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Background. In this study, the male fertility-enhancing activity of 100, 200, and 400 mg/kg/day of Hunteria umbellata water seed
extract (HU) in Wistar rats was studied for 60 days. In doing this, effect of repeated doses of HU was studied on the weight
gain pattern, gonadosomatic index (GSI), serum follicle stimulating hormone (FSH), luteinizing hormone (LH), testosterone (TS),
prolactin (PRL), and estradiol (ES)} as well as testicular antioxidant status of the treated rats as a way of elucidating the mechanism(s)
of action of HU. Method. Thirty-six (36) male Wistar rats were randomly divided into six groups (I-VI) of six rats per group. Group
I rats were gavaged with 10 ml/kg/day of distilled water and served as an untreated control; Group II rats were gavaged with 0.3
mg/kg/day of clomiphene in distilled water; Groups III-V rats received 100 mg/kg/day, 200 mg/kg/day, and 400 mg/kg/day of HU,
respectively, and Group VI rats received 20 mg/kg/day of Vitamin C all in distilled water. All treatments were for 60 days after which
the treated rats were humanely sacrificed. Sera of blood samples were processed for the above stated hormonal profile. Similarly,
testicular tissues obtained were processed for semen analysis and complete antioxidant profile of the HU-treated testicles by assaying
for superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH), glutathione reductase (GSR), glutathione peroxidase
(GSH-Px), and Thiobarbituric Reactive Species (TBARS). Results. Prolonged treatments with 100 mg/kg/day, 200 mg/kg/day, and
400 mg/kg/day of HU for 60 days induced dose dependent reductions in weight gain pattern with the most significant (p<0.001)
effect recorded with the highest dose of HU. Conversely, significant (p<0.001) increase was recorded for GSI at the same HU dose.
Clomiphene and HU also induced significant (p<0.01, p<0.001) dose dependent increases in the total sperm count, %live sperm, but
reverse effects on %dead sperm and %abnormal sperm. On the hormonal profile, oral treatment with 100 mg/kg/day, 200 mg/kg/day,
and 400 mg/kg/day of the extract induced profound (p<0.05, p<0.01, and p<0.001) dose related increases in the sera TS, LH, and
FSH while it caused reverse effect on serum PRL but caused no significant alterations in the serum ES levels. Similarly, oral treatment
with vitamin C and 100-400 mg/kg/day of HU induced profound (p<0.05, p<0.01, and p<0.001) increases in the antioxidant enzyme
activities. Conclusion. Overall, prolonged oral treatment with 100-400 mg/kg body weight of HU for 60 days significantly improved
sperm function which was mediated via enhanced spermatogenesis, steroidogenesis, and antioxidant mechanisms.

1. Background
Infertility is a major public health issue affecting one out
of five every married couple worldwide, with approximately
30% of the condition attributable to male factors [1]. It is

on records that several factors can interfere with the process
of spermatogenesis and reduce sperm quantity and quality
with some of the identifiable causal factors being ischemic
heart disease, diabetes mellitus, chronic liver diseases,
cigarette smoking, agrochemical run-offs, air pollutants, and
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hypovitaminosis [2]. However, previous study has reported
that regular intake of antioxidants and vitamins such as
vitamins A, B, C, and E improves testicular blood barrier
stability and protects sperm DNA damage from endogenous
oxidative stress resulting from the activities of highly reactive
free radicals generated within the body [3].
Male infertility can manifest in the form of premature ejaculation, hypoactive sexuality, erectile dysfunction,
oligospermia, azoospermia, etc., but its most common manifestation form is as oligospermia. In treating this condition, testosterone and other forms of hormone replacement
therapy are often clinically employed due to their ability
to stimulate/enhance sexual appetite in hypogonadal male
patients [4, 5]. However, despite the proven efficacy of this
replacement therapy in the management of hypoactive sexual
desire [6], many patients still prefer to use natural plants
because of the attendant undesirable side-effects associated
with these hormonal therapies. Two examples of popular
male fertility-promoting herbs are Panax spp. (ginseng) and
Lepidium meyenii (Maca) which are reputed for their supposed aphrodisiac- and spermatogenesis-enhancing effects
[7–9].
Hunteria umbellata (K. Schum.) Hallier f., belonging
to Apocynaceae family, is a tropical rainforest tree that
is commonly used in the African folkloric medicine to
treat human diseases such as blood deficiencies, infections,
swellings, diabetes mellitus, and obesity [10–12]. It is known
as “Demouain” (in French) and “Abeere” (in Yoruba dialect)
(Southwest Nigeria) [11–13]. In Southwest region of Nigeria,
water infusion of Hunteria umbellata dried seed is reputably
used in the local management of diabetes mellitus and obesity
[12, 14]. Hunteria umbellata water seed extract (HU) of the
plant has been reportedly used to effectively control blood
glucose and glycosylated hemoglobin concentration in types
1 and 2 models of drug-induced hyperglycemic Wistar rats
[12, 14] with its alkaloid content implicated for the observed
biological effect [15]. The same plant seed extract was also
reported to possess antiobesity and antihyperlipidemic effects
in experimental models of hyperlipidaemia which was mediated via de novo inhibition of cholesterol and triglyceride
biosynthesis [16]. In addition, the acute, chronic, and reverse
oral toxicity studies of HU have shown it to be relatively safe
[12, 17].
Recent ethnobotanical survey conducted among selected
Ijebu herbal practitioners in Ogun State (Southwest Nigeria) revealed that HU also has a wide application in the
indigenous management of infertility (unpublished data).
Despite this folkloric use, there are no scientific reports to
either validate or refute this folkloric claim. More so, chronic
oral toxicity and toxicity reversibility studies of HU have
shown it to induce profound proliferation of spermatogenic
primordial, Sertoli and Leydig’s cells in the testicular tissues
of extract-treated rats [17]. Similarly, HU has been reported
to possess antioxidant and free radical scavenging properties
mediated primarily by its alkaloid content [18]. Thus, this
study was designed at evaluating the effects of chronic oral
treatment with 100, 200, and 400 mg/kg of HU on body
weight, gonadosomatic index, and semen parameters of
male Wistar rats treated for 60 days. In addition, effects of
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HU oral treatment on the complete antioxidant enzymes
system [superoxide dismutase (SOD), catalase (CAT), and
glutathione (GSH), glutathione reductase (GSR), glutathione
peroxidase (GSH-Px), and Thiobarbituric Reactive Species
(TBARS)] of treated rat testicles as well as its effect on
serum testosterone (TS), luteinizing hormone (LH), follicle
stimulating hormone (FSH), prolactin (PRL), and estradiol
(ES) were evaluated.

