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ABSTRACT

This study aimed to assess the impact of aqueous extracts from Moringa oleifera (MO), Hibiscus sabdariffa (HS), and its
combination (MOHS) on testicular cell development in male rats with obesity. Thirty-six male Sprague Dawley rats were divided
into control and treatment groups. The control groups comprised normal, negative (obesity-induced rats, without treatment), and
positive (obesity-induced rats, receiving 10 mg/kg orlistat) control rats. Meanwhile, the treatment group consisted of obesity-
induced rats treated with herbal extracts: the MO400 group (received 400 mg/kg MO), HS150 group (received 150 mg/kg HS),
and MOHS group (received a combination of 400 mg/kg MO and 150 mg/kg HS). All groups except the normal control group were
fed a high-fat diet (HFD) until the Lee Obesity Index exceeded 310, followed by 38 days of treatment. Histological examination
of the testes revealed positive effects of all herbal extracts on treatment, including active spermatogenesis with a high density
of spermatogenic cells in the seminiferous tubules. The MOHS treatment significantly increased the diameter of seminiferous
tubules compared to the negative control group (P<0.05). Moreover, the MOHS treatment exhibited the highest superoxide
dismutase (SOD) enzyme activity compared to all groups (p<0.05) and lower malondialdehyde (MDA) levels compared to the
negative control group. Meanwhile, the MO400 and HS150 treatment groups significantly reduced the Lee Obesity Index (p<0.05)
compared to the control groups. In conclusion, MO and HS extracts, and their combination have demonstrated significant effects
in improving male fertility parameters (spermatogenesis) and reducing the Lee Obesity Index by alleviating oxidative stress
associated with obesity, thus supporting their potential as natural supplements to counteract obesity-induced infertility.
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INTRODUCTION

The issue of infertility in adult men constitutes 25% - 30% of all cases of conception failure, with obesity emerging as one of
the primary contributing factors (Katib, 2015). This statistic underscores the significant role that obesity plays in reproductive
challenges among men. In Malaysia, infertility issues and obesity are interconnected as Malaysia is an Asian country with the
highest recorded obesity problem, reaching 45.3% (Azlan et al., 2022). Infertility is a condition affecting the male or female
reproductive system, characterized by the inability to conceive after 12 months or more of regular, unprotected sexual intercourse
(World Health Organisation, 2024). Fertility measures encompass the examination of testicular histology, the measurement of
seminiferous tubule thickness, and the assessment of sperm count, motility, and normal morphology.

Obesity is the primary trigger for numerous diseases due to the accumulation of excess fat, leading to oxidative stress
induced by reactive oxygen species (ROS) (Manna & Jain, 2015). Oxidative stress, closely linked to inflammation and cell
apoptosis (Jubaidi et al., 2022), is primarily driven by reactive oxygen species (ROS). While ROS plays a vital role in regulating
metabolic pathways and is essential for normal cellular functions, an excess can lead to oxidative damage. This imbalance
can harm proteins, lipids, DNA, and RNA, contributing to various pathological conditions, including infertility (Mannucci et al.,
2022). Mature spermatozoa are enveloped in a protective layer that is susceptible to damage by ROS, thereby impacting
spermatogenesis (Dutta & Sengupta, 2018). In chronic cases, this damage can disrupt sperm production, resulting in sperm
formation with abnormalities in morphology, motility, and overall quality (Dutta & Sengupta., 2018).

