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Abstract: Oxidative stress and chronic inflammation may lead to
chronic diseases like cancer, cardiovascular, and nephrological
dysfunctions. Etoricoxib is used to treat pain and inflammation,
which works by blocking the COX-2 enzyme selectively. This
experiment was designed to investigate the effect of etoricoxib
treatment on oxidative stress in the kidney and heart of 2K 1C rats.
Unilateral surgical stenosis of the renal artery [2-kidney-1-clip
(2K1C) method] was performed on male Long Evans rats. These
animals entered a 4-week dosing period with etoricoxib at a dose
of 10mg/kg body weight/day through oral gavage. Blood plasma,
heart, kidney, and liver tissues were collected and tested for the
assessment of inflammation and oxidative stress in the kidney and
heart of 2KIC rats after a 4-week experimental period.
Biochemical measurement showed a significant increase in plasma
AST, ALT, and ALP activity in 2K1C rats compared to the control
rats, which was altered by etoricoxib treatment. Increased
concentrations of oxidative stress markers, including
malondialdehyde (MDA), nitric oxide (NO), and advanced protein
oxidation product (APOP), were found in the plasma of 2K 1C rats.
The elevated levels of these oxidative stress markers were reduced
by etoricoxib treatment. Furthermore, histopathological study
revealed that 2KI1C surgery also caused inflammatory cell
infiltration and fibrosis in both heart and kidneys, which were
further ameliorated by etoricoxib treatment. Our study suggests
that etoricoxib treatment in 2K 1C rats prevented inflammation and
fibrosis of the heart and kidney by reducing elevated oxidative
stress in heart and kidney tissues
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Introduction

Kidney disease is still a serious health condition in 2025, with its increasing prevalence and
mortality rate worldwide. The global mortality rate from CKD climbed by 41.5% between
1990 and 2017 [1, 2]. Numerous other severe diseases, including diabetes, hypertension,
cardiovascular problems, anemia, nerve damage, osteoporosis, hyperkalemia, and others, are
linked to and can progress from kidney diseases [3]. The development of chronic kidney
disease (CKD) is significantly influenced by chronic inflammation, which exacerbates kidney
damage and reduces kidney function [4].

RAS, or the renin-angiotensin system, is a vital pathway connecting kidney function with the
heart and blood vessels. Renin is an enzyme crucial for blood pressure regulation and is
produced by the juxtaglomerular cells located in the wall of the afferent arterioles of the kidney
[5]. Renin can directly cause vasoconstriction and also convert angiotensinogen to angiotensin
L. It then transforms into angiotensin II, which also leads to vasoconstriction [6]. Angiotensin
IT is an important inflammatory mediator that can increase COX-2 expression and activate
nuclear factor kappa B (NF-kB) in the cardiovascular and renal tissue [7]. When kidney injury
occurs due to damage, stress, or renal artery stenosis, RAS can be overstimulated and can lead
to renin overproduction, which can further damage the kidney [8]. Previous studies have
reported that Angiotensin II increased cardiovascular tissue NADPH oxidase activity and
stimulated production of reactive oxygen species (ROS) such as superoxide in the
cardiovascular system [9]. Excessive production of the superoxide anion (O2’) can cause
oxidative stress, lipid peroxidation, inflammation, and subsequent cardiovascular tissue injury
[10].

On the other hand, RAS and COX-2 have a direct connection. The localized expression of
inducible COX-2 in macula densa and the surrounding thick ascending limb of the kidney
shows a relation between COX-2 and the renin-angiotensin system [11]. The macula densa is
responsible for increased renin secretion, and an increased COX-2 can regulate the renin

release via the production of prostaglandins [12, 13]. On the other hand, the renin-angiotensin
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system can trigger the localized upregulation of COX-2 [14, 15]. Additionally, COX-2 can be
upregulated and activated by ROS, and COX-2 itself can contribute to the generation of ROS.
ROS can trigger COX-2 via several mechanisms, including NF-kB and MAPKs [16].
Additionally, COX-2 is linked to diabetic nephropathy, a condition in which the kidneys'
overexpression of the protein causes albuminuria and glomerular damage. COX-2 selective
inhibition hinders the progression of renal damage [17].

