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Abstract

The use of alternative medicinal approaches in the management of diabetes-associated
reproductive dysfunction has become imperative, hence, this study was designed to
evaluate the ameliorative potential of Alchornea cordifolia in diabetic-induced sexual
behavioural dysfunction and its antidyslipidemic activity. Twenty-five male diabetic rats
were divided into five groups of five rats each. Group I received distilled water, Groups
IT and III received 100 and 200 mg/kg of the extract, respectively, Group IV received 5
mg/kg metformin sulfate and Group V was diabetic but received no treatments.
Treatment was done daily by oral gavage for 28 days. Hypoglycemic activity, lipid
profiles, and sexual behaviors such as mount and intromission frequencies, mount,
intromission and ejaculation latencies, and post-ejaculation interval were evaluated
according to standard procedures. The results showed significantly reduced plasma
glucose concentrations in extract exposed groups and the standard antidiabetic group
(127.6 +3.33>, 118 + 10.15P, and 114.6 + 11.74>) compared to the diabetic untreated group
(270.6 + 82.64). Again, there was a significant reduction in total serum cholesterol
concentration (99.93 + 5.19**) in the 200 mg/kg extract compared to the diabetic untreated
group (130.8 + 6.76), lipid profiles with elevated mount and intromission frequencies and
ejaculation latency. Reductions in mount and intromission latencies were also recorded
in extract-exposed groups. The findings showed that the extract possessed antidiabetic
and antihyperlipidemic activities and could enhance sexual performance and increase
sexual satisfaction in animals. Therefore, the treatment of diabetic male Wistar rats with
the extract, ameliorated reproductive damage induced by diabetes and improved sexual

behaviors in those animals.

1. Introduction
There is a growing concern over the spate of male
infertility [1], especially when associated with dysfu-
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nctions in male sexual behavior [2]. Disorders of male
sexual behavior could take the form of a lack of sexual
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stimulation due to poor autonomic and
somatosensory signals, a disorder of ejaculation,
erectile dysfunction, and a disturbance of libido and
orgasm [3, 4]. Kumar and Singh, [5] reported that
about 48.5 million couples were infertile as of 2010,
with 45-50% resulting from male factor infertility
probably due to dysfunctional sexual behavior.
However, the current estimate of men with erectile
dysfunction is 186 million, which may increase to
about 322 million by 2025 worldwide [6].

dysfunction is the failure to achieve and maintain an

Erectile

erection, strong enough to penetrate and produce
sexual satisfaction during sexual intercourse [7]. This
has been associated with increasing age and chronic
diabetes as major risk factors [8]. Moreover, half the
population of diabetic men have erectile dysfunction
[9], with 35-75% of them experiencing erectile
dysfunction worldwide [10]. The mechanism by
which diabetes
particularly erectile dysfunction, is related to the

results in sexual dysfunction,

dysregulation of several physiological factors,
including psychogenic, hemodynamic, neurogenic,
and hormonal changes, as well as the atrophy of the
corpus cavernous muscle [11]. Others may include
micro and macrovascular complications such as
cardiovascular, neuropathy, and hypogonadism
secondary to diabetic cases in men [12]. Again,
dyslipidemia such as increased circulating cholesterol
and triglyceride with low-density lipoproteins has
been implicated in several male sexual dysfunctions
[13]. Furthermore, increased endothelial dysfunction
may impair penile arterial blood flows necessary for
the maintenance of erection whereas neuropathy may
be responsible for the disruption of somatosensory
signals from the penis to the reflexogenic center in the
brain thereby preventing smooth muscle relaxation to
enhance and sustain an erection [14]. According to
Ismail et al [15], increased endothelial dysfunction in
diabetics may be due to elevated reactive oxygen
species, which decreases the bioavailability of nitric
oxide resulting in defective relaxation of the smooth
muscle of corpora cavernous. This will further lead to
an imbalance in vasodilative and vasoconstrictive
extracellular pathways favoring vasoconstriction and
poor erection [9].