There are numerous uses of alternative medicine utilizing herbs to improve sexual drive and fertility (Kamaruzaman, Aizat
& Mat Noor, 2018). Moringa oleifera (MO), commonly known as 'Kelor,' is an exceptional botanical with remarkable attributes. It
plays a crucial role in reducing weight, alleviating inflammation, and exhibiting antioxidant capabilities, while positively influencing
the reproductive system. This botanical marvel is an alternative remedy and significantly improves overall health and well-being
(Abidin et al., 2023). In a research study, male rats with food containing MO for 60 days exhibited a lower occurrence of abnormal
sperm (Zeng et al., 2019). The results may be attributed to the presence of flavonoids, recognized as antioxidants, which play
a crucial role in mitigating the impact of ROS on spermatogenesis (Kamalrudin et al., 2018; Zade et al., 2023). The presence
of bioactive compounds in MO, such as phenolic acids, flavonoids, isothiocyanates, and various other compounds, greatly
enhances overall health (Vergara et al., 2017).
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Similarly, Hibiscus sabdariffa (HS), also known as "Roselle" or "Asam Paya" in Malaysia (Ali et al., 2019), is a widely
used herb with numerous health benefits. Its phenolic compounds exhibit strong antioxidant properties and protect against
hypercholesterolemia (Amin & Hamza, 2006). In a study involving HS, it was observed that rats administered a higher dose of HS
aqueous extract exhibited a higher sperm count compared to rats receiving a lower dose (Beheshti et al., 2018). The presence
of flavonoids in the HS is recorded to have numerous positive effects on the recovery level of damage resulting from oxidative
stress. This is achieved by enhancing antioxidant enzymes such as Superoxide Dismutase (SOD) (Kasim et al., 2022).

MATERIALS AND METHODS

Animal sample

Thirty-six male Sprague Dawley rats (12 weeks old, weighing 250-300 g & healthy) were randomly divided into two main
groups: a control group and a treatment group. Each leading group was subdivided into three subgroups, with six rats each. The
control group included the normal control, positive control, and negative control subgroups, while the treatment group consisted
of the MO400 treatment, HS150 treatment, and combined MOHS treatment subgroups. The normal control group was fed
standard rat pellets, while the remaining groups were given a High-Fat Diet (HFD). The negative control group did not receive
any treatment. In contrast, the positive control group was treated with orlistat at a dose of 10 mg/kg daily, administered via forced
oral gavage using a syringe. The treatment groups received their respective herbal doses accordingly.

High Fat Diet (HFD)

The High-Fat Diet (HFD) containing 21.4% fat, 17.5% protein, 50% carbohydrate, 3.5% fiber, and 4.1% ash was prepared
following the protocol established by Emir and Noor (2024). Regular rat pellets were ground and combined with blended ghee
in a 5:2 ratio, forming a dough into 30 g lumps. These lumps were stored overnight in an airtight container at 4°C before
administration to the designated groups. Male rats in the normal control group received standard rat pellets, while those in the
positive, negative, and treatment groups had ad libitum access to the HFD for 40 days. The HFD period was based on previous
studies indicating that 40 days is sufficient to induce obesity in rats (Emir & Noor, 2024). Rats were classified as obese when
their Lee Obesity Index reached 310 g*cm (Fitriani et al., 2016).

Herbal extract preparation

The preparation of the aqueous extract from dried Moringa oleifera (MO) leaves followed the method described by Bashah
and Noor (2021). The MO leaves were finely ground into a powder. 400 g of the ground MO was extracted with 4800 mL of
distilled water in a 1:12 ratio for 3 hr using the reflux method at 60°C. The resulting extract was then filtered through the Whatman
filter paper.

Dried Hibiscus sabdariffa (HS) calyxes were extracted according to the method outlined by Noor et al. (2023). The calyxes
were ground into a fine powder and prepared at a dosage of 150 mg/kg, then stored at 4°C until use. The extracts were mixed
in a microcentrifuge tube before administration for the group receiving a combination of MO and HS. The doses of 400 mg/kg for
MO (as recommended by Bashah & Noor, 2021) and 150 mg/kg for HS (as indicated by Ellis et al., 2022) were selected based
on previous studies that demonstrated their efficacy in reducing oxidative stress and enhancing sperm quality. Treatments were
administered for 40 consecutive days. On day 41, the rats were sacrificed, and the testicles were dissected and weighed before
undergoing oxidative stress analysis and testes histology.

Oxidative stress

Testicular tissues were used for the analysis of lipid peroxidation levels (MDA) and the specific activity of the enzyme
superoxide dismutase (SOD). All processes for preparing testicular tissue samples for oxidative stress analysis followed the
protocols provided by SOLARBIO kit supplier (brand numbers: BC0020 for MDA & BC5160 for SOD). Once prepared alongside
testis tissue, each sample was assessed using Nanodrop and spectrophotometer for protein concentration and absorbance
value. The absorbance values of 450 nm, 532 nm, and 600 nm were taken for calculations and data preparation.

