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ABSTRACT 

Objective: This study investigated the effects of glycosides-rich standardized fenugreek seed extract (SFSE-G) in a mouse model of “unilateral 
ureteral obstruction” (UUO)-induced renal fibrosis.  

Methods: UUO was performed in 32 female mice (C57BL/6 strain) and randomized into groups of eight mice each. A separate group of eight mice 
(sham control) underwent sham operation with no UUO surgery. Mice were orally administered vehicle (distilled water) or SFSE-G at doses of 30, 
60, or 100 mg/kg twice daily for 13 days. Various biochemical, histological, and gene expression-related measurements were conducted on day 14 
after euthanasia, and body weights were measured daily.  

Results: Subacute oral administration of SFSE-G showed dose-dependent significance (p<0.05, P<0.01) to reduce UUO-induced elevation of blood 
urea nitrogen levels and attenuated histopathological changes, including tubular injury and collagen deposition. Quantitative PCR revealed that 
SFSE-G downregulated oxidative stress-and fibrosis-related gene expression of markers such as “α-smooth muscle action”, “nuclear factor erythroid 
2-related factor 2”, and “heme oxygenase-1”. Although SFSE-G-treated mice showed a downward trend against UUO-induced increases in 
hydroxyproline content and gene expression of “transforming growth factor-β1” and tissue inhibitor of collagen type 1 and metalloproteinase-1, the 
differences were not statistically significant. 

Conclusion: SFSE-G exerts fibrosis preventive and renoprotective effects in UUO-induced renal fibrosis, probably by modulating oxidative stress 
and fibrotic pathways.  
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INTRODUCTION 

The renal fibrosis is a maladaptive wound-healing response that 
involves an excessive accumulation of extracellular matrix (ECM), a 
critical component of almost all chronic kidney diseases, leading to 
permanent organ failure and “end-stage renal disease” (ESRD) [1]. 
This pathological process results from a progressive replacement of 
functional parenchyma with scar tissue, which obliterates the 
standard kidney architecture. 

Renal fibrosis, which is characterized by a reduction in glomerular 
filtration rate (GFR), is associated with several systemic problems, 
such as fluid overload, persistent hypertension, hyperkalemia and 
anaemia [2], increased risk of heart diseases, impaired immune 
function, susceptibility to infection, and neurological disturbances 
[3]. Therefore, strategies that inhibit or reverse renal fibrosis are 
essential for optimizing outcomes and for reducing the burden of 
chronic kidney disease (CKD). 

The primary cause of renal fibrosis can be classified as either 
obstructive or immune-mediated [4]. Obstructive fibrosis (also known 
as Renal Interstitial Fibrosis (RIF)) results from persistent urinary 
tract obstructions, such as nephrolithiasis, whereas immune-mediated 
fibrosis may develop in response to systemic autoimmune diseases or 
glomerulonephritis [5]. Regardless of the causes that contribute to 
myofibroblast activation and ECM accumulation, common fibrogenic 
pathways involve the “transforming growth factor-beta 1” (TGF-β1), 
oxidative stress, chronic inflammation, and renin-angiotensin-
aldosterone system [3]. 

RIF is a key therapeutic target because it can be diagnosed and 
treated early, and pharmacological interventions to resolve 
obstruction can prevent renal damage, maintain renal function, and 
prevent progression to ESRD [2]. Other strategies that target 

metabolic abnormalities, inflammation, TGF-β1 signalling, oxidative 
stress, and ECM accumulation are likely to prevent fibrogenesis and 
improve renal functions [6]. 

Although current therapeutic approaches predominantly offer 
supportive care and target symptoms, natural products have been 
shown to possess a renoprotective potential for prophylaxis [7]. 
Considering the multifactorial nature of CKD progression and the 
limitations inherent to current treatments, novel plant-derived 
natural compounds containing bioactive natural products represent 
a promising strategy for developing targeted interventions aimed at 
preventing RIF. These products may serve as either primary or 
adjunctive therapies to address the physiological targets associated 
with RIF and mitigate the progression of CKD [8, 9]. 

