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ABSTRACT

Background: Diabetic kidney disease (DKD) is a major microvascular complication of type 2 diabetes mellitus and a leading 
cause of chronic kidney failure. Scorodocarpus borneensis (Kulim) has been traditionally used for kidney-related disorders; 
however, scientific evidence supporting its therapeutic potential remains limited. This pilot study evaluated the effects of 
Kulim fruit aqueous extract on glycemic control and kidney function in a drug-induced diabetic nephropathy (DN) model.
Methods: The cytotoxicity of Kulim fruit extract under high-glucose conditions was first assessed in Vero kidney epithelial 
cells using the MTT assay. Male Sprague–Dawley rats (n = 12) were divided into 4 groups: normal control, DN control, DN 
treated with metformin (150 mg/kg), and DN treated with Kulim extract (1000 mg/kg). Diabetes was induced using a high-
fat diet followed by streptozotocin (110 mg/kg) and nicotinamide (55 mg/kg). Treatments were administered orally for 
28 days. Fasting blood glucose (FBG), urinary albumin-to-creatinine ratio (UACR), serum creatinine, blood urea nitrogen 
(BUN), and kidneyhistopathology were evaluated.
Results: Kulim fruit extract improved cell viability under high-glucose conditions. In vivo, Kulim treatment significantly 
reduced FBG and UACR compared to the DN control group, indicating improved glycemic status and reduced albuminuria. 
Kulim extract also significantly lowered BUN levels (P = .03) and preserved kidney histoarchitecture, with effects compa-
rable to metformin.
Conclusion: Kulim fruit aqueous extract exhibits antidiabetic and nephroprotective effects in experimental DN, supporting 
its potential as a complementary therapeutic agent for DKD and warranting further mechanistic and clinical studies.
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INTRODUCTION
Diabetic nephropathy (DN) is a progressive kidney 
complication of long-term diabetes, particularly type 2 
diabetes mellitus (T2DM), characterized by glomerular 
basement membrane thickening, mesangial expansion, 
podocyte injury, and glomerulosclerosis which lead to 
albuminuria and declining kidneyfunction. Persistent 
hyperglycemia triggers oxidative stress, inflamma-
tion, and fibrosis, further aggravating kidney damage. 
Diabetic nephropathy remains the leading cause of 
end-stage kidneydisease (ESKD) worldwide and con-
tributes substantially to diabetes-related morbidity and 

mortality, especially in low and middle-income coun-
tries.1 The global prevalence of diabetes continues to 
rise, which affects over 537 million adults in 2021 and 
is projected to reach more than 780 million by 2045.2 
Approximately 30%-40% of diabetic patients develop 
DN, particularly in developing regions experiencing 
rapid lifestyle and socioeconomic transitions.3

The management of DN aims to control hyperglycemia, 
reduce hypertension, and slow kidneydeterioration. 
Metformin, the first-line therapy for T2DM, the primary 
cause of DN, reduces blood glucose by enhancing 
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peripheral glucose uptake, suppressing hepatic gluconeogen-
esis, and improving insulin sensitivity. It also exhibits reno-
protective effects through modulation of oxidative stress and 
inflammatory pathways.4 Other antidiabetic agents, such 
as sodium-glucose cotransporter-2 (SGLT2) inhibitors and 
mineralocorticoid receptor antagonists, provide kidney ben-
efits mainly via hemodynamic and antifibrotic mechanisms.5 
Therefore, metformin was selected as a well-established com-
parator in this hyperglycemia-induced kidney injury study. 
Although generally well tolerated, metformin commonly causes 
mild gastrointestinal adverse effects, including diarrhea, nau-
sea, and abdominal discomfort. A rare but serious complica-
tion, lactic acidosis, may occur, particularly in patients with 
severe kidney, hepatic, or cardiac impairment.6

Scorodocarpus borneensis (Kulim), commonly known as the 
“garlic tree” due to its strong garlic-like odor, is a traditional 
medicinal plant native to Southeast Asia. Various parts of the 
plant, including the fruit, leaves, roots, and seeds, are tradition-
ally used for culinary and medicinal purposes. In Southeast 
Asia, Kulim is consumed as a garlic-like seasoning, while com-
munities in Borneo and Kalimantan use its seeds for food pres-
ervation and to prevent spoilage.6 Medicinally, Kulim seed 
decoctions are traditionally used to treat kidney disorders, and 
pounded seeds are applied for ringworm infections,7 while root 
decoctions have been used to relieve hemorrhoids.8 Despite 
these traditional claims, scientific evidence and preclinical stud-
ies supporting its medicinal efficacy remain limited. Therefore, 
this study aimed to evaluate the renoprotective effect of Kulim 
fruit in a T2DM-induced DKD Sprague-Dawley rat model.

