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Infertility resulting from sperm dysfunction is a serious health problem leading to psychological,
economic, and medical implications worldwide. Borassus aethiopum is a plant that has been used as
an aphrodisiac. This study evaluated the effect of hydromethanol hypocotyls extracts of B. aethiopum
on the sperm and gonadal indices of male Wistar rats. The extract was prepared and administered
orally at doses of (250, 500 and 1000 mg/kg) to 40 male Wistar rats, divided into four groups; three
experimental groups and one control group (distilled water). Sperm parameters (count, motility, viability
and morphology) and gonadal indices were determined. Testicular tissues were examined histologically
for evidence of morphological changes. The extract increased significantly sperm count in a dose-
dependent manner across all treatment groups (p<0.05). Sperm viability was significantly increased in
the treatment group after 7 days but was unaffected after 28 days of treatment. The histological
examination of the testicular tissue showed evidence of increased spermatogenesis. Photomicrograph
of the testes showed spermatogonia at different stages of maturation. Some areas of focal necrosis and
evidence of spermatogenic arrest in the segment biopsied at the highest dose (1000 mg/kg) after 28
days of extract administration were observed. The results of this study suggest that the extract
increases sperm count, motility and spermatogenesis at the doses tested and is likely to be beneficial
in the management of male infertility.
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INTRODUCTION

Infertility, with its attendant psychological, economic,
medical implications is a big health problem globally
(Elhussein et al., 2019). In our society, a strong emphasis
on child-bearing results in stress, particularly to the
couple and their immediate family members. The resultant

effect of these pressures is a major cause of
psychosocial trauma, marital disharmony and instability
(Elhussein et al.,, 2019). Male related factors are
responsible for infertility in about 40 - 50% of cases of
infertility (Kumar and Singh, 2015). Sperm dysfunction
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such as low sperm count, autoimmunity (anti-sperm
antibodies) immaturity, abnormality and lack of motility
have been reported in a previous study to be the main
cause of infertility in males (Jarow, 2007).

Although the utilization of medicinal plants for
aphrodisiac purposes is almost as old as the man
(Chauhan et al. 2014), in recent times, there is still a lot
of growing interest in the study of natural products that
can enhance reproduction and improve fertility.

Borassus aethiopum (BA) is one of such plants that
have been reported by several studies to be used as an
Aphrodisiac agent in many parts of Nigeria, Cameroun
(Akinniyi et al., 2010; Sabo et al., 2018), some parts of
West Africa, Niger and Benin Republics (Bayero, 2015;
Gbesso et al.,, 2016). The hypocotyl is the part of the
plant used in Northern Nigeria as an aphrodisiac agent
(Bayero, 2015; Sabo et al., 2018). It is a tropical plant
whose various parts like roots, shoots, leaves, flowers
and fruits have found usefulness in traditional treatment
of some disease conditions like viral illnesses, skin
diseases, and diarrhea (Gbesso et al. 2016). Scientific
studies have reported that the plant possesses anti-
inflammatory, (Sakande et al. 2013; Sarkodie et al.
2015), antioxidant, (Sakande et al. 2013; Aduwamai et
al.,, 2020) anti-malarial, antibacterial, hypolipidemic
(Peprah, 2017; Aduwamai et al., 2020) and antidiabetic
effects (Nwachi, 2012; Larbie et al., 2016). To the best of
our knowledge, the effects of B. aethiopum on
spermatogenesis and sperm parameters have not been
established. This study, therefore, aims at evaluating the
effect of B. aethiopum hypocotyl extract on
spermatogenesis and steroidogenesis in Wistar rats.

MATERIALS AND METHODS
Plant material

Samples of fresh hypocotyl of B. aethiopum were collected from a
farm in Kumbotso local government area, Kano State, in October
2019. They were identified and authenticated at the Department of
Plant Sciences of Bayero University, Kano, Nigeria. A voucher
specimen (BUKHAN 276) of the plant was deposited at the
herbarium of the University.

Preparation of plant material

The plant extract was prepared after detaching fresh shoot of B.
aethiopum from the seed. The plant was subsequently dried and
grounded into a powder with the aid of an electric blender. The
powdered plant material was then extracted using seventy percent
methanol (70/30 v/v) by cold maceration for two weeks until
constant weight was attained. The obtained extract was dissolved
in distilled water and administered orally.

Experimental procedure
Forty male Wistar rats (120-170 g body weights) were procured

from the animal house of the Department of Pharmacology, Bayero
University, Kano. The Experimental animals were kept in clean

cages under controlled laboratory conditions (temperature of
22+2°C and 12/12 h normal light/dark cycle) and allowed free
access to food (Vital feed) and water. They were allowed to
acclimatize to the laboratory environment for two weeks before the
commencement of the experiments.