2. Methods
2.1. Plant Material Collection and Identification. After plant
identification and deposit of voucher specimen were done
as earlier described by Adeneye and Adeyemi [12], eight
(8) ripe Hunteria umbellata fruits were freshly harvested
from the deciduous forest of Odorasanyin District of IjebuIgbo in Ogun State, Nigeria, in the months of July-August,
2016. Collected fruits were cut into pieces and their fresh
seeds were rinsed generously under a running tap water
and air-dried at room temperature (25 ± 1∘ C) for 1 month,
protected from direct heat and sunlight. The dried seeds were
milled using Laboratory Hammer Mill in the Pharmacognosy
Department, Faculty of Pharmacy, University of Lagos, IdiAraba, Lagos. The milled sample was preserved in a waterand air-proof container and stored at 4∘ C.
2.2. Aqueous Extraction Process. 50 g of milled seeds of
Hunteria umbellata was soaked in 500 ml of distilled water
and kept in the refrigerator for 72 hours. The solution was
repeatedly stirred using magnetic stirrer for 6 hours before it
was filtered with sterilized white handkerchief-packed filter
funnel. The filtrate obtained was then completely air-dried in
aerated oven preset at 40∘ C resulting in a deep brown, sweetsmelling solid residue (HU). This procedure was repeated 9
more times and the residues were pooled into a water- and
air-proof container and stored in the freezer at -4∘ C to prevent
HU from decomposing.
2.3. Experimental Animals. After an Institutional Ethical
Approval on the Use of Experimental Animals was obtained,
thirty six 12-14-week-old male Wistar rats weighing between
220 g and 250 g were obtained from Bayo Farms, SangoOtta, Ogun State, Nigeria, and housed in the Animal House
of Lagos State University College of Medicine for acclimatization for 14 days. While being acclimatized, rats were fed with
standard rat chow and tap water ad libitum and maintained
at standard laboratory conditions (12/12 hour light-dark periodicity, temperature: 23-26∘ C and 40-50% relative humidity)
as prescribed by the United States National Institute for
Health [19]. Two days to the commencement of the animal
experiment, rats were randomly allotted into 6 groups of 6
rats per treatment group such that the weight differences
within and between treatment groups do not exceed ±20% of
the average weight of the rat sample population, respectively.
2.4. Treatment of Rats. Thirty six (36) male Wistar rats of
proven fertility were divided randomly into 6 groups of 6
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animals each and their oral treatments per group were as
follows:
Group I: 10 ml/kg of distilled water/day for 60 days.
Group II: 0.3 mg/kg/day clomiphene in distilled water
for 60 days.
Group III: 100 mg/kg/day HU in distilled water for 60
days.
Group IV: 200 mg/kg/day HU in distilled water for 60
days.
Group V: 400 mg/kg/day HU in distilled water for 60
days.
Group VI: 20 mg/kg/day of vitamin C in distilled
water for 60 days.
2.5. Body Weight Measurement. Rat body weights were measured using digital Mettler weighing balance and values
obtained recorded a day prior to commencement of the
experiment, biweekly during the treatment period, and on the
last day of the experiment.
2.6. Calculation of Gonadosomatic Index (GSI). The testes
and their cauda epididymis were identified, removed, and
weighed and immediately fixed in Bouin’s solution for morphometric study. The gonadosomatic indices were calculated
as follows:
{testes weight ÷ body weight} x 100 [20]
2.7. Hormonal Assays. The testosterone level in the serum
was estimated by radioimmunoassay (RIA). The assays were
performed using commercially available kits (Diagnostic
Products Company, Los Angeles, CA, USA). All samples were
run in the same assay period. The within assay variation was
5⋅5% while the sensitivities of the testosterone assay was 8
ng/ml. Sera FSH, LH, PRL, and ES levels were measured by
immunoradiometric assay (IRMA) in solid phase also using
commercially available kits (Diagnostic Products Company,
Los Angeles, CA, USA).
2.8. Preparation of Semen Sample for Analysis. On day 61, the
rats were euthanized with inhaled diethyl ether and a longitudinal surgical incision along the scrotal raphe and scrotal
septum was made to expose the testes and its epididymis. The
epididymis was freed from the adhering fat and connective
tissues. The left epididymis was collected, weighed, and cut at
the distal end using a clean surgical blade. Cauda epididymis
(100 mg) was gently minced with glass rod without damaging
the tissue into 5 ml of 0.9% NaCl [21].
2.9. Semen Analysis for Motility, Count, and Morphology.
Complete semen analysis to determine progressive motility,
count, and morphology was done in clean Neubauer’s haemocytometer counting chamber under its cover-slip using the
method of Amman [21].
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Number of sperms per cauda epididymis was calculated
as follows:
{Mean count x 50} ÷ {0.01 x 0.01}
2.10. Estimation of Testicular Reduced Glutathione Levels.
In determining the testicular GSH level, testicular tissue
homogenate in 0.1M phosphate buffer at pH of 7.4 was
processed through the procedure described by Shaik and
Mehvar [22].
2.11. Estimation of Testicular Tissue SOD and CAT Activities.
Testicular tissue SOD and CAT activities were estimated
using the method of Zhang et al. [23] and Iwase et al. [24],
respectively.
2.12. Data Analysis. Data obtained were presented as mean
± S.E.M. of six observations. Data were analyzed statistically
using One-way analysis of variance on SYSTAT 10.6. Post hoc
test was done using Student’s t-test and levels of significance
were considered at p<0.05, p<0.01, and p<0.001.

3. Results
3.1. Water Extraction. Water extraction of milled Hunteria umbellata dried seeds produced a deep brown, sweetsmelling solid residue weighing an average of 7.33 ± 0.32 g
with a %yield of 14.66 ± 0.65%.
3.2. Effects of Oral Treatments with Clomiphene, Vitamin C,
and Hunteria umbellata Water Seed Extract on Rat Body
Weights. Repeated oral treatments with 100-400 mg/kg/day
of HU induced significant (p<0.05, p<0.01, and p<0.001) dose
related decreases in the weight gain pattern of treated rats
effective from the 30th day to the 60th day of oral treatment
when compared to the weight gain pattern of Vitamin C- and
clomiphene-treated rats over the same treatment period. The
most significant (p<0.001) weight reduction was observed at
400 mg/kg/day HU on the 60th day (Table 1). However, daily
oral treatment with 0.3 mg/kg/day of clomiphene for 60 days
caused steady and consistent body weight increases of treated
rats with the most significant (p<0.001) increase recorded on
day 60 (Table 1). Similar effect was reported for 20 mg/kg/day
of Vitamin C (Table 1).
3.3. Effect of Oral Treatment with 100-400 mg/kg/day of
Hunteria umbellata Water Seed Extract on Rat Testicular
Weight (TW) and Gonadosomatic Indices (GSI). Repeated
oral treatment with 100, 200, and 400 mg/kg HU induced
dose related increases in the testicular weight and GSI of
treated rats with significant increases (p<0.001) recorded for
the 400 mg/kg/day HU-treated rats (Table 2). The same effects
were also recorded in clomiphene- and vitamin C-treated rats
(Table 2).
3.4. Effect of Oral Treatment with 100-400 mg/kg/day of
Hunteria umbellata Water Seed Extract on Rat Semen Parameters. Repeated daily oral treatment with 100 mg/kg/day, 200
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Table 1: Effect of repeated daily oral treatments with 100-400 mg/kg/day of Hunteria umbellata aqueous seed extract on the weight gain
pattern of treated rats.
Groups
I
II
III
IV
V
VI