MATERIALS AND METHODS

Plant Material
The ultrasonic extraction of Kulim fruit was performed using a 
solid-to-liquid ratio of 1:10 (w/v). Twenty-five grams of Kulim 
was mixed with 250 mL of distilled water in a beaker. The mix-
ture was thoroughly mixed and then sonicated for 30 minutes 
at room temperature in a dark room. Following sonication, the 
solution was filtered to remove solid residues, ensuring only 
the dissolved bioactive compounds remained in the extract. 
The extraction process was repeated 2 additional times using 

the same timing and conditions to maximize compound recov-
ery. After the final filtration, the combined extracts were ali-
quoted into sterile urine containers and promptly sent for 
freeze-drying.

Cell Viability Assay
Vero cells (passage 14), an epithelial line from African green 
monkey kidney, were used to assess the protective effects of 
Kulim fruit extract under high-glucose conditions. Cells were 
cultured in high-glucose Dulbecco's Modified Eagle Medium (30 
mM) supplemented with 10% FBS and 1% Pen-Strep, and main-
tained at 37°C with 5% carbon dioxide (CO2). Cytotoxicity of the 
aqueous extract was evaluated using the MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. Cells 
(3 × 104/well) were seeded in 96-well plates and incubated for 
24 hours, followed by treatment with Kulim extract or metfor-
min (10 mg/mL) and 7 serial dilutions (10-0.16 mg/mL). After 
24 hours, MTT reagent was added and incubated for 4 hours to 
form formazan crystals, then dissolved with 100 µL dimethyl 
sulfoxide. Absorbance at 570 nm was measured to determine 
cell viability. All treatments were tested in duplicate across 3 
independent experiments. Cell viability (%) was calculated as: 
(OD treated/OD control) × 100.

Animal Study
All animal procedures followed the National Institutes of Health 
Guide for the Care and Use of Laboratory Animals and were 
approved by the USM Animal Ethics Committee (Approval No: 
USM/IACUC/2024/(148)(1341); date: October 7, 2024-October 
6, 2026). Twelve male Sprague-Dawley rats (2-3 months old, 
250-300 g) were housed under standard laboratory conditions 
(20 ± 2°C, 12-hour light/dark cycle) and acclimatized for 1 week 
before the experiment.

Nine rats were fed a high-fat diet (68% pellet, 30% ghee, 2% 
cholesterol) for 5 weeks to induce diabetes, while 3 rats served 
as normal controls. Diabetes was induced by intraperitoneal 
injection of nicotinamide (110 mg/kg) followed 15 minutes later 
by streptozotocin (55 mg/kg in 0.1 M citrate buffer, pH 4.5) after 
6 hours of fasting. Fasting blood glucose (FBG) was measured 
at 24, 72 hours, and on day 7 using a glucometer. Rats with FBG 
levels ≥13 mmol/L were considered diabetic.

To confirm DKD, 24-hour urine samples were collected in met-
abolic cages during weeks 1 and 4 for albumin and creatinine 
analysis. Diabetic rats were divided into 3 groups (n = 3 each): 
DN control, metformin-treated (150 mg/kg), and Kulim fruit 
extract-treated (1000 mg/kg). The DN control group served as 
the placebo control, receiving the same vehicle administration 
without active treatment following diabetes induction. The 
small sample size was considered sufficient for preliminary 
assessment while adhering to the 3Rs (Replacement, Reduction, 
and Refinement) principles.9

MAIN POINTS

•	 The diabetic kidney disease model was confirmed by high 
fasting blood glucose (FBG) and high urine albumin-creati-
nine ratio.

