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Abstract

Impairment in testicular function can occur through perturbations in testicular oxidative stress markers and histology. Xylopia aethiopica
(XE) is used to enhance fertility in males, but with information gap on its effect on testicular oxidative stress markers and histology. The
present study assessed the effects of ethanolic stem bark extract of Xylopia aethiopica (EEXA) on testicular oxidative stress markers and
histology of male albino rats. Sixty adult male albino rats (200g-250g) were randomly grouped into 4 (A-D) of 15 rats per group. The rats
in the control group A (A1-A3) were administered per oral (p.o) with water (0.2 mL/day) for 15, 30 and 60 days respectively. The rats in
groups B (B1-B3), C(C1-C3) and D (D1-D3) were administered p.o with EEXA (200, 400 and 800 mg/kg/day) for 15, 30 and 60 days
respectively. The rats were anesthetized at the termination of EEXA administration and were dissected and testes removed. The testes
were weighed and evaluated for oxidative stress markers and histology. Testicular weights were decreased in a dose and-time dependent
fashion in EEXA-treated rats. Significant decreases in testicular superoxide dismutase, glutathione, catalase, and glutathione peroxidase
levels with significant increases in malondialdehyde levels in a dose and time-dependent fashion were observed in rats administered with
EEXA. Testicular histology showed cellular necrosis, degeneration and loss of interstitial tissues in rats administered with EEXA. This
study observed that EEXA perturbed testicular oxidative markers and histology. Its use may impair testicular function.
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INTRODUCTION

Infertility is defined as the inability to conceive after 1
year of regular unprotected sexual intercourse (Rowe et
al., 1993). Infertility can be caused by a number of
factors including drugs and exposure to chemical
substances (Slade et al., 2007). One of the proposed
mechanisms by which drugs and chemical substances
cause infertility is through the induction of oxidative
stress via uncontrollable activity of reactive oxygen
species (ROS) (Geng et al., 2015; Alahmar, 2019).
Studies have shown that 40%-88% of infertile patients
have high levels of seminal ROS (Lewis et al., 1995).
Increased ROS can lead to testicular redox imbalance,
reduced sperm quality and increased sperm DNA
damage. Spermatozoa are highly vulnerable to the
deleterious activities of excess ROS because of the
presence of unsaturated fatty acids found in their cell
membranes. The unsaturated fatty acids undergo
oxidation which is detrimental to sperm cell, germ cell
membrane, eventually inducing cell death (Proudfoot,
2007). Excess ROS can also damage biomolecules
(DNA, lipids and proteins) thus, altering the morphology

and functions of the testes (Uzunhisarcikli et al., 2007,
Afolabi et al., 2018).

In traditional medicine, the use of herbal remedies to
treat ailments including infertility is one of the most
important therapeutic approaches used by man (Kashani
et al., 2017). Evidence based herbal remedies can serve
as effective treatments for infertility among males and
females. Herbal remedies produced from special plant
parts are believed to improve reproductive organ
functions, hormonal system, and sex drive (Kashani et
al., 2017). However, the indiscriminate use of herbal
remedies to enhance fertility is becoming worrisome due
to possible adverse effects on reproduction function
(Leke, 2018). Studies using animals have shown
spermatogenesis arrest, impaired gonadal hormone
function, distorted testicular morphology and altered
testicular redox status caused by some herbal products
(Kusemiju et al., 2012).

Xylopia aethiopica (Annonaceae) (XE) is an
aromatic tree that grows up to 15-30 m high. It is native
to lowland rainforest and moist fringe forest in savannah
zones of Africa (Orwa et al., 2009). XE is commonly
used in traditional medicine for the treatment of diseases
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(Ogbonnia et al., 2008). Its bark and leaves are used to
treat boils, sores, wounds and cuts. The stem bark is
used in combination with other medicinal plants as
topical remedy for post-partum breast infections. The
decoction of its fruit is used as treatment for bronchitis,
rheumatism, asthma, and dysenteric conditions. Its fruit
and bark extracts are also used as tonic to facilitate or
stimulate fertility (Burkill, 1985) which has not been
proven scientifically. However, we have shown that the
ethanolic stem back extract of XE decreased sperm
quality and impaired reproductive hormones in male
albino rats (Ehigiator and Adikwu, 2020). This study
further examined the toxicological effects of the
ethanolic stem bark extract of Xylopia aethiopica
(EEXA) on testicular oxidative stress markers and
morphology of male albino rats. This study is imperative
due to the fact that experimentally, anti-fertility effects
of xenobiotics have been associated with perturbations
in testicular oxidative stress markers and histology
(Agarwal et al., 2005)