A widely used experimental model for creating a mimic of the pathophysiology of the kidney
disease is the Goldblatt 2K1C (two-kidney, one-clip) rat model, which can activate RAS
following inflammatory cascades and increase blood pressure [18]. 2K1C rat models are
surgically created by clipping and constricting the blood flow through the renal artery of one
kidney, leaving the other kidney intact. This constriction of blood flow will reduce renal
perfusion and necessary oxygen and nutrient transfer, and ultimately, the kidney will be
damaged [19]. This may also lead to renovascular hypertension, cardiovascular hypertrophy,
electrolyte imbalance, fluid retention, creatinine and uric acid accumulation, etc. [20, 21].
Previous experimental data indicate that the COX-2 inhibitor Aspirin is a potent antioxidative
agent that effectively reduced production of cardiovascular tissue superoxide, decreased
hypertension, reinstated the vasodilation in spontaneously hypertensive rats [22] and thus
prevented angiotensin II (Ang II)-induced oxidative stress, hypertension, and cardiovascular

tissue hypertrophies [23].

Like Aspirin, Etoricoxib has been found to suppress oxidative stress due to experimental renal
Ischemia/Reperfusion [24]. Again, in a recent study, etoricoxib has been reported to
significantly prevent the rise of COX-2, MDA, and MPO and the decline of GSH and COX-1
in the ovarian tissue subjected to Ischemia/Reperfusion [25]. This information suggests that
etoricoxib may be beneficial in preventing oxidative stress and inflammation. The present
study was designed to determine whether the COX-2 selective NSAID etoricoxib can suppress

oxidative stress and inflammation in the heart and kidney of two-kidney one-clip (2K1C) rats.
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2. Materials and Methods

2.1 Chemicals and reagents

Etoricoxib was obtained from General Pharmaceuticals Limited (Bangladesh). Thiobarbituric
acid (TBA) was purchased from Sigma Chemical Company (USA). Trichloroacetic acid (TCA)
was purchased from J.I. Baker (USA). Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and uric acid (UA) assay kits were
obtained from DCI Diagnostics (Budapest, Hungary). All other chemicals and reagents used

were of analytical grade.

2.2 Animal surgery and treatment

Twelve to fourteen weeks old, 24 Long Evans male rats (170-230 g) were obtained from
Animal production unit of Animal House at Department of Pharmaceutical Sciences, North
South University and were kept in ordinary cages at room temperature of 25 + 3 °C with a 12
h dark/light cycles with food water ad libitum. They have free access to food and water,
according to the study protocol approved by the Ethical Committee of the Department of
Pharmaceutical Sciences, North South University, for animal care and experimentation. To
study the effects of Etoricoxib, rats were equally divided into four groups (six rats in each
group): Control, Control + Etoricoxib, 2K1C, and 2K1C + Etoricoxib.

Rats were subjected to unilateral clipping of the renal artery to produce two-kidney one-clip
(2K1C) model rats. For the 2K 1C surgery, rats were first anesthetized using 50mg/kg ketamine,
and the left side of the abdomen, beside the spinal cord, was carefully shaved, cleared, and
disinfected using ethanol. A small cut was made through the skin and muscle, and the left
kidney was brought out of the cavity. The renal artery was then separated from the adjacent
adipose tissue, ureter, and veins, and a 2-3mm long plastic tube with an internal diameter of
0.4mm was used to clip the artery. The tube was prepared from a butterfly needle, and to
stabilize the position of the tube clip, it was knotted with a surgical thread. This clip was used

to block the renal perfusion. After the clipping, the kidney was placed back inside the
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peritoneal cavity, and the incision was closed up with surgical suture. The site was then cleaned
with povidone iodine to avoid any infection. After the surgery, they were given time to heal
for a few days and were kept under proper monitoring for their full recovery.

Control + Etoricoxib and 2K 1C + Etoricoxib groups received Etoricoxib (10mg/ kg, daily) by
oral gavage. After 28 days of the treatment, all the animals were weighed, sacrificed, and
collected for the blood and organs like the heart, kidney, spleen, and liver. Immediately after
the collection of these tissues and organs, they were weighed and stored at —20 °C for further

analysis. Half of these organs were cut and kept in 10% formalin for histological analysis.

2.3 Plasma and Tissue Preparation

For the preparation of the plasma, the blood samples were collected in citrated buffer and
centrifuged at 4000 rpm, 4°C for 15 minutes. After that, the plasma was collected using a
micropipette.

