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ABSTRACT:

Androgenic effects of Aqueous Seed-extract of Moringa oleifera (ASMO) in male Wistar rats were
investigated. Eighteen (18) male Wistar rats weighing 200-240g were used for this study. The rats were
divided into three (3) groups: Control (Group 1) that received 10 ml/kg of normal saline, Group 2:
received low dose of ASMO (200mg/kg), and Group 3: received high dose of ASMO (500mg/kg). The
animals were treated for twenty-eight days. On the 29th day, the rats were sacrificed and the testes
were carefully removed for semen and biochemical analysis. Body weight, reproductive and vital organ
weights were determined. Sperm parameters (motility, morphology, count and viability), tissue
testosterone, luteinizing hormone (LH), Malondialdehyde (MDA) and Catalase were also determined
using standard methods. Data were analysed using one-way ANOVA followed by Duncan new multiple
range post hoc test. The result showed ASMO significantly increased (p<0.05) the final body weight,
weight of reproductive and vital organs. Moreover, 200mg/kg body weight dose of ASMO significantly
increased (p<0.05) the sperm parameters but 500mg/kg body weight dose significantly decreased it.
ASMO also caused a significant dose dependent increase (p<0.05) in testosterone and catalase level
but a significant decrease (p<0.05) in MDA and LH level compared with the control. In conclusion, this
study revealed that ASMO has androgenic effects in male rats and thus provides a basis for the
traditional use of Moringa oleifera in the management of male sexual disorders.
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INTRODUCTION:

Every human being has a right to enjoy the
highest attainable standard of physical and
mental health. Infertility negates the realization
of these crucial human rights. It affects about
46 million couples and about 186 million
individuals worldwide [1-3]. The contribution of
male factor in infertility is now considered as
important as the female factor and in some
cases account for almost 60% of all cases of
infertility [4,5]. Globally, deficient testosterone
and low sperm count are major causes of male
factor infertility, contributing to the increased
incidence of infertility [6,7]. Ageing, toxins,
drugs, trauma, infections, ionizing radiation
from chemotherapy, environmental stressors
like hot weather, air pollution, interfere with
androgenesis [8-11]. The need for clinical
management of some of these conditions have
resulted in the development of a number of
available treatment options like Testosterone
Replacement Therapy (TRT) [11], drugs like
clomiphene, tamoxifen. Others include In vitro
fertilisation (IVF) for oligospermia and surgery
for hydroceles, varicoceles and vas deference
obstruction [12]. Unfortunately, some of these
options are quite expensive, not easily
accessible and may not blend with the
sociocultural life of some people. Some of them
are also associated with adverse side effects
such as, testicular atrophy, stroke, myocardial

infarction, hepatotoxicity, worsening of benign

prostatic hyperplasia symptoms and prostate
cancer [13].

The natural composition of some approved
herbal medicines may actually reduce certain
side effects many people experience when
taking synthetic drugs, while achieving
favourable results [13]. In addition, some herbal
supplements may naturally improve the body’s
ability to synthesize the hormone being
targeted, instead of receiving exogenous
hormones when the level is low [13]. Some
herbal supplements also have systemic effect
in providing nutrition [14,15].

Moringa oleifera is one of the World’s most
useful trees, as almost every part of the tree
can be used for food, medicine and industrial
purposes [16,17]. It belongs to the Family
Moringaceae [18]. The plant has gained a lot of
names such as Horseradish tree, Drumstick
tree, Ben oil tree, Miracle tree, “Okwe QOyibo” in
Igbo language, “Zogale” in Hausa and “Ewe lle”
in Yoruba language [18]. The flowers, leaves,
seeds and roots of Moringa oleifera (M.
oleifera) has many chemical components,
including crude fiber, reducing sugars, resins,
alkaloids, flavonoids, saponins, phenols,
terpenoids, glycosides, organic acids, sterols,
tannins,  saponins,  proteins,  vanillin,
carotenoids, ascorbate, tocopherols, beta-
sitosterol, kaempferol, and quercetin [19].

In addition, it contains unsaturated fatty acids,
especially linoleic, oleic and palmitic acids. M.

oleifera is rich in amino acids, vitamins,
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minerals particularly iron, and potassium [20].
M. oleifera has been used for many decades as
traditional medicine. This has made herbal
practitioners lay claims to it having the cure to a
myriad of ailments of which, only a few have
undergone scientific validation. The leaves of
M. oleifera are used as purgative, applied as
poultice to sores, rubbed on the temples for
headaches, used for piles, fevers, sore throat,
bronchitis, eye and ear infections, scurvy and
catarrh [21]. The leaf juice is believed to control
glucose levels and reduce glandular swelling
[22,23]. The seeds are used to decrease liver
lipid peroxides, insulin resistance and
inflammation. It is also used as an antimicrobial
and anti-cancer agent [24-26]. The stem bark
is used as an antioxidant and in treating
rheumatism [27]. The roots of M. oleifera were
shown to possess antilithic, anti-inflammatory,
stimulant in paralytic afflictions; act as a blood
tonic, used as a laxative, to treat rheumatism,
lower back or kidney pain [28,29].

