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Abstract

Background: Local Nigerian men use Auricularia polytricha (wood ear mushroom) growing in farm lands and dead
woods to manage sexual dysfunction and this practice has been going on for ages without supporting evidence
from scientific experiments. This study was to investigate the ameliorative effect of ethanolic extract of Auricularia
polytricha on male sex hormones (FSH, LH, and testosterone), sperm parameters (sperm count, sperm motility, and
morphology), and histopathological examination of testis using Streptozotocin (STZ)-induced diabetic rats as a
model.

Methods: The experiment included five groups of adult male Wistar rat, group A (normal control, treated with
normal saline), group B (diabetic control treated with 65 mg/kg.bw of STZ), groups C, D, and E (treated with 250
mg/kg.bw, 500 mg/kg.bw, 1000 mg/kg.ow A. polytricha after inducing diabetics). At termination, homogenate was
prepared for semen analysis using improved Neubauer's hemocytometer, serum samples were used for hormonal
assay with ELISA (enzyme-linked immune sorbent assay) kit and light microscope was used for histopathological
examination.

Results: Results revealed significant (p < 0.05) reduction in sperm count and motility in group B when compared to
normal control, values in group C were not statistically significant (p > 0.05) when compared to diabetic control.
However, groups D and E recorded sperm count and sperm motility that were significantly (p < 0.05) increased
when compared to the diabetic control (group B). Morphological defects in diabetic control rats were significantly
(p < 0.05) higher when compared to normal control but there was no statistical significance in group C when
compared to the diabetic control, meanwhile values of sperm morphological defects in groups D and E were
significantly (p < 0.05) lower when compared to the diabetic control group. All gonadotropic hormones considered
in this research were remarkably lower at p < 0.05 when compared to normal control. However, these values were
significantly higher in groups D and E when compared to diabetic control. Structural alterations in cytoarchitecture
of testes as a result of sustained hyperglycemia were reversed in a dose dependent manner following A. polytricha
administration.

Conclusion: Alterations in sperm parameters, gonadotropic hormones, and histology of testes caused by diabetes
were regulated and reversed following administration of graded doses of A. polytricha. This reversal may be
attributed to essential phytochemical and therapeutic constituents in A. polytricha which can be found useful in
prevention and treatment of diabetes induced testicular dysfunction.
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Introduction

Prevalence of diabetes in sub-saharan Africa has been
projected to rise from 7.1 million in 2000 to 18.6 million
in 2030 (Saleh, Agarwal, Kandirali, & Sharma, 2002). Ac-
cording to reports, approximately 50% of diabetic men
will suffer from reproductive dysfunction within five
years of the diagnosis (Saumya & Basha, 2017). Given
the alarming prevalence of type II diabetes mellitus
(DM) even among youths in the last few decades now
drifting towards onset ages of 25-35 years due to
urbanization, sedentary life style, dietary, and other fac-
tors associated with it.

Studies in diabetic animal model have demonstrated
an impairment of sperm quality and fecundity, structural
defect, and significantly lower motility of sperm cells
(Baccetti et al., 2002), lower ability to penetrate zona free
hamster eggs, detrimental effects on endocrine control
of spermatogenesis and impairment of erection and
gjaculation (Beckam, Goldfire, & Gordon, 2001), pro-
gressive genotoxicity, and so on.

The gradual shift to herbal therapy with its attendant
increasing acceptance, even among the elite confirm the
claim that herbal remedies can provide cure for several
diseases, including infertility in men. A large number of
plant and animal products have been tested for possible
fertility regulatory properties (Anthony, Oladipo, Ade-
doyin, & Tajudin, 2006).

Auricularia Polytricha (wood ear mushroom) grown in
farms and death woods for culinary and medical pur-
poses has been found to have numerous medicinal prop-
erties. It belongs to the family Auriculariacaea and has
been reported to have antioxidant property (Bhatia,
Sharma, Pathania, & Khauduri, 2010). Immunomodula-
tory activity (Mau, Chao, & Wu, 2001), anti-tumor activ-
ity (Sun, Liu, & Kennedy, 2010), anti-dementia
properties (Bannett et al, 2003), and hypocholesterole-
mic effect (Zhao et al., 2015).