Ethical clearance was sought for and obtained from the ethical
committee of Bayero University College of Health Sciences
(Reference number BUK/CHS/REC/120). All experiments and
animal handling were carried out according to the Bayero University
Kano guidelines for the care and use of laboratory animals.

Experimental design

The animals were randomly divided into 4 groups of 10 rats each;
Group 1 to 3 were given 250, 500 and 1000 mg/ kg body weight,
respectively, of B. aethiopum hypocotyl extract corresponding to (5,
10 and 20%) of the LDso, while group 4 were given 1 mi/kg of
distilled water.

After days 7 and 28, five rats were isolated from each group,
weighed and sacrificed for blood sample collection and study of the
testicular tissues. The extract was administered to the treatment
groups orally via an orogastric tube on daily basis for 28 days. The
procedure described by Yakubu et al. (2005) was employed in the
sacrifice of the animals. The rats were sacrificed after being
anaesthetized the abdomen of the animals were incised through a
transverse incision made along the ventral wall of each rat. The
testes of the rats were carefully identified, excised and fixed in
Bouin’s fluid in preparation for histological analysis.

Histological procedure for examination of testicular tissue

The testicular tissues were fixed in Bouin’s fluid for less than 24 h.
The tissues were then processed via the paraffin wax embed
method as described by Drury and Wallington (1980), Scheehan
and Brapchak (1980) and Tietz (1995). Staining of the testicular
tissues was done using H & E dyes (Haematoxylin and Eosin dyes)
(Tietz, 1995).

Gonadosomatic index

Gonadosomatic index was calculated based on the body and
testicular weight, from the formula:

GSI = [Gonad weight(g) /Body weight(g)] * 100 (Amman, 1970)

Life-death ratio

The life-death ratio was taken as the total number of spermatozoa
alive divided by the total number of spermatozoa multiplied by 100.

(No. of spermatozoa alive + Total No. of spermatozoa) x 100
(World Health Organization, 2010)

Sperm deformity index (SDI)

The sperm deformity index was estimated following the method
described by Aziz et al. (1996). It was calculated 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 = the Total number of sperm defects /Total
number of sperm count.
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Table 1. Effect of the methanol hypocotyls extract of B. aethiopum on testicular indices of male rats.

Parameter
Treatment groups Treatment Day 7 Treatment Day 28
TW(9) FBW(g) GSI (%) TW(9) FBW(g) GSI(g)
Control 1.81+0.30 108.00+2.00 3.35+0.7 1.88+0.71 138.00+7.19 2.72+0.10
. 250 mg/kg 1.98+0.05*  108.40+1.60 3.65+0.14 1.97+0.14*  118.4047.19 3.37+£0.20
B. aethiopum extract
500 mg/kg 1.84+0.03* 107.20+2.89  3.43+0.10* 2.02+0.04* 119.41+3.87 3.41+0.18*
1000 mg/kg 1.94+0.04* 112.20+2.29  3.46+0.06* 2.11+0.16* 123.00+5.96  3.56+0.48*

Control (DW), Sildenafil (5 mg/kg). Results expressed in mean+SEM (n=5) *significant p at p<0.05 compared with control after one-way ANOVA and
Dunnet Post HOC analysis. Where; TW= Testicular Weight; FBW=Final Body Weight; GSI=Gonadosomatic Index.

Photomicrography

The photomicrographic sections were examined under a Leica
DM750 research microscope. A digital camera Leica ICC50 HD
attached to the microscope was used to take digital
photomicrographs of the sections of the testicular tissue sections at
different magnifications.

Data analysis

The software package Statistical Package for Social Sciences
(SPSS) for windows version 22.0 (SPSS Inc., Chicago IL, USA)
was used for analysis. Quantitative data were presented as Mean *
Standard Error of Mean. Difference in means across groups was
measured using the analysis of variance (ANOVA) and statistical
significance set at p < 0.05. The significant difference was further
evaluated using the Dunnet post hoc test.

RESULTS
Percentage yield of the Plant Material

From 300 g of hypocotyl of B. aethiopum, 45 g of
methanol extract was obtained. This shows that the
percentage yield of the hypocotyl extract with respect to
the starting material is 15%.

Effect of methanol hypocotyl extract of B. aethiopum
on testicular indices of male rats

The administration of the extract in the male rats revealed
a significant increase (p < 0.05) in the testicular weight
and gonado-somatic indices in the extract-treated group
when compared to the control group (distilled water) on
both days 7 and 28 (p < 0.05) (Table 1).

Effect of B. aethiopum methanol hypocotyl extract on
the sperm counts of male rats

The maximum sperm count observed was 40.68+13.05
after 28 days of treatment in a group treated at the dose

of 500 mg/kg. There was a statistically significant increase
(p < 0.05) in sperm count of the extract administered
groups at a dose of 250 and 500 mg/kg after 7 days of
treatment and at all the doses tested at the end of 28
days of extract administration (Tables 2 and 3).

