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Abstract
Cadmium is a harmful heavy metal that is widely distributed in the environment. This study
aimed to investigate the effects of Annona muricata seed extract on cadmium-induced
testicular toxicity in adult male Wistar rats. A total of 35 adult male Wistar rats were randomly
divided into five groups (A-E)) of 7 rats each. Group A (the control group) received distilled
water only; group B-E received 2 mg/kg of cadmium (S.C.) and 100 mg/kg body weight of
Annona muricata, 2 mg/kg of cadmium (S.C.) and 200 mg/kg body weight of Annona
muricata, and 2 mg/kg of cadmium and 300 mg/kg body weight of Annona muricata
respectively. After 17 days of treatment, the animals were brought out, weighed, and sacrificed
via cranial dislocation. Testicular, seminal fluid, and blood samples were taken for
examination. SPSS version 21 was used in the analysis. The results of the study showed that
the Annona muricata aqueous seed extract increased the levels of superoxide dismutase (SOD)
and catalase (CAT) in a dose-dependent manner compared to the cadmium-only group. The
relative weight of the testis increased significantly in the treated groups compared to the
cadmium-only group. Testosterone levels also increased significantly (P < 0.05) in the treated
groups compared to the group A (control). The extract showed a significant protective effect
against cadmium-induced toxicity, as indicated by the higher testosterone levels in treated
groups compared to the untreated group. Medicinal plants like Annona muricata can be used
to treat heavy metal toxicity in traditional medicine.

Introduction
Soursop, or graviola, scientifically known as Annona muricata, is a tropical evergreen fruit tree
that belongs to the Annonaceae family and is distributed in many tropical and subtropical
regions worldwide (Rady et al., 2018; Patel and Patel, 2016; Moghadamtousi et al.,
2015).Local communities in tropical Africa and South America have been using different parts
of the plant, including the bark, fruits, leaves, pericarp, seeds, and roots, in traditional medicine
to treat various ailments, including cancer and tumours (Blancke, 2016). Experimental studies
have shown that different parts of Annona muricata have anticarcinogenic and genotoxic
effects (Yajid et al., 2018; Rady et al., 2018), cytotoxicity, and antileishmanial, antiviral,
wound-healing, and antimicrobial activity (Brgido et al., 2020; Le Donne et al., 2017;
Moghadamtousiesh et al., 2016).

Plant leaves contain small amounts of secondary metabolites such as tannins, steroids,
cardiac glycosides, and others, according to phytochemical studies (Vijayameena et al., 2013).
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Cadmium is a metal that belongs to group Il B and has an atomic weight of 112.41. Cadmium
is known to form ionic compounds with oxygen, chlorine, or sulphur, such as cadmium oxide,
cadmium chloride, and cadmium sulphate (Rahman, 2017; Sardar, 2013). Cadmium is widely
used in various industrial processes, including electroplating, galvanization, pigment
production, battery manufacturing, plastic production, metal container production, and
fertilizer manufacturing. It is also a by-product of zinc, lead, and copper metallurgy (Meshram
& Pandey, 2019).

The male reproductive system comprises both internal (testes, epididymis, vas deferens,
and prostate) and external (scrotum and penis). These structures are vital for the production,
storage, and ejaculation of sperm as well as androgen synthesis (Tiwana and Leslie, 2021).
Recent research has shown a decline in human sperm quality worldwide, and it is suggested
that factors such as environmental exposure, dietary habits, occupational factors, and lifestyle
practice may contribute to this trend (Sharma, 2013; Jurewicz, 2014; Sengupta, 2017).
Disorders of the male reproductive system are typically caused by low testosterone levels,
which can lead to various symptoms such as decreased libido, infertility, and muscle loss (Lee
& Tillman, 2016). Approximately 7% of men are affected by infertility, which can result from
factors acting at different levels of the reproductive system (Dimitriadis, 2017).