Although some studies have reported the
fertility enhancing effect of Moringa oleifera in
murine animals [14,24,29,30]. This study aims
to shed light on the androgenic potential of
Aqueous Seed-extract of Moringa oleifera
(ASMO) in healthy male Wistar rats.

METHODOLOGY:
Collection of plant material:
They were identified and authenticated in the

Department of Plant Biology, University of

llorin, and allocated the voucher number
UILH/001/1275/2020.

Preparation of extract:

M. olifiera seeds were decapsulated and dried
in a shaded, well-aerated environment. They
were subsequently, grinded into slightly coarse
powder to improve percolation of solvent. The
powder weighing 300g was macerated in 1.5L
of distilled water for 48 hours under room
temperature and was stirred every 3 hours.

It was then filtered. The filtrate was
concentrated by lyophilisation (Freeze-drying).
The concentrate was refrigerated at 4°C for

storage [31].

Procurement and acclimatization of the
animals:

Eighteen (18) healthy male Wistar rats (about
65 days old) weighing 200-250 gm were
procured from the Department of Biochemistry,
University of llorin. The rats were transported to
the animal house of the Faculty of Basic
Medical Sciences, University of llorin, where
they were acclimatized to the animal house
environment, for a period of 14 days before the
experiment. The rats were housed in well-
aerated plastic cages, at normal room
temperature. They were fed pellets from Vital
feed depot, Sango, llorin and tap water ad
libitum. The beddings were changed daily to
provide a hygienic environment.

Animal grouping and administration
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The rats were separated into three (3) groups,
of six (6) animals each and kept in separate
cages during the experiment as follows:

Group 1: Control Group received 10 mi/kg of

normal saline orally daily.

Group 2: Low Dose Treated Group received
aqueous seed-extract of Moringa oleifera
(ASMO) orally at the dose of 200 mg/kg daily.

Group 3: High Dose Treated Group received
aqueous seed-extract of Moringa oleifera
(ASMO) orally at the dose of 500 mg/kg daily.

Administration process lasted for 28 days with
administration time between 8:00am to
09:00am daily. All the animals were strictly
handled in conformation to the Declarations of
Helsinki in 1995 (as revised in Edinburgh 2000)
and the University’s guidelines on Care and

Use of Laboratory Animals.

Phytochemical screening:
Preliminary  phytochemical  screening  of
Aqueous Seed-Extract of Moringa oleifera
(ASMO) was done using the methods of
Khadabadi and Deore [32].

Sample Collection:

Organ Weight Measurement

Following 28 days of treatment, the control and
experimental groups of male rats were
weighed. The animals were completely
anaesthetized with ketamine. The following

organs; testis, seminal vesicles, epididymis,

vas deference, penis and prostate glands
alongside vital organs like liver, kidney, adrenal
gland, and spleen were carefully removed and
weighed using sensitive digital scale (LCD
Precision Scale 0.01 g-1000 g).

Semen Analysis:

Sperm count

Upon the elapse of 28 days administration
period, the testes from each rat were carefully
dissected and excised. The epididymis was
identified and removed. Using modified method
of Yokoi and Mayi [33], the Spermatozoa in the
right epididymis were counted. Briefly, the
epididymis was minced with anatomic scissors
in 5mL normal saline, placed in a rocker for 10
minutes, and allowed to incubate at room
temperature for 2 minutes. After incubation, the
supernatant fluid was diluted 1:100 with
solution containing 5g sodium bicarbonate and
ImL formalin (35%). Total sperm number was
determined using the new improved Neuber's
counting chamber (haemocytometer).
Approximately 10uL of the diluted sperm
suspension was transferred to each counting
chamber of the haemocytometer and was
allowed to stand for 5 minutes. This chamber
was then placed under a binocular light
microscope using an adjustable light source.
The ruled part of the chamber was then
focused and the number of spermatozoa
counted in five 16-celled squares.

The sperm concentration was then multiplied

by 5 and expressed as [X] x 106 /ml, where [X]
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is the number of spermatozoa in a 16-celled

square [34].

Sperm motility:

Sonmez et al. [35] method of analyzing sperm
motility was employed. Fluid from the left
caudal epididymis was extracted and pipetted,
diluted via Tris buffer solution to a volume of
0.5ml. An aliquot of this solution was placed on
a glass slide, already resting on a heated table
and subsequently introduced to the stage of a
light microscope with an adjustable light
source. At X400 magnification, percentage
motility was evaluated. Motility estimates were
performed from three different fields in each
sample. The mean of the three estimations was

used as the final motility score.

Sperm viability:

40yl of freshly liquefied semen was thoroughly
mixed with 10yl of eosin-nigrosin, and 1 drop of
this mixture was transferred to a clean slide, to
determine viability. At least 200 sperms were
counted at a magnification of x100 under oil
immersion. Unstained sperm cells were
considered viable, while either red or pink

stained sperm cells were nonviable [36,37].

Sperm morphology:

Morphology ~was assessed at X400
magnification. Caudal sperm were taken from
the original aliquot for motility, dilution factor of
1:20 using 10% neutral buffered formalin as
diluent (Sigma-Aldrich, Oakville, ON, Canada).