•	 Kulim fruit extract protects mammalian kidney cells in high 
glucose media.

•	 Kulim fruit extract improves blood urea nitrogen level, 
reduces FBG level, and improves the urine albumin-creati-
nine ratio.

•	 Kulim fruit extract protects the kidney structure through his-
topathological evaluation.
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Treatment of Kulim Fruit Extract and Metformin
The normal and DN control groups received water via oral 
gavage, while the metformin group was treated with metfor-
min at a dose of 150 mg/kg, and the Kulim fruit extract group 
received the extract at a dose of 1000 mg/kg, both also admin-
istered via oral gavage. The dosage of 1000 mg/kg of Kulim fruit 
extract was derived from the effective concentration deter-
mined by cell viability assay and followed the recommended 
dosage by the Organization for Economic Co-operation and 
Development Test Guidelines for Chemicals. Fasting blood 
glucose and proteinuria levels were recorded after a 28-day 
treatment period. The rats were euthanized using an intra-
peritoneal injection of 150 mg/kg pentobarbital. The kidneys 
underwent tissue processing with hematoxylin and eosin 
(H&E) staining for histopathological analysis, while blood sam-
ples were subjected to measurement of serum creatinine and 
blood urea nitrogen (BUN) levels, serving as key indicators of 
renal function.

Histopathological Changes of Kidney
Kidneys of the rats were removed, fixed in 10% formalin, embed-
ded in paraffin wax, and processed according to the optimized 
tissue processing steps.10 The tissue samples were stained with 
H&E, (20X, 40X) and examined under the light microscope.

Statistical Analysis
Data analysis was performed using Graph Pad Prism version 9 
(Dotmatics; Boston, USA) and IBM SPSS Statistics Data Editor, 
Version 29 (IBM SPSS Corp.; Armonk, NY, USA). All results were 
presented as means ± standard error of the mean. The impact 

of the extracts on each parameter was analyzed using a 1-way 
analysis of variance, and a P-value of less than .05 was consid-
ered statistically significant.

RESULTS

Optimization of Diabetic Nephropathy Induction
Figure 1 showed that the FBG level was significantly increased 
on day 7 (15 ± 1.528 mmol/L) after induction with a high-fat 
diet and nicotinamide-streptozotocin (NAD/STZ) injection (P < 
.05) compared to day 1 and considered diabetic as it exceeds 
the threshold level of 13 mmol/L.10 Urine albumin level was 
measured to further confirm the induction of type 2 diabetic 
nephropathy (T2DN). Figure 2A shows that the urine albumin 
level in the high fat diet (HFD) + NAD/STZ group was higher in the 
fourth week (62 ± 18.575 mg/L), which exceeded the reported 
physiological range for healthy rats (1.5-9.3 mg),11 and com-
pared to the first week (16.13 ± 5.4529 mg/L) and significantly 
higher than the normal control group in week 4 (11.4 ± 0.7371 
mg/L) (P < .05). The normal control group exhibited a decrease 
in urine albumin levels from week 1 to week 4. Figure 2B shows 
that the urine creatinine in the HFD + NAD/STZ group was higher 
(12.433 ± 6.285 mmol/L) than the normal control group in the 
fourth week (11.2 ± 2.203 mmol/L), which is associated with an 
early marker of DN. However, the difference is not significantly 
different. Figure 2C shows that the HFD + NAD/STZ group has a 
significantly higher urine albumin creatinine ratio (UACR) in the 
fourth week (8.967 ± 3.968 mg Alb/ mmol Cr), which exceeded 
the reported reference range for healthy male rats (median 
approximately 7 mg/mmol, interquartile range 5-11 mg/

Figure 1.  Fasting blood glucose (mmol/L) during the induction phase. *Indicates significant level between normal control and HFD + NAD/STZ group (P < .05).
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mmol),12 and higher than that of the normal control group (1.3 ± 
0.2906 mg Alb/ mmol Cr).

Determination of EC50 and IC50 Using MTT Assay
The half-maximal effective concentration (EC50) value of Kulim 
fruit extract was determined to be 2.584 ± 2.215 mg/mL and 
statistically significant (P-value <.01). Meanwhile, the half-max-
imal inhibitory concentration (IC50) value for metformin was 
recorded as 1.152 ± 2.002 mg/mL and was also statistically sig-
nificant (P-value <.01) (Figure 3).

