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ABSTRACT

Cadmium (Cd) is a hazardous heavy metal devoid of any essential biological function, presenting considerable
risks to both human and animal health, even at minimal exposure levels. This investigation examines the influence
of cadmium on the male reproductive system of rats. It assesses the probable preserving effects of the total
methanolic extract derived from orange peel, Citrus sinensis. The research underscores that cadmium, a common
environmental contaminant from industrial processes, can accumulate in biological tissues, particularly within the
testes, leading to reproductive toxicity and structural impairments. The study involved administering cadmium
chloride to male rats at a concentration of 2 mg kg, while a separate cohort received orange peel extract (250 mg
kg™?). The experimental period lasted eight weeks, with daily treatments delivered via gavage. The results revealed
significant changes in liver enzyme levels, indicating hepatic damage and oxidative stress associated with
cadmium exposure. Conversely, the administration of orange peel extract exhibited both protective and restorative
effects against liver toxicity induced by cadmium, as demonstrated by a decrease in oxidative stress markers.
These outcomes highlight the possibility of the orange peel as an expected intervention to alleviate the detrimental
effects of cadmium toxicity in the male reproduction system. This research enhances the understanding of
cadmium influence on male reproductive health and emphasizes the therapeutic advantages of natural extracts in
addressing heavy metal-induced harm. Overall, the study underscores the necessity of investigating natural
products' protective capabilities against environmental toxins, thereby paving the way for future inquiries in this
domain.
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INTRODUCTION

Cadmium (Cd) is categorized as a xenobiotic metal due to its absence of any essential biological role, which
presents significant risks to humans, animals, and plants, even at small concentrations. In natural ecosystems, Cd
is identified as a heavy metal contaminant that can have harmful effects. It can accumulate and bioaccumulate in
living organisms and environmental media such as water, air, and soil (Fahim et al. 2024). The absorption of Cd
varies depending on the exposure route, with inhalation, ingestion, and dermal contact having a minimal impact
on overall absorption. Cd is widely recognized as an environmental pollutant from various industrial processes,
including tobacco consumption (Genchi et al. 2020). Cd permeates the food web following environmental
contamination. Human exposure to Cd occurs via pollutants found in the atmosphere, drinking water, and food
sources. Moreover, tobacco smoking is a notable contributor to Cd exposure, with smokers displaying Cd
concentrations that are 4 to 5 times higher than those found in non-smokers (Jarup 2002). Testicular tissue, in
particular, shows a heightened susceptibility to Cd accumulation. In studies conducted on rats, Cd levels in the
testes were 100 times greater than those in the bloodstream after a 14-day exposure period. Numerous
investigations have confirmed that mammalian testes are at risk from Cd exposure, which can result in male
reproductive toxicity, including damage to testicular structures. The primary sources of Cd emissions are
industries such as battery production, electroplating, pigment manufacturing, plastic production, and the use of
fertilizers. The general populace encounters Cd through contaminated food and drinking water (Antar et al. 2023).
Cadmium (Cd) exposure can occur through both occupational and non-occupational pathways. Occupational
hazards primarily stem from the use of cadmium in various industrial processes. In contrast, the main non-
occupational sources of cadmium exposure include contaminated drinking water, tobacco smoke, and
environmental air pollution (Hayat et al. 2019). The testis is particularly vulnerable to cadmium toxicity, as
evidenced by studies led on animal models and human populations. The cadmium toxicological effects are not
limited to the reproductive system; they also extend to vital organs such as the kidneys, liver, and lungs. Due to
its resistance to metabolic transformation and prolonged body retention, cadmium is categorized as a highly toxic
heavy metal (Eagderi et al. 2017). Evidence suggests that cadmium exposure can lead to mitochondrial
dysfunction and increased oxidative stress, both of which are critical factors contributing to testicular toxicity
(Tkokide et al. 2022): the heightened sensitivity of mammalian testes to cadmium results in reduced sperm motility
and a lower spermatogenesis index. Furthermore, prolonged exposure to cadmium may adversely affect the
chromatin structure of sperm, potentially compromising fertility. The testicular toxicity associated with cadmium
exposure is primarily attributed to oxidative damage alongside these various alterations (Antar et al. 2023).
Cadmium exposure significantly disrupts the male reproductive system, leading to impaired spermatogenesis,
heightened oxidative stress, inflammation, and hormonal imbalances. These disruptions reduce fertility and
testicular damage in affected rats (Park et al. 2014; Ndubuisi et al. 2020). Studies suggest that the total methanolic
extract of orange peel (TMEOP) may mitigate these adverse effects due to its antioxidant properties and capacity
to neutralize free radicals, as well as its role in alleviating testicular morphological changes and promoting
spermatogenesis and fertility. These findings indicate that TMEOP could be a capable natural therapeutic agent
for addressing the harmful consequences of cadmium exposure on male reproductive health. Recently, there has
been an increasing focus among researchers on utilizing natural remedies to counteract cadmium toxicity, mainly
through the exploration of plant-derived extracts (Akinhanmi et al. 2020). Citrus flavonoids, especially hesperidin,
are associated with extensive therapeutic effects, such as anti-inflammatory activity (Akachukwu et al. 2024). The
concentration of antioxidant compounds varies across different parts of the orange, leading to fluctuations in
antioxidant activity among these segments. Generally, the orange peel contains a higher concentration of
antioxidant compounds than the fruit's flesh (Mohamed et al. 2014). Orange peels, known for their rich content
of bioactive compounds, have demonstrated potential in adsorbing cadmium ions from water and alleviating
cadmium-related toxicity in living organisms. This study offers a detailed examination of the efficacy of orange
peel extracts in combating cadmium toxicity, emphasizing their antioxidant, chelating, and adsorption capabilities.
Various previous research efforts have investigated the ability of certain substances to alleviate heavy metal
toxicity, revealing their effectiveness in lowering levels of lead, cadmium, and mercury in various organs (Ekhator
et al. 2022). Therefore, this research examines explicitly the methanol extract of orange peels to evaluate its
protective effects against cadmium toxicity in rats, as there has been no prior research addressing the impact of
this extract on cadmium-induced toxicity in the male reproductive system.



