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ABSTRACT

Lead is one of humans and animals' most common and hazardous heavy metals. This study aimed to
investigate the effect of white guava (Psidium guajava) fruit juice on the seminiferous tubule diameter
and epithelium thickness in rats (Rattus norvegicus) exposed to lead acetate. The research design was a
completely randomized design (CRD). A total of 25 male rats with an average weight of 200 grams
were used for the study, divided into 5 treatment groups, each consisting of 5 rats. The treatments were
as follows: the control group (C) was given distilled water orally; the TO group was induced with lead
acetate (50 mg/Kg BW) orally; the T1, T2, T3 groups were induced with lead acetate (50 mg/Kg BW)
and then given 25%, 50%, and 100% concentration of white guava fruit juice, respectively. All the
treatments were conducted for 14 days. The histopathology slides of the testis were made with HE
staining, and the seminiferous tubule diameter and epithelium thickness were measured. The data were
analyzed using One Way ANOVA and Duncan test (p<0.05). The results showed that the control group
(C) which was given distilled water only had a seminiferous tubule diameter and epithelium thickness of
336.24+23.32 um and 66.46+4.39 um, respectively. The TO group which was induced with lead acetate
only showed a reduction in the diameter and epithelium thickness of seminiferous tubules
(243.38+49.35 um and 44.08+14.45 pm). The members of the T1, T2 and T3 groups showed positive
effects on the diameter (323.49+22.82 um; 314.41+13.04 um; 325.04+16.88 um, respectively) and
epithelium thickness (56.36+3.36 um; 60.50+3.81 um; 66.744+9.50 um, respectively). There was no
significant difference reported between each group. The administration of guava juice to rats induced
with lead acetate can positively affect the diameter and epithelium thickness of seminiferous tubules.
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Effect of Psidium guajava Juice on seminiferous tubules and epithelium thickness in Lead Acetate toxicity

1 Introduction

Heavy metal pollution is an unavoidable problem due to the rapid
growth of the population (Yang et al. 2018). This issue is crucial
because heavy metals are toxic, persistent in the environment, and
bioaccumulative (Ali et al. 2019). Among the heavy metals, lead
(Pb) is one of the most common pollutants found in the
environment (Hansda et al. 2014). Lead (Pb) is known for its
widespread presence and is considered one of the most hazardous
heavy metals for human and animal health (Hansda et al. 2014;
Song and Li 2015; Assi et al. 2016).

In recent years, studies have reported a decline in male fertility
worldwide (Xu et al. 2019). This decline has been observed in
humans and animals vulnerable to lead exposure (Assi et al. 2016).
Lead has been found to have spermicidal potential in both humans
and animals, as reported by Wang et al. (2013). Previous research
has shown that exposure to lead in male rats can damage the
reproductive system, such as changes in cell morphology,
increased apoptosis, hormonal disruption, and impaired semen
quality parameters (Lovakovi¢ 2020). Additionally, lead exposure
in male reproduction causes the overproduction of Reactive
Oxygen Species (ROS), which leads to the inhibition and
alleviation of the activity of antioxidant enzymes such as alkaline
phosphatase, superoxide dismutase, glutathione peroxidase, and
catalase (El-Magd et al. 2017). This high ROS level caused by lead
toxicity can lead to oxidative stress, which in turn can lead to
testicular impairment (Sudjarwo et al. 2019).

Oxidative stress can damage cell membranes and disrupt hormone
receptors that play a role in spermatogenesis, reducing germ cells
(Al-Olayan et al. 2014). This decrease in spermatogenic and
Sertoli cells can result in a thinning of the seminiferous epithelium
and a reduction in the diameter of the seminiferous tubule (Tripathi
et al. 2015). The diameter and thickness of the seminiferous
tubules are often used as indicators of testicular toxicity (Vidal and
Whitney 2014).

It has been found that antioxidants can protect the seminiferous
tubules of testes from lead-induced toxicity by inhibiting free
radicals (Abarikwu et al. 2020). Animal studies have demonstrated
that herbal plant extracts containing various antioxidants can help
to reduce oxidative stress induced by lead and thus protect against
lead-induced damage (Diana et al. 2017).

Due to its delicious taste and flesh, white guava (Psidium guajava)
is a popular fruit in Indonesia. It contains various bioactive
compounds such as flavonoids, carotenoids, terpenoids, triterpenes,
and more, which give it medicinal properties (Zhang et al. 2020).
White guava is rich in antioxidants such as quercetin, lycopene,
vitamin C, vitamin E, and vitamin A (Naseer et al. 2018), which
help balance the antioxidant and oxidant levels in the body. This
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makes it beneficial for infertile males as it can improve sperm
production (Naseer et al. 2018). This study focuses on the effect of
white guava (P. guajava) fruit juice with different doses on
testicular seminiferous tubules' diameter and epithelium thickness
in rats exposed to Lead acetate.

