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Abstract. Obesity is a complex, multifactorial condition contributing
to male infertility by increasing oxidative stress, which negatively
affects reproductive hormones, sperm quality, and blood cholesterol
levels. The Wedelia plant (Sphagneticola trilobata (L.) Pruski) is a
natural herbaceous plant containing flavonoids and tannins, known
for enhancing sperm quality and inhibiting cholesterol synthesis in
the blood. This study aims to determine the potential of Wedelia in
improving sperm quality and regulating blood cholesterol levels. The
study used 24 male Wistar rats divided into four groups, consisting
of C (no HFF, distilled water only), NC (HFF, distilled water), TI
(HFF and 100 mg/Kg BW Wedelia extract), and T2 (HFF and 200
mg/Kg BW Wedelia extract). HFF was administered from weeks I to
3, followed with extract treatments from weeks 3 to 5. On day 36, the
rats were euthanized for blood collection using hematocrit into EDTA
tubes. The rats were dissected for the epididymis, which was then in-
cised in a 10% PBS to release sperm. Sperm motility and count were
observed on glass slides, while sperm viability and morphology were
analyzed with hematoxylin-eosin using an Optilab microscope (400x
magnification). The observation parameters included sperm morphol-
ogy, count, motility, viability, total cholesterol, LDL, and HDL levels.
Data were analyzed using ANOVA with DMRT post hoc testing (p
<0.05). The results showed that T2 exhibited an increase in sperm
count, motility, viability, and morphology in HFF-induced obese rats.
T1 and T2 also showed enhanced HDL cholesterol and reduced to-
tal and LDL cholesterol levels. In conclucions, a Wedelia leaf extract
dose of 200 mg/kg BW optimally improves sperm quality and reduces
total and LDL cholesterol levels.
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INTRODUCTION

The 2023 World Obesity Atlas es-
timates that 38% of the current glob-
al population of 3 billion is overweight
or obese. Cases of obesity in Indonesia
continue to rise annually, with 23.4% or
approximately 7 million adults in Indonesia
(aged >18 years) classified as obese (Kemenk-
es, 2023). Obesity is a condition of imbalance
between incoming energy intake and energy
expenditure resulting in excess energy stored
as fat tissue by the body (Rompis et al., 2018).
This condition increases the risk of adult male
infertility and high cholesterol, making obe-
sity one of Indonesia’s most critical health
concerns (Wahyuni & Diansabila, 2020).

Male infertility refers to the inabili-
ty to produce a pregnancy in fertile women
(Kumar & Singh, 2015), as men account for
approximately 45-50% of infertile couple
cases, proving the relationship between male
infertility and obesity (Craig et al., 2017).
Obese men exhibit low sperm counts due to
direct interference with spermatogenesis and
impaired Leydig and Sertoli cell functions
(Venigalla et al., 2023). Consumption of fat-
ty foods with cholesterol levels exceeding
300 mg daily is linked to obesity and ele-
vated blood cholesterol concentrations (hy-
percholesterolemia) (Listiyana et al., 2013).

Free radicals from obesity negative-
ly affect both reproductive health and cho-
lesterol levels, this can be mitigated by
providing antioxidants. The Wedelia plant
(Sphagneticola trilobata (L.) Pruski) has
demonstrated antioxidant potential, containing
high levels of flavonoids, tannins, terpenoids,
phenols, and saponins (Mardina et al., 2020).
The total flavonoid content in Wedelia plants
measures 103.61 mg/g (Afzal & Rajesh, 2021),
a significantly higher level compared to that in
purslane plants (Portulaca oleracea), which
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contains 3.27 mg/g (Budiawan et al., 2021).

