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Background: Progression of diabetes mellitus has increasingly led to several diabetic
complications. Diabetes is one of the major factors implicated in male reproductive system
damage. Recent approaches such as the use of medicinal plants have been explored in the
management of diabetes and associated complications. Anchomanes difformis (common
name: children’s umbrella) has been shown to possess anti-diabetic ability in animal
model. Therefore, this study seeks to investigate the potency of Achomanes difformis in
ameliorating diabetes-induced reproductive dysfunction.

Methods: Type 2 diabetes was induced in male Wistar rats with 10% fructose administration
for 2 weeks and an intraperitoneal injection of 40mg/kgBW of streptozotocin. Aqueous
extract (200mg and 400mg/kgBW) of Anchomanes difformis leaves was administered daily
for 6 weeks. The rats were randomly divided into 7 groups with a minimum of eight rats in
each (8 rats in normal groups and 10 in diabetic groups). The impact of diabetes and
treatment was investigated by estimating sperm concentration, motility indices, viability
and morphological parameters in the normal, treatment controls and diabetic rats using
CASA-SCA system. Histological examination of the testes and epididymis was performed.
Results: Diabetes induction resulted in significant decrease in sperm concentration, viability
and some motility parameters with 40% abnormalities in sperm morphology. The administration
of Anchomanes difformis significantly increased sperm concentration and sperm viability, while
it significantly improved the percentage of morphologically normal sperm in diabetic rats.
Anchomanes difformis ameliorated testicular damage such as vacuolization and loss of germinal
epithelium in the diabetic-treated rats when compared to the diabetic controls.

Conclusion: The potency Anchomanes difformis displayed against diabetic-induced damage
in the reproductive system might be a new and promising tool in the management of male
reproductive dysfunctions and associated complications in diabetes mellitus.

Keywords: Anchomanes difformis, diabetes mellitus, male fertility, sperm function

Introduction

Diabetes mellitus (DM) is one of the many diseases that contribute to male infertility in
the present age, as an estimated 51% of diabetic subjects are suffering from different
reproductive dysfunctions.'> DM impacts the reproductive system at all functional
levels which are the pre-testicular (hormonal regulation), the testicular (spermatogenesis)
and the post testicular (ejaculation) stages.® Oxidative stress, especially hyperglycaemia-
induced, has been implicated in the pathogenesis of reproductive complications arising

from diabetes.* Some of the pathways by which oxidative stress results in reproductive
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dysfunction include increased lipid peroxidation of polyunsa-
turated fatty acids (PUFA), damaging the sperm membrane
which are prone to reactive oxygen species (ROS) attack.’
Thereafter, increased lipid peroxidation further degenerate to
DNA damage in the spermatozoa.® In addition, oxidative
stress accelerates the increased production of advanced glyca-
tion end-products (AGEs) which are key players in the process
of erectile dysfunction.” AGEs cause vascular thickening,
endothelial dysfunction, decreased elasticity and atherosclero-
sis by forming covalent bonds with vascular collagen.”
Furthermore, overproduction of AGEs results in impaired
relaxation of the cavernosal smooth muscle via the increased
generation of ROS which in turn quench nitric oxide leading
to reduced cyclic guanosine monophosphate (cGMP) levels.
Reduced cGMP through cascades of reactions further leads to
impaired relaxation of the cavernosal muscle.”* Other path-
ways implicated in the pathogenesis of male infertility in DM
include; the progression of diabetic neuropathy and endocrine
disorder which affects reproductive hormones.' Diabetes is
known to cause microvascular complications including that of
the nervous system especially autonomy neuropathy and per-
ipheral neuropathy’ which causes erectile and ejaculating
dysfunctions.®'” Figure 1 summarizes the different mechan-
isms and factors implicated in the progression of diabetes to
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reproductive dysfunctions. Endocrine disorder results in loss
of hormonal control which is an important factor in male
fertility as spermatogenesis; the processes involved in the
production and development of spermatozoa from germ cells-
' are controlled and regulated by the hypothalamic-pituitary-
gonadal hormones. The hypothalamus produces gonadotro-
pin-releasing hormone (GnRH) which in turn triggers the
secretion of follicle-stimulating hormone (FSH) and luteinis-
ing hormone (LH) from the anterior pituitary lobe.'> The
release of LH stimulates the production of testosterone from
the Leydig cells, while FSH prompts the Sertoli cells to supply
nutrients to the germ cells and activate spermatogenesis.'®
Any imbalance or impairment in this array of hormones can
cause dysfunction in the male reproductive system.
Subsequently, decreased LH and FSH levels have been
reported in diabetic conditions investigated in rats.'*'?

