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Abstract

Ethanol consumption can generate free radicals and cause oxidative stress, tissue inflammation, and kidney impairment. It
has long been known that saponins from natural sources have numerous therapeutic benefits in African herbal and traditional
medicine. However, the study aimed to the study aimed to evaluate the ameliorative effect of saponin-rich extract of Citrullus
lanatus seed against ethanol-induced kidney injury. Rats were divided into six groups: a normal control, an ethanol control
(10 ml/kg of 50% ethanol), a saponin control (100 mg/kg/day), an ethanol plus low and high doses of saponin (ET + 50
and 100 mg/kg SCL), and an ethanol plus Silymarin (ET + 100 mg/kg SLY) group. Serum urea, creatinine, and uric acid
were measured, as were oxidative stress markers and renal tissue inflammatory markers. The ethanol-induced increases in
creatinine, urea, and uric acid were significantly (p < 0.05) mitigated by Citrullus lanatus seed saponins (SCL). When rats
administered SCL were compared to untreated ethanol rats, CAT, SOD, and GPx levels increased significantly (p < 0.05),
whereas MDA decreased. Likewise, SCL dramatically lowered IL-1p and TNF-a levels in ethanol-treated rats. A histo-
pathological study strongly supported the result of the biochemical assay. The results of this study reveal that by reducing
the rise in renal function, inflammatory markers, and oxidative stress, the saponin-rich fraction of Citrullus lanatus seed
has therapeutic potential against ethanol-induced kidney damage. SCL may therefore act as a plant-based natural remedy
to reduce kidney damage.
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Background

Excessive alcohol use is becoming a global issue, and
researchers have discovered a link between chronic kid-
ney disease (CKD) and alcohol intake (Fan et al. 2019).
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According to the World Health Organization, 140 million
people worldwide suffer from alcoholism and more than
55% of adults consume alcohol (Ke¢pka et al. 2016). The
kidneys have an equal role in the metabolism and excretion
of ethyl alcohol, even though the liver is where the major-
ity of alcohol is first broken down. Alcohol dehydrogenase,
CYP2E1, and CYP24A1 are a few of the enzymes found in
the kidneys that are necessary for the metabolism of ethanol
(Bulle et al. 2016; Meza et al. 2022). As a result, drinking
too much alcohol puts a lot of stress on the kidneys' regular
metabolic functions (Hosseini et al. 2017). Reactive oxygen
species and reactive nitrogen species (ROS/RNS) can be
produced by alcohol, which may lead to oxidative stress in
the kidneys and a risk of renal damage from hemodynamic
disturbances and inflammation (Leal et al. 2017; Elkomy
et al. 2018; Gao et al. 2022). However, according to certain
research, ethanol can harm the kidneys without also harming
the liver (Cohen et al. 2011; Costa-Valle et al. 2018). In the
absence of substantial liver impairment, Latchoumycandane
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et al. (2014) found that the effects of excessive ethanol
metabolism alone were sufficient to considerably compro-
mise kidney function. Chronic alcohol use, on the other
hand, can stimulate the sympathetic nervous system and
activate the renin-angiotensin system (RAS), raising blood
pressure and impairing glomeruli morphology (Leal et al.
2017; Varga et al. 2017).

Saponins, a structurally varied class of glycosides with
a steroid, steroidal alkaloid, or triterpenoid aglycone back-
bone that are mostly found in the plant kingdom but also
exist in some marine invertebrates, are one form of defence
chemical (Osbourn et al. 2011; Claereboudt et al. 2019).
Furthermore, the wide range of biological activity reflects
their structural and functional variety, making them appeal-
ing compounds for the cosmetics and pharmaceutical indus-
tries (Osbourn et al. 2011; Gholami et al. 2014). However,
not all saponins have the same hemolytic action. Previous
studies found significant differences in hemolytic activity
among saponins depending on the polarity and chemistry
of their aglycones and sapogenins (Top et al. 2017; Vo et al
2017). For example, the triterpenoid saponin extracted from
the bark of Quillaja saponaria Molina (Quillajaceae) was
shown to be non-haemolytic and was licenced as an immu-
nostimulant adjuvant in commercial vaccines (De Groot and
Muller-Goymann 2016). Saponins derived from various
extracts have been shown to have hepatoprotective proper-
ties. However, there is no data to support Citrullus lana-
tus (Watermelon) saponin's therapeutic potential against
experimental renal damage produced by ethanol. Hence,
the purpose of this study was to determine the therapeu-
tic effects of Citrullus lanatus total saponin extract against
ethanol induced kidney damage in male Wistar rats.