With the increasing cases of diabetic complications,

including reproductive dysfunctions among men, and

the multifactorial causes of erectile and other sexual
dysfunctions, there is a need for a broader approach
to treating and managing diabetes-associated male
sexual dysfunctions. Such approaches may include
changes in lifestyle in terms of increased physical
exercise, weight loss, and healthy dietary intake [16],
as well as glycemic control, and pharmacotherapy via
phosphodiesterase 5-inhibitor administration [17]. A
phosphodiesterase 5-inhibitor pharmacotherapeutic
drug like Sildenafil is known to enhance erection by
inhibiting the enzyme’s phosphodiesterase action
with a prolongation of the activity of cyclic guanosine
monophosphate in the erectile muscles hence, the
sustenance of erection [18]. Despite the success story
recorded by this agent in improving erection in
patients with erectile dysfunctions, evidence of low
responses to this drug also exists [19]. However,
phosphodiesterase 5-inhibitor reportedly causes
severe myocardial infarction, chest pain, and cardiac
arrhythmias in patients treated with this agent [20].
Therefore, the drug has also become motivating factor
for researchers in the search for alternative traditional
plant products with minimal side effects but
improved efficacy and potency [21].

Alchornea  cordifolia  (A.

medicinal plant shrub found within the tropical

cordifolia) is a popular

forests of East, West, and Central Africa, usually in
wet or swampy areas as well as in acidic soils [22]. The
plant reportedly has some bioactive agents such as
flavonoids, terpenoids, alkaloids, tannins, saponins,
alchorneine, alchornidine, glycosides, and several
other compounds [23]. There are reports of the use of
the leaves, stems, bark, and roots of the plant to treat
various ailments including rheumatic pain,
respiratory disorders, and reproductive diseases in
Nigeria [24]. Again, Ngaha-Njila et al. [25] highlighted
the role of the plant in the enhancement of sexual
behavior in sexually inexperienced animals. However,
scientific investigations into the ameliorative effects of
the plant on sexual dysfunctions induced by diabetes
mellitus and its antihyperlipidemic activity are scanty
to warrant the present work. Therefore, this study
aimed to investigate the possible ameliorative role of
ethanol leaf extract of A. cordifolia on sexual behavior
in streptozotocin-induced reproductive dysfunctions

and its antidyslipidemic activity in male Wistar rats.
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2. Materials and methods
2.1. Collection and processing of plant materials

Leaves of A. cordifolia were harvested during the dried
season between November and December 2023 from
the Aikplia-Ugbokolo district,

Government area of

Okpokwu Local
State,
Identification and authentication of the plant were

Benue Nigeria.
carried out at the Department of Botany, Faculty of
Biological Sciences, Joseph Sarwuan Tarka University,
Makurdi, Benue State by Dr. Okoh Thomas where
voucher number FUAM/BOT/ HERB/02781 was
deposited for future reference. The harvested leaves
were then washed thoroughly to remove impurities
and other contaminants under fast-flowing tap water
before air-drying at room temperature and pressure
before pulverization into a fine powder ready for
extraction. Soxhlet apparatus was used for the
extraction of the powdered leaf using absolute ethanol
as the extraction solvent as previously described [26].

2.2. Inductions of diabetes using streptozotocin in male rats
Diabetes was induced in the male Wistar rats after
overnight fasting by injecting a single dose of 45

mg/kg of fresh streptozotocin (Sigma-Aldrich Corp. St.

Louis, Mo. USA) in cold 0.1M citrate buffer at pH 4.5
intraperitoneally. After 48 hours, blood samples from
the tail vein were collected to measure the blood
Accu-chek
Mannheim

glucose concentrations using an
(Accu-chek GB, Roche

Germany). Animals with blood glucose levels above

glucometer

200 mg/dl were selected for this study.

2.3 Experimental animals

Twenty-five (25) sexually matured male Wistar rats
weighing between 180 - 200 g and twenty-five (25)
sexually receptive female Wistar rats were sourced
from the animal house of the Faculty of Veterinary
Medicine, University of Abuja, Abuja, Nigeria. The
rats were paired in a plastic cage measuring 60 X 20 X
30 cm with proper ventilation. The rats were allowed
to acclimatise for two weeks under standard
temperature and relative humidity with a 12-hour
day/light cycle. During this period and the entire
treatment cycle, the rats had access to fresh drinking
water and were fed on standard animal feeds (Super
Deluxe Animal, Premier Feed Mills Co. Ltd., Kaduna,
Nigeria) ad libitum. Ethical clearance was obtained
from the Ethics Committee on Animal Use and Care

of the University of Abuja (ECAUCUA) with
approval number ECAUCUA /2022/005.

