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ABSTRACT

Unilateral ureteral obstruction (UUO) leads to increased intraluminal pressure, causing a compensatory impact on
the contralateral kidney. Common treatments involving diuretics and surgical interventions often fail to offer a
complete resolution of the underlying renal damage. Fermented Crescentia cujete (FCC), an herbal-derived product
with multifaceted therapeutic benefits, presents a potential alternative treatment. The present study aimed to evaluate
the potential of FCC to protect renal function using UUO rat models. The study employed 30 male Sprague Dawley
rats (6 months old, weighing 253.76 + 8.32 g) which were distributed randomly into five distinct groups, including a
healthy control (T1), a sham-operated group (T2), an untreated UUO group (T3), a group receiving UUO plus 92.5
mg/kg BW Prive Uricran® (T4), and a group receiving UUO plus 5.92 mg/kg BW FCC (T5). The test subjects
received oral gavage treatment twice daily over a period of 14 days. On day 15, serum and urine were assessed to
assess blood urea nitrogen (BUN) and creatinine concentrations, and urinalysis. Moreover, the rats were euthanized,
and the kidney tissue was harvested to assess the immunoexpression of cyclooxygenase-2 (COX-2) and vascular
endothelial growth factor (VEGF). The results showed that unilateral hydronephrosis caused significant renal
impairment in the untreated group (T3) compared to the healthy (T1) and sham (T2) groups. The changes in the T3
group were characterized by marked elevations in BUN and creatinine, deteriorated urinalysis profiles, and a surge
in COX-2 and VEGF immunoexpression. Therapeutic intervention with FCC (T5) successfully mitigated
compensatory effects, demonstrating a capacity to restore urinalysis parameters to levels compared to T1 and T2.
Furthermore, the treatment effectively downregulated COX-2 and VEGF immunoexpression in the contralateral
renal tissue, reducing them to levels statistically indistinguishable from those of the healthy control. The present
findings confirmed that FCC has a reno-protective activity on the contralateral kidney following UUO induction,
evidenced by stabilized urinalysis profiles and suppressed COX-2 and VEGF immunoexpression.
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INTRODUCTION

The kidneys play a critical role in maintaining physiological homeostasis by regulating extracellular electrolyte
concentrations and managing excretion through the glomerular filtration rate (GFR, Scott and Quaggin, 2015). However,
these essential functions can be severely disrupted by ureteral obstruction (Mohammadi-Sichani et al., 2022). Ureteral
obstruction (UO) is a condition that precipitates hydronephrosis, which is the swelling of the kidney due to fluid
accumulation (Tannuri et al., 2025). Ureteral obstruction can occur either bilaterally (BUO) or unilaterally (UUO). The
obstruction in UUO leads to increased luminal pressure and triggers irreversible tubular dysfunction (Nakamura et al.,
2024). Unmitigated chronic obstruction exacerbates fibrosis and inflammation, potentially culminating in renal failure as
the compensatory capacity of the contralateral kidney is overwhelmed (Kumar et al., 2015). Contemporary therapeutic
strategies, encompassing both surgical procedures and pharmacological agents such as diuretics, predominantly focus on
preserving renal function rather than providing a definitive curative solution for the intrinsic pathological damage
(Haberal and Tonyali, 2024; Siregar et al., 2024).

From a molecular perspective, the maintenance of renal homeostasis is critically modulated by cyclooxygenase-2
(COX-2, Zhang et al., 2018) and vascular endothelial growth factor (VEGF, Chade, 2017). Cyclooxygenase-2 is essential
for modulating renal hemodynamics (Kirkby et al., 2018), while VEGF acts as a key regulator of glomerular
microvascular integrity (Advani et al., 2007). Demonstrated that COX-2 overexpression during UUO in rat models
promotes fibrogenesis and exacerbates renal fibrosis (Tofteng et al., 2022). Moreover, a previous study by Zeisberg et al.
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(2008) indicated that VEGF promotes fibrosis within the renal interstitium in hydronephrosis via its capacity to transition
renal tubular epithelia-mesenchymal. An excessive synergy between the two factors can lead to over-filtration, which
may induce hypotension and further burden GFR mechanisms. Consequently, controlling the immunoexpression of
COX-2 and VEGEF is crucial for stabilizing renal function during obstruction (Doi et al., 2010; Tofteng et al., 2022).