MATERIALS AND METHODS

Plant material

XE stem bark was sourced from Imo State, Nigeria and
was identified at the Federal Ministry of Environment
and Forestry Research Institute of Nigeria, Benin City,
Edo State. XE stem bark was air dried and powdered
using mortar, pestle and manual grinder. Thereafter,
900g of the powder was macerated in 200mL of ethanol
for 72 hours with intermittent shaking. The resultant
extract was filtered at the end of maceration. The filtrate
was concentrated using a rotary evaporator and the yield
of the extract was used for this study.

Animals

In bred adult male albino rats (200g-250g) were sourced
from the Department of Pharmacology and Toxicology,
Madonna University, Nigeria. The rats were housed in
clean gauze cages with free access to diet and water and
maintained under standard laboratory conditions. The
rats were acclimatized for 2 weeks prior to the
experiment. The study was approved by the Research
Ethics Committee of the Department of Pharmacology
and Toxicology, Madonna University, Nigeria. The rats
were handled according to the recommendations of the
research ethics committee.

Animal grouping and treatment

= Sixty adult male albino rats were randomized into 4
groups (A-D) of 15 rats each. Each group was further
divided into 3 subgroups of 5 rats each.

= Group A which served as control was administered
per oral (p.o) with water (0.2mL/day) for 15, 30 and
60 days.

»= Group B (B1-B3) was administered p.o with EEXA
(200mg/kg/day) for 15, 30 and 60 days.

= Group C (C1-C3) was administered p.o with EEXA
(400mg/kg/day) for 15, 30 and 60 days.

= Group D (D1-D3) was administered p.o with EEXA
(800mg/kg/day) for 15, 30 and 60 days.

Animal sacrifice, collection of samples and oxidative
stress assay

The rats were anesthetised at end of extract
administration after overnight fast. Testes were excised
and washed in cold physiological saline. The testes were
homogenized in 0.1 M Tris-HCI solution buffered (pH
7.4) and centrifuged at 3000 g for 20 min. The
supernatants were collected and assessed for oxidative
stress markers. Testicular total protein was measured
according to Gonall et al. (1949) whereas
malondialdehyde (MDA) was assayed as reported by
Buege and Aust, (1978). Reduced glutathione (GSH)
was analysed according to Sedlak and Lindsay, (1968)
whereas superoxide dismutase (SOD) was assayed as
reported by Sun and Zigma, (1978). The method of
Aebi, (1984) was used to determine catalase (CAT)
whereas glutathione peroxidase (GPx) was assessed
according to Rotruck et al. (1973).

Histological examination of the testes

Testicular tissues were routinely processed and
dehydrated in graded alcohol and embedded in paraffin
wax. Sections 3-5um thick were prepared using a rotary
microtome and stained with hematoxylin and eosin (H
and E) and viewed with the aid of a light microscope for
histological changes.

Statistical analysis

Graph pad Prism 5.03 (GraphPad Software Inc., CA,
USA) statistical package was used for the analysis of
data. Results are expressed as mean + standard error of
mean (SEM). Results were subjected to two-way
analysis of variance (ANOVA) followed by Tukey's
multiple comparison test. Values at P<0.05; 0.01 and
0.001 were considered significant.