Effect of B. aethiopum methanol hypocotyl extract on
the motility, viability and morphology of male rats

The motility of the sperm in the extract-treated group was
significantly (p < 0.05) higher than the control group after
7 days of extract administration at doses of 250 and 1000
mg/kg, and at all the doses tested after 28 days of extract
administration. Similarly, the results showed statistically
significant (p < 0.05) increases in the sperm viability of
the extract-treated animals when compared to the
distilled water treated group (Tables 2 and 3). There was
however, no statistically significant difference observed in
the mean percentages of the sperm cells with normal
morphology in the extract-treated groups when compared
to the control group.

Effect of B. aethiopum methanol hypocotyl extracts
on the testicular histology of male rats

Histological examinations of testicular tissue showed
increased density of spermatogenic cells at various
stages of maturation after 28 days of administration of the
extract. However, at higher doses, (500 and 1000 mg/kg)
there was some evidence of mild to moderate necrosis of
the seminiferous epithelium in the BA-treated group when
compared with the control group (Figure 1A to D).

DISCUSSION

In male reproductive health, sperm analysis including
concentration, motility and morphology is accepted
as the most reliable markers in evaluating male
sexual male reproductive function. Mature sperms are
the terminal cells that are incapable to go further division
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Table 2. Effect of the methanol extract of B. aethiopum hypocotyl on sperm count, morphology viability and motility of male rats

monitored on day 7.

Treatment group

Parameter B. aethiopum

Control 250 mg/kg 500 mg/kg 1000 mg/kg
Sperm motility (%) 66.00+£1.92 76.40+3.46* 61.80+2.75 84.00+£2.99*
Sperm count (x106/m|) 20.58+1.92 36.32+3.46* 37.14+2.75* 33.12+2.99*
Sperm viability (%) 45.8040.75 55.00+.058* 58.60+0.51* 75.00+0.51*
Life-death ratio (%) 86.03+0.91 90.28+1.68 92.86+1.79* 95.44+2.32*
Sperm deformity Index 0.64+0.01 1.52+0.04* 1.64+0.11* 1.05+0.31*
Normal Morphology (%) 64.80+1.47 76.20+6.11 77.40+£7.56 68.60+3.32
Abnormal Morphology (%) 35.204+2.41 23.8042.77 22.60+3.54* 31.40+3.89
Tail defects (%) 16.40+1.16 14.31+1.64 13.89+1.17* 18.80+2.11
Head defects (%) 18.26+1.81 9.22+0.97* 7.73+1.41* 11.23+1.82*

Results expressed in mean+SEM (n=5) *significant p at p<0.05, compared with control after one-way ANOVA and Dunnet Post HOC

analysis.

Table 3. Effect of the methanol extract of B. aethiopum hypocotyl on sperm count, morphology viability and motility of male rats

monitored on day 28.

Treatment group

Parameter B. aethiopum

Control 250 mg/kg 500 mg/kg 1000 mg/kg
Sperm motility (%) 50.20+1.41 60.80£1.77* 73.60+£2.23* 62.00+£1.72*
Sperm count (x106/m|) 23.78+3.72 30.30+5.64* 40.68+13.05* 35.78+6.30*
Sperm viability (%) 56.00+0.75 58.30+.058 56.00£0.51 62.00+£0.51*
Life-death ratio (%) 80.25+1.49 95.73+1.34* 93.86+1.33* 91.04+1.66
Sperm deformity index (%) 0.73+0.11 1.20+0.09* 1.64+0.13* 1.11+0.07*
Normal morphology (%) 67.40+1.47 74.8016.11 75.20+£7.56 67.80+3.32
Abnormal morphology (%) 32.60+2.41 25.20+2.77 24.80+3.54* 32.20+3.89*
Tail defects (%) 15.22+1.83 12.48+1.03* 12.39+1.07* 16.18+1.76
Head defects (%) 16.40+1.43 10.67+0.89* 9.83£1.01* 14.53+1.38

Results expressed in mean+SEM (n=5) *significant p at p<0.05, compared with control after one-way ANOVA and Dunnet Post HOC

analysis.

or differentiation (Wiwat et al., 2020).

Male infertility is usually the result of deficiencies in the
semen, the most common of which are low sperm count
or oligospermia, poor sperm motility and abnormal sperm
shape or teratozoospermia (Khaleghi et al., 2017;
Akomolafe and Oboh, 2018; Wiwat et al., 2020).