A promising approach to mitigate the molecular over expression involves the use of antioxidants derived from the
fermentation of the Calabash tree fruit (Crescentia cujete L.; Oladunjoye et al., 2025). Fermented Crescentia cujete
(FCC) contains essential bioactive compounds, including retinol, choline, phytonadione, and a-tocopherol, which have
been shown to suppress systemic inflammation through modulation of the cyclooxygenase pathway (Prakoso et al., 2024;
Prakoso et al., 2025). Specifically, choline has been linked to the initiation of GFR recovery (Baris et al., 2023). While,
a-tocopherol and retinol exert protective effects and contribute to the repair of renal injury by inhibiting nephropathy
processes (Baltusnikiene et al., 2023; DiKun and Gudas, 2023). Despite these established effects, the precise
mechanisms through which components of FCC modulate the COX-2 and VEGF signaling pathways in hydronephrosis
remain unclear largely unclear. Therefore, the present study aimed to analyze the efficacy of FCC on kidney function and
the immunoexpression of COX-2 and VEGF in a rat model of UUO.

MATERIALS AND METHODS

Ethical approval

All experimental protocols involving animal subjects in the current study received ethical approval from the Health
Research Ethical Clearance Commission, Faculty of Dental Medicine, University of Airlangga, Surabaya, Indonesia
(registration no. 0952/HRECC.FODM/IX/2025).

Study location and time

The preparation and standardization of the FCC were conducted at the Pharmacology Laboratory, Faculty of
Veterinary Medicine, University of Gadjah Mada, Yogyakarta, Indonesia. Meanwhile, the in vivo experiments, including
hydronephrosis modeling, sample collection, renal function assays, urinalysis, and immunohistochemical examinations,
were carried out at the Laboratory of Pharmacology, Faculty of Veterinary Medicine, University of Wijaya Kusuma
Surabaya, Surabaya, Indonesia (FVM, UWKS). The study was conducted from July to September 2025.

Preparation of fermented Crescentia cujete

Crescentia cujete fruit specimens were sourced from the University of Wijaya Kusuma Surabaya area, Surabaya,
Indonesia. The fruit pulp was extracted and processed into a fermentation product following the specific protocol
described in a previous study (Wilujeng et al., 2023). The fermentation procedure was carried out by mixing fruit pulp
with water, pectinase (Pectinex Ultra, UK), and sugar. The components were combined at a ratio of 1,000 mL of water,
400 grams of fruit pulp, 40 grams of sugar, and 40 mL of pectinase. The fermentation process was conducted for 30 days
at 25°C. The total choline concentration from the FCC was 114.97 + 5.14 mg/mL.

Animal models and acclimatization

The present study utilized 30 male Sprague Dawley rats (6 months, 253.76 + 8.32 grams) obtained from the
Laboratory of Pharmacology, FVM, UWKS, Surabaya, Indonesia. The animals were housed in individual cages (30 x 30
x 20 cm) with wood shaving bedding. Prior to the study, the rats underwent a 7-day acclimatization period with ad
libitum access to standard feed (RatBio®, Indonesia) and drinking water (Cleo®, Indonesia).

Sham-operated procedure

Anesthetic induction was performed using an intraperitoneal ketamine—xylazine regimen (50 and 4 mg/kg BW,
respectively; KetA100 and Xyla, Agrovet Market, Peru), following a previously established protocol (Struck et al.,
2011). In the sham-operated group, a laparotomy was performed with the rats positioned dorsally. The ventral abdominal
area was shaved and disinfected before a midline incision was made. The gastrointestinal tract was briefly retracted and
subsequently repositioned after irrigation with physiological saline. To prevent infection, a prophylactic antibiotic
combination of penicillin (23 mg/kg BW PenStrep®, Intervet, USA) and streptomycin (38 mg/kg BW, Propen,
GlobeVet, UK) was administered intraperitoneally. The administered dose was in accordance with the manufacturer’s
recommendations. The abdominal wall was closed using simple interrupted sutures with chromic catgut 4.0 (Onemed,
Indonesia) for the muscle layer and silk 4.0 (Onemed, Indonesia) for the skin. The incision site was treated with 5%
povidone-iodine (Onemed, Indonesia).
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Induction of unilateral ureteral obstruction
The hydronephrosis model was established by performing a midline laparotomy followed by ligation of the right

ureter, while sham-operated animals underwent an identical surgical procedure except for ureteral ligation. Following
retraction of the digestive tract, the right ureter was identified and ligated at the middle section using monofilament
thread (Covidien, USA); the left ureter was left intact without ligation. Ligation was performed at two points and
anchored to the abdominal muscle. Upon completion, the digestive organs were repositioned, flushed with physiological
saline, and the rats received the standard intraperitoneal antibiotic (23 mg/kg BW penicillin and 38 mg/kg BW
streptomycin) regimen, and abdominal closure followed the same technique used in the sham-operated group. The rats
were then maintained for 14 days until the kidney formed hydronephrosis (Arifianto et al., 2020).