Exposure to toxic metals can lead to the development of reactive oxygen species, which
contribute to the formation of malignant tumours and cancer. Current treatments for cancer,
such as chemotherapy and radiotherapy, can be harmful to patients, leading to a focus on
alternative therapies. Herbal medicines have been used for centuries and are still commonly
used in many countries as a primary source of medical treatment due to their natural antiseptic
properties. Researchers are exploring the potential use of terrestrial plant extracts to prepare
nanomaterial-based drugs for various metabolic diseases, including cancer (Greenwell &
Rahman, 2015; Gezici & Ekerolu, 2019). This study will evaluate the protective effect of the
aqueous seed extract of Annona muricata against cadmium-induced testicular malignant
tumours in adult male Wistar rats.

The proposed study aims to evaluate the histomorphologica and biochemical restorative
effect of Annona muricata extract. Histomorphology is the study of the microscopic structure
of tissues and cells. The proposed study will examine the changes in testicular tissue structure
in response to cadmium exposure and treatment with Annona muricata extract. This is
important because histomorphological and biochemical changes can provide insight into the
mechanism of action of the extract and its potential therapeutic effects. The study is justified
due to the need for an effective and safe treatment for cadmium-induced testicular tumours.

Materials and methods

Reagents and materials

Cadmium chloride, NaCl, phosphate buffer, Epinephrine, Carbonate buffer, phosphate buffer,
glacial acetic acid, Dichromate/acetic acid solution, Hydrogen peroxide, distilled water,
potassium hepaxodichromate, hematoxylin and eosin, paraffin, xylene, alcohol, formal saline,
animal cages, mug cup, mug plate, weighing scale, syringe (100ul, 2 ml, 5 ml), oral cannula
(18g), dissecting set, dissecting board, universal sample bottle (5 ml and 20 ml), Rotatory
microtome, Water bath, Wooden block, glass slide, scissors,

Animal management

Male Wistar albino rats were obtained from the animal house, Obafemi Awolowo College of
Health Sciences, Olabisi Onabanjo University, Ogun State, Nigeria. This study was in
accordance with established guidelines for the care and use of laboratory animals in biomedical
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research and teachings approved by the Institute of Laboratory Animal Resources, National
Research Council (2010).

Animal grouping and care

The rats were housed in plastic cages, kept under a 12-hour light/12-hour dark cycle, and
allowed free access to feed and water throughout the experimental period. Thirty-five (35)
adults healthy male Wistar rats weighing between 150 and 2509 were used for this experiment.
The rats were randomly grouped into seven groups after a period of fourteen days of
acclimatization, as shown in Table 3.1 below.

Table 3.1: animal grouping

Group Treatments Number of rats per group
A(control group) Distilled water only 7
B 2 mg/kg of cadmium (S.C) 7
C 2 mg/kg of cadmium (S.C) and 7
100 mg/kg body weight
of Annona muricata (P.O)

D 2 mg/kg of cadmium (S.C) and 200 mg/kg 7

body weight of Annona muricata (P.O)
E 2 mg / kg of cadmium (S.C) and 300 mg/kg body 7

weight of Annona muricata (P.O)

S.C: subcutaneous, P.O: oral route of administration

Preparation of the aqueous seed extract of Annona muricata

Annona muricatafruit was purchased from the Ikenne market in the Ikenne local government
area of Ogun state, Nigeria. The fruit was peeled to expose the seed. Annona muricata seed
was washed with clean water and air-dried at room temperature. The seed was then milled into
powder, and 5009 of the powder was macerated in one litre of distilled water for 24 hours. The
mixture was then filtered, and the filtrate was concentrated using a rotary evaporator at 60 °C.
The concentrated filtrate was collected in a bottle and kept at room temperature before use. The
concentrate was reconstituted in distilled water to prepare 100 mg/kg, 200 mg/kg, and 300
mg/kg of Annona muricata used in this study.