2 Materials and Methods
2.1 Experimental Animals

The research utilized a completely randomized design (CRD).
Twenty-five male rats (R. norvegicus) aged 10-12 weeks and
weighing 200 grams were housed in the Faculty of Veterinary
Medicine experimental animal laboratory at Universitas Airlangga
in Indonesia.

2.2 Lead Acetate Preparation

Lead acetate (Pb(CH3COO),) suspension was made from lead
acetate powder diluted in distilled water. The dosage that was used
in this research was 50 mg/KgBW.

2.3 Guava Juice Preparation

Around two kilograms of fresh white guava were used to make the
juice. First, the guava was washed with clean water and then
directly ground without any added solvent. The resulting juice was
filtered with a fruit juice filter and stored in a container. For 100%
concentration of white guava juice, no solvent was added. For 50
and 25% concentrations, distilled water was added to dilute the
juice to the required dosage (Chin et al. 2020). White guava juice
was prepared every two days and stored in a refrigerator at a
temperature of about 5°C. The oral dosages of white guava juice
for rats in this study were 100%, 50%, and 25% concentration.

The rats were given lead acetate to induce toxicity, and after four
hours, they were administered guava juice for 14 days. The treatment
groups were as follows: distilled water only (C), rats induced with
50 mg/kg BW lead acetate (T0), rats induced with 50 mg/kg BW
lead acetate and 25% concentration of white guava juice (T1), rats
induced with 50 mg/kg BW lead acetate and 50% concentration of
white guava juice (T2), and rats induced with 50 mg/kg BW lead
acetate and 100% concentration of white guava juice (T3).

2.4 Testis Histology Sample Preparation

After 14 days of treatment, all the rats were anaesthetized with a
combination of ketamine (100mg/kg BW) and xylazine (10mg/kg
BW) given intraperitoneally. They were then humanely sacrificed
by cervical dislocation, following the guidelines set out by
Flecknell (2015). The rats' abdomen was surgically opened to
collect their testes, which were subsequently stored in a container
filled with 10% formalin solution.
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Table 1 Effect of the various imposed treatments on the diameter and the epithelium thickness of seminiferous tubules in rats

Epithelium Thickness of Seminiferous Tubules (um)

Treatment Groups Seminiferous Tubules Diameter (um)

C 336.24° + 23.32 66.46"+ 4.39
T0 243.38% + 49.35 44.08% + 14.45
T1 323.49° +22.82 56.36° + 3.36
T2 314.41° +13.04 60.50° + 3.81
T3 325.04° + 16.88 66.74° £ 9.50

Data are mean of five replicates; + Standard Deviation of the mean; Values without common letters differ significantly at LSD P<0.05

2.5 Examination and Data Analysis

The diameter of seminiferous tubules and the thickness of the
epithelium will be measured by examining testis histology slides
stained with hematoxylin-eosin (HE) using a microscope with
200X magnification. The resulting data will be analyzed using
One-way ANOVA, followed by Duncan's test for multiple
comparisons to compare each group respectively. A statistically
significant difference will be considered if P < 0.05. The statistical
analysis will be performed using the Statistics Product and Service
Solution (SPSS) 20.0 software (Al-Arif 2018).

3 Results

Results presented in Table 1 revealed the effect of various imposed
treatments on the seminiferous tubule diameter and epithelium
thickness. The rats given lead acetate (T0) showed a reduction in
the mean value diameter of seminiferous tubules (243.38 + 49.35
um), while this value was reported 336.24 + 23.32 pm for the
control group (C). The group that was administered with 25%
concentration (T1) of white guava juice shows a tubule diameter of
323.49 + 22.82 um, while it was reported 314.40 + 13.04 um and
325.04 + 16.88 um mean value in case of 50% (T2) and 100% (T3)
concentration of white guava juice respectively and this was
significantly (P<0.05) higher than TO group but no significant
differences was reported in the various treatment groups.

Similar findings have been reported regarding the mean value of the
seminiferous tubule epithelium thickness (Table 1). Among the
imposed treatments, the lowest mean value was reported in the TO
group (45.79 £ 15.65 pm), while the highest mean value (66.45 +
4.38 um) among all groups was reported from the only water control
treatment. In the case of guava juice treatments, seminiferous tubules
epithelium thickness is increased with the increasing concentration
of guava juice and the highest thickness was reported from the
treatment group T3 (64.72 + 12.18 pm), and it was followed by the
mean value of T2 (60.50 £3.81 pm) and T1 (59.21 + 4.63 um)
groups but this difference was not significantly different (P<0.05).

