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Objective(s): Nephropathy is the most common comorbidity linked to T2D. The present study aimed 
to examine the potential of saroglitazar in the context of a high-fat diet and low-dose streptozotocin-
induced diabetic nephropathy in Wistar rats. 
Materials and Methods: Molecular docking simulation investigations were conducted on the ligand-
binding region of type IV collagen and Kidney injury molecule-1 (KIM-1), using saroglitazar and 
fenofibrate as the subjects.  The rats were fed either a conventional rodent diet or a high-fat diet ad 
libitum for two weeks. Following a two-week period, the rats given an HFD were administered with a 
low-dose of STZ (35 mg/kg, IP). Rats with experimentally induced diabetes were categorized into five 
groups: normal control; diabetic control; HFD+STZ+saroglitazar (2 mg/kg); HFD+STZ+saroglitazar (4 
mg/kg); HFD+STZ+fenofibrate (100 mg/kg) treated orally for 21 days with continuation on HFD. After 
21 days, rats were kept on fasting overnight, blood and urine was acquired for various biochemical 
analysis. Animals were sacrificed, and kidney tissues were removed for histopathological studies. 
Results: In-silico investigation showed a substantial affinity between saroglitazar and fenofibrate with 
KIM-1 and type IV collagen. Saroglitazar produced a significant (P<0.01) reduction in weight of the 
body, serum blood sugar, albumin, creatinine, and BUN levels. Further, saroglitazar significantly 
(P<0.01) reduced the KIM-1 and type IV collagen levels in the urine of diabetic rats.  Histopathological 
results showed improvement in tubular degeneration, necrosis, and dilatation of Bowman’s space in 
kidney tissue. 
Conclusion: Saroglitazar attenuated renal injury by improving renal function in HFD+STZ-induced 
DN in Wistar rats. 
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Introduction
Diabetic nephropathy (DN) is a common and serious 

consequence of diabetes mellitus (DM) that is linked to 
higher rates of illness and death in individuals with diabetes 
(1). The prevalence of diabetes was projected to be over 400 
million in 2017, and it is estimated to increase significantly 
to 629 million by 2045 globally. This would substantially 
burden public health professionals (2-4). DN is distinguished 
through a gradual escalation in proteinuria, albuminuria, 
reduction in glomerular filtration rate, hypertension, and a 
heightened susceptibility to cardiovascular morbidity and 
death (5). The initial laboratory abnormality is a positive 
microalbuminuria test. The diagnosis is typically detected 
when a regular urinalysis of an individual with DN reveals 
excessive protein in the urine. The urine analysis may also 
indicate the presence of sugar in the urine, particularly if 
blood sugar is poorly controlled. As kidney disease worsens, 
serum blood urea nitrogen (BUN) and creatinine levels may 
rise. Thus, managing metabolic and hemodynamic variables 
is essential to stop DN from worsening (6).

Presently, the therapeutic choices for treating patients 
with DN encompass agents such as ACE inhibitors, SGLT2 
inhibitors, AT1 receptor blockers, and some anti-oxidants, 

which have demonstrated some improvement in kidney 
function in individuals with diabetes (5, 7). Consequently, 
there are ongoing efforts to explore innovative and hopeful 
therapy approaches for treating DN. 

Recently, there has been global interest in dual peroxisome 
proliferator-activated receptor (PPAR) α/γ agonists. These 
agonists are nuclear receptors triggered by fatty acids and 
control metabolic processes by regulating sugar and lipid 
metabolism in distinct ways. There are three main types of 
PPARs: PPARα, PPARβ/δ, and PPAR-γ (8). Recent research 
indicates that peroxisome proliferator-activated receptor 
alpha (PPARα) agonists have significant promise in treating 
DN. This is because they can help prevent renal lipid 
accumulation-induced lipotoxicity, a known risk factor for 
nephropathy in individuals with chronic DM (9). 

Saroglitazar, a medication that activates both PPAR-α 
and PPAR-γ receptors, is a highly successful treatment 
for controlling diabetic dyslipidemia. The intervention 
yields two advantages: a notable enhancement in glycemic 
parameters (glycated hemoglobin and fasting blood 
glucose) and a substantial improvement in dyslipidemia 
(triglycerides, apolipoprotein B, non-HDL cholesterol) (10). 

Saroglitazar activates PPAR-γ, a protein that has a crucial 
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function in regulating insulin sensitivity and inflammation. 
Saroglitazar improves insulin sensitivity by activating 
PPAR-γ, which helps to manage blood sugar levels better. 
Improved insulin sensitivity can also have additional 
benefits for renal health by reducing the metabolic burden 
on the kidneys (11, 12).

KIM-1, often referred to as Kidney Injury Molecule-1, 
and collagen type 4 are biomarkers associated with kidney 
injury and fibrosis, respectively (13). KIM-1 is a biomarker 
that signifies kidney damage and typically rises in reaction 
to injury to the renal tubules. Studies have shown that 
saroglitazar can activate PPAR-γ, which may help protect 
the kidneys from injury and reduce the expression of KIM-
1. Saroglitazar can reduce KIM-1 levels by alleviating renal 
impairment (14).

Type IV collagen has a crucial function in the 
composition of the extracellular matrix in the renal system. 
Renal fibrosis, a common clinical feature of DN and 
alternative forms of chronic kidney disorders, is related to 
an increased buildup of Type IV collagen. Saroglitazar’s 
activation of PPAR-gamma may lead to a reduction in the 
production and buildup of Type IV collagen in the kidneys. 
There is a possibility that this could decrease renal fibrosis 
and maintain kidney function (15).

Fenofibrate, an FDA-approved medication, acts as 
an agonist for PPARα and is used to manage and treat 
conditions such as hypertriglyceridemia, primary 
hypercholesterolemia, or mixed dyslipidemia. It works 
by increasing lipoprotein lipase activity, promoting the 
synthesis of high-density lipoprotein (HDL), and reducing 
the liver’s production of apolipoprotein C (16-18). 

However, the impact of saroglitazar on DN has not 
been explored yet. Therefore, the current research aimed 
to evaluate the impact of saroglitazar on DN in Wistar 
rats induced by an HFD and low-dose STZ. Two different 
doses of saroglitazar (2 mg/kg, PO and 4 mg/kg, PO) were 
administered, while fenofibrate (100 mg/kg, PO) was used 
as a reference drug for comparative purposes.