The use of streptozotocin (STZ) to induce hypergly-
caemia-mediated reproductive  toxicity has  been
documented, !¢ and has been known to affect the antiox-
idant status, the spermatogenic processes, sperm functions
and the reproductive organs such as testes.'>"!” The con-
tributory role of medicinal plants in combating diabetic-
induced reproductive impairment has been emphasized in

recent times. Anchomanes difformis (AD) has a strong
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Figure | Mechanisms involved in the pathogenesis of diabetes-induced reproductive dysfunctions.
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ethnopharmacological relevance and it is known for its
numerous biological activities such as its potency against
diabetes, nephropathy, inflammation, microbial activities,
and gastrointestinal pathologies. These folkloric claims
have been scientifically established and more investiga-
tions to explore its other potentials are ongoing.'®'’
Agyare and colleagues® investigated the potentials of
leaves and rhizome extracts of AD on histamine and
serotonin; mediators of acute inflammation. AD demon-
strated more anti-inflammatory ability when compared
with aspirin as reference drug.’® Adebayo also reported
the anti-inflammatory potentials of AD leaves against raw-
egg albumin-induced inflammation in chicks.?' An etha-
nolic extract of AD rhizome displayed hypoglycemic
effect in alloxan-induced diabetes using Wistar rats.?
Egwurugwu and co-workers proposed the effect of AD
rhizome against uterine fibroid showing its ability to mod-
ulate female sex hormones implicated in uterine fibroid.**
We carried out previous studies on the antioxidant capa-
cities and phytochemical analysis of six different extracts
of AD, which revealed that AD is a natural source of
antioxidant with aqueous leaves extract exhibiting the
highest antioxidant ability and had the highest concentra-
tions of polyphenols.>* Phytochemical characterisation of
the leaves aqueous extract was also performed using ultra
performance liquid chromatography mass spectrometry
(UPLC-MS) and high-performance liquid chromatography
(HPLC). The results showed the presence of bioactive
compounds including phloridzin, quercetin, rutin, and
kaempferol which are antioxidants and have therapeutic
effects against diabetes, inflammation and apoptosis.>* The
antioxidant, hypoglycaemic, anti-inflammatory activities
of AD and its impact in modulating female sex hormone
previously stated indicate its potentials in attenuating
reproductive dysfunctions associated with diabetes.
However, no study has investigated the possible effects
of AD leaves extract on sperm functional parameters as
well as testicular and epididymal damage in diabetes. This
paucity in the literature was a major drive that led to this
study which focuses on assessing the ameliorative effect of
Anchomanes difformis (AD) on reproductive dysfunction
mediated by diabetes in male Wistar rats.

Methodology

Reagents and Chemicals
n-Hexane, fructose, streptozotocin, glibenclamide, isoflur-
ane, Ham’s F10, SpermBlue® fixative, BrightVit stain,

buffered formalin (10%), DPX (distyrene, plasticizer and
xylene).

Plant Collection and Extraction

The fresh leaves of AD were from the south-western part of
Nigeria and authenticated at the University of Lagos
Herbarium, Nigeria. A specimen was deposited in the herbar-
um; LUH6623. The harvested leaves were dried under shade,
ground into fine particles and defatted by soaking in n-hexane
(10%"/y) for 48 hours. Following defatting, the leaves were
subjected to a cold-stirred extraction in water (5% /) for 48
hours at 2-8°C which gave an extraction yield of 25%. The
extract was pulverised and stored at —20°C. A stock solution
(200mg/mL) of the extract was freshly prepared daily before
treatment.

Ethical Consideration

Ethical approval for this study was granted by the Research
Ethics Committee (REC) of the Faculty of Health and
Wellness  Sciences, Cape Peninsula University of
Technology, Bellville, South Africa (CPUT/HW-REC
2016/A4) and the Ethics Committee for Research on
Animals at the South African Medical Research Council
(SAMRC/ECRA), South Africa (REF.04/17), where the ani-
mal experiment was conducted.

Animal Care

Male Wistar rats (n=64) with approximate weights of 180 +
10g were secured from the Animal facility in Stellenbosch
University, South Africa. The animals were accommodated
at the Primate Unit & Delft Animal Centre (PUDAC),
SAMRC and acclimatized for 3 weeks before the com-
mencement of the study. Housing conditions were con-
trolled: humidity — 45% to 55%, temperature — 22°C to
26°C. They were exposed to normal photo period (12hour
dark/12hour light) and fed with standard rat chow (SRC).
Animal handling, care and other procedures were done in
accordance with the standard operating procedure of
SAMRC PUDAC (SOP No: 2016-R01) which conforms
to the revised South African National Standard for the
Care and Use of Animals for Scientific Purposes (South
African Bureau of Standards, SANS 10386, 2008).

