
untreated group were significantly reversed (P<0.05)

in other diabetic rats treated with CAME or metformin
(Table 3).

Looped Tail
There were insignificant changes (P>0.05) in looped
tail abnormality of spermatozoa of the rats from control

groups compared with those from other treatment groups
(Table 3).

% Number of Abnormal Sperm

There were significant reductions (P<0.05) in the
numbers of abnormal sperms in rats treated with CAME
or metformin compared with those in rats from DC
(Table 3).

% Number of Normal Sperm

The treatments with metformin and two doses of CAME
ameliorated assaults linked to diabetes on the spermatozoa.
A significant reduction (P<0.05) in the percentage of
normal sperm was observed in DC group compared with
that found in other treatment groups (Table 3).

Hormone

The mean serum FSH as well as testosterone and LH
concentrations of normal and diabetic rats are presented in
Figure 1A-C. There were insignificant increases (P> 0.05)
in FSH and testosterone concentrations of rats in D+ME,
D+100, and D+200 groups compared with those of rats in
DC group.

Increased in mean testicular nitric oxide concentration
was observed in all diabetic rats when compared with
the normal control, while D+MF and D+100 showed
insignificant increased (P>0.05), there were significant
increase in testicular nitric oxide in diabetic rats treated

Sperm Parameter NC DC D+MF D+100 D+200
Tailless head 4.33+0.45* 4.5+0.46* 3.75+0.41° 5.00+0.47° 5.00+0.47*
Headless tail 4.17+0.44° 4.75+0.44° 4.50+0.56° 5.33+0.27° 5.00+0.00*
Rudimentary tail 2.17+0.28° 2.25+0.34° 2.25+0.41° 2.00+0.47° 2.33+0.54°
Bent tail 7.67+0.30° 10+0.29° 9.25+.054" 9.33+0.27° 9.67+0.27°
Curved tail 7.50+0.39* 12+0.29° 9.50+0.56° 9.33+0.27¢ 9.67£0.27¢
Curved mid-piece 7.83+0.28° 11.75+0.73> 9.50+0.56¢ 9.33x0.27% 9.67+0.27¢
Bent mid-piece 7.83+0.44° 11.75+0.18" 9.25+0.41¢ 9.67+0.27¢ 9.00+0.00¢
Looped tail 2.00£0.33° 2.25+0.34° 2.25+0.41° 2.00£0.47° 1.67+0.54°
% Number of abnormal sperm 10.70+0.27* 14.64+0.40° 12.33+0.54" 12.90+0.31"¢ 12.95+0.16>
% Number of normal sperm 89.30+0.27° 85.36+0.40° 87.67+0.54¢ 87.10+0.31¢ 87.05+0.27¢
Total number of cell 406.67+2.26° 405+2.50° 407.5+2.80° 403.33+2.72° 401.67+1.36°

Data are presented as the mean + SEM (n=7). Values with different letters are significant different from each other (P<0.05). NC, Normal control; DC, Diabetic
control; D+MF, Diabetic rats treated with metformin; D+100, Diabetic rats treated with 100 mg/kg body weight of CAME; D+200, Diabetic rats treated with 200
mg/kg body weight of CAME.
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Figure 1 . Serum Follicle Stimulating Hormone (A), Serum Testosterone (B), Serum Luteinizing Hormone (C), Concentrations, Testicular and
Epididymal Nitric Oxide (D) Concentrations of the Normal and Type 2 Diabetic Rats at end of the Experimental Period. Data are presented
as the mean + SEM (n=7). Bars with different letters are significantly different from each other (P<0.05). NC, Normal control; DC, Diabetic
control; D+MF, Diabetic rats treated with metformin; D+100, Diabetic rats treated with 100 mg/kg body weight of CAME; D+200, Diabetic
rats treated with 200 mg/kg body weight of CAME.

%

0.0064

0.0044

Qpnto body weight retio

0.002+4

.

EPIDIDYMIS PROSTRATE

Treatment groups

Ea NC

B3 DC

B3 D+MF

m D+100

D+200
a

Testicular DNA fragmentation (%)
Total protein (mg/mi)

Treatment groups Treatment groups

Figure 2. Testis-body Weight, Epididymis-body Weight and Prostrate-Body Weight Ratios (A), Testicular DNA Fragmentation (B), Testicular and
Epididymal Total Protein Concentrations (C) in Normal and Type 2 Diabetic Rats at end of Experimental Period. Data are presented as the
mean + SEM (n=7). Bars with different letters are significant different from each other (P<0.05). Normal control, NC; Diabetic control rats,
DC; Diabetic rats administered with metformin, D+MF; Diabetic rats administered with 100 mg/kg body weight of CAME, D+100; Diabetic
rats administered with 200 mg/kg body weight of CAME, D+200.
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with metformin and 200 mg/kg body weight of CAME
compared with normal control (P<0.05). As shown in
Figure 1D, there were insignificant increases in epididymal
nitric oxide concentrations of treatment groups compared
with that of normal control group.