MATERIALS AND METHODS

Orange peel extraction

The edible segments of the orange peels (OP) were taken, briefly washed with water, and then wholly air-dried
over the course of one day before being diced into approximately 2 x 2 cm pieces. A total of 10 g of OP was
subjected to extraction with 200 mL methanol for 72 hours at a controlled temperature of 25 °C. The resulting
extracts were filtered, and the solvents used in the extraction process were removed using an evaporator (IKA,
Germany). Subsequently, the extracts of OP were reconstituted in dimethyl sulfoxide (DMSO) to achieve a
concentration of 50 mg mL-* and were stored at -20 °C for future applications (Park et al. 2014).

Cytotoxicity assay by MTT

HepG2 cells were obtained from the National Culture Collection and cultured in DMEM enriched with 10% fetal
bovine serum (FBS), penicillin (100 U mL1), streptomycin (100 pg mL?), and 2 mg mL"* sodium bicarbonate.
The cells were kept in a humidified incubator at 37 °C with a 5% CO. atmosphere. To evaluate cell viability, 1.0
x 10° HepG2 cells were plated in each well of a 96-well plate and allowed to incubate for 24 hours. After this
initial incubation, the cells were exposed to various concentrations of the OP solvent extracts, specifically at final
concentrations of 1, 10, 25, and 50 ug mL. Following an additional 72-hour incubation, MTT reagent (5 mg mL"
1) was introduced to each well, and the plate was incubated for one more hour at 37 °C. The media were discarded,
and the resulting intracellular formazan was dissolved in 100 pL dimethyl sulfoxide (DMSO). The absorbance of
each well was recorded at 540 nm using an ELISA reader, and the MTT reduction rate was determined by
normalizing the survival rate of the control samples to 100% (Safi et al. 2021).

Animal grouping and treatment

The experiments utilizing animal models were done according to the ARRIVE guidelines. To eliminate the risk
of pregnancy, the study exclusively involved male Wistar Rats. These subjects were individually housed in
polypropylene cages, maintaining a temperature of 21 = 3 °C and a humidity level of 55%. A 12-hour light/dark
cycle was implemented, and the rat had continuous access to a standard laboratory diet and water. Before initiating
the experiments, the rat underwent a minimum acclimatization period of one week. Fifteen healthy male Wistar
rats were divided into three separate groups: Groups I, I, and Ill. Group | was treated with cadmium (Cd) at a
concentration of 2 mg kg intraperitoneally (Amanpour et al. 2024), while Group 11 received orange peel extract
at a dose of 250 mg kg * of body weight for 28 days. Group 11 acted as the control group, receiving only distilled
water once daily. The experimental duration extended over eight weeks, with treatment administered at a daily
volume of 1 mL via gavage (Akter et al. 2022).