Induction of Diabetes

Type 2 diabetes (T2D) was induced with 10% fructose and
STZ (BIOCOM Africa, South Africa) according to the
method of Wilson and Islam.*® The diabetic model rats
were placed on 10% fructose water ad libitum for two
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weeks. A single dose of 40mg/kg body weight (BW) STZ
was administered intraperitoneally. After 5 days, animals
with fasting blood glucose level above 15mmol/l were
considered diabetic. Oral glucose tolerance test (OGTT)
was performed to confirm insulin resistance.

Experimental Design

Wistar rats with weights ranging from 270-300g were
used for this study. The rats were randomly grouped into
seven with a minimum of eight rats in each (8 rats in
normal groups and 10 in diabetic groups) as summarised
in Figure 2. Water served as the vehicle for fructose and
AD administration, while citrate buffer was the vehicle for
STZ. Animals in group 1 are normal rats and served as the
negative controls (NC) and received vehicle only. Animals
in group 2 and 3 are normal rats who received 200 and
400mg/kgBW of AD aqueous extract only (N+AD 200 and
N+AD 400) and served as the treatment controls. Group
4-7 consist of animals that were placed on 10% fructose
for 2 weeks followed by STZ. Group 4 received vehicle

only and served as the diabetic controls (DC), group 5 and
6 were given 200 and 400mg/kgBW of AD aqueous
extract (D+AD 200 and D+AD 400) respectively, while
group 7 received Smg/kgBW of glibenclamide; an antidia-
betic drug (D+G). The animal study was carried out over a
period of 12 weeks; 3 weeks of acclimatization, 3 weeks
for diabetes induction and 6 weeks of treatment.

Sample Collection

Rats were anaesthetized by inhalation of 2% isoflurane
(Biofarm, Cape Town, South Africa) 1L/min flow rate,
thereafter, terminated via exsanguination. Complete anaes-
thesia was confirmed through ‘pedal withdrawal reflex’ by
toe-pinching using mosquito forceps to check loss of pedal
reflex. In addition, loss of whiskers” movement in response
to stimulus was checked to confirm complete anaesthesia.
Both testes, epididymis, and vas deferens were excised.
The dissected male reproductive tract was cleaned by
carefully trimming off all unnecessary blood vessels and
fat tissue until all parts of the reproductive tract could be

water

Wistar Rats
(male, n=64)

)

10% fructose

|

Normal rats

\

Diabetic models

(n=24) (n=40)
Citrate buffer STZ
40mg
water
l l Reference drug
Normal Diabetic Glib Smg l
Control Control D+G
(NC, n=8) Treatment (DC, n=10) Diabetic treated _
(n=10)
controls
AD AD
200m 400mg AD AD
200mg 400mg
N+AD 200 N+AD 400 D+AD 200 D+AD 400
(n=8) (n=8) (n=10) (n=10)

Figure 2 Experimental design. Water and citrate buffer served as vehicles of administration.
Abbreviations: AD, Anchomanes difformis leaf extract; Glib, glibenclamide (standard antidiabetic drug); STZ, streptozotocin.
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clearly seen and differentiated. The cauda epididymis,
comprising the larger convoluted tubes, was removed and
placed in a pre-warmed petri dish containing 200uL
Ham’s F10 (Invitrogen, Cape Town, South Africa). The
testes and epididymis were washed and weighed accord-
ingly. The relative weights of the testes and epididymis
were calculated using the body weight of the same rats
against the weight of the testes or epididymis.

Relative testis/epididymis weight
_ Testes/epididymis weight(g)

X100%
Total body weight(g) ’

Sperm Isolation (Swim Out Method)

The swim-out technique was used to select the motile
spermatozoa. Small incisions were made at the distal end
of the cauda epididymis and the motile spermatozoa could
swim out of the ducts into the surrounding medium
(Ham’s F10 supplemented with 3% bovine serum albu-
min), forming a cloud of spermatozoa.