RESULTS

Testicular weights were decreased in a dose and time-
dependent fashion in rats administered with EEXA (200,
400 and 800 mg/kg) when compared to control (Table
1). The decrease in testicular weight was significant at
p<0.05 in rats administered with EEXA (200 mg/kg) for
60 days whereas decreases were significant at p<0.01 in
rats administered with EEXA (400 and 800 mg/kg) for
30 and 60 days when compared to control (Table 1).
The administration of EEXA produced dose and time-
dependent increases in testicular MDA levels when
compared to control (Table 2). The increases were
significant at p<0.05 and p<0.001 in rats administered
with EEXA (800 and 400 mg/kg) for 15 and 30 days
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respectively when compared to control. However, at
p<0.001 increase was significant in rats administered
with EEXA (800mg/kg) for 60 days when compared to
control (Table 2). Furthermore, the administration of
EEXA decreased testicular SOD, CAT, GSH and GPx
levels in a dose and time- dependent fashion when
compared to control (Tables 3-6). Testicular SOD,
CAT, GSH and GPx levels were significantly decreased
at p<0.05 in rats administered with EEXA (200 and 400
mg/kg) for 15 and 30 days. On the other hand,
significant decreases at p<0.0land p<0.001 were
observed in rats administered with EEXA (200, 400 and
800mg/kg) for 60 days when compared to control
(Tables 3-6). H and E stained section of the testis of
control rat showed normal histology (Figure A). In
contrast, the testis of rat administered with EEXA
(800mg/kg) for 15 days showed showed necrosis, loss of
interstitial tissues and cellular degeneration (Figure B).
The testis of rat administered with EEXA (800mg/kg)
for 30 days showed enlarged interstitial space, loss of
interstitial tissues, and cellular degeneration (Figure C).
The testis of rat administered with EEXA (800mg/kg)
for 60 days showed loss of interstitial tissues, cellular
degeneration and necrosis (Figure D).

ST—

Table 1. Effect of ethanolic stem bark extract of Xylopia aethiopica on
relative testicular weight of albino rats.

Dose

(mg/kg) 15 Days 30 Days 60 Days
Control 0.71+0.03 0.72+ 0.05 0.70+ 0.01
200 0.67+ 0.02 0.62+ 0.07 0.41+ 0.06*
400 0.50+ 0.06* 0.40+ 0.11**  0.30+ 0.03**
800 0.43+ 0.04* 0.31+ 0.36**  0.25+ 0.44**

Data are expressed as mean +SEM, n=5, * p<0.05 when compared to
control ** p<0.01 when compared to control

Table 2. Effect of ethanolic stem bark extract of Xylopia aethiopica on
testicular malondialdehyde of albino rats.

(Drr?gfkg) 15 Days 30 Days 60 Days
Control 0.46 £ 0.09 0.42 £0.01 0.45+0.04
200 0.47 £0.05 0.48 +0.03 0.78 £ 0.05*
400 0.65+ 0.03* 0.72£0.07*  1.00 £ 0.03**
800 0.76 + 0.08* 0.89+ 0.04**  1.45+0.07***

Data are expressed as mean +SEM, n=5 *p<0.05 when compared to
control **p<0.01 when compared to control, ***at p<0.001 when
compared to control

D ——

Figure 1. Fig A. The testis of control rat showing normal seminiferous tubules (ST). Fig B: Testis of rat treated with EEXA(800mg/kg) for 15 days
showing necrosis (N) loss of interstitial tissue (IT) and cellular degeneration (CD). Fig C: Testis of rat treated with EEXA (800 mg/kg) for 30 days
showing enlarged interstitial space (ES), loss of interstitial tissues (L), and cellular degeneration (CD). Fig D: Testis of rat treated with EEXA (800mg/kg)
for 60 days showing loss of interstitial tissues (LT) cellular degeneration (CD) and necrosis (CN) (H&E)x 200 .
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Table 3. Effect of ethanolic stem bark extract of Xylopia aethiopica on
testicular superoxide dismutase of albino rats.

Dose

(mg/kg) 15 Days 30 Days 60 Days
Control 17.5+ 2.63 16.9+ 1.69 17.9+ 2.00
200 13.4 +0.19* 10.7 £1.11* 7.62 £0.47**
400 9.14+0.55*  6.32+0.35*  4.57 £0.02**
800 6.26 £0.32** 3.68 £0.19**  1.17 £0.04***

Data are expressed as mean +SEM, n=5 *p<0.05 when compared to
control **p<0.01 when compared to control, ***at p<0.001 when
compared to control

Table 4. Effect of ethanolic stem bark extract of Xylopia aethiopica on
testicular catalase of albino rats.