For the tissue, an ultrasonic homogenizer was used to break down the cells in a finely dispersed,
uniform condition to bring out the cellular contents outside of the cells. Phosphate buffer with
pH 7.4 was used to homogenize the process, and after that, the uniform homogenized tissues
were centrifuged at 8000 rpm, at 4°C for 15 minutes. The supernatants were collected and

refrigerated for biochemical analysis.

2.4 Assessment of AST, ALT, and ALP activities

Liver marker enzymes (alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and alkaline phosphatase (ALP) were estimated in plasma by using Diatech diagnostic kits for
AST, ALT, and ALP (Hungary) according to the manufacturer’s protocol. Sul of plasma or
tissue homogenates were taken, and the reagents from the kits for each enzyme were added.

After 1 minute, absorbance was taken at 405nm at 0 min, 1 min, 2 min, and 3 min.

2.5 Assessment of oxidative stress markers

For the analysis of oxidative stress markers, MDA, NO, and AOPP were estimated using

plasma and tissue homogenates.
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2.6 Estimation of lipid peroxidation product malondialdehyde (MDA)

Plasma concentrations of malondialdehyde are an index of lipid peroxidation and oxidative
stress. Lipid peroxidation in the heart and kidney was estimated colorimetrically by measuring
malondialdehyde, followed by the previously described method [26]. For plasma, 50ul, and
tissue, 20ul homogenates were taken and mixed with phosphate buffer solution to add up to a
volume of 100ul. After that, glacial acetic acid, thiobarbituric acid solution, and DMSO were
added in an appropriate amount according to the protocol and heated for 10 minutes in a hot
water bath. After cooling down to normal temperature, the absorbance was taken at 490nm

two times.

2.7 Estimation of nitric oxide (NO)

NO was determined according to the method described by Tracy et al. as nitrate and nitrite
[27, 28]. The Griess-Illosvoy reagent was modified by adding 0.1% w/v naphthyl ethylene
diamine dihydrochloride in place of 5% 1-naphthyl amine. For plasma, 50ul and for tissue, 20
ul samples were taken, and phosphate buffer was added to make up to 100ul. The modified
Griess-Illosvoy reagent was then added to the mixture, and after 15 minutes, the absorbance

was measured at 490nm two times.

2.8 Estimation of advanced protein oxidation products (APOP)

Determination of APOP levels was performed by modification of the method of Witko-Sarsat
[29] and Tiwari [30]. 10ul plasma or 5ul tissue homogenates were mixed with phosphate
buffer solution, followed by the addition of 50ul acetic acid and 50ul KI solution [31]. After
2 minutes, absorbance was measured 2 times at 405nm. APOP concentrations were expressed

as mmol/L chloramine-T equivalents.

2.9 Histopathological determination

For histopathological evaluation, heart and kidney tissues were kept in neutral buffered
formalin. Tissues went through many procedures before being embedded in paraffin. After

embedding, a 5 pm-thick slice of the paraffin-embedded tissue was cut and fixed onto a
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histology slide, and subsequently stained with hematoxylin and eosin (H & E) and picrosirius
red staining. After completion of the slide preparation, they were examined under a light

microscope at 40x magnification.

2.10 Statistical analysis

The values are expressed as mean + standard deviation (SD). The results were evaluated by
using the Two-way ANOVA followed by the Bonferroni test using GraphPad Prism Software,
USA, version 6. Statistical significance was considered as p < 0.05 in all cases.

2.11 Network pharmacology

2.11.1 Target Identification and Data Integration

The PubChem database was used to get the SMILES of the compound Hesperidin.
SwissTargetPrediction (https://www.swisstargetprediction.ch/), SuperPred
(https://prediction.charite.de/), and TargetNet (http://targetnet.scbdd.com/) were used to derive
the target of the compound. Genes associated with “chronic kidney disease” were collected
form Genecards databases. All gene names were standardized utilizing the UniProtKB
database. Venny 2.1 (https://bioinfogp.cnb.csic.es/tools/venny/) was used to identify the
overlapping genes.