Measurement of Sperm Concentration and Motility
Semen samples were taken from the edge of the sperma-
tozoan cloud to measure sperm concentration, motility and
other related parameters. The semen (5 pL) was pipetted
into a 20um deep chamber Leja slide; SC 20-01-04B
(Leja Products B.V., Nieuw-Vennep, The Netherlands).
The slide was pre-heated on the microscope’s warming
stage at 37°C. For assessment of sperm concentration,
the semen sample was diluted with Ham’s F10 in the
ratio 1:20. To measure sperm motility, 2—10 fields were
captured until a total number of 200 spermatozoa were
analyzed. Other motility parameters evaluated include
velocity (VCL),
(VSL), average-path velocity (VAP), beat-cross frequency
(BCF), linearity (LIN), straightness (STR), oscillation
index; also known as wobble (WOB), and amplitude of

curved-linear straight-line  velocity

lateral head displacement (ALH). These measurements are
presented as an average percentage of all the captured
fields. The sperm concentration and motility were deter-
mined with the Rodent SCA® CASA (sperm class analy-
ser, computed assisted sperm analysis) system version
6.2.0.15 S.L,
Photomicrographs were captured with a Basler A602fc

(Microptic Barcelona, Spain).
digital camera (Microptic S.L, Barcelona, Spain) that was
mounted (C-mount) onto a Nikon Eclipse 501 microscope
(IMP, Cape Town, South Africa), equipped with phase

contrast optics and a heated stage.

Evaluation of Sperm Morphology and Viability

Sperm smears for morphology and viability were prepared
separately from the swim-out sperm preparation after 10
minutes incubation, allowed to confirm the motility of the
selected spermatozoa to be smeared.

Morphology

10puL of the swim-up sperm were pipetted to make duplicate
smears, making it about two to ten sperm cells per field when
viewed at a 10°x magnification. Smears were allowed to air
dry and stained with Rapid SpermBlue® fixative (Microptic S.
L. Barcelona, Spain) following the method described by van
der Horst and Maree.”® Stained smears were dried at room
temperature for 24 hours and mounted with DPX (Merck,
South Africa). Sperm morphology was assessed using SCA™
on a Nikon E200 microscope, with a blue filter and phase “A”
setting, and 60x magnification. Spermatozoa with background
staining or that overlap another were excluded and a total of
fifty spermatozoa were analyzed per slide. Other indices asso-
ciated with sperm morphology were estimated which include
area, width, angle of the head and midpiece, while perimeter,
chord and roughness were assessed in the head only. Examples
of stained spermatozoa with normal and abnormal morphol-
ogy are displayed in Figure 3.

Viability

BrightVit; a nigrosin-eosin-based solution (Sigma Aldrich,
Cape Town, South Africa) was used to stain the sperm cells
for the analysis of sperm viability. Briefly, 40uL of BrightVit
was pre-heated to 37°C and mixed with the 10uL of semen for
5 minutes at 37°C. The stained smears were left to dry in the
dark room at room temperature and mounted with DPX.
Spermatozoa were viewed at 20x magnification under a light
microscope. Percentage viability was calculated as the percen-
tage of live spermatozoa from a total of 100 spermatozoa
analyzed per slide. Live spermatozoa appear white (unstained)
due to the ability of the intact membranes to exclude the dye,
while the dead sperm cells appear pink/red due to eosin stain.

Sperm Deformity Index (SDI)

Sperm deformity index was estimated following the
method described by Ahmad and Tariq.”” SDI was calcu-
lated using the sum of sperm morphological deformities
observed and the total numbers of sperm randomly
selected and counted in a sperm population.

Sperm deformity index
_ Total number of sperm defects

~ Total number of sperm counted
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Figure 3 Examples of normal and abnormal rat spermatozoa stained with SpermBlue®. (A) Normal sperm, (B) abnormal (with head defects) and (C) abnormal

spermatozoa with midpiece defects.

Histological Analysis of the Gonadal

Tissues

The testes and epididymis were excised, washed, weighed
and fixed in 10% buffered formalin. After fixation, the
tissues were passed through ascending series of alcohol
for dehydration, cleared in xylene and embedded in paraf-
fin. Sections (5 pum) of each tissue were deparaffinized,
rehydrated and stained with hematoxylin and eosin. The
stained tissues were mounted and examined under a light
microscope.

Statistical Analysis
Values are expressed as mean + standard error of mean (SEM).
Data were analysed using GraphPad Prism Version 5.00 for

Windows, GraphPad Inc., San Diego, California USA.
Differences between means of groups were determined using
one-way analysis of variance (ANOVA). The Bonferroni test
was used for all pair-wise comparisons. Differences (F values)
were considered statistically significant at p values less
than 0.05.