Methods
Chemicals and reagents

Silymarin (70 mg/tablet) was purchased from a reputable
pharmaceutical store in Zaria, Kaduna State (M.U.B. Phar-
maceutical Enterprises Ltd.). The following materials were
obtained from Sigma Aldrich and purchased at the Steve
Moore Laboratory Chemical Store at Emanto Zaria: ethanol
at 100%, sodium hydroxide (NaOH), isobutyl alcohol, mag-
nesium carbonate (MgCO5), iron (III) chloride (FeCl;), and
hematoxylin and eosin (H&E) staining solution (St. Louis,
MO, USA). Ketamine hydrochloride (Sigma-Aldrich Co.,
LLC, St. Louis, USA). The following rat ELISA kits were
used: superoxide dismutase (SOD), catalase (CAT), malond-
ialdehyde (MDA), reduced glutathione (GSH), nitrite oxide,
TNF-a, and IL-1p (Shanghai Enzyme-Linked Biotechnology
Ltd Company, Shanghai, China). All of the compounds used
were of analytical grade.
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Plant material and preparation of Saponin extract

The Citrullus lanatus fruits were obtained from a fruit ven-
dor at a neighbourhood market in Samaru, Zaria, Kaduna
State, Nigeria. The taxonomic identification and authentica-
tion were carried out by a taxonomist in the Department of
Botany, Ahmadu Bello University (ABU), Zaria. The depart-
ment's herbarium has the plant's voucher specimen, 34122.
The seeds were extracted manually from the fruits, washed,
and air-dried at 40 °C before being ground into powder in an
electric blender. Methanol was used to extract and filter the
dried powdered seed (3.5 kg). The extract (430 g) was dis-
solved in water and subsequently portioned with petroleum
ether, chloroform, ethyl acetate, and n-butanol. Methanol
was used to separate the bioactive petroleum ether fraction.
The methanolic fraction was then re-extracted with diethyl
ether until all chlorophyll pigments were removed. The
aqueous phase was then partitioned using n-butanol. The
n-butanol fraction was concentrated to dryness, yielding a
saponin mixture of 4.60 g (Kothavade et al. 2015).

Animal handling

Thirty male Wistar rats weighing 170-190 g were obtained
from the Department of Pharmacology at Ahmadu Bello
University (ABU), Zaria, Nigeria. The animals were housed
in polypropylene cages under conventional laboratory con-
ditions of relative humidity (45 + 5%), temperature (25
+ 2 °C), and a 12-h light/dark cycle, and were fed with
a pelletized form of rat chow and allowed free access to
tap water ad libitum. The principles of laboratory animal
care were followed (NIH publication no. 85-23, amended
in 1985). The Animal Use and Care Committee (ABU-
CAUC/2022/088) authorised the study. Before the experi-
ment began, the rats were given two (2) weeks to acclimatise
to the animal house setting.

Experimental design

Thirty (30) rats were used in this study and were separated
into six groups of five rats each (n = 5):

Group 1 (NC) received distilled water, (2 ml/kg) daily
for 4 weeks.

Group 2 (ET) received 10 ml/kg of 50% ethanol daily
for 4 weeks;

Group 3 (100 mg/kg SCL) group receive 2 ml/kg of
distilled water for 3 weeks daily and 100 mg/kg of SCL
for one week.

Group 4 (ET + 50 mg/kg SCL) group receive 10 ml/kg
of 50% ethanol daily for 3 weeks daily and 50 mg/kg of
SCL for one week.
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Group 5 (ET + 100 mg/kg SCL) group receive 10 ml/kg
of 50% ethanol daily for three weeks daily and 100 mg/kg
of SCL for one week.

Group 6 (ET + 100 mg/kg SLY) group receive 10 ml/kg of
50% ethanol daily for three weeks followed by 100 mg/kg
of silymarin for 1 week.

All treatments (SCL extract and ET) were given orally,
and the experiment lasted 28 days. The SCL dose used in
this study was based on previous research (Ejelonu et al.
2021). ET (50%) at a dosage of 10 ml/kg/day was used;
this is almost comparable to the amount previously associ-
ated with organ damage (Jiang et al. 2016).