2.11.2 PPI Network Construction and Topological Analysis

All intersected proteins were uploaded to the STRING database (https://string-db.org/).
Organism was restricted to Homo sapiens, and the threshold was set to high confidence (>0.4).
To analyze and visualize the complex merged network, we used Cytoscape 3.10.4. Topological
parameters, including Degree, Betweenness Centrality (BC), and Closeness Centrality (CC),
were calculated utilizing cytohubba plugins. The core bottleneck proteins influencing the
network were identified using these metrics.

2.11.3 Functional Enrichment Analysis

Functional enrichment was carried out using a combination of platforms. ShinyGO (v0.80)
provided Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)

pathway analyses, with pathway diagrams retrieved using the KEGG API. Metascape was
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applied for further GO enrichment and to explore disease associations through integration with
DisGeNET. An adjusted p-value <0.05 was considered statistically significant for all tests.
2.12 Molecular Docking

2.12.1 Protein Preparation

Proteins were downloaded from the Protein Data Bank website (https://www.rcsb.org/) in PDB
format. The downloaded proteins were: AKT1 (4EJN), APP (1AAP), CREBP (4TQN), FYN
(2DQ7), and HSP90 (300I). Biovia Discovery Studio Client 2025 was used to remove water
and heteroatoms. AutoDock Tools 1.5.7 was used to prepare the protein. Polar hydrogen and
Kollman charge were added. The prepared proteins were saved in PDBQT format. Grid
parameters were calculated using the grid menu available in AutoDock. The default values of
centers and coordinates were taken for docking [32, 33].

2.12.2 Ligand Preparation

The ligand  structure = was  downloaded from the PubChem  database

(https://pubchem.ncbi.nlm.nih.gov/) in 3d sdf format. It was converted into PDB format using

PyMOL. AutoDock Tools 1.5.7 was used to prepare the ligand. It was then saved in the
PDBQT format for docking.
2.12.3 Visualization

To visualize the receptor-ligand complex, Biovia Discovery Cient 2025 was used.

3. Results

3.1 Effect of etoricoxib on organ wet weight in 2K1C rats

We investigated different organ weights to determine if any noticeable changes occurred
between the disease and treatment groups (Figure 1). The heart weight, left ventricular weight,
right ventricular weight, liver and spleen weight did not show any significant difference in the
disease group compared to the control group. The spleen weight was slightly higher in the
disease group. Similarly, the treatment groups did not vary in weight compared to the other

groups. However, the weight of the unclipped kidney of the 2KI1C disease group
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significantly increased in comparison with the control group. The Control + Etoricoxib group
showed a significant reduction (p < 0.01) in kidney weight than the disease group, moreover,
it showed an abnormally low kidney weight compared to the controlled group of rats. The
2K 1C + Etoricoxib treatment group could not lower the kidney weight significantly compared

to the 2K 1C disease group (Figure 1D).
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Figure 1: Effect of etoricoxib on (A) the heart, (B) left ventricle, (C) right ventricle, (D)
kidney, (E) liver, and (F) spleen wet weight of the 2K1C rat model. N=6 in every group,
each bar is presented as mean = SEM. Statistical analysis was conducted using One-way
ANOVA with Tukey’s post hoc test, where ** indicates p < 0.01, * indicates p < 0.05, and

ns indicates p> 0.05.
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3.2 Effect of etoricoxib on biochemical parameters AST, ALT, and ALP activity

Biochemical measurement showed a significant increase in plasma AST, ALT, and ALP
activity in 2K 1C rats compared to the control rats (Fig. 2). Treatment with etoricoxib in 2K1C
rats significantly neutralized (p < 0.01) the increased enzyme activity of AST and ALP. The
reduction in the ALT activity was not significant enough, but it tended to lower it (Fig. 2B).
In addition, the Control + Etoricoxib group showed significantly low (p <0.01) and normalized

values compared to the disease group in case of all three liver enzyme activities.
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Figure 2: Effect of Etoricoxib on plasma liver enzymes (A) AST, (B) ALT, and (C) ALP
levels of the 2K1C rat model. N=6 in every group, each bar is presented as mean £ SEM.
Statistical analysis was conducted using One-way ANOVA with Tukey’s post hoc test,

where ** indicates p < 0.01, * indicates p < 0.05, and ns indicates p> 0.05.

