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ABSTRACT

This study investigates the impact of mulberry leaf extract on the viability, plasma membrane
integrity, and motility of spermatozoa from male white rats (Rattus norvegicus) exposed to e-cigarette
smoke. A total of twenty-five male rats were divided into five groups: negative control (NC), positive
control (PC), T1, T2, and T3. All groups, except for the NC group, were exposed to e-cigarette smoke.
Rats inthe T1, T2, and T3 groups received mulberry leaf extract in doses of 100, 200, and 400 mg/kg
bw, respectively, while the NC and PC groups were given a placebo of 1% Na-CMC. Both the
mulberry leaf extract and the placebo were administered daily, beginning three days prior to the start
of e-cigarette smoke exposure, which lasted for 28 days. Results showed that spermatozoa motility,
plasma membrane integrity, and viability in the experimental groups were significantly lower than
those in the NC group (p <0.05). Conversely, ratsin the T1, T2, and T3 groups that received mulberry
leaf extract demonstrated significantly greater spermatozoa viability, plasma membrane integrity, and
motility compared to the PC group (p <0.05). The T3 group exhibited the most pronounced
improvements, with significantly enhanced spermatozoa viability, membrane integrity, and motility
(p <0.05) relative to the PC group. These results indicate that mulberry (Morus alba L.) leaf extract
enhanced spermatozoa viability, plasma membrane integrity, and motility in white rats (Rattus
norvegicus) subjected to e-cigarette smoke.
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INTRODUCTION

Smoking is a health problem with a fairly
high death rate in the world (Le Foll et al., 2022).
Cigarettes contained dangerous compounds that
could harm health. One burned cigarette
produced thousands of types of chemicals. Once
identified, the chemical components turned out

to be compounds that could be harmful to health,
including nicotine, tar, carbon monoxide,
nitrosamines, nitrogen oxides, polynuclear
aromatic hydrocarbons (Engstrom et al., 2003).
Several studies linked chemicals in cigarette
smoke to the risk of respiratory disease (Cha et
al., 2023), immune disorders, cardiovascular
disease (Dahdah et al., 2022), cancer (Jain et al.,
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2021), diabetes mellitus (Maddatu et al. al.,
2017), rheumatoid arthritis (Lei et al., 2023), and
reproductive disorders in men (Osadchuk et al.,
2023) and women (Dhage et al., 2024). It was
estimated that billions of people die every year
due to cigarette smoke (Le Foll et al., 2022).

To reduce the risks posed by tobacco, WHO
uses various strategies to encourage people to
quit smoking. One example is the nicotine
replacement therapy (NRT) method. NRT is a
method of administering nicotine without the
process of burning tobacco but still provides the
sensation of smoking for the user (Wadgave and
Nagesh, 2016; Hartmann-Boyce et al., 2016).
There are several types of NRT, one of which is
e-cigarettes. E-cigarette users continued to
increase every Yyear because conventional
cigarette users were starting to switch to e-
cigarettes. Several studies showed that e-
cigarettes could help smokers quit traditional
cigarettes (Wang et al., 2021).

E-cigarettes contained propylene glycol,
vegetable glycine (glycerol), ethylene glycol,
polyethylene glycol mixed with flavorings, and
nicotine (Komura et al., 2022). Polyethylene
glycol could cause oxidative stress by increasing
reactive oxygen species (ROS) (Patlolla et al.,
2019). Exposure to polyethylene glycol severely
affected the reproductive system of male Wistar
rats (Ajonuma et al., 2024).

Mulberry plants (Morus alba L.) were
recognized for their antioxidant properties,
containing  beneficial  compounds  like
polyphenols, alkaloids, flavonoids, and
terpenoids in their leaves (Chen ef al., 2021).
Flavonoids, with their hydroxyl groups, could
donate hydrogen atoms to stabilize ROS
compounds. Quercetin, a notable flavonoid
found in mulberry leaves, exhibited strong
antioxidant activity (Zheng et al., 2021). The
ethanol extract of mulberry leaves had
demonstrated potent antioxidant properties, as
confirmed by the DPPH assay (Chen et al.,
2022). Given the high antioxidant potential of
quercetin in mulberry leaves, it is hypothesized

The exposure to e-cigarette smoke was
conducted for 30 minutes (three puffs per 10s

that it may mitigate free radical damage induced
by e-cigarette smoke.

Therefore, the aim of this study was to
determine the effect of exposure to e-cigarette
smoke on the viability, plasma membrane
integrity and motility of white rat spermatozoa
by administering mulberry leaf extract.