The seeds of Fenugreek, Trigonella foenum-graecum Linn (Family: 
Fabaceae) is extensively used in traditional medicine. Prior research 
involving animal models with fenugreek seed extracts has indicated 
positive effects on factors associated with renal fibrosis, including 
the enhancement of insulin sensitivity and lipid metabolism [10], 
antioxidant properties [11], and preventive effects against kidney 
stone formation [12, 13]. 

Among the various fenugreek seed products, “glycosides-rich 
standardized fenugreek seed extract” (SFSE-G) has been shown to 
inhibit TGF-β1 signaling pathways [14], lower levels of 
proinflammatory cytokines [15], slow the processes of ECM buildup, 
and kidney fibrosis. The fenugreek glycosides exhibit anti-
inflammatory properties by downregulating cytokines and 
interleukins in prostate tissue remodeling and hyperplasia [3]. SFSE-
G has shown anti-fibrotic properties by activating the “nuclear factor 
erythroid 2-related factor 2” (Nrf2), to decrease inflammation and 
lung fibrosis in rats induced by bleomycin [16]. Furthermore, SFSE-G 
provides liver protection by reducing oxidative stress and 
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influencing the expression of the “farnesoid X receptor” (FXR), 
thereby enhancing bleomycin-induced liver fibrosis [14]. In 
addition, SFSE-G is characterized by a strong safety profile, as 
demonstrated by extensive regulatory toxicological assessments [17, 
18]. These results suggest that SFSE-G could offer a comprehensive 
approach to mitigating renal fibrosis, especially of RIF type, and 
justify further in-depth research. 

Therefore, the main objective of the present work is to investigate 
the potential fibrosis preventive efficacy and the possible 
mechanism of action of SFSE-G in “Unilateral Ureteral Obstruction” 
(UUO)-induced RIF in mice because of its high reproducibility, 
robustness, and ability to replicate key pathological features [19]. 

MATERIALS AND METHODS 

Animals 

All present work were carried out with full compliance with the 
Animal Use Guidelines set by the Japanese Pharmacological Society. 
All the protocols were approved (No. SP_MNP050-1208-0) by the 
“Institutional Animal Care and Use Committee” of Stelic Institute and 
Co., Tokyo, Japan, a contract research organization. Forty pathogen-
free verified female mice (C57BL/6, about 9 w old, weights 20-25 g) 
were procured from “Charles River Laboratories Japan, Inc. 
(Kanagawa, Japan)”. The mice were maintained for at least 7 d in a 
controlled environment (23 ± 2 °C temperature, 45 ±10% of relative 
humidity, 20 ± 4 Pa air pressure, 12h: 12h light/dark cycle). 

Materials 

The test material, SFSE-G, was a dry powder supplied by Indus 
Biotech Limited (Pune, India). Distilled water was used to prepare 
the stock solutions, which were stored at 4 °C for future use. SFSE-G 
was administered orally via gavage at doses of 30, 60, or 100 mg/kg, 
two times a day, between 8 am and 9 am and 5pm and 6pm, except 
on day 0, when it was administered once. Sodium pentobarbital 
(Sedalphorte®; Saludy Bienestar Animal S. A. de C. V., Mexico) was 
used for both anesthesia and euthanasia, and Formalin and Schiff’s 
reagent as “Periodic Acid-Schiff” (PAS) staining was procured from 
Wako Pure Chemical Industries (Osaka, Japan). Picrosirius red (PSR) 
solution was obtained from Waldeck GmbH and Co. KG (Münster, 
Germany). An anticoagulant, Novo-Heparin, was produced from 
Mochida Pharmaceutical (Tokyo, Japan).  

Experimental design 

The mice were allocated into five distinct experimental groups, each 
consisting of eight animals, as outlined below: (A) sham control, in 
which the surgical procedure was performed without UUO; (B) UUO 
control, in which mice underwent UUO surgery and received only 
vehicle treatment. The other 3 groups (C, D, and E) were treated 
with SFSE-G at doses of 30 mg/kg, 60 mg/kg, and 100 mg/kg with 
UUO and named SFSE-G (30), SFSE (60), and SFSE-G (100), 
respectively. Body weight (BW) was recorded daily. The treatments 
were administered 1–4 h before UUO (day 0) and twice daily 
thereafter from day 1 to day 13. 