Materials and Methods
Drugs and chemicals

STZ was acquired from Sigma Aldrich (St. Louis, MO, 
USA). Saroglitazar and fenofibrate were purchased from a local 
chemist shop in New Delhi, India. All the other compounds 
used were commercially available and of AR quality.

Computational studies (Molecular docking)
Computational studies were carried out to analyze the 

binding affinities of ligands in the domain of KIM-1 and 
Type IV collagen using AutoDock Vina 1.5.7 (19). The 3D 
structure determined by X-ray crystallography of KIM-1 
(PDB ID: 5DZO; resolution: 1.30 Å) and Type IV collagen 
(PDB ID: 1LI1; resolution: 1.90 Å) was obtained from the 
RCSB Protein Data Bank. The ligands’ structure was shown 
in Chem Sketch and then transformed into pdb format 
using the Open Babel program Version (3.1.1) (20).

The proteins were acquired separately and added to 
Biovia Discovery Studio Visualizer-BDSV for protein 
preparation. The water molecules attached to the protein 
and the ligand in the co-crystal were removed, and H-atoms 
with polarity were introduced. Ligands and proteins were 
stored in.pdbqt format using AutoDock Vina (MGL Tools 
1.5.7). A grid box with dimensions of 40 Å, 40 Å, and 40 Å for the 
x, y, and z axes, correspondingly, was created to determine 
the binding region of KIM-1 (PDB ID: 5DZO). The grid 
center was set at x=56.047 Å, y=33.583 Å, and z=66.446 Å, 

with a grid spacing of 0.385 Å. A grid box measuring 126 
Å in the x, y, and z axes was created. The center point of 
the grid is located at x=16.768 Å, y=61.425 Å, and z=0.664 
Å. The spacing between grids is set at 0.771 Å. This grid 
was developed to determine the binding region of Type IV 
collagen (PDB ID: 1LI1). The level of comprehensiveness in 
both proteins was adjusted to 33. The conformation with the 
lowest energy was selected as the optimal choice, and the 
dock position was stored. The ligand interaction design and 
the docking position were captured utilizing the Discovery 
Studio Visualizer.  

Experimental animals
The study received approval from the Institutional Animal 

Ethics Committee at Jamia Hamdard, located in New Delhi, 
India (Approved no. 1860; Dated: 30-12-2022), and was 
carried out in compliance with the standards set by the 
Committee for Control and Supervision of Experiments on 
Animals (CPCSEA), India. The male Wistar albino rats (6–8 
weeks/150–200 g) were obtained from the Central Animal 
House Facility of Jamia Hamdard in New Delhi, India. Rats 
were kept in hygienic rat cages with solid bottoms of stainless 
steel mesh polypropylene. They were maintained in a 
controlled environment with an RT of 22 ± 2 °C and humidity 
of 55 ± 5%. The rats were subjected to a 12-hr light and dark 
cycle. The rats had access to conventional rat meal and water 
ad libitum. Rats were provided one week to adjust to the 
Exploratory surroundings prior to the feeding intervention.

Induction of T2D with HFD and low-dose STZ
The rats were divided into two dietary regimens by 

feeding either conventional rat feed or HFD (from National 
Institute of Nutrition (NIN), Hyderabad, India) ad libitum 
for the starting phase of 2 weeks (21). The composition of 
HFD was detailed elsewhere (17). Following two weeks 
of dietary manipulation, the rats fed an HFD received an 
intraperitoneal injection of a low dose of STZ (35 mg/kg). In 
contrast, the control rats were administered a vehicle citrate 
buffer (pH 4.4) in a dosing volume of 1 ml/kg, also via 
intraperitoneal injection. Fasting blood glucose levels were 
evaluated three days after administering either the vehicle 
or STZ injection. Rats with an FBG level of ≥200 mg/dl 
were classified as diabetic and chosen for pharmacological 
investigations. The rats were permitted to consume their 
diets until the end of the study. The animal model has 
previously been developed in our laboratory (22). 

Experimental protocol
A total of 30 male rats, consisting of 6 normal control rats 

and 24 rats with HFD+STZ-induced diabetes, were involved 
in the study. The rats were randomly separated into five 
groups, each including six rats as follows:
Group I: normal control rats were given 0.5% CMC in 
normal saline daily (NC)
Group II: toxic diabetic rats were given 0.5% CMC daily (TC)
Group III: diabetic rats were given saroglitazar (2 mg/kg/
day, PO) 
Group IV: diabetic rats were given saroglitazar (4 mg/kg/
day, PO)
Group V: diabetic rats were given fenofibrate (100 mg/kg/
day, PO)

The selection of saroglitazar and fenofibrate doses was 
based on documented literature (12, 23, 24). The drugs were 
solubilized in a carboxy methyl cellulose (CMC) solution 
with a concentration of 0.5% w/v. The medications were 
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orally delivered with the help of a conventional orogastric 
cannula daily for a duration of 21 days. Both food and water 
were freely available. Body weight measurements were taken 
weekly. After 21 days, foods were removed from the cages 12 
hours before the animals were euthanized. Blood samples 
were obtained from tail veins, and serum was separated for 
15 min with a 3000 rpm centrifugation. Following blood 
collection, the rats were euthanized, and the kidney was 
promptly removed, washed with PBS, and preserved in a 
10% formalin solution for histological analysis. 

Measurements of fasting blood glucose (FBG) 
Weekly assessments of fasting blood glucose levels were 

collected by extracting blood samples from the lateral tail 
vein and analyzing them with a one-touch glucometer (Dr. 
Morepen glucometer, Solan, Himanchal Pradesh, India) 
throughout the treatment period.

Assessment of the serum biochemical markers
The serum blood glucose levels, creatinine, albumin, and 

BUN were quantified using commercially accessible standard 
kits, following the manufacturer’s recommendations.

Determination of the urine biochemical parameters
The urine levels of kidney damage molecule-1 and type 

IV collagen were measured using commercially available 
ELISA kits, following the manufacturer’s directions.

Histopathological examination
The kidney tissue was extracted and deposited in a 

solution of 10% formaldehyde in PBS with a pH of 7.4. The 
tissue was then immersed in paraffin, sectioned, stained 
with hematoxylin/eosin (H&E), and analyzed under a light 
microscope.