MATERIALS AND METHODS

The collected mulberry leaves were washed
with running water to remove dirt or particles on
the leaves. Next, the leaves were cut into small
pieces and air dri. Dried mulberry leaves were
blended to be a fine powdered simplicia.
Simplicia powder was extracted using the
maceration method using 65% ethanol, for 24
hours. After filtering, the filtrate was evaporated
using a rotary evaporator to obtain the extract
(Indawati et al., 2023). The extract was
resuspended in 1% Na-CMC and the
concentrations were adjusted according to the
doses. Regarding antioxidant activity, the
effective oral dose of mulberry leaf extract was
200 mg/kg bw (He et al., 2018). Therefore, in
this study the oral dose of mulberry leaf extract
dose used were 100 mg, 200 mg, and 400 mg/kg
bw.

The procedures used in this study have been
approved by the Universitas Airlangga Animal
Research Ethical Commission reference number
1.KEH.073.-3.2022. Twenty-five male white
rats were allocated into negative control (NC),
positive control (PC), T1, T2 and T3 group. All
rats, except those in the NC groups were exposed
to e-cigarette smoke. Rats in groups T1, T2 and
T3 each received mulberry leaf extract doses of
100, 200, and 400 mg/kg bw, respectively. Rats
in the NC and PC groups received 1% Na-CMC,
as placebo. Mulberry leaf extract and placebo
were administered orally at a volume of 1.5 mL
daily, starting 3 days before the start of e-
cigarette smoke exposure; exposure to e-
cigarette smoke was carried out for 28 days
(Table 1).
interval) with 1 mL of liquid for each exposure
and a nicotine content of 18mg/mL/day. On day-
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39, all the rats were sacrificed to have their
testicles and cauda epididymis collected. The
cauda epididymis was separated by cutting the
proximal end of the corpus epididymis and the
distal part of the vas deferens. The isolated cauda
epididymis was placed in a petri dish containing
0.2 mL of 0.9% sodium chloride solution.

Incisions were made in the cauda epididymis,
and the spermatozoa were allowed to swim out.
After the cauda epididymis tissue was removed,
spermatozoa suspension was mixed
homogeneously. Then, spermatozoa viability,
plasma membrane integrity and motility of the
spermatozoa were evaluated (Alifia et al., 2023).

Table 1 Treatment in the experimental groups consisted of exposure to e-cigarette smoke and oral
administration of mulberry leaf extract (Morus alba L.)

day-8 to day-10

day-11 to day-38

NC 1% Na-CMC
PC 1% Na-CMC
Tl 100 mg/kg bw MLE
T2 200 mg/kg bw MLE
T3 400 mg/kg bw MLE

1% Na-CMC

1% Na-CMC + exposure to e-CS

100 mg/kg bw MLE + exposure to e-CS
200 mg/kg bw MLE + exposure to e-CS
400 mg/kg bw MLE + exposure to e-CS

NC: negative control; PC: positive control; T1, T2, T3: treatment 1, 2, 3; Na-CMC: sodium
carboxymethyl cellulose; e-CS: e-cigarette smoke; bw: body weight, MLE: mulberry leaf extract.

Spermatozoa motility

A drop of spermatozoa suspension was
mixed thoroughly with an equal volume of
physiological saline solution (0.9% w/v sodium
chloride) on a slide, which was then covered with
a coverslip. The assessment of spermatozoa
motility was carried out using a microscope
(Nikon Eclipse E100) with 400x magnification.
The percentage of spermatozoa with progressive
motility was calculated on 100 spermatozoa (Sari
etal., 2023).

Spermatozoa viability

Slides for examining spermatozoa viability
were prepared by dropping one drop of
spermatozoa suspension onto an object glass and
one drop of eosin-nigrosin stain, and mixed
thoroughly. Thin smear was made, and fixed
afterward over a flame. The slides were observed
under a microscope (Nikon Eclipse E100) at
400x magnification on 100 spermatozoa. Live
spermatozoa were unstained, and dead
spermatozoa were stained with eosin (Sari et al.,
2023).

Spermatozoa plasma membrane integrity
Spermatozoa suspension (0.1 mL) was

diluted 10 times in hypoosmotic solution (1.352
g fructose and 0.735 g sodium citrate dihydrate
dissolved in 100 mL distilled water) and
incubated at 37°C. After incubation for 30
minute, spermatozoa were examined under a
light microscope (Nikon Eclipse E100) at 400x
magnification. Spermatozoa whose plasma
membranes were intact showed curved or bent
spermatozoa tails, while spermatozoa whose
plasma membranes were damaged showed
straight tails (Susilowati et al., 2021).