Preparation of cadmium
One milligramme of Cadmium chloride was suspended in 5 ml of 0.9% Nacl.

Administration of treatment

The administration of cadmium was done according to the method described by Gaurav et al.
(2010), with a little modification. The rats were exposed to cadmium for 2 days, and Annona
muricata aqueous seed extract was administered concomitantly for 15 consecutive days.

Acute Toxicity Studies

An acute toxicity study was carried out to determine the LD50 of the aqueous seed extract of
Annona muricata. This was done in two phases, according to the study of Sherif, Baba, and
Abdullahi (2017).

Animal sacrifice and determination of organ weight

The animals were sacrificed by cervical dislocation six hours after the expiration of the
research. The testis was excised following a midline abdominal incision and carefully brought
out; the organ weight was determined per 100 gramme body weight using a weighing scale
(kerroBL20001).
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Procedure for blood collection

Blood was collected from the orbital venous sinus; the rat was restrained, the neck gently
scuffed, and the eye made to bulge. A capillary tube was inserted dorsally into the eye, and
blood was allowed to flow by capillary action through the capillary tube into a sample bottle.

Studies on oxidative stress
The study determined the effect of various doses of Annona muricata on oxidative stress in the
testis of a cadmium-induced malignant tumour.

Determination of superoxide dismutase (SOD) activity
SOD activity in the testis of the rats was determined by the method of Misra and Fridovich
(1972).

Determination of catalase activity
Tissue catalase activity was determined according to the method of Sinha (1972).

Spectrophotometric determination of H202

Determination of testosterone levels

Sample tubes that contained blood samples were gathered and placed in an incubator at 37°C
for 30 minutes. After coagulation, the tubes were placed into the centrifuge at 5000 rpm. Sera
was pipetted and transferred into new, labelled tubes sealed with paraffin, and testosterone was
measured using the radioimmunoassay method (RIA).

Sperm analysis

Sperm collection

Sperm was collected from the epididymis using the diffusion method as described by Seed et
al. (1996).

Determination and classification of sperm Morphology

This was done as described by Saalu, Akunna, and Ajayi (2013). In this study, a spermatozoon
was considered morphologically abnormal if it had a rudimentary tail, a round or detached
head, and was expressed as a percentage of morphologically normal sperm as described by
Adelakun et al. (2018), Ibeh and Omorodion (2018).

Determination of sperm count and motility
Spermatozoa in the epididymis were counted by a modified method described by Saalu et al.
(2013).

Haematoxylin and eosin staining method and protocol
Protocol described by Omorodion et al. (2021)

Masson trichrome staining methods
Standard Protocols was adopted
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Photomicrography
Image acquisition and analysis: A bright-light microscope (10-40x magnification objective)
was used. Digital camera: OMAX Toup View 3.7 is attached to the PC; HP is used. Java
Application Software (image J Software) is used
Statistical analysis

The descriptive statistics of mean, standard deviation, and inferential statistics were
used for this study. The data was subjected to statistical testing and analysis with the aid of
Statistical Packages for Social Sciences (SPSS) version 21 and Microsoft Excel 2021 for
Windows using the T-test method of data analysis. 0.05 was the alpha level of significance (p
0.05).

Results

Effect of the oral administration of the aqueous seed extract of Annona muricata against
oxidative stress induced by Cadmium in the testis of adult male Wistar rats

The table shows the effect of oral administration of Annona muricata extract on oxidative stress
induced by cadmium in the testis of male Wistar rats. Group A was given distilled water only;
Group B received 2 mg/kg of cadmium subcutaneously; Group C received 2 mg/kg of cadmium
and 100 mg/kg of Annona muricata extract orally; Group D received 2 mg/kg of cadmium and
200 mg/kg of Annona muricata extract orally; and Group E received 2 mg/kg of cadmium and
300 mg/kg of Annona muricata extract orally. Our results showed that the extract significantly
increased the levels of superoxide dismutase (SOD) and catalase (CAT) in a dose-dependent
manner compared to the cadmium-only group (Group B). The values were significantly
different between the groups, with increasing significance at higher doses of the extract.