Statistical analysis
All data were expressed as the mean ± SEM. Body weight 

was evaluated for significant differences using Multivariate 
analysis of variance (MANOVA) and, subsequently, 
Bonferroni’s post hoc test (25). The remaining parameters 
were subjected to a single-way ANOVA analysis and then 
a multiple comparison test by Tukey.  P<0.05 was deemed 
to be statistically significant. The statistical assessment was 
performed utilizing the Graph pad Prism 3.06 software 
(Graph Pad Software, San Diego, CA, USA).

Results
In-silico interaction of saroglitazar with Kim-1 and Type 
IV collagen

The binding affinities of saroglitazar and fenofibrate to 
the active binding sites of KIM-1 (PDB ID: 5DZO) and Type 
IV collagen (PDB ID: 1LI1) are shown in Table 1. Molecular 
docking analysis revealed that the test drug, saroglitazar 
(Dock Score: -7.9 kcal/mol), displayed higher binding 
interactions with the ligand-binding domain (cavity) of 

Figure 1. Binding mode and ligand interaction diagram of Saroglitazar (a), (c) and fenofibrate (b), (d), in the catalytic pocket of KIM-1 (PDB ID: 5DZO)

 

1 
 

 

 

S. No. 

 

Ligand 

Dock score (kcal/mol)  

Polarity KIM-1 (PDB ID: 5DZO) Type IV collagen (PDB ID: 1LI1) 

1 Saroglitazar -5.3 -7.9 1.90*10-3 mg/ml 

2 Fenofibrate -5.1 -7.2 2.14*10-3 mg/ml 

 

  

Table 1. Dock score of saroglitazar and fenofibrate with the active binding site of kim-1 (pdb id: 5DZO) and type iv collagen (pdb id: 1LI1)

kcal/mol: kilocalories per mole; KIM-1: kidney injury molecule; mg/ml: milligrams per milliliter
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Type IV collagen compared with the standard, fenofibrate 
(Dock Score: -7.2 kcal/mol). The size of the ligand binding 
cavity was 11.72 Å, 13 Å for 5DZO and 1LI1, respectively.  
Also, the binding affinity of saroglitazar (Dock Score: -5.3 
kcal/mol) with KIM-1 was higher than fenofibrate (Dock 
Score: -5.1 kcal/mol). Figure 1 displays the two-dimensional 
interaction diagram of saroglitazar with the target Type IV 
collagen, whereas Figure 2 shows the three-dimensional 
interaction diagram of fenofibrate with the target KIM-
1, respectively. Saroglitazar’s hydroxyl group established 
H-bonds with THR A: 47 and THR A: 53, while an O-atom 
of the ethoxy group produced an H-bond with THR A: 53 
of KIM-1. Two of the aromatic rings displayed the pi- pi 
T-shaped interaction with TRP A: 46. One of the aromatic 
rings displayed the pi- pi T-shaped interaction with TYR A: 
54. The hydrophobic pocket of KIM-1 was surrounded by 
the amino acid residues ASN A: 48, SER A: 27, LYS A: 56, and 
GLY A: 43. In the instance of Type IV collagen, the hydroxyl 

group of saroglitazar created a hydrogen link with ALA 
E: 42. Additionally, an O-atom of the ketone group made 
a hydrogen bond with ARG D: 41, and an O-atom of the 
ethoxy group produced a H-bond with ARG E: 41 of Type 
IV collagen. An aromatic ring exhibited a pi-pi T-shaped 
interaction with GLU E: 152, ASP F: 151, and GLU A: 152. 
The following residues generated the hydrophobic pocket of 
the functional region of Type IV collagen: HIS E: 43, GLY E: 
153, GLU F: 152, GLY D: 150, GLU A: 40, GLU D: 40, GLY 
A: 150, ALA E: 151, GLU E: 40.

Effect of saroglitazar on b.w. (gm/kg)
In the present study, the HFD and low-dose STZ- 

administered rats (diabetic rats) displayed a significant increase 
(P<0.0001) in b.w., in comparison with normal control rats. 
Saroglitazar treatment (2 mg/kg, PO, 4 mg/kg, PO) respectively 
significantly reduced (P<0.0001) body weight in HFD and low-
dose STZ-administered rats. Treatment with fenofibrate (100 

Table 2. Effect of saroglitazar on body weight in hfd and low dose stz- induced type 2 diabetic nephropathy in Wistar rats

All values were expressed as Mean ± SEM, (n=6); NC: normal control; HFD: high-fat diet; STZ: streptozotocin; mg/kg: milligrams per kilogram; PO: per 
ora;l Wk: week.
***P<0.0001, Gp I vs Gp II, ###P<0.0001, Gp II vs Gp III, P<0.0001, Gp II vs Gp IV, P<0.0001, Gp II vs Gp V

Figure 2. Binding mode and ligand interaction diagram of Saroglitazar (a), (c) and fenofibrate (b), (d), in the catalytic pocket of Type IV collagen (PDB ID: 1LI1)

 

2 
 

 

Groups No. Treatment Baseline Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 

I NC 119.66±49.04 146.5±60.04 167.66±68.71 183.33±75.13 200.33±82.10 

 

227.33±93.16 

II HFD+STZ 101.5±41.59*** 

 

126.83±51.98*** 153.83± 63.04*** 

 

164.66±67.48*** 

 

178.66±73.22*** 

 

200±81.96*** 

 

III HFD+STZ+Saroglitazar  

(2 mg/kg p.o.) 

152.5±62.5### 

 

175.83±72.06### 

 

201.33±82.51### 208.16±85.31### 

 

218.83±89.68### 

 

231±94.67### 

 

IV HFD+STZ+Saroglitazar 

(4 mg/kg p.o.) 

91.5±37.5$$$ 

 

115.16±47.19$$$ 

 

144.16± 59.08$$$ 

 

150.66±61.74$$$ 171.16±70.15$$$ 

 

188.83±77.39$$$ 

 

V HFD+STZ+Fenofibrate 

 (100 mg/kg p.o.) 

157±64.34  

 

176.66±72.40  

 

205.16± 84.08  

 

206.33±84.56  

 

215.66±88.38  

 

224.83±92.42  
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mg/kg, PO) reduced the b.w. in HFD, and low-dose STZ was 
also administered to rats (Table 2).