Post-operative care

Following the induction procedures (both sham and UUO), the surgical wounds were treated with a topical
application of Bactroban® cream (GSK, Indonesia) for seven consecutive days. Sutures were removed on day 5 post-
surgery.

Study design

The rats were randomly allocated into five experimental groups with one group containing six male rats, a healthy
control (negative control, T1), a sham-operated group (T2), an untreated UUO group (T3), UUO plus 92.5 mg/kg BW
Prive Uricran® (T4, Sengupta et al., 2011), the dosage was converted from the human therapeutic dose to the rat
equivalent, and UUO + 5.92 mg/kg BW FCC (T5, Prakoso et al., 2024). The treatment was initiated on day 15 post-
induction. The treatment was administered twice daily by oral gavage using a stainless-steel feeding needle for 14
consecutive days until day 29 post-induction.

Sample collection

Serum, urine, and kidney samples were collected on day 30 post-induction. Blood samples were drawn via the retro-
orbital sinus (vena ophthalmica) under single-dose ketamine anesthesia (50 mg/kg BW, Struck et al., 2011). Blood was
collected into Ethylenediaminetetraacetic acid tubes (EDTA tubes, Onemed, Indonesia) for plasma and plain tubes for
serum separation. Urine was collected directly from the bladder via cystocentesis using a 3 mL syringe with a 26 G
needle (Onemed, Indonesia; Reineke et al., 2021) and stored in Eppendorf tubes. Euthanasia was conducted by
administering a lethal intraperitoneal dose of ketamine (150 mg/kg BW KetA-100, Agrovet, Peru). The left kidney was
subsequently collected and fixed in 10% neutral buffered formalin (NBF, Leica Biosystems, USA) for histopathological
examination.

Renal function and urinalysis assays

Assessment of renal function included the measurement of blood urea nitrogen (BUN) and serum creatinine levels
using photometry (Microlab 300, Vital Scientific, Netherlands), with results reported quantitatively (Wijayanti et al.,
2024). Urinalysis profiles were examined using a urine analyzer (Urite-50, China) according to the manufacturer's
instructions. Evaluated parameters included pH, protein, glucose, ketones, urobilinogen, bilirubin, erythrocytes, nitrites,
leukocytes, and specific gravity (SG), reported as semi-quantitative data (Table 1).

Table 1. Standard scoring system for reporting urinalysis

Score
Parameter 0 1 2 3
Colour Pale yellow Dark yellow Amber Brown
Leukocytes (Cells/pL) 0-10 11-25 26 — 500 >500
Ketone (mmol/L) 0.25-0.5 >0.5 ND ND
Nitrite (mg/dL) <0.06 >0.06 ND ND
Urobilinogen (umol/L) 0-1 >1-33 >33 -100 >100
Bilirubin (umol/L) 34-6.8 >6.8 ND ND
Protein (g/L) 0.0-0.1 >0.1-1.00 >1.00 - 2.00 >2.00
Glucose (mmol/L) 0 >0 ND ND
SG Reported directly as the output values from the instrument
Erythrocytes (cells/pL) 0-10 >10-100 >100-200 >200
pH Reported directly as the output values from the instrument
Vitamin C (mmol/L) 0.28-1.12 >1.12 ND ND

-2 No unit, ND: Not determined, SG: Specific gravity

Immunohistochemical staining
Kidney specimens were dehydrated and cleared before being embedded in paraffin. Sections of 4 um were
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generated and placed on slides coated with poly-L-lysine. For the IHC analysis, the steps followed the method described
by Prakoso et al. (2020). After deparaffinization and rehydration, antigen retrieval was performed using Bond Epitope
Retrieval Solution (RE7119, Leica Biosystems) at 98°C for 20 minutes. Endogenous peroxidase activity was blocked
with 4% H.02 (RE7101), followed by non-specific protein blocking with 0.4% casein (RE7102). Sections were then
incubated with primary antibodies against COX-2 (Sc 19999, Santa Cruz, USA, 1:500) or VEGF (Sc 7269, Santa Cruz,
USA, 1:300), followed by incubation with secondary antibodies and HRP polymer (RE7111 and RE7112, Leica
Biosystems). Antigen visualization was achieved using 3,3’-Diaminobenzidine (DAB) chromogen, followed by
hematoxylin counterstaining (RE7107).