Table 2: Effect of the oral administration of the aqueous seed extract of Annona muricata
against oxidative stress induced by Cadmium in the testis of adult male wistar rats

Groups A B C D E
Treatment Distilled  2mg/kg of 2 mg/kg of 2mg/kg of cadium  2mg/kg of cadium
Cadmium  cadium (s.c) and 200m/kg  and 300mg/ kg b/ w
and 100mg/ kg b/w of of A, muricata
b/w of A, muricata A, muricata
SOD 30+5.34 14.16+0.89 A17.24+2.01 A B 28.21+2.31 8¢  30.68+3.98B°C
(umol/ml/
min/mg/pro)
CAT
(umol/ml/
min/mg/pro) 30.29+0.85 8.09+4.09 #13.97+4.13 A  22.94+3.83ABC 23.02+6.89 B

Each value is an expression of mean £ SEM. (P <0.05)

A - Values were significant when compared to group A, B-Values were significant when
compared to group B, ©- Values were significant when compared to group C, P Values were
significant when compared to group D

The table shows the effect of the oral administration of Annona muricata on the relative weight
of the testis in Cadmium-induced toxicity in adult male Wistar rats. The table shows that the
relative weight of the testis significantly decreased in Group B, while there was a significant
increase in Groups C, D, and E when compared to Group B. Group A showed no significant
changes.
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Table 3: Effect of the oral administration of the aqueous seed extract of Annona muricata on
the relative weight of the testis in Cadmium induced toxicity in the testis of adult male wistar
rats.

Groups A B C D E
Treatment Distilled  2mg/kg of 2 mg/kg of 2mg/kg of cadium 2mg/kg of cadium
Cadmium  cadium (s.c) and 200m/ kg and 300mg/ kg b/ w
and 100mg/ kg b/w of ofA, muricata
b/w of A, muricata A, muricata
Relative
Weight of 1.12 1.834 1.43AB 1.038:¢€ 1.03 ¢
Testis (Q)

Each value is an expression of mean £ SEM. (P <0.05)

A - Values were significant when compared to group A, B-Values were significant when
compared to group B, ©- Values were significant when compared to group C, P Values were
significant when compared to group D

The table shows the effect of administering the aqueous seed extract of Annona muricata on
testosterone levels in male rats with cadmium-induced toxicity. A significant increase in
testosterone levels was observed in groups treated with the extract compared to the control
group (group A). The extract also showed a significant protective effect against cadmium-
induced toxicity, as indicated by the higher testosterone levels in treated groups (B and C)
compared to the untreated group (group D).

Table 4: Effect of the oral administration of the aqueous seed extract of Annona muricata on
the testosterone level in Cadmium induced toxicity in the testis of adult male wistar rats.

Groups A B C D E
Treatment Distilled  2mg/kg of 2 mg/kg of 2mg/kg of cadium 2mg/kg of cadium
Cadmium  cadium (s.c) and 200m / kg and 300mg / kg b/ w
and 100mg/ kg b/w of ofA, muricata
b/w of A, muricata A, muricata
Testosterone2.4 0.96" 1.17 A 1.78¢ 1.88¢
(Ng/ml)

Each value is an expression of mean £ SEM. (P <0.05)

A - Values were significant when compared to group A, B-Values were significant when
compared to group B, ©- Values were significant when compared to group C, P Values were
significant when compared to group D
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The table shows the effect of administering different doses of Annona muricata extract on
sperm analysis in male rats with cadmium-induced toxicity. The groups were categorised based
on the treatment they received. The different parameters measured include normal morphology,
abnormal morphology, viscosity, motility, and dead and alive sperm counts. The values are
expressed as mean = SEM, and the significance level is indicated by letters. A significant
decrease in sperm parameters was observed in groups treated with cadmium only (group B)
compared to the control group (group A). However, treatment with the extract resulted in a
significant improvement in sperm parameters, with the highest dose of the extract (group E)
showing the most significant improvement. Overall, the results suggest that Annona muricata
extract may have a protective effect against cadmium-induced damage to sperm parameters in
male rats.