Collection of blood samples and male genital organs

After eight weeks, the subjects were euthanized using a CO,+0O, chamber. Subsequently, blood samples were
collected from the cardia and processed through centrifugation at 3500 rpm for 15 minutes at a temperature of
4°C to isolate the serum. The resulting serum samples were utilized for the assessment of various biochemical
parameters, including serum glutamic-pyruvic transaminase (SGPT), alkaline phosphatase (ALP), and aspartate
aminotransferase (SGOT) levels. The quantification of SGPT, SGOT, and ALP was performed utilizing
commercial assay Kits, following the protocols provided by the manufacturers. The testis samples obtained from
the rat were subsequently fixed in a 10% formalin solution for further tissue processing. The testis samples
collected from the rats were then preserved in a 10% formalin solution to facilitate subsequent tissue dispensation.
Following fixation, these samples were embedded in paraffin, and serial thickness sections measuring 4-6 pm
were organized for staining with hematoxylin and eosin (Amanpour et al. 2024).

Measurement of oxidative stress biomarkers

The serum total oxidant status (TOS) was assessed using an automated colorimetric method as outlined by Erel.
The initial reagent formulation included 150 uM xylenol orange, 140 mM sodium chloride, and 1.35 M glycerol,
all dissolved in 25 mM sulfuric acid at a pH of 1.75. The subsequent reagent contained five mM Fe®* and five
mM  4-(4-amino-3-methoxyphenyl)-2-methoxyaniline, prepared in 25 mM sulfuric acid. Absorbance
measurements were taken at 650 nm after a 3-minute incubation, with a blank sample used as a reference. TOS
values were calculated by creating a standard curve and utilizing the regression equation y = mx £ b. The serum
samples' total antioxidant capacity (TAC) was evaluated using a spectrophotometric technique, also developed by
Erel. The initial reagent for this analysis comprised five mM Fe3*and 10 mM 4-(4-amino-3-methoxyphenyl)-2-



methoxyaniline in a Clark and Lubs solution at a concentration of 75 mM and a pH of 1.8. The second reagent
was 7.5 mM hydrogen peroxide in the same Clark and Lubs solution. Absorbance was recorded at 440 nm
following a 3-minute incubation, again using a blank for calibration. TAC values were determined by establishing
a standard curve and applying the regression equation y = mx + b (Abod et al. 2021).

Statistical analysis

Comparisons among the data were conducted using one-way analysis of variance (ANOVA), followed by
independent samples t-test to evaluate mean + standard error differences between groups and ascertain the
significance level. A p-value of less than 0.05 was considered statistically significant.

RESULTS

Fig. 1 revealed light microscopy images alongside the viability percentages of HepG2 cells after a 72-hour
incubation period with varying concentrations of OP (1, 10, 25, and 50 pug mL). Treatment with OP at a
concentration of 1 pg mL* (100.01 + 2.21) over three days did not result in cytotoxicity. However, an increase in
OP concentration up to 50 ug mL* led to a gradual decline in cell viability, suggesting a cytotoxic effect associated
with higher concentrations of OP. Similarly, the viability of cells treated with OP also decreased across the various
concentrations assessed on the 3 day.
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Fig. 1. The HepG2 cells were treated with a range of concentrations of OP (1, 10, 25, and 50 ug mL™) for 72 h, and cell
viability percent was measured. The asterisks replicate significant differences with *: p < 0.05, **: p < 0.01, ***: p < 0.001,
and ****: p < 0.0001.

TOS and TAC level

As illustrated in Fig. 2A, the TAC levels in the treatment group were markedly lower than those detected in the
Cd group (p < 0.0001). Furthermore, the TAC levels in the group receiving the prescribed extract (0.81 + 0.301
pM) displayed a significant difference when compared to the control group (0.23 £ 0.3 puM; p < 0.0001). The
findings presented in Fig. 2B reveal a distinguished rise in TOS levels in the treatment group (11.48 + 0.51 nM
mL™?) that received the extract, in contrast to the Cd group (5.16 + 0.54 nM mL; p < 0.0001). Moreover, rats
subjected to the additional treatment demonstrated noteworthy differences from the control group (p < 0.0001;
Fig. 2).