UUO was induced under anesthesia with sodium pentobarbital using 
4-0 silk as previously reported [20, 21]. After closing the peritoneum 
and skin with stitches, mice were kept in clean cages and monitored 
until recovery. The sham-operated mice underwent identical 
surgical exposure without ligation. Postoperatively, animals were 
returned to clean cages until complete recovery. Seven days after 
UUO, blood and kidney samples were collected after sacrifice using a 
sodium pentobarbital overdose. 

Effects on kidney function in biochemistry 

The effects on kidney function were assessed by plasma biochemistry. 
Blood was drawn via cardiac puncture under anesthesia and collected 
in polypropylene tubes with anti-coagulant, Novo-Heparin. The 
samples were centrifuged (1,000 ×g; 15 min; 4 °C), to separate 
supernatant, and maintained at -80 °C, until analysis by biochemistry 
analyser (FUJI DRI-CHEM 700, Fujifilm, Tokyo, Japan) to measure the 
levels of “plasma creatinine” (CRE) and "blood urea nitrogen" (BUN). 

Kidney hydroxyproline (HP) content  

The HP content of kidney samples (17-40 mg) and protein 
concentrations were measured using the alkaline-acid hydrolysis 
method, and bicinchoninic acid assay methods (kit of “Thermo 
Fisher Scientific, Waltham, USA”)as reported previously [21, 22]. HP 
values were expressed as mg per mg of protein. 

Histology 

Kidney sections were fixed, embedded in paraffin, sectioned, and 
PAS-stained during Schiff’s reagent or PSR-stained with PSR solution 
as per the manufacturer’s instructions and as reported earlier [20, 
21]. The interstitial fibrosis areas of the PSR-stained kidney sections 
were quantified using bright-field images of the corticomedullary 
region and captured using a digital camera (“DFC280 model, Leica, 
Solms, Germany”). PSR-positive areas in five fields per section were 
measured using the ImageJ software (“National Institutes of Health, 
Bethesda, Maryland, USA”). All slides were coded for analysis. 

Quantitative PCR (qPCR) 

Total RNA extraction reagent (Takara Bio, Shiga, Japan) was used for 
RNA extraction from the left kidney as per manufacturer's 
instructions. The gene expression measurement of Nrf2,“Heme 
oxygenase-1” (HO-1), “alpha-smooth muscle actin” (α-SMA), TGF-β, 
“Tissue inhibitor of metalloproteinases 1” (TIMP-1) and “Collagen 
type 1” was accomplished using “Real-time Polymerase Chain 
Reaction” (PCR) for “DICE thermal cycler” (TP800, Takara Bio, Shiga, 
Japan) and “SYBR premix Taq” (Takara Bio, Shiga, Japan) as per 
manufacturer’s instructions. The expression level was represented 
as relative expression by comparison with the reference gene, 
“glyceraldehyde-3-phosphate dehydrogenase” (GAPDH). 

Statistical analysis 

Data analyses, presented as mean±standard error of the mean (SEM), 
were conducted using the Mann-Whitney U test for gene expression 
analysis and the Bonferroni Multiple Comparison Test for the remaining 
data. P<0.05 was considered statistically significant. These analyses were 
performed using SPSS Statistics Base software version 20 (SPSS Inc., 
Chicago, USA) and Prism 4 software (GraphPad Software, USA).  

RESULTS 

Effects on BW, Kidney weight (KW) and relative KW 

There were no significant changes in BW across all groups at the time 
of sacrifice, indicating that UUO surgery or SFSE-G treatment did not 
significantly affect overall animal health or body mass (table 1)Table 1. 
No significant signs of toxicity, morbidity, or mortality were observed 
in any group during daily monitoring of clinical signs and behavior. 