3.3 Effect of etoricoxib on oxidative stress markers

To determine the oxidative stress in our study, the oxidative stress parameters
malondialdehyde (MDA), nitric oxide, and advanced oxidation protein product (AOPP)

content in plasma, heart, and kidneys were evaluated.
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Figure 3: Effect of Etoricoxib on MDA level in (A) plasma, (B) heart, and (C) kidney
homogenates of the 2K1C rat model. N=6 in every group, each bar is presented as mean
+ SEM. Statistical analysis was conducted using One-way ANOVA with Tukey’s post hoc

test, where ** indicates p < 0.01, * indicates p < 0.05, and ns indicates p> 0.05.

A higher concentration of MDA (A lipid peroxidation product) in plasma, heart, and kidney
of 2K 1C rats was observed (Fig. 3). Etoricoxib treatment in 2K 1C rats significantly reduced
(p £0.01) the level of MDA (lipid peroxides) in the kidney compared to the 2K1C group in
plasma, heart, and kidney. However, the treatment also reduced the plasma and heart MDA
levels, but not to a significant extent. The Control + Etoricoxib group showed normal levels
similar to or closer to the control group.

Nitric oxide (measured as nitrate) was also increased in the hearts and kidneys of the 2K1C
group compared to the control rats, which was further reduced by etoricoxib treatment in the
2K1C group (Fig. 4). The NO concentration in the disease group increased by a non-significant
amount in the plasma. The kidney NO levels showed a significantly low value (p < 0.01)
compared to the disease group. Although the NO concentration in plasma and heart was
reduced by the drug, but not significant enough. In the case of the Control + Etoricoxib group,
it showed a significantly lower value in plasma, heart (p < 0.05), and kidney (p < 0.01)

compared to the 2K1C group.
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Figure 4: Effect of Etoricoxib on NO level in (A) plasma, (B) heart, and (C) kidney
homogenates of the 2K1C rat model. N=6 in every group, each bar is presented as mean
+ SEM. Statistical analysis was conducted using One-way ANOV A with Tukey’s post hoc

test, where ** indicates p < 0.01, * indicates p < 0.05, and ns indicates p> 0.05.

2K1C rats demonstrated a significant increase (p < 0.01) in the concentration of AOPP in
plasma and heart, which was reduced but at a nonsignificant extent when treated with

etoricoxib (Fig. 5). The Control + Etoricoxib treatment group showed significantly low (p <

0.01) AOPP value relative to the disease group.
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Figure 5: Effect of Etoricoxib on AOPP level in (A) plasma, (B) heart homogenates of
2K1C rat model. N=6 in every group, each bar is presented as mean £ SEM. Statistical
analysis was conducted using One-way ANOVA with Tukey’s post hoc test, where **

indicates p < 0.01, * indicates p < 0.05, and ns indicates p> 0.05.

3.4 Effect of etoricoxib on histological parameters

Hematoxylin and Eosin (H&E) and Picric acid-Sirius red staining were done on both heart and
kidney sections of different study groups, and microscopic photographs were taken with 40X
magnification (Fig. 6 and 7).

In the case of the heart H&E staining, the histopathological images showed distorted tissue
structure and a high concentration of inflammatory cell accumulation in the cardiac tissue of
the 2K1C disease group (Figure 6C). The 2K1C + Etoricoxib treatment group exhibited
comparatively low inflammatory cell counts and better tissue structure than the disease group.
The Control + Etoricoxib group showed no inflammatory cell infiltration and normal cellular
structure, similar to the control group.

In picrosirius red staining, a high amount of fibrosis in the heart of the 2K 1C rat was observed
in comparison to the control group. Etoricoxib-treated groups demonstrated notably less

fibrosis than the 2K1C group (Fig. 6).
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Figure 6: Effect of Etoricoxib on the heart histology of 2K1C rat model at 40x
magnification. Upper row- H&E staining where A. Control; B. Control + Etoricoxib; C.
2K1C; D. 2K1C + Etoricoxib. Lower row- Picrosirius red staining where E. Control; F.

Control + Etoricoxib; G. 2K1C; H. 2K1C + Etoricoxib.

The kidney tissue of the 2K1C disease group showed a high inflammatory cell accumulation
and fibrotic deposition compared to the control group. The etoricoxib treatment tended to

reduce the inflammation and ameliorate the fibrosis in the kidney tissue (Fig. 7).
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Figure 7: Effect of Etoricoxib on the kidney histology of the 2K1C rat model at 40x
magnification. Upper row- H&E staining where A. Control; B. Control + Etoricoxib; C.
2K1C; D. 2K1C + Etoricoxib. Lower row- Picrosirius red staining, where E. Control; F.