Research by Ismail (2018) demon-
strates that diets high in saturated fats can
elevate cholesterol levels and promote the
production of oxygen radicals and lipid perox-
ides. This leads to increased Reactive Oxygen
Species (ROS) and oxidative stress, damag-
ing sperm cell membranes, protein structures,
and DNA, making antioxidant compounds
critical in mitigating this oxidative damage
(Billah et al., 2022). Despite the recognized
benefits, research on the antioxidant potential
of Wedelia plants in Indonesia, particularly
the flavonoid compounds effective against
obesity-induced free radicals, remains limit-
ed. These natural antioxidants may help re-
pair cellular damage associated to increased
ROS concentration. This study, therefore, fo-
cuses on the benefits of Wedelia leaf extract
and its content as a natural antioxidant. This
study also investigates the effects of Wedelia
leaf extract as a natural antioxidant on sperm
quality parameters (motility, count, viability,
morphology) and blood cholesterol profiles
(total cholesterol, LDL, HDL) following 21
days of high-fat feed (HFF) administration.

MATERIALS AND METHODS

Ethical Clearance

This in vivo (preclinical) experimental
study used male Wistar rats as test animals to
examine the effect of Wedelia plant extract on
sperm quality and blood cholesterol levels.
The study was conducted at the Laboratory
of Animal Structure and Physiology,
Faculty of Applied Science and Technology,
Universitas Ahmad Dahlan Yogyakarta,
with ethical clearance granted by the UAD
Ethics Committee (No: 012404084). Wedelia
plants were collected from rice fields behind
Campus 4 of Universitas Ahmad Dahlan,
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Bantul, Yogyakarta and then identified at the
Laboratory of Plant Physiology Structure,
Faculty of Applied Science and Technology,
Universitas Ahmad Dahlan Yogyakarta (No:
377/Lab.Bio/B/VI11/2024) as Sphagneticola
trilobata (L) Pruski

Preparation of Ethanol Extract of Wedelia
Plant

Wedelia leaves (15 kg) were harvested,
washed with running water, and dried in a
cabinet dryer at 50°C for approximately 3
days. The dried simplicia (medicinal herbal
leaves) was pulverized into fine powder using
a blender, yielding 1.3 kg of simplicia powder.
The powder was filtered using a Buchner
funnel and Whatman No. 1 paper and then
macerated in 96% ethanol for around 4 days.
The macerate was evaporated using a rotary
evaporator at 60°C for approximately 3 hours,
resulting in a thick paste weighing 137 g. The
paste was stored in a refrigerator at -4°C.

Acclimatization of Test Animals

This study used 24 male Wistar
rats, aged 3 months and weighing £150 g,
divided into four treatment groups. Rats were
acclimatized for 7 days in a cage measuring
150 x 18 cm with a temperature maintained at
22+3°C with 30-70% room humidity, and 12
hours of light-dark cycles. Chaff was changed
every 3 days, and the rats were provided with
Rat Bio feed and drinking water ad libitum.
Body weight and length were recorded weekly
using a digital scale (Oxone).

Preparation and Feeding of High-Fat Feed
(HFF)

High-Fat Feed (HFF) formulation
consisted of 2 mL of pork oil and 1 mL of
quail egg yolk. The test animals were induced
with 2 mL HFF in the morning and 1 mL in
the afternoon orally using rat oral gavage and
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a 1 mL syringe for 21 days. High-fat feeding
treatments included Negative Control (NC),
Treatment 1 (T1), and Treatment 2 (T2). Body
weight and length of the test animals were
measured until they reached the Lee Obesity
index (>0.3), calculated as follows (BPOM,
2020):

\/ body weight (g)

1000
Nasoanal length (cm) X

Lee index =

Administration of Wedelia Extract to Test
Animals

Wedelia leaf extract was administered
orally via gavage and 1 mL syringe for
14 days. Groups included a Control (C)
receiving only distilled water, Treatment
1 (T1) receiving 100 mg/Kg BW/day, and
Treatment 2 (T2) receiving 200 mg/Kg BW/
day (Azizah et al., 2018). The combined HFF
and Wedelia extract treatments over 21 and
14 days, showed significant changes in sperm
quality and blood cholesterol levels.

