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Abstract

BACKGROUND AND AIM: Infertility has become an ever-present growing reproductive concern worldwide, with
male factors evading required scrutiny due to entrenched cultural beliefs, in lieu of scientific proofs. Though
researchers’ contribution is palpable, there is still persistent need for more study in this area. This study aimed to
evaluate the effects of Vernonia ambigua on testicular histology, selected semen profiles and serum oxidative
stress biomarkers of Wistar rats

METHODOLOGY: Twenty rats weighing 200-220g were grouped into four. Each group had five rats. Group A
received feed and water. Groups B, C and D received 100mg/kg body weight, 200 mg/kg body weight and 400
mg/kg body weight of Vernonia ambigua respectively for 2 weeks. On the 15th day, blood (serum) samples were
collected for oxidative stress biomarkers estimation. Histology of the testis and semen parameters were
examined. One way Analysis of Variance in Statistical Package for Social Science was used for data analysis with
significance difference set at P < 0.05.

RESULTS: Mild testicular distortion was observed in group D. The levels of glutathione, catalase, superoxide
dismutase and malondialdehyde in groups B, C and D showed no significant difference when compared to levels
of the variables in group A. The same outcome was observed in the comparison of sperm viability, morphology
and count of groups B, C and D to group A.

CONCLUSION: Vernonia ambigua at lower dose, shows promising antioxidant and reproductive effects especially
when sperm viability is preferred to sperm count.
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INTRODUCTION

no clear etiological factor can be identified
(Ghuman and Ramalingam, 2018).

Accumulating evidence indicates increasing

prevalence of human infertility over the past

decades (Ayad et al., 2022). Infertility, one of the
most complex disorders of the reproductive
system, is defined as the inability to conceive after
one year or more of regular unprotected sexual
intercourse (Barrera et al., 2022). Globally,
infertility affects approximately 15% of couples of
reproductive ages (Assidi, 2022). Studies indicate
that male factors alone account for approximately
20-30% of infertility cases and roughly half of all
infertility cases are attributed to male factors (Diaz
et al., 2022). Despite significant advancements in
the diagnosis and treatment of male infertility,
nearly half of these cases remain idiopathic, meaning

In recent years, concerns have been raised about
the increasing rates of male infertility, reflecting
aglobal decline in semen quality and a rise in male
reproductive abnormalities (Famurewa et al,
2023; Okafor et al., 2021; Irozuoke et al., 2024).
Although the particular reason for the increased
incidence of male infertility remains elusive,
various environmental, nutritional and
socioeconomic factors have been suggested to
contribute to the downward trend
quality (Skoracka et al., 2020; Balawender and
Orkisz, 2020). Furthermore, common
complications including obesity, dyslipidaemia,

in semen
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hypertension, insulin resistance as well as psychological stress
and anxiety have also been associated with impaired fertility in
males of reproductive potential (Leisegang and Dutt, 2021;
Esomchi et al., 2023). The link between these comorbidities and
male infertility appears to be complicated and poorly understood.
However, there is research-based evidence demonstrating that
oxidative damage is one of the fundamental mechanisms involved
in the etiopathogenesis of these illnesses (Ojo et al., 2023).
Concurrently, the critical role of oxidative stress (OS) in the
development of male reproductive dysfunction has continued to
gain a great deal of attention (Martin-Hidalgo et al., 2019; Martins
da Silva and Anderson, 2022).

Reactive oxygen species (ROS) at physiological levels are essential
for male fertility, particularly in processes like acrosome reaction
and capacitation. However, spermatozoa, with their limited
antioxidant capacity and cell membranes rich in polyunsaturated
fatty acids (PUFAs), are highly susceptible to oxidative damage
(Khophloiklang et al.,, 2024). Under certain pathological
conditions, ROS can be converted into highly reactive agents,
causing dysregulation of various cellular signalling pathways and
extensive damage to multiple biomolecules including nucleic
acids, proteins, and lipids. The subsequent series of adverse
events include loss of membrane integrity, mitochondrial
dysfunction, impaired sperm motility as well as DNA damage and
apoptosis (Akhigbe et al., 2024; Ritchie and Ko, 2021). To mitigate
the effects of elevated ROS, various therapeutic approaches have
explored both synthetic and natural antioxidants (Ovie et al.,
2023). Examples of these natural antioxidants include Citrus
aurantifolia (Akunna et al., 2020), Cucumeropsis mannii (Agu et
al., 2022), Cocos nucifera (Nwafor et al., 2021), Loranthus
micranthus (Ebokaiwe et al.,, 2018), Syzygium aromaticum
(Uchewa et al., 2023), Vernonia amygdalina (Nweke et al., 2022)
and a host of others have shown promise in reducing oxidative
damage.