Control + Etoricoxib; G. 2K1C; H. 2K1C + Etoricoxib.

3.5 Network Pharmacology
3.5.1 Target Interaction Analysis

Etoricoxib CKD

7468

(95.9%)

Figure 8: Venn diagram showing the intersection of Etoricoxib targets and chronic

kidney disease genes. The overlap identifies 298 core therapeutic targets.
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A Venn diagram is used to identify the common factors. Here, common genes of chronic
kidney disease and the etoricoxib target gene were identified. Chronic kidney disease-related
genes were collected from Genecards Database. A total of 7766 genes were found responsible
for the development of the disease. The intersected portion of the diagram showed 298 genes

targeted by etoricoxib.

3.5.2 PPI Construction
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Figure 9: Protein-Protein Interaction (PPI) network of the 298 intersecting targets. Core
hub genes are positioned centrally. Node size and color gradients map to connectivity
and topological importance.

298 overlapping genes formed a dense network. It indicates they are strongly connected to
each other. Cytoscape analyzed topological parameters that highlighted the core nodes that
mediate the pathway. Nodes with a larger size and stronger color represent genes with higher

importance and connectivity. These central proteins act like communication hubs within the
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network. AKT1, HSP90AA1, EP300, CREBBP, FYN, and APP showed the highest degree,
which are 43, 24, 24, 20, 17, and 17, respectively. It indicates that etoricoxib mediates cell

proliferation, apoptosis, and vascular calcification.

3.5.3 Merged Network Analysis
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Figure 10: Merged Compound-Target-Disease network. The constructed map
demonstrates the direct multi-target relationships between etoricoxib and key genes

associated with chronic kidney disease.
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Figure 10 describes the merged network of the 298 common genes targeted by etoricoxib. The
blue octagon-shaped structure reflects the chronic kidney disease. Etoricoxib is highlighted in

a green colored diamond. The common genes are reflected in a blue rectangle.

3.5.4 Go Functional Enrichment
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Figure 11: Heatmap detailing the top Gene Ontology (GO) enriched biological processes
for the 298 intersecting targets.

Gene Ontology (GO) enrichment analysis explains the specific biological roles of a target gene
set. The targeted 298 genes play multiple biological roles. The color of the bar graph indicates
the gene's involvement in the processes. Darker colors indicate stronger statistical significance
and lower adjusted p-values. The top enriched biological processes were primarily associated
with circulatory regulation, inflammatory response, lipid metabolism, and interleukin

signaling, which are significant in our animal model study.

3.5.5 PI3/AKT signaling pathway

Data on KEGG graph
Rendsred by Pathview

Figure 12: KEGG map of the PI3/AKT signaling pathway. Red highlights represent the
genes involved in disease progression and the target of Etoricoxib.

The PI3/AKT signaling pathway is involved in cell cycle, cell survival, inflammation,
metabolism, and apoptosis. The red-highlighted genes are the target of etoricoxib. Etoricoxib

modulates the signaling pathway by reacting with these genes.
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3.6 Molecular Docking Visualization
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Figure 13: Visualization of receptor-ligand interaction. (a) Etoricoxib and AKT (4EJN),
(b)Etoricoxib and APP (1AAP), (¢) Etoricoxib and CREBP (4TQN), (d) Etoricoxib and

FYN (2DQ7), (e) Etoricoxib and HSP90 (3001)
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Table 1: Molecular Docking interaction of Etoricoxib with AKT (4EJN), APP (1AAP),

CREBP (4TQN), FYN (2DQ7), HSP90 (3001)