500 sperms from the sample were scored for
morphological abnormalities [38]. Spermatozoa
were categorized in wet preparations, using
phase-contrast optics. A spermatozoon was
considered abnormal morphologically if it
possessed any of the following features;
rudimentary tail, round head and detached
head. Result was expressed as a percentage

of morphologically normal sperm [34].

Testis Collection:

The scrotums of the rats were carefully
dissected and testes were carefully removed.
Each testis was separated from the epididymis
and was weighed. With a clean mortar and
pestle a 10% tissue homogenate was prepared
using normal saline as solvent. The
homogenate was then transferred into a plain
sample bottle for each animal and centrifuged.
The centrifugation was done at 4000 rpm for
five (5) minutes. The supernatant from the
centrifuged homogenate was then transferred
using a micropipette into a clean plain bottle

and refrigerated.

Measurement of Testosterone:

Testosterone was assayed for by Enzyme-
Linked Immunosorbent Assay (ELISA) using
Calbiotech’s testosterone ELISA kit. The
procedures for the assay as contained in the
manufacturer's manual were strictly followed
[39]. The absorbance was read on ELISA
Reader for each well at 450nm within 15

minutes after adding the stop solution.
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Measurement of Luteinizing Hormone:

Luteinizing Hormone was assayed for by
Enzyme-Linked Immunosorbent Assay (ELISA)
using Calbiotech’s Luteinizing Hormone ELISA
kit. The procedures for the assay as contained
in the manufacturer's manual were strictly
followed [40]. The absorbance was read with
ELISA Reader for each well at 450nm within 15

minutes after adding the stop solution.

Malondialdehyde (MDA):

The level of Malondialdehyde (MDA) was
determined indirectly as thiobarbituric acid
reactive substances (TBARS) according to the
thiobarbitutric acid reaction of Uchiyama and
Mihara [41].

Catalase:

The assay buffer, colorimetric assay substrate
solution, and color reagent were allowed to
equilibrate to room temperature. 25l of sample
and 75yl of assay Buffer was added to a test
tube. The reaction was started by adding 25l
of the colorimetric assay substrate solution to
the test tube. The solution was mixed by
inversion and incubated for 15 minutes. 825l
of stop solution was added and mixed. An
aliquot of 10ul of the mixture is added to
another test tube to which 1ml of chromogen
reagent added and mixed for at least 15
minutes at room temperature for color

development. 1ml of the resulting solution is

transferred to a cuvette and the absorbance

was measure at 520 nm [42].

Statistical Analysis:

All the data were analyzed using one-way
analysis of variance (ANOVA) and subjected to
Duncan new multiple range post hoc tests. The
results are expressed as Mean + S.E.M using
SPSS software (version 23). Values of p<0.05

were considered statistically significant

RESULTS:

Phytochemical Screening

Qualitative analysis of Aqueous Seed-Extract
of Moringa oleifera (ASMO) shows the
presence of phenols, saponins, tannins,
alkaloids, flavonoids, steroids, terpenoids,

glycosides and proteins.

Body Weight:

There was no significant difference (p<0.05) in
the initial body weight across all groups.
Administration of ASMO caused a significant
increase in body weight (p<0.05) as shown in
Table 1 when compared with the control rats at
the end of the 28-day experiment. In addition,
there was a significant difference (p<0.05) in
mean body weight of the treated rats which

was dose dependent.

Weights of some organs and tissues:
The mean weight of the testes, caput segment
of the epididymis, ventral prostate, seminal

vesicle, penis and vas deferens increased
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significantly (p<0.05) when compared with the
control (Table 2). Likewise, there was a
significant increase in the mean weights of the
liver, adrenal gland, kidney and spleen
(p<0.05), when compared with that of control

(Table 3).

Sperm Analysis:

ASMO significantly increase the spermatic
profile of the male rats (Table 4). The treated
rats had a significant increase (p<0.05) in
sperm  count, sperm  motility, sperm
morphology, sperm viability when compared
with the control rats. The differences were not

dose dependent (Table 4).

Hormone Level:

Table 5 depicts the effect of administration of
two different concentrations of ASMO on serum
testosterone and Luteinizing Hormone (LH)
levels in male Wistar rats. The serum

testosterone level in the treated rats was

significantly higher (p<0.05) when compared
with the control rats (Table 5). However, there
was no significant difference in the testosterone
level between the two groups of treated rats
ASMO decreased serum LH levels significantly
(p<0.05) in the treated rats when compared
with the control (Table 5).

Serum Catalase and Malondialdehyde (MDA)
Levels:

The results of administration of ASMO on the
serum levels of catalase and MDA are shown
in Table 6. ASMO proved to increase the
catalase levels in the treated rats significantly
(p<0.05) when compared with the control rats
(Table 6). On the other hand, lipid peroxidation
was significantly decreased as shown by the
results of MDA level, (Table 6).

The MDA level decrease significantly (p<0.05)
in the treated groups when compared with the

control group.