Determination of body weight gain and kidney
somatic index

The weights of control and treated rats were recorded using
a 9001 scale (Satorius, Hertfordshire, U.) at the end of
each week. The difference between the final body weight
on the day of sacrifice and the initial body weight prior
to the start of administration was utilised for determining
each rat's body weight gain. The kidneys were promptly
removed when the rats were humanely sacrificed, cleaned
with ice-cold normal saline, blotted with filter paper, and
weighed to calculate the renal somatic index (RSI). RSI
= (the weight of the kidney (g)) + (the final weight of the
body (g)) x 100 (Perera, et al. 2020).

Preparation of serum biochemistry

After the four-week treatment period, the rats were given
an intramuscular injection of ketamine hydrochloride
USP at a dose of 50 mg/kg to anesthetised them. The
rats were euthanized, and blood samples were collected
by puncturing the heart with a 22-gauge needle and a
5-ml syringe. Blood samples obtained in plain blood tubes
were allowed to clot at room temperature. The clotted
blood samples were centrifuged at 1500 g for 15 min, and
serum samples were aspirated, placed in cryovials, and
kept at -20 degrees Celsius until biochemical assay. The
kidney function parameters of serum creatinine, urea, and
uric acid were measured using an automated chemistry
analyzer (Labmax Plenno Co., Ltd., Lagoa Santa, Brazil)
with commercial assay Kits.

Oxidative stress and antioxidant defence system assay
The kidney organs were excised, weighed, and homog-

enised in a 50 mmol/l Tris—HCI buffer (pH 7.4) before
being centrifuged at 1500 g for 15 min for biochemical

analysis. Supernatants obtained were immediately placed
in the freezer at -20 °C, frozen, and stored until needed.
The homogenates were used to quantify oxidative stress
and inflammatory markers. The concentration of lipid
peroxidation in the kidney was determined by measuring
malondialdehyde (MDA) production using the Zhang et al.
(2008) technique. Nitric oxide (NO) was measured using
a reagent kit acquired from Biodiagnostics (Egypt) and
determined following the technique of Montgomery and
Dymock (1961). The antioxidant enzymes superoxide dis-
mutase (SOD), reduced glutathione (GSH), and catalase
(CAT) were evaluated using the techniques of Marklund
and Marklund (1974), Kar and Mishra (1976), and Cohen
et al. (1970), respectively.

Cytokines in kidney homogenate assay

The levels of tumour necrosis factor alpha (TNF-a) and
interleukin 1 beta (IL-1p) in kidney homogenate were deter-
mined using specialised ELISA kits (ACON Labs, USA)
and the manufacturer's instructions. The cytokine concen-
trations were quantified spectrophotometrically at 450 nm.
Standard curves were created using standard cytokines, and
standard plots were used to calculate the concentrations of
the unknown samples.

Histopathological examination

Specimens from the kidney were fixed in 10% phosphate
buffered formalin, dehydrated in alcohol, and embedded in
paraffin for light microscopy. For general histological evalu-
ation, five-micron tissue slices were stained with hematoxy-
lin and eosin (H&E). A light microscope was used to exam-
ine the slides (Olympus CHNB107MVR, Tokyo, Japan).

Statistical analysis

The data were analysed statistically, with the mean and
standard error of the mean (SEM) being calculated. A one-
way ANOVA was used to analyse the data, and Tukey's mul-
tiple comparison test was used for the post hoc test. These
statistical analyses were performed using GraphPad Prism
Software, version 5 (La Jolla, CA). At p < 0.05, the differ-
ence was considered significant.

Result
Body weight gain and kidney somatic index
Table 1 shows the differences in kidney somatic index and

body weight gain of rats in different groups. When compared
to the control group, the ET-treated group had a significant
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Table 1 Initial and final body weights as well as weight variations in the rat kidney during the course of the 28-day experiment

Groups Initial wt (g) Final wt. (g) Body wt gain (g) Kidney Wt (g) Renal Somatic Index
NC 171.80 + 6.89 201.60 + 6.81 29.80 + 0.49 0.75 + 0.02 0.37 + 0.018

ET 173.40 + 5.43 189.00 + 6.72 17.20 + 1.98" 0.88 + 0.01* 0.47 +0.019"

50 mg/kg SCL 170.60 + 4.48 200.20 + 4.81 29.80 + 1.02% 0.73 + 0.05" 0.36 + 0.019*

ET + 50 mg/kg SCL 174.64 + 3.54 197.46 + 7.06 23.00 + 1.227 0.74 + 0.03* 0.37 + 0.016*

ET + 100 mg/kg SCL 172.00 + 6.68 195.60 + 7.06 23.65 + 1.12* 0.68 + 0.02* 0.35 + 0.020"