Morphometry of immunoexpression of cyclooxygenase-2 and vascular endothelial growth factor

The immunoexpression of COX-2 and VEGF was quantified using ImageJ software (NIH, USA). To ensure
objectivity, the analysis was performed by a pathologist in a blinded manner. Immunohistochemistry staining was
performed in duplicate on each kidney sample for both COX-2 and VEGF parameters. Five fields of view were captured
from each slide at 400x magnification for analysis. Digital images were converted to 8-bit format, and Red, Green, Blue
(RGB) color ratios were adjusted to specifically detect immunoreactive areas. Measurements were taken using the
“measure area tool” function from the Image] software, and results were reported as the percentage (%) of
immunoreactive area.

Data analysis

Quantitative data (BUN, creatinine, and urine pH) were analyzed using One-way ANOVA followed by Duncan’s
post-hoc test. Semi-quantitative data (urinalysis parameters) and the percentage of COX-2 and VEGF immunoexpression
were analyzed using the non-parametric Kruskal-Wallis test followed by the Mann-Whitney U test. The statistically
significant level was defined as p < 0.05.

RESULTS

In the current study, groups T1 and T2 exhibited no differences in BUN and creatinine values when compared to each
other. This finding suggests that the laparotomy technique utilized had no adverse effect on renal function, specifically in
terms of BUN and creatinine. Moreover, renal function assessments revealed that inducing unilateral hydronephrosis
without subsequent therapy (T3) precipitated a marked elevation in BUN to 46.11 £ 6.57 mg/dL and serum creatinine to
1.28 + 0.70 mg/dL. These values differed significantly from the healthy control group (T1), which maintained baseline
levels of 10.73 + 0.83 mg/dL for BUN and 0.33 + 0.06 mg/dL for creatinine (p < 0.05). The T4 cohort's BUN and
creatinine levels were 30.64 + 2.43 mg/dL and 0.74 + 0.58 mg/dL, respectively, while the T5 group's levels decreased to
26.47 + 4.43 mg/dL and 0.50 + 0.20 mg/dL, respectively, in comparison to the control (T1, p < 0.05). However, there
were no significant differences in BUN and creatinine levels between groups T4 and T5 (p > 0.05). Nevertheless,
although these markers were decreased, the renal parameters in the treated groups remained significantly different from
the baseline levels observed in the control and sham-operated animals (p < 0.05, Table 2).

Regarding urinalysis parameters, the untreated group (T3) exhibited significant deterioration, characterized by
elevated scores for leukocytes (2.75 + 0.50), glucose (1.00 £ 0.0), and nitrites (1.00 = 0.0) levels far exceeding those of
the healthy control group (T1), where all scores remained at 0.0 + 0.0 (p < 0.05). Notably, the treatment administered to
the T5 group effectively restored these parameters to near-control conditions. Leukocyte scores returned to 0.0 + 0.0,
glucose dropped to 0.25 + 0.50, and nitrites decreased to 0.50 + 0.57, showing no statistical difference from the healthy
baseline (p > 0.05). Furthermore, while urine SG spiked to 1.0563 + 0.0 in the T3 group, it normalized to 1.0162 + 0.01
in the T5 cohort, a value comparable to the sham-operated group (T2, p < 0.05, Table 3).

Immunohistochemical analysis of COX-2 highlighted a statistically significant surge in immunoexpression within
the T3 group relative to controls (p < 0.05). Qualitatively, it was evidenced by intense reactivity in the epithelium of the
proximal convoluted tubules (Figure 1A), marked by maximal dark brown chromogen absorption in the untreated
subjects (Figure 1B). Conversely, therapeutic administration in groups T4 and T5 significantly suppressed COX-2
immunoexpression compared to the control group (T1, p < 0.05). Consequently, the qualitative reactivity in the treated
groups (T4 and T5) diminished to the point where it was indistinguishable from the patterns observed in the T1 and T2
cohorts (p < 0.05, Table 4, Figure 1C-1D).