Binding

Protein Ligand Affinity Bond Type Amm‘o Acid Bond
residue Length
(Kcal/mol)
Conventional
Hydrogen THR A:82 2.11
Bond
Pi-Anion ASP A:292 4.65
Pi-Pi Stacked TRP A:80 4.68
o LEU A:210 4.63
AKTI1 Etoricoxib -9.6 Alkyl ILE A-290 192
VAL A:270 4.28
LEU A:210 487
Pi-Alkyl LEU A:264 5.19
LEU A:264 541
VAL A:270 4.28
Pi Donor
Hydrogen THR A:26 2.72
Bond
APP Etoricoxib 62 Pi-Anion ASP A:24 4.20
ALA A:9 4.81
Pi-Alkyl
ALA A:9 4.96
Pi-Sigma THR A:26 3.74
ILE A:1122 4.00
Alkyl
CREBP Etoricoxib -6.6 LEU A:1120 4.18
) ARG
Pi-Alkyl A:1169 4.90
LYS X:39 3.97
Alkyl
LEU X:17 3.97
FYN Etoricoxib -8.4 LYS X:39 514
Pi-Alkyl VAL X:25 4.69
VAL X:25 4.82
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VAL X:25 541
ALA X:37 4.42
ALA X:37 5.07

ALA X:147 4.69
LEU X:137 5.40

TYR X:84 4.99
o LEU X:17 3.97
Pi-Sigma
LEU X:137 3.61
ALA A:111 3.96
Alkyl

LEU A:107 4.59
VAL A:186 4.88
HSP Etoricoxib -7.9 LEU A:107 4.54
Pi-Alkyl LEU A:107 4.97

TYR A:139 5.13

Pi-Sulfur MET A:98 4.75

Pi-Pi Stacked ~ PHE A:138 5.06

Discussion

This study demonstrated that etoricoxib treatment prevented oxidative stress, inflammatory
cell infiltration, and fibrosis in the hearts and kidneys of 2-kidney one-clip (2K 1C) rats.

Kidney impairment due to stenosis, atherosclerosis, or excessive oxidative stress and further
development or progression into other significant diseases like hypertension, cardiovascular
disease, chronic kidney disease, diabetes, etc., has become more and more common without
any permanent cure [34, 35]. This study demonstrated the effect of one of the COX-2 inhibitors,
etoricoxib, on improving the kidney impairment and related conditions in the 2K 1C rat model.
There is a common and direct proportional relation between ROS, the RAS system, and the
COX-2 enzyme. Each one is interconnected with the others [36-38]. Previous studies revealed
that 2K1C rats have an overactivated Angiotensin Il pathway, which further develops
hypertension and endothelial impairment due to increased free radical-mediated oxidative

stress [39]. Also, the elevation of systolic blood pressure due to hypertension causes oxidative
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stress, which causes overexpression of COX-2. COX-2 has an important role in developing
renovascular hypertension in our 2K1C rat [40].

Our investigation on organ wet weights demonstrates that there were no noticeable changes
between the disease group and the other groups. The whole heart, LV, RV, liver, and spleen
showed a slight increase in the weights in the disease group, but it was nonsignificant. The
treatment with etoricoxib did not affect weight reduction in case of any of these organs, and
even the right unclipped kidney. However, the 2K1C disease group showed a significant
increase in the case of the right kidney weight compared to the control group. This might be
due to the hyperperfusion and where this one kidney had to take all the load of blood flow and
the filtration process, as the other kidney was clipped [41].

Oxidative stress parameters like MDA, NO, and AOPP revealed how much the 2K 1C disease
group caused protein degradation, lipid peroxidation, and further production of ROS, and to
what extent it caused other organ damage. MDA, or malondialdehyde, is the indicator of lipid
peroxidation and can be measured to monitor oxidative stress [42]. Polyunsaturated fatty acids
(PUFA) in membranes are attacked by hydroxyl radicals created by elevated H>O5. This results
in a reactive carbon radical that combines with oxygen to form peroxyl radicals. Lipid
peroxides are produced by this peroxyl radical in a self-amplifying manner, causing extensive
damage and, ultimately, membrane breakdown [43]. Our study illustrated a significantly high
MDA concentration in the plasma, heart, and kidney. Etoricoxib treatment reduced MDA
levels, but it was significant only for the kidney. The control and control + etoricoxib group
showed a similar level in case of MDA concentration, indicating etoricoxib did not cause any
unwanted lipid peroxidation (Fig. 3).