Histology of the testes

Histological methods were conducted based on Noor et al., 2023. Briefly, testes were washed in 0.9% NaCl and fixed
overnight in Bouin’s solution, followed by dehydration in a series of graded alcohols and embedded in paraffin wax. Sections
of 7 ym were prepared using a microtome, floated in a 39°C water bath, and mounted on slides, which were dried at 37°C
overnight. The sections were stained with hematoxylin and eosin (H&E) following standard protocols, and DPX was applied for
long-term preservation. The stained sections were examined qualitatively. The mean diameter of round seminiferous tubules
was measured under a light microscope (Digital Microscope Carl Zeiss, USA) with the help of an image analyzer (iSolution Lite,
IMT i-Solution Inc., USA).

Statistical analysis

Statistical analysis was done using the IBM SPSS Statistics version 22 software (SPSS Inc, USA). Data were analyzed
by one-way analysis of variance (ANOVA) followed by Tukey’s test for post hoc analysis. Results were expressed as mean +
standard error mean (SEM). P value <0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Lee Obesity Index
As shown in Table 1, all treatment groups successfully developed obesity after 40 days of high-fat diet (HFD) administration.
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After receiving treatment, the groups exhibited a significant (p<0.05) reduction in body weight, reaching Lee Obesity Index (LOI)
values below the obesity threshold of 310 g3®/cm. After completing 40 days of treatment, LOI showed changes in the MO400
group (307.01 + 15.35 g*cm), HS150 group (316.10 £ 15.80 g*cm), and MOHS treatment group (295.11 + 14.76 g3/cm).
Meanwhile, the normal group recorded an average of (289.51 + 14.48 g*cm), and the negative control group averaged (300.73
+ 15.04 g%cm).

Among the treatment groups, the MO400 group showed the highest reduction in the LOI at 10.85 + 0.54%, followed closely
by the MOHS group with a reduction of 10.69 + 0.53%. In comparison, the HS150 group demonstrated a significantly smaller
reduction of 4.23 + 0.21%. The MO400 and MOHS groups achieved significantly more significant LOI reductions than the
control groups. This difference is likely due to the higher concentration of bioactive compounds in MO, which are more effective
in promoting weight loss than those found in HS. The marked reduction observed in the MO400 group can be attributed to the
aqueous extract of MO leaves, which is abundant in flavonoids, phenolic acids, carotenoids, and glucosinolates and has a lower
caloric content (Kashyap et al., 2022). Other bioactive compounds contributing to weight loss in male rats include quercetin,
isoquercetin, quercetin-3-0-malonylglucoside, and astragalin, which are key components in the anti-obesity effects of MO leaves
(Ali Redha et al., 2021).

Table 1. Effects of MO400, HS150, and MOHS on Lee Obesity Index in Obese-Induced Rats
Average Lee Indeks (g%cm)

After HFD After treatment Reduction of Lee Obesity Index (%)
Normal 320.56+ 16.03 289.51+14.48 10.17+ 0.51
Positive 337.57+ 16.89 306.93+£15.35% 9.50+0.47
Negative 332.44+ 16.62 300.73+15.04 10.01+0.50
MO400 342.25+ 17.11* 307.01£15.35% 10.85+0.54
HS150 329.78+ 16.49* 316.10+15.80* 4.23+0.21
MOHS 328.47+ 16.42 295.11£14.76 10.69+0.53

*c Data were expressed as mean # significantly different from the negative control (p<0.05).

Oxidative stress

Superoxide Dismutase (SOD) is an enzyme crucial for regulating the reactive oxygen species (ROS) homeostasis in the
body, helping to mitigate oxidative stress (Wang et al., 2018). The analysis results (Figure 1) show that the negative control group
exhibited the lowest mean specific SOD activity (281.04 + 14.05 U/g) compared to the normal control group (497.77 + 24.89
U/g) and the positive control group (339.01 + 16.95 U/g). Among the treatment groups, the MOHS group demonstrated the best
performance with the highest mean specific SOD activity (1180.52 + 59.03 U/g), followed by the HS150 group (958.46 + 47.92
U/g) and the MO400 group (669.71 + 33.49 U/g).
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Fig. 1. Superoxide Dismutase (SOD) Specific Activity (U/g) After 40 Days of Herbal Treatment in the Respective Groups. Data were presented
as mean + SEM. MOHS showed significantly higher SOD activity compared to the negative control group (p<0.05, indicated by *).