A parallel trend was observed in the immunoexpression of VEGF. The qualitative assessment of immunoexpression
of VEGF found that the marker was colocalized within the mesangial cells and the tubular epithelium (Figure 2).
Moreover, the untreated group (T3) displayed a high density of VEGF in kidney tissue (Figure 2B). However, the
therapeutic regimens significantly downregulated VEGF immunoexpression; both T4 and T5 groups exhibited a gradual
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reduction in density, ultimately reaching levels that were not significantly different (p > 0.05) from the weak density
observed in the healthy control (T1) and sham-operated (T2) groups (Table 4; Figure 2C-2D).

Table 2. The blood urea nitrogen and creatinine levels of rats after 14 days of treatment using fermented Crescentia
cujete

Parameter (mg/dL) T1 T2 T3 T4 T5
BUN 10.73 + 0.83° 11.06 + 0.60°% 46.11 +£6.57° 30.64 +2.43° 26.47 + 4.43°
Creatinine 0.33 +0.06° 0.32 £ 0.09% 1.28 £0.70° 0.74 £ 0.58° 0.50 + 0.20°

T1: Control, T2: Sham-operated, T3: UUO without treatment, T4: UUO plus 92.5 mg/kg BW Prive Uricran®, T5: UUO plus 5.92 mg/kg BW FCC,
BUN: Blood urea nitrogen, **“different superscript letters indicate significant differences in a row (p < 0.05).

Table 3. The biochemical parameters of rats after 14 days of treatment using fermented Crescentia cujete

Parameter T1 T2 T3 T4 T5
Colour 0.50 £ 0.57° 0.75 £ 0.50° 2.50+0.57° 1.50 £0.57° 1.50 £ 0.57°
Leukocytes 0.0+0.0° 0.0+0.0° 2.75 0.50 0.25 + 0.50% 0.0+0.0°
Ketone 0.0+0.0° 0.0+0.0° 0.50 £ 0.57% 0.0+0.0° 0.0+0.0°
Nitrite 0.0£0.0* 0.0£0.0* 1.00 £0.0° 0.75 £ 0.50" 0.50 £ 0.57%
Urobilinogen 0.0+0.0* 0.0£0.0* 2.25+0.50° 1.75 £0.95 1.25 +0.50°
Bilirubin 0.0+0.0° 0.0£0.0* 0.50 £+ 0.57° 0.0 £0.0° 0.0 £0.0%
Protein 0.0+0.0* 0.0£0.0* 2.75+0.50° 1.00 £0.81° 0.75 £ 0.95"
Glucose 0.0+0.0* 0.0£0.0* 1.00 £0.0° 0.25 + 0.50% 0.25 +0.50°
SG 1.0150 +0.01° 1.0162 +0.01° 1.0563 + 0.0 1.0188 +0.01% 1.0162 +0.01°
Erythrocytes 0.0 £0.0° 0.0 £0.0° 2.75 £ 0.50° 1.00 +0.81° 1.00 +0.81°
pH 7.53 £ 0.54% 7.37 £0.62° 8.77+0.63° 7.69 +0.57% 7.73+£0.49%
Vitamin C 0.0 £0.0° 0.0 £0.0° 0.0 £0.0° 0.0+0.0? 0.0 £0.0°?

T1: Control, T2: Sham-operated, T3: UUO without treatment, T4: UUO plus 92.5 mg/kg BW Prive Uricran®, T5: UUO plus 5.92 mg/kg BW FCC,
BUN: Blood urea nitrogen, SG: Specific gravity, ** Different superscript letters indicate significant differences in a row (p < 0.05).