There were insignificant increases (P<0.05) in testis-
body and epididymis-body weight ratios of D+MFE D+100,
and D+200 groups compared with that of DC groups.
The ratio of prostrate to body weight was insignificantly
higher (P>0.05) in the diabetic rats treated with 100 mg/
kg body weight of CAME compared to those in rats from
other groups (P<0.05), while insignificantly lowest value
(P>0.05) of prostrate to body weight was observed in
D+200 group compared to those in other groups (Figure
2A).

There was significant reduction (P<0.05) in testicular
DNA fragmentation of diabetic rats treated with CAME
or metformin compared with rats from DC group. The
highest reversal in percentage of DNA fragmentation was
observed in D+100 (Figure 2B).

Testicular and epididymal total protein concentrations
in normal and type 2 diabetic rats were presented in
Figure 2C. There were decreases (P<0.05) in testicular
total protein concentrations of rats treated with CAME or
metformin compared to that of rats in DC group. Induced
type 2 diabetes resulted in significant reductions (P <0.05)
in epididymal total protein concentrations of rats in DC
group compared with that of rats in normal control.
Metformin administration significantly reversed (P <0.05)
the reduction in D+MF to a value close to that found for

Catalase activity (ymoles H,0, cons

EPIDIDYMIS

Superoxide dismutase activity (Units/mg protein)

normal control.

Superoxide dismutase (SOD), catalase, GST activities,
reduced glutathione concentration in testis, as well
as epididymis of normal and type 2 diabetic rats are
presented in Figures 3A-D. SOD changes in the testis were
not significant compared with those in DC group; and
non-significant increases were observed in GST activities
of testis of diabetic groups treated with metformin and two
doses of CAME.

Significant increases (P<0.05) were observed in
testicular catalase activities of D+MFE, D+100, and D+200;
while insignificant increases (P>0.05) were observed in
epididymal catalase activities of D+100 and D+200 groups
as compared with those of DC group. Significant increases
(P<0.05) were observed in epididymal GST activities of
D+ME D+100, and D+200 groups compared with those
of DC group; but insignificant variations (P>0.05) were
observed in testicular GST activities of the experimental
groups. The pronounced increases (P < 0.05) were observed
in testicular and epididymal MDA concentrations of
DC compared to that of NC with significant reduction
(P<0.05) in the numbers of diabetic rats treated with
metformin and CAME (Figure 3D).

Testicular ~ histopathological ~ examinations  of
experimental animals are presented in Figure 4. As for NC,
histoarchitecture appeared normal with full maturation
of the germinal cells from the spermatogonia to the
spermatozoa. Interstitial space and lumen containing
interstitial cells could have been also seen in this group
with intact Sertoli cells and seminiferous tubules. The

g

Ea NC
B3 ne
B D+MF
D100
22 D+200

§E

TESTIS EPIDIDYMIS
s

B \C
B3R DC
B3 D+WF
D D+100
D+200

GST activity pmoles/min/mg protein
entration (nmol/g tissue)

Malondialdehyde con

TESTIS

TESTIS

Treatment groups

Figure 3. Antioxidant Systems of Normal and Type 2 Diabetic Rats at end of Experimental Period. (A) Catalase (B) Superoxide Dismutase
and (C) Glutathione-s-Transferase Activities in Testicular and Epididymal Tissues of Normal and Type 2 Diabetic Rats at end of Experimental
Period. Data are presented as the mean + SEM (n=7). Bars with different letters are significant different from each other (P<0.05). NC, Normal
control; DC, Diabetic control; D+MF, Diabetic rats treated with metformin; D+100, Diabetic rats treated with 100 mg/kg body weight of
CAME; D+200, Diabetic rats treated with 200 mg/kg body weight of CAME.