4 Discussion

The study's findings showed that treating a group of rats with lead
acetate (TO) decreased the mean value of their seminiferous tubule

diameter and epithelium thickness. These results align with the
findings of Dorostghoal et al. (2020) and Widawati et al. (2017),
demonstrating that lead toxicity can reduce the seminiferous tubule
diameter and epithelium thickness in rats' testes. Lead exposure
can cause oxidative stress at the testicular level due to increased
reactive oxygen species (ROS). This, in turn, triggers the process
of germ cell apoptosis (Nurkarimah et al. 2017). When there is an
imbalance between ROS and antioxidants in the body, the
mitochondrial pores become oxidized. As a result, the
mitochondrial membrane permeability is disrupted, allowing free
radicals and cytochrome c to leak into the cytosol (Abdrabou et al.
2019). Once cytochrome c enters the cytosol, it binds to another
protein, activating the caspase cascade and initiating the
mitochondria-mediated apoptosis pathway (Selvakumar et al.
2013). Lead exposure also alters cytochrome c release and Bcl-
2/Bax signaling, ultimately resulting in caspase-3-dependent death
(Kiran Kumar et al. 2009; Corsetti et al. 2017).

According to recent research, exposure to lead may cause
reproductive toxicity, leading to a higher rate of cell apoptosis.
Lead exposure also induces oxidative stress, which results in the
peroxidation of membrane lipids, causing a loss in membrane
integrity and a decrease in membrane potential. This results in
ATP depletion and DNA fragmentation, ultimately leading to cell
necrosis (Zachary and McGavin 2012). Additionally, lead
exposure causes a decrease in endogenous antioxidants such as
catalase (CAT), glutathione peroxide (GPx), and glutathione
(GSH), leading to a high level of ROS and oxidative stress (Vigeh
et al. 2011). Moreover, lead toxicity can cause hypothalamic-
pituitary-testicular axis disorders, which can reduce the secretion
of follicle-stimulating hormone (FSH) and luteinizing hormone
(LH) (Apriliani et al. 2013). This reduction in FSH and LH leads to
a disruption of spermatogenesis, causing a decrease in
spermatogenic cells and a reduction in the epithelium's thickness
and the seminiferous tubules' diameter (Ramu and Jeyendran
2013).

The results presented in Figure 1 indicate that the T1 group of rats
had a higher epithelium thickness than the TO group. Similar
results were observed for the T2 and T3 treatment groups.
Additionally, significant differences were observed between the
control group and the TO, T1, T2, and T3 groups. The results
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Figure 1 Histopathology and diameter of seminiferous tubules in roups

suggest that a 25-100% concentration range produced positive
results and maintained normal diameter and epithelium thickness
values similar to the control group (C).

Antioxidants are compounds that eliminate and scavenge the
formation of ROS. Various studies have evaluated the effect of
antioxidants on male fertility (Susanti et al., 2020). Many
phytonutrients, such as lycopene, quercetin, vitamin C, and vitamin
A, act as antioxidants and are found in white guava (Naseer et al.
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C, TO, T1, T2, and T3 (200x, hematoxylin-eosing staining)
2018). In cases of lead toxicity, quercetin blocks oxidative stress to
protect male reproductive health and inhibits apoptosis by acting as
a natural antioxidant and metal chelator (Meles et al. 2021).
Several studies have shown that lycopene protects testes by
reducing apoptosis and enhancing the scavenging of ROS. It also
increases Bcl-2 expression, which means that lycopene is crucial in
modulating and reducing the apoptotic process (Antonuccio et al.
2020; Trejo-Solis et al. 2013). Vitamin C, another antioxidant
found in white guava, maintains the oxidation cycle of vitamin E.
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Figure 2 Histopathology and epithelium thickness of seminiferous tubules in groups C, TO, T1, T2, and T3
(200X, hematoxylin-eosing staining)

It neutralizes ROS and helps protect spermatogenic cells from
oxidative damage (Freitas and de Oliveira 2018). Vitamin A, also
present in white guava, can counteract free radicals (Hogarth and
Grisworld 2010). Due to the presence of vitamins A and E, white
guava fruit could positively affect the diameter of the seminiferous
tubules in rats' testes induced with lead acetate.

In this study, no significant difference was found in the mean value
of the diameter of seminiferous tubules between the negative
control group (TO) and groups T1, T2 and T3 (Figure 2). These
results are consistent with the findings of Wardani et al. (2019),
where a higher concentration of extract led to a greater effect.
Guava fruit juice contains a significant amount of moisture (water),
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crude fiber, protein, fat, ash, and carbohydrates such as
phytonutrients, which have an antioxidant effect (Dakappa et al.,
2013). However, the composition of white guava fruit juice can
lead to poor bioavailability (McClements et al., 2015), and the
blood-tissue barriers actively increase the impermeability of
phytonutrients from the white guava juice (Mao et al. 2020). As a
result, the potential benefits of many of the antioxidant
phytonutrients may not be optimally effective.

Conclusions

The study's results suggest that different white guava fruit juice
concentrations significantly affect rats exposed to lead acetate. The
fruit juice plays an essential role in maintaining the diameter and
epithelium thickness of the seminiferous tubules. While no
concentration-dependent effect on the diameter and epithelium
thickness of the seminiferous tubules in rats induced with lead
acetate was reported, the value of these two parameters increased
with the increasing concentration of white guava juice.
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