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Abstract

Male reproductive function is clearly impaired in diabetes. This study investigates the
responses to the bioactive component of Crassocephalum crepidioides (C. crepidioides) on
histomorphology, spermatogenesis and steroidogenesis in Streptozotocin induced Diabetic
Male Rats. Eighteen (18) male diabetic and twelve non diabetic male rats were divided
into five groups of six (n=6) rats each. Group A served as non diabetic (ND) control were
given 2 mL/kg distilled water each twice daily, group B: Diabetic control (DC); diabetic rats
given 2 mL/kg distilled water each daily as placebo, group C: 500 mgkg* body weight of C.
crepidioides was administered orally twice daily in Non-Diabetic groups, group D:500 mgkg™*
body weight of C. crepidioides was administered orally twice daily in Diabetic groups; group
E: Diabetic rats treated subcutaneously with 5 units/kg.bwt of insulin. The duration of the
study was 28 days. Parameters tested include: fasting blood and serum glucose, sperm
parameters, Testosterone (TT), Follicle stimulating hormone (FSH) and Luteinizing hormone
(LH) and testicular histology. C. crepidioides significantly decreased blood and serum
glucose levels and significantly improved sperm quality and TT, FSH and LH in diabetic rats
when compared with the Non-diabetic control. Degeneration and inflammatory responses
in the testicular cells of the diabetic rats were significant improved after the administration
of the plant extracts. The present study suggested that C. crepidioides extract improved the
quality, viability, motility of semen analysis and reproductive hormone thereby preserving
the testicular functions and male genital organs in diabetic rats.
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Alkaloids, Glycosides, Cardiac glycosides, Steroids, Coumarin,
Tannins, Flavonoids, Saponins, Reducing sugar [10].

Introduction

Diabetes mellitus is one of the most common life threatening
disorders of metabolism [1] and is globally regarded important
public health problems [2]. Most male individual usually suffer
from sub-fertility or infertility due to diabetic complication [3],
through multifactorial mechanisms [4]. Several structural and
functional alterations occurs in many organs due to diabetes

Infertility has been regarded as one of the major public health
problems globally, and approximately 30 % of infertilities are
due to a male factor [11,12]. Several diabetic complications
interfere with spermatogenesis and reduce sperm quality and
production such as drug treatment, chemotherapy, toxins, air
pollutions and insufficient vitamins intake have harmful effects on

such as testis, pancreas, and brain [5-7]. Diabetes complications
has been reported to impair male reproductive functions both
humans and animals studies [8,9]. These complications also
impairs spermatogenesis and reduces sperm count, sperm
motility, seminal fluid volume, and testosterone levels [6,8,9].
In addition, diabetics reduced the diameter of the seminiferous
tubule and thickening of the basement membrane within the
seminiferous tubules and degeneration of the germ cells in
several diabetic animals [6]. C. crepidioides is known to contain
a large number of phytochemical compounds which include:

spermatogenesis and sperm normal production [13]. Antioxidants
and vitamin A, B, C, and E in diet can protect sperm DNA from
scavengers such as free radicals and improve the mechanism of
blood-testes barrier [14].

Crassocephalum crepidioides is also referred to as red flower
ragleaf and also called ‘Ebolo’ (in Yoruba land in Nigeria). It
is an annual edible plant that is found in several tropical and
subtropical areas [15]. The fleshy C. crepidioides leaves and
stems are usually eaten and have several medicinal importances
[16]. Several studies on C. crepidioides revealed its significance
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in the treatment of indigestion, stomach ache, epilepsy, sleeping
sickness, swollen lips and it has also antitumor activity associated
with nitric oxide production [17]. In addition, it has antioxidant
properties that protects against hepatotoxicity [18]. Furthermore,
methanolic extract of C. crepidioides possesses promising
anti-hyperlipidemic activity [19]. Therefore, the present study
was designed to evaluate the responses to the bioactive
component of Crassocephalum crepidioides on histomorphology,
spermatogenesis and steroidogenesis in Streptozotocin- Induced
Diabetic male rats.