2.4. Experimental grouping

Twenty-five male diabetic rats were randomly
divided into five groups of five animals each as
follows:

Group I: Control (non-diabetic)

Group II: Diabetic control

Group III: Diabetic + 100 mg/kg (extract)

Group IV: Diabetic + 200 mg/kg (extract)

Group V: Diabetic + 5 mg/kg (metformin sulfate)
Administration of the extract and standard
antidiabetic drug was done daily for 28 days with
water and feed provided ad libitum. Weekly plasma
glucose levels were measured using Accu Check
glucometer® following the principle of oxidase

reaction [27].

2.5 Estimation of the lipid profile of streptozotocin-induced
diabetic male Wistar rats exposed to ethanol leaf extract of
Alcorenea cordifolia.

Twenty-four hours after the last dose administration
of the extract and standard drug, 4 mL of blood
samples were collected from the lateral orbital plexus
of the eye into a plain test tube containing a serum
coagulator. The tubes were slanted for a few hours to
allow coagulation to take place, thereafter, the
supernatant was harvested and stored in the
refrigerator for the analysis of the lipid profile. The
level of serum total cholesterol (TC), triglyceride (TG),
low-density lipoprotein cholesterol (LDLc), and high-
(HLDc)
evaluated by spectrophotometric methods using

density lipoprotein cholesterol were
commercial kits (Spectrum Diagnostic, MDSS GmbH,
Schiffgraben 41, 30175, Hannover Germany) and

according to the manufacturer’s instructions.

2.6. Sexual behavior study

Female rats were screened using cytological technique
and those detected to be in estrus were selected and
used in this study. After 28 days of treatment, the
effect of the extract of A. cordifolian and standard
antidiabetic drug on the male sexual behaviour of the
rats was determined after being paired with the
receptive female, according to the method described
by [28] with some modifications. For this sexual
behavioral study, an open field arena of aluminium
rat cages of 60 X 20 X 30 cm was used, the same
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Table 1. Measurement of weekly plasma blood glucose concentrations of streptozotocin-induced diabetic male albino Wistar

rats exposed to ethanol leaf extract of Alcornea cordifolia

Groups Week 0 Week 1 Week 2 Week 3 Week 4
Control 109.6+3.47 113.2+1.66 99.0+1.38 102.2+2.15 104.6+2.62°
Diabetic control 79.60+7.15 360.8+37.19 269.2+60.07 299.2+69.53 270.6+82.64
Extract (100 (mg/kg) 86.2+7.74 218.0+43.07 182.0+28.76 166.4+24.89° 127.6+3.33>
Extract (200 mg/kg) 81.2+6.95 258.4+36.38 182.6+52.58 178.4.2+15.16 118+10.15°
Metformin (5 mg/kg) 80.6+4.53 277.4+26.99 221.4+34.69 138.2+10.86° 114.6+11.74>

Data are presented as Mean +SEM (N=5). Values with superscripts are statistically significant (p<0.05) compared to the diabetic

untreated group following post hoc Dunnett’s multiple comparisons.

as for housing the animals during the experiment. The
cages were emptied of bedding and moved to the
sexual behavioral room. The video camcorder, Nikon
Coolpix L341 (Nikon Imaging, USA) used for video
capturing of sexual behavior was positioned 90 cm
above the centre of the open cage floor. The entire
arena of the cage in the zone of the camera’s view was
captured from this position. The video camcorder
was connected to a Samsung laptop, (Samsung
Electronics, South Korea). The behaviour observation
tests started at 3.00 hours after the onset of darkness
and were performed under red illumination and by
pressing the space bar key on the computer keyboard;
the test starts and ends manually. The animal’s sexual
behavior inside the cage arena was manually scored
from the recorded videos by two investigators
blinded to
concordance. Before the start of the actual sexual

experimental groups with good
behavioral test, individual male Wistar rats were
placed in the observation cage and allowed for 10 min
to acclimate the cage environment. Each sexual
behavior test was initiated with the introduction of a
receptive female Wistar rat dropped silently from one
side of the cage as the stimulus, and then an
observable video was recorded for 20 minutes. Each
male had one female and no repetition was done in
this study.

1. In this the

parameters studied were as described by Mos et

sexual behavioral experiment,
al. [28] and include the following:
2. Mount latency (ML):

introduction of female Wistar

The time from the

rats to the
occurrence of the first mount (in seconds).