Effect of saroglitazar on serum blood glucose (mg/dl) 
The HFD and low-dose STZ-administered rats showed 

a significant increase (P<0.0001) in the concentrations 
of serum blood glucose in comparison to normal control 
rats. Treatment with saroglitazar (2 mg/kg, PO, 4 mg/kg, 
PO) respectively caused a significant decrease (P<0.0001) 
in serum glucose level as compared to diabetic control 
rats. Fenofibrate treatment (100 mg/kg, PO) significantly 
reduced (P<0.0001) the serum glucose levels as compared 
to the diabetic control rats (Figure 3).

Effect of saroglitazar on serum albumin (g/dl)
The HFD and low-dose STZ-administered rats displayed 

significant decreases (P<0.0001) in serum albumin 
concentrations compared to normal control rats. Treatment 
with saroglitazar (2 mg/kg, PO 4 mg/kg, PO) respectively 
produced a significant increase (P<0.0001) in the serum 
albumin levels as compared to the diabetic control rats. 
Treatment with fenofibrate (100 mg/kg, PO) significantly 
elevated (P<0.0001) the serum albumin levels as compared 
to the diabetic control rats (Table 3).

Effect of saroglitazar on serum creatinine (mg/dl)
The HFD and low-dose STZ diabetic rats demonstrated 

a significant increase (P<0.0001) in serum creatinine levels 
compared to the normal control rats. Treatment with 
saroglitazar (2 mg/kg, PO and 4 mg/kg, PO) respectively 
produced a significant (P<0.0001) decrease as compared to 
diabetic control rats. Treatment with fenofibrate (100 mg/
kg, PO) produced a significant reduction (P<0.0001) in 
the levels of serum creatinine as compared to the diabetic 
control rats (Table 3).

Effect of saroglitazar on BUN level (mg/dl)
The HFD and low-dose STZ diabetic rats displayed 

significant increases (P<0.0001) in the levels of serum BUN 
in comparison with normal control rats. Treatment with 
saroglitazar (2 mg/kg, PO and 4 mg/kg, PO) correspondingly 
caused a significant decrease (P<0.0001) in levels of serum 
BUN as compared to the diabetic control rats. Treatment 
with fenofibrate (100 mg/kg, PO) significantly decreased 
(P<0.0001) the levels of serum BUN as compared to the 
diabetic control rats (Table 3).

Effect of saroglitazar on KIM-1 levels (pg/ml)
The HFD and low-dose STZ diabetic-induced rats 

displayed a significant increase (P<0.0001) in the levels of 
KIM-1 in their urine as compared to the normal control rats. 

Figure 3. Effect of saroglitazar on serum glucose levels in HFD+STZ-
induced type 2 diabetic nephropathy in Wistar rats
All values were expressed as Mean ± SEM, (n=6); HFD: high fat diet; STZ: streptozotocin; 
mg/kg: milligrams per kilogram; mg/dl: milligrams per deciliter;  and the data were 
analyzed by one-way ANOVA followed by Tukey’s-Kramer Multiple Comparisons 
Test. HFD+STZ vs normal control ***P<0.0001, HFD+STZ vs HFD+STZ+Saroglitazar 
(2 mg/kg PO) ###P<0.0001, HFD+STZ vs HFD+STZ+Saroglitazar (4 mg/kg PO) P< 
0.0001, HFD+STZ vs HFD+STZ+Fenofibrate (100 mg/kg PO) P<0.0001.

 

3 
 

 

Group No. Treatment Albumin (g/dl) Creatinine (mg/dl) BUN level (mg/ml) 

I NC 3.45 ± 0.12 0.30 ± 0.03 26.07 ± 0.32 

II HFD + STZ 2.45 ± 0.12*** 0.60 ± 0.04*** 38.25±2.43*** 

III HFD + STZ + Saroglitazar (2 mg/kg P.O.) 3.29 ± 0.03## 0.23 ± 0.02### 11.68±1.71### 

IV HFD + STZ + Saroglitazar (4 mg/kg P.O.) 3.53 ± 0.06$$$ 0.30 ± 0.02$$$ 20.11±1.72$$$ 

V HFD + STZ + Fenofibrate (100 mg/kg P.O.) 3.62±0.11  0.27 ± 0.02  22.23±2.33  

 

 

Table 3. Effect of saroglitazar on serum biochemical markers in HFD and low-dose STZ-induced type 2 diabetic nephropathy nephrotoxicity in Wistar rats

All values were expressed as Mean ± SEM, (n=6); NC: normal control; HFD: high-fat diet; STZ: streptozotocin; mg/kg: milligrams per kilogram; PO: per 
oral; g/dl: grams per deciliter; mg/dl: milligrams per deciliter; mg/ml: milligrams per milliliter.
***P<0.0001, Gp I vs Gp II, #P<0.01, Gp II vs Gp III, ###P<0.0001, Gp II vs Gp III, P<0.0001, Gp II vs Gp IV, P<0.0001, Gp II vs Gp V

Figure 4. Effect of saroglitazar on urine KIM-1 in HFD+STZ-induced type 
2 diabetic nephropathy in Wistar rats
All values were expressed as Mean ± SEM, (n=6); HFD: high fat diet; STZ: 
streptozotocin; mg/kg: milligrams per kilogram and the data were analyzed by one-
way ANOVA followed by Tukey’s-Kramer Multiple Comparisions Test. HFD+STZ 
vs normal control ***P<0.0001, HFD+STZ vs HFD+STZ+Saroglitazar (2 mg/kg 
PO) ###P<0.0001, HFD+STZ vs HFD+STZ+Saroglitazar (4 mg/kg PO) P<0.0001, 
HFD+STZ vs HFD+STZ+Fenofibrate (100 mg/kg PO) P<0.0001.
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Treatment with saroglitazar (2 mg/kg, PO and 4 mg/kg, PO) 
produced a significant decrease (P<0.0001) in the levels of 
KIM-1 as compared to the diabetic control rats. Treatment 
with fenofibrate (100 mg/kg, PO) also significantly reduced 
(P<0.0001) the levels of KIM-1 as compared to the toxic 
diabetic rats (Figure 4).