Day 1
227.80±12.95
229.70±13.37
226.80±12.16
230.20±13.56
225.00±14.52
225.00±15.67

Day 15
229.80±11.58
239.20±16.90
231.80±10.94
236.00±13.61
226.70±12.45
240.50±13.32

Average body weight (g) on the following:
Day 30
Day 45
240.70±9.11
260.70±8.54
256.20±13.72
276.7±12.47a+
241.00±9.80
256.30±5.13
254.50±11.29
264.80±13.08
242.80±12.95b−
234.00±13.45a−
259.50±9.94a+
282.20±6.71b+

a+,b+
and c+ represent significant increases at p<0.05, p<0.01, and p<0.001, respectively, when compared to Group I values, while
significant decreases at p<0.05, p<0.01, and p<0.001, respectively, when compared to Group II values.
I = 10 ml/kg/day of distilled water.
II = 0.3 mg/kg/day of clomiphene dissolved in distilled water.
III = 100 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
IV = 200 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
V = 400 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
VI = 20 mg/kg/day of Vitamin C dissolved in distilled water.

Day 60
290.50±11.90
315.30±13.76c+
280.00±9.42
279.20±14.95
243.70±11.74c−
307.80±5.78c+
a−,b−

and

c−

represent

Table 2: Effect of repeated daily oral treatments with 100-400 mg/kg/day of Hunteria umbellata aqueous seed extract on the average testicular
weight (TW) and gonadosomatic indices (GSI) of treated rats.
Groups
I
II
III
IV
V
VI

Average rat weight on day 60 (g)
290.50 ± 11.90
315.30 ± 13.76c+
280.00 ± 09.42
279.20 ± 14.95
243.70 ± 11.74
307.80 ± 5.78

TW (g)
03.51 ± 0.32
04.27 ±0.43c+
03.37 ± 0.20
03.36 ± 0.27
03.94 ± 0.03
04.04 ± 0.16b+

SGI (x10−2 )
12.07 ± 0.66
13.50 ± 0.81b+
12.01 ± 0.32
12.04 ± 0.34
16.21 ± 0.88c+
13.05 ± 0.38a+

a+,b+
and c+ represent significant increases at p<0.05, p<0.01, and p<0.001, respectively, when compared to Group I values.
I = 10 ml/kg/day of distilled water.
II = 0.3 mg/kg/day of clomiphene dissolved in distilled water.
III = 100 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
IV = 200 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
V = 400 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
VI = 20 mg/kg/day of Vitamin C dissolved in distilled water.

mg/kg/day, and 400 mg/kg/day HU for 60 days on semen
analysis showed significant (p<0.05, p<0.01, and p<0.001)
dose-related increases in the total sperm count of treated
rats with the most significant (p<0.001) boost recorded in
rats treated with the highest dose (400 mg/kg/day) of the
extract which was comparable with what was recorded for
the standard drug (0.3 mg/kg/day of clomiphene) (Table 3).
Similar pattern was also recorded for % motile sperm counts
(Table 3). However, HU had a reverse effect on the %
dead sperm and % abnormal sperm counts (Table 3) while
0.3 mg/kg/day of clomiphene caused a significant (p<0.001)
increase in the %abnormal sperm count when compared to
untreated control (Group I) rats (Table 3).
3.5. Effect of Oral Treatment with 0.3 mg/kg/day of Clomiphene
and 100-400 mg/kg/day of Hunteria umbellata Water Seed
Extract on Rat’s Sera TS, LH, FSH, PRL, and ES. Repeated
oral treatment with 0.3 mg/kg/day of clomiphene resulted
in significant (p<0.001) increases in the sera TS, LH, and
FSH levels when compared to the untreated control (Group

I) values (Table 4). However, 0.3 mg/kg/day clomiphene significantly (p<0.05) reduced circulating serum ES level when
compared to Group I values (Table 4). Similarly, repeated
treatments with graded oral doses of HU for 60 days resulted
in significant (p<0.05, p<0.01, and p<0.001) dose related
increases in the circulating serum TS, LH, and FSH levels
while resulting in significant (p<0.05) reductions in serum
PRL when compared to untreated control (Group I) values
(Table 4). However, there were no significant alterations in
the serum ES levels between the treatment groups and the
untreated control group (Table 4).
3.6. Effect of Oral Treatment with 0.3 mg/kg/day of Clomiphene
and 100-400 mg/kg/day of Hunteria umbellata Water Seed
Extract on Rat Testicular Tissue SOD, CAT, and TBARS.
Repeated oral treatments with 0.3 mg/kg/day of clomiphene
did not significantly (p>0.05) alter the testicular tissue
activities of SOD, CAT, and TBARS compared to those
of untreated control (Group I) values (Table 5). However,
repeated daily oral treatment with 100-400 mg/kg/day of
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Table 3: Effect of repeated daily oral treatments with 100-400 mg/kg/day of Hunteriaumbellata aqueous seed extract on semen parameters
of treated rats.
Groups
I
II
III
IV
V
VI

Total sperm/g cauda epi (x107 )
29.58 ± 0.55
50.85 ± 1.01
31.68 ± 0.55
37.93 ± 0.71b+
47.38 ± 0.84c+
31.70 ± 1.03

%motile sperm
77.03 ± 0.56
87.23 ± 1.44c+
78.55 ± 0.40
79.27 ± 0.62
87.17 ± 1.32c+
78.22 ± 0.38

%dead sperm
22.97 ± 0.56
12.77 ± 1.44f
21.45 ± 0.40
20.73 ± 0.62
16.83 ± 1.32f
21.78 ± 0.38

%abnormal sperms
08.97 ± 0.41
14.03 ± 0.87c+
19.12 ± 0.19c+
12.17 ± 0.62c+
07.67 ± 0.91f
10.86 ± 0.48e

a+,b+
and c+ represent significant increases at p<0.05, p<0.01, and p<0.001, respectively, when compared to Group I values, while e and f represent significant
decreases at p<0.05 and p<0.001, respectively, when compared to Group I values.
I = 10 ml/kg/day of distilled water.
II = 0.3 mg/kg/day of clomiphene dissolved in distilled water.
III = 100 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
IV = 200 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
V = 400 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
VI = 20 mg/kg/day of Vitamin C dissolved in distilled water.