3. Mount frequency (MF): The total number of
mounts within 30 minutes of the test.

4. Intromission latency (IL): The time from the

introduction of a female Wister rat to the
occurrence of the first intromission (in seconds).

5. Intromission frequency (IF): The number of
intromissions within 30 minutes of the test

6. Ejaculation Latency (EL): The time interval
between the first intromission and ejaculation.

7. Post ejaculation Interval (PEI): The time from the
first ejaculation to the next mount or intromission

To further assess the effects of the extract on the
efficiency of copulatory behavior, the intromission
ratio was calculated using the expression:

Intromission ratio
Intromission

" Number of intromission + Number of mount

The sexual behaviour testing was done on all Wistar
rats in each group.

2.7. Statistical analysis

Data obtained from this study are presented as mean
+ SEM and the difference between treatment groups
were analysed using One-way analysis of variance
(ANOVA)
comparison test for statistical significance at p<0.05

followed by post hoc Dunnett’s

with the aid of GraphPad Prism version 7.0.

3. Results

3.1 Measurement of weekly blood glucose concentrations of
streptozotocin-induced diabetic male Wistar rats exposed to
ethanol leaf extract of Alcornea cordifolia

The results of the treatment on diabetic male Wistar
rats of the extract in weekly blood glucose levels were
presented in Table 1. It was observed that the
increased blood glucose level induced by the
damaging effects of streptozotocin on the beta cells of
the pancreas was significantly (p<0.05) lowered by the
standard antidiabetic agent and 100 mg/kg extract-
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Table 2. Serum lipid profile of ethanol extract of Alchornea cordifolia leaves exposed to streptozotocin-induced diabetic male
Wistar rats.

Parameters Diabetic Control Extract Extract Metformin
Untreated (100 mg/kg) (200 mg/kg ) (5 mg/kg)
Tot. cholesterol (mg/dl) 130.8+6.76 125.2+6.50 114.3+5.80 99.93+5.19** 136.8+5.56
HDLc (mg/dl) 31.04+1.36 35.49+1.12 33.18+0.82 23.25+2.41 45.26+4.56**
LDLc (mg/dl) 71.47+8.95 69.58+6.52 55.35+5.37 52.58+1.39 61.75+7.24
Triglyceride (mg/dl) 141.2+14.11 100.4+4.57 129.0+15.36 120.5+15.80 148.9+7.14

Values with asterisk are statistically significant (p<0.05) compared to the diabetic untreated group following post hoc Dunnett’s

multiple comparison test. Values are presented as Mean + SEM. N=5. Tot. Cholesterol= total cholesterol; HDLc= High Density

Lipoprotein cholesterol; LDLc= Low Density Lipoprotein Cholesterol

treated groups at week three of the experimental
period (166.4 +24.89%; 178.4.2 + 15.16) when compared
with the diabetic untreated group (269.2 + 60.07).
Furthermore, at week four of the treatment, blood
glucose concentrations were significantly (p< 0.05)
reduced in the extract-treated and standard
antidiabetic groups (100 and 200 mg/kg and 5 mg/kg)
respectively, compared with the diabetic untreated
group.

3.2 Effects of ethanol extract of Alchornea cordifolia leaf in
streptozotocin-induced diabetic male rats on serum lipid
profile.

Table 2 showed the serum lipid profile of extract-
exposed diabetic male Wistar rats. It was observed
that streptozotocin induced increased total cholesterol,
low-density lipoprotein cholesterol and triglyceride
with a decreased high-density lipoprotein cholesterol.
However, exposure of the diabetic male Wistar rats to
A. cordifolia extract significantly (p<0.05) decreased
total cholesterol at 200 mg/kg compared to the

succession and was followed by pelvic thrusting
(intromission) until ejaculation. This behaviour was
not so common in the diabetic and untreated groups.
Our result revealed a significant (p<0.05) increase in
the number of mounts in the 100 mg/kg body weight
A.cordifolia treated group compared to the diabetic
control group and between the standard drug
(metformin) and the treated group. Also, there was a
significant increase (p<0.05) in the 200 mg/kg body
of A.
compared to the diabetic control group. Although

weight cordifolian ~ diabetic-treated group
there was an increase in mount frequency, comparing
the normal control group with the 100mg/kg and
these

statistically significant (p>0.05). No significant (p>0.05)

200mg/kg groups, increases were not
difference was also seen between the diabetic and
standard drug (metformin) treated group and with
the 200 mg/kg body weight of the A. cordifolia treated

group (Fig. 1).