On the other hand, Vernonia ambigua has been reported to be
consumed in various parts of the world and used to treat various
ailments (Aliyu et al., 2015). Nonetheless, its effects on different
parameters especially on fertility enhancement and oxidative
stress remain poor, hence, the need for this study.

MATERIALS AND METHODS
Plants Collection and Identification and Extraction

A sample of the fresh plants of V. ambigua with their flowers and
roots intact was collected locally from Ochudo City, Abakaliki Local
Government Area, Ebonyi State, Nigeria for identification — a
process that was conducted by a taxonomist in the Applied
Biology Department of Ebonyi State University. The voucher
(herbarium) number assigned to the plant was EBSU-H-1100. A
large portion of the plants was obtained after the identification.
This is followed by the defoliation as well as drying of the leaves
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atroom temperature. The dried leaves were carefully grinded into
a powder and weighed (190g) and subsequently stored in an air
tight container.

Absolute alcohol manufactured by Gunsgdong Guandgua
Chemical Factory Co. Ltd {CAS(7778-80-
5)M.P.1069*cB.P.1689*D2.66; Lot number 20100408} was mixed
with the powdered leaves in the ratio of 1:5 (1 gramme of V.
ambigua with 5 ml of the absolute alcohol) in an air-tight
container. The mixture was stirred every 6 hours, left tightly
covered with lid of the container and kept in a room temperature
for 3 days. After the 3 days, double folded sieve cloth with fine
pores and two Whatman filter paper No 1 were used for the
filtration of the mixture with the former being the first and the
later serving in the second filtration procedure. To concentrate
the resultant ethanol containing filtrate, the filtrate was placed in
water bath set at a temperature of 40°2C to facilitate the
evaporation of the ethanol. A sticky texture of the extract was
obtained. An electronic weighing balance was used to determine
the weight of the army colour sticky ethanol extract of V. ambigua
which weighed 21.6 g. Stock solution of the extract for this study
was constituted in accordance with the procedure stated in the
Organisation of Economic Cooperation and Development (OECD)
adopted in 16™ October 2008 and Corrected in 30™ June 2022
(OECD, 2022) and refrigerated to maintain its efficacy.

Ethical Consideration

This study followed the stipulated guideline provided in Guide for
the Care and Use of Experimental Animals-Eighth Edition (National
Research Council, 2011) which was approved by the Faculty of
Basic Medical Sciences (FBMS) Research and Ethics Committee of
Ebonyi State University, Abakaliki, Ebonyi State, Nigeria with an
ethical approval number (EBSU/FBMS/REC/2019/08/009)
assigned.

Experimental Procedure

Twenty (20) male rats with a weight range of 200-220g were
procured from the Animal Research Facility of the FBMS, Ebonyi
State University. The animals were kept in a well-ventilated cage
and left to acclimatize for two (2) weeks at room temperature
(12:12h light/dark cycle) with free access to feed and water.

Prior to the inception for the administration of extract, the
animals were grouped into A, B, C and D each containing five (5)
male Wistar rats. Groups A continued to received feed and water.
In addition to receiving feed and water, groups B, C and D were
administered 100mg/kg body weight, 200mg/kg body weight and
400mg/kg body weight of V. ambigua respectively once daily for
fourteen (14) days with the aid of orogastric tube connected to
the end of a 2ml syringe. The choice of the dosage in this study
was based on the reported lethal dose of more than 5000 mg/kg
body weight of V. ambigua which was authenticated by Builders
et al., (2011). On day 15, the animals in all the groups were
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sacrificed by cervical dislocation and the testes were removed and
fixed in 10% formol saline for routine histological procedure.
Blood samples were also extracted from by ocular puncture for
laboratory estimation of the oxidative stress biomarkers. For the
semen analysis, the epididymal sperm preparation and sperm
count was based the method used by Yokoi and Mayi (2004) while
motility and sperm morphology were conducted following World
Health Organisation, (1999) and Perreault and Cancel (2001)
procedures respectively. Sperm viability was obtained by the
summation of progressively motile sperms and sluggishly motile
sperms which were all expressed in percentages (%).

Procedures for Determination of the Selected Oxidative Stress
Biomarkers

Reduced glutathione (GSH) was measured based on the
procedure of Beutler et al. (1963). Superoxide dismutase was
measured in compliance with the method of Nishikimi et al.
(1972). In the estimation of Catalase and malondialdehyde the
methods of Aebi (1984) and Gutteridge JM, Wilkins (1982) were
adopted respectively.

Data Analysis

The data obtained from this study was entered into International
Business Machine Statistical Package for Social Science (IBMSPSS)
version 25. One way Analysis of Variance in the IBMSPSS was used
for the analysis. The results were presented as mean * Standard
Error of Mean (SEM). Further comparison of each of the three
groups (B, C and D) in this study to the control group (group A)
was conducted using Tukey Post Hoc Test. The significance level
was set at P < 0.05.