Table 5: Effect of the oral administration of the aqueous seed extract of Annona muricata on
sperm analysis in Cadmium induced toxicity in the testis of adult male wistar rats

Groups A B C D E

Treatment Distilled  2mg/kg of 2 mg/kg of 2mg/kg of cadium  2mg/kg of cadium
Cadmium  cadium (s.c) and 200m / kg and 300mg / kg b/ w

and 100mg/ kg b/w of ofA, muricata
b/w of A, muricata A, muricata

Normal

Morphology ~ 70+0  40.5+0.01* 60+04B 55+7.07 A 62.5+3.53 A B

(%)

Abnormal

Morophology 30+0  55+7.07” 40+0~B 33+7.07B  37.5+354AB

(%)

Viscosity85+7.07 45+0.07 " 60+0.014 65+7.07 75+7.07

(%)

Nonvisco 15+7.07 70+14.14 A 40+0 A B 35+7.07 B 25+70.7 BC

sity (%)

motile (%)  85+7.07 35+21.21* 60+0° 65+7.07 67.5+3.53AC

Non Motile (%) 15+£7.07  65+21.21 40+0 A 35+7.07 32.5+3.53AC

Dead (%) 15+7.07 70+28.28 A 35+7.07 35+7.07 25+7.07

Alive (%) 85+7.07 30+25.24  65+7.07 65+7.07 75+7.07

spermcount  161.5+3.54 127+7.07 A 154.5+2.12 B 15.8+2.83 B 161.3+4.94 B
(x 106 m/L)

Each value is an expression of mean £ SEM. (P <0.05)

A - Values were significant when compared to group A, B-Values were significant when
compared to group B, ©- Values were significant when compared to group C, ° Values were
significant when compared to group D, (magnification 200x) and (magnification 400x) display
the testis histoarchitecture of rats exposed to cadmium chloride toxicity and the protective
effect of Annona muricata using Masson's trichrome staining. The control group demonstrates
a normal distribution of collagen fibres in the interstitial layer (indicated by a thin red arrow)
between the seminiferous tubules. In the group induced with cadmium chloride (CdCI2), the
tubular basement membrane thickens, and the seminiferous tubules undergo degeneration and
atrophy. There is an excessive amount of collagen fibres present in the interstitial layer (red
thin arrow), along with the presence of multiple spermatid giant cells (highlighted by a red
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circle). When induced with cadmium chloride and treated with a 100 mg/kg aqueous seed
extract, the seminiferous tubules show mild regeneration, with a thickened distribution of
collagen fibres in the interstitial layer (indicated by a thin black arrow). Treatment with a 200
mg/kg aqueous seed extract results in a decrease in collagen fibre deposition (yellow thin
arrow) compared to the normal control. Lastly, treatment with a 300 mg/kg aqueous seed
extract demonstrates a normal distribution of collagen fibres (red thin arrow) in the interstitial
layer, similar to the control group.