159

diabetic control. Furthermore, there was a decrease in = Control
low-density lipoprotein, and triglyceride g - ab z ?[i]aob;t;kzomml
concentrations in the extract-exposed groups .j-?f =l a W 200 mgkg
compared to the diabetic control. However, the results E 6 w5 mg/kg Metformin
were not statistically significant (p>0.05). It was 2 == b

further observed that the value of the high-density ol L1 T IN

lipoprotein cholesterol was elevated in the extract- groups

exposed group (100 mg/kg), though, this was not
statistically significant (p> 0.05).

3.3 Effects of ethanol extract of Alchornea cordifolia leaves
exposed to streptozotocin-induced diabetic male Wistar rats
on Mount frequency

In the control as well as the diabetic groups exposed
to 100 and 200 mg/kg body weight of A. cordifolia, the
mount frequency behaviour was in increased

Figure 1. Effects of ethanol leaf extract of Alchornea cordifolia
on streptozotocin-induced diabetic male Wistar rats on
mount frequency (Bars with the same superscripts are
statistically significant at p<0.05 after Post hoc Dunnett’s
multiple comparison test).

3.4. Effects of ethanol leaf extract of Alchornea cordifolia on
streptozotocin-induced diabetic male Wistar rats on mount
latency.
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Concerning the mounting latency, the ethanolic leaf
extract of A. cordifolia significantly (p<0.05) affected
this sexual behaviour in streptozotocin-induced
diabetic male Wistar rats (Fig. 2).

2000

& b mm Control
2 1500 e Diabetic Control
& =3 100 mg/kg
}“f 1000 ab =3 200 mgkg
§ = 5 mgrkg Metformin
E 500
ab
0-
groups

Figure 2. Effects of ethanol leaf extract of Alchornea cordifolia
on streptozotocin-induced diabetic male Wistar rats on
mount latency. (Bars with the same superscripts are
statistically significant at p<0.05 after post hoc Dunnett’s
multiple comparison tests).

Specifically, the mounting latency recorded from the
diabetic male Wister rats with no treatment and the
diabetic rats with 5 mg/kg body weight metformin-
treated groups was significantly (p<0.05) increased
compared to the 100 mg/kg (P<0.001) and 200 mg/kg,
respectively, in diabetic male Wistar rats treated with
ethanolic leaf extract of A. cordifolia. Comparing the
effects of the two doses of ethanolic leaf extract of A.
cordifolia and metformin-treated groups on mount
latency sexual behaviour in diabetic male Wistar rats,
our results showed significantly an ameliorative effect
in favour of A. cordifolia at 100 mg/kg and 200 mg/kg
reduced the mount latency compared to 5 mg/kg body
metformin did.

3.5. Effects of ethanol leaf extract of Alchornea cordifolia in
streptozotocin-induced diabetic male rats on the frequency
of intromission

On intromission frequency, male Wister rats in the
control as well as in the 100mg/kg and 200 mg/kg
body weight of A. cordifolia treated diabetic Wistar rat
groups had increased intromission compared to the
diabetic without treatment, and the diabetic with 5
mg/kg metformin-treated groups (Fig. 3). Post-hoc
multiple comparisons showed a significantly (P<0.05)
increased intromission comparing the 200 mg/kg
body weight A. cordifolia treated diabetic rat group to
the diabetic control group (P<0.05) and the diabetic
group treated with 5 mg/kg body weight of A.
cordifolia (Fig. 3).

©
]

§ e Control
g =3 Diabelic Control
S 24 - =3 100 mgikg
E =3 200 mg'kg
% 14 mm 5 mg/kg Metformin
s
2 a b
@
= o- l_-|L| T T i—
groups

Figure 3. Effects of ethanol leaf extract of Alchornea cordifolia
in streptozotocin-induced diabetic male Wistar rats on the
frequency of intromission. (Bars with the same superscripts
are statistically significant at p<0.05 after Post hoc Dunnett’s
multiple comparison test).