RESULTS
Effects of Vernonia ambigua on Serum Oxidative Stress Biomarkers

Table 1 shows the mean values of Glutathione (GSH),
Malonialdehyde (MDA), Superoxide Dismutase (SOD), and
Catalase (CAT) across Group A and experimental groups B, C, and
D. GSH levels though higher in groups B (78.08+7.80), C
(92.83+21.04) and D (92.14+23.94) were not significantly
difference when compared to GSH levels in Group A (59.1848.75).
The lower MDA levels in B (1.14+0.16), C (1.25+0.12) and D
(1.4040.12) showed no significant difference when compared to
MDA levels in Group A (1.60+0.16). The levels of SOD in groups A,
B, C and D showed almost similar mean values across groups with
the comparison of the SOD level in groups B (11.20+0.02), C
(11.17+40.0), and D (10.65+0.53) to group A showing no significant
difference. However, CAT depicted no significant difference in the
comparison of its higher levels observed in B (8.51+2.72), C
(6.12+2.97), and D (6.46%0.39) to Group A (3.78+1.71).
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Effects of V. ambigua on Semen Analysis

Table 2 shows the mean values of sperm viability, morphological
anomaly, and sperm count of the Wistar rats in groups B, C, D and
A. The results from table 2 further indicated no significant
difference in the sperm viability when groups B (77.50%4.33), C
(63.75%£7.18), and D (70.00%+4.08) was compared to Group A
(75.00£2.89). The comparison of morphological anomaly of sperm
in groups B (17.75+42.02), C (15.25+1.75), and D (14.75+2.17) to
Group A (10.2540.85) showed no significant difference as well the
comparison of sperm counts in groups B (31.25+3.79), C
(43.5016.20), and D (37.00+7.01) to Group A (36.00+1.96).

Histopathological Evaluation of Testes Following Administration of
V. ambigua

Group A presented normal testicular structure of seminiferous
tubules (ST) within which are found spermatogonia (SG),
clustering spermatozoa (CSZ) in the lumen of the ST, germinal
epithelium (GE) containing the sustentacular cells or Sertoli cells
(SC) and developing spermatocytes. Photomicrograph of the
section of the testis from group B also showed CSZ within the
lumen of the ST. Normal morphology of the SG and inherent intact
nature of the germinal epithelium (GE) {with its SC and developing
spermatocytes} were observed. In group C, increased number of
spermatogonia cells within the basal compartment (parts of the
ST below the connecting junctions between two adjacent SCs) of
ST and GE were observed in addition to mild loss of compactness
of the components of GE. Furthermore, group D also showed a
photomicrograph displaying presence of mild distortion of
inherent intact appearance of the GE (DIGE).

Table 1: Showing Mean Values of Serum Oxidative Biomarkers

GSH (mg/dl) MDA (mg/dl)
Groups Mean+SEM P- Mean £+ SEM  P-values
values
A 59.18+8.75 1.60£0.16
B 78.08+7.80 0.83 1.14%0.16 0.14
C 92.83421.04 0.46 1.25+0.12 0.33
D 92.14423.94 0.48 1.40£0.12 0.74
SOD (U/mg) CAT (U/mg)
Mean + SEM  P- Mean + SEM  P-values
Groups values
A 11.1940.01 3.78+1.71
B 11.20+0.02 1.00 8.51+2.72 0.42
C 11.17+0.01 1.00 6.12+2.97 0.86
D 10.65+0.53  0.42 6.46+0.39 0.81
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Table 2: Showing the Effects of V. ambigua on Selected Semen Parameters

Groups Viability (%) Morphological anomaly Sperm count (x 105/ml)
Mean +SEM P-values Mean +SEM P-values Mean +SEM P-values
A 75.00£2.89 10.25+0.85 36.00£1.96
B 77.50%4.33 0.98 17.75£2.02 0.05 31.25%£3.79 0.91
C 63.75%£7.18 0.40 15.25+1.75 0.24 43.5016.20 0.74
D 70.00£4.08 0.89 14.75+2.17 0.32 37.00£7.01 1.00

Figure 1: Indicates the photomicrograph of the sections of testis from Groups A, B, C and D. Groups A received feed and water while
Groups B, C and D received 100 mg/kg body weight, 200 mg/kg body weight and 400 mg/kg body weight of V. ambigua respectively.
ST, SG, CSZ, GE, SC and DIGE denotes seminiferous tubules, spermatogonia, clustering spermatozoa, germinal epithelium, sustentacular
cells or Sertoli cells and distortion of inherent intact appearance of the GE respectively. {Haematoxylin and Eosin (H&E); x 400}.
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DISCUSSION

Medicinal plants have been used to prevent and treat various
health problems for many ages (Nowak et al., 2022).
Consequently, there has been a growing interest in exploring
natural products for the prevention and treatment of infertility
(Noh et al., 2020). Furthermore, the prevalence of infertility in
both developing and developed countries has prompted research
into alternative approaches to address fertility issues (Salhi et al.,
2024). Within this framework, natural products such as V.
ambigua have garnered attention as potential interventions, but
there is paucity on the role(s) of V. ambigua in male fertility. In
this current study, the effects of V. ambigua on selected
reproductive indices and oxidative stress parameters of male
Wistar rats were examined.