Blood and Epididymal Organ Collection

On day 36, rats were anesthetized
with chloroform, and approximately 2 mL
of blood was drawn from the orbital sinus
using a microhematocrit tube, then transfered
in EDTA tubes. Blood samples were stored
in a cooler for subsequent total cholesterol,
LDL, and HDL tests. After blood collection,
rats were anesthetized, euthanized by cervical
dislocation, and dissected for epididymis
extraction using surgical instruments (surgical
knife and scissors).

Total, HDL, and LDL Cholesterol Level
Tests

On the 36™ day, the rats were
anaesthetized using chloroform and then
blood was drawn through the orbital sinus
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using a microhematocrit and loaded into an
EDTA tube. The collected blood was tested
for total cholesterol, HDL, and LDL levels.
Total cholesterol levels were measured using
CHOD PAP reagent kit, HDL using HDL
cholesterol Beckman Coulter reagent kit, and
LDL using LDL-cholesterol Backman Coulter
reagent. All tests were performed using a UV-
Vis spectrophotometer.

Preparation of Sperm Smear Preparations

The epididymis was placed in a 6
cm petri dish containing 1 mL of 10% PBS
solution at 36°C to collect the sperm. The
organ was incised using surgical scissors until
the sperm came out. Sperm suspension was
dripped on an object glass and then removed
using another object glass and left to dry. The
smear preparations were fixed using 70%
methanol for approximately 4 minutes, evenly
stained with Giemsa dye, and allowed to dry.

Observation of Sperm Quality
A portion of the epididymis organ was
cut and placed in a 6 cm petri dish containing
1 mL of 10% PBS solution at 36°C to collect
the sperm. The sperm suspension (10 pL) was
drawn using an erythrocyte pipette, placed in a
Neubauer Improved hemocytometer chamber,
and examined under a light microscope at
400x magnification for sperm count and
motility. According to Setiawan & Subagja
(2023) the calculation of the number of sperm
cells can use the following formula:
Number of Sperm Cells= 5 boxesx50.000%100 (cell/mL)

Sperm motility was classified into
four grades: Grade I for immotile sperm,
grade II for non-progressive sperm motility
with tail movement only (vibrating-like-
movement), grade III for slow, non-linear
sperm movement (non-linear-motility) that
only moves in circles, and grade IV for
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progressive progressive, straight-line motility
(Setiawan & Subagja, 2023).

Sperm morphology and viability were
observed through smear preparations. Sperm
suspension was dripped on an object glass and
then removed using another object glass and
allowed to dry. The smear preparations were
fixed using 70% methanol for + 4 minutes,
evenly stained with Giemsa dye, and dried.
Sperm morphology was classified into either
normal or abnormal. Sperm viability was
assessed based on membrane permeability: a
part of viable (live) sperm appeared unstained
(transparent), whereas non-viable (dead)
sperm had purple-stained heads. The formulas
for calculating the percentage of sperm
motility and viability according to Unitly et
al. (2022) are as follows:

Progressive spermatozoa count
Total number of spermatozoa observed

% Motility = x 100%

Number of unstained spermatozoa heads

% Viability =
% Viability Total number of spermatozoa observed

x 100%

Data Analysis

All research parameters were test-
ed for homogeneity and normality. Nor-
mally distributed and homogeneous data
were analyzed using One Way ANOVA, fol-
lowed by with Duncan Multiple Range Test
(DMRT) (p<0,05) to determine differences
between treatments. Data analysis was car-
ried out using SPSS software, version 15.