Effect of saroglitazar on type IV collagen (ng/ml)
The HFD and low-dose STZ diabetic-induced rats 

displayed a significant increase (P<0.0001) in the 
concentrations of Type IV collagen in urine with a 

significant as compared with normal control rats. Treatment 
with saroglitazar (2 mg/kg, PO and 4 mg/kg, PO) produced 
a significant reduction (P<0.0001) in the levels of type IV 
collagen as compared to the toxic diabetic rats. Treatment 
with fenofibrate (100 mg/kg, PO) significantly decreased 
(P<0.0001) the levels of type IV collagen as compared to the 
toxic diabetic rats (Figure 5).

Effect of saroglitazar on histopathological analysis of 
kidney

Normal healthy control rats showed glomeruli and PCT 
in H&E-stained kidney specimens. HFD + STZ-treated rats 
showed tubular degeneration, necrosis, and dilatation of 
Bowman’s space. Treatment with saroglitazar (4 mg/kg, PO) 
and fenofibrate (100 mg/kg, PO) significantly reduced these 
histological changes, whereas saroglitazar (2 mg/kg, PO) 
was less significant (Figure 6).

Discussion
The incidence and death rate linked to T2DM poses a 

significant global health concern. T2DM is closely linked 
to insulin resistance, obesity, and malfunction of the 
β-cells (26). DN is a term used to describe the occurrence 
of microvascular problems and end-stage renal disease in 
individuals with diabetes. It accounts for around 50% of 
newly diagnosed cases (27). Patients with DM who have 
albuminuria, a reduced estimated glomerular filtration 
rate, or both are clinically and histologically diagnosed 
as DN. DN is distinguished by several features, including 
enlargement of the glomeruli, expansion of the mesangial 
area in a diffuse or nodular pattern, thickening of the 
GBM, scarring of the glomeruli, loss of podocytes, damage 
to endothelial cells, atrophy of the tubules, fibrosis in the 
interstitial tissue, deposition of hyaline material in the 
arterioles, and infiltration of immune cells (28). 

Molecular docking is a computational method used to 

Figure 5. Effect of saroglitazar on urine Type IV collagen in HFD and low-
dose STZ-induced type 2 diabetic nephropathy in Wistar rats
All values were expressed as Mean ± SEM, (n=6); HFD: high fat diet; STZ: 
streptozotocin; mg/kg : Milligrams per kilogram and the data were analyzed by one-
way ANOVA followed by Tukey’s-Kramer Multiple Comparisions Test. HFD+STZ 
vs normal control ***P<0.0001, HFD+STZ vs HFD+STZ+Saroglitazar (2 mg/kg 
PO) ###P<0.0001, HFD+STZ vs HFD+STZ+Saroglitazar (4 mg/kg PO) P<0.0001, 
HFD+STZ vs HFD+STZ+Fenofibrate (100 mg/kg PO) P<0.0001

Figure 6. Photomicrographs consist of changes in the renal tissue of Wistar rats 
A) Normal control rats showed glomeruli and PCT in normal renal. B) The HFD + STZ-treated group showed tubular degeneration, necrosis, and dilatation of Bowman’s space. C) 
HFD + STZ+ saroglitazar (2 mg/kg PO) group showed less significant changes as compared to saroglitazar (4 mg/kg PO). D) HFD + STZ + saroglitazar (4 mg/kg PO) treatment 
with saroglitazar (4 mg/kg) showed tubules and Bowman’s space without degeneration, necrosis, and dilatation. E) HFD + STZ+ fenofibrate (100 mg/kg PO) - showed a significant 
reduction in these histological changes. Blue arrows: tubular degeneration, White arrows: necrosis, Black arrows: dilatation of Bowman’s space.
HFD: high fat diet; STZ: streptozotocin
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forecast the strength, binding affinity, and ideal positioning 
of a pharmacological molecule within the targeted catalytic 
binding region of the specific receptor (29). The binding 
pocket of the receptor is non-polar in nature and showed 
a better binding affinity with the non-polar ligands. Hence, 
the present study utilized molecular docking techniques to 
forecast the interaction between saroglitazar and fenofibrate 
with the ligand-binding site of KIM-1 and Type IV collagen. 
Docking analysis demonstrated that saroglitazar had a 
greater binding affinity with Kim-1 than fenofibrate, as shown 
by a Dock Score of -7.9 and -7.2, respectively. Moreover, 
saroglitazar exhibited notable binding interactions with 
the ligand-binding domain of type IV collagen, similar to 
the standard fenofibrate. Hence, this study demonstrates 
that saroglitazar can halt the advancement of DN by 
boosting renal function and improving histological renal 
alterations in diabetic rats. This effect is achieved through 
the involvement of KIM-1 and Type IV collagen proteins, 
which have not been previously shown.  

In this study, rats were fed an HFD for five weeks. On the 
15th day, they were administered a low dosage of STZ at a 
concentration of 35 mg/kg, IP. This rat model exhibited elevated 
blood sugar levels (hyperglycemia), high levels of lipids in 
the blood (hyperlipidemia), and reduced responsiveness to 
insulin (insulin resistance). These metabolic characteristics 
closely resemble those observed in humans with T2D (21). 
Further, Danda et al. (2005) (30) demonstrated that rats 
with T2D, generated by a diet high in fat and low-dose of 
STZ, experienced more severe kidney damage compared 
to rats with T1D, induced by a high dose of STZ injection. 
Therefore, this experimental paradigm is suitable for studying 
the impact of various treatment agents on DN. The Wistar 
rats exhibited insulin resistance syndrome, defined by a 
notable rise in body weight, slight elevation in blood glucose 
levels, increased levels of triglycerides and cholesterol, and 
compensatory hyperinsulinemia. This condition closely 
resembles the prediabetic, insulin-resistant state observed in 
people (31, 13). 

In 2005, Srinivasan et al. reported that the combination 
of HFD and low-dose STZ (35 mg/kg, IP) treated rat can be 
used as an alternative animal model. to stimulate T2D in 
humans because of IR and obesity. Using the methodology 
of Srinivasan et al., 2005, a rat model T2D was successfully 
developed in the present study, which showed metabolic 
changes such as hyperglycemia, hyperlipidemia, impaired 
glucose tolerance, and decreased insulin sensitivity.