Data analysis

Data on spermatozoa motility, viability and
plasma membrane integrity were analyzed using
ANOVA. Duncan's range test was used after
analyzing the data to see if there was a significant
difference (p <0.05). All tests were carried out
using Statistical Product and Service Solution
(SPSS) v 26 for Windows.

RESULTS

Exposure to e-cigarettes for 28 days (PC)
caused a decrease (p <0.05) in viability, intact
plasma membrane, and motility of rat
spermatozoa compared to the NC group of rats.
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Administration of mulberry leaf extract at doses
of 100, 200, and 400 mg/kg bw to rats exposed
to e-cigarette smoke was followed by an increase
(p <0.05) in viability, intact plasma membrane,
and motility of rat spermatozoa compared to the
PC group of rats. The highest dose in this study

intact plasma membrane, and motility of
spermatozoa (p <0.05) compared to those in
groups PC, T1, and T2, and showed lower
viability, intact plasma membrane, and motility
of spermatozoa (p <0.05) compared to those in
group NC (Table 2).

(400 mg/kg bw, T3) showed higher viability,

Table 2 Viability, plasma membrane integrity, and motility of white rats (Rattus norvegicus)
spermatozoa after exposure to e-cigarettes and administration of mulberry leaf extract

viability intact plasma membrane motility
NC 90.50+4.10%2 78.73+5.372 78.25 + 4.46 2
PC 29.19+7.45°¢ 28.55 +8.14 ¢ 26.84 + 4.65¢
T1 40.18 +3.99¢ 39.06 +4.08 ¢ 36.92 +3.09°¢
T2 49.72+3.35°¢ 46.35+2.46° 42.38 +5.79°¢
T3 69.87 +12.05° 65.27 +14.01° 60.74 £ 5.35°

Different superscripts within the same column demonstrate a statistically significant difference (p <0.05); NC:
negative control group, where rats were administered 1% Na-CMC; PC: positive control group, where rats
were exposed to e-cigarette smoke and received 1% Na-CMC; T1, T2, and T3: groups of rats exposed to e-
cigarette smoke and administered 100, 200, and 400 mg/kg bw of mulberry leaf extract, respectively; both Na-
CMC and mulberry leaf extract were given orally at a daily volume of 1.5 mL, starting three days prior to the
initiation of e-cigarette smoke exposure; the exposure period lasted for 28 days.

, ? "\\ T3

Y/ 3
Figure 1 Viability of rats (Rattus norvegicus) spermatozoa following exposure to e-cigarettes and treatment
with mulberry leaf extract; analysis conducted using a light microscope (Nikon Eclipse E100) at 400x
magnification; blue arrow: live spermatozoa (unstained/transparent); red arrow: dead spermatozoa (stained
with eosin); NC: negative control group, where rats received 1% Na-CMC; PC: positive control group, where
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rats were exposed to e-cigarette smoke and received 1% Na-CMC; T1, T2, and T3: groups of rats exposed to
e-cigarette smoke and treated with 100, 200, and 400 mg/kg bw of mulberry leaf extract, respectively; both
Na-CMC and mulberry leaf extract were administered orally at a daily volume of 1.5 mL, starting three days
before e-cigarette smoke exposure; the exposure lasted for 28 days.

Figure 2 Intact plasma membranes of spermatozoa in rats (Rattus norvegicus) following exposure to e-
cigarette smoke and treatment with mulberry leaf extract; evaluation performed using a light microscope
(Nikon Eclipse E100) at 400x magnification; blue arrow: intact plasma membranes (bent/curved spermatozoa
tails); red arrow: damaged plasma membranes (straight spermatozoa tails); NC: negative control group, where
rats received 1% Na-CMC; PC: positive control group, where rats were exposed to e-cigarette smoke and
received 1% Na-CMC; T1, T2, and T3: groups of rats exposed to e-cigarette smoke and treated with 100, 200,
and 400 mg/kg bw of mulberry leaf extract, respectively; Na-CMC and mulberry leaf extract were administered
orally at a daily volume of 1.5 mL, beginning three days prior to e-cigarette smoke exposure; the exposure
duration was 28 days.

DISCUSSION

Viability refered to the ability of
spermatozoa to survive during fertilization. The
integrity of the spermatozoa plasma membrane
indicated the maintenance of its physiological
functions, crucial for effective transport
mechanisms. Motility described the capacity of
spermatozoa to swim progressively through the
female reproductive tract to achieve fertilization
(Mahé¢ et al., 2021). In this study, exposure to e-
cigarettes containing 18 mg/mL nicotine for 28
days resulted in diminished plasma membrane
integrity, viability, and motility of spermatozoa.