Materials and Methods
Chemicals and reagents

Chemicals and reagents used in this study were of analytical
grade and obtained from Sigma Chemical Company, St. Louis,
Missouri, USA. Testosterone, Follicle stimulating hormone (FSH)
and Luteinizing hormone (LH) were obtained from Randox
Laboratories Ltd, Admore Diamond Road, Crumlin, Co., Antrim,
United Kingdom.

Collection of Crassocephalum crepidioides

Crassocephalum crepidioides were harvested from the Research
Farm, School of Agricultural Sciences and Technology, Federal
University of Technology, Akure, Nigeria in April, 2018. The plants
were collected in line with the guidelines for Good Practice Plant
Collection proposed by the World Health Organization [20].
Samples of C. crepidioides were identified and authenticated by
Dr. lleke Department of Biology, Federal University of Technology,
Akure, Nigeria. A voucher of Ccrepidioides specimen deposited
for reference purpose.

Preparation of the Crassocephalum crepidioides
extract

The collected samples of C. crepidioides were air dried at room
temperature and powdered with the aids of electronic blender
thermo cool (model TC234H, China) and subjected to extraction.
Five hundred grams of the powder was mix with about 2500
mL of 80% methanol for 15 days. The extract was filtered
and mixes twice with same volume of methanol to extract C
crepidioides [21]. The methanol was evaporated from the extract
under reduced pressure by rotary evaporator (Rotavapor®
R-211) at 45°C. The resulting dry extract yield 23% (w/w). The
dried C. crepidioides extract then mixed with distilled water for
administration. The approximate analysis of the grinded leaves
was evaluated by Official Methods of Analysis, Association of
Official Agriculture Chemists (AOAC) [22].

Experimental animal

In this study adult male rats aged 12-14 weeks old, weighing
200 * 20 g were used. The rats were obtained from the Nigerian
Institute of Medical Research (NIMR), Yaba Lagos, Nigeria. The
rats were housed in well ventilated plastic cages with 12 h light,
dark cycle at 25 + 2°C and 45-55% relative humidity in the Human
Anatomy Department Animal Control Room. The rats were fed
with dose of 100 g/kg standard rat chow as recommended and
advised by the International Centre of Diarrheal Disease Research,
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Bangladesh (ICDDR, B) daily. The rats have access to water ad
libitum. The animals were acclimatized for two weeks before
commencement of the administration because they are sensitive
to environmental changes. All experimental procedures followed
the recommendations provided in the “Guide for the Care and
Use of Laboratory Animals by National Institute of Health [23].

Induction of experimental diabetes

Diabetes induced by a single intraperitoneal injection of
streptozotocin (STZ) solution (60 mg/kg body weight) in acidified
saline solution and used within 10 min of preparation [24].
Control animals received only the acidified saline solution at pH
4.5. Diabetic rats were those with blood glucose greater than 250
mg/dL, 72 h after injection of streptozotocin [25] 10% sucrose was
added to the water in the first 48 h after intraperitoneal injection
of STZ solution to prevent hypoglycemia. Diabetes was confirmed
by the drop of blood from the tail for glucose level estimation
using Glucometer meter (ACCU-CHEK Active, Roche Diagnostics,
Germany) and allowed for 2 weeks diabetic stabilization before
being used for the experiment.

Experimental design

Thirty adult male wistar rats; Eighteen (18) male diabetic and
Twelve (12) non diabetic rats were randomly assigned into five
groups of six (n=6) rats each. Group A served as non diabetic (ND)
control were given distilled water 2 mL/kg each twice daily for
28 days, group B: Diabetic control (DC); diabetic rats given 2 mL/
kg distilled water each daily as placebo, group C: Non Diabetic
rats treated orally with 500 mg/kg body weight of C. crepidioides
twice daily, group D: Diabetic rats treated orally with 500 mg/
kg body weight of C. crepidioides twice daily, group E: Diabetic
rats treated subcutaneously with 5 units/kg.bwt of insulin. The
experimental period was 28 days. At the end of the experimental
period the rats were fasted overnight but had free access to
water. The rats were euthanized using chloroform vapor and
sacrificed. Immediately, blood samples were collected for sera
preparation by cardiac puncture into sterile plain tubes. Serum
samples separated from the clot by centrifugation for 10 minutes
at 3,000 rpm using bench top centrifuge (MS23E Minor, England)
and stored frozen until needed for analysis. All analysis was
completed within 24 hours of sample collection.