Plates 4.3 (at 200x magnification) and 4.4 (at 400x magnification) illustrate the
histoarchitecture of rat testis exposed to cadmium chloride toxicity and the protective effect of
Annona muricata, as observed through Hematoxylin and Eosin staining. The control group
displays a normal histomorphological appearance, with distinct spermatogonia cells (marked
in red circles), sertoli cells (indicated by red arrowheads), seminiferous tubules (depicted with
black thick arrows), and leydigs cells at the interstitial layer (highlighted by yellow thin
arrows). In contrast, the group induced with cadmium chloride (CdCI2) exhibits severe
degeneration and distortion of the testicular tissue, interstitial edoema (shown by black thin
arrows), the formation of mitotic giant cells (indicated by red circles), congested tubules
(depicted with black thick arrows), and an irregular distribution of spermatogonia (highlighted
by yellow thin arrows) and Sertoli cells (indicated by red arrowheads). However, when treated
with 100mg/kg aqueous seed extract, the group induced with cadmium chloride and treated
shows congestion of the interstitial layer (marked by black thin arrows) with edema, irregular
distribution of spermatogonia cells (shown by red circles), dilated seminiferous tubules
(depicted with blue thick arrows), and reduced sperm cells. Similarly, the group induced with
cadmium chloride and treated with 200mg/kg aqueous seed extract displays mild tissue
regeneration, interstitial edoema (highlighted by yellow thin arrows) with reduced leydig cells,
and dilated seminiferous tubules (indicated by black thick arrows). Lastly, the group induced
with cadmium chloride and treated with 300mg/kg aqueous seed extract demonstrates a well-
regenerated histological appearance, with well-differentiated and repaired spermatogonia cells
(marked by red circles), sertoli cells (indicated by red arrowheads), and seminiferous tubules
(depicted with yellow thick arrow:

S). .
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Plate 1, The control group shows a normal and well-differentiatedly distributed amount of
collagen fibres in the interstitial layer (red thin arrow) between the seminiferous tubules,
Induced with cadmium chloride (CdCI2), the group shows thickening of the tubular basement
membrane of completely degenerated and atrophied seminiferous tubules with an excessive
amount of collagenous fibres in the interstitial layer (red thin arrow) and the presence of
multiple spermatid giant cells (red circle), Induced with cadmium chloride and treated with 100
mg/kg aqueous seed extract, Annona muricata shows mildly regenerated seminiferous tubules
with thickened collagen fibre distribution at the interstitial layer (black thin arrow). MT 400x
R, MT 200x L) Scale Bar =120 m,

Plate 3 Induced and treated with 200mg/kg aqueous seed extract of Anona muricata shows a
decrease in the deposition of collagen fibres (yellow thin arrow) in relation to the normal
control, induced and treated with 300 mg/kg aqueous seed extract of Annona muricata, the
normal distribution of collagen fibres (red thin arrow) in the interstitial layer is approximately
similar to the control. In the control group showing normal histomorphological appearance, the
spermatogonia cells (red circle), sertoli cells (red arrow head), seminiferous tubules (black
thick arrow), and the leydigs cells at the interstitial layer (yellow thin arrow) are well
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differentiated,induced with cadmium chloride (CdCl2) shows severe degeneration and
distortion of the testicular tissue, interstitial edoema (black thin arrow), mitotic giant cell
formation (red circle), congested tubules (black thick arrow), and irregular poikilocytic
distribution of spermatogonia (yellow thin arrow) and sertoli cells (red arrow head). (HE 400x
R, HE 200x L) Scale Bar =120 m

PLATE 4: Induced with cadmium chloride (CdCI2) and treated with 100mg/kg aqueous seed
extract Annona muricata shows congestion of the interstitial layer (black thin arrow) with
edoema, irregular distribution of spermatogonia cells (red circle), and dilated seminiferous
tubules (blue thick arrow) with reduced sperm cells (HE 400x R, HE 200x L). Scale Bar =120
m, PLATE 9: Induced with cadmium chloride (CdCI2) and treated with 200mg/kg aqueous
seed extract of Anons muricata shows mild tissue regeneration, interstitial edoema (yellow thin
arrow) with reduced leydig cells, and dilated seminiferous tubules (black thick arrow) (HE
400x R, HE 200x L). Scale Bar =120 m, PLATE 10: Induced with cadmium chloride (CdCl2)
and treated with 300mg/kg aqueous seed extract, the spermatogonia cells (red circle), sertoli
cells (red arrow head), and seminiferous tubules (yellow thick arrow) are well differentiated
and repaired. (HE 400x R, HE 200x L) Scale Bar =120 m
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Discussion