Level of Serum Creatinine and Blood Urea Nitrogen Levels 
After Treatment
The effects of the Kulim fruit extract on serum creatinine levels 
for each group after 28 days are presented in Figure 4A. Based 
on the results obtained, the serum creatinine levels in the Kulim 
fruit extract-treated group (P > .05) were lower after 4 weeks of 
treatment (41.67 ± 3.480 µmol/L) but not significantly differ-
ent compared to the DN control group and metformin-treated 
group (46.67 ± 2.333 µmol/L) (P > .05). The untreated DN control 

Figure 2.  (A) Urine albumin level (mg/L), (B) urine creatinine level (mg/L), (C) urine albumin creatinine ratio (mg Alb/ mmol Cr) after induction with NAD/STZ in 
week 1 and week 4. *Indicates significant level between normal control and HFD + NAD/STZ group (P < .05).

Figure  3.  The effect of Kulim fruit extract and metformin on Vero cell 
viability in high-glucose conditions (P < .05).
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group exhibited significantly higher serum creatinine levels 
(44.67 ± 1.202 µmol/L) compared to the normal control group 
(33.67 ± 2.028 µmol/L) but did not exceed the normal range for 
healthy male rats (32-71 µmol/L).13 The effects of the Kulim fruit 
extract on BUN levels for the DN control group after 28 days 
are shown Figure 4B. Based on the results obtained, the BUN 
levels in the metformin-treated group (9.067 ± 2.267 mmol/L) 
and Kulim fruit extract-treated group were lower (5.267 ± 2.954 
mmol/L) after 4 weeks of treatment and statistically significant 
(P < .05). The DN control group (12.933 ± 0.521 mmol/L) showed 
a significant difference compared to the normal control group 
(P = .03) and exceeded the normal range for BUN in male rats, 
which is generally considered to be 3.0 to 7.5 mmol/L.14

Level of Fasting Blood Glucose and Urine Albumin-to-
Creatinine Ratio After Treatment
Figure 5A shows that the DN control group (18 ± 0.58 mmol/L) 
exhibited a significant elevation in FBG compared to the nor-
mal group (6 ± 0.58 mmol/L (P = .03), confirming successful 
induction of diabetes. Treatment with metformin (150 mg/kg) 
resulted in a noticeable reduction in FBG levels (14.47 ± 2.92 
mmol/L) compared to the DN control group. Similarly, admin-
istration of Kulim extract (1000 mg/kg) also lowered FBG (13.67 
± 3.53 mmol/L), although the reduction did not fully normalize 
glucose levels relative to the normal group. These findings indi-
cate that Kulim extract demonstrates a comparable trend to the 
standard antidiabetic drug.

In Figure 5B, the DN control group displayed a marked increase 
in UACR (12.93 ± 0.52 mg/mmol) after 28 days compared to the 
normal group (1.13 ± 0.07 mg/mmol) (P < .01), indicating sig-
nificant renal dysfunction and albuminuria. Treatment with 

metformin resulted in a reduction in UACR (5.97 ± 0.84 mg/
mmol) compared to the DN control. Notably, Kulim extract 
(1000 mg/kg) also produced a significant reduction of UACR 
(5.27 ± 2.9 mg/mmol) (P < .05), suggesting an improvement in 
renal filtration barrier integrity and attenuation of diabetic kid-
ney injury.

Effect of Kulim Fruit Extract on Kidney Morphology in 
Diabetic Nephropathy Rats
Histological findings across the experimental groups are sum-
marized in Table 1. The normal control group displayed intact 
kidney architecture, characterized by a healthy glomerulus and 
tubules with a well-defined Bowman’s capsule (Figure 6A). In 
contrast, the DN control group showed severe kidneydamage, 
including loss of Bowman’s space, tubular degeneration, fused 
epithelial linings, and fatty streaks (Figure 6B). Treatment with 
metformin (150 mg/kg) partially ameliorated these changes, 
evidenced by improved glomerular morphology, mild expan-
sion of Bowman’s and tubular spaces, and reduced degenera-
tive alterations (Figure 6C). Notably, treatment with Kulim fruit 
extract (1000 mg/kg) resulted in greater histological improve-
ment, with restored glomerular structure, a more defined 
Bowman’s space, and fewer degenerative changes compared to 
the diabetic control group, indicating its potential nephropro-
tective effect (Figure 6D).