RESULTS AND DISCUSSION

Rat Obesity Index

This study shows increase in the obesity
index for the NC, T1, and T2 groups from
week 0 to week 3 following administration
of High-Fat Feed (HFF) (Figure 1A). This
highlights a significant difference between
the treatment and the negative control groups
prior to Wedelia leaf extract administration
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(p=0,05). The rats fed with High Fat Feed
(HFF) exhibited pronounced obesity, with
obesity index reaching 0.4, attributable to the
high cholesterol content in pork oil and quail
egg yolk. Consistent with the research by Dias
et al. (2021), HFF consumption can promote
obesity by elevating adiposity and leptin
levels, thus stimulating the development of
hypertension and glucose intolerance.

Upon Wedelia leaf  extract
administration from week 3 to week 5, there
was a significant difference between the NC

A Obesity Index

Obesity Index

OO
TR RO LI LI TININTN
NJO— LN JO—LIn

Week Week Week Week Week Week
To-0 To-1 To2 To3 To4 To5

Treatment

group and the treatment groups (p=<0,05),
where a decrease in the index value in 100
mg/Kg BW and 200 mg/Kg BW was observed
in treatment groups, while no change was
observed in the NC group (Figure 1A). These
results indicate that Wedelia leaf extract
effectively reduced obesity index values
post-HFF administration, likely due to its
antioxidant properties. Roy et al. (2021) states
that antioxidants can accelerate the metabolic
process associated to reducing body fat which
results in decreased body weight.
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Figure 1. Obesity index graph (A). Week 0-3 (W0-W3) of HFF administration in treatments Negative Control,
100 mg/Kg BW, and 200 mg/Kg BW. Weeks 3-5 (W3-W5) of Wedelia leaf extract administration in 100 mg/Kg
BW and 200 mg/Kg BW. Histogram of total cholesterol (B); HDL cholesterol (C); and LDL cholesterol (D). Control
(0 mg/Kg BW extract and no HFF), Negative Control (HFF), Treatment 1 (HFF and 100 mg/Kg BW extract),
Treatment 2 (HFF and 200 mg/Kg BW extract). Mean + SD, superscript a-c indicates significant differences
between treatments (p<0,05).

Jurnal Biodjati 9(2): 321-333,November 2024 325



Jurnal Biodjati 9(2):321-333, November 2024

JURNAL BI§®D]ATL

http://journal.uinsgd.ac.id/index.php/biodjati

Total, HDL, and LDL Cholesterol Level
The results of cholesterol level
analysis revealed that Wedelia leaf ethanol
extract, particularly at a dose of 200 mg/Kg
BW, significantly decreased total cholesterol
(Figure 1B) and LDL levels (Figure 1D)
while increasing HDL levels (Figure 1C), as
indicated by a significant difference between
NC and both T1 and T2 groups (p<0.05).
Excessive fat consumption raises blood
cholesterol levels, facilitating free radical
formation (Nashriana et al., 2015). These
free radicals from cholesterol oxidation
can damage endothelial cells, leading to

atherosclerosis (Yuliani & Deinina, 2015).
Wedelia leaf ethanol extract’s phy-
tochemical compounds, such as flavo-
noids and tannins, potential to reduce blood
cholesterol levels (Witosari & Widyastuti,
2014).Flavonoidand tannincompounds are an-
tioxidant compounds that prevent LDL oxida-
tion (Rumianti, 2011), reduce the activity ofthe
acyl-CoA cholesterol acyltransferase (ACAT)
enzyme, and inhibit cholesterol absorption
in the digestive tract (Mutia et al., 2018).
According to Tamon et al. (2021), flavo-
noid-rich antioxidants lower total cholesterol
and LDL while raise HDL as they improve
blood lipid profiles and provide vasoprotective
effects. Datu et al. (2021) found that the mech-
anism of phenolic compounds inhibit HMG-
CoA enzyme, improving lipid profile stability,
and decreasing cholesterol and fat absorption.
Consequently, a reduction in total cholesterol
and LDL levels occurs, decreasing the lipid
transport in blood (Romadhoni et al., 2014).