Sperm analysis

Sperm cells were collected from the epididymes as reported
Amelar et al. [26]. Briefly, testis was excised and caudal epididymis
was isolated and placed in a Petri dish containing 3 mL of NaHCO,
buffered Tyrodes’s Lactate solution. Several (1 mm) incisions
were made on it and sperm was gently drawn into a plastic
transfer pipette and transferred into 5 mL test tubes and shake
vigorously for homogeneity and dispersal of sperm cells. Sperm
was therefore analyzed to determine sperm motility, sperm
count, percentage of abnormal sperm cells (sperm morphology)
and percentage of viable sperm cells (sperm viability) following
standard procedures [27].

Hormone determination

Testosterone (TT), follicle stimulating hormone (FSH) and
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luteinizing hormone (LH) level in serum were measured using
Enzyme-Linked Immunoasorbent Assay (ELISA) kit (Diagnostic
automation Inc, CA) in line with manufacturer’s instructions.

Histopathological analysis

The testis were harvested and fixed in Bouin‘s fluid. The testicular
tissues were embedded in paraffin and tissue sections (5 um)
stained with hematoxylin and eosin (H and E) and examined
with light microscope (Nikon Eclipse EN400). Histopathological
changes between control and experimental animals were noted.
All alterations from the normal structure were registered. The
images were photographed with an Olympus Model BS54
microscope at a magnification of 200x.

Data presentation

Data expressed as Mean + SEM. Statistical differences between
the groups were evaluated by one way ANOVA, followed by
Newman-Keuls Multiple Comparison Test. Differences yielding
p<0.05 considered statistically significant. Statistical analyses of
data were performed using Graph Pad Prism 5 Windows (Graph
Pad Software, San Diego, California, USA).

Results

Blood and serum glucose levels in diabetic and
non-diabetic rats

There was elevated glucose blood level in DC group to 441.40

ISSN 2476-2008 Vol.3 No.1:6

*+ 31.62 mg/dL while its final concentration of 342.40 + 18.73
mg/dL was significantly higher than CC (76.59 * 5.32 mg/dL),
D+CC (142.30 + 13.45 mg/dL), D+INSULIN (82.57 + 3.00 mg/
dL), and N. Control (74.61 + 6.02 mg/dL) final concentrations.
The serum glucose level in the DC group (12.70 + 0.47 mmo/dl)
was significantly (p<0.05) elevated when compared to N. Control
(4.70 £ 0.47 mmol/L), while D+CC (8.12 + 0.77 mmol/L) showed
a rather significant decrease (p<0.05) in the serum glucose
compared with the DC (12.55 + 1.62 mmol/L) (Table 1).

Sperm motility, sperm concentration and sperm
viability in diabetic and non-diabetic rats

As shown in Figure 1, there was observed significant decrease in
sperm motility of diabetic control groups that was given 2 mL/kg
distilled water as placebo, diabetic group treated with 500 mg/
kg bwt of C. crepidioides and 5 units/kg.bwt of insulin compared
to the non diabetic control group. Furthermore, there was a
statistically significant increase (p<0.05) in the diabetic group
administered with 500 mg/kg bwt of C. crepidioides and 5 units/
kg.bwt of insulin compared with diabetic control group. Also
there was increase in mean value of C. crepidioides only treated
group when compared with the positive control and model
diabetic control group.

There was a significant decrease (p<0.05) in sperm concentration
of diabetic control groups treated with 2 mL/kg distilled water
as placebo, diabetic group treated with 500 mg/kg bwt of C.
crepidioides and 5 units/kg.bwt of insulin compared with control

Table 1 Responses to the bioactive component of Crassocephalum crepidioides on blood and serum glucose levels of diabetic and non-diabetic rats.

