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Abstract

Purpose: To evaluate the protective effects of Garcinia forbesii King leaf extract against renal tubular
injury induced by Renal ischemia—reperfusion injury (IRl) and to assess its association with
inflammatory and oxidative stress markers, including interleukin-18 (IL-18), superoxide dismutase 2
(SOD2), and malondialdehyde (MDA).

Methods: Male Wistar rats were subjected to renal IRl and treated with Garcinia forbesii King leaf
extract at doses of 2.5, 25, and 250 mg/kg. Renal IL-18 levels, SOD2 expression, serum MDA levels,
and histopathological tubular injury scores were evaluated.

Results: Renal IL-18 levels were significantly increased in IRl group compared with the sham-operated
group. Treatment with Garcinia forbesii King leaf extract at doses of 25 and 250 mg/kg significantly
reduced renal IL-18 levels. The medium dose (25 mg/kg) significantly increased renal SOD2 expression
and reduced serum MDA levels. Histopathological analysis showed that low- and medium-dose
treatments attenuated renal tubular injury, whereas the high dose did not provide additional histological
protection.

Conclusion: Garcinia forbesii King leaf extract exerts nephroprotective effects against IRI-induced
renal injury, likely through modulation of inflammatory responses and oxidative stress.
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INTRODUCTION cellular and tissue damage. The main

mechanisms of damage to IRI involve excessive

Renal ischemia-reperfusion injury (IRI) frequently ~ oxidative stress, the production of reactive
leads to acute kidney injury (AKI) and is marked oxygen species (ROS), and a massive
by oxidative stress and inflammation. IRl is a inflammatory response [1-3]. Oxidative stress
pathological condition characterized by an initial damages  cellular  components, including

reduction or cessation of renal blood flow
(ischemia), followed by its restoration
(reperfusion), which paradoxically exacerbates

membrane lipids, which may be assessed by
malondialdehyde (MDA) levels, and disrupts
endogenous antioxidant defenses [4,5]. In renal
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IRI, decreased superoxide dismutase 2 (SOD2)
activity has been reported, which contributes to
excessive oxidative stress and subsequent
kidney damage [6,7].

Beyond oxidative stress, the inflammatory
response plays a significant role in the
pathogenesis of IRI. This process involves the
release of pro-inflammatory cytokines, including
interleukin-18 (IL-18), which contributes to renal
tubular damage by activating inflammatory
signaling pathways and apoptosis [1,8]. Renal
tubular damage is a key pathological feature of
IRl and leads to kidney dysfunction, in severe
cases, organ failure. Therefore, therapeutic
strategies targeting oxidative and inflammatory
stress pathways are essential to mitigating IRI-
induced tubular injury [1,4].

Medicinal plants have long been a source of
bioactive compounds with pharmacological
potential. Garcinia forbesii King is a plant that is
widely found in the tropics and is traditionally
used for a variety of medicinal purposes. Studies
on Garcinia genus have revealed the existence
of phenolic, flavonoid, and xanthone compounds,
which are recognized for their potent antioxidant
and anti-inflammatory effects [9,10], however,
the potential of Garcinia forbesii King leaf extract
in protecting renal tubule injury due to IRI
through IL-18 modulation and oxidative stress
markers such as SOD2 and MDA has not been
comprehensively investigated.

This study aimed to evaluate the
nephroprotective effects of Garcinia forbesii King
leaf extract in renal IRI, with a particular focus on
inflammatory modulation via IL-18 and oxidative
stress markers, including SOD2 and MDA.

METHODS

Animal groups and protocols

The Ethics Committee of the Faculty of Medicine,
Lambung Mangkurat University, approved the
procedure (approval no. 189/KEPK-FKIK
ULM/EC/X/2024). This study involved twenty-five
male Wistar rats, weighing 200 — 260 g and aged
six weeks. All animals were housed under
standard laboratory conditions with free access
to food and water. The rats were randomly
assigned to five groups (n = 5 per group): (1)
Sham-operated (SO) group receiving distilled
water; (2) IRI group receiving distilled water; (3)
IRl + low-dose group receiving Garcinia forbesii
King leaf extract at 2.5 mg/kg; (4) IRl + medium-
dose group receiving the extract at 25 mg/kg;
and (5) IRl + high-dose group receiving the
extract at 250 mg/kg. After a 3-day recovery

period, the animals were administered Garcinia
forbesii King leaf extract for 7 consecutive days
via oral gavage. On day 10 postoperatively, the
animals were sacrificed for serum and kidney
collection.