Motility of Rat Sperm

The results showed that sperm motility
was divided into 4 categories, namely at
Grade IV and I showed significant differences
between NC and T1 and T2 (p<0,05) while
at Grade III and II showed no significant
differences between all treatments (p>0,05).
In Grade IV there was a high number of
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motile sperm in the T1 and T2 compared to
NC (Figure 2A), while in Grade I there was
a low number of immotile sperm in these
treatments (Figure 2D).

Administration of toxic substances,
as in the obese rat model, negatively
impacts the male reproductive system,
causing spermatogenesis dysfunction
(Campbell & Reece, 2010). Spermatogenesis
dysfunction disrupts the process of division
or development from germinal epithelial
cells to spermatozoa. Good sperm quality
requires hormones to regulate the process of
spermatogenesis from Leydig cells, such as
testosterone and FSH (Arief, 2011). Leydig
cells produce testosterone hormone crucial
for spermatogenesis (Setiawan et al., 2020).
Thus, obesity-induced disruptions in Leydig
cells hinder testosterone production, affecting
spermatogenesis and decreasing sperm
motility (Mu et al., 2021).

Based on the results of the study,
it shows that the ethanol extract of Wedelia
leaves contains phytochemical compounds
that have the ability to increase sperm
motility. According to research by Martin
& Touaibia (2020), Wedelia leaf extract’s
flavonoid compounds enhance sperm motility
by increasing testosterone levels, which
supports normal spermatogenesis. Optimal
mitochondrial ATP  production enables
effective tail movement for motile sperm
(Susilo et al., 2018). Flavonoid and tannin
compounds are secreted from seminal vesicles
during ejaculation as sperm protectors,
mitigating oxidative stress from endogenous
oxidative DNA damage by neutralizing
hydroxyl, superoxide, and hydrogen peroxide
radicals and preventing spermatozoa
agglutinas (Al-Sultani et al., 2013). Flavonoid
and tannin compounds enter the mitochondria
through the facilitated glucose transporter
(glut 1), protecting the sperm from oxidative
injury (Unitly et al., 2022).
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Figure 2. Histogram of sperm motility Grade IV (A); Grade III (B); Grade II (C); Grade I (D). C (0 mg/Kg BW extract
and no HFF), NC (HFF), T1 (HFF and 100 mg/Kg BW extract), T2 (HFF and 200 mg/Kg BW extract).
Mean + SD, superscript a-b indicates significant differences between treatments (p<0,05).

Number of Rat Sperm

The results demonstrated a significant
difference in sperm count between NC and T1
and T2 (p<0,05), wherein the count is higher in
the treatment groups (Figure 3). The decrease
in the number of sperm cells occurs due to
incomplete sperm differentiation leading to
increased dead sperm and apoptosis. The
hormone FSH is unable to work together with
testosterone to stimulate sertoli cells to form
Androgen Binding Protein (ABP) effective for
transporting and concentrating testosterone for
the spermatogenesis (Arief, 2011). Low FSH
and LH hormones cause disturbances in sertoli
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cells and Leydig cells producing dysfunctional
sperm and contributing to reduced sperm
counts (Iryani et al., 2019). Disrupted Sertoli
cells, supporting cells that provide nutrients for
spermatogenic cells, impede the development
of spermatogenic cells (Nita et al., 2019).
According to Rompis et al. (2018), decreased
sperm counts in obesity cases may also result
from elevated gonadal heat due to increased
scrotal adiposity. Wedelia leaf ethanol extract’s
flavonoids and tannins support spermatogenesis
by neutralizing obesity-related free radicals,
enhancing sperm production (Sitohang et al.,
2015). Additionally, flavonoids protect sperm
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lipids from oxidation reactions (ROS), thus preserving sperm quality (Pakaya, 2014).
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Figure 3. Histogram number of sperm. C (0 mg/Kg BW extract and no HFF), NC (HFF), T1 (HFF and 100 mg/Kg
BW extract), T2 (HFF and 200 mg/Kg BW extract). Mean + SD, superscript a-b indicates significant
differences between treatments (p<0,05).