A. polytricha has been used locally by the Ejagham
speaking people in Cross River State of Nigeria as an
aphrodisiac agent in management and treatment of sex-
ual dysfunction in men. This has been going on without
the corresponding clinical trials and acceptable scientific
experimentation to give credence to this age-long prac-
tice. The aim of this study is, therefore, to investigate
the effect of graded doses of ethanolic extract of A. poly-
tricha on some reproductive parameters (sperm quality,
sex hormones levels, and histological examination of
testis) in streptozotocin-induced diabetic animal model.

Materials and methods

Preparation of extract

Auricularia polytricha was be obtained from Etomi cen-
tral market located in Etung Local Government Area of
Cross River State and taken to the Department of
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Biological Sciences, University of Nigeria for identifica-
tion. The mushroom was dried at room temperature,
powdered and subjected to crude extraction with
ethanol. Modified method was used for extraction. Two
hundred grams of A. polytricha was soaked in 1000 ml
of ethanol, labeled, and covered for 72 h, after which a
clean filter paper (Whatman No. 1) was used to filter
extracts. The filtrate was evaporated to dryness at 40
'C in a vacuum using a rotatory evaporator. The ex-
tracts was weighed and kept at 4 C in refrigerator
until further use.

Experimental animals

Twenty five (25) adult male Wistar rats with average
weight of 150 g were used for this research. The rats
were kept in clean cages and divided into five groups
designated A, B, C, D, and E with five rats in each group.
The rats were allowed to acclimatize for two weeks in
animal house, Department of Anatomy, Faculty of Basic
Medical Sciences, University of Nigeria, Enugu Campus,
and allowed unrestricted access to commercially avail-
able chow (livestock feed) and water.

Experimental design (Table 1)

Induction of hyperglycemia

After fasting for 12 h, hyperglycemia was induced by ad-
ministering  streptozotocin  (STZ) intraperitoneally
reconstituted in 0.5 M sodium citrate and administered
at a dose of 65 mg/kg.bw (Ugochukwu & Babady, 2003).

Confirmation of diabetes

Diabetes was confirmed three days after administration
of STZ using Accu-Check glucometer (Roche diagnostic,
Germany) with blood samples obtained from tails of
Wistar rats. Blood glucose levels were checked before
and after induction to ascertain hyperglycemic state.

Administration of extract

Diabetes was induced and sustained for 2 weeks (14
days) after which administration of A. polytricha com-
menced by oral gastric intubation on the fifteenth and
lasted for another 3 weeks (21 days). The experimental
protocol was maintained for a total of 5 weeks (35 days).

Termination of experiment and collection of samples for
analysis

At termination, the animals were sacrificed with the tes-
tes removed and plotted with filter paper. Both right and
left testes were then suspended in Bouins fluid for fix-
ation, preparatory to histological processing. The sperm
was collected by mincing from caudal epididymis with
anatomical scissors into a glass beaker. Nineteen drops
of diluting solution was added to dilute the semen in a
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Table 1 Experimental animals grouping and treatment

Group Designation Number of animals Treatment Dose

A Normal control 5 Distilled water 3ml

B Diabetic control 5 Streptozotocin (STZ) 65 mg/kg.bw

@ Low dose 5 STZ + A. polytricha 250 mg/kg.bw
D Mid dose 5 STZ + A. polytricha 500 mg/kg.bw
E High dose 5 STZ + A. polytricha 1000 mg/kg.bw

proportion of 1:20. A sample from this homogenate was
used for semen analysis.

Determination of sperm count
Sperm count was done using improved Neubauer’s
hemocytometer

Determination of sperm motility

Motility estimates was performed from three fields in
each sample and the mean of the three estimates used as
the final motility. Sperm motility will be determined as
follows:

a) No progressive motility (grade 1+): spermatozoa
swinging the tail with no resultant movement.

b) Sluggish motility (grade 2+): spermatozoa moving
aimlessly with slow forward progression.

¢) Moderate progressive motility (grade 3+):
spermatozoa moving at moderate speed with
forward progression.

d) Rapid progressive motility (grade 4+): spermatozoa
moving at high speed with straight forward
progression.