Another biomarker of oxidative stress is excess nitric oxide (NO), which in the normal range
is crucial for different physiological processes like immune response, blood vessel dilation,
neurotransmission, etc. [44]. NO is a free radical, and when it reacts with O-* (superoxide
anion), it produces a nitrosating agent and potent oxidant ONOQO" (peroxynitrite), which can

damage tissues and cells and give rise to various diseases [45]. In our study, the NO
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concentration showed a significantly high level in the heart and kidney; the plasma NO
concentration was also high, but was not significant enough. Our etoricoxib treatment reduced
all NO concentrations in plasma, heart, and kidney, but only the reduction of kidney NO
concentration was significant. In all cases, the control and control+ etoricoxib groups showed
almost similar NO concentration (Fig. 4).

ROS reacts with proteins, causing damage and producing a modified form of protein called
AQOPP or advanced oxidation protein products, another oxidative stress index [46]. In the study,
the 2K 1C disease group showed a significantly higher amount of AOPP in plasma and heart
compared to both of the control groups. The etoricoxib treatment tended to reduce the AOPP
level, but it was not significant enough (Fig. 5).

AST, ALT, and ALP are liver enzymes usually used for determining liver health. Their
function is to metabolize amino acids in various tissues, including the heart, muscle, and liver,
so high levels of these enzymes might indicate heart damage [47, 48]. Heart failure and renal
dysfunction can elevate the levels of AST, ALT, and ALP, as heart failure can lead to hepatic
hypoxia, and metabolic dysfunction can occur due to renal disease [49]. This study displayed
a significant elevation in all three enzymes in the 2K 1C disease group in comparison with the
control groups. Our treatment with etoricoxib successfully reduced all three enzymes,
especially AST and ALP, at a significant level. The control + etoricoxib group showed a
similar level of these enzymes compared to the control group (Fig. 2).

Hyperperfusion and the overload to one kidney, and additional generation of oxidative stress,
can damage the healthy kidney [50]. The filtering unit of the kidney glomerulus can be
destroyed, and glomerulonephritis can occur, which is an inflammatory condition of the
glomeruli [51, 52]. This might lead to further progression of kidney disease and other diseases
which are directly or indirectly linked to the kidney through blood and other cellular signaling
cascades, especially the heart [53, 54]. In this investigation, the histopathological study of the
heart and kidney was done to find out the cellular condition of both these organs. Hematoxylin

and Eosin and Picrosirius red staining were performed.
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In the heart histology, the H&E staining demonstrated the destroyed cardiomyocytes and
excessive inflammatory cell accumulation in the 2K 1C disease group. We can also observe the
control and control + etoricoxib group (Fig.6A, 6B) with normal cellular structure, where no
inflammation occurred. The disease group treated with etoricoxib showed much fewer
inflammatory cells and an intact myocardial structure. This indicates that etoricoxib
successfully reduces the inflammation and protects the heart from the disease.

Also, the Sirius red staining in the disease group showed fibrotic and collagen deposition,
which usually occurs as scar tissue after an occurrence of damage. The collagen and fibrotic
deposition are much less in the etoricoxib treatment + 2K1c disease group, which indicates
that the treatment ameliorated the damage (Fig. 6H). The control and control+ etoricoxib group
is showing normal condition in this staining.

Similarly, the kidney histology of the right kidney showed inflammatory cells, and a reduced
size of the glomerulus in the H&E staining (Fig. 7C). Etoricoxib treatment could not properly
protect the kidney but tended to reduce the inflammation (Fig. 7D). The Sirius red staining
showed collagen deposition in the kidney (Fig. 7G), which was normalized by the etoricoxib
treatment (Fig. 7H).

Molecular docking analysis was performed to evaluate the binding interactions of etoricoxib
with the key central proteins identified in the network pharmacology analysis: AKT1, APP,
CREBP, FYN, and HSP. The docking results demonstrated favorable binding affinities for all
selected targets, indicating the potential of etoricoxib to interact with multiple proteins
involved in disease-associated molecular pathways.

Among all targets, etoricoxib exhibited the strongest binding affinity toward AKT1, with a
docking score of —9.6 kcal/mol, suggesting a highly stable ligand—protein complex. This is due
to the formation of a conventional hydrogen bond with THRS82 at a bond distance of 2.11 A,
which likely contributes significantly to complex stabilization. Additionally, m-anion
interaction with ASP292, n—r stacking with TRP80, and multiple alkyl and m-alkyl interactions

involving residues LEU210, ILE290, VAL270, and LEU264 further strengthened binding
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within the active site. The presence of multiple hