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ABSTRACT

Male infertility is one of the complications associ-
ated with diabetes mellitus. This study reported the ef-
fect of managing experimentally-induced diabetes in
male Wistar rats with Cleome rutidosperma leaf extract
at doses of 100 mg.kg™', 200 mg.kg™' or 400 mg.kg™' for
14 days. Further deterioration or amelioration of repro-
ductive derangement was assessed by changes in sperm
morphology, sperm characteristics, and testicular histo-
pathology. Andrology profile of diabetic untreated rats
showed significant (P <0.05) derangements compared
to normoglycaemic rats. The profile of diabetic rats
treated with the extract of C. rutidosperma, especially
at the 200 mg.kg™' dose showed a significant decrease in
abnormal sperm cells, increases in sperm motility, live/
dead ratio and count compared to the untreated diabetic

rats. Histopathology showed spermatogenic arrest and

degeneration of Sertoli cells in the diabetic untreated
rats, but was restored in the C. rutidosperma treated rats.
This study showed evidence of infertility associated with
diabetes and the ameliorative ability of C. rutidosperma
on infertility demonstrated by improved andrological
parameters. Traditional management of diabetes with
C. rutidosperma leaves should therefore be encouraged
in both humans and other animals, especially males

with reproductive intentions.
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INTRODUCTION

Up to now medicinal plants have provided mankind

with remedies for disease prevention, treatment and/or
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management. The role of plants in folklore medicine has
been attributed to the presence of phytochemicals which
are either nutritive or non-nutritive plant chemicals with
disease preventive or curative properties [1, 20]. Diabetes
mellitus has been successfully managed traditionally with
medicinal plant preparations [5, 16]. Diabetes, usually
characterized by persistent hyperglycemia, may lead to tis-
sue/organ damages in the cardiovascular system, kidney,
eye, nerve and reproductive organs [34]. Reproductive
complications in the male associated with diabetes include
disruption of male fertility, impotence, retrograde ejacu-
lation and hypogonadism. The male hypothalamic-pitu-
itary-gonadal axis was found by researchers to be regulated
by pancreatic insulin, and this is essential for fertility [21,
22, 32].

Maintenance of normoglycemia in diabetics is impera-
tive and has been achieved by orthodox and traditional
therapeutic approaches. Many rural dwellers have opted
for the traditional remedies with years of proven efficacy,
good availability and affordability. Cleome rutidosperma
DC is a medicinal plant traditionally used for the manage-
ment of diabetes in Southern Nigeria. It is a terrestrial low-
growing annular, erect or tufted herb, up to 70—100 cm
tall with white or brown taproots [26]. C. rutidosperma
is found in waste grassy grounds and has trifoliate leaves
and small, violet-blue flowers. It is native to West Africa
rainforest, from Guinea to Nigeria, Zaire and Angola, but
naturalized in various parts of tropical America and South-
east Asia [35]. Pharmacological properties of the plants re-
ported include: analgesic, antipyretic, anti-inflammatory,
diuretic and antioxidant activities [10, 11].

Despite proven therapeutic efficacy however, many
medicinal plants have toxic potentials yet to be verified
and these are important for drug safety and development.
There is a sparsity of information on the reproductive tox-
icities that may accompany the management of diabetes
with C. rutidosperma. Male infertility is one of the compli-
cations associated with diabetes. The management of dia-
betes should therefore consider the effect of treatment on
the reproductive system, especially in males.

This study was designed to evaluate the reproductive
toxicity potentials of the management of diabetes with
C. rutidosperma leaves using changes in spermatozoa mor-
phology, characteristics and Sertoli cell histopathology in

male Wistar rats as indicators of toxicity.
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MATERIALS AND METHOD

Plant preparation

Fresh leaves of Cleome rutidosperma were harvested
from Ughelli, Delta State. It was identified and a voucher
specimen deposited at the Department of Botany, Univer-
sity of Ibadan (Voucher-Number UIH-22548). The leaves
were air dried, pulverized and macerated in methanol
(96 %) for 72 hours. The decanted filtrate was concentrated
using a rotary evaporator and the extract obtained was
stored at 4 °C. The extraction was carried out according to
the method described by Oridupa and Saba [28].

Fresh extract was reconstituted daily for dosing.

Experimental animals

Thirty male Wistar rats (140—180 g) were obtained
from and housed at the Experimental Animal House,
Department of Veterinary Pharmacology and Toxicol-
ogy, University of Ibadan, Nigeria. They were fed with
commercially available pelletized rat ration and allowed
access to clean water ad libitum. Only normoglycaemic
rats were included in the study. The fasting blood glucose
concentration was determined in overnight fasted rats us-
ing a glucometer (Accu-Chek®Active, Roche Diagnostic,
Germany). The study was conducted in accordance with
the regulation of the Animal Care Use and Research Ethics
Committee (ACUREC), University of Ibadan (UI-ACU-
REC/App/01/2017/005).