ET + 100 mg/kg SLY 165.20 + 4.51 193.00 + 5.77 2781 £3.71* 0.77 + 0.02 0.41 +0.017

F 0.338 0.601 6.656 5.060 5.289

p-Value 0.885 0.699 0.001 0.003 0.002

The mean + standard error of the mean (SEM) was used to express all values. One-way analysis of variance (ANOVA) followed by Tukey multi-

ple post hoc comparison test

It shows the effect of various treatments on body weight and organ weights of kidney

n=>5

NC Control, ET Ethanol, SCL Saponin Rich Fraction of Citrullus Lanatus seed, SLY Silymarin
*P < 0.033; ** P < 0.002; *** P < 0.0001 indicates a statistically significant difference as compared to the Normal control
#P < 0.033; # P < 0.002; # P < 0.0001, indicates a statistically significant difference as compared to the ET Control group

increase (p < 0.001) in kidney somatic index and a decrease
in rats' body weight gain. In contrast, therapeutic treatment
with saponin-rich fractions of CL at both higher and lower
dosages, as well as Sylimarin, significantly decreased (p <
0.001) the kidney somatic index as well as increased body
weight gain in the rats compared to ET-treated rats. However,
there was no difference in response between the two dosages
of CL (50 mg/kg and 100 mg/kg body weight), and likewise,
no significant difference was observed in kidney somatic
index between the ET-treated rats and the Sylimarin-treated
rats. Furthermore, when comparing the rats treated with just
CL to the control group, no statistically significant difference
(p > 0.05) in values was observed.

Changes in kidney function parameters and nitrite oxide

When compared to the control group, rats given just ethanol
(ET) treatment had significantly higher blood levels of urea,
creatinine, and uric acid (p < 0.001). Rats in the co-treatment
groups (50 ET+SCL, 100 ET+SCL, and ET4+SLY) showed
urea, creatinine, and uric acid levels that were significantly (p
< 0.05) reduced compared to ET-treated rats. Comparing the
rats in the SCL-only treatment group to the control group's
rats, all kidney function parameters did not indicate any sig-
nificant differences (p > 0.05). Apart from creatinine, all of
the kidney function markers evaluated demonstrated a dose-
dependent response. When compared to rats in the low-dose
saponin-rich fraction group and the silymarin-treated group,
the high dosage of SCL significantly (p < 0.05) lowered urea,
creatinine, and uric acid levels (Fig. 1A-C). The ET treated
rat's mean nitrite oxide level in the homogenate increased
significantly when compared to rats in the normal control
group (p < 0.001). In comparison to the normal control
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group, it did not differ substantially in only the SCL-treated
rats (p > 0.05). The mean nitrite oxide level in the homoge-
nate decreased significantly in all ET+SCL and ET+SLY
groups (P < 0.001) when compared to the ethanol control
group (Fig. 1D).

Changes in antioxidant enzyme status in kidney tissue

SOD and CAT enzyme activity, as well as GSH levels, were
found to be significantly reduced in the ET group compared
to the NC group of rats. Also, SOD, CAT, and GSH levels
were significantly increased (p < 0.05) in rats treated with
Citrullus lanatus and Sylimarin (ET + 50 mg/kg SCL, ET
+ 100 mg/kg SCL, and ET + 100 mg/kg SLY) compared
to rats in the ET group. For SOD and GSH, there was no
significant difference (p > 0.05) between the treatment
groups; however, there was still a substantial rise in CAT
levels in the ET 4 100 mg/kg SCL and ET + 100 mg/kg SLY
groups compared to the NC and ET + 50 mg/kg SCL groups
(Fig. 2A-C). Rats in the ET group had a significant rise in
MDA levels when compared to the rats in the NC group.
Citrullus lanatus seed saponin and Sylimarin significantly
(p < 0.05) lowered the MDA levels compared to MDA level
in the ET group, but the decrease in the extract groups was
in a dose-dependent manner (Fig. 2D).