This decline could be attributed to the toxic
compounds present in cigarette smoke. E-
cigarette smoke exposure introduces metals like
cadmium and nickel, which contributed to lipid
peroxidation in spermatozoa cell membranes
(Montjean et al., 2023).

E-cigarette smoke is known to contain free
radicals in the form of reactive oxygen species
(ROS) (Menicagli et al., 2020). An excess of
ROS could lead to oxidative stress. Prolonged
oxidative stress (over 20 days) could cause
cellular damage (Coluzzi et al., 2017). Three
primary mechanisms contribute to this damage:
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lipid peroxidation, which compromised cell
membranes (Wong-Ekkabut et a/., 2007), DNA
damage leading to mutations and cell death
(Martins et al., 2021), and modifications of
oxidized proteins (Viedma-Poyatos et al., 2021).
Free radicals could covalently bind to membrane
enzymes or receptors, altering cellular activity.
Lipid peroxidation destabilized and damaged the
plasma membrane (Petersen, 2017).
Spermatozoa plasma membranes are rich in
polyunsaturated fatty acids (PUFAs), making
them particularly vulnerable to ROS. Lipid
peroxidation initiated by extracting hydrogen
atoms from the methylene group (-CH2) in
PUFAs, leading to compromised membrane
integrity and reduced spermatozoa motility
(Rodak and Kratz, 2023). The observed decrease
in spermatozoa viability correlated with plasma
membrane damage. Furthermore, ROS could
impair intracellular enzymes, lipoproteins, ATP
levels, and potassium ions, disrupting membrane
permeability (Dutta er al., 2019). Membrane
permeability was vital for nutrient transport,
crucial for cellular metabolism. Disruption of
spermatozoa membrane permeability could
hinder nutritional supply and resulted in cell
death. The membrane served to protect cellular
components and regulates intracellular and
extracellular exchanges (Stewart ef al., 2018).
Free radicals also contributed to reduced
mitochondrial ATP production, as they could
diminish the frequency of spermatozoa tail
movements (Gallo et al., 2021). Mitochondria
were responsible for energy production, which
was essential for spermatozoa motility. ATP was
crucial for the motility of spermatozoa (Costa et
al., 2023). Normal spermatozoa physiology
relies on a balance between oxidants and
antioxidants. However, when ROS levels exceed
the capacity of endogenous antioxidants
(Kowalczyk, 2022), exogenous antioxidants
became necessary (Chaudhary et al., 2023).
This study demonstrated that mulberry leaf
extract (Morus alba L.) at a dose of 400 mg/kg
bw/day was the most effective for preserving
motility, viability, and plasma membrane
integrity of spermatozoa exposed to e-cigarette

smoke. Mulberry leaf extract contained
antioxidant compounds such as alkaloids,
flavonoids, phenolics, terpenoids, tannins, and
saponins (Batiha ef a/., 2023). Flavonoids acted
as reducing agents, hydrogen donors, and metal
chelators, exhibiting biological activities that
supported metabolic function. They played a
critical role in reducing ROS levels by inhibiting
free radical formation, capturing free radicals
through  hydrogen atom donation, and
interrupting chain reactions, thereby allowing
testicular germ cells to withstand oxidative
stress. Quercetin, a flavonoid derivative found
abundantly in mulberry leaves, has significant
antioxidant properties (Hassanpour and Doroudi,
2023).

Quercetin helped protect the testes from
ROS and supported male germ cell function by
reducing ROS and hydroxyl radical production
under hypoxic conditions. It also aided in
restoring endogenous homeostasis by enhancing
glutathione (GSH) levels and facilitating free
radical enzyme release, thereby safeguarding
cells from oxidative damage by bolstering
endogenous antioxidant defenses (Xu ef al.,
2019).

The administration of mulberry (Morus alba
L.) leaf extract at 400 mg/kg bw/day, alongside
exposure to e-cigarettes with 18 mg/mL nicotine,
resulted in superior motility, viability, and
plasma membrane integrity compared to lower
doses of 100 and 200 mg/kg bw/day. However,
even the highest dose (400 mg/kg bw) was
insufficient to fully restore spermatozoa
viability, plasma membrane integrity, and
motility to levels observed in normal rats.
Further research is warranted to identify the
specific active compounds in mulberry leaves
that most effectively preserve spermatozoa
motility, viability, and plasma membrane
integrity to revert them to normal conditions.

CONCLUSION

In conclusion, mulberry leaf extract (Morus
alba L.) enhanced the motility, viability, and
plasma membrane integrity of spermatozoa in
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white rats (Rattus norvegicus) exposed to e-
cigarette smoke.
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