Table 4: Effect of repeated daily oral treatments with 100-400 mg/kg/day of Hunteria umbellata aqueous seed extract on serum testosterone
(TS), luteinizing hormone LH), follicle stimulating hormone (FSH), prolactin (PRL), and estradiol (ES) of treated rats.
Groups
I
II
III
IV
V
VI

TS (ng/ml)
02.53 ± 0.04
05.87 ± 0.68c+
04.04 ± 0.16a+
04.70 ± 0.15b+
06.39 ± 0.31c+
02.59 ± 0.03

LH (ng/ml)
0.66 ± 0.03
01.47 ± 0.44c+
00.83 ± 0.08a+
01.16 ± 0.05b+
01.42 ± 0.05c+
00.64 ± 0.02

FSH (ng/ml)
02.32 ± 0.04
03.06 ± 0.09c+
02.66 ± 0.03a+
02.76 ± 0.04b+
03.25 ± 0.15c+
02.29 ± 0.03

a+,b+

PRL (ng/ml)
03.14 ± 0.19
02.86 ± 0.11
02.82 ± 0.10
02.42 ± 0.17
02.32 ± 0.06d
02.90 ± 0.30

and c+ represent significant increases at p<0.05, p<0.01, and p<0.001, respectively, when compared to Group I values, while
decrease at p<0.05 when compared to Group I values.
I = 10 ml/kg/day of distilled water.
II = 0.3 mg/kg/day of clomiphene dissolved in distilled water.
III = 100 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
IV = 200 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
V = 400 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
VI = 20 mg/kg/day of Vitamin C dissolved in distilled water.

HU caused significant (p<0.05 and p<0.001) dose related
increases in the testicular tissue levels of SOD, CAT, and
TBARS when compared to both untreated control (Group
I) and clomiphene-treated (Group II) values (Table 5). Similarly, oral treatments with 20 mg/kg/day of Vitamin C had
similar effects on the testicular tissue SOD, CAT, and TBARS
recorded for rats treated with 400 mg/kg/day of HU (Table 5).
3.7. Effect of Oral Treatment with 100-400 mg/kg/day of
Hunteria umbellata Water Seed Extract on Rat Testicular
Tissue GSH, GSH-Px, and GSR. Treatments with 100-400
mg/kg/day of HU caused significant (p<0.05, p<0.01, and
p<0.001) dose related testicular tissue levels of GSH, GSHPx, and GSR compared to untreated control (Group I) and
clomiphene-treated (Group II) values (Table 6). However, the
values obtained for 400 mg/kg/day of HU were comparable
with those recorded for Vitamin C-treated rats (Table 6). It
is also worthy to note that treatments with 0.3 mg/kg/day
of clomiphene had no profound alterations (p>0.05) in
the testicular tissue levels of GSH, GSH-Px, and GSR
(Table 6).

ES (ng/ml)
2.40 ± 0.06
2.13 ± 0.07
2.37 ± 0.04
2.46 ± 0.10
2.41 ± 0.13
2.28 ± 0.04
d

represents a significant

4. Discussion
Infertility is the inability of a couple of opposite sex to achieve
a clinical pregnancy after 52 weeks or more of regular unprotected sexual intercourse. In other words, it is a complete
failure of a sexually competent and active, noncontracepting
couple to achieve pregnancy in one or more years despite
regular sexual exposures [25]. Recent epidemiological data
has shown that approximately 15% of married/unmarried
couples are affected by infertility for which only 40-50%
cases are attributable to male infertility [26] which itself
could be due to either azoospermia or erectile dysfunction
[27]. Identifiable factors (reversible/irreversible) influencing
male fertility as reported by previous studies include drugs
(such as anabolic steroid, replacement testosterone, and
opiates), testicular varicocele, undescended testes, urinary
tract infections, testicular tumor, hormonal imbalances, premature or retrograde ejaculation, prolonged heat exposure,
obesity, older age, cigarette smoking, alcohol, heavy metals,
pesticides, oxidative stress, genetic factors, and different environmental and nutritional factors [28–34]. Thus, in managing
male infertility, treatment plans are designed alongside the
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Table 5: Effect of repeated daily oral treatments with 100-400 mg/kg/day of Hunteria umbellata aqueous seed extract on testicular SOD, CAT,
and TBARS of treated rats.
Groups
I
II
III
IV
V
VI

SOD (U/mg protein)
05.48 ± 0.11
05.37 ± 0.11
05.59 ± 0.08
06.00 ± 0.08c+
06.25 ± 0.02c+
06.92 ± 0.04c+

CAT (U/mg protein)
20.77 ± 0.20
20.42 ± 0.19
20.79 ± 0.15
21.37 ± 0.21a+
22.74 ± 0.03c+
23.51 ± 0.16c+

TBARS (nM/min/mg protein)
13.46 ± 0.06
13.45 ± 0.07
13.36 ± 0.08
13.97 ± 0.06c+
14.49 ± 0.12c+
16.89 ± 0.06c+

a+
and c+ represent significant increases at p<0.05 and p<0.001, respectively, when compared to Group I values.
I = 10 ml/kg/day of distilled water.
II = 0.3 mg/kg/day of clomiphene dissolved in distilled water.
III = 100 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
IV = 200 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
V = 400 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
VI = 20 mg/kg/day of Vitamin C dissolved in distilled water.

Table 6: Effect of repeated daily oral treatments with 100-400 mg/kg/day of Hunteria umbellata aqueous seed extract on testicular GSH,
GSH-Px and GSR of treated rats.
Groups
I
II
III
IV
V
VI

GSH (𝜇M/g tissue)
0.36 ± 0.02
0.35 ± 0.02
0.40 ± 0.02
0.59 ± 0.01c+
0.69 ± 0.05c+
0.76 ± 0.03c+

GSH-Px (nM/mg protein)
140.00 ± 1.09
137.60 ± 1.61
139.10 ± 1.08
143.30 ± 0.53a+
144.10 ± 0.17a+
148.10 ± 0.66a+

GSR (nM/min/mg protein)
207.00 ± 2.05
203.20 ± 1.28
204.40 ± 1.80
215.00 ± 2.22b+
217.80 ± 0.67c+
230.60 ± 1.71c+

a+,b+
and c+ represent significant increases at p<0.05, p<0.01, and p<0.001, respectively, when compared to Group I values.
I = 10 ml/kg/day of distilled water.
II = 0.3 mg/kg/day of clomiphene dissolved in distilled water.
III = 100 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
IV = 200 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
V = 400 mg/kg/day of Hunteria umbellata aqueous seed extract dissolved in distilled water.
VI = 20 mg/kg/day of Vitamin C dissolved in distilled water.

identifiable possible cause and these interventions could be
either medical or surgical [27, 35].
Apart from orthodox treatment of infertility, infertile
couples are known to concomitantly use traditional/complementary medicine as therapeutic alternatives for their infertility since 25% of modern drugs are either plant-based or of
plant origin [36]. More so, up to 80% of the world’s population
is either partially or wholly dependent on herbal products
for the treatment of their medical conditions [37]. However,
in evaluating pharmacological activities of male fertilityenhancing medicinal plants, scientific investigations are done
in vitro (using culture cell lines) and in vivo (using experimental animals and humans) models. For examples, extracts
obtained from Vanda tessellata [38], Turnera diffusa and
Pfaffia paniculata [39], Eurycoma longifolia [40], Terminalia
catappa [41], Butea frondosa [42], Curculigo orchioides [43],
Panax quinquefolius (ginseng) [44], and Lepidium meyenii
have been investigated and reported to enhance aphrodisiacs while extracts obtained from Astragalus membranaceus,
Asparagus racemosus, Withania somnifera, Andrographis paniculata, and Acanthopanax senticosus were also reported to
improve sperm parameters [45, 46].