DISCUSSION
This study demonstrates that Scorodocarpus borneensis (Kulim) 
fruit aqueous extract exerts potential renoprotective effects in 
an experimental model of T2DN. Treatment with Kulim extract 
improved key kidneybiochemical markers, including signifi-
cant reductions in BUN and UACR, with trends toward lowered 

Figure 4.  (A) Serum creatinine level (µmol/L) and (B) Blood urea nitrogen level (mmol/L) (BUN) of Kulim fruit extract-treated rats compared to normal control, 
diabetic control, and Metformin-treated groups after 28 Days (n = 3 per group). The serum creatinine levels were significantly higher (P < .05) in the diabetic 
nephropathy (DN) control compared to the normal control group. The serum creatinine levels were lower (P > .05) in the 1000 mg/kg Kulim fruit extract-treated 
group compared to the DN control. The BUN levels were significantly higher (P < .05) in the DN control compared to the normal control group. The BUN levels were 
significantly lower (P < .05) in the metformin (150 mg/kg) and Kulim extract-treated group (1000 mg/kg) compared to the diabetic control group. *Indicates 
significant difference at (P < .05).

Zawawi et al. Kidney Protection by Kulim Extract� Turk J Nephrol 2026; 35(3): 224-233

228



serum creatinine. These biochemical improvements were sup-
ported by preserved kidney histoarchitecture, characterized by 
reduced glomerular and tubular damage. In parallel, in vitro 
findings demonstrated that Kulim extract was non-toxic and 
conferred cytoprotective effects under high-glucose conditions.

The urine albumin level in this study aligns with previous find-
ings,15 where normal control animals show lower 24-hour uri-
nary protein compared to DN groups. Elevated urine albumin 
reflects impaired glomerular filtration, a hallmark of DN pro-
gression. However, urine albumin alone does not fully confirm 
nephropathy. Therefore, urine creatinine was also measured to 
calculate the UACR. The marked elevation of UACR observed in 
the HFD+ NAD/STZ group confirmed the disruption of the glo-
merular filtration barrier, likely due to podocyte injury, base-
ment membrane thickening, and mesangial expansion induced 

by hyperglycemia. Besides, in diabetic models, urine creati-
nine levels may initially increase as a result of hyperfiltration, 
reflecting the kidney’s compensatory response to early dam-
age. In this study, urine creatinine values did not show signifi-
cant differences (P > .05), likely due to variable readings and the 
short duration of induction. Typically, creatinine levels begin to 
decline during more advanced stages of DN. Despite this, when 
considered together with FBG and albuminuria, the findings 
confirm that the T2DN model was successfully induced.

Several indirect therapeutic agents, including SGLT2 inhibi-
tors (dapagliflozin), non-steroidal mineralocorticoid receptor 
antagonists (finerenone), and endothelin receptor antagonists 
(atrasentan), have demonstrated significant renoprotective 
effects in DKD. These agents act largely independent of glycemic 
control by reducing intraglomerular pressure, inflammation, 

Figure  5.  (A) Fasting blood glucose (FBG) and (B) urinary albumin-to-creatinine ratio (UACR) in diabetic nephropathy (DN) rats. Data are expressed as 
mean ± standard error of the mean (n = 3 per group). The DN control group showed significant increases in FBG and UACR compared to the normal control. 
Treatment with metformin (150 mg/kg) and Kulim extract (1000 mg/kg) significantly reduced FBG and UACR compared to the DN control group, indicating 
improvements in glycemic status and renal function.