Changes in cytokine levels

TNF-a levels were found to be significantly higher in the ET
group compared to the NC group of rats. TNF-a levels were
significantly reduced (p < 0.05) in rats treated with Citrul-
lus lanatus and sylimarin compared to rats in the ET group.
There was no statistically significant difference (p > 0.05)
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Fig. 1 Bar charts of kidney
function parameters A Creati-
nine, B Urea, C Uric acid, and
D Nitrite oxide. *P < 0.033;
** P < 0.002; *** P < 0.0001
indicates a statistically signifi-
cant difference as compared to
the Normal control; *P < 0.033;
# P < 0.002; * P < 0.0001,
indicates a statistically signifi-
cant difference as compared to
the ET Control group. n =5,
NC = Control, ET = Ethanol,
SCL = Saponin Rich Fraction
of Citrullus Lanatus seed, SLY
= Silymarin
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between the treatment groups; however, there was still a sub-
stantial rise in TNF-a levels in the ET + 50 mg/kg SCL, ET
+ 100 mg/kg SCL, and ET + 100 mg/kg SLY groups com-
pared to the NC group (Fig. 3A). Rats in the ET group had a
significant rise in IL-1p levels when compared to the rats in
the NC group. Citrullus lanatus seed saponin and sylimarin
significantly (p < 0.05) lowered IL-1p levels compared to
rats in the ET group, but the decrease in the extract groups
was in a dose-dependent manner. No significant (p > 0.05)
difference was found in the IL-1f level between rats in the
100 mg/kg SCL and ET + 100 mg/kg SLY groups. However,
there was still a significant rise in IL-1p levels in the ET +
50 mg/kg SCL, ET + 100 mg/kg SCL, and ET + 100 mg/kg
SLY groups compared to the NC group (Fig. 3B).
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Histological studies of kidney

Normal control rats' kidneys have a normal histological struc-
ture, including a glomerulus and renal tubules (Fig. 4A).
Tubular and glomerular necrosis were clearly seen in the
renal tissues of ethanol-treated rats (Fig. 4B). However, the
kidneys of rats treated with SCL (50 mg/kg) showed nor-
mal glomeruli and some minor tubular damage (Fig. 4D),
whereas the kidneys of rats treated with SCL (100 mg/kg)
after ethanol administration and only SCL treated both
showed normal glomeruli and normal renal tubules, which
were comparable to the control group (Fig. 4C, E). Rats
treated with ET+SLY had moderately damaged glomeruli
and renal tubules (Fig. 4F).
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Fig.2 Bar charts of Oxidative 5=
stress and lipid peroxidation

A SOD, B CAT, C GSH, and

D MDA. *P < 0.033; ** P <
0.002; *** P < 0.0001 indicates
a statistically significant differ-
ence as compared to the Normal
control; *P < 0.033; # P <
0.002; #* P < 0.0001, indicates a
statistically significant difference
as compared to the ET Control
group. n = 5, NC = Control, ET
= Ethanol, SCL = Saponin Rich
Fraction of Citrullus Lanatus
seed, SLY = Silymarin
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Discussion

Ethanol has been studied for several years, and it has been
shown that it can induce oxidative stress, tissue inflamma-
tion, and acute renal toxicity (Leal et al. 2017; Varga et al.
2017). There is increasing evidence that medicinal plants'
phytochemical constituents, like saponin and flavonoid, have
pharmacological properties with regard to anti-inflammatory
and anti-oxidant activities (Ikram et al. 2021; Zhong et al.
2022). Thus, we evaluate the therapeutic efficacy of Citrul-
lus lanatus seed saponin extract against ethanol nephrotoxic-
ity in Wistar rats, as well as its underlying antioxidant and
anti-inflammation potential.

In the current study, ethanol treatment caused body
weight loss as well as significant elevations in the renal
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somatic index, blood urea, uric acid, and creatinine. The
elevated levels of serum urea, uric acid, and creatinine levels
are indicative of kidney impairment and renal tubular necro-
sis (Shahani et al. 2017). The findings in this study support
prior research that ethanol promotes kidney impairment
(Kishi et al. 2015; Wang et al. 2017). The damage causes
renal dysfunction due to a decreased glomerular filtration
rate, which raises blood urea, uric acid, and creatinine levels.
A saponin-rich methanolic extract from Citrullus lanatus
seed appears to have beneficial effects on renal dysfunc-
tion in ethanol-treated rats by considerably reducing the
rise of the renal somatic index, urea, creatinine, and uric
acid levels, as well as weight loss. This positive effect of
the extract might be related to the antioxidant activity and
membrane stabilising properties previously recorded (Ma
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et al. 2019). The mechanism of ethanol nephrotoxicity has
been researched.