We investigated the effect of saroglitazar on HFD+STZ-
induced diabetic rats at 2 and 4 mg/kg body weight for 21 
days, producing a significant decline in body weight gain. It 
is fascinating and notable that the development of diabetes 
occurs only in insulin-resistant HFD and low-dose STZ (35 
mg/kg, IP). Apart from glucose, HFD and insulin-resistant 
STZ animals also demonstrated abnormalities in renal 
function as evidenced by increased levels of serum blood 
glucose, albumin, creatinine, and BUN in the present study, 
as in the case of human T2D patients who may contribute to 
the end-stage renal disease i.e., DN.

Based on the existing literature review, we selected two 
markers of diabetes as possible biomarkers of DN: Kim-
1 and type IV collagen. In this pre-clinical investigation, 
we examined whether the alterations of these two urine 
biomarkers were associated with DN and chronic renal 
scarring in a rat model.

Tubulointerstitial damage is a prevalent process of 

kidney disease progression in which the renal tubular cells 
have a vital function (32). Remarkably, kidney tubules are 
exceptionally able to undergo self-healing and regeneration 
following injury. KIM-1 is a protein found on the surface of 
cells that line the renal tubules. It is considered a biomarker 
since its levels increase when these cells are damaged (33, 
34). Prior studies utilizing rat models have demonstrated 
that KIM-1 is a highly effective biomarker for kidney injury 
and surpasses blood creatinine as a superior predictor of 
kidney injury (33).

The current investigation found that rats given HFD+STZ 
showed a considerable rise in the concentration of KIM-1, 
while the saroglitazar treatment group of the Wistar rats 
showed a decreased level of KIM-1, which was not reported 
earlier.

Type IV collagen is the main constituent of the glomerular 
basement membrane (GBM) and mesangial matrix. Its 
presence in urine can serve as an early indication of renal 
impairment related to DN. Research conducted on animal 
models of experimental and genetic diabetes has shown 
that excessive production of type IV collagen causes the 
enlargement of the glomerular extracellular matrix, which 
results in a decrease in the filtration surface area (35, 36). 

One study revealed that individuals with diabetes in the 
normoalbuminuric group had significantly elevated levels 
of urine type IV collagen compared to the control group. 
Another investigation discovered that individuals with 
microalbuminuria had elevated urine type IV collagen levels 
compared to those with normoalbuminuria. Furthermore, 
these levels were found to be directly associated with the 
rate of urinary albumin excretion. This suggests that urinary 
type IV collagen could potentially serve as a valuable 
predictor for early DN in individuals with type diabetes (37, 
38). Our research has revealed that urine type IV collagen 
concentrations were elevated in Wistar rats belonging to the 
HFD+STZ group. After the administration of saroglitazar, 
the elevated level of type IV collagen was significantly 
decreased.

Albumin is a singular protein species and the predominant 
plasma protein, constituting approximately 3/5 of the total 
quantity (39). Typically, the concentration of serum albumin 
in humans is approximately 45 g/L. Albumin is crucial in 
maintaining the oncotic pressure gradient between plasma 
and the interstitial space by controlling fluid exchange (40). 
Significantly, a decrease in blood albumin levels is linked to 
higher death rates (41).

Creatinine is readily available and commonly used as 
a biomarker to assess kidney function. It originates from 
creatine, a substance utilized in muscles as a rapid energy 
source. Creatine spontaneously and irreversibly transforms 
into creatinine, which is its anhydride form. Although 
creatinine is easily filtered and only marginally reabsorbed, 
the proximal tubule also releases approximately 20–30% of 
it (42). 

Creatinine is frequently employed as a metric to assess 
renal function. The typical creatinine clearance value 
is 110–150 ml/min and 100–130 ml/min for males and 
females, respectively (43). The National Kidney Disease 
Education Program advises the utilization of serum 
creatinine concentration to determine the glomerular 
filtration rate (44). Monitoring the development of renal 
disease is done with the creatinine clearance test. In our 
studies, we have found that serum creatinine levels were 
enhanced in HFD+STZ group Wistar rats. After treatment 
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with saroglitazar, the increased level of serum creatinine 
was significantly reduced.

Urea, synthesized by the liver and distributed in both 
internal and extracellular fluid, is an important nitrogenous 
waste resulting from the breakdown of proteins and amino 
acids. The kidneys filter urea from the blood through the 
glomeruli and subsequently reabsorb it, along with water, 
to some extent (43). The primary factor used to determine 
clinical indicators for measuring renal function is the level 
of urea in serum. Measuring blood urea nitrogen-creatinine 
ratio is valuable in distinguishing between acute renal 
failure and pre-renal disorders (45). 

Higher blood urea nitrogen (BUN) levels are linked with 
renal illness or failure, urinary tract obstruction caused by 
renal stones, congestive heart failure (CHF), dehydration, 
fever, shock, and GI perforation. Elevated BUN levels may 
arise during the later stages of pregnancy or as a consequence 
of consuming significant quantities of protein-rich foods 
(46). In the present study, HFD+STZ-administered rats 
showed that BUN levels were significantly increased. The 
treatment group of the Wistar rats showed decreased levels 
of BUN which is not reported earlier.

The association between dyslipidemia and the occurrence 
of macrovascular problems in diabetes has been well-
established for a considerable period of time (47). Moreover, 
research has demonstrated that DN is caused by increased 
buildup of lipids in the kidneys (48). Regulation of serum 
and urine KIM-1, type IV collagen leads to decreased risk 
of HFD and low-dose STZ-induced renal injury. Treatment 
with saroglitazar at specified dosages of 2 and 4 mg/kg orally 
resulted in significant improvements in serum glucose, 
albumin, creatinine, and BUN levels. Findings of the 
histological alterations in rat kidneys with T2D caused by an 
HFD and a low dose of STZ showed tubular degeneration, 
necrosis, and dilatation of Bowman’s space. 

Thus, these results suggested that saroglitazar would 
improve hyperglycemia and prevent diabetic complications. 
Precise evaluation of renal function is crucial due to 
diabetes being the leading factor behind chronic kidney 
disease (CKD). To illustrate a modification of renal function 
in diabetic rats, KIM-1 and type IV collagen levels were 
measured in urine. The present study showed that treatment 
with saroglitazar (2 and 4 mg/kg, PO) significantly prevented 
enhanced levels of KIM-1 and type IV collagen, essential 
biomarkers of renal disorder. The biochemical alterations 
were associated with a histopathological correlation 
assessment; High-fat diet (HFD) and low-dose STZ were 
found to cause significant kidney damage, including tubular 
degeneration, necrosis, and dilation of Bowman’s space.