Effect of OP on the biochemical parameters

The influence of OP on hematological and biochemical parameters was assessed. A significant elevation (p <
0.01) in the biochemical parameters, including SGPT, SGOT, and ALP, was perceived in the control group
compared to the model group. Additionally, the biochemical parameters, including serum SGPT, ALP, and SGOT,
decreased across all dosage levels in rats exposed to Cd when treated with OP (Fig. 3).

Histopathological evaluation of the testitis

The testes in the control and OP-received groups exhibit seminiferous tubules filled with numerous germ cells,
while Sertoli cells provide support within the tubules. The spermatozoa are located toward the center; in contrast,
a prepubertal testis has tiny tubules lacking active cellular proliferation.
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Fig. 2A. TAC activity in sera samples isolated from Cd, Control, and Cd + OP. Fig. 2B: TOS activity in sera samples isolated
from Cd, Control, and Cd + OP. Data were statistically analyzed using analysis of variances (ANOVA) followed by a post-
Tukey test, and a p-value less than 0.05 was considered a significant difference to compare the model group that received Cd
without treatment. The asterisks replicate significant differences with *: p < 0.05, **: p < 0.01, ***: p < 0.001, and ****; p <
0.0001.

SGPT ALP
100+ 200+
5 807 SR S 150 %
§ " *k =
= = 5
s 607 : =
E=} - © 1004
© o
= : €
i g
c c 501
° : o o
O 204 o (&) outn
: 0-
0- <& R
.¢°\ &6\0 x
& O '\)&
($) & b&\
o’b
SGOT
150+
S
g :
2 e
= 100+ e
& o]
L :
[
@ e
2 50+ . ]
3 C
0 '-:'N'H-
N
O &
oo"\\ ’b&(‘\o .
(¢ &
&

Fig. 3. The effects of Cd administration and treatment with OP on the serum level of SGOT, SGPT, and ALP of rat in
experimental groups. Data are represented as Mean + SD. One-Way ANOVA followed by a post hoc LSD test was used for
comparison between different groups. The asterisks replicate significant differences with *: p < 0.05, **: p < 0.01, ***: p <
0.001, and ****: p < 0.0001.
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Fig. 4. Histopathological evaluation of three various groups (Control, Model, and Model received OP).

DISCUSSION

This study experimentally explores the effects of orange peel extract supplementation on the toxicity of Cd in rats
exposed to this toxin. The results suggest that orange peel extract supplementation may mitigate Cd-induced liver
damage by influencing inflammatory responses and biomarkers and increasing antioxidant levels. The methanolic
extract derived from orange peels has attracted considerable interest recently due to its potential health benefits
and various industrial uses. Oranges are notable sources of phytochemicals, with their peels particularly rich in
flavonoids, potent antioxidants known for their health-promoting properties. Flavonoids such as hesperidin and
naringin, found in orange peel, have been associated with numerous health benefits. These compounds exhibit
anti-inflammatory and antioxidant effects that may lower the risk of chronic diseases, including cardiovascular
conditions and cancer (Afsharnezhad et al. 2017). Orange peel extracts have been evaluated for their ability to
counteract cadmium-induced oxidative stress and toxicity. These extracts are rich in antioxidants, including
flavonoids, phenolics, and ascorbic acid, which are crucial in neutralizing free radicals and enhancing the body's
antioxidant defense system. Studies have demonstrated that the orange peel extracts can reduce oxidative stress
markers and improve antioxidant enzymes in cadmium-exposed organisms. For instance, in a study involving
Wistar rats exposed to cadmium, the administration of orange peel extract significantly reduced MDA levels. It
restored the activity of antioxidant enzymes, indicating its potential to mitigate oxidative damage. The orange peel
extracts have also shown chelating properties, which enable them to bind with cadmium ions and reduce their
bioavailability. In one study, the extract decreased cadmium levels in rats' blood, liver, and kidney tissues,
suggesting its ability to sequester cadmium and enhance its excretion. Cadmium-induced toxicity often targets the
liver and kidneys, leading to enzyme leakage and tissue damage. Orange peel extracts have been shown to protect
these organs by reducing liver enzymes (ALT, AST, and ALP) and serum markers of kidney damage (urea,
creatinine) in cadmium-exposed rats. These protective effects are attributed to the extract's antioxidant and
chelating properties (Ndubuisi et al. 2020; Ekhator et al. 2022).The research conducted by Ekhator et al.
demonstrated that the administration of Citrus sinensis peel extract (CSPE) led to a significant decrease in mal
ondialdehyde (MDA) levels in the blood, kidneys, and liver tissues of Wistar rats subjected to lead and cadmium
exposure, suggesting its potential as an antioxidant agent. Notably, MDA levels in the lead-exposed group were
markedly elevated compared to the control and the treated groups. In contrast, those receiving CSPE exhibited a
dose-dependent decline in MDA concentrations. Furthermore, the cadmium and lead concentrations in the blood,
kidneys, and liver tissues were significantly lower in rats administered 500 mg kg* CSPE, indicating its chelating
properties. The findings also revealed that, although there was no significant difference in cadmium levels between
the model and the treatment group, all treated groups, particularly the one receiving 500 mg kg* CSPE, showed
a reduction in cadmium levels relative to the untreated Cd group (Ekhator et al. 2022). The research conducted
by Ndubuisi et al. in 2020 revealed notable variations in liver enzyme concentrations (AST, ALT, and ALP) and
serum total protein levels when contrasting the positive control group, which was administered cadmium chloride,
with the normal control group. This suggests that exposure to cadmium resulted in hepatic injury and oxidative
stress. Furthermore, administering the aqueous extract of OP at a high dosage of 40 mg kg body weight
demonstrated both ameliorative and protective effects against liver toxicity induced by cadmium. This was
supported by histological enhancements and a decrease in oxidative stress markers relative to the positive control
group (Ndubuisi et al. 2020). The research of Akinhanmi et al. in 2020 indicated that the waste orange peel (OP)