Examination of sperm morphology

The homogenate was smeared on a clean slide and
viewed under microscope at x 400 magnification to as-
sess sperm morphological abnormalities. (Navodita &
Varma, 2014).

Hormonal assay

Blood samples for hormonal assay were collected by car-
diac puncture and allowed to clot, centrifuged to obtain
sera which was stored for 24 h in the refrigerator. ELISA
(enzyme-linked immune sorbent assay) kit was used to
evaluate levels of follicle stimulating hormone (FSH),
leutinizing hormone (LH), and testosterone.

Histological examination

Tissues were sectioned at 5 p using microtome. Routine
hematoxylin and eosin technique was used for staining
(Drury & Washington, 1973). Stained sections of testes
were observed under light microscope (Olympus, model
CX23) and photographed at x 100 and x 400
magnification.

Statistical analysis

Quantitative data from this research was recoded and
tabularized. Statistical significance of the differences be-
tween the groups was determined using one way analysis
of variance (ANOVA) using SPSS (Version 20) statistical
analysis program. p < 0.05 will be considered significant.

Results

Diabetic control animals (group B) recorded the least
values of sperm count (11.17 + 0.23 million/ml) and
sperm motility (29%), and these values were significantly
(p < 0.05) lower when compared to group A (sperm
count 27.40 + 0.83 million/ml and motility 86 + 0.66%),
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but with A. polytricha treatment, no significant differ-
ence was observed in group C (Diabetic animals placed
on 250 mg/kg.bw A. polytricha. However, diabetic ani-
mals placed on 500 mg/kg.bw A. polytricha (group D)
and 1000 mg/kgbw A. polytricha (group E) recorded
sperm count and motility that were significantly in-
creased when compared to diabetic control. Sperm mor-
phological defects were significantly increased in group
B when compared to group A while groups D and E re-
corded remarkably (p < 0.05) lower value of sperm mor-
phological defects when compared to diabetic control
animals. (Figs. 1, 2, and 3)

Figure 4 reveals that serum levels of FSH and LH were
significantly (p < 0.05) lower in group B (diabetic con-
trol) when compared to group A (normal control). How-
ever, values recorded in groups D and E, diabetic
animals placed on 500 and 1000 mg/kg.bw of A. polytri-
cha, respectively increased remarkably (p < 0.05) when
compared to diabetic control. As shown in Fig. 5, a chart

comparing the testosterone levels of different experi-
mental groups reveals a decrease in testosterone levels
in the diabetic control group (8.19 + 0.61 nmol/L), and
this reduction was significantly (p < 0.05) lower when
compared with normal control group (18.67 + 0.49
nmol/L). Groups D (medium dose A. polytricha) and E
(High dose A. polytricha) recorded values that were not
significantly higher when compared with normal control.

Histopathological examination

Group A (normal control) revealed that testes had
closely packed seminiferous tubules with an intact mem-
brane containing proliferating spermatogonia cells at
various stages of maturation. The cells are greater than
four layer thick comprising of spermatogia A and B,
spermatocytes, spermatids and spermatozoa. There lu-
minal cavity contains flagellae of mature spermatozoa
and the separating interstitial matrix contains prominent
Leydig cells (Fig. 6a, b).
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Fig. 3 Comparison of total sperm morphological defect in different experimental groups
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Fig. 4 Comparison of FSH and LH levels in the different experimental groups

Sections of testes from the diabetic control group (group
B) showed significant alteration in histological structural
pattern in the testes. Irregular-shaped seminiferous tu-
bules with shrunken lumen where observed. The germinal
epithelium had scanty differentiating cells arranged in an
irregular pattern and tubular lumen contained very few
spermatozoa tails. The intervening interstitium was dis-
torted and cells of Leydig were not prominent (Fig. 7a, b).

Photomicrograph of testes in group C (diabetic animals
placed on 250 mg/kg.bw of A. polytricha extract) showed
irregular and shrunken seminiferous tubules. Fewer sper-
matogenic cell population on the germinal epithelium and
inconsistent cellular associations. The interstitium was ir-
regular and contained Leydig cells (Fig. 8a, b).