Table 1: Effect of ASMO on Body Weight of Male Rats

Animal groups Initial body weight Final body weight | Differences in
(9) (9) body weight

Group 1

(Normal saline) 220.0+4.382 224244432 42+0.05

Group 2

(Low dose ASMO) 227.8+5.02 239.0+8.1220 11.2+3.12

Group 3

(High dose ASMO) 232.4+3.262 256.0+16.73b 23.6 £13.47

Key: Means with different alphabets are significantly different (p<0.05) from each other
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Table 2: Effect of ASMO on Reproductive Organs and Tissues of Male Rats

Animal groups Testis Epididymis Prostate (mg) | Seminal Penis Vas deference
(mg) (mg) Vesicle(mg) | (mg) (mg)
Group 1
(Normal saline) 1.27£0.032 0.40+0.0420 0.25+0.012 0.28+0.022 | 0.28+0.012 | 0.22+0.012
Group 2
(Low dose ASMO) 1.48+0.05° 0.53+0.04> 1.480.04° 0.61£0.02 | 0.384£0.02° | 0.26+0.0320
Group 3
(High dose ASMO) 1.50+0.06° 0.77£0.10¢ 0.56+0.03° 0.6940.05¢ | 0.48+0.02¢ | 0.33£0.01>
Key: Means with different alphabets are significantly different (p<0.05) from each other
Table 3: Effect of ASMO on some Vital Organs of Male Rats
Animal groups Liver Adrenal gland Kidney Spleen
(%) (%) (%) (%)
Group 1
(Normal saline) 3.41£0.012 0.077+0.001a 0.30£0.012 0.324£0.012
Group 2
(Low dose ASMO) 3.68+0.0120 0.084+0.0012 0.32+0.012 0.51£0.01be
Group 3
(High dose ASMO) 3.70£0.01a 0.118+0.001® 0.40+0.01° 0.54+0.01¢
Key: Means with different alphabets are significantly different (p<0.05) from each other
Table 4: Effect of ASMO on Spermatic Profile of Male Rats
Animal groups Sperm count | Sperm morphology | Sperm motility Sperm viability
(million) (%) (%) (%)
Group 1
(Normal saline) 50.08+0.972 83.38+0.9920 82.23+0.74bc 81.2814.642
Group 2
(Low dose ASMO) 66.39£0.94¢ 87.83+0.92¢ 83.87+0.97¢ 88.83£1.33°
Group 3
(High dose ASMO) 56.24+0.36° 85.83+0.64zabc 82.230.74bc 85.82+1.14ab

Key: Means with different alphabets are significantly different (p<0.05) from each other.
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Table 5: Effect of ASMO on Serum Testosterone and LH Levels in Male Rats

Animal groups Testosterone Luteinizing hormone
(ng/ml) (ng/ml)
Group 1 (Normal saline) 4.58+0.062 107.84+7.62¢
Group 2 (Low dose ASMO) 5.88+0.540 70.39+4.950
Group 3 (High dose ASMO) 5.20+0.29° 28.23+3.642

Key: Means with different alphabets are significantly different (p<0.05) from each other

Table 6: Effect of ASMO on Serum Catalase and MDA Levels in Male Rats

Animal groups Malondialdehyde Catalase
(U/mg Protein) (U/mg Protein)
Group 1 (Normal saline) 0.82+0.07bc 2600.44+390.92b
Group 2 (Low dose ASMO) 0.62+0.01ab 3358.39+518.77bc
Group 3 (High dose ASMO) 0.42+0.01a 3495.08+389.29¢

Key: Means with different alphabets are significantly different (p<0.05) from each other

DISCUSSION:
Phytochemical screening of the plant shows
that the aqueous seed extract of ASMO
contains various constituents, which can be
responsible for its androgenic effects. Some of
these compounds include steroids, terpenoids,
proteins,  glycosides,

alkaloids,  tannins,

flavonoids, and saponins. It has been
documented from studies that medicinal plants
with fertility potentiating effects often contain
high amount of these compounds [43-43].

Physiologically, an increase in steroids causes
pan-systemic anabolism that resulted in growth

and development [46]. The significant increase

in the weight of vital organs, reproductive
organs as well as body weight may be due to
androgenesis caused by phytochemicals in
ASMO. This agrees with the work of Varsha et
al. [47]. The significant increase in sperm
motility, sperm count and sperm morphology
and sperm viability in the epididymis of low
dose ASMO treated rats which was decreased
when compared with high dose ASMO treated
rats clearly indicates that it has positive effect
on spermatogenesis in rats at low doses, and
that it could decrease the quality of
spermatozoa at high doses [48]. This might be

as a result of the presence of alkaloids which
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was more prevalent at dose 500 mg/kg body
weight and further gave an impact on
spermatogenesis process. Alkaloid compound
can suppress the secretion of male
reproductive hormone (testosterone) so that it
will inhibit spermatogenesis process [49,50].
Moreover, treatment dose of 500 mg/kg body
weight decreased spermatozoa morphology
significantly when compared with control and
200mg/kg body weight. This may be caused by
the tannin compounds of ASMO which were
higher in 500mg/kg body weight. The tannin
content in ASMO at treatment doses of
200mg/kg body weight did not affect the
percentage of spermatozoa morphology
compared to the control. High tannin content in
the treatment doses of 500 mg/kg body weight
impacted the binding of protein and ions in the
spermatozoa membrane so that the tyrosine
enzyme and phosphorylation process in the
spermatozoa membrane were disrupted and
eventually  resulted in  morphological

abnormalities of spermatozoa [51].