 When administered orally at a dose of 4 mg/kg, 
saroglitazar was observed to be more efficacious in elevating 
albumin levels and decreasing serum glucose, creatinine, 
BUN, KIM-1, and type IV collagen levels in diabetic rats 
compared to saroglitazar (2 mg/kg, PO). 

Conclusion
The current research is the first to report on the impact 

of saroglitazar therapy on HFD+STZ-induced DN in 
Wistar rats. Saroglitazar treatment significantly reduced 
the b.w. gain, serum blood glucose, albumin, creatinine, 
and BUN in treated rats. Saroglitazar also lowered the 
KIM-1 and type IV collagen, improving renal activity and 
ameliorating renal histological changes in Wistar rats. These 
findings demonstrate that saroglitazar can serve as a highly 

efficient remedy for diabetes and its related kidney disease, 
nephropathy.

Acknowlegment
The First author (Rizwan Ahamad) is thankful to the All 

India Council for Technical Education (AICTE), Govt. of 
India, for providing a Graduate Pharmacy Aptitude Test 
(GPAT) Research Fellowship. 

Authors’ Contributions
R A and U B designed the study; R A performed the 

experiments and collected data; R A, S N, S S, and U B 
contributed to the analysis and interpretation of data; R A, 
SN, and U B drafted the manuscript; R A and U B revised 
and edited the article; R A, S N, and U B approved the final 
version of the manuscript. U B guided and supervised the 
research work.

Conflicts of Interest
The authors report no potential competing interest.

References
1. Valencia WM, Florez H. How to prevent the microvascular 
complications of type 2 diabetes beyond glucose control. BMJ 
2017; 356:i6505.
2. Flannick J, Johansson S, Njølstad PR. Common and rare 
forms of diabetes mellitus: towards a continuum of diabetes 
subtypes. Nat Rev Endocrinol 2016; 12:394-406.
3. Kim JY, Ku YS, Kim HJ, Trinh NT, Kim W, Jeong B, et al. Oral 
diabetes medication and risk of dementia in elderly patients with 
type 2 diabetes. Diabetes Res Clin Pract 2019; 154:116-123.
4. Li X, Jayachandran M, Xu B. Antidiabetic effect of konjac 
glucomannan via insulin signaling pathway regulation in high-fat 
diet and streptozotocin-induced diabetic rats. Int Food Res J 2021; 
149:110664.
5. Balakumar P, Reddy J, Singh M. Do resident renal mast 
cells play a role in the pathogenesis of diabetic nephropathy? 
Mol Cell Biochem 2009; 330:187-192.
6. Parveen K, Siddiqui WA, Kausar MA, Kuddus M, Shahid 
SM, Arif JM. Diabetic nephropathy-a major macrovascular 
complication. Int J Pharm Res Allied Sci 2016, 5:132-158.
7. Zhou G, Cui J, Xie S, Wan H, Luo Y, Guo G. Vitexin, a 
fenugreek glycoside, ameliorated obesity-induced diabetic 
nephropathy via modulation of NF-κB/IkBα and AMPK/ACC 
pathways in mice. Biosci 2021; 85:1183-1193.
8. Dubois V, Eeckhoute J, Lefebvre P, Staels B. Distinct but 
complementary contributions of PPAR isotypes to energy 
homeostasis. J Clin Investig 2017; 12:1202-1214.
9. Maric C, Hall JE. Obesity, metabolic syndrome and diabetic 
nephropathy. Diabetes and the Kidney 2011; 170:28-35.
10. Joshi SR. Saroglitazar for the treatment of dyslipidemia in 
diabetic patients. Expert Opin Pharmacother 2015; 16:597-606.
11. Kaul U, Parmar D, Manjunath K, Shah M, Parmar K, Patil 
KP, et al. New dual peroxisome proliferator activated receptor 
agonist—Saroglitazar in diabetic dyslipidemia and non-alcoholic 
fatty liver disease: Integrated analysis of the real world evidence. 
Cardiovasc Diabetol 2019; 18:1-11.
12. Nabi S, Bhandari U, Haque SE. Saroglitazar ameliorates 
monosodium glutamate-induced obesity and associated 
inflammation in Wistar rats: Plausible role of NLRP3 
inflammasome and NF-κB. Iran J Basic Med Sci 2022; 25:827-841.
13. Gluhovschi C, Gluhovschi G, Petrica L, Timar R, Velciov S, 
Ionita I, Kaycsa A, Timar B. Urinary biomarkers in the assessment 
of early diabetic nephropathy. J Diabetes Res  2016;2016:4626125.
14. Song J, Yu J, Prayogo GW, Cao W, Wu Y, Jia Z, et al. 
Understanding kidney injury molecule 1: A novel immune factor 



1455Iran J Basic Med Sci, 2024, Vol. 27, No.11

Effect of saroglitazar in diabetic nephropathy in Wistar rats Ahamad et al.