In this study we evaluated the possible fertility-enhancing
and fertility mechanism of action of HU in male Wistar
rats for 60 days as an alternative/complimentary to existing
fertility-boosting drugs bearing in mind their high cost
and untoward side effects associated with their clinical use.
In doing this, male Wistar rats were gavaged with graded
doses (100, 200, and 400 mg/kg/day) of HU in male Wistar rats for 60 consecutive days using endpoints such as
the somatogonadal index, semen analysis parameters, and
gonadal hormone profile as well as the testicular tissue
antioxidant profile.
Hormonal analysis of HU-treated rats clearly showed the
extract to significantly improve circulating sera TS, FSH,
and LH while it decreased circulating prolactin. Literature
has shown that serum elevation in the testosterone, FSH,
and LH improves sperm quality in relation to sperm count,
volume, motility, and morphology [43]. FSH and LH are
known to influence the fate of germ cells and this influence
is mediated via their actions on specific transmembrane
receptors, Follicle Stimulating Hormone receptor (FSH-R),
and Luteinizing Hormone receptor (LH-R) that are overtly
expressed in the Sertoli cells and interstitial Leydig cells,
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respectively [47–50]. Scientific evidences abound for the
critical role of the LH-testosterone signaling pathway in
priming and sustaining the process of spermatogenesis in
the extratubular Leydig cells while FSH regulates spermatocytogenesis and spermatogenesis by influencing both the
germinal epithelium and the Sertoli cells [51, 52]. Thus,
interplay of FSH, LH, and testosterone strongly influences
quantitative and qualitative spermatogenesis. In this study,
repeated oral treatment with 100-400 mg/kg/day of HU stimulated significant spermatogenesis which was characterized
by increased sperm volume, count, progressive motility, and
improved sperm morphology. This improvement in sperm
quality could have been due to improved steroidogenesis
characterized by increased circulating TS, FSH, and LH
which have been widely reported to enhance spermatogenesis
[53]. Clomiphene like tamoxifen is a known anti-estrogenic
analogue which blocks estrogen from interacting with the
anterior pituitary gland to induce increased LH, FSH and TS
syntheses [54]. Thus, the mechanism of fertility enhancement
by HU appears to be similar to that of clomiphene.
Another notable finding of this study is the nonsignificant
alteration in circulating prolactin levels for treated groups.
Physiologically, prolactin suppresses LH and FSH secretion
which invariably lowers circulating TS levels and decreases
sexual drive. This assertion is in complete agreement with
elevated FSH, LH, and TS levels in the HU-treated groups.
Previous studies have reported that any plant with aphrodisiac/male fertility enhancing potential often profoundly
lowers serum PRL and enhances circulating LH and FSH
levels and by extension enhances circulating TS levels [55, 56]
with which our results are in complete agreement.
Medicinal plants rich in certain secondary metabolites
such as phenolic acids, flavonoids, flavones, alkaloids, and
antioxidant vitamins (e.g., Vitamins A, C, D, and E) have
been reported to stimulate and enhance spermatogenesis
[57–61]. However, our previous studies have reported HU
to be abundantly rich in alkaloids, flavonoids, tannins, and
glycosides [12]. Thus, the relative abundance of these phytochemicals could have been responsible for the increased
spermatogenesis observed in this study.
The cause of infertility in about 50% of all infertile couples
is attributable to male factors either solely or partly for
which oxidative stress is one of the factors [62]. Excessive
production of free radicals or reactive oxygen species (ROS)
has implicated sperm damage and as such ROS have been
extensively studied as in the etiology of male infertility.
Superoxide anion, hydroxyl radical, and hydrogen peroxide
are some of the major ROS present in seminal plasma
and these have been implicated in male infertility [63–66].
Under normal physiological conditions, small and negligible
amount of ROS is generated by spermatozoa and this is essential for spermatozoa capacitation and acrosomal reaction.
However, when ROS generation is overwhelming, it could
irreversibly bind to the spermatozoa plasma membrane- and
cytoplasmic-rich polyunsaturated fatty acids resulting in lipid
peroxidation and cell death of spermatozoa [67].
Antioxidants including superoxide dismutase (SOD),
catalase, and glutathione peroxidase (GPX) often free scavenge ROS to protect spermatozoa from the deleterious effect
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of the generated ROS [68, 69]. Semen is also contains a
variety of endogenous nonenzymatic antioxidant molecules
such as vitamins A, C, D, and E, pyruvate, glutathione, and
carnitine [70]. These antioxidants compensate for the loss of
sperm cytoplasmic enzymes during spermatogenesis, which
in turn diminishes endogenous repair mechanisms and
enzymatic defenses [71–73]. In view of the established direct
relationship between male fertility and testicular antioxidant
status, HU significantly improved the antioxidant status of
the treated rat testicles as indicated by increased levels of
SOD, CAT, GSH, GSH-Px, GSR, and TBARS, which are
in consonance with our previous in vitro [18] and in vivo
[74] findings and that recently are reported by Oboh et al.
[10]. Thus, these results clearly demonstrate the potential of
HU in significantly improving the spermatogenic parameters
via its antioxidant mechanism. Also, literature has shown
antioxidants to improve various oxidative processes including
spermatogenesis and steroidogenesis [68, 75], thus lending
credence to the observed spermatogenic and steroidogenic
effects of HU in the treated rats to be attributed to its high
antioxidant profile.

5. Conclusion
Overall, prolonged oral treatments with 100-400 mg/kg/day
of HU for 60 days significantly improved sperm function (as
measured by sperm motility, count, viability, and morphology), mediated via increased spermatogenesis, steroidogenesis, and antioxidant mechanisms.

Data Availability
The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest
The authors have no conflicts of interest to declare. Adejuwon Adewale Adeneye is a Professor in the Department
of Pharmacology, Therapeutics, and Toxicology, Faculty of
Basic Clinical Sciences, Lagos State University College of
Medicine, and the Principal Investigator of the present study.
Joseph Abayomi Olagunju is a Professor in the Department
of Medical Biochemistry, Faculty of Basic Medical Sciences,
Lagos State University College of Medicine, and Coinvestigator of this study. Babatunde Adekunle Murtala is Chief
Technologist, Department of Physiology, Faculty of Basic
Medical Sciences, Lagos State University College of Medicine,
and a Coinvestigator of the present study.

Authors’ Contributions
Adejuwon Adewale Adeneye conceived, designed, and conducted the study. He also analyzed and interpreted the data
and was responsible for the manuscript writing. Babatunde
Adekunle Murtala conducted the semen analysis while
Joseph Abayomi Olagunju also partook in the study design
and data interpretation.