Table 1.  Scoring of Histopathological Changes of Kidney

Treatment group (n = 3)
Glomerulus  
Morphology

Degeneration of  
Kidney Tubules 

Formation of  
Fatty Vacuoles

Normal control − − −

DN control +++ ++ +++

DN + metformin-treated (150 mg/kg) + + +

DN + Kulim fruit extract-treated (1000 mg/kg) + + ++

(−) none, (+) mild, (++) moderate, (+++) severe.
DN, diabetic nephropathy.
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fibrosis, and altering kidneyhemodynamics. However, despite 
optimal treatment, approximately 20% of patients still progress 
to ESKD,16 highlighting the complex and heterogeneous nature 
of DKD and the need for adjunct therapeutic approaches. 
Accordingly, this pilot study employed metformin as a positive 
control due to its established first-line use in diabetes and its 
pleiotropic antioxidant and anti-inflammatory effects relevant 
to early diabetic kidney injury.

Kulim belongs to the Olacaceae family, whose pharmacological 
properties remain largely underexplored. However, related spe-
cies exhibit bioactivities relevant to kidney protection. Ximenia 
americana has demonstrated antioxidant, anti-inflammatory, 
and antidiabetic effects attributed to its phenolic and flavo-
noid content,17 while Olax scandens shows antioxidant and 
cytoprotective activities under metabolic stress.18 Although 

direct nephroprotective evidence within the Olacaceae family 
is limited, these shared properties support the hypothesis that 
Kulim is rich in antioxidant and sulfur-containing compounds 
that may confer renoprotective effects via similar mechanisms. 
Accordingly, the present findings provide preliminary evidence 
for the therapeutic potential of Kulim in mitigating early dia-
betic kidney injury.

The present study applied Vero cells, which were derived from 
African green monkey kidney tissue, to determine EC50 and 
IC50 values for Kulim fruit extract under high-glucose condi-
tions using the MTT assay. The EC50 value derived from these 
assays helps establish safer starting doses for subsequent in 
vivo work, guiding dose optimization to ensure both safety and 
efficacy.19 The IC50 value of metformin obtained in this study 
aligned with previously reported ranges (0.8-3.5 mM), though 

Figure 6.  Hematoxylin and eosin staining of rat’s kidney captured under 40× magnification. The normal control group (A) displayed healthy glomeruli, normal 
Bowman's space, and kidney tubules without abnormalities. In contrast, the diabetic nephropathy control group (B) showed no Bowman's space, degenerative 
tubular changes, and fatty vacuoles. Treatment with metformin at 150 mg/kg (C) showed improved glomerular structure, mild expansion of Bowman's space, and 
minor degeneration. Notably, the Kulim extract-treated (1000 mg/kg) group (D) demonstrated a significant recovery in glomerular structure, a more defined 
Bowman's space, and reduced degenerative changes of glomerulus and kidney tubules. G, Glomerulus; BS, Bowman space; T,Tubule.
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literature values vary widely from 0.02 mg/mL to over 5 mg/
mL.20 The IC50 of 1.152 mg/mL in this study falls within the 
lower reported range, supporting the validity of the results. 
For Kulim fruit extract, a clear protective effect was observed 
under high-glucose conditions with no significant toxicity to 
the cells (Figure 3). This is expected, as Kulim fruit contains 
phenolic and flavonoid compounds known for antioxidant 
and anti-inflammatory activities.21 These compounds can 
neutralize reactive oxygen species, reduce oxidative stress, 
and modulate inflammatory pathways, thereby enhancing 
cell survival. To date, no studies have reported the protective 
effects of Kulim fruit extract in high-glucose environments, 
making this finding notably novel and suggesting potential 
therapeutic value.

Serum creatinine is a key biomarker of kidney function, where 
elevated levels indicate impaired filtration capacity. Consistent 
with prior research,22 DN animals in this study exhibited 
increased serum creatinine, which is commonly attributed to 
glomerular damage caused by hyperglycemia. While treatment 
with Kulim fruit extract lowered serum creatinine relative to the 
DN group, the reduction was not statistically significant. This 
may be due to the small sample size, short treatment dura-
tion, or the fact that serum creatinine changes are typically 
evident only in later stages of renal dysfunction. Nonetheless, 
the downward trend suggests possible renoprotective effects of 
Kulim fruit extract.