serves as an efficient and economical adsorbent for extracting Cd ions from water. The adsorption process was
characterized as endothermic, with an enthalpy change of 0.0046 kJ mol* and a negative entropy of -636.865 J
mol-K™, indicating that increased temperatures enhance the adsorption efficiency (Akinhanmi et al. 2020).
Cadmium (Cd) is recognized as an endocrine disruptor because it disrupts the production of hormones essential
for reproductive health. This metal has found extensive application in numerous sectors, such as the manufacturing
of batteries, the production of pigments, the stabilization of plastics, electroplating, coating processes, and the
creation of alloys. Cd is released into the environment, accumulating in soil and vegetation, particularly cereal
crops. The testes are identified as critical organs for assessing Cd accumulation (Genchi et al. 2020). A multitude
of studies has demonstrated that Cd exposure can inflict significant harm on the testes, leading to conditions such
as testicular atrophy, hemorrhage, edema, necrosis, and reductions in sperm motility, and testosterone production
(Li et al. 2019). In our study, the use of OP led to a noteworthy reduction in serum SGOT levels compared to the
Cd group. Additionally, the serum SGPT levels in the group treated with the extract were markedly lower than
those recorded in the Cd group. The extract administration also resulted in a substantial reduction in ALP
concentration when contrasted with the model group. Moreover, there was a decline in TAC and an elevation in
TOC following the oral intake of OP. Histopathological evaluations indicated an enhancement in testis
architecture that had been adversely affected by Cd exposure. The protective effects of male reproduction are
largely attributed to its antioxidant, anti-inflammatory, and anti-carcinogenic properties. The extract's capacity to
mitigate oxidative stress, inhibit inflammatory pathways, and restore testis functionality underscores its potential
as a natural agent for testis protection.

CONCLUSION

The investigation revealed that the methanolic extract derived from orange peels significantly alleviated the toxic
impacts of cadmium in rat models. This conclusion was supported by restoring altered biochemical markers in
rats exposed to cadmium, indicating the extract's detoxifying capabilities. The administration of orange peel
extract led to a substantial decrease in serum levels of liver enzymes, including SGOT, SGPT, and ALP, which
had been elevated due to cadmium toxicity. This finding implies that the extract exerts a protective influence on
liver function. Histological assessments indicated improvements in the structural integrity of testicular tissue that
had been negatively affected by cadmium exposure. The extract antioxidant, anti-inflammatory, and anti-
carcinogenic properties were identified as significant contributors to the restoration of testicular functionality. The
research suggests that including orange peel extract in dietary regimens or its use as a complementary approach
to chelation therapy may offer health benefits, particularly in addressing cadmium toxicity. These results
emphasize the necessity of investigating natural products such as orange peel extract as potential therapeutic
agents against heavy metal-induced toxicity, underscoring their significance in enhancing male reproductive
health and overall wellness. In summary, the study presents strong evidence for the protective effects of orange
peel extract against cadmium toxicity, indicating its potential utility in health interventions to mitigate heavy metal
exposure.
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