The group of diabetic animals treated with 500 mg/kg.bw
of A. polytricha (group D) showed prominent seminiferous
tubules with intact basement membranes and prominent

Leydig cells in the interstitium. A regular cell series of sper-
matogenic cell series was observed (Fig. 9a, b).

The micro structure of testes in diabetic animals
placed on 1000 mg/kg.bw of A. polytricha (group E) re-
vealed prominent seminiferous tubules with intact and
undistorted basement membrane. The germinal epithe-
lium had normal and consistent cell associations and
tubular lumen with numerous flagella of spermatozoa.
The intervening interstitium was regular and contained
prominent interstitial cells of Leydig containing blood
vessels (Fig. 10a, b).

Discussion

Testicular dysfunction caused by hyperglycemic condi-
tions may have been responsible for alteration in sper-
matogenic process, hence the significant (p < 0.05)
reduction in sperm count observed in diabetic control
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Values are expressed in Mean + SEM. N =5.
* = Values are significantly decreased when compared to normal control at p<0.05.
@ = Values are significantly increased when compared to diabetic control at p<0.05.

Fig. 5 Comparison of testosterone levels in the different experimental groups
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a: X100

Fig. 6 a Group A (normal control) x 100. b Group A (normal control) x 400
A\

b: X400

(group B) when compared with normal control. Several
experimental evidences have shown that one or more
cellular associations in germinal epithelium of testes can
be altered in diabetic condition resulting in reduced
number of mature spermatozoa (Zhao et al., 2015).

Spermatozoa, unlike other cells, are structurally and
functionally unique and are therefore very prone to
damage by lipid peroxidation. It has been demonstrated
that sperm cells lack the ability to restore alterations
caused by increased levels of reactive oxygen specie
(ROS) resulting from prolonged hyperglycemia because
they do not have the cytoplasmic enzyme system that
are required for such reversal. This critical feature makes
spermatozoa very susceptible to oxidative insult and may
have contributed to low values in sperm count observed
in hyperglycemic rats. Krausz, Mills, Rogers, Tan, and
Aitken (2015) has also reported so.

According to Halliwell and Gutteridge (2007), reduc-
tion in sperm motility has been linked with increase in
generation of free radicals in diabetes. From this study, it
has been reveals that sperm motility in rats under the in-
fluence of STZ—induced diabetes decreased remarkably
when compared with normal control. The link between
hyperglycemia and sperm motility has been attributed to
the series of events that decreases protein phosphoryl-
ation resulting in sperm immobilization, which are re-
lated to reduced membrane fluidity required for
fertilizing capabilities of spermatozoa. This is consistent
with findings of Aitken and Krause (2007).

It is also reasonable to suggest that A. polytricha
extract may have been responsible for restoration and
remarkable improvement in sperm parameters when
compared to the diabetic control group because of
the antioxidant agents in phenolic and flavonoid con-
tents as well as tocopherol and ascorbic acid as found
in A. polytricha. This observation finds backing from
Chen et al. (2011), who reported that A. polytricha is
a good exogenous source of antioxidant that can pre-
vent oxidative stress in testes thereby improving fer-
tility outcomes.

Low levels of gonadotropic hormones in group B as
shown in this study may have been as a result of sus-
tained hyperglycemia. Findings from Brunning et al.
(2000) revealed that diabetes is capable of disrupting
activities of the Hypothalamo-pituitary-gonadal axis (H-
P-G axis) resulting in low serum concentration of
androgenic hormones, impaired spermatogenesis, and
subsequent subfertility. Insulin receptors have been de-
tected in the hypothalamus and play a critical function
as a signaling hormone in the central nervous system.
Insulin is also a potential signal to the brain on body en-
ergy homeostasis, thus lack of insulin in a diabetic con-
dition may have signaled lack of energy supply and
knocked out of brain-specific insulin receptors thereby
alterations in the hypothalamo-pituitary-gonadal axis, as
a consequence, lower levels of FSH and LH. Reduction
in levels of plasma testosterone in diabetic control rats
may have been linked to low gonadotropic hormones,