8

Acknowledgments
The authors thankfully acknowledge the full financial support
given for this research work through the TETFUND Institution Based Research Fund, Second (2nd ) Batch Research
Project disbursement for the year 2016 cycle. Our research
team also acknowledges the contributions of the Vice Chancellor and Management of Lagos State University (LASU)
headed by Prof. Olanrewaju A. Fagbohun as well as the LASU
TETFUND Desk Officer, Dr. Suraj Mudasiru, for facilitating
and ensuring timely disbursement of fund for this research
work. While the research team also duly acknowledges the
technical support staff of the Animal House, LASUCOM,
for the care of the Experimental Animal used during the
period of the study, the technical support of Mr. Sunday O.
Adenekan of BIOLIFE CONSULTS in the area of Oxidative
Stress analysis is much appreciated. This research work
was fully sponsored by the Federal Government of Nigeria
through Tertiary Education Fund (TETFund) Institutional
Based Research Grant.

References
[1] A. M. Isidori, C. Pozza, D. Gianfrilli, and A. Isidori, “Medical
treatment to improve sperm quality,” Reproductive BioMedicine
Online, vol. 12, no. 6, pp. 704–714, 2006.
[2] M. E. Thoma, A. C. McLain, J. F. Louis et al., “The prevalence
of infertility in the United States as estimated by the current
duration approach and a traditional constructed approach,”
Fertililty & Sterility, vol. 99, no. 5, pp. 1324–1331, 2013.
[3] M. Jedlinska, G. Bomba, K. Jakubowski, T. Rotkiewicz, B. Jana,
and A. Penkowski, “Impact of oxidative stress and supplementation with vitamins E and C on testes morphology in rats,” The
Journal of Reproduction and Development, vol. 52, no. 2, pp. 203–
209, 2006.
[4] R. M. Sargis and A. M. Davis, “Evaluation and treatment of male
hypogonadism,” Journal of the American Medical Association,
vol. 319, no. 13, pp. 1375-1376, 2018.
[5] S. Arver, A. Dobs, A. Meikle, R. Allen, S. Sanders, and N. Mazer,
“Improvement of sexual function in testosterone deficient men
treated for 1 year with a permeation enhanced testosterone
transdermal system,” The Journal of Urology, vol. 155, no. 5, pp.
1604–1608, 1996.
[6] S. N. Seidman, “Hormonal aspects of sexual dysfunction: The
therapeutic use of exogenous androgens in men and women,”
Current Psychiatry Reports, vol. 2, no. 3, pp. 215–222, 2000.
[7] K. W. Leung and A. S. Wong, “Ginseng and male reproductive
function,” Spermatogenesis, vol. 3, no. 3, Article ID e26391, 2014.
[8] G. F. Gonzales, A. Ruiz, C. Gonzales, L. Villegas, and A.
Cordova, “Effect of Lepidium meyenii (maca) roots on spermatogenesis of male rats,” Asian Journal of Andrology, vol. 3, no.
3, pp. 231–233, 2001.
[9] G. F. Gonzales, A. Cordova, C. Gonzales, A. Chung, K. Vega,
and A. Villena, “Lepidium meyenii (Maca) improved semen
parameters in adult men,” Asian Journal of Andrology, vol. 3, no.
4, pp. 301–304, 2001.
[10] G. Oboh, A. A. Adebayo, A. O. Ademosun, and O. A. Abegunde, “Aphrodisiac effect of Hunteria umbellata seed extract:
modulation of nitric oxide level and arginase activity in vivo,”
Pathophysiology, vol. 26, no. 1, pp. 39–47, 2019.

Evidence-Based Complementary and Alternative Medicine
[11] A. Falodun, Z. A. Nworgu, and M. O. Ikponmwonsa, “Phytochemical components of Hunteria umbellata (K. Schum) and its
effect on isolated non-pregnant rat uterus in oestrus.,” Pakistan
Journal of Pharmaceutical Sciences, vol. 19, no. 3, pp. 256–258,
2006.
[12] A. Adeneye and O. Adeyemi, “Hypoglycemic effects of the aqueous seed extract of Hunteria umbellata in normoglycemic and
glucose and nicotine induced hyperglycemic rats,” International
Journal of Natural Products Research, vol. 2, no. 1, pp. 9–18, 2009.
[13] I. N. Ibeh, M. Idu, and I. M. Ejimadu, “Toxicological assessment
of Abeere seed Hunteria umbellata K. Schum (Apocynaceae),”
Biociência, vol. 15, no. 1, pp. 4–7, 2007.
[14] I. Igbe, E. K. I. Omogbai, and R. I. Ozolua, “Hypoglycemic activity of aqueous seed extract of Hunteria umbellata in normal and
streptozotocin-induced diabetic rats,” Pharmaceutical Biology,
vol. 47, no. 10, pp. 1011–1016, 2009.
[15] A. A. Adeneye, O. O. Adeyemi, E. O. Agbaje, and M. O.
Sofidiya, “The novel antihyperglycaemic action of Hunteria
umbellata seed fractions mediated via intestinal glucose uptake
inhibition,” African Journal of Traditional, Complementary and
Alternative Medicines, vol. 9, no. 1, pp. 17–24, 2012.
[16] A. A. Adeneye, O. O. Adeyemi, and E. O. Agbaje, “Anti-obesity
and antihyperlipidaemic effect of Hunteria umbellata seed
extract in experimental hyperlipidaemia,” Journal of Ethnopharmacology, vol. 130, no. 2, pp. 307–314, 2010.
[17] A. A. Adeneye, O. O. Adeyemi, E. O. Agbaje, and A. A. F.
Banjo, “Evaluation of the toxicity and reversibility profile of the
aqueous seed extract of hunteria umbellata (k. schum.) hallier f.
in rodents,” African Journal of Traditional, Complementary and
Alternative Medicines, vol. 7, no. 4, pp. 350–369, 2010.
[18] A. A. Adejuwon, S. M. Oluwatoyin, and A. O. Sunday, “Antiinflammatory and antioxidant activities of hunteria umbellata
seed fractions,” Pharmacologia, vol. 2, no. 6, pp. 165–171, 2011.
[19] United States National Institutes for Health publication, no. 8523, 1985.
[20] A. Flores, R. Wiff, and E. Dı́az, “Using the gonadosomatic index
to estimate the maturity ogive: application to Chilean hake
(Merluccius gayi gayi),” ICES Journal of Marine Science, vol. 72,
no. 2, pp. 508–514, 2014.
[21] R. P. Amann, “Use of animal models for detecting specific alterations in reproduction,” Fundamental and Applied Toxicology,
vol. 2, no. 1, pp. 13–26, 1982.
[22] I. H. Shaik and R. Mehvar, “Rapid determination of reduced and
oxidized glutathione levels using a new thiol-masking reagent
and the enzymatic recycling method: application to the rat liver
and bile samples,” Analytical and Bioanalytical Chemistry, vol.
385, no. 1, pp. 105–113, 2006.
[23] J. Zhang, R. Chen, Z. Yu, and L. Xue, “Superoxide dismutase (SOD) and catalase (CAT) activity assay protocols for
caenorhabditis elegans,” Bio-Protocol, vol. 7, no. 16, Article ID
e2505, 2017.
[24] T. Iwase, A. Tajima, S. Sugimoto et al., “A simple assay for measuring catalase activity: a visual approach,” Scientific Reports,
vol. 3, no. 1, article no. 3081, 2013.
[25] F. Zegers-Hochschild, G. D. Adamson, J. deMouzon et al., “The
international committee for monitoring assisted reproductive
technology (ICMART) and World Health Organization (WHO)
revised glossary on ART terminology, 2009,” Fertility and
Sterility, vol. 92, no. 5, pp. 2684–2687, 2009.
[26] F. Lotti and M. Maggi, “Sexual dysfunction and male infertility,”
Nature Reviews Urology, vol. 15, no. 5, pp. 287–307, 2018.