It has been reported that ROS is key to ethanol's harmful
effects on renal tissue via the build-up of oxidative stress,

which leads to the pathogenesis of ethanol nephrotoxicity
(Comporti et al. 2010). This study shows that ethanol treat-
ment impairs the kidneys' natural antioxidant defences. In
line with previous studies, our findings show that ethanol

Fig.4 Composite photomicrographs of kidney of control (A) show-
ing a normal glomerulus (G) and renal tubules, ET treated micrograph
(B) exhibited dilated and degenerated renal tubules (arrow), and glo-
merulus degeneration and spontaneous lipid vacuolation (G), SCL (C)
showed normal glomerulus (G) and renal tubules; ET + 50 mg/kg SCL
(D) showed a mild glomerulus degeneration and spontaneous lipid

vacuolation(G) with mild degenerated renal tubule (Arrow), ET + 100
mg/kg SCL (E) showing very normal rental tubules (Arrow) and a nor-
mal glomerulus (G), ET + 100 mg/kg SLY treated group (F), showing
mild obliterative form of glomerulus (G) and mild degenerated renal
tubules(arrow) (H & E, X 250)
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significantly reduced renal activities of SOD, CAT, and
GSH levels while significantly increasing MDA levels in
rats in the control group (Pourbakhsh et al. 2014; Harris
et al. 2015). However, in these studies, Citrullus lanatus
seed extract and Sylimarin were able to restore SOD and
CAT, renal activity, as well as GSH and MDA levels in a
dose-dependent manner, with the high dose of the extract
producing results equivalent to those of normal control rats.
The findings of this research are consistent with other stud-
ies showing that saponin-rich extract decreases the genera-
tion of free radicals, controls the expression of antioxidant
enzymes, and removes the detrimental effects of ethanol (Ma
et al. 2019; Yao et al. 2019).

Furthermore, mounting evidence implicates pro-inflammatory
cytokine production in ethanol-induced nephrotoxicity (Gao
et al. 2022). ROS stimulate NF-B, which is essential for the
initiation of inflammatory cascades. In the current study, we
discovered that ethanol administration correlated with signifi-
cant rises in levels of the inflammatory markers TNF-a and
IL-1p. Pro-inflammatory cytokines have been shown in several
studies to play a crucial role in the pathophysiology of ethanol-
induced kidney damage (Xu et al. 2018). Additionally, several
studies have shown that TNF-« and IL-1f are involved in the
pathophysiology of ethanol-induced kidney damage (Gyamfi
and Wan 2010; Ceni et al. 2014). TNF-a, in particular, causes
renal function failure by causing vasoconstriction, a decrease in
blood supply, and leukocyte infiltration. TNF-a reduces blood
flow and glomerular filtration rate while increasing albumin per-
meability in the kidney (Donnahoo et al. 1999; Mahmoudzadeh
et al. 2017). According to the present research findings, the
oral administration of Citrullus lanatus extract and Silymarin
reduced the elevated levels of kidney IL-1b and TNF-a. The
anti-inflammatory action of Citrullus lanatus saponins has been
widely reported. Previous research reveals that flavonoids and
saponins are the principal phytochemical substances found in
herbal plants, and they have anti-inflammatory properties (Hong
et al. 2018; Binggian et al. 2021; Wahid et al. 2022).

The considerable reduction in NO levels after ethanol
administration as shown in this study indicates that renal
endothelial protection and defence systems play a role in the
pathological process of ethanol-induced kidney injury (Shi
et al. 2022). According to our findings, NO levels returned to
normal following the dose-dependent extract and silymarin
treatment. This suggests that Citrullus lanatus saponins may
protect rats' kidneys from ethanol-induced injury by modify-
ing blood flow and maintaining renal endothelial integrity
by managing NO levels.

The kidneys of rats treated with ethanol had degener-
ated renal tubules and a significantly shrunken glomerulus,
which is similar to the findings of Shanmugam et al. (2010),
who discovered that ethanol causes renal injury, including
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damage to glomeruli and tubules. Supplementation with
Citrullus lanatus saponin extract, on the other hand, greatly
reduced histological lesions and protected the kidney cells.
This might be connected to saponin antioxidant effective-
ness, which assists in the removal of free radicals, thereby
lowering renal cell death (Kooti and Daraei 2017). Further-
more, the potential benefits of saponin extract on the kidney
revealed by microscopic examination are consistent with our
biochemical findings.

Conclusion

In conclusion, the current findings show that administration
of Citrullus lanatus saponin extract appears to ameliorate
the effect of ethanol-induced renal injury, as evidenced by
a reduction in renal injury, oxidative stress, the generation
of pro-inflammatory mediators, pathological changes, and
improved performance in antioxidant capacity. However, fur-
ther research is needed to determine the exact pathways medi-
ating saponin's therapeutic benefits against ethanol toxicity.
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