Reactive oxygen species (ROS) and free
radicals are produced in organs of high
metabolic activities like the testis, which results
in depletion of the antioxidant capacity of
spermatozoa, seminal plasma, and testis
causing oxidative stress [52,53].

Oxidative stress damages spermatozoa
membrane, sertoli cells and leydig cells by lipid
peroxidation and molecular damage. Thus, it is

a facilitator of sperm cells dysfunction, low

testosterone and ultimately infertility [54].

Catalase is one of the important enzymes in
the enzymatic antioxidant defense system. It
reduces hydrogen peroxide to water and
oxygen thus, diminishing the toxic effect
caused by the formation of free radical.

The significant increase in the level of the
activity of catalase (CAT) following treatment
with ASMO is in consonance with previous
studies [55-57], reporting antioxidant effects of
ASMO. This increase may be as a result of
increase in the synthesis of antioxidant
molecules or reduced oxidative load due to the
presence of different antioxidant compounds in
the plant. Similarly, the decrease in MDA
(biomarker of lipid peroxidation) in rats treated
with  ASMO clearly revealed anti-lipid
peroxidative effect of the plant. This is also in
agreement with previous studies documenting
anti — lipid peroxidative effect of M. oleifera
[58,59]. The decreased level of MDA in ASMO
treated rats may be due to the presence of the
antioxidant  compounds like  flavonoids,
phenols, terpenoids reported in this study.
Furthermore, antioxidant and anti - lipid
peroxidative effects of this plant may also
explains the significant increase in the
spermatic parameters at low dose (200mg/kg
body weight). These findings suggest that
ASMO at low doses boost fertility by increasing
the antioxidant level similar to findings by
Suaskara et al. [48] and Jamalan et al. [60].

Testosterone is the primary male sex hormone.
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It plays a key role in growth of reproductive
tissues as well as spermatogenesis, libido,
growth of muscle and bone mass [61]. The
increase (p<0.05) in the testicular testosterone
level recorded in this study may also be
connected to its phytoconstituents (flavonoids,
saponins, terpenoids and alkaloids). This
finding agrees with the works of Gan [15],
Dafaalla et al. [29], Zade et al. [30], Cele et al.
[44], Ghosh et al. [62] and Hassan et al. [63]
who documented that phytochemicals like
alkaloids, flavonoids and saponins play a role
in adrogenesis.

The anterior pituitary gland  secretes
gonadotropins (LH and FSH) which act on the
testis to produce testosterone. Physiologically,
increased testosterone level inhibits LH
production in a negative feedback mechanism.
This may explain the significant reduction in LH
level in this study. The reduction in the LH level
may also be due to the phytochemicals present
in the plant extract, because study [64] have
shown that some phytochemicals mimic the
negative feedback effect of LH on
hypothalamus. This in turn inhibits the
secretion of hypothalamic  gonadotropin
releasing hormone, thereby decreasing the
level of endogenous LH secretion by pituitary

gonadotropes as seen in this study.

CONCLUSION:
In conclusion, ASMO increase sperm
parameters (at treatment dose 200mg/kg),

testosterone, and anti-oxidant capacity of

experimental rats. This partly validates the
traditional use of Moringa oleifera seed herbal
preparation in the management of male
infertility. However, treatment dose of 500
mg/kg body weight significantly reduced the
sperm parameters; it proved that the higher
doses of ASMO decreased the sperm

parameters.

Acknowledgement
We duly acknowledge the technical assistance
rendered by Mrs Funmilola Olawale-Bello in the

course of this research.

REFERENCES:

1. Rutstein SO, Shah [H. Infecundity,
infertility, and childlessness in developing
countries. ORC Macro, MEASURE DHS.
2004,

2. Boivin J, Bunting L, Collins JA, Nygren
KG. International estimates of infertility
prevalence  and treatment-seeking:
potential need and demand for infertility
medical care. Human reproduction. 2007,
22:1506-1512.

3. Mascarenhas MN, Flaxman SR, Boerma
T, Vanderpoel S, Stevens GA. National,
regional, and global trends in infertility
prevalence since 1990: a systematic
analysis of 277 health surveys. PLoS
medicine. 2012, 9: e1001356.

4. Araoye MO. Epidemiology of infertility:
social problems of the infertile couples.
West African journal of medicine. 2003,
22(2): 190-196.

5. Abarikwu SO. Anti-inflammatory effects of
kolaviron modulate the expressions of
inflammatory  marker genes, inhibit
transcription factors ERK1/2, p-JNK, NF-
kB, and activate Akt expressions in the
93RS2 Sertoli cell lines. Molecular and
cellular biochemistry.2015,401(1):197-208.

90



Pacific Journal of Medical Sciences, Vol. 22, No. 2, February 2022

ISSN: 2072 — 1625

10.

1.

12.

13.

14.

15.

Yang W, Shen N, Ye DQ, Liu Q, Zhang Y,
Xi X. Genome — wide association study in
Asian populations identifies variants in
ETSI and WDFY associated with systemic
lupus erythematosus. PLoS Genet. 2010,
6:€100084.