Avicenna ] Med Biochem, Volume 9, Issue 2, 2021 77



Figure 4. Testicular Histopathological Examinations of Normal and Type 2 diabetic Rats at End of Experiment (X1000). D+100, Diabetic Rats
Treated With 100 mg/kg Body Weight of CAME; D+200, Diabetic Rats Treated With 200 mg/kg Body Weight of CAME. Captions: IS Interstitial
space, LC Leydig cell, SG Spermatogonium, BM Basement membrane, ST Seminiferous tubule, IC interstitial cell, T Primary spermatocyte, 2
Secondary spermatocyte, 3 Tertiary spermatocyte Leydig cells), haemorrhage, as well as degenerating spermatogonia.

lumen could have been observed with the presence of
spermatozoa. The basement membrane appeared normal
and there was no observable presentation of spermatogenic
arrest. Primary (1), secondary (2), and tertiary (3)
spermatocytes were also well outlined with a well-defined
spermatogonium. DC showed seminiferous tubules with
maturation arrest; and the lumen was widened and it
lacked spermatozoa. Presence of degenerating Sertoli
cells, pyknotic Leydig cells, as well as haemorrhage and
degenerating spermatogonia could have been also seen in
this group. As for D+ ME, there were distorted tubules with
obvious signs of testicular damage.

As for D+100, there was potential regeneration of the
spermatogonial cells with little spermatid in the lumen.
The histoarchitecture of D+100 showed mildly normal
appearance with concentric seminiferous tubules and
lumen condense with mature sperm cells. D+200 showed
normal Sertoli cells and spermatogonia cell; and lumen
appeared normal with spermatozoa. The basement
membrane and interstitial spaces were well delineated and
the interstitial cells (Leydig cells) were intact.

Histopathological examination of the epididymis of
control and experimental animals is depicted in Figure
5. As for NC, histoarchitecture of epididymis with full
spermatozoa in the lumen, the epithelial cells, and smooth
muscles appeared normal. As for DC, histoarchitecture

epididymis with most of the lumen was devoid of
spermatozoa, and degeneration of epithelium cells and
vacuolation was observed in some of the epithelial
layer. Histoarchitecture of epididymis from the D+MF
group showed normal spermatozoa in the lumen, and
epithelium appeared normal. In D+100, histoarchitecture
of epididymis showed presence of spermatozoa in the
lumen, and epithelium layer also appeared normal. As for
D+200, histoarchitecture of epididymis showed reduction
in number of spermatozoa within the lumen and mild loss
of epithelium cells and smooth muscle.

Discussion

This study aimed to determine the effects of CAME on
male rats’ reproductive dysfunction caused by DM, as
well as to investigate the possible reproductive toxicity
caused by combined administration of streptozotocin and
fructose. The male reproductive system is divided into
three parts: endocrine control hypothalamic-pituitary-
gonadal axis (pre-testicular), spermatogenesis (testicular),
and ejaculation (post- testicular). Diabetes mellitus is
known to exert negative effects on all these parts (36,37
). These negative effects have been documented in 150
million people worldwide (38). Diabetes mellitus manifests
itself in reduction of potency, sperm count, sexual
libido, sperm motility, impairment of spermatogenesis,
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Figure 5. Epididymal Histopathological Examinations of Normal and Type 2 Diabetic Rats at End of Experiment (X1000). NC, Normal control;
DC, Diabetic control; D+MF, Diabetic rats treated with metformin; D+100, Diabetic rats treated with 100 mg/kg body weight of CAME;
D+200, Diabetic rats treated with 200 mg/kg body weight of CAME. Captions: EP, Epithelium; L, Lumen; SM, Smooth Muscle; STC, Stereocilia;

CT, Connective tissue.

and erectile dysfunction (38). Theses manifestations
are mediated through induction of ROS generated by
hyperglycemia which is triggered by administration of
streptozotocin and fructose (7,18). The ROS generated
in DM was considered to be the major cause for DNA
fragmentation, chromosome aberrations, micronuclei and
sperm abnormalities (39). In a review by Jain and Jangir
(4), it was demonstrated that medicinal plant products
or extracts and herbal formulations were likely useful in
alleviating Diabetes mellitus-induced complications -
especially in alleviating male reproductive dysfunction, by
virtue of their antidiabetic, antioxidant, and androgenic
activities of various bioactive phytoconstituents. Results
from this study shows that CAME could alleviates male
reproductive dysfunction associated with diabetes.
Improvement in sperm viability observed in diabetes
animals administered with 100 mg/kg body weight of
the extract was similar to what was reported by Agbaje
et al (40). Oxidative stress caused alteration in testicular
function by impairing steroidogenesis which eventually
leads to reduction in sperm count (40, 41). Elgharabawy
and Emara (41) reported that the generation of ROS was
responsible for the loss of sperm count and motility by
decomposing sperm plasma membrane. Diabetic rats
administered with low dose of the plant extract were able
to minimize the reduction of sperm motility, viability, and