Results

The Effect of Treatment with AD on
Organ Toxicity in the Testis and
Epididymis

Figure 4 presents the weights of the testis, epididymis and

their relative weights. Induction of diabetes with STZ and
fructose resulted in significant decrease in the weight of the
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Figure 4 Effect of AD administration on the (A) testicular weight, (B) relative weight of the testis, (C) weight of the epididymis and (D) the relative epididymal weight of
normal and diabetic rats. Bars are indicative of mean values + SEM of group values. Bars with different letters are significantly (p<0.05) different from each other.

epididymis in the diabetic controls (Figure 4C), while no
significant changes were observed in the weight of the testes
in normal, diabetic and treated rats (Figure 4A). The relative
testicular weight of the diabetic controls was significantly
increased (54.1%) when compared with the relative testi-
cular weight of the normal rats. Treatment with 200 and
400mg/kgBW of AD reduced relative testis weight by 7.8%
and 10.4%, respectively, while 5Smg/kgBW of glibencla-
mide reduced relative testis weight by 4.2% (Figure 4B)
when compared with the diabetic control. Inversely, induc-
tion of diabetes led to a significant decrease in the relative
weight of the epididymis when compared with the epididy-
mis of the normal rats. However, the administration of 200

and 400mg/kgBW of AD and glibenclamide significantly
increased the relative epididymal weights to be comparable
to normal (Figure 4D).

The Impact of AD on Sperm Function in
Normal and Diabetic Rats

Sperm concentration was significantly reduced (70%) in
diabetic control rats when compared with the normal rats.
Supplementation with 200 and 400mg/kgBW of AD sig-
nificantly restored sperm concentration back to normal in
treated diabetic rats (Figure 5B). Administration of 200
and 400mg/kgBW triggered a 10% and 28.5% increase,
respectively, in the sperm concentration of normal rats

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13
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Concentration

Experimental Groups

Figure 5 Sperm concentration of normal, diabetic and treated diabetic rats; (A) representative micrographs and (B) quantitative graphical representation. Bars are indicative
of mean values *+ SEM of group values. Bars with different letters are significantly (p<0.05) different from each other. Each plate in (A) comprises of four different fields of the

semen sample.

serving as treatment controls. Figure 5A is a representative
micrograph showing the sperm density in the normal,
diabetic and treated rats. The sperm population in the
normal (NC) and treated normal rats were densely packed,
while it was sparsely populated in the untreated diabetic
rats (DC). This is the same trend observed in the quanti-
of the
(Figure 5B), where treatment with AD increased sperm

tative measurement sperm  concentration
concentration in the non-diabetic-treated rats.

The effect of diabetes, treatment with AD and gliben-
clamide on indices of sperm function and quality is pre-
sented in Figure 6. Sperm morphology was significantly
distorted in the untreated diabetic rats with 62.8% normal
morphology when compared to the normal rats with 80%
normal morphology (Figure 6A). A population of rats’
spermatozoa is considered to have normal morphology if
the percentage normal morphology is >67%.”® Sperm
morphology of diabetic rats that received 200 and
400mg/kgBW of AD were restored to normal (76% and
82%, respectively). In addition, there was a significant
increase in the sperm deformity index (SDI) in the diabetic
controls when compared with normal rats (Figure 6B).
SDI was significantly abated to normal with 200 and

400mg/kgBW AD treatment in treated diabetic rats as

well as the standard drug. Induction of diabetes also
caused a significant decrease in sperm viability of diabetic
controls (Figure 6C). This was significantly enhanced in
diabetic rats treated with both concentrations of AD; how-
ever, 400mg/kgBW increased sperm viability, as compar-
able to normal. There was no significant difference in the
total sperm motility in normal, diabetic and treated rats
(Figure 6D).

The Effect of AD Administration on
Sperm Morphometry of Normal and
Diabetic Rats

To further investigate the effect of diabetes, and treatment
with AD and glibenclamide, certain parameters relating to
morphology of the sperm cell were measured in the nor-
mal, diabetic and treated rats. The arc, width, area, peri-
meter, angle, roughness and chord of the sperm head,
together with the area, width and angle of the sperm mid-
piece were measured (Table 1). Result showed that there
were observable trends (increase or decrease) in the sperm
morphometry of diabetic rats when compared to normal
and treated rats, though not statistically significant. It is
noteworthy that the CASA system used has been
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Figure 6 Effect of AD administration on the sperm function indices (A) sperm morphology, (B) sperm deformity index, (C) sperm viability and (D) sperm motility. Bars are
indicative of mean values + SEM of group values. Bars with different letters are significantly (p<0.05) different from each other.

programmed to analyse sperm morphometry and classify
spermatozoa with normal and abnormal morphology based
on the established cut-off values.”®