Table 4. The immuneexpression of cyclooxygenase-2 and vascular endothelial growth factor of rats after 14 days of
treatment using fermented Crescentia cujete

Parameter (%) T1 T2 T3 T4 T5
COX-2 17.09 + 4.43 17.63 +2.92° 2531 +1.57° 18.54 + 1.65° 18.20 + 2.54°
VEGF 32.38 £3.12% 31.04 £+ 6.07° 59.68 + 8.73" 38.16 + 3.60° 39.76 + 3.00

T1: Control, T2: Sham-operated, T3: UUO without treatment, T4: UUO plus 92.5 mg/kg BW Prive Uricran®, T5: UUO plus 5.92 mg/kg BW FCC,
BUN: Blood urea nitrogen, ¢ Different superscript letters indicate significant differences in a row (p < 0.05).
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Figure 1. Cyclooxygenase-2 immunoexpression in the kidneys of rats in a unilateral ureteral obstruction model after 14 days of
treatment. A: COX-2 immunoexpression (black arrow) in the control group (T1), B: COX-2 immunoexpression (black arrow) from the untreated
group (T3), C: COX-2 immunoexpression (black arrow) from group T4 treated with Prive Uricran® at 92.5 mg/kg BW, and D: COX-2
immunoexpression (black arrow) from group T5 treated with FCC at 5.92 mg/kg BW. Anti-COX-2 antibody IHC, DAB staining, x 400 magnification
(A-D).
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Figure 2. Vascular endothelial growth factor immunoexpression in the kidneys of rats in a unilateral ureteral obstruction model after
14 days of treatment. A: VEGF immunoexpression in the tubular epithelium (black arrow), mesangial cells (red arrow), and interstitium (yellow
arrow) of the sham-operated group (T2), B: VEGF immunoexpression in the tubular epithelium (black arrow), mesangial cells (red arrow), and
interstitium (yellow arrow) of the untreated group (T3), C: VEGF immunoexpression in the tubular epithelium (black arrow), mesangial cells (red
arrow), and interstitium (yellow arrow) of the group T4 treated with Prive Uricran® at 92.5 mg/kg BW, and D: VEGF immunoexpression in the tubular
epithelium (black arrow), mesangial cells (red arrow), and interstitium (yellow arrow) of the group T5 treated with FCC at 5.92 mg/kg BW. Anti-
VEGF antibody IHC, DAB staining, x400 magnification (A-D).
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DISCUSSION

In the current study, unilateral ureteral obstruction in the untreated group (T3) precipitated a cascade of severe renal
hemodynamic impairments. The deterioration was clearly manifested as post-renal azotemia, marked by an elevation of
serum BUN and creatinine levels (Uchino et al., 2012). Such biochemical derangements point to a critical decline in the
Single-Nephron Glomerular Filtration Rate, driven by nephron atrophy in the left kidney under the strain of tubular back-
pressure from the obstructed right side (Chevalier et al., 2009). The pathology was further aggravated by urinary stasis in
the proximal tubules, which facilitated the passive reabsorption of urea into systemic circulation (Ngrregaard et al.,
2023). The elevated creatinine levels observed in the UUO model reflect a complete failure of renal clearance
compensation in the obstructed kidney, in contrast to the preserved nephron integrity observed in the control (T1) and
sham-operated (T2) groups (Arifianto et al., 2020).

To counteract the detrimental compensatory mechanisms and preserve the contralateral kidney, alternative
therapeutic interventions using FCC were evaluated in this study. The results were compelling that FCC therapy (T5)
demonstrated superior reno-protective efficacy compared to cranberry extract (T4), particularly in stabilizing serum
creatinine. While both treatments successfully lowered BUN levels, cranberry extract fell short in mitigating creatinine
elevation, suggesting a limited capacity to restore post-obstruction glomerular filtration (Sengupta et al., 2011). In
contrast, the pronounced reduction in creatinine observed in the T5 group suggests that FCC exerts a targeted protective
effect on the glomerulus. The study hypothesizes that bioactive constituents within FCC, such as alpha-tocopherol and
choline, shield podocytes from mechanical stress. The results of the current study align with previous findings indicating
that the utilization of alpha-tocopherol protects the nephron from toxicity (Paul et al., 2012). Moreover, Truong et al.
(2025) described that acetylcholine, converted from choline, protects podocytes against inflammation and endothelial
damage. Consequently, FCC, which is rich in choline, maintains a more stable GFR compared to cranberry extract,
although full restoration to baseline control levels was not achieved.

The therapeutic interventions led to measurable improvements in urinalysis parameters, as demonstrated by reduced
proteinuria and glucosuria, indicating a protective effect on renal function. The untreated T3 group demonstrated
increased urinary protein and glucose excretion, indicative of glomerular barrier dysfunction and ischemic alterations in
proximal tubular sodium—glucose cotransporter activity (Cunanan et al., 2025). The mechanical stress from increased
intraluminal pressure evidently disrupted nephron architecture (Hall and de Seigneux, 2022). However, intervention with
FCC effectively reversed these trends, bringing proteinuria and glucosuria scores closer to normal ranges. The recovery
signals not only partial glomerular repair and epithelial regeneration in the contralateral kidney but also underscores the
potent protective mechanism inherent in the therapy (Moraes Carlesso et al., 2025).