count more effective than the rats from other groups, there
is possibility that the extract at low dose could counter
the oxidative stress generated by STZ and/or fructose
used in diabetic induction Spermatogenesis is negatively
affected by high rates of reactive oxygen species, and the
lose of the extract used in this study seems to counter the
free radicals generated by the treatment more effectively.
This finding was consistent with our histopathological
findings as our study findings revealed that the abnormal
decrease in number of Leydig cells and the presence of
degenerating Sertoli cells, pyknotic Leydig cells, as well
as haemorrhage and degenerating spermatogonia in
testis of diabetic controls were all improved when the rats
were treated with 100 mg/kg body weight of the extract.
A similar pattern of improvement was observed in the
epididymis of the diabetic rat treated with low dose of
the extract. The decline in fertility is associated with poor
quality of sperm (41). According to our study result, it
was found that DM caused morphological alterations of
sperm cells and, as observed in diabetic untreated groups,
these were signs of interference with the maturation stage
of spermatogenesis in the seminiferous tubules. Overall,
metformin and two doses of C. afer were able to improve
sperm count comparable to the favorable sperm count in
normal control group.

Mammalian reproduction is regulated by the luteinizing
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hormone (LH) and follicle-stimulating hormone (FSH),
and pituitary gonadotropins (7). FSH is involved in
spermatogonial maturation by acting on the Sertoli cells of
the testes (42,43) and stimulating primary spermatocytes
(43). LH stimulates the production of testosterone in
the Leydig cells. Spermatid elongation and development
of secondary sexual characteristics require testosterone
(44,45). In DM, reduction in testosterone level is directly
related to sexual dysfunction (46) in diabetic rats (47).
FSH has been reported to decrease in diabetes animals
(48). Comparing the results obtained for serum FSH and
serum testosterone of the untreated diabetic rats in this
study indicated that the hypothalamo-pituitary-testicular
axis was negatively affected in the diabetic groups, and this
dysfunction was ameliorated due to antioxidant potentials
of CAME administrations.

Taking into account the study results reported by
Scarano et al (46) and Suresh et al (49), the detected
improvements in reproductive parameters in this study
may have been attributable to the enhancement in the
androgen biosynthesis disrupted by ROS due to STZ and
fructose. This finding was supported by histopathological
examination of the testes wherein the C. afer leaves
methanol extract may have prevented the hyperglycemic-
induced degenerative changes in seminiferous epithelium
and improved the epididymal sperm.

Androgen-mediated degenerative changes, as observed
in decrease in the weight of the accessory organs in diabetic
animals (46). C. afer leaves methanol extract treatment
insignificantly led to high organ-body weight ratio in
accessory organs; this may have been due to the distortion
by DM and the treatments in the androgen levels. Thus,
these organs may have played a role in affecting the sperm
quality and fertility potential following the administrations.
Contrary to organ-body weight ratio, the plant extract
reduced DNA fragmentation in testis of diabetic rats
treated with the plant extract and metformin. This could
have been attributed to the antioxidative potentials of the
extract. CAME seems to have cytoprotective protective
against fructose, and streptozotocin generates free radical
that causes damage to cell component. The reproductive
systemr’s blood circulation is aided by nitric oxide (50).
Sperm motility is reduced as the result of the effect of
nitric oxide on ATP production as well as the apoptosis
stimulation through weakening mitochondrial membrane
of sperm and releasing cytochrome-c (50). In this study,
the oxidative stress induced by hyperglycemia increased
the nitric oxide concentration in the testis of diabetic
rats in spite of the treatment by the plant extract and
metformin. No significant changes were observed in the
concentration of nitric oxide in the epididymis. It was
found that the high dose of the extract potentiated the
nitric oxide concentration in the testis of diabetic rats.
This finding suggested that the efficacy of the plant extract
may have not been associated with the extract ability to
interfere with nitric oxide/nitric oxide synthase (51), but
it may have been associated with its ability to activate the

enzyme in dose dependent manner.

ROS occurs during early stage of DM development
and is involved in its male infertility complications (52).
It was determined that the inductions of diabetes in rats
significantly induced oxidative stress in reproductive
tissues by increasing the levels of MDA and NO, as well as
by decreasing the level of glutathione, activities of catalase,
GPx, GST, and SOD. Dkhil et al (52) suggested that these
effects were accompanied by the induction of apoptosis.

Conclusion

According to our study results, it was concluded that two
doses of C. afer leaves methanol extract ameliorated the
reproductive complications in diabetic male rats. It was
also found that a lower dose of the extract produced more
beneficial effects.
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