AD Enhanced Sperm Velocities and
Kinematics in STZ-Induced Diabetes

Other parameters associated with sperm motility such as
velocities, linearity, straightness and oscillation index were
measured in the semen of normal, treated and untreated
diabetic rats. The curved linear velocity (VCL) observed
in the semen of diabetic rats was not significantly different

from the normal controls and the treated rats (Figure 7A).
The straight-line velocity (VSL) was significantly reduced
in the diabetic controls when compared with the normal
controls (Figure 7B) while VSL was enhanced in the rats
treated with 200 and 400mg/kgBW of AD. Spermatozoa of
diabetic controls had a 28.5% reduced average path velo-
city (VAP) when compared with sperm cells from normal
rats. An observable increase of 15.7% and 23.7% in the
VAP was noticed in the sperm of rats treated with 200 and
400mg/kgBW (Figure 7C). Linearity (LIN), straightness
and oscillation index (WOB) of the spermatozoa were
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Table | Morphology Parameters of Spermatozoa from Normal and Diabetic Rats
HEAD NC N+AD 200 N+AD 400 DC D+AD 200 D+AD 400 D+G
Arc 21.36+0.14 21.46+0.16 21.23+0.10 20.86+0.21 20.71+0.14 21.20+0.1 20.89+0.14
Width 1.415+0.02 1.442+0.03 1.513+0.02 1.518+0.03 1.485+0.03 1.500£0.02 1.474£0.03
Area 18.01+0.26 18.81£0.22 18.82+0.19 18.52+0.19 17.94£0.31 18.55£0.25 18.44£0.38
Perimeter 45.48+0.33 45.60+0.3 45.36+0.20 44.52+0.37 44.42+0.26 45.23+0.18 44.64+0.31
Angle 66.18+1.39 63.26%1.39 62.71x1.61 61.81+1.01 62.75+0.80 63.13+0.92 62.75+0.79
Roughness 0.110+0.00 0.113+0.00 0.117+0.00 0.116+0.00 0.115+0.00 0.116+0.00 0.117+0.00
Chord 11.34+£0.07 11.36£0.16 10.99+0.10 11.12£0.15 10.91£0.13 11.06£0.16 10.86+0.09
MID PIECE
Area 2.19+0.16 2.68+0.13 2.38+0.14 2.70+0.16 2.17x0.11 2.410.11 2.62+0.15
Width 0.67+0.02 0.69+0.02 0.707+0.02 0.701+0.02 0.675+0.01 0.690+0.02 0.702+0.02
Angle I1.11£0.56 11.44£0.71 10.78+0.43 13.39+£0.49 12.16£0.93 11.4240.68 10.04£0.64

significantly affected and decreased in diabetic control.
Administration of both concentrations of AD improved
the LIN, WOB and straightness of the spermatozoa of
treated diabetic rats (Figure 8A—C).

The impact of STZ-induction of diabetes and treatment
on the factors affecting WOB is presented in Figure 9.
ALH was increased by 20% in the diabetic controls and
diabetic rats treated with 200mg/kgBW when compared
with normal rats. The administration of 400mg/kgBW led
to a 25% reduction in the abnormal ALH values in treated
diabetic rats comparable to normal and standard drug
(Figure 9A). There were no significant changes in the
sperm BCF values in the normal, diabetic and treated
rats (Figure 9B).

The Effect of Intervention with AD on

Gonadal Tissues; Testis and Epididymis in
STZ-Induced Diabetes

Figures 10 and 11 present the findings from the microscopic
examination of the testes and epididymal tissues. The normal
and treatment controls showed normal architecture of the
testes and epididymis, while the morphology of the germinal
epithelium and spermatozoa were intact. Autolytic changes
characterized with vacuolization within the germinal epithe-
lium and loss of the adluminal part of Sertoli cells together
with attached germ cells were observed in the testes of
diabetic control rats (Figure 10). These pathological changes
led to a severe disruption in spermatogenesis depicted by
degeneration of mainly spermatocytes, spermatids and some
spermatogonia. The testes of the rats administered 200mg/
kgBW of AD revealed moderate vacuolization while the
testes of rats treated with 400mg/kgBW had very mild vacuo-

lization. Treatment with AD repaired the germinal

epithelium of the treated diabetic rats to near normal when
compared with the diabetic control. The administration of
Smg/kgBW mildly reduced germinal epithelial loss in the
testes of treated diabetic rats with moderate vacuolization
occurring in the germinal epithelium.

The structures of the epithelia lining the tubules of the
epididymis were clearly seen with neatly arranged cilia and
high intraluminal sperm density in the normal and treated
controls. In diabetic controls, several sloughed germ cells
were observed in the lumen of the epididymis, and a
reduced sperm density when compared with the normal
epididymis. Also, the brush border; ciliated epithelium
was disrupted (Figure 11). Treatment with 200mg and
400mg/kgBW of AD markedly impede sloughing of germ
cells and restored the epithelium of the epididymis with the
cilia; visible and well arranged. Administration of AD
further increased the intraluminal sperm density when com-
pared with diabetic control. Treatment with glibenclamide
(5mg/kgBW) also increased the intraluminal sperm density
of the epididymis of treated diabetic rats as comparable to
normal rats. However, sloughed germinal cells from the
testes were observed in the lumen of the epididymis.

Discussion

DM is known to adversely affect male reproductive func-
tions which ultimately leads to a reduced fertility.” Male
reproductive irregularities associated with diabetes and the
ability of various medicinal plants to ameliorate diabetes
and testicular dysfunction in diabetic rats have been
explored.***>% The findings from this study established
the potency of AD in ameliorating diabetes-induced repro-
ductive dysfunction. Persistent hyperglycaemia resulted in
significant increase in the relative testicular weight and a
significant decrease in the weight and relative weight of the
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Figure 7 Effect of AD administration on indices of sperm velocities; (A) VCL, (B) VSL and (C) VAP of spermatozoa in normal and diabetic rats. Bars are indicative of mean
values + SEM of group values. Bars with different letters are significantly (p<0.05) different from each other.

epididymis. Similar findings have been reported in diabetic
studies involving the use of STZ.">! Progression of dia-
betic condition is known to cause body weight loss and
significant changes in the weight of internal organs includ-
ing the gonads in Wistar rats and mice.>** Disparity in
relative organ weights serves as one of the crucial factors
in assessing the presence of toxicity and pathology in an
organ.’*** In addition, reduced reproductive organ weight
as observed in the diabetic epididymis alongside higher

sperm deformity index is indicative of spermatogenic
dysfunction.” The ability of AD to increase the total and
relative epididymal weight, and also reduce the relative
testicular weight in treated diabetic rats comparable to stan-
dard drug displays its potency against diabetes-induced
testicular and epididymal toxicity. Nelli and Kilari*’
obtained similar results in his study which investigated the
protective role of a-mangostin against STZ-induced repro-
ductive damage, the report showed significant changes in
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Figure 8 Effect of AD administration on sperm kinematics; (A) LIN, (B) STR and (C) WOB of spermatozoa in normal and diabetic rats. Bars are indicative of mean values
SEM of group values. Bars with different letters are significantly (p<0.05) different from each other.

the weight of the testis and epididymis, and this was
improved by treatment with a-mangostin.

There was no significant difference in the total sperm
motility of the normal, diabetic and treated rats. This was
also reported in a study conducted by Arokoyo and
colleagues' on diabetic-induced reproductive dysfunction.
Interestingly, in our study, a significant decrease was
observed in the sperm velocities and kinematics of untreated
diabetic rats and this was significantly increased with AD
supplementation in treated diabetic rats (Figures 7 and 8). A

very similar trend on decreased sperm velocities and

kinematics was documented by Mukhopadhyay and
colleagues,’® where routine semen analyses of patients
exposed to heavy metals and cigarette smoke showed normal
motility. However, further probing by Mukhopadhyay on the
same semen samples using the CASA system, showed that
VCL, STR and ALH which are sperm velocity parameters
were significantly reduced. This highlights the possibilities
of impaired sperm motion in sub-populations within the
group which may not reflect in the overall motility of the
group but displayed in the significant differences in sperm
velocities and kinematics as observed in the diabetic control
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Figure 9 Effect of AD administration on indices of oscillation index; (A) ALH and (B) BCF of spermatozoa in normal and diabetic rats. Bars are indicative of mean values +

SEM of group values.

rats. Furthermore, STZ administration can affect sperm velo-
cities and kinematics.’' However, AD seems to prevent these
anomalies in a similar manner to the standard drug. The
reported VAP values were twice the VSL values (Figure 7B
and C), and these are observed in cases of irregular sperm
motion path which have significant effects on the WOB,
STR, ALH and BCF of sperms.®’ Sperm velocities directly
correlate to LIN, STR, WOB, ALH and BCF,*® which further
strengthens our findings in this study.