On the day of sacrifice, UUO control group showed a significant 
increase in KW and relative KW (ratio of KW to BW) as compared to 
Sham control. However, SFSE-G treatment did not show significant 
effects on UUO-induced changes in KW or Relative KW compared to 
the UUO control (Table 1). 

 

Table 1: Effect of SFSE-G on wights and biochemical analysis 

 Sham control UUO control SFSE-G (30) SFSE-G (60) SFSE-G (100) 
BW (g) 19.90±0.20 19.20±0.40 19.30±0.20 19.30±0.40 19.60±0.40 
KW (mg) 123.0±4.00 293.0±27.0### 309.00±20.0 301.0±40.0 280.00±23.0 

Relative KW 6.16±0.16 15.36±1.56### 16.06±1.04 15.68±2.10 14.31±1.06 
CRE (mg/dl) 0.10±0.00 0.10±0.00 0.10±0.00 0.10±0.00 0.10±0.00 
BUN (mg/dl) 21.60±1.30 37.30±1.80### 33.50±1.30 31.60±1.50* 30.30±1.40** 
HP (µg/mg of TP) 1.47±0.08 5.27±0.24### 5.24±0.30 4.56±0.53 5.24±0.29 

n=8, fig. in parentheses show dose in mg/kg. Data shown as mean±SEM, analyzed by One-way ANOVA with Bonferroni test. ns-not significant, 
###P<0.001 (vs. Sham control), *P<0.05, **P<0.01 (vs. UUO control). BW: Body weight; KW: Kidney weight; CRE: Plasma creatinine; BUN: Blood urea 
nitrogen; HP: Kidney hydroxyproline; TP: Total protein 
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Effects on kidney function 

As shown in Table 1, plasma CRE levels remained unchanged across all 
groups, including Sham, UUO control, and SFSE-G-treated groups. 
However, BUN levels were significantly higher in the UUO control than 
in the Sham Control (P<0.001). SFSE-G (at 60 and 100 mg/kg, but not 
at 30 mg/kg) significantly (P<0.05, and P<0.001, respectively) reduced 
the elevated BUN levels (vs. UUO control), indicating its beneficial 
effect on renal function table 1. 

Effects on HP content 

Kidney HP content, a direct biochemical marker of collagen deposition 
and fibrosis, increased significantly (P<0.001) in UUO control vs. Sham 
Control). While SFSE-G treatment at all doses showed a trend towards 
the prevention of UUO-induced elevated HP content, the differences 
from UUO control values were not statistically significant (Table 1). 

Effects on kidney during histology 

Histopathological examination of the kidney sections provided 

visual evidence of the effects of the treatments. 1 showed sample 

photomicrographs of PAS-stained kidney sections and revealed that 
the UUO control group (fig. 1B) exhibited significant tubular dilation 
(shown as (* asterisk), atrophy, (shown as # hash) and intratubular 
cast formation (shown as arrow heads), in both the cortical and 
medullary regions (but not in the glomeruli), indicating severe renal 
damage. However, the sham control group (fig. 1A) showed a normal 
morphology. The kidney samples of the SFSE-E-treated groups (fig. 
1C to fig. 1E) showed a reduced extent of these pathological changes 
in one sample from SFSE-G (30 and 60 mg/kg each) and two 
samples of SFSE-G (100 mg/kg) groups, suggesting protective effects 
on tubular morphology against UUO (fig. 1). 

  

 

Fig. 1: Representative images of kidney sections (cortices) stained with Periodic acid–Schiff (PAS) (A) Sham Control group, showing 
normal morphology; (B) UUO Control group, showing tubular dilation (* asterisk), atrophy (# hash), and intratubular cast formation 

(arrowheads, ). (C-E) SFSE-G (30, 60, and 100 mg/kg)-treated groups showed less damage. UUO, Unilateral Ureteral Obstruction, Stain: 
PAS, Magnification: 400X 

 

Representative photomicrographs of kidney sections stained with 

PSR (2) demonstrated extensive collagen deposition (stained as 

intense red color) in the tubulointerstitial sections of kidneys from 
of UUO control (fig. 2B) (but not from Sham Control (fig. 2A), 
confirming the development of significant RIF. SFSE-G treatment 
resulted in dose-dependent protection, with visibly less collagen 
deposition (vs. UUO control), suggesting a fibrosis-preventive 
potential (fig. 2C to fig. 2E). 