Dose

(mg/kg) 15 Days 30 Days 60 Days
Control 25.3+3.00 26.5+ 2.57 26.9+3.90
200 20.1 £2.25* 15.8+ 1.00* 9.37£0.77**
400 15.6 £1.53* 9.96 +0.21* 6.44 + 0.62**
800 9.90+0.61** 6.32+0.51** 251+ 0.54***

Data are expressed as mean +SEM, n=5 *p<0.05 when compared to
control **p<0.01 when compared to control, ***at p<0.001 when
compared to control

Table 5. Effect of ethanolic stem bark extract of Xylopia aethiopica on
testicular glutathione of albino rats.

(Dn?élekg) 15 Days 30 Days 60 Days
Control 15.0+0.11 16.7+ 1.04 15.9+0.33

200 10.9+£0.62*  7.08+£0.39*  5.43+0.57**
400 7.32+ 0.65* 5.61+0.91** 3.24 £0.73***
800 514 £0.58** 3.65+0.63** 1.22 +0.09***

Data are expressed as mean +SEM, n=5 *p<0.05 when compared to
control **p<0.01 when compared to control, ***at p<0.001 when
compared to control

Table 6. Effect of ethanolic stem bark extract of Xylopia aethiopica on
testicular glutathione peroxidise of albino rats.

Dose

(mg/kg) 15 Days 30 Days 60 Days
Control 20.2 £2.55 20.9+£2.43 21.9+2.78
200 15.7 £1.25" 11.7 £1.00" 8.9 9+ 0.52™
400 116 +0.11" 9.05+0.61" 5.76 £ 0.28™
800 8.48+0.32™ 6.71+0.22™ 2.32+0.32"™

Data are expressed as mean +SEM, n=5 *p<0.05 when compared to
control **p<0.01 when compared to control, ***at p<0.001 when
compared to control

DISCUSSION

One of the primary objectives of the preclinical
toxicological assessment of xenobiotics is the
identification of target organs which can help clinicians
to monitor the adverse profile of xenobiotics during
clinical development. Experimentally, perturbation in
testicular weight is an index for the adverse effect of
xenobiotics on testicular function (Stevens and
Gallo,1989). The current study observed dereases in
testicular weights in a dose and time-dependent fashion

in EEXA- administered rats. Testis contains antioxidants
including SOD, CAT, GSH, and GPx which prevent free
radical-induced damage (Quinn and Payne, 1984). Free
radicals especially ROS are very important for cell
signalling and essential physiological functions in the
testis. However, excessive production of free radicals
can alter cellular redox balance through oxidative stress
thereby disrupting normal biological functions. The
male reproductive system especially the testes are
susceptible to ROS-induced oxidative stress (Sabeti et
al., 2016; Asadi et al., 2017). Most health related issues
that impaired testicular function have been associated
with ROS-induced oxidative stress and decreased
testicular antioxidant defence (Halliwell, 2006). The
present study observed dose and time-dependent
decreases in testicular SOD, CAT, GSH and GPx levels
in rats administered with EEXA. This observation is a
sign of testicular oxidative stress caused by ROS.The
overwhelming activity of ROS in the testis might have
surpassed the regulatory capacity of antioxidants leading
to their depletion.

ROS production is regulated by antioxidants to
prevent oxidative damage, including lipid peroxidation
(LPO). LPO is a ROS-induced oxidation of
polyunsaturated fatty acids. LPO has been related to
various health conditions including infertility because of
the oxidative products produced that can be detrimental
to testicular function (Nam, 2011). The present study
assayed testicular MDA level to ascertain the extent and
magnitude of testicular LPO caused by EEXA.
Testicular MDA levels were elevated in a dose and time-
dependent fashion in EEXA administered rats. This
observation can be attributed to excess ROS production
which oxidized testicular polyunsaturated fatty acids.

Furthermore, the present study correlates
perturbation in testicular redox status with testicular
morphology of EEXA-administered rats. The testes of
EEXA administered rats showed varying degrees of
damage including necrosis, loss of interstitial tissues,
and cellular degeneration. The present observation can
be attributed to EEXA-induced testicular oxidative
stress causing LPO. Extensive LPO in biological
membranes can cause loss of fluidity, decrease
membrane potential, increased permeability and
eventual rupture leading to release of cell and organelle
contents. Damage to lipids can alter and modify cellular
membranes, cellular function and structure (Esterbauer
etal., 1991).

CONCLUSION

The findings in this study showed that EEXA perturbed
testicular oxidative stress markers and morphology in a
dose and time-dependent fashion. Its use may impair
testicular function.
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