The observed increase in Superoxide Dismutase (SOD) activity within testicular tissue across all treatment groups (MO400,
HS150 & MOHS extracts) can be attributed to the bioactive compounds present in MO dan HS. These compounds play a crucial
role in maintaining cellular homeostasis under oxidative stress. Notably, research by Duranti et al., 2021, reported that MO
extract is rich in phenols and flavonoids, which enhance oxidative metabolism via the SIRT1-PPARa pathway. While SIRT1 is
not a direct transcription factor, it promotes the synthesis of SOD enzymes. Additionally, HS is abundant in bioactive compounds
such as anthocyanins and phenols, which increase the activity of antioxidant enzymes, including SOD, thereby enhancing
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free radical elimination (Amer et al., 2022). The significant rise in SOD enzyme activity within the treatment groups highlights
the effectiveness of the extracts in reducing oxidative stress. As a key antioxidant enzyme, SOD plays a vital role in protecting
cellular structures from the damaging effects of ROS, thus preserving spermatogenesis in obese animal models (Younus, 2018).
This study demonstrates the beneficial effects of elevated SOD activity on cell development, as evidenced by the enhanced
spermatogenesis observed in the testes of the herbal treatment groups compared to the control groups. ROS activity leads to
lipid peroxidation, producing malondialdehyde (MDA), a biomarker for ROS presence (Taib et al., 2017).
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Fig. 2. Malondialdehid (MDA) (nmol/g) After 40 Days of Herbal Administration in Respective Groups. Data were presented as mean + SEM.
MOHS exhibited significantly lower MDA levels compared to the negative control group (p<0.05, indicated by*).

The herbal treatment groups exhibited significantly lower mean MDA values (nmoL/g) compared to the negative control
group (p<0.05). The normal control group had an MDA value of 71.43 + 3.57 nmoL/g, while the positive control group, treated
with orlistat, recorded 89.84 + 4.49 nmoL/g (Figure 2). Notably, the negative control group had the highest MDA levels at 141.26
+ 7.06 nmol/g, surpassing all other groups. Conversely, the MDA readings for the treatment groups showed that the MOHS had
the lowest levels (24.38 £ 1.22 nmol/g), significantly lower (p<0.05) than those of the negative control. Similarly, the MO400
group (58.69 £ 2.93 nmoL/g) and the HS150 group (33.89 + 1.69 nmoL/g) also exhibited relatively low MDA levels compared to
all control groups.

The reduction in MDA levels across each herbal treatment group highlights the effectiveness of MO and HS extracts. These
results align with previous studies, which reported significant decreases in MDA levels following the administration of MO extract
at 400 mg/kg (Emir & Noor 2024). Notably, the current results reveal an even more significant reduction in MDA levels in the
combined MOHS treatment group compared to either MO400 or HS150 alone. MO extract, rich in flavonoids and phenolic acids,
directly scavenges ROS and enhances the activity of antioxidant enzymes, thereby reducing oxidative stress-induced lipid
peroxidation in testicular tissues (Jangir & Jain, 2022). This effect is further enhanced by the inclusion of HS calyx extract, which
is rich in anthocyanins and flavonoids, compounds known for their potent free radical-scavenging properties (Aju et al., 2019).
Moreover, the bioactive constituents of the calyx extract contribute to restoring the balance of ROS production within the body
(Alyani et al., 2021). As a result, the combined MOHS extract exerts a significantly greater impact on reducing MDA levels than
the control group.

Histology of the testes (spermatogenesis)

Spermatogenesis is the process of sperm production involving the growth and differentiation of spermatogonial cells through
both meiotic and post-meiotic stages. In this study, the normal control group displayed consistent and uniform seminiferous
tubule structures (Figure 3). The tubules were rounded, with well-organized layers of spermatogenic cells lining the walls,
indicating moderately active spermatogenesis within the lumen of the seminiferous tubules.
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Fig. 3. Seminiferous Tubules of Normal Control Group at a) Magnification x100 and b) Magnification x400.