Fasting blood gl
Initial (mg/dl)
N.Control 95.25 + 14.16
DC 441.40 +31.62°
cc 99.54 +17.71%
D+CC 469.70 £ 25.09"
D+INSULIN 48190+ 25.81°

+: Mean of SEM;

ucose levels
Final (mg/dl) Serum glucose (mmol/L)
74.61 £ 6.02 4.70+£0.47
342.40 + 18.73" 12.55+1.62"
76.59 + 5.32% 4,17 +£0.52"*
142.30 £ 13.45™* 8.12+0.77°*
82.57 + 3.00* 4.27 £0.32"*

*#: were considered significant compared to Normal control and Diabetic control groups respectively.
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Figure 1 Responses to the bioactive component of Crassocephalum crepidioides on sperm
motility in Streptozotocin Induced Diabetes Male Rats.

Bar are expressed as Mean * SEM; n=6 in each group; *#: were considered
significant compared to Normal control and Diabetic control groups respectively.
(p<0.05): One-Way ANOVA; N: Normal control; DC: Diabetic control; CC:
Crassocephalum crepidioides; D: Diabetic.
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group. However, a significant increase (p<0.05) was observed in
diabetic group treated with 500 mg/kg bwt of C. crepidioides and
5 units/kg.bwt of insulin when compared with diabetic control
group. Also there was increase mean value of C. crepidioides only
treated group in comparison with normal control and significant
increase (p<0.05) was evident compared with the diabetic control
group (Figures 2-4).

The sperm viability showed a significant decrease (p<0.05) in
sperm viability in the diabetic control groups administered with
2 ml/kg distilled water as placebo when compared with the
control group, there was also a significant decrease (p<0.05) in
sperm viability of diabetic group treated with 500 mg/kg bwt of
C. crepidioides and 5 units/kg.bwt of insulin when compared with
the normal control. However, sperm viability was significantly
improved (p<0.05) in diabetic group treated with 500 mg/kg bwt
of C. crepidioides and 5 units/kg.bwt of insulin when compared

ISSN 2476-2008 Vol.3 No.1:6

with the diabetic control group treated with 2 mL/kg distilled
water as placebo. There was statistical significant increased
(p<0.05) in sperm viability within the group treated with 500 mg/
kg bwt of C. crepidioides only compared to the diabetic control
group.

Hormonal assay in diabetic and non diabetic
groups

The level of serum testosterone (TT), Follicle stimulating hormone
(FSH) and LH concentrations was significantly increased (p<0.05) in
diabetic rats treated with either 500 mg/kg bwt of C. crepidioides
or 5 units/kg.bwt of the insulin level compared to the diabetic
control group treated with 2 mL/kg distilled water as placebo
(Figure 4). In addition, the level of TT, FSH and LH concentration
was significantly reduced (p<0.05) in the diabetic control group
compared to the normal control group. Furthermore, there
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Figure 2 Responses to the bioactive component of Crassocephalum crepidioides on sperm
counts in Streptozotocin Induced Diabetes Male Rats.
Bar are expressed as Mean + SEM; n=6 in each group, *#: were considered
significant compared to Normal control and Diabetic control groups respectively.
(p<0.05): One-Way ANOVA; N: Normal control; DC: Diabetic control; CC:
‘ Crassocephalum crepidioides; D: Diabetic. ,
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Figure 3 Responses to the bioactive component of Crassocephalum crepidioides on sperm
viability in Streptozotocin Induced Diabetes Male Rats.
Bar are expressed as Mean + SEM; n=6 in each group; *# were considered significant
compared to Normal control and Diabetic control groups respectively; (p<0.05):
One-Way ANOVA; N: Normal control; DC: Diabetic control; CC: Crassocephalum
crepidioides; D: Diabetic.
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Figure 4 Responses to the bioactive component of Crassocephalum crepidioides on
testosterone (TT); follicle stimulating hormone (FSH) and luteinizing hormone (LH)
in Streptozotocin Induced Diabetes Male Rats.