Katz DJ, Teloken P, Shoshany O. Male
infertility-the other side of the equation.
Australian family physician. 2017, 46: 641—
646.

Rajfer J. Decreased testosterone in the
aging male. Reviews in Urology. 2003,
5:1-2.

Stanworth RD, Jones TH. Testosterone for
the aging male; current evidence and
recommended practice. Clinical
Interventions in Aging. 2008, 3:25-44.
Cunningham GR, Stephens-Shields AJ,
Rosen RC, Wang C, Ellenberg SS,
Matsumoto AM, Bhasin S, Molitch ME,
Farrar JT, Cella D. Association of sex
hormones with sexual function, vitality, and
physical function of symptomatic older
men with low testosterone levels at
baseline in the testosterone trials. The
Journal of Clinical Endocrinology &
Metabolism. 2015, 100:1146-1155.
Mcbride JA, li CCC, Coward RM.
Testosterone deficiency in the aging male.
Therapeutic Advances in Urology. 2016,
8:47-60.

Check J. Treatment of Male Infertility. Clin
Exp Obstet Gynecol. 2007, 34:6-201.
Gunnels TA, Bloomer RJ. Increasing
Circulating Testosterone: Impact of Herbal
Dietary Supplements. Journal of Plant
Biochemistry & Physiology. 2014, 2: 2-3.
Prabsattroo T, Wattanathorn J, lamsaard
S, Somsapt P, Sritragool O, Thukhummee
W,  Muchimapura S. Moringa oleifera
extract enhances sexual performance in
stressed rats. Journal of Zhejiang
University: Science B. 2015, 16: 179-190.
Gan J. Correlations between Antioxidant
Activity and Alkaloids and Phenols of
Maca (Lepidium meyenii). Journal of Food
Quality. 2017, 19.

16.

17.

18.

19.

20.

21.

22.

23.

Khalafalla MM, Abdellatef E, Dafalla HM,
Nassrallah AA, Aboul-Enein KM, Lightfoot
DA, El-Deeb FE, EI-Shemy HA. Active
principle from Moringa oleifera Lam leaves
effective against two leukemias and a
hepatocarcinoma.  African  Journal ~ of
Biotechnology. 2010, 9: 8467-8471.
Ramesh KS, lyyakkannu S, Young - Soo
K. Phytochemicals of Moringa oleifera: a
review of their nutritional, therapeutic and
industrial  significance.  Biotechnology.
2016, 6: 203.

Fagbohun AA, Afolayan M, Ikokoh P,
Olajde O, Adebiyi A, Fatokun O,
Ayesanmi A, Orishadipe A. Isolation and
characterization ~studies of Moringa
oleifera root starch as a potential
pharmaceutical and industrial biomaterial.
Int. J. Chem. Appl. 2013, 5: 117-126.
Verma AR, Vijayakumar M, Mathela CS,
Rao CV. In vitro and in vivo antioxidant
properties of different fractions of Moringa
oleifera leaves. Food and Chemical
Toxicology. 2009, 47: 2196-2201.

Faye B, Bucheton B, Bafiuls AL, Senghor
MW, Niang AA, Diedhiou S, Konaté O,
Dione MM, Hide M, Mellu S.
Seroprevalence of Leishmania infantum in
a rural area of Senegal: analysis of risk
factors involved in transmission to
humans. Transactions of the Royal Society
of Tropical Medicine and Hygiene. 2011,
105:333-340.

Waterman C, Rojas-Silva P, Tumer TB,
Kuhn P, Richard AJ, Wicks S, Stephens
JM, Wang Z, Mynatt R, Cefalu W.
Isothiocyanate-rich ~ Moringa  oleifera
extract reduces weight gain, insulin
resistance, and hepatic gluconeogenesis
in mice. Molecular nutrition & food
research. 2015, 59: 1013-1024.

0a 0, Jo O, Os F, NI'N, Faluyi B, Carson
B. Moringa Plant Parts Consumption Had
Effects on Reproductive Functions in Male
And Female Rat Models. IOSR J of Dental
and Medical Sciences. 2017, 16: 82-86.
Zeng B, Xi Q, Luo J, Wang P, Yang L,
Chen T, Su J, Xie M, Li M, Zhang H, He J,

91



Pacific Journal of Medical Sciences, Vol. 22, No. 2, February 2022

ISSN: 2072 — 1625

24.

25.

26.

27.

28.

29.

30.

31.

Zhang Y. The beneficial effects of Moringa
oleifera leaf on reproductive performance
in mice. Food Sci Nutr. 2019, 7: 738-746.
Uchenna EF, Steve AC. Effect of Moringa
Oleifera  (horseradish) Seed on the
Reproductive System of Male Wistar
Albino Rats. International J of Research
Studies in Biosciences. 2017, 5: 22-27.
Obembe OO, Raji Y. Effects of aqueous
extract of Moringa oleifera seed on
cadmium-induced reproductive toxicity in
male Wistar rats. African Health Sciences.
2018, 18: 653-663.