3.6. Effects of ethanol leaf extract of Alchornea cordifolia on
streptozotocin-induced diabetic male Wistar rats on
intromission latency

Our results also showed that diabetes-induced
increased intromission latency was observed in the
diabetic untreated group. Interestingly, exposure of
diabetic male Wistar rats to A. cordifolia at 100 mg/kg
and 200 mg/kg significantly reduced the atency
induced by diabetes (Fig. 4).

2000 A
= Control
>
e - ~ ~
S 1500+ mm Diabetic control
= B3 100 mgikg
.g 1000 =3 200 mglkg
E = 5 malkg Metformin
£
© 500~
&
=
0-

groups

Figure 4. Effects of ethanol leaf extract of Alchornea cordifolia
in Streptozotocin-induced diabetic male Wistar rats on
intromission latency. (Bars with the same superscripts are
statistically significant at p<0.05 after post hoc Dunnett’s
multiple comparison test).

Interestingly, rats exposed to 100 mg/kg of the extract
(p< 0.05)
intromission latency compared with the standard

showed a significant reduction in
antidiabetic agent (Metformin) used in this study.
Also, comparing the effects of the extract exposed rats
and metformin-treated groups on intromission
latency to the diabetic untreated male rats, our results
showed an ameliorative effect in favor of A. cordifolia
as 100 mg/kg significantly (P<0.05) reduced the
intromission latency compared to 5 mg/kg metformin
group (Fig. 4).
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3.7. Effects of ethanol leaf extract of Alchornea cordifolia in
streptozotocin-induced diabetic male Wistar rats on
ejaculation latency

Concerning the effects of the extract of A. cordifolia on
the ejaculation latency of the diabetic male Wistar rats,
no significant (P>0.05) changes were seen across the
groups. However, treatment of these diabetic Wistar
rats with extract of A. cordifolia at both doses used for
this experiment (100 mg/kg and 200 mg/kg) reduced
the ejaculation latency (Fig. 5).

mm Control
o =3 Diabetic control
E 10 = 100 mg/kg
:E. = 200 mglkg
% 5 mm 5 mg/kg Metformin
o

groups

Figure 5. Effects of ethanol leaf extract of Alchornea cordifolia
in streptozotocin-induced diabetic male rats on ejaculation
latency.

3.8. Effects of ethanol leaf extract of Alchornea cordifolia in
streptozotocin-induced diabetic male Wistar rats on post-
ejaculation interval

Figure 6 showed the results of the effects of the extract
on the post-ejaculation interval in diabetic male
Wistar rats. It was observed that there were no
significant (P>0.05) changes across the treated groups.
The observations notwithstanding, there were
decreases in 100 and 200 mg/kg of the extract-treated

groups compared with the other groups.

250

=1 Control
? 200+ B Diabetes unireated
E B 100 mgka
5 150 ‘
€ = 200 mglkg
i 100 = 5 mgkg Metformin
£
g 504

groups

Figure 6. Effects of ethanol leaf extract of Alchornea cordifolia
in streptozotocin-induced diabetic male Wistar rats on post-
ejaculation interval.

3.9. Evaluation of intromission ratio of the streptozotocin-
induced diabetic male Wistar rats exposed to ethanol leaf
extract of Alchornea cordifolia.

To evaluate the impact of diabetes and the effects of

the extract on copulatory behavioural efficiency, the
authors calculated the intromission ratio using the
standard formula. The results showed that diabetes
reduced the intromission ratio, which was elevated by
the administration of the extract. However, no
statistical (P>0.05) changes were recorded when
subjected to a post hoc multiple comparison test as

presented in Fig. 7.

0.5
mm Control

2 0.4 =3 Diabetic control
©
c =3 100 malkg
s 0.3+ - p
s = 200 ma/kg
w
‘E 0.2 mm 5 mg/kg Metformin
o
£ 0.1+ I

0.0- T T T

groups

Figure 7. Effects of ethanol leaf extract of Alchornea cordifolia
in streptozotocin-induced diabetic male Wistar rats on
intromission ratio