Morphology and Viability of Rat Sperm
The results of the morphology analysis
distinguished normal and abnormal forms,
showing significant differences between
NC and T1 and T2 (p<0,05). Normal sperm

NC (Figure 5A). The treatment groups showed
a low value of abnormal sperm (Figure 5B).
Morphologically, normal sperm of Wistar
rats have a hook-like head structure, tail, and
straight neck (Figure 4A).

showed an increase in T1 and T2 compared to

/ - ;- r

= B2 B3 l 8 &1 /N \
Ale, €3 L B 3 L RN F Lo

Figure 4. Morphological classification of rat epididymal sperm. Normal sperm (A); sperm with different patterns of
abnormal heads (B1-4); sperm with both abnormal head and tail (C1-3); sperm with different patterns of
abnormal tails (D1-4); viable sperm (E); non-viable sperm (F). The scale bar shown in the figure

represents 10 pm.
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Abnormal sperm morphology is char-
acterized by broken heads, broken tails, bent
heads, and twisted tails. Sperm morphology
abnormalities can affect the spermatogenesis,
causing infertility. According to research by
Annisaroh & Wibowo (2019), the morpholog-
ical defect of spermatozoa is characterized by
a lump on the neck of the spermatozoa and
the attachment of the tail to the head of the
spermatozoa. HFF consumption increases Re-
active Oxidative Stress (ROS) and lipid per-
oxidation, which can harm the spermatogo-
nial cell membrane, Sertoli, and Leydig cells
in testes, further disrupting sperm morphol-
ogy (Rahayu et al., 2019). This can directly

A Normal Sperm Morphology
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> a \
0 I %
Control ~ Negative 100 mg/Kg 200 mg/Kg
Control BW BW

interfere with the function of the epididymis
as a place for sperm maturation (Greenspan
& Hall, 2014). The release of Follicle Stimu-
late Hormone (FSH) by the anterior pituitary
which runs normally can determine normal
sperm morphology (Setiawan etal., 2020). The
presence of natural antioxidants from Wede-
lia Leaf extract, such as flavonoids, demon-
strates its effectiveness in repairing damaged
sperm morphology against obesity-induced
free radicals. Flavonoid compounds play a
role in neutralizing ROS in sperm and can
protect sperm membranes from lipid perox-
idation damage, resulting in normal sperm
morphology (Adamkovicova et al., 2016).
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Figure 5. Histogram of normal sperm morphology (A); abnormal sperm (B); viable/live sperm (C); non-viable / dead
sperm (D). C (0 mg/Kg BW extract and no HFF), NC (HFF), T1 (HFF and 100 mg/Kg BW extract), T2
(HFF and 200 mg/Kg BW extract). Mean = SD, superscript a-c indicates significant differences between

treatments (p<0,05).
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Sperm viability was divided into 2 cat-
egories, viable and non-viable sperm, show-
ing significant differences between NC and
T1 and T2 (p<0,05). Viable sperm showed
an increase in the T1 and T2 compared to
NC (Figure 5C). The treatment showed a low
value of non-viable sperm (Figure 5D). The
disrupted spermatogenesis leads to abnormal
sperm, including dead sperm (non-viable).
Free radical formation is a primary cause of
cellular and tissue damage; an increase in free
radicals leads to the breakdown of unsaturat-
ed fatty acids into unstable lipid peroxides,
disrupting metabolic function and damag-
ing sperm structure. According to Susilo et
al. (2018), flavonoid compounds can protect
sperm cell membranes from oxidative stress
caused by free radicals and prevent molecules
affecting membrane integrity from entering.

CONCLUSION

Based on the results of the study, it can
be concluded that Wedelia leaf plant extract
can reduce obesity index, total cholesterol
levels, and LDL levels, while improving the
quality of sperm motility, count, morphology,
and viability.
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