Ponnaiah J, Tagore JK. Medicinal Plants
Used for Fertility and Menstrual Disorders
by the Women Belonging to the Nilgiris
Tribe  Community of Southern India.
International Journal of Scientific Research
and Reviews. 2018, 7: 601-608.

Fitri A, Tamura H. The Potential Use of
Secondary Metabolites in Moringa oleifera
as an Antioxidant Source the Potential Use
of Secondary Metabolites in Moringa
oleifera. Media Peternakan. 2015, 38:
169-175.

Cajuday LA, Pocsidio GL. Effects of
Moringa oleifera Lam. (Moringaceae) on
the reproduction of male mice (Mus
musculus). Journal of Medicinal Plants
Research. 2010, 4: 1115-1121.

Dafaalla MM, Wahab HA, Idris OF,
Abdoun S, Allah Modawe G, Kabbashi
AS. Effect of ethanol extract of Moringa
oleifera leaves on fertility hormone and
sperm quality of male Albino rats. World
Journal of Pharmaceutical Research.
2016, 5: 1-11.

Zade VS, Dabhadkar DK, Thakare VG,
Pare SR. Effect of Aqueous Extract of
Moringa oleifera Seed on Sexual Activity
of Male Albino Rats. Biological Forum — An
International Journal. 2013, 5: 129-140.

El — Kholy KH, Barakat SA, Morsy WA,
Abdel — Maboud K, Seif — Elnaser MI,
Ghazal MN. Effect of Aqueous Extract of
Moringa oleifera Leaves on some
production performance and Microbial
Ecology of the Gastrointestinal Tract in

32.

33.

34.

35.

36.

37.

38.

39.

40.

Growing Rabbits. Pakistan Journal of
Nutrition. 2018, 17: 1-7

Khadabadi SS, Deore BSL. Preliminary
Chemical Evaluation. In: Pharmacognosy
and  Phytochemistry: Experimental
phytopharmacognosy a comprehensive
guide. Mumbai:Nirali Prakashan.2014,1-9.
Yokoi K, Mayi ZK. Organ apoptosis with
cytotoxic drugs. Toxicology. 2004, 290:
78-85.

Oyewopo AO, Saalu LC, Osinubi AA,
Imosemi 10, Omotoso GO, Adefolaju GA.
The attenuating effect of Zinc on Propoxur
induced  oxidative stress, impaired
spermatogenesis and deranged
steroidogenesis in wistar rat. J of Medicine
and Medical Sciences. 2010, 15: 178-184

Sonmez M, Tirk G, Yiice A. The effect of
ascorbic acid supplementation on sperm
quality, lipid peroxidation and testosterone
levels of male Wistar rats. Theriogenology.
2005, 63: 2063-2072.

Raji Y, Udoh US, Mewoyeka OO, Ononye
FC, Bolarinwa AF. Implication of
reproductive endocrine malfunction in
male antifertility efficacy of Azadrachta
indica extract in rats. African Journal of
Medical Sciences. 2003, 32: 159-165

Kisa U, Bacsar MM, Ferhat M, Yilmaz E,
Bacsar H, Cauglayan O, Batislam E.
Testicular  tissue nitic  oxide and
thiobarbituric acid reactive substance
levels: evaluation with respect to the
pathogenesis of varicocele. Urological
research. 2004, 32: 196-199.

Atessahin Al, Karahan G, Turk S, Yilmaz
S, Ceribasi AO. Protective role of lycopene
on cisplatin induced changes in sperm
characteristics, teficular damage and
oxidative stress in rats. Reprod. Toxicol.
2006, 21: 42-47.

Chen A, Bookstein JJ, Meldrum DR.
Diagnosis of a testosterone - secreting
adrenal adenoma by selective venous
catherization. Fertility Sterility. 1991, 55:
1202-1203.

Morimoto K, Inuoye KA. Sensitive enzyme
immunoassay of human thyroid stimulating

92



Pacific Journal of Medical Sciences, Vol. 22, No. 2, February 2022

ISSN: 2072 — 1625

41.

42.

43.

44,

45.

46.

47.

48.

hormone (LH) using bispecific fragments
recognizing polymerized alkaline
phosphatase and Lutenizing hormone.
Journal immunology methods. 1997,
205(1):81-90

Uchiyama M, Mihara, M. Determination of
malonaldehyde precursor in tissues by
thiobarbituric ~ acid  test.  Analytical
biochemistry. 1978, 86: 271-278.

Fosatti P, Prencipe L, Berti G. Use of 3,5-
Dichloro-2-Hydroxybenzenesulfonic
Acid/4-Aminophenazone ~ Chromogenic
system in Direct Enzymatic Assay of Uric
Acid in  Serum and Urine.Clinical
Chemistry. 1980, 26: 227-23

Gakunga NJ, Kamatenesi M, David O,
Paul W. Effects of crude aqueous leaf
extract of Citropsis articulate and
Mystroxylon aethiopicum on sex hormone
level in male Albino rats. Int. J. of Pharm
Science Invention. 2014, 3(11). 2319-
6718.