4. Discussion

Diabetes mellitus has become a major global non-
infectious disease of reproductive public health
concern [29]. The disease is known for its multiorgan
and  multisystem  complications,  including
neuropathy, nephropathy, cardiovascular disorders,
retinopathy, and male reproductive dysfunctions [30].
The increased incidence of diabetes among young
people of reproductive age has raised serious
concerns about the impact of the disease on
reproduction, including diabetes-related infertility
[31]. In this study, exposure of diabetic male Wistar
rats to ethanol extract of A. cordifolia significantly (p<
0.05) reduced the blood glucose levels, indicative of
antidiabetic activity. This agreed with the report of [32]
and the result of an in vitro antidiabetic study by [33],
which recorded improved glycemic levels of the test
groups. The antidiabetic property exhibited by the
plant in this study was attributable to the presence of
its phytochemicals, especially phenols and flavonoids
[32, 33]. Furthermore, diabetic-related cardiovascular
complications are currently a public health concern
among individuals suffering from diabetes [34]. It has
been demonstrated that some risk factors, such as
hypertension,  coronary artery disease and
dyslipidemia are attributable to diabetes mellitus [35].
This study demonstrated that diabetes induced by
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streptozotocin  greatly increased serum total
cholesterol concentration, low-density lipoprotein,
and triglyceride and decreased high-density
lipoprotein concentration. Conversely, an increased
serum cholesterol concentration has been shown to
enhance insulin resistance with a characteristic
decrease in vascular nitric oxide levels resulting in a
reduction in the vasodilation of penile arteries
necessary for erection and hence, a decrease in fertility
[36]. However, the exposure of these groups to the
extract significantly (p<0.05) lowered the total
cholesterol level, particularly at 200 mg/kg of the
extract. Furthermore, elevated serum cholesterol in
patients with diabetes has been implicated in
devastating  sexual behavioural dysfunctions
including erectile and ejaculatory disorders [13]. It
has been demonstrated that male infertility associated
with diabetes occurs at different levels of the organ
system to alter sexual behaviour, erection, and
ejaculation with subsequent impairment of the
hypothalamus-pituitary-gonadal activities and sexual
desire [37, 38]. The use of plants and their products in
the remediation of various medical conditions,
including  reproductive  abnormalities among
different ethnic groups and societies, has continued to
arouse the interest of researchers in this field [39]. As
such, the authors demonstrated the potential
ameliorative effects of the extract in streptozotocin-
induced diabetic Wistar rats on male sexual
behaviours. Our results revealed a significant increase
in mount and intromission frequencies of the extract-
treated groups compared to the diabetic untreated
group. Our report was in agreement with the work of
Njile et al. [40], who showed that the administration of
methanol leaf extract of A. cordifolia at different doses
significantly improved sexual desire, vigour,
performance, and libido of the treated male rats.
However, sexual behaviour was not altered by any
disease condition/agents in their study contrary to the
present work in which male sexual behaviour was
impaired by hyperglycemia.

The number of mounts and the rate of intromissions
are important indices for male sexual performance,
desire, strength and potency assessments [41]. It could
be infered from the results of this study that the
administration of this extract could be used to

ameliorate erectile and ejaculatory dysfunctions

associated with diabetic complications. This followed
the fact that intromission frequency is an indication of
the efficacy and efficiency of erection, penile
orientation, and the enhancement of ejaculatory reflex
[40]. Interestingly, reduced nitric oxide synthesis and
release, and dysfunction of the endothelial membrane
of penile vessels are responsible for poor maintenance
of erection and ejaculation in diabetic patients [12].
Therefore, it could be hypothesized that the action of
the plant in this study may be linked to the ability of
the extract to increase nitric oxide synthesis and the
improvement of the endothelial membrane of penile
vessels. Furthermore, the increase in intromission
frequency recorded in the A. cordifolia treated groups
was an indication that the extract may possess
bioactive ingredients that stimulate or alter erectile
reflex at the peripheral or central nervous system,
which coordinate the activity of erectile muscles
(cavernous muscle), since, intromission cannot occur
without proper initiation and sustenance of erection
[40]. Also, the presence of important phytochemicals
such as saponins and alkaloids, which are known to
enhance vasodilation of penile blood vessels [42], with
improved arterial blood flows to the penile muscle
and resultant erections [41]. Furthermore, the
reduction in lipid profile, particularly decreased
cholesterol, triglycerides and low-density lipoprotein
by the extract in this study might have been
responsible for the recorded improved sexual activity.
Increased serum cholesterol and triglycerides are
known to promote atherosclerotic lesions within
smaller arteries, particularly, penile arteries with
consequential endothelial damage [13]. The above
improvement in intromission and mount frequency
further attests to a possibly increased endothelial
nitrous oxide production and enhanced vasodilation
of penile arteries. Therefore, the authors believe that
the action of A. cordifolia extract might have been due
to increased nitric oxide synthesis and the inhibition
of phosphodiesterase enzymes. However, the
assertion remains to be investigated. Similarly, the
extract could be used to improve sexual motivation,
performance, and vigour in diabetic patients.