The rats were randomly distributed into six groups.
Group 1 served as control normoglycaemic rats. Diabetes
was induced in groups 2—6 of rats with alloxan mono-
hydrate (100 mg.kg™; intraperitoneal; Sigma-Aldrich).
Group 2 was administered Glibenclamide (0.07 mg.kg™;
oral). Groups 3, 4 and 5 were orally administered C. rutido-
sperma extract (100 mg.kg™, 200 mg.kg™ or 400 mg.kg™),
while Group 6 rats were untreated diabetics throughout
the study. Minute quantities of blood was withdrawn from
the tail vein to determine the blood glucose levels through-
out the course of the study. The antidiabetic study was con-
ducted according to the methods described by Folasire
et al. [14].

Sample collection and analysis
All rats were sacrificed by cervical dislocation on
day 15. Orchidectomy was performed by pre-scrotal or

midline incision according to the method described by



Oyeyemi and Ubiogoro [29]. The tunica vagina-
lis was excised to expose the testicles which were milked
out of the incision site. The spermatic cord was ligated, ex-
cised and sperm samples were collected from the caudal
epidydimis. The sperm morphology was determined from
about 400 spermatozoa in smears stained (Wells and Awa
stains). The sperm characteristics (sperm volume, motility,
count and percentage livability) were also determined.
Routine histopathology was carried out according to
the method described by Bancroft and Gamble
[7]. The testes of the rats were also harvested and pre-
served in Bouin solution, followed by dehydration with
grades of ethanol (70, 80, 90, 95 and 100 %). The samples
were cleared in two changes of xylene, impregnated with
2 changes of molten paraffin wax and blocked out. The
samples were cut, about 5—6 pm thickness, using a rotary
microtome and mounted on glass slides. The slides were
stained with haematoxylin and eosin stain, and examined
under the light microscope (Olympus CH, Japan). Photo-
micrographs were taken with an Amscope camera fitted
on an Accu-scope microscope and assessed with the aid of

ToupView software.

Statistical Analy sis

The data obtained were reported as means + SD and
analyzed using ANOVA with Tukey Kramer multiple com-
parison test using GraphPad Prism 5.0 (GraphPad Soft-
ware, San Diego) and differences considered significant at
P <0.05.

RESULTS

Elevated blood glucose levels significantly decreased in
the extract treated rats, especi  ally in rats administered
200 mg.kg™! extract compared to untreated diabetic rats
and comparable to glibenclamide-treated rats (Table 1).
The andrology profiles showed significant (P < 0.05) dif-
ferences between normoglycaemic and diabetic rats.

Rudimentary tails (primary abnormality) observed
were significantly increased in the diabetic untreated
rats (3.21 + 0.16 cells) compared to normoglycaemic rats
(2.0 £ 0.41 cells) and the diabetic treated groups. Sec-
ondary sperm abnormalities seen included normal heads
without tails, normal tails without heads, bent tails, curved

tails, curved mid-pieces, bent mid-pieces and looped tails.

There were significant (P < 0.05) increases in the observed
normal heads without tails, curved tails, curved mid pieces
and bent mid pieces of diabetic untreated rats compared
to normoglycaemic rats. There were significant (P < 0.05)
increases in the total abnormal sperm count of all groups
when compared with normoglycaemic rats. However, ex-
tract-treated rats at 200 mgkg' (47.80 * 1.36 cells) showed
a significant (P < 0.05) decline in total sperm abnormali-
ties compared with normoglycaemic (53.55 * 2.71cells)
and diabetic controls (63.90 * 1.46 cells) (Table 2).

The sperm motility and count of the diabetic control
was significantly (P < 0.05) lower than in normoglycaemic
control. However, there were increases in the extract-treat-
ed rats, especially those administered 200 mg.kg™!, com-
pared to normoglycaemic controls. The live-dead ratio and
sperm volume of extract treated diabetic rats were similar
to that of normoglycaemic control and significantly higher
than untreated diabetic rats (Table 3).

The histopathology showed normoglycaemic rats had
no observable lesions. Diabetic untreated rats showed
spermatogenic arrest and degeneration of the Sertoli cells.
Extract-treated rats at 100 mg.kg™" had ectasia of tubular
lumen and hypospermia, 200 mg.kg™ showed tubular at-
rophy with sparing of pachytene spermatocytes, while ec-
tasia of tubular lumen and hypospermia was observed in
400 mg.kg™ treated rats. Diabetic rats administered gliben-

clamide showed no observable lesion (Fig. 1).