Blood urea nitrogen is another critical indicator of kidney func-
tion. Elevated BUN levels in DN reflect reduced glomerular 
filtration and accumulation of nitrogenous waste. Persistent 
hyperglycemia contributes to glomerular basement membrane 
thickening, mesangial expansion, podocyte injury, and tubular 
degeneration, which collectively impair kidney filtration. In this 
study, DN control animals displayed significantly higher BUN lev-
els than normal controls, consistent with other STZ-induced DN 
models.23 This confirms successful model induction. Following 
treatment, both metformin and Kulim fruit extract significantly 
reduced BUN levels to values comparable with normal controls. 
Metformin’s ability to reduce BUN is well established. In con-
trast, the nephroprotective effect of Kulim fruit extract is a novel 
discovery. Its phenolic and flavonoid compounds may reduce 
oxidative stress,24 suppress inflammatory cytokines such as 
tumor necrosis factor-alpha and interleukin-6, enhance nitric 
oxide availability, and improve kidney perfusion.25 These mech-
anisms may collectively preserve glomerular filtration and pre-
vent excessive accumulation of nitrogenous waste.

Kulim extract reduced FBG levels in diabetic rats suggesting 
potential antidiabetic activity. This effect may be attributed to 
its bioactive constituents, particularly phenolic and flavonoid 
compounds, which have been reported to enhance glucose 
uptake, inhibit carbohydrate-digesting enzymes, and mitigate 
oxidative stress.26 The UACR is a well-established indicator of 
glomerular filtration barrier integrity and an early marker of DN 

progression. Treatment with metformin resulted in a significant 
reduction in UACR (Figure 5B), indicating an aligned effect with 
improvement in glycemic control.27,28 Notably, treatment with 
Kulim extract also produced a significant reduction in UACR, 
comparable to that observed with metformin. This improve-
ment suggests a protective effect on the glomerular filtration 
barrier, potentially mediated through stabilization of podocyte 
architecture and preservation of basement membrane integ-
rity, thereby reducing albumin leakage.

The phenolic and flavonoid content of Kulim contributes to 
its antioxidant activity and may help preserve renal architec-
ture. In this study, DN control animals exhibited characteristic 
pathological changes, including irregular glomeruli, tubular 
degeneration, and fat vacuole formation, driven by chronic 
hyperglycemia, oxidative stress, inflammation, and related 
pathways such as advanced glycation end-product accumu-
lation, protein kinase C activation, and overactivation of the 
renin-angiotensin-aldosterone system. Metformin treatment 
produced mild histological improvement, consistent with its 
reported renoprotective effects.29 Notably, Kulim fruit extract 
induced more pronounced structural preservation, with 
reduced glomerular damage and better-defined kidney archi-
tecture. As no prior in vivo studies have examined its nephro-
protective effects, these findings highlight Kulim fruit extract as 
a promising natural therapeutic candidate for DN.

Despite these promising findings, several limitations should 
be acknowledged. The small sample size and short study dura-
tion may limit statistical power and generalizability. This study 
was intentionally designed as a pilot to assess feasibility and 
generate preliminary efficacy data prior to larger confirmatory 
experiments. Similar pilot animal studies have employed small 
group sizes (n = 3-4) to inform subsequent study design.9,30 In 
addition, detailed mechanistic and pathway analyses were 
not performed to identify the molecular targets underlying the 
observed nephroprotective effects. Future studies will therefore 
incorporate larger cohorts, extended treatment durations, and 
comprehensive pathway investigations to validate and expand 
upon these findings.

In conclusion, Kulim (Scorodocarpus borneensis) fruit extract 
showed promising nephroprotective effects against early DN, 
as evidenced by improvements in kidneybiochemical markers, 
urinary albumin excretion, and histoarchitecture. However, as 
this pilot study involved a limited sample size and treatment 
duration, further studies are required to confirm its therapeutic 
potential. Future work should assess long-term efficacy using 
larger cohorts and extended treatment periods, alongside 
mechanistic investigations targeting oxidative stress, inflam-
mation, and key signaling pathways. Advanced histopathologi-
cal analyses, including immunohistochemistry, special stains, 
and scanning electron microscopy, are also warranted to better 
characterize podocyte ultrastructural changes and strengthen 
translational relevance.
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