Barare expressed as Mean + SEM; n=6 in each group; *# were considered significant
compared to Normal control and Diabetic control groups respectively; (p<0.05):
One-Way ANOVA; N: Normal control; DC: Diabetic control; CC: Crassocephalum

crepidioides; D: Diabetic.

was significant increase (p<0.05) in TT, FSH, and LH level in
group treated with 500 mg/kg bwt of C. crepidioides only when
compared with diabetic control group.

Testicular histology in diabetic and non-diabetic
rats

In Figure 5, the photomicrograph of the seminiferous tubules
of the control group was moderately circular or ovoid in
appearance showing normal stratified epithelium with numerous
spermatogonic cells and spermatozoa within the Ilumen.
Composed of 2 major cells, which are the supporting cells
(sertoli cells) and spermatogenic cells. The spermatozoa are
arranged in rows between and around the cells of sertoli. The
seminiferous tubules of the diabetic rats treated with distil water
alone as placebo revealed severe decrease in the spermatogenic
cells, reduced cellularity of the interstiumm, lumen widening,
tubular atrophy and reduction in spermatozoa within the lumen.
There were matured spermatozoa in the seminiferous tubules
of non diabetic rats treated with C. crepidioides only. The
cytoarchitecture of the diabetic rats of C. crepidioides and group
treated with insulin showed normal cellular composition in the
germinal epithelium with numerous sperm cells within the lumen
and normal interstitium.

Values are expressed as Mean + SEM, n=6 in each group, *# were
considered significant compared to Normal control and Diabetic
control groups respectively. (p<0.05), One-Way ANOVA. N: Normal
control, DC: Diabetic control, CC: Crassocephalum crepidioides,
D: Diabetic (A) Micrograph of testis of control rats, seminiferous
tubules shows cells of the spermatogenic series (SS) and lumen
(L); blue arrow represents spermatogonium; P represents
primary spermatocytes; black arrow represents spermatids and
spermatozoa. (B) Micrograph of testis of diabetic rat showing
hypocellularity, few cells of spermatogenic series (SS), shortening
and sloughing of germinal epithelium, widened empty lumen
(L); widened interstitium (l) and vascular haemorrage (V). (C-E)

© Under License of Creative Commons Attribution 3.0 License

Micrograph of testis showing normal germinal epithelium (GE)
with sperm cells in the lumen (L).

Discussion

Diabetes-induced testicular dysfunction might be transient
depending on the duration and degree of the disease and erectile
problem is a well-recognized complexity of diabetes mellitus [28].

In this study, streptozocin-induced hyperglycaemia was deduced
to be a useful experimental model in studying the activity of
antidiabetic agents [29,30]. Pancreatic insulin secreting B cells
selectively destroyed by Streptozocin, leaving less active cell
resulting in a diabetic state [31]; which was the observation in
diabetics control of this study.

Current study indicates significant increase in the blood glucose
levels in diabetic animals and was drastically reduced after
treatment with C. crepidioides. This suggests hypoglycemic
activities and anti-diabetic effect of the plant. Daily treatment
with the extract of C. crepidioides led to a fall in blood and serum
sugar levels, with the effect reaching maximum after 15 days of
treatment and remains constant up to 28 days; this conformed
with the report of Rao and Naidu [32]. In diabetic control group
serum glucose levels was significantly increased but interventions
of C. crepidioides extract ameliorate this effect. Reductions in
blood and serum glucose in the treated diabetic rats observed
concur with the reports of Mustafa et al. [33] and Olanrewaju
et al. [34]. The plant is known to contain a large number of
phytochemical compounds which include: Phytate, Tannin,
Saponin, Oxalate, HCN and good sources of vegetables nutrients
especially vitamin A, C, D, E, Folate and mineral Na, Ca, K, Mg, P
[10,35] may be responsible for this observation and the possible
mechanism though not investigated may be due to the ability of
the extract to potentiate insulin secretion from pancreatic beta
cells or sensitizing insulin receptors [36].

Sperm characterization is a vital property of sperm and male
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and Eosin stained x 200).