The positive control group (Figure 4) demonstrates active spermatogenesis and well-developed seminiferous tubules, which
are uniform.
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Fig. 4. Seminiferous Tubules of Positive Control Group at a) Magnification x100 and b) Magnification x400.

In contrast, the negative control group exhibited irregularly shaped and poorly formed seminiferous tubules with fragmented
walls, lacking the typical round structure (Figure 5). Aberrant spermatogenesis was evident, with disorganized and irregularly
arranged spermatogenic cells. The luminal area appeared reduced, with many empty spaces, a clear distinction from the
treatment groups that received herb extracts.
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Fig. 5. Seminiferous Tubules of Negative Control Group at a) Magnification x100 and b) Magnification x400.

The treatment groups demonstrated significantly improved testicular histology. The MO400 (Figure 6) and HS150 (Figure
7) groups showed active spermatogenesis within the lumen, with the seminiferous tubules appearing well-rounded and more
uniform. These findings suggest enhanced spermatogenic activity compared to the negative control group, reflecting the positive
impact of the herbal treatments.
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Fig. 7. Seminiferous Tubules of HS150 Group at a) Magnification x100 and b) Magnification x400.

Figure 8 showcases the combined effects of the MO and HS treatments,

the seminiferous tubules. Remarkably, aberrant spermatogenesis is absent,

demonstrating highly active spermatogenesis within
underscoring a significant enhancement in testicular

histology attributed to the synergistic benefits of the combined herbal treatments. The combination of MO and HS enhanced
spermatogenesis more effectively than individual treatments, likely due to the complementary effects of their flavonoids and

anthocyanins, which improve ROS neutralization and androgen regulation.

- ’ N IA - & - e f»}‘ v ":} aﬂ; } .
a) : g b) S8 &8 ! ety 43
e N o s Y, A b A ; S B
A7 o
%‘ L2 ol
53 -
!brlgf 'iig P
"= a o aik© %
4 X > A > “',' ;‘; 2 " : «sgr:li Cells
Interstitial Space » 4 : e R A ¢ ;
. - o > o] e
; e Lumen ik} P
g 3 s ar
' S Tl e & 2
& '- © P ot
Seminiferous Tubule ’ PR _',.J J
. . L 0
&4 L 4
% “Foe LN O <
“v.‘b L . ¢ k

Fig. 8. Seminiferous Tubules of MOHS Group at a) Magnification x100 and b) Magnification x400.

As shown in Figure 5, the negative control group exhibited abnormal

testicular histology and aberrant spermatogenesis,

which correlated with the highest malondialdehyde (MDA) (Figure 2). These findings suggest a relationship between oxidative
stress and impaired testicular function, underscoring the detrimental effects of obesity on spermatogenic activity. Obesity
exacerbated these issues by triggering physiological disturbances, particularly in reproductive organs (Hapiz et al., 2020). Without
any treatment, the negative control group experienced disruptions in hormonal balance, leading to impaired spermatogenesis
(Bashah & Noor, 2021), and the presence of lipid-damaging substances further compromised the production of mature sperm
(Oliveira et al., 2017). In contrast, the herbal treatment groups demonstrated improved histological structures and a significant
reduction in MDA levels (Figure 2), indicating that herbal treatments protect against oxidative damage.

The herbal treatment groups demonstrated active spermatogenesis, which can be attributed to the bioactive compounds
present in MO. These compounds inhibit ROS production in testicular tissue and promote testosterone expression, leading to
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increased cell counts at all stages of spermatogenesis and higher concentrations of spermatozoa in the seminiferous tubule
lumen (Mohlala et al., 2023). Due to their potent antioxidant properties, the leaves of MO play a significant role in enhancing
spermatogenesis by preventing the oxidation of lipids, proteins, and even DNA (Laoung-On et al., 2021). Bioactive compounds
in MO stimulate the hypothalamic-pituitary-gonadal (HPG) axis, leading to increased luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) secretion, which in turn promotes testicular function and sperm production (Jangir & Jain, 2022). By
blocking ROS formation, MO leaf extract protects spermatozoa from continuous damage to their lipid membranes and positively
influences hormone levels. Specifically, it aids in regulating testosterone, as demonstrated in our previous study (Bashah & Noor,
2021). The modulation of these hormones is crucial for maintaining reproductive health and optimizing spermatogenesis.