The % PSR-positive area (fig. 2F) served as a quantitative measure 
to evaluate the level of fibrosis in kidney specimens. The PSR-
positive area (%) of kidney samples from UUO control (5.23±0.38) 
was significantly (P<0.01) more vs. Sham Control (3.22±0.39), 
confirming collagen deposition. Treatment with SFSE-G (30 and 60 
mg/kg) showed reduced values (4.23±0.31 and 4.02±0.54, 
respectively) of the PSR-positive area (%) as compared to that of 

UUO control, although statistical significance was not reached. 
However, kidney samples of mice from the SFSE-G (100 mg/kg) 
treated group showed PSR-positive area (%) of 3.27±0.23, which 
was significantly less (P<0.01) than that of UUO control (fig. 2F).  

Effects on gene expression during qPCR  

The mRNA expression (relative to GAPDH) of Nrf2, HO-1, α-SMA, TGF-β, 
TIMP-1, and collagen type 1 in kidney samples from the UUO control 
group was significantly upregulated (vs. sham control) (Table 2). 
Significant downregulation of mRNA expression (relative to GAPDH) of 
Nrf2 by SFSE-G (30 mg/kg and 60 mg/kg), HO-1 by SFSE-G (60 mg/kg), 
and α-SMA by SFSE-G (60 mg/kg and 100 mg/kg) was observed. 
However, the reduction in mRNA expression (relative to GAPDH) of TGF-
β, TIMP-1 and Collagen Type 1 in SFSE-G-treated group was not found to 
be statistically significant compared to that of UUO control (Table 2). 



P. Thakurdesai & R. Pujari 
Int J Pharm Pharm Sci, Vol 17, Issue 12, 42-48 

45 

 

Fig. 2: Representative images of kidney sections (corticomedullary area) stained with picro-sirius red (PSR) (A) Sham control group 
showing normal morphology, (B) UUO Control group showing extensive collagen deposition (more intense red color) in the 

tubulointerstitial region. (C–E) SFSE-G (30, 60, and 100 mg/kg)-treated groups, showing a lower extent of deposition. UUO: Unilateral 
Ureteral Obstruction, Stain: PSR, Magnification: 400X 

 

Table 2: Effect of SFSE-G on relative gene expression levels in kidney tissues 

Protein Relative expression to GAPDH (Mean±SEM) 
Sham control UUO control SFSE-G (30) SFSE-G (60) SFSE-G (100) 

Nrf2 1.00±0.03 3.02±0.09### 2.48±0.14* 3.31±0.16* 3.08±0.31 

HO-1 1.00±0.06 3.20±0.21### 3.41±0.53 4.93±0.47** 4.54±0.81 

α-SMA 1.00±0.05 16.56±1.20### 13.62±2.78 12.39±1.21* 11.13±1.64* 

TGF-β 1.00±0.05 15.50±0.96### 12.64±1.01 15.92±1.38 12.89±1.72 

TIMP-1 1.00±0.14 816.30±74.68### 543.90±82.22 647.10±75.60 609.00±96.81 

Collagen type 1 1.00±0.05 22.19±1.86### 20.10±2.30 27.03±2.85 21.37±3.02 

n=8, fig. in parentheses show dose in mg/kg. Data shown as mean±SEM, analyzed by separate Kruskal-Wallis ANOVA followed by Mann-Whiney ‘U’ 
test.### P<0.001 (vs. Sham control).* P<0.05, ** P<0.01 (vs. UUO control), Nrf2: “Nuclear factor erythroid 2-related factor 2”; HO-1: “Heme 
oxygenase-1”; α-SMA: “alpha 2, smooth muscle actin”, aorta; TGF-β: Transforming growth factor beta; TIMP-1: Tissue inhibitor of 
“metalloproteinase 1”; Collagen Type 1: “collagen, type I, alpha 2 chain”; GAPDH: “Glyceraldehyde-3-phosphate dehydrogenase”. 