Preparation of Garcinia forbesii King leaf
extracts

The fresh leaves of Garcinia forbesii King were
picked from Biih Village in the Banjar district.
Plant identification was performed at the Basic
Laboratory, Faculty of Mathematics and Natural
Sciences, University Lambung Mangkurat (ULM),
South Kalimantan, Indonesia. The leaves were
cleaned, dried at 45 - 55 °C, and ground into
powder. This powder was soaked in 70 %
methanol. Fresh leaves of Garcinia forbesii King
(approximately 10 kg wet weight) were cleaned,
oven-dried at 45 — 55 °C for three days, and
ground into powder (2,133.4 g). The powder was
extracted by maceration in 70 % methanol for 3 x
24 h with occasional stirring, with filtration
performed every 24 h. The combined filtrates
were concentrated using a rotary evaporator,
further thickened in a water bath, and freeze-
dried to obtain a stable crude extract (200.44 g).

Animal model of renal I/R injury

The rats were anesthetized by intraperitoneal
injection of ketamine (100 mg/kg) and xylazine
(10 mg/kg). Renal IRl was induced by occluding
the renal artery and vein using a non-traumatic
vascular clamp (Hammacher®) for 45 minutes,
followed by clamp removal to allow reperfusion.
The incision was closed using 3/0 silk sutures
(One Med®). Rats in SO group underwent the
same surgical procedures without renal vascular
occlusion [11,12].

Blood sample collection and kidney sample
collection

Rats were anesthetized with intraperitoneal
ketamine (100 mg/kg) and xylazine (10 mg/kg)
before abdominal and thoracic incision. Blood
was collected by cardiac puncture, followed by
perfusion via the left ventricle with 0.9 % NaCl.
Both kidneys were collected; one was stored in
RNA later for RNA extraction, and the other was
fixed in 4 % paraformaldehyde (PFA) in
Phosphate-Buffered Saline (PBS) before paraffin
embedding [12].
Biochemical IL-18 in
homogenates

assay of kidney

Each renal cortex was thoroughly rinsed with
cold phosphate-buffered saline (PBS; 0.01 M, pH
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= 7.4) to remove residual blood. Kidney tissues
were homogenized in phosphate-buffered saline
(Sigma-Aldrich; Cat. no. P2272) at a tissue-to-
buffer ratio of 1:9 (w/v) using a glass
homogenizer on ice. The homogenates were
stored at —80 °C until further analysis.

Renal IL-18 levels were measured using a rat IL-
18 ELISA kit (Reed Biotech Ltd., Cat. no.
RE1123R). For the assay, 100 pyL of each
sample was added to each well of a 96-well plate
and processed according to the manufacturer’s
instructions. All samples were analyzed in
duplicate, and IL-18 concentrations were
expressed as pg/mg protein. Biochemical assay
of MDA in serum

Serum malondialdehyde (MDA) levels were
measured using the thiobarbituric acid (TBA)
method with a commercial assay kit
(Elabscience, Cat. No. E-BC-K025-M-96T),
according to the manufacturer's instructions.
Blood samples were collected from rats by
cardiac puncture, and serum was separated by
centrifugation prior to analysis.

Reverse transcriptase PCR (RT-PCR)

Total RNA was extracted using Genezol solution
(Cat no. GZR100) according to the
manufacturer’s instructions. RNA concentration
and purity were measured using a NanoDrop
spectrophotometer. Complementary DNA
(cDNA) was synthesized using random primers
(Toyobo, Japan; Cat no. 3801) and ReverTra
Ace reverse transcriptase (Toyobo, Japan; Cat
no. TRT-101). Reverse transcription polymerase
chain reaction (RT-PCR) was performed using
GoTaq Green Master Mix to evaluate the
expression of superoxide dismutase 2 (SOD2)
and pB-actin. Gene expression levels were
analyzed by densitometry using Imaged software
and normalized to B-actin as the housekeeping
gene. Primer sequences and annealing
temperatures are listed in Table 1.

Histological
quantification

analysis and tubular injury

The tubular injury score was evaluated using
PAS staining and determined through a semi-
quantitative scoring system across 15 fields for
each specimen at 400x magnification. Tubular
injury was graded on a scale from 0 to 4, where a

score of 0 indicated normal histology; score 1
indicated mild injury (< 25 %); score 2 indicated
moderate injury (25 — 50 %); score 3 indicated
severe injury (50 — 75%); and score 4 indicated
extensive injury (> 75 %) [3,11].

Statistical analysis

Statistical analysis was performed on
biochemical and histopathological data using the
SPSS software Version 25.0. Data normality was
assessed using the Shapiro-Wilk test. Non-
normally distributed data were analyzed using
the Kruskal-Wallis test. While normally
distributed data were analyzed using one-way
analysis of variance (ANOVA). Post hoc
comparisons between groups were conducted
using the Bonferroni test. Results are presented
as mean * standard deviation (SD), with p < 0.05
considered statistically significant.