Sperm concentration, motility, morphology and viability
are important factors to consider when assessing the sperm or
semen quality.>”*° There was a significant reduction in the
sperm concentration, viability, and morphology of diabetic
controls as observed in comparable studies involving dia-
betes-induced reproductive dysfunctions.>>*!*** The reduced
sperm quality parameters may be linked to impaired sperma-
togenesis observed in the seminiferous tubules as it affects
the quantity and quality of spermatozoa that is produced.*
Spermatogenesis is usually disrupted in diabetes through
hyperglycaemia-induced oxidative stress,** and antioxidants
have shown to increase sperm viability and reduce sperm
defects by alleviating oxidative stress.”” Phytochemical char-
acterisation carried out on the aqueous extract of AD leaves
established the presence of bioactive compounds that have
high antioxidant and antidiabetic properties such as querce-
tin, kaempferol, rutin, and phloridzin amongst others.>* The
significant reduction in sperm concentration corresponds
with the significantly reduced weight of the epididymis and

the relative epididymal weight as the epididymis stores sper-
matozoa until maturation. The ability of AD to improve
hyperglycaemia-induced sperm functions is most likely due
to its possession of these bioactive compounds.

Male fertility largely depends on the complete develop-
ment of spermatozoa in the testis and their maturation in the
epididymis,*® inferentially, sperm quality is compromised
in the case of pathological alterations in the testis or epidi-
dymis. The severe pathological features observed in the
testis and epididymis of diabetic controls can be associated
with the decreased sperm function parameters such as con-
centration, viability and morphology in the same animals.
The germinal cells observed in the epididymal lumen of
diabetic rats were immature germ cells that were sloughed
from the germinal epithelium of the testis and were trans-
ported with the spermatozoa into the epididymis. It is evi-
dent from the findings that the level of damage in the
germinal epithelium of the testes was commensurate to the
proportion of sloughed germ cells observed in the epididy-
mal lumen which were noticeably reduced in the diabetic
rats treated with AD. Sertoli cells are potential targets for
toxicants,*® severe damage and loss of some of these cells as
noticed in our study is due to the administration of STZ as
previously established.*”** The loss of Sertoli and germ
cells in the diabetic controls was accountable for the
reduced sperm production, as the number of Sertoli cells
are strongly related to sperm concentration. Sertoli cells
play a key role in the attachment, development and
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Figure 10 Light micrographs of the testes of normal and diabetic rats stained with hematoxylin—eosin (x400). The arrowhead reveals vacuolization within the germinal
epithelium, the long arrow shows loss of germ cells and distorted spermatogenesis (40x Magnification).

s

sustenance of germ cells, they supply the nutrients and
hormones required by the germ cells.*® Hence, damage or
the loss of Sertoli cells results in disrupted spermatogenesis,
loss of germ cells, decreased sperm production and repro-
ductive dysfunction in the diabetic control which was
repaired with treatment with AD. The ability of AD to
induce repair and recovery of the germinal epithelium can
be associated to its phytochemical content especially poly-
phenols, as other medicinal plants containing polyphenols
have demonstrated ameliorative potentials on toxicity-
induced damage in the testes.*”>" This is also supported
by the report of Khaki and colleagues®' on the ability of
quercetin to attenuate loss of germinal epithelium and
vacuolization of germ cells. The potentials of AD to prevent

germinal epithelial loss and improve sperm quality and
functions may provide a natural alternative and therapy in
attenuating diabetes-related reproductive dysfunctions in
males. These findings, however, provide the basis for
further studies that will aim at investigating the underlying
mechanisms by which AD exerts its pro-fertility abilities in
diabetic and non-diabetic conditions.

Conclusion

Treatment with 400mg of A4 difformis was more effective
than 200mg A difformis and Smg glibenclamide in repair-
ing the germinal epithelium and overall damage in the
testis and epididymis of diabetic rats. However, 200mg/
kg BW exhibited more potency in ameliorating testicular
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Figure Il Light micrographs of the testes of normal and diabetic rats stained with hematoxylin—eosin (x400). The double arrows reveal sloughed germ cells within the
epididymal lumen, while the red rectangle focuses on the cilia and brush border of the epithelium of the epididymis. (4x, 10x and 40x Magnification).
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and epididymal damage in the diabetic rats than 5Smg
glibenclamide. Both doses of AD were able to effectively
improve sperm quality, though 400mg A4 difformis showed
a non-significant increase in sperm concentration, mor-
phology, and a significant increase in sperm viability in
diabetic rats when compared to 200mg/kg BW. The
potency of Anchomanes difformis displayed against dia-
betic-induced damage in the male reproductive system
might be a new and promising tool in the management
of reproductive dysfunctions and associated complications
that arise in DM.
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