Figure 5 Responses to the bioactive component of Crassocephalum crepidioides on
Testicular Histology in Streptozotocin Induced Diabetes Male Rats. (Hematoxylin

A: Normal control; B: Diabetic control; C: 500 mg/kg bwt of Crassocephalum
crepidioides; D: Diabetic + 500 mg/kg bwt of Crassocephalum crepidioides; E:
Diabetic + 5 units/kg.bwt of insulin.

fecundity decreases progressively with reduction in sperm
concentrations [37]. However, sperm motility is a critical indicator
of semen quality and fertility potential [27,38].

Our observations from this study showed that diabetes could
induce male infertility as revealed in the semen analysis. This is
due to hyperglycaemia which is seen in diabetes was as a result
of inability of glucose to enter the testes cells affected the Leydig
cells and cells of Sertoli which are to produce testosterone
and sperm cells through spermatogenesis, this result to under
secretion of testosterone in diabetic rats which led to reduction in
the rate of spermatogenesis and finally the sperm count, motility
and viability. These findings concur with previous report that
diabetes could indeed result to infertility in male rats [39,40].

Hyperglycemia of diabetes mellitus raises the level of free radicals
especially the reactive oxygen species (ROS) that produces DNA
destruction in testis and a major decrease in sperm parameters
which includes sperm motility, count, and viability [41-45].
However administration of C. crepidioides improves the sperm
parameters by scavenging the reactive oxygen species and
activates testicular enzymatic antioxidant status. The sperm cell
count is the most critical assessment value for spermatogenesis,
and it is highly associated with fertility. In this study, diabetic rats
showed a marked decrease in sperm concentration, motile sperm
percentage, and increased sperm abnormalities. This is constant
with the report of Scarano et al. [41] and Mustafa et al. [32]
reported that there was reduction in sperm quantity and quality
in diabetic rats as a result of association of oxidative injuries. Also
diabetes induced oxidative stress has been reported to cause
peroxidation of sperm membrane lipid which might interfere
with membrane fluidity and transport processes [43]. In view of
this, appearance of various abnormal sperm shapes could be due
to abnormal membrane or cellular and nuclear changes induced
by diabetes [44].

High testosterone level is essential for the normal physiology of
seminiferous tubules and testicular testosterone is crucial for

6

spermatogenesis [45], in our study, testosterone decreased in
diabetic rats, as also found by Farrell et al. [45] and it significantly
improved in the Diabetic+CC group. This finding explores the
protective effect of C. crepidioides on spermatogenesis. Ballester
et al. [46] suggested that the low level of testosterone in diabetic
rats may be related to the decrease in Leydig cells or in androgen
biosynthesis. Diabetic rats showed decreased testosterone,
follicle stimulating hormone (FSH), and luteinizing hormone (LH)
level in the current study; this finding is in harmony with results
from Ballester et al. [46] reported that diabetic rats displayed
a reduced concentration in serum insulin, testosterone, follicle
stimulating hormone (FSH), and luteinizing hormone (LH) [47].
Interventions of C. crepidioides therefore elevate the hormone
level in diabetic rats (Figures 4 and 5).

In this study, there was decreased cellularity in the spermatogenic
series due to degeneration, sloughing and shortening of
seminiferous epithelium in diabetic rats. This is constant
with previous study by Arash et al. [47] who reported that
diabetes significantly inhibited the proliferative activity of the
spermatogonia in all stages of the seminiferous tubules cycle and
destroyed intra tubular space, atrophied seminiferous tubules
with degeneration, intra tubular space fibrosis and inflammatory
cells (lymphocyte) in diabetic rats. C. crepidioides extract
maintained the histomorphology of the testis by increasing the
proliferative activity of spermatogonia compared to the control
animals. From our observation, when C. crepidioides extract
was administered to diabetic rats; it’s thereby protect the testis
from the pernicious effects of diabetes. The protective nature
of C. crepidioides could be attributed to various phytochemical
constituents such as the presence of ascorbic acid which is known
for its protection on cell membranes and its scavenging effects
on free radicals. This study therefore confirmed administration
of C. crepidioides extract ameliorates reproductive dysfunctions
in diabetic rats [48].

This article is available from: //www.raredisorders.imedpub.com
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Conclusion

This suggested that Crassocephalum crepidioides extract has
significant beneficial effects on the sperm count, viability, motility,
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