RESULTS

Effect of Garcinia forbesii King leaf extract on
kidney IL-18

Renal IL-18 levels were significantly higher in IRI
group compared with SO group (p = 0.014).
Administration of Garcinia forbesii King leaf
extract following IRI significantly reduced renal
IL-18 levels in the medium-dose (25 mg/kg) and
high-dose (250 mg/kg) groups compared with IRI
group (p < 0.001 for both comparisons). The
medium-dose group (25 mg/kg) exhibited
significantly lower renal IL-18 levels than the low-
dose group (2.5 mg/kg; p < 0.001), whereas no
significant difference was observed between the
medium-dose and high-dose groups (p = 1.00).
Despite these reductions, renal IL-18 levels in
the medium- and high-dose groups remained
significantly higher than those in SO group (p <
0.05). These results are shown in Figure 1.

Effect of Garcinia forbesii King leaf extract on
oxidative stress

Renal SOD2 expression was significantly lower
in IRl group compared with SO group (p =
0.015). Administration of Garcinia forbesii King
leaf extract following IRI, significantly increased
renal SOD2 expression compared with IRI group
(p =0.03).

Table 1: Primer sequences used for RT-PCR at annealing temperature of 60 °C

Gene Primer forward (5'-3') Primer reverse (5'-3')
SOD2 ATGTTGTGTCGGGCGGCGTGCAGC GCGCCTCGTGGTACTTCTCCTCGGTG
B-actin GCAGATGTGGATCAGCAAGC GGTGTAAAACGCAGCTCAGTAA
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Figure 1: Effects of Garcinia forbesii King leaf extract at different doses on renal IL-18 (pg/mL) levels following
renal ischemia-reperfusion injury (IRI). #P < 0.05 vs sham-operated (SO) group; *P < 0.05 vs IRI group
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Figure 2: Effects of Garcinia forbesii King leaf extract at different doses on (A and C) renal SOD2 expression and
(B) serum malondialdehyde (MDA) levels following renal ischemia-reperfusion injury (IRI) application. *P < 0.05
vs IRI group; #p < 0.05 vs SO group
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Dose-specific analysis showed that
administration of the medium dose (25 mg/kg)
significantly increased renal SOD2 mRNA
expression relative to IRl group (p = 0.03),
whereas administration of low dose (2.5 mg/kg)
and high dose (250 mg/kg) did not result in
significant differences. These results are shown
in Figure 2.

Effect of Garcinia forbesii King leaf extract on
renal tubular injury following IRI

Renal tubular damage score was significantly
higher in IRl group compared to SO group (p <
0.001). Administration of Garcinia forbesii King
leaf extract following IRI significantly reduced
tubular damage scores in the low-dose (2.5
mg/kg) and medium-dose (25 mg/kg) groups
compared with IRI group (p < 0.001 for both
comparisons).

The medium-dose group exhibited significantly
lower renal tubular damage scores than the high-
dose group (p < 0.001), while no significant
difference was observed between the medium-
dose and low-dose groups (p = 0.23). These
results are shown in Figure 3.

DISCUSSION

The present finding indicates that the Garcinia
forbesii King leaf extract following IRI is
associated with reduced renal inflammation, as
reflected by decreased renal IL-18 expression
compared with IRI group (Figure 1). Interleukin-
18 (IL-18) is a member of the IL-1 cytokine family
and is produced by hematopoietic and
nonhematopoietic cells, including renal tubular
epithelium and podocytes, as an inactive
precursor  (pro-IL-18). This  precursor is
subsequently cleaved. Activated caspase-1
processes pro-IL-18 into mature IL-18, which is
then secreted by immune cells, including
monocytes and macrophages [17,18]. Previous
studies have demonstrated that IL-18 contributes
to neutrophil and macrophage infiltration in the
kidney and promotes apoptotic pathways
following IRI. Consistent with these findings,
experimental  studies  employing  genetic
manipulation or therapeutic inhibition of IL-18
have shown attenuation of renal injury after
ischemia-reperfusion [8,13].