Evidence-Based Complementary and Alternative Medicine
[27] M. Naz and M. Kamal, “Classification, causes, diagnosis and
treatment of male infertility: a review,” Oriental Pharmacy and
Experimental Medicine, vol. 17, no. 2, pp. 89–109, 2017.
[28] M. Fraczek and M. Kurpisz, “The redox system in human semen
and peroxidative damage of spermatozoa,” Postepy Hig Med
Dosw, vol. 59, pp. 523–534, 2005.
[29] G. Collodel, E. Moretti, V. Fontani et al., “Effect of emotional
stress on sperm quality,” Indian Journal of Medical Research, vol.
128, no. 3, pp. 254–261, 2008.
[30] P. Gharagozloo and R. J. Aitken, “The role of sperm oxidative
stress in male infertility and the significance of oral antioxidant
therapy,” Human Reproduction, vol. 26, no. 7, pp. 1628–1640,
2011.
[31] F. M. Onyije, “Drug: a major cause of infertility in male,” Asian
Journal of Medical Pharmaceutical Research, vol. 2, no. 2, pp. 30–
37, 2012.
[32] W. E. J. Olooto, “Infertility in male; risk factors, causes and
management- a review,” Journal Microbiology and Biotechnological Research, vol. 2, no. 4, pp. 641–664, 2012.
[33] F. Gimenes, R. P. Souza, J. C. Bento et al., “Male infertility: a
public health issue caused by sexually transmitted pathogens,”
Nature Reviews Urology, vol. 11, no. 12, pp. 672–687, 2014.
[34] L. I. Kolesnikova, S. I. Kolesnikov, N. A. Kurashova, and T. A.
Bairova, “Causes and factors of male infertility,” Annals of The
Russian Academy of Medical Sciences, vol. 70, no. 5, p. 579, 2015.
[35] R. P. Kaur, V. Gupta, A. S. Christopher, and P. Bansal, “Potential
pathways of pesticide action on erectile function—a contributory factor in male infertility,” Asian Pacific Journal of
Reproduction, vol. 4, no. 4, pp. 322–330, 2015.
[36] R. Reid, A. Steel, J. Wardle, A. Trubody, and J. Adams, “Complementary medicine use by the Australian population: a critical
mixed studies systematic review of utilisation, perceptions
and factors associated with use,” BMC Complementary and
Alternative Medicine, vol. 16, no. 1, pp. 176–198, 2016.
[37] S. M. K. Rates, “Plants as source of drugs,” Toxicon, vol. 39, no.
5, pp. 603–613, 2001.
[38] P. K. Suresh Kumar, A. Subramoniam, and P. Pushpangadan,
“Aphrodisiac activity of Vanda tessellata (Roxb.) Hook. ex Don
extract in male mice,” Indian Journal of Pharmacology, vol. 32,
no. 5, pp. 300–304, 2000.
[39] R. Arletti, A. Benelli, E. Cavazzuti, G. Scarpetta, and A.
Bertolini, “Stimulating property of Turnera diffusa and Pfaffia
paniculata extracts on the sexual behavior of male rats,” Psychopharmacology, vol. 143, no. 1, pp. 15–19, 1999.
[40] H. H. Ang, S. Ikeda, and E. K. Gan, “Evaluation of the
potency activity of aphrodisiac in Eurycoma longifolia Jack,”
Phytotherapy Research, vol. 15, no. 5, pp. 435-436, 2001.
[41] W. D. Ratnasooriya and M. G. Dharmasiri, “Effects of Terminalia catappa seeds on sexual behaviour and fertility of male rats,”
Asian Journal of Andrology, vol. 2, no. 3, pp. 213–219, 2000.
[42] S. Ramachandran, Y. Sridhar, S. K. G. Sam et al., “Aphroidisiac
activity of Butea frondosa Koen. ex Roxb. extract in male rats,”
Phytomedicine, vol. 11, no. 2-3, pp. 165–168, 2004.
[43] N. S. Chauhan and V. K. Dixit, “Spermatogenic activity of rhizomes of Curculigo orchioides gaertn in male rats,” International
Journal of Applied Research in Natural Products, vol. 1, no. 2, pp.
26–31, 2008.
[44] M. A. Abdel-Wahhab, A. A. El-Nekeety, S. E. Aly, W. J. Yoon,
Y. T. Kim, and M. H. Park, “Improvement of sexual behavior
in male rats via dietary supplementation with Panax ginseng
extract standardized with ginsenoside Rg3,” Journal of Medical
Sciences (Faisalabad), vol. 13, no. 5, pp. 337–345, 2013.