in kidney pathophysiology. Am J Transl Res 2019;1111:1219-1229.
15. Mahendran KB, Bhaskar MV, Santha K, Inmozhi R, Perumal 
KK. Plasma and urinary type IV collagen levels for early detection 
of nephropathy in type 2 diabetes mellitus patients. Int J Health Sci 
2016; 10:492-498.
16. Shehata AH, Ahmed AS, Abdelrehim AB, Heeba GH. The 
impact of single and combined PPAR-α and PPAR-γ activation 
on the neurological outcomes following cerebral ischemia 
reperfusion. Life Sci 2020; 252:117679.
17. Ghosh MK, Wahed MI, Khan RI, Habib A, Barman RK. 
Pharmacological screening of fenofibrate-loaded solid dispersion 
in fructose-induced diabetic rat. J Pharm Pharmacol 2020; 72:909-
915.
18. Dai M, Yang J, Luo Y, Xu L, Zhang H, Xu G, et al. Therapeutic 
action against chronic cholestatic liver injury by low-dose 
fenofibrate involves anti-chemotaxis via JNK–AP1–CCL2/CXCL2 
signaling. Pharmacol Rep 2020; 72:935-944.
19. Trott O, Olson AJ. AutoDock Vina: Improving the speed 
and accuracy of docking with a new scoring function, efficient 
optimization, and multithreading. J Comput Chem 2010; 31:455-
461.
20. O’Boyle NM, Banck M, James CA, Morley C, Vandermeersch 
T, Hutchison GR. Open Babel: An open chemical toolbox. J 
Cheminform 2011; 3:1-4.
21. Srinivasan K, Ramarao P. Animal model in type 2 diabetes 
research: An overview. Indian J Med Res 2007; 125:451-472.
22. Chaudhari HS, Bhandari U, Khanna G. Embelia ribes extract 
reduces high fat diet and low-dose streptozotocin-induced diabetic 
nephrotoxicity in rats. EXCLI J 2013; 12:858-871.
23. Jain MR, Giri SR, Trivedi C, Bhoi B, Rath A, Vanage G, et al. 
Saroglitazar, a novel PPARα/γ agonist with predominant PPARα 
activity, shows lipid‐lowering and insulin‐sensitizing effects in 
preclinical models. Pharmacol Res Perspect 2015; 3:e00136.
24. Krishnappa M, Patil K, Parmar K, Trivedi P, Mody N, Shah C, 
Faldu K, Maroo S, Parmar D. Effect of saroglitazar 2 mg and 4 mg 
on glycemic control, lipid profile and cardiovascular disease risk 
in patients with type 2 diabetes mellitus: a 56-week, randomized, 
double blind, phase 3 study (PRESS XII study). Clinical Trial 
2020;19:93-105
25. Grice JW, Iwasaki M. A truly multivariate approach to 
MANOVA. Appl Multivar Res 2008; 12:199-226.
26. Mezza T, Cinti F, Cefalo CM, Pontecorvi A, Kulkarni RN, 
Giaccari A. β-cell fate in human insulin resistance and type 2 
diabetes: A perspective on islet plasticity. Diabetes 2019; 68:1121-
1129.
27. Chen Y, Lee K, Ni Z, He JC. Diabetic kidney disease: Challenges, 
advances, and opportunities. Kidney Dis 2020; 6:215-225.
28. Alicic RZ, Rooney MT, Tuttle KR. Diabetic kidney disease: 
Challenges, progress, and possibilities. Clin J Am Soc Nephrol 
2017; 12:2032-2045.
29. Meng XY, Zhang HX, Mezei M, Cui M. Molecular docking: 
A powerful approach for structure-based drug discovery. Curr 
Comput Aided Drug Des 2011; 7:146-157.
30. Danda RS, Habiba NM, Rincon-Choles H, Bhandari BK, 
Barnes JL, Abboud HE, et al. Kidney involvement in a nongenetic 

rat model of type 2 diabetes. Kidney Int 2005; 68:2562-2571.
31. Reaven GM. Insulin resistance, hyperinsulinemia, 
hypertriglyceridemia, and hypertension: Parallels between human 
disease and rodent models. Diabetes Care 1991; 14:195-202.
32. Berger K, Moeller MJ. Mechanisms of epithelial repair and 
regeneration after acute kidney injury. Semin Nephrol 2014;34:394-
403.
33. Ichimura T, Bonventre JV, Bailly V, Wei H, Hession CA, Cate 
RL, et al. Kidney injury molecule-1 (KIM-1), a putative epithelial 
cell adhesion molecule containing a novel immunoglobulin 
domain, is up-regulated in renal cells after injury. J  Biol  Chem 
1998; 273:4135-4142.
34. Bonventre JV, Yang L. Kidney injury molecule-1. Curr Opin 
Crit Care 2010; 16:556-561.
35. Abrass CK, Peterson CV, Raugi GJ. Phenotypic expression 
of collagen types in mesangial matrix of diabetic and nondiabetic 
rats. Diabetes 1988; 37:1695-1702.
36. Ziyadeh FN, Sharma K, Ericksen M, Wolf G. Stimulation 
of collagen gene expression and protein synthesis in murine 
mesangial cells by high glucose is mediated by autocrine activation 
of transforming growth factor-beta. J Clin Investig 1994; 93:536-
542.
37. Araki SI, Haneda M, Koya D, Isshiki K, Kume S, Sugimoto 
T, et al. Association between urinary type IV collagen level and 
deterioration of renal function in type 2 diabetic patients without 
overt proteinuria. Diabetes Care 2010; 33:1805-1810.
38. Fiseha T. Urinary biomarkers for early diabetic nephropathy 
in type 2 diabetic patients. Biomark Res 2015; 3:1-7.
39. Gekle M. Renal tubule albumin transport. Annu Rev Physiol 
2005; 67:573-594.
40. Birn H, Christensen EI. Renal albumin absorption in 
physiology and pathology. Kidney Int 2006; 69:440-449.
41. Carter DC, He XM, Munson SH, Twigg PD, Gernert KM, 
Broom MB, et al. Three-dimensional structure of human serum 
albumin. Science 1989; 244:1195-1198.
42. Kooman JP. Estimation of renal function in patients with 
chronic kidney disease. J Magn Reson 2009; 30:1341-1346.
43. Banks A. Laboratory Tests and Diagnostic Procedures with 
Nursing Diagnoses. Pearson; 2013.
44. Greg Miller W, Myers GL, Ashwood ER, Killeen AA, Wang 
E, Thienpont LM, et al. Creatinine measurement: state of the art 
in accuracy and interlaboratory harmonization. Arch Pathol Lab 
Med 2005; 129:297-304.
45. Rosner MH, Bolton WK. Renal function testing. Am J Kidney 
Dis 2006; 47:174-183.
46. Pagana KD, Pagana TJ. Manual of Diagnostic and Laboratory 
Tests. St. Louis. Mosby, Inc. Proc. Soc Exp Biol Med 1998; 90:210-
213.
47. Haffner SM. The importance of hyperglycemia in the 
nonfasting state to the development of cardiovascular disease. 
Endocr Rev 1998; 19:583-592.
48. Yokoyama M, Tanigawa K, Murata T, Kobayashi Y, Tada 
E, Suzuki I, et al. Dietary polyunsaturated fatty acids slow the 
progression of diabetic nephropathy in streptozotocin-induced 
diabetic rats. Nutr Res 2010; 30:217-225.