 

DISCUSSION 

This study explored the protective effects against kidney damage 
and the prevention of fibrosis offered by SFSE-G, a standardized 
extract rich in glycosides from fenugreek seeds, in a mouse model of 
RIF caused by UUO, which mimics many pathological features in the 
progression of human CKD [23]. Therefore, RIF with fibroblast 
activation, my fibroblast differentiation, and profibrotic cytokine 
signaling have emerged as critical targets for therapeutic 
intervention. The findings of this study indicate the successful 
prevention of UUO-induced fibrotic changes, like elevated BUN 
levels, increased kidney weight, and significant histopathological 
changes, including tubular injury and extensive collagen deposition, 
by subacute oral administration of SFSE-G. These beneficial effects 
were further supported by gene expression modulation of key genes 

related to oxidative stress, inflammation, my fibroblast activation, 
and fibrosis, such as Nrf2, HO-1, and α-SMA. 

The present study utilized UUO, a critical and extensively studied 
experimental model, to induce and mimic the progression of 
obstructive nephropathy and subsequent kidney damage observed 
in humans [19]. The UUO model involves ligation of one ureter, 
which triggers a series of events, including tubular atrophy, 
interstitial inflammation, oxidative stress, and ECM deposition, 
ultimately leading to RIF [24, 25]. The mechanism involves physical 
blockage of the ureter, leading to hydro nephrosis and a cascade of 
detrimental cellular and molecular events within the kidney [19].  

Body weight is intricately linked to CKD and related disorders, such 
as RIF [26]. The study results did not show any significant changes 
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in body weight across groups, suggesting that neither UUO nor SFSE-
G treatment substantially affected the overall health of the animals. 
Furthermore, it also showed the absence of notable toxicity, 
morbidity, and mortality with SFSE-G treatment in UUO-induced 
mice. The results indicated that SFSE-G prevented UUO-induced 
changes in KW or relative KW, indicating its beneficial effects in 
mitigating obstructive injury. An increase in kidney weight often 
reflects adaptive hypertrophy due to the compensatory mechanism 
in response to renal injury, particularly in UUO, which can initiate a 
cascade of pathological changes, including inflammation and 
dysregulated ECM production, contributing significantly to RIF [27]. 
An increase in relative KW can imply maladaptive changes that 
might forecast deteriorating kidney function, especially in the 
context of chronic obstruction, where ongoing injury and 
inflammation are present [28]. However, the SFSE-G did not 
significantly affect KW or relative KW in this study.  

Elevated CRE levels reflect impaired renal clearance in the context of 
human fibrosis. However, in early-stage renal damage in animals, 
such as in UUO model, plasma CRE levels may not increase 
significantly, due to the compensatory function of the contralateral 
kidney [29] as seen in the present study. BUN levels in the UUO 
control group were markedly increased, suggesting compromised 
renal function, nitrogen-related waste buildup, and reduced renal 
excretion [30]. In UUO, progressive RIF, nephron loss, and reduced 
renal perfusion, resulted in the accumulation of urea and other 
nitrogenous chemicals in the blood [31]. Treatment with SFSE-G 
significantly reduced BUN levels, indicating its protective effects 
against renal dysfunction by preserving nephron function.  

Kidney HP level, a marker of fibrosis and collagen accumulation, 
showed significant increase in UUO control group, indicating severe 
fibrotic changes. Excessive ECM deposition, particularly collagen 
deposition, is a hallmark of progressive tubulointerstitial damage in 
RIF and CKD. Elevated HP levels reflect the severity of fibrotic 
remodeling, contributing to nephron loss, decreased filtration, and 
ultimately, end-stage renal dysfunction. Even though statistical 
significance is absent, the trend towards reduced HP content 
following SFSE-G treatment suggests a potential anti-fibrotic effect. 
The potential anti-fibrotic efficacy of SFSE-G in preserving renal 
tissue integrity and slowing the progression of RIF is substantiated 
by the histological results of this study, which show that SFSE-G 
confers structural protection and exerts a meaningful fibrosis-
preventive effect. 