DISCUSSION

Diabetes mellitus is a metabolic derangement of glucose
clinically characterized by hyperglycaemia. Prolonged cel-
lular exposure to hyperglycemia is the primary factor im-
plicated in most diabetic complications [34]. One of these
complications in males include disruption of normal re-
productive functions clinically presented as infertility and
erectile disorders. Male infertility may be due to defects
in sperm atozoa morphology and characteristics [22, 29].
The main focus of diabetes therapy is regulation of blood
glucose levels aimed at reversal of the hyperglycaemic
state and eventually the complications [14]. In this study,
a significant decline in blood glucose levels was observed
in Cleome rutidosperma-treated diabetic rats throughout
the course of the experiment. Also, significant reversal of

derangements in sperm morphology and characteristics
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Fig. 1. Photomicrograph of diabetic Wistar rat testis administered with Cleome rutidosperma leaf extract

A (Control)—no observable lesion; B (Untreated Diabetic)—few immature stages found at the margin of the tubular lumen; C (Diabetic treated with

100 mg.kg™ C. rutidosperma)—no observable lesion; D (Diabetic treated with 200 mg kg™ C. rutidosperma)—immature stages found in the tubular

lumen; E (Diabetic treated with 400 mg.kg™ C. rutidosperma)—relative widening of the seminiferous lumen (arrowheads), with interstitial oedema (ar-
rows); F (Diabetic treated with Glibenclamide)—no observable lesion. H&E x400
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Table 1. Blood glucose levels (mg.dl-") of alloxan-induced diabetic rats administered with methanol extract
of Cleome rutidosperma leaf observed within 14 days of administration

Group Day 1 Day3 Day 5 Day 7 Day 10 Day 14
Control 67.25+5.36 84.25%5.66 97.75+4.66 85.00£5.72 94.25£3.75 99.50+6.70
Diab Control 426.00£9.96 235.00+13.30 320.33£10.51 422.33+10.91 397.33+8.97 326.67+9.30
Diab+100 mg.kg™’ 466.33+8.70 281.00+£9.90 192.67+14.73 191.67+8.60 195.33£15.60 179.67£10.73
Diab +200 mg.kg™ 271.60+11.02 236.40+14.72 72.20£6.18* 69.20+7.81* 137.80+7.15 70.60+10.66*
Diab+400 mg.kg™ 480.00+10.02 258.40+8.51 270.80+19.32 373.00+8.90 143.00+12.07 189.80+11.86
Diab +Gliben 252.25+14.56 234.50+13.97 194.50+7.75 253.75+7.20 284.25+10.56 156.00+10.80

*—Significantly lower (P < 0.05) blood glucose level compared to control in the same column; Diab—Diabetic rats; Gliben—Glibenclamide

Table 2. Spermatozoa abnormalities observed in alloxan-induced diabetic rats administered with methanol extract
of Cleome rutidosperma leaf for 14 days

Group Control Diab Control Diab+100 mg.kg™' Diab+200 mg.kg" Diab+400 mg.kg™’ Diab +Gliben
Rud tail 2.0+0.41 3.21+0.16° 2.0£0.58° 2.0£0.45° 2.0+0.45° 2.0+0.41°
NHWT 4.75+0.63 6.0+0.34° 4.67+0.88° 4.60+0.51° 4.60+0.68° 4.75+0.63°
NTWH 4.25+0.48 5.60+0.23° 4.67+0.88° 4.60+0.51° 4.60+0.60° 5.0+0.41%°
Bent tail 10.3£1.31 10.9+£0.82 10.33+0.88 8.20+£0.49+° 11.0£0.45 10.0£0.41
Curved tail 9.2.0£0.58 11.98+0.45° 11.67£0.67° 8.60+0.40%° 11.20+0.73*> 10.50+0.29*>
Curved MP 10.5+0.65 11.91+0.68° 11.6741.20° 9.0£0.32° 11.0+£0.70*® 11.75+0.75°
Bent MP 10.3£0.85 11.1£0.282 12.0+0.58*® 9.0£0.45%® 10.80+0.37° 10.25+0.25°
Looped tail 2.25+0.48 3.20£0.37 2.0+0.58 1.80+0.37 2.20+0.37 2.25+10.48
TASp count 53.55+2.71 63.90+1.46° 59.01+2.08*° 47.80+1.36%° 57.40+1.75%° 56.50+1.66*°
TSp count 407.50£3.23 410.0£3.12 410.0+2.89 406+2.92° 403.0+2.0%° 407.50+3.2
% Sp Ab 13.14 % 15.59 %® 14.39 % 11.77 %P 14.24 %° 13.87 %

Table 3. Sperm characteristics of alloxan-induced diabetic rats administered with methanol extract