e

a: X100

Fig. 7 a Group B (diabetic control) x 100. b Group B (diabetic control) x 400
A\
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a: X100

b: X400
Fig. 8 a Group C (diabetes + 250 mg/kg.bw A. polytricha) x 100. b Group C (diabetes + 250 mg/kgbw A. polytricha) x 400
A\

especially LH because gonadotropin releasing hormone
(GnRH) pulses from the hypothalamus will stimulate the
pituitary gland to release FSH and LH which will in turn
act on Sertoli cells and Leydig cells to stimulate sperm-
atogenesis. The absence of stimulatory effect of insulin
on Leydig cells may also have been implicated.

However, A. polytricha administration may have im-
proved the values of circulating LH, FSH, and testoster-
one levels as was observed in groups C, D, and E placed
on 250 mg/kg.bw, 500 mg/kg.bw, and 1000 mg/kg.bw,
respectively. This significant (p < 0.05) increase when
compared with the diabetic control may be attribute to
the fact that A. polytricha is capable of raising levels of
leptin, an important biomolecule that interacts with in-
sulin in the homeostasis mechanism of the CNS. This
finding has the support of Obici, Zhang, Karkanias, and
Rossetti (2002) and German, Wisse, Thaler, Oh, and
Sarruf (2010) who said that decreased levels of leptin are
associated with insulin resistance in type II diabetes.

From this research, histological observation on the tes-
tes reveals that testicular histology was significantly al-
tered in diabetic rats when compared to the normal
control. Less prominent and shrunken seminiferous tu-
bules with loose basement membrane, scanty intersti-
tium, non-visible Leydig cells, and distorted germinal
epithelium were observed in photomicrograph of group
B when compared with normal control (group A). These
are indicators of testicular tissue damage. Kowluru, Kan-
war, and Kennedy (2007) have confirmed and reported

that STZ-induced diabetes is responsible for alteration
in histology of testes, reduction, and possible death of
germ cells in experimental animals. This observation
also finds support in a study by Ahmed (2005) who re-
ported that free radical production during oxidative
stress explains the pathophysiology and biological effect
of diabetes mellitus especially regarding cellular degener-
ation, tissue damage, and subsequent complication. Res-
toration of testicular lesion was seen in groups treated
with A. polytricha; it is therefore appropriate to suggest
that mechanisms other than regulation of hyperglycemia
were responsible for improved testicular cytoarchitec-
ture. This improvement may be linked to the antioxidant
capacity and lipoprotein lipase activity of A. polytricha
polysaccharides which are natural antioxidant that could
be used as an alternative in resisting oxidation process.
Research has shown that the use of synthetic antioxidant
may be limited as it showed potential danger in terms of
adulteration (Johansen, Rychly, Harris, & Ergul, 2005).
Mushroom and mushroom-derived polysaccharides have
been shown to have nutritious and therapeutic proper-
ties against metabolic syndrome and may be clinically
recommended in management and treatment of
diabetes-related reproductive dysfunction.

Conclusion

Results from this research clearly demonstrates that
microstructural alterations in testes of STZ-induced dia-
betic rat were regulated, reversed, and restored following

a: X100

Fig. 9 a Group D (diabetes + 500 mg/kg.bw A. polytricha) x 100. b (Diabetes + 500 mg/kg.bow A. polytricha) x 400
A\

b: X400
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1 — Interstitium

LE — Leydig cell

BM - Basement Membrane
SP — Spermatogonia

Fig. 10 a (Diabetes + 1000 mg/kg.bw A. polytricha) x 100. b (Diabetes + 1000 mg/kg.bw A. polytricha) x 400

b: X400

SPC — Spermatocytes
SZ - Spermatozoa
SPT — Spermatid

administration of ethanolic extract of A. polytricha. This
restoration could be attributed to essential phytochem-
ical constituents like polyphenol and flavonoid which
may be found useful in prevention and treatment of
diabetes induced testicular dysfunction. Reproductive
parameters like sperm quality and circulating gonado-
tropic hormones levels that were altered significantly by
sustained hyperglycemia improved in a dose-dependent
manner, following 21 days of A. polytricha
administration.
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