Moreover, HS extract inhibits MDA production by reducing lipid peroxidation in spermatozoa and seminiferous tubules,
thereby promoting spermatogenesis and supporting the healthy development of seminiferous tubules (Ifayanti & Abdullah,
2018). The bioactive compounds in HS extract, including alkaloids, flavonoids, phenols, saponins, steroids, and anthocyanins,
along with secondary metabolites like polysaccharides, amino acids, and lipids, serve as powerful agents in fertility restoration
therapy (Oyewopo et al., 2020). Additionally, HS calyx extract helps regulate ROS production levels while enhancing antioxidant
enzyme activity (SOD), as shown in Figure 1.

Diameter of the seminiferous tubule

The analysis of seminiferous tubule diameter (Table 2) revealed that the normal control group had a lower average (312.70
15.63 pym) compared to the positive control group (346.44 + 17.32 pm). However, all treatment groups, except the HS150 group
(313.31 £ 15.67 ym), showed a significantly greater average seminiferous tubule diameter (p<0.05) compared to the negative
control group, which had the most minor diameter (199.20 + 9.96 ym). Notably, the MO400 group (371.55 + 18.58 ym) and the
MOHS group (396.34 + 19.82 ym) demonstrated significantly larger diameters compared to the negative control group.

Although the diameter of the seminiferous tubules showed significant differences between the treatment and control groups,
no significant difference (p>0.05) was observed in testis weight between the two groups (Table 2). This lack of difference is not
surprising, as sperm mass does not directly contribute to the overall weight of the testes.

Table 2. Average testes weight (g) and diameter of the seminiferous tubule (um)

Testes weight (g) Diameter of seminiferous tubule (um)
Normal 1.62+0.08 312.70 £ 15.63
Positive 1.45+0.07 346.44 + 17.32*
Negative 1.23+0.06 199.20 + 9.96
MO400 1.31+0.06 371.55 + 18.58*
HS150 1.48 £0.07 313.31+15.67
MOHS 1.43 £ 0.07 396.34 + 19.82*

An asterisk * indicates significant differences at p<0.05. ¢ = negative control group.

The significantly larger seminiferous tubule diameter and increased spermatogenesis observed in the MO400 and MOHS
treatment groups, compared to the negative control group, can be attributed to the individual effects of MO and the synergistic
interaction of MO and HS extracts in the MOHS preparation. MO promotes the development of the spermatogenic cell layer
within the tubules, thereby increasing tubule diameter (Devitasari et al., 2023). The aqueous extract from HS calyx enhances
androgen hormone levels essential for spermatogenesis, supporting Sertoli cell function and promoting sperm formation within
the tubules, further contributing to the increased tubule diameter (Hanis et al., 2012). Moreover, the bioactive compounds in MO,
including vitamins C, E, and A, as well as carotenoids such as lutein, alpha-carotene, beta-carotene, and quercetin, act as potent
antioxidants, protecting cells from oxidative damage and supporting healthy spermatogenesis (Mohammed & Attalla, 2015).

CONCLUSION

In conclusion, this study demonstrates that MO and HS extracts, particularly their combination, significantly enhance testicular
health and spermatogenesis. The treatment groups exhibited marked improvements in testis weight, reduced oxidative stress, and
heightened spermatogenesis compared to the negative control. The antioxidant-rich MO and HS extracts support spermatogenesis
by inhibiting lipid peroxidation and enhancing antioxidant enzyme activity. Their potent antioxidant properties reduce oxidative
stress, supporting fertility restoration in obesity-induced male rats. These findings suggest a potential therapeutic strategy for
obesity-related male infertility, highlighting the practical benefits of MO and HS as natural health supplements that could be
explored in future human trials. The results align with previous pre-clinical studies, reinforcing the potential translational value
of MO and HS in fertility treatment. Further clinical studies will be crucial for optimizing their application in human reproductive
health.
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