Cadmium is a toxic heavy metal that can induce oxidative stress in various tissues, including
the testes. Cadmium-induced oxidative stress occurs through multiple mechanisms that result
in the accumulation of reactive oxygen species (ROS) and oxidative damage to cellular
components. One of the primary mechanisms is the generation of ROS such as superoxide
anion (02), hydrogen peroxide (H20.), and hydroxyl radicals (OH) (Fang et al., 2013; Ozcan
and Ogun, 2015). Cadmium can increase the production of ROS by inducing the expression of
enzymes such as NADPH oxidase, xanthine oxidase, and nitric oxide synthase. These enzymes
are responsible for the production of ROS in different cellular compartments, such as the
cytoplasm, mitochondria, and endoplasmic reticulum (Angeli et al., 2013). Cadmium also
inhibits the activity of enzymes involved in the antioxidant defence system, such as superoxide
dismutase (SOD) and catalase (CAT). SOD converts O2 into H202, which is further detoxified
by CAT. Cadmium can directly inhibit the activity of these enzymes or indirectly by depleting
the cellular levels of antioxidant molecules and leading to oxidative stress (Nikoli et al., 2016).
This cadmium-induced oxidative stress was seen in our study according to table 2 above, where
exposure to cadmium led to a decrease in SOD and CAT activity in the testis tissue. The results
of this study correspond with those of Zhai et al. (2013), Merra et al. (2014), and Oladele et
al. (2017). One of the mechanisms by which medicinal plants reduce oxidative stress is by
increasing the levels of endogenous antioxidants. For example, plant-derived compounds such
as flavonoids, carotenoids, and phenolic acids have been shown to upregulate the activity of
antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) (1). These enzymes convert harmful ROS into less harmful molecules, thus
reducing oxidative stress (Palipoch, 2013). Medicinal plants also act by scavenging free
radicals directly. Polyphenolic compounds found in different medicinal plants have been
shown to neutralise free radicals by donating electrons or hydrogen atoms (Shebis et al., 2013).
Also, previous studies have shown that the phytochemical screening of the seed extract of A.
muricata revealed the presence of alkaloids, flavonoids, terpenoids, coumarins and lactones,
anthraquinones, tannins, cardiac glycosides, phenols, phytosterols, and saponins
(Gavamukulyaet al., 2014). These phytochemicals may be responsible for the antioxidant and
ant- inflammatory changes seen in Table 4.1. These results correspond with the results of
Florence et al. (2014), Orak et al. (2019), and Roduan et al. (2019).

The tubular basement membrane (TBM) is a layer of extracellular matrix that surrounds
the seminiferous tubules in the testis. It serves as a scaffold for the tubules and plays a crucial
role in supporting the spermatogenesis process. In normal conditions, the TBM is thin and well
organised (Al-Uboody, 2015). However, exposure to certain toxic substances such as cadmium
can result in the thickening of the TBM, as seen in plates 4.1b and 4.2b above. Cadmium is a
heavy metal that is widely distributed in the environment due to various industrial activities. It
has been reported to cause testicular damage in animals and humans (Saleemi & Tahir, 2019).
One of the pathological effects of cadmium exposure in the testis is the thickening of the TBM.
This is thought to be due to the accumulation of collagen fibres and other extracellular matrix
components in the TBM; this is also clearly seen in plates 4.1b and 4.2b above. The thickening
of the TBM can impair the function of the seminiferous tubules by interfering with the
exchange of nutrients and waste products between the blood vessels and the developing sperm
cells. In severe cases, it can lead to the atrophy and degeneration of the seminiferous tubules
(Anuales, 2016), which are responsible for the production of sperm. This pathological effect
can be seen in Table 4.2. Moreover, the excessive amount of collagen fibers present in the
interstitial layer of the testis due to cadmium exposure can further contribute to the
degeneration and atrophy of the seminiferous tubules. Collagen fibres are a major component
of the extracellular matrix and play an important role in tissue repair and remodelling (Halper
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and Kjaer, 2014). However, the excessive deposition of collagen fibres in the interstitial layer
can lead to fibrosis and impaired tissue function. In addition to the above, the presence of
multiple spermatid giant cells in the histology of the testis is another pathological effect of
cadmium exposure. Spermatid giant cells are abnormally large cells that are formed by the
fusion of several immature sperm cells. They are typically observed in conditions where the
spermatogenesis process is disrupted, such as in the case of cadmium toxicity.