Beyond structural preservation, the study highlighted the role of the urinary environment. The stasis induced by
UUO created an environment conducive to secondary infections (Hsu et al., 2022), as evidenced by the alkaline urine
(pH 8.77) and positive nitrites found in the untreated UUO group (T3). The findings of the current study demonstrate a
significant correlation with the proliferation of urease-splitting bacteria such as Proteus mirabilis, which elevate pH and
heighten the risk of struvite stone formation (Herout et al., 2023). Fermented Crescentia cujete therapy (T5) successfully
normalized urinary pH and eliminated nitrite traces, effectively matching the control group’s profile. The findings
suggest that FCC demonstrates antimicrobial activity against pathogenic organisms and facilitates the recovery of tubular
acidification, supporting the maintenance of urinary tract defense mechanisms via antioxidant-mediated pathways
(Wijayanti et al., 2024).

The interplay between infection and obstruction also ignited a fierce inflammatory response, characterized by
leukocyturia and a surge in COX-2 immunoexpression within the proximal tubules of the untreated UUO group (T3).
While COX-2-derived prostaglandins initially help maintain blood flow (Kirkby et al., 2018), the chronic overexpression
drives sustained inflammation, macrophage recruitment, and fibrosis on both renal sides (Yang and Li, 2016). In a
notable turnaround, FCC therapy suppressed the inflammatory cascade in the contralateral kidney, reducing COX-2
immunoexpression to levels indistinguishable from healthy controls. The anti-inflammatory action is likely mediated by
flavonoids such as quercetin and pinocembrin in Crescentia cujete, which inhibit the NF-kB pathway (Gonzales et al.,
2023). It is well established that NF-kB is the most essential inducer for COX-2 synthesis (Garcia-Garcia et al., 2021).
Thereby, halting the synthesis of pro-inflammatory prostaglandins and preventing further epithelial damage (Mahendra
et al., 2025). Previous studies demonstrate the anti-inflammatory efficacy of FCC by showing significant reductions in
inflammatory markers, including COX-2 and procalcitonin, in pneumonia (Prakoso et al., 2024). Moreover, FCC has
been proved as anti-inflammatory potential in reducing circulating COX-2 and CRP in ischemic stroke (Prakoso et al.,
2025).

Finally, the study addressed the hypoxic consequences of obstruction. The vascular compression caused by tubular
distension in the UUO model triggered a sharp rise in VEGF immunoexpression. The increase of VEGF isa

197



Pribadi et al., 2026

compensatory attempt driven by Hypoxia-Inducible Factor-1a (HIF-1 alpha, Liu et al., 2022). However, in the fibrotic
context of hydronephrosis, the angiogenesis is often maladaptive (Nakagawa et al., 2013), increasing vascular
permeability and worsening edema (Miao et al., 2022). Both FCC and cranberry treatments successfully downregulated
VEGF to baseline levels in groups T1 and T2. The reduction does not imply an inhibition of necessary blood vessel
growth, but rather indicates a resolution of the underlying tissue hypoxia (Xu et al., 2025). By preserving tubular
structure and reducing edema, FCC compounds such as retinol and alpha-tocopherol probably improved tissue perfusion.
A previous study by DiKun et al. (2024) highlighted that retinol and its derivatives, including retinoic acid, reduce
kidney tissue fibrosis in nephropathic rat models. Moreover, a-tocopherol plays a crucial role in attenuating hypoxia-
driven signaling by mitigating the hypoxic stimulus responsible for excessive VEGF upregulation, thereby preventing
maladaptive angiogenic responses and further refining the nephroprotective mechanisms in the contralateral kidney
following UUO (Rodriguez et al., 2005; Galli et al., 2022).

CONCLUSION

The present findings confirmed the reno-protective potential of FCC in the contralateral kidney following UUO
induction, evidenced by the downregulation of BUN and creatinine levels to near-normal values, the successful
restoration of urinalysis parameters, and the suppression of COX-2 and VEGF immunoexpression. Future studies should
focus on evaluating the therapeutic efficacy of FCC in sub-chronic and chronic models of UUO.
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