Mount and intromission latencies were used as
indicators of sexual arousal and motivation [42, 43].
The evaluation of sexual behavior in this study

showed that the leaf extract of A. cordifolia
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significantly lowered the mount and intromission
latencies compared to the standard antidiabetic drug
(100 mg/kg Metformin). The result was in agreement
with the reports of Njile et al. [40] and Boublata et al.
[44] that demonstrated the aphrodisiac activity of both
methanol extract of A. cordifolin and ethanol leaf
extract of Cleome Arabica on senescent and sexually
naive male rats. The improvement in sexual
performance and motivation observed in this work
may be linked to the presence of bioactive compounds
such as flavonoids and steroids, which are known to
enhance androgenic activities [45], particularly
testosterone, and other neurotransmitters responsible
for the initiation and sustenance of erection [46].

Diabetes-induced reproductive functional alterations
and sexual behaviour deterioration are linked to an
increased generation of free radicals, impaired nitric
oxide (NO) synthesis, and a dysfunctional nitric
oxide-cyclic guanosine monophosphate (NO-cGMP)
pathway [13] as well as the resultant upregulation of
Transforming Growth Factor 31/Smad signalling [47].
Therefore, the improvement in sexual performance
and motivation reported herein might be associated
with the ability of the metabolites present in the
extract to effectively scavenge excessive free radicals,
increase nitric oxide and alter the NO-cGMP
pathways by lowering blood hyperglycemia. Many
medicinal plants including A. cordifolia have been
known for their anti-oxidant effects [39, 40, 44].

Another male reproductive dysfunction linked to
diabetes mellitus is ejaculatory dysfunction secondary
to autonomic neuropathy syndrome [48], which
results in anomalies ranging from premature
ejaculation, failure of ejaculation, and retrograde
ejaculation [49], among others. The authors reported
herein a significantly (p<0.05) increased ejaculation
latency following the treatment of diabetic male
Wister rats with 200 mg/kg body weight of A. cordifolia
extract compared with the diabetic control and
standard antidiabetic group that received a known
antidiabetic drug (Metformin). This indicated sexual
pleasure and performance [50] as well as inducing
ability of A. cordifolia extract, which further showed
the aphrodisiac activity of the extract. The findings
also corroborated the results of Njile et al [44] on
elevation of ejaculation latency in senescent and
sexually naive male Wistar rats following A. cordifolia

administration at 200 mg/kg and 400 mg/kg doses,
respectively. According to Malviya et al. [51] any
substance with the ability to stimulate sexual reflexes
could be

aphrodisiac. To further demonstrate the aphrodisiac

such as ejaculation considered an
activity of the plant and to substantiate the earlier
report of Njile et al [40], the authors monitored the
post-ejaculatory interval and their findings revealed a
reduction in this parameter in the extract-treated
groups compared to the normal and diabetic control
groups. Although the results were not statistically
significant (p>0.05), it however, presented a clinical
relevance, since the reduced post-ejaculatory interval
is an indication of improved sexual libido, potency,
and decreased exhaustion in the first series of mating
[52]. Therefore, A. cordifolia possesses the potential to
enhance sexual behaviour and performance,
including diabetes mellitus-induced reproductive
dysfunction to support the use of this aphrodisiac

plant as an alternative to synthetic therapy [53].

5. Conclusions

The study demonstrated the antidiabetic and
antihyperlipidemic activity of A. cordifolia and its
propensity to improve sexual behavioural parameters
in diabetic male Wistar rats. The results showed that
the ethanol extract of A. cordifolia possesses the
potential to restore glycemia, improve the lipid profile
and sexual activity of male individuals suffering from
reproductive problems associated with diabetes and
enhance male fertility. Though, this study did not
evaluate the mechanism of action of the extract in the
improvement of the parameters measured, however,
the findings call for more investigations to further
elucidate the reproductive potentials of A. cordifolia in

diabetic animals.
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