Oxidative stress is one of the major causes of defective generative
function (Garcia-Sanchez et al., 2020). Oxidative stress arises from
an imbalance between ROS and protective antioxidants and
influences the entire reproductive lifespan of men and women
(Adeoye et al., 2018). Elevated levels of ROS directly damage
sperm DNA and induce apoptosis in sperm (Alturki et al., 2022). In
the male reproductive system, ROS disrupts the integrity of the
sperm DNA and contributes to lipid peroxidation (Ojo et al., 2023).
Our findings indicate that V. ambigua has mixed effects on semen
profiles.

Sperm viability increased at 100 mg/kg body weight of the extract
but decreased at 200 mg/kg body weight and 400 mg/kg body
weight of V. ambigua, though it was of no significant different
when compared to the control group (table 2). This finding seems
to agree to the safety of V. ambigua reported by Builders et al.,
(2011) when they stated the lethal dose of the plant under study
to be more than 5000 mg/kg of body weight. Sperm morphology
examined in this study statistically in the test groups (B, C and D)
shared the same morphological anomaly as the control group
which further reinforce the view that crude ethanol leaf extract of
V. ambigua has a high safety score as stated by Builders et al.,
(2011). These findings also align with previous studies reporting
mixed effects of medicinal plants on semen parameters
(Nejatbakhsh et al., 2016; Boroujeni et al., 2022). Though the
reported  morphological anomaly  detected following
administrations of V. ambigua was of no significant difference
when compared to control group, it is vital to state, particularly in
rural communities where plants like V. ambigua and related
species are commonly consumed (Aliyu et al., 2011), that such
anomaly maybe due to the presence of phytoestrogens in V.
ambigua. These phytoestrogens which are natural compounds are
known to disrupt reproductive function (Canivenc-Lavier and
Bennetau-Pelissero, 2023). Previous studies have reported that
phytoestrogens could be toxic to different organs of the body
(Wanibuchi et al., 2003; Rietjens et al., 2017; Khushboo et al.,
2023) such as the reproductive system thereby reducing fertility
(Csupor-Loffler et al., 2009) though such toxicity was not observed
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in the findings of this study. It could also be possible the
geographical location and time of leaf collection as well as the
procedure of its extraction hinders or drastically reduce the
toxicity of the phytoestrogens.

Moreover, oxidative stress plays a key role in impaired
reproductive function. An increase in oxidative stress and a
reduction in antioxidants are often associated with poor semen
quality (Sengupta et al., 2024). In our study, oxidative stress levels
decreased across the groups as the dose of V. ambigua increased,
while antioxidant levels improved. The extract enhanced the
activity of key antioxidant enzymes, such as catalase (CAT),
superoxide dismutase (SOD), and glutathione (GSH), which are
crucial in neutralizing ROS and lower lipid peroxidation as shown
in the lower levels of malondialdehyde (MDA). These findings are
consistent with previous reports which suggested that medicinal
plants can mitigate oxidative stress and boost antioxidant defense
mechanisms (Uchewa et al., 2020; Akunna et al., 2023; Agbor et
al., 2023).

The antioxidant properties of V. ambigua are likely linked to its
phytochemical constituents, which have been identified as natural
antioxidants. This reduction in oxidative stress was evident in the
photomicrographs, which showed mild distortions in the
testicular histoarchitecture in group C and D. Furthermore, the
observed increase in the number of SGs in group C may be among
the reasons accounting for the upward spike in sperm count but
was not translated into spermatozoa viability (table 2 and
photomicrograph C). This finding (table 2) seems to suggest that
if presence of millions of sperms in an ejaculate is to ensure
fertilization, then preferring viability to increase in sperm count
with less viability is not out place. These results align with other
studies that have demonstrated improvements in histology when
using medicinal plants, though certain measured parameters may
still be negatively impacted (Orieke et al., 2019).

Conclusion: Generally, this study demonstrates that V. ambigua
exhibits dose-dependent effects on the considered male
reproductive indices and oxidative stress biomarkers in Wistar
rats. Specifically, lower dose of V. ambigua seems preferrable
when sperm viability is concluded as a criterion for conception
instead of sperm count and for improved testicular histology. The
antioxidant properties of V. ambigua highlight its potential to
reduce oxidative stress, though careful consideration of dosage is
crucial to ensure safety.
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