9
[45] E. A. Nantia, P. F. Moundipa, T. K. Monsees, and S. Carreau,
“Medicinal plants as potential male anti-infertility agents: a
review,” Basic and Clinical Andrology, vol. 19, no. 3, pp. 148–158,
2009.
[46] M. E. Light, S. G. Sparg, G. I. Stafford, and J. Van Staden, “Riding
the wave: South Africa’s contribution to ethnopharmacological
research over the last 25 years,” Journal of Ethnopharmacology,
vol. 100, no. 1-2, pp. 127–130, 2005.
[47] W. H. Walker, “Testosterone signaling and the regulation of
spermatogenesis,” Spermatogenesis, vol. 1, no. 2, pp. 116–120,
2011.
[48] N. Sofikitis, N. Giotitsas, P. Tsounapi, D. Baltogiannis, D. Giannakis, and N. Pardalidis, “Hormonal regulation of spermatogenesis and spermiogenesis,” The Journal of Steroid Biochemistry
and Molecular Biology, vol. 109, no. 3-5, pp. 323–330, 2008.
[49] G. Escott, L. da Rosa, and E. Loss, “Mechanisms of hormonal
regulation of sertoli cell development and proliferation: a key
process for spermatogenesis,” Current Molecular Pharmacology,
vol. 7, no. 2, pp. 96–108, 2015.
[50] S. Ramaswamy and G. F. Weinbauer, “Endocrine control of
spermatogenesis: Role of FSH and LH/ testosterone,” Spermatogenesis, vol. 4, no. 2, p. e996025, 2015.
[51] L. O’Donnell, S. J. Meachem, P. G. Stanton, and R. I. McLachlan,
“Endocrine regulation of spermatogenesis,” in Knobil and Neill’s
Physiology of Reproduction, J. D. Neill, T. M. Plant, D. W. Pfaff et
al., Eds., pp. 1017–1070, Elsevier, Sydney, Australia, 2006.
[52] Z. K. Ismael, L. A. Al-Anbari, and H. A. L. Mossa, “Relationship
of FSH, LH, DHEA and testosterone levels in serum with sperm
function parameters in infertile men,” Journal of Pharmaceutical
Sciences and Research, vol. 9, no. 11, pp. 2056–2061, 2017.
[53] M. S. Khan, I. Ali, F. Tahir, and G. M. Khan, “Simultaneous
analysis of the three hormones involved in spermatogenesis and
their interrelation ratios,” Pakistan Journal of Pharmaceutical
Sciences, vol. 21, no. 4, pp. 344–349, 2008.
[54] A. E. Willets, J. M. Corbo, and J. N. Brown, “Clomiphene for the
Treatment of Male Infertility,” Reproductive Sciences, vol. 20, no.
7, pp. 739–744, 2013.
[55] R. Kenjale, R. Shah, and S. Sathaye, “Effects of Chlorophytum
borivilianum on sexual behaviour and sperm count in male
rats,” Phytotherapy Research, vol. 22, no. 6, pp. 796–801, 2008.
[56] N. J. Gakungo, K. Mugisha, D. Owiny, and P. Waako, “Effects
of crude aqueous leaf extracts of Citropsis articulata and
Mystroxylon aethiopicum on sex hormone levels in male albino
rats,” International Journal of Pharmaceutical Sciences Invention,
vol. 3, no. 1, pp. 5–17, 2014.
[57] A. Khaki, F. Fathiazad, M. Nouri et al., “The effects of Ginger on
spermatogenesis and sperm parameters of rat,” Iranian Journal
of Reproductive Medicine, vol. 7, no. 1, pp. 7–12, 2009.
[58] A. Ghasemzadeh, H. Z. E. Jaafar, and A. Rahmat, “Antioxidant activities, total phenolics and flavonoids content in two
varieties of malaysia young ginger (Zingiber officinale Roscoe),”
Molecules, vol. 15, no. 6, pp. 4324–4333, 2010.
[59] F. Mohammadi, H. Nikzad, A. Taherian, J. A. Mahabadi, and
M. Salehi, “Effects of herbal medicine on male infertility,”
Anatomical Sciences, vol. 10, no. 4, pp. 3–16, 2013.
[60] D. Jiang, A. Coscione, L. Li, and B.-Y. Zeng, “Effect of chinese
herbal medicine on male infertility,” International Review of
Neurobiology, vol. 135, pp. 297–311, 2017.
[61] A. Mehrotra, D. K. Katiyar, A. Agarwal, V. Das, and K. K. Pant,
“Role of total antioxidant capacity and lipid peroxidation in
fertile and infertile men,” Biomedical Research (India), vol. 24,
no. 3, pp. 347–352, 2013.

10
[62] M. R. Moein, S. Vahidi, J. Ghasemzadeh, and N. Tabibnejad, “Comparison of reactive oxygen species in neat and
washed semen of infertile men,” Iranian Journal of Reproductive
Medicine, vol. 12, no. 5, pp. 301–306, 2014.
[63] A. Agarwal, R. A. Saleh, and M. A. Bedaiwy, “Role of reactive
oxygen species in the pathophysiology of human reproduction,”
Fertility and Sterility, vol. 79, no. 4, pp. 829–843, 2003.
[64] H. Wagner, J. W. Cheng, and E. Y. Ko, “Role of reactive oxygen
species in male infertility: An updated review of literature,” Arab
Journal of Urology, vol. 16, no. 1, pp. 35–43, 2019.
[65] B. J. Kerr, “Normal spermatogenesis,” in Male reproductive
dysfunction pathophysiology and treatment, R. F. Kandeel, S. R.
Swerdloff, and L. J. Pryor, Eds., pp. 57–70, Informa Health Care,
New York, NY, USA, 2007.
[66] E. de Lamirande and C. O’Flaherty, “Sperm activation: role of
reactive oxygen species and kinases,” Biochimica et Biophysica
Acta—Proteins and Proteomics, vol. 1784, no. 1, pp. 106–115,
2008.
[67] N. Kemal Duru, M. Morshedi, and S. Oehninger, “Effects of
hydrogen peroxide on DNA and plasma membrane integrity of
human spermatozoa,” Fertility and Sterility, vol. 74, no. 6, pp.
1200–1207, 2000.
[68] S. A. Sheweita, A. M. Tilmisany, and H. Al-Sawaf, “Mechanisms of male infertility: role of antioxidants,” Current Drug
Metabolism, vol. 6, no. 5, pp. 495–501, 2005.
[69] R. J. Aitken, T. B. Smith, M. S. Jobling, M. A. Baker, and G. N.
De Iuliis, “Oxidative stress and male reproductive health,” Asian
Journal of Andrology, vol. 16, no. 1, pp. 31–38, 2014.
[70] A. Agarwal, K. P. Nallella, S. S. R. Allamaneni, and T. M.
Said, “Role of antioxidants in treatment of male infertility: an
overview of the literature,” Reproductive BioMedicine Online,
vol. 8, no. 6, pp. 616–627, 2004.
[71] R. J. Aitken, K. T. Jones, and S. A. Robertson, “Reactive oxygen
species and sperm function—in sickness and in health,” Journal
of Andrology, vol. 33, no. 6, pp. 1096–1106, 2012.
[72] M. T. P. Gilbert, T. Haselkorn, M. Bunce et al., “The isolation
of nucleic acids from fixed, paraffin-embedded tissues-which
methods are useful when?” PLoS ONE, vol. 2, no. 6, article no.
e537, 2007.
[73] T. T. Turner and J. J. Lysiak, “Oxidative stress: a common factor
in testicular dysfunction,” Journal of Andrology, vol. 29, no. 5,
pp. 488–498, 2008.
[74] A. A. Adeneye, S. O. Adenekan, O. O. Adeyemi, and E. O.
Agbaje, “Glucose utilization and anti-oxidative mechanisms of
the aqueous Hunteria umbellata seed extract in alloxan induced
diabetic rats,” Nigerian Journal of Physiological Sciences, vol. 29,
no. 1, pp. 071–079, 2014.
[75] P. Murugesan, T. Muthusamy, K. Balasubramanian, and J.
Arunakaran, “Effects of vitamins C and E on steroidogenic
enzymes mRNA expression in polychlorinated biphenyl (Aroclor 1254) exposed adult rat Leydig cells,” Toxicology, vol. 232,
no. 3, pp. 170–182, 2007.

Evidence-Based Complementary and Alternative Medicine

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