Histopathological changes in tubular architecture and ECM 
accumulation are hallmark features of RIF and CKD progression 
[32]. Tubular atrophy and RIF impair nephron function and reduce 
filtration capacity, leading to irreversible damage and progression 
[33]. PSR staining is the gold standard method for evaluating 
collagen deposition and reflects the severity of fibrotic 
transformation in the renal parenchyma [34]. In our study, 
histological analysis using PAS staining revealed marked tubular 
injury, indicated by dilation, atrophy, and intratubular cast 
formation in the UUO control group, whereas SFSE-G treatment 
demonstrated visible protection against these structural damages. 
PSR staining is widely used to quantify the extent of fibrillar collagen 
deposition, especially types I and III, indicating renal fibrogenesis in 
tubulointerstitial fibrosis [35]. In this study, SFSE-G treatment 
resulted in dose-dependent prevention of UUO-induced increases in 
collagen deposition and fibrotic areas, achieving statistical 
significance at the 100 mg/kg dose, indicating protection from renal 
fibrogenesis. Collagen buildup is associated with the activation of 
myofibroblasts and the TGF-β/Smad signaling pathway, both of 
which play a crucial role in the progression of fibrosis. The possible 
molecular pathways underlying the anti-fibrotic efficacy of SFSE-G 
might be the inhibition of key profibrotic pathways, such as 
myofibroblast activation and TGF-β signaling.  

The UUO control group exhibited significant upregulation in renal 
mRNA expression of Nrf2, HO-1, α-SMA, TGF-β, and collagen type 1, 
TIMP-1 indicating stimulation of oxidative stress and fibrotic 
signaling pathways after UUO induction, as previously reported [36]. 
In RIF, TGF-β acts as a central profibrotic cytokine driving 
fibroblast-to-myofibroblast differentiation and collagen synthesis 

[23], while α-SMA and collagen type 1 are direct markers of 
fibrogenic activation [37]. TIMP-1 impedes matrix degradation, 
contributes to ECM accumulation, exacerbating fibrosis[38]. Nrf2 
and HO-1, though typically cytoprotective, can be upregulated in 
response to UUO, which can induce oxidative stress and tissue injury 
[39]. Treatment with SFSE-G significantly downregulated Nrf2, HO-
1, and α-SMA, suggesting its dual action in reducing fibrotic and 
oxidative stress responses.  

The significant downregulation of α-SMA, a myofibroblast activation 
marker, indicates reduced fibroblast transdifferentiation, which is a 
central event in tubulointerstitial fibrosis [40]. However, the role of 
the TGF-β/Smad signaling cascade, which is pivotal in driving ECM 
production and collagen accumulation, cannot be ruled out because 
the observed downward trends for TGF-β and collagen type I 
expression preserve the renal architecture. The reduced PSR-positive 
area in histology also supports the hypothesis of the prevention of 
collagen deposition by SFSE-G. In addition, SFSE-G treatment caused a 
significant downregulation of Nrf2 and HO-1 gene expression at low 
doses, suggesting its capacity to reduce oxidative stress burden and 
provide renoprotective and fibrosis preventive action.  

CONCLUSION 

The present study demonstrated the fibrosis-preventive efficacy of 
subacute oral administration of SESE-G in UUO, an animal model of 
RIF, through the modulation of fibrotic and oxidative stress pathways. 
Further studies, such as well-designed clinical trials and 
comprehensive molecular mechanism studies, are needed to develop 
SFSE-G as a targeted intervention for RIF in CKD management. 
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fenugreek seeds extract, TGF-β-transforming growth factor-beta 1, 
TIMP-1-Tissue inhibitor of metalloproteinases 1, TNF-α-Tumor 
Necrosis Factor alpha, UUO-unilateral ureteral obstruction 
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