Our observation of the increase in sperm count due to
the extract administered could be due to the stimulatory
activity of the extract on the pituitary gland leading to
increases in the secretion of LH and FSH and the
resultant effect of the activities of the two hormones on
the testicular tissue causing increases in the serum levels
of testosterone and increasing spermatogenesis on the
Leydig and Sertoli cells respectively (Pavin et al., 2018;
Haghmorad et al., 2019).

Sperm maotility is the ability of sperm to move efficiently

and this movement is crucial in infertility because sperm
needs to move through the reproductive tract of the
female to reach and fertilize the ovum. Sperm motility
generally reflects the viability of a sperm population and
poor sperm motility can be a cause of male factor
infertility (El-Desoky et al., 2017).

The present study showed that B. aethiopum extract
significantly increased sperm count and motility, however,
sperm vitality and morphology were unaffected. Although,
it was observed that the motility in the group treated at
extract doses of 500 mg/kg was reduced, which it may be
due to the fact that the animals in that group had a lower
total body weight. Many herbal medicines have been
reported to enhance sperm motility. A study on the
positive effect of Tribulus terrestris extracts on human
sperm motility in vitro has been reported by Khaleghi et
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Figure 1. Showing photomicrograph of the testis. A: Photomicrograph of the testis in control rats (Treated with
DW), showing normal seminiferous tubules (T), seminiferous tubule lumen containing normal primary
spermatogonia (P) and secondary spermatogonia (S) (x 250 H&E). B: Photomicrograph of the seminiferous tubule
in BA 250 mg/kg treated rats showing the seminiferous tubules with interspersed spermatogonia (S). Interstitial
cells (IC) of Leydig are well demonstrated (x 250 H&E). C: Photomicrograph of testes in the extract-treated group
(500mg/kg) shows intact seminiferous tubules (ST) of uniform size with orderly spermatogonia (S) at varying
stages of maturation germ cell maturation variable around the tubule, supported by the Sertoli cells. D:
Photomicrograph of the seminiferous tubule in BA 1000 mg/kg treated rats showing the seminiferous tubules (ST)
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with maturing spermatozoa and spermatogonia neatly arranged in different stages of maturation. (x 250 H&E).

al. (2017). It has also been shown in vivo to significantly
increase sperm motility in mice (Khaleghi et al., 2017;
Haghmorad et al., 2019; Ros-Santaella and Pintus 2021).
Adequate sperm production indicates a lack of toxicity in
the testicular tissue. Sperm quality is also used as an
important indicator of chemically-induced toxicity on testis
(Opuwari and Monsees, 2020; Qiqi et al., 2020).

The sperm deformity index (SDI) score is a novel
expression of the quality of sperm morphology, which is a
more powerful predictor of male fertility and of in vitro
fertilization outcome compared with the assessment of
the proportion of sperm with normal morphology (Aziz et
al., 1996; Luo et al., 2021). The significant decreases in
the sperm deformity index due to treatment with the

extract exhibited in this study may be due to the
beneficial effect of the extract on sperm quality as
previously reported by Adeyina et al. (2017) who showed
that B. aethiopum can extend the life span of semen of
chicken and increases its hatchability (Adeyina et al.,
2017).

The absolute and relative weight of the testes in the
rats receiving the extract was significantly increased
when compared with the normal control group. Gonzales
et al. (2001) suggested that any treatment inducing
elevation of the weight of the sex organs may have
androgenic activity. The finding in this study is similar to
that of a previous study that reported the androgenic
property of B. aethiopum hypocotyl extract (Akinniyi et al.,
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2010), and a study on the effect of Zanthoxylum
macrophylla on male rats (Alphonse et al., 2017). It is in
tandem with the reports of the increase of the weight of
these androgen-dependent organs (testis and seminal
vesicles) following treatment with Alchornea cordifolia, in
male rats (Ngaha Njila et al., 2019). Testicular organ
weights are used as indicators of reproductive toxicity,
and a reduction of testicular weight is a sensitive
parameter for interpretation of male gonadal toxicity
(Goérmis et al., 2020; Iftikar et al., 2021).

Following intake of the B. aethiopum extract, no
evidence of testicular injury was observed; instead, it
showed normal seminiferous tubules containing an
increased concentration of spermatogonia cells and
mature spermatozoa with a slight indication of cellular
proliferation compared to the control. A possible
explanation for this effect could be due to the presence of
some phytochemicals like tannins and phytosterols which
have been reported to improve male reproductive
functions (Nwachi, 2012; Gbesso et al., 2016). Other
studies have suggested possible effects of antioxidants in
these plants on various aspects of male reproductive
functions. Antioxidants have been reported in high
amounts in B. aethiopum extract (Aduwamai et al., 2020).

Conclusion

This study showed that methanol hypocotyl extract of B.
aethiopum increases sperm count, motility and the
gonad-somatic index. Based on the above findings, the
plant may be beneficial in improving male reproductive
function.
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