Values differ significantly (P < 0.05) from normoglycaemic controla or diabetic control®;
Diab3—Diabetes; Gliben—Glibenclamide; Rud tail—Rudimentary tail; NHWT—normal head without tail; NTWH—normal tails without head; Curved
MP—curved mid-piece; Bent MP—bent mid-piece; TA Sp count—total abnormal sperm count; TSp count—total sperm count; % Sp Ab—% sperm

abnormality

of Cleome rutidosperma leaf for 14 days

Group Motility Live/Dead Volume Count
[%] [%] [em?] [%]

Control 72.50+5.00 96.50+1.73 5.18+0.05 100.0+12.75
Diab Control 57.50+3.54° 79.00+1.41° 5.07+0.01° 97.00£1.40
Diab+100 mg.kg™’ 73.33£5.77° 96.00+1.73° 5.13+0.06 116.00+7.20*°
Diab+200 mg.kg™' 89.00+5.48>P 96.80+1.64° 5.18+0.04° 133.20+11.30*°
Diab+400 mg.kg™ 68.00+4.47° 96.80+1.64° 5.18+0.04° 106.00+17.01
Diab+Gliben 75.00+£12.91b 96.50+1.73b 5.18+0.05b 103.00£12.91

Values differ significantly (P < 0.05) from normoglycaemic controla or diabetic controlb;
Diab—Diabetes; Gliben—Glibenclamide
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associated with diabetes mellitus was observed in extract-
treated diabetic rats especially at 200 mg.kg™!, suggesting
the extract has spermatogenic properties.

The increased incidence of sperm cell abnormality in
untreated diabetic rats showed evidence of altered sper-
matogenesis and maturation which can be caused by de-
creased testosterone bioavailability and also deficient epi-
didymal secretions [33]. The studyby Kamaruzaman
etal. [17] concluded that Gynura procumbens signifi-
cantly influenced sperm maturation in amelioration of
diabetic male infertility by upregulation of related pro-
teins. LaVignera etal [19] also mentioned that diabe-
tes decreased the serum testosterone levels in association
with a steroidogenetic defect in Leydig cells and increased
oxidative stress by hyperglycemia which caused sperm nu-
clear and mitochondrial DNA damages. These researchers
also related spermatogenesis derangement and germ cell
apoptosis in type 1 diabetes to local autoimmune damage,
while impaired sperm parameters and decrease testoster-
one serum levels in type 2 diabetics was associated with
insulin resistance, obesity, and other related comorbidities
[15, 19]. Studies by previous researches have reported me-
dicinal plants such as Teucrium polium, Eryngium cauca-
sicum and Zingiber officinalis, which reversed the decline
in testosterone levels and attributed this effect to the ability
of the plants to inhibit oxidative stress generated by the hy-
perglycemic state [2, 8, 31].

Various mechanisms may explain the sperm cell dam-
age observed in patients with diabetes. These include: en-
docrine disorders, neuropathy, and increased oxidative
stress [3, 25]. Insulin is the primary hormone responsible
for cellular glucose metabolism including in spermato-
zoa where the glycolytic pathway for energy generation is
a major mechanism employed for sperm motility [13]. De-
ficiency or insensitivity to insulin which is typical of diabe-
tes also alters this mechanism in sperm cells [6]. The neu-
rohormonal regulation of male reproduction is also altered
in diabetes, as well as increased generation of free radical
oxygen species [24]. The male reproductive organ is highly
vascularized which predisposes the testes to substantial
volume of hyperglycemic blood, thus increased exposure
to reactive oxygen species, advanced glycation end prod-
ucts, amongst other toxicants [9].

Furthermore, diabetes-induced damage to Sertoli cells
may be implicated in the production of defective sperma-

tozoa as the Sertoli cells are responsible for spermatogen-
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esis and part of sperm cell maturation [12, 30]. This study
showed a reversal of Sertoli cell vacuolation and denser ger-
minal centers in C. rutidosperma-treated diabetic rats. This
was clinically demonstrated by higher sperm counts and
a lower incidence of abnormal sperm cells. This correlates
with the report of Alves etal [4] that damaged Sertoli
cells leads to the production of defective sperm cells which
are unable to fertilize a mature ovum. C. rutidosperma also
induced a significant increase in sperm motility which is
important in the movement of the sperm cells through
the female genital tract for fertilization. Similar reversal of
spermatogenic damage in diabetes have been reported for
Alpinia galanga, Citrullus vulgaris and Xanthosoma sagit-

tifolium, amongst other medicinal plants [18, 23, 27].

CONCLUSIONS

In conclusion, the male reproductive complications
associated with diabetes were reversed by treatment with
Cleome rutidosperma leaves. The production of viable and
motile spermatozoa increased. This study demonstrated
that C. rutidosperma, especially at 200 mg.kg' did not
further progress infertility in the diabetic rats treated, but
reversed diabetes-induced damages in the sperm cell mor-
phology, characteristics and testicular tissue. These find-
ings are relevant in males within the reproductive age and

particularly animals intended for breeding.
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