The testicular interstitial tissue comprises blood vessels, lymphatic vessels, connective
tissue, and endocrine cells, including Leydig cells. The interstitial tissue is critical for the
normal functioning of the testis and plays a crucial role in the production of testosterone, the
male sex hormone (Hedger, 2015). Cadmium-induced testicular interstitial edoema occurs as a
result of damage to the blood vessels and capillaries in the interstitial tissue, leading to the
leakage of fluid into the interstitial spaces. The edoema can lead to an increase in pressure in
the interstitial tissue, which can further damage the blood vessels, reduce blood flow to the
testis, and even affect the production of testosterone, leading to a drastic drop in the activity of
testosterone as seen in figure 4.2, which will also lead to pathological changes in the weight of
the testis (figure 4.1). The reduced blood flow and oxygen supply to the testis can result in
impaired testicular function and reduced sperm production, leading to infertility. In addition,
the increased pressure in the interstitial tissue can compress the seminiferous tubules, leading
to their deformation and reduced sperm production, as seen in Table 4.2. Annona muricata is
rich in antioxidants such as flavonoids, phenolic acids, and ascorbic acid, which are known to
scavenge free radicals and prevent oxidative damage. Cadmium-induced testicular toxicity is
mediated by the production of reactive oxygen species (ROS), which leads to lipid peroxidation
and DNA damage (Hasmila et al., 2019). Annona muricata extracts have been shown to
increase the activity of antioxidant enzymes such as superoxide dismutase (SOD) and catalase
(CAT) in the testis, as seen in Table 4.1, thereby reducing oxidative stress and protecting
against cadmium-induced damage, which will also have a protective effect on the
histoarchitecture of the testis. Previous studies have also shown that Annona muricata extracts
contain alkaloids such as annonacin, which has been reported to exhibit anti-inflammatory
properties (Mutakin et al., 2022). Cadmium-induced testicular toxicity is associated with an
increase in pro-inflammatory cytokines such as interleukin-1 (IL-1) and tumour necrosis factor-
alpha (TNF-), which promote inflammation and tissue damage. Annona muricata extracts have
been shown to reduce the expression of these pro-inflammatory cytokines in the testis, thereby
reducing inflammation and protecting against tissue damage, as seen in the results of our study.
Annona muricata extracts contain bioactive compounds such as acetogenins, which have been
reported to exhibit anti-cancer properties (Daud et al., 2016). Cadmium-induced testicular
toxicity is associated with an increase in cell proliferation and apoptosis, which can lead to
cancer. Annona muricata extracts have been shown to inhibit cell proliferation and induce
apoptosis in the testis, thereby reducing the risk of cancer.

Conclusion

In summary, Annona muricata aqueous seed extract exerts its protective effect against
cadmium-induced malignant testicular tumours by reducing oxidative stress, inflammation,
and cell proliferation and apoptosis. These properties make it a promising therapeutic agent for
the treatment of testicular toxicity induced by heavy metals such as cadmium.

Recommendation

The use of Annona muricata aqueous seed extract can provide a natural and safe alternative to
alleviate the adverse effects of cadmium on the male reproductive system; further studies are
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needed to evaluate the protective effect of other extracts from different parts of the Annona
muricata plant against heavy metals.
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