Renal ischemia-reperfusion injury (IRI) induces
the generation of reactive oxygen species (ROS),
resulting in oxidative stress and subsequent
tissue damage, including lipid peroxidation,
protein, and DNA damage. These processes
ultimately contribute to apoptosis and necrosis of
renal cells. Mitochondria's antioxidant defense

systems play a crucial role in limiting oxidative
stress by detoxifying superoxide radicals. One of
the key enzymes involved in this process,
superoxide dismutase 2 (SOD2), is crucial for
converting superoxide radicals into less harmful
molecules, thereby reducing oxidative stress.
Enhanced SOD activity has been shown to
ameliorate renal damage markers and improve
renal function following IRl [7,14,15]. This
interpretation is further supported by elevated
serum malondialdehyde (MDA) levels in IRI
group, which were significantly reduced after
treatment with medium and high doses of
Garcinia forbesii King leaf extract. Serum
malondialdehyde MDA results from lipid
peroxidation due to ROS-induced oxidative
stress. Excessive ROS during kidney IRI causes
extensive  damage to various cellular
components. Several studies have reported
increased MDA levels following IRI. MDA is
widely recognized as a reliable biomarker of
oxidative stress, particularly lipid peroxidation
[4,16]. Increased SOD2 expression and reduced
serum MDA levels in the treatment group
suggest that Garcinia forbesii King leaf extract
may attenuate free radical activity and lipid
peroxidation.

Histopathological analysis using periodic acid—
Schiff (PAS) staining demonstrated significantly
greater tubular injury in IRl group compared with
SO group. Renal tubular injury is closely related
to oxidative stress and inflammation. Oxidative
stress refers to damage caused by reactive
oxygen species (ROS), highly reactive molecules
that damage cellular components. In the kidneys,
oxidative stress is triggered by various factors,
including IRI. In renal IRI, in addition to an
increase in ROS, there is an inflammatory
response as a defense mechanism against
oxidative damage [4,17]. However, this
inflammatory response also promoted further
ROS generation, creating a vicious cycle that
worsens kidney injury. Renal tubular epithelial
cells are highly susceptible to oxidative stress
and inflammation, damage to these cells leading
to apoptosis and necrosis, leading to functional
impairment and contributing to the development
of acute kidney injury (AKI) and progression to
chronic kidney disease (CKD). Oxidative stress
disrupts mitochondrial function, resulting in
energy deficits and exacerbating cell death and
inflammation responses [1,2]. Mitochondrial
antioxidant defense systems play a critical role in
limiting oxidative injury. One of the key enzymes
involved is SOD2, which converts superoxide
radicals into less harmful molecules and thereby
protects cells from oxidative damage.
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Figure 3: Effect of different doses of Garcinia forbesii King leaf extract on renal tubule injury after renal ischemia-reperfusion (I/R) application. *P < 0.05 vs IRI group; #p < 0.05
vs SO group
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In addition, modulation of inflammatory
pathways, including inhibition of IL-18,
contributes to attenuation of the inflammatory
response and protects against renal tubule injury
[5,7]. In the present study, administration of
Garcinia forbesii King leaf extract at doses 0f2.5
mg/kg and 25 mg/kg resulted in significantly
lower tubular injury scores compared with IRI
group. In contrast, no significant difference in
tubular injury scores was observed between the
high-dose group (250 mg/kg) and the Tubular
injuries in this study were characterized by
tubular dilatation, intraluminal cast formation,
thinning of tubular epithelial cells, and loss of the
brush border. Histopathological evaluation
revealed that administration of Garcinia forbesii
King leaf extract at a dose of 250 mg/kg
produced tubular injury patterns comparable to
those observed in IRl group without extract
treatment.

This study is the first to explore the
nephroprotective potential of Garcinia forbesii
King leaf extract in renal ischemia-reperfusion
injury model. The findings provide experimental
evidence supporting the potential use of Garcinia
forbesii King as natural nephroprotective agent,
which may exert its effect through anti-
inflammatory and antioxidant mechanisms.

This study has several limitations. Renal function
parameters, such as serum creatinine levels,
were not evaluated and therefore could not be
correlated with the observed histopathological
changes. Consequently, the assessment of
kidney injury in this study was primarily based on
histological analysis rather than functional
biomarkers. Future studies incorporating renal
function markers are warranted to further validate
these findings.

CONCLUSION

Administration of Garcinia forbesii King leaf
extract at 2.5 and 25 mg/kg significantly reduces
renal IL-18 levels compared with IRl group. In
addition, treatment with Garcinia forbesii King
leaf extract at 25 mg/kg, significantly increased
renal SOD2 expression and reduced serum
malondialdehyde (MDA) levels relative to IRI
group. Furthermore, administration of Garcinia
forbesii King leaf extract at doses of 2.5 mg/kg
and 25 mg/kg attenuated renal tubular injury
compared with IRl | group. These findings
indicate that Garcinia forbesii King leaf extract
exerts nephroprotective effects against
ischemia-reperfusion—induced renal injury, likely
through modulation of inflammatory responses
and oxidative stress.
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