Cele ND, Nonhlakanipho FS, Rebamang
AM, Dambudzo P, Geraldine GL,
Moganavelli S, Godfrey EZ, Andy RO.
Testicular dysfunction Ameliorative effect
of the methanolic roots extracts of
Maytenus  procumbens and  Ozora
paniculosa.EvidenceBasedComplementar
y and Alt. Med. 2017, 8204816.

Yang Y, Islam MS, Wang J, Li Y, Chen X.
Traditional Chinese Medicine in the
Treatment of Patients infected with 2019-
New Coronavirus (SARS-CoV-2Cov-2): A
Review and Perspective. Int. J. Biol. Sci.
2020, 16(10): 1708.

Powers M, Houglum J, Harrelson GL.
Performance Enhancing Drugs. Principles
of Pharmacology for Athletic Trainers (2nd
ed.). 2011, 345: 978(1) 55642-901

Varsha SD, Dinesh KD, Vaibhao GT,
Shital RP. Effect of Aqueous Extract of
Moringa oleifera Seed on Sexual Activity
of Male Albino Rats. Biological Forum.
2013, 5(1): 129-140

Suaskara IBM, Joni M, and Setyawati I.
Spermatozoa Quality of Young Male White
Rat after Treated with Moringa oleifera

49.

50.

51.

52.

33.

54.

95.

6.

57.

58.

Leaf Extract. Earth and Environmental
Science. 2019, 347: 012038

Susetyarini. Effect of Alkaloid on male
reproductive hormone. GAMMA V. 2013,
(1) 21-7.

Musa TY. Effect of a 60-Day Oral Gavage
of a Crude Alkaloid Extract from
Chromolaena  odorata  Leaves on
Hormonal and Spermatogenesis Indices of
Male Rats. J of Andrology. 2012, 33: 6
Sari, Puspita |, Rahayu S and Rizal DM.
Trad. Med. J. 2013, 18(1) 59-66

Lam DA, Miron JA. Global patterns of
seasonal variation inhuman fertility. Ann
NY Acad Sci. 1996, 709: 9-28.

Afolabi OA, Aderoju AH, Alagbonsi Al.
Effect of methanolic extract of Moringa
oleifera leaves on semen and biochemical
parameters in cryptorchid rats. Afr. J.
Tradit Complement Altern Med. 2013,
10(5): 230-235.

Aitken RJ, Clarkson JS. Cellular basis of
defective sperm  function and its
association with the genesis of reactive
oxygen species by human spermatozoa. J.
Repro. Fertil. 1987, 81: 459-469.

Das N, Gangulin D, Sanjit D. Moringa
oleifera seed extract prevents fat diet
induced oxidative stress in mice and
protects liver cell — nuclei from hydroxyl
radical mediated damage. Indian J. Exp.
Biol. 2015, 53(12): 794-802.

ljaz A, ljaz J, Bilal A, Junaid AK, Tanweer
K, Zia = ur R, Muhammed ZK, Zahid |,
Muhammad AN, Muhammad MA.
Nephroprotective and antioxidant effect of
Moringa oleifera in paracetamol induced
Nephrotoxic albino rabbits. Pakistan
Veterinary J. 2016, 2074-7764.

Owoade AO, Adetutu A, Aborisade AB.
Protective effects of Moringa oleifera
leaves against oxidative stress in diabetic
rats. World Journal of Pharm. Sci. 2017,

5(11): 64-71.
Santhi R, Kalaiseivi K, Annapoorani SA.
Anti - lipid peroxidative activities of

Cynodon dactylon and Moringa oleifera

93



Pacific Journal of Medical Sciences, Vol. 22, No. 2, February 2022

ISSN: 2072 — 1625

59.

60.

61.

against ELA induced mice.
Pharmacologyonline. 2009, 3: 544-549.
Olatosin TM, Ogunbiyi OJ, Mustapha AM
and Apata JT. Hypolipidemic effect of
Moringa oleifera seed oil on high fat diet
induced hyperlipidemia in liver and heart of
Albino rats. Mintage Journal  of
Pharmaceeutical and Medical Sciences
2017, 7(1): 2320 - 3315.

Jamalan M, Ghaffari MA, Hoseinzadeh P,
Hashemitabar M, Zeinali M. Human sperm
quality and metal toxicants: protective
effects of some flavonoids on male
reproductive function. International J of
Fertility and Sterility. 2016, 10(2): 215-222
Haynes WM. CRC Handbook of Chemistry
and Physics. CRC Press, 92nd ed., 2011,
3-304.

62.

63.

64.

Ghosh S, Derte A, Ahire M, More P,
Jaytap S, Phadatare DS, Patit BA,
Jabgunde MA. Phytochemical analysis
and free radical scavenging activity of
medicinal plants Gnidia glauca and
Dioscorea bulbifera. PLoS one. 2013,
8(12): €82529.

Hassan HS, Sule MJ, Musa AM, Musa KY,
Abubakar MS, Hassan AS. Anti -
inflammatory activity of crude saponin
extracts from five Nigerian medicinal
plants. Afr. J. Tradit Complement Altern.
2012, 9(2): 250 — 255.

Ang - Lee MK, Moss J, Chung — Sing Y.
Herbal medicine and perioperative care.
The Journal of the American Medical
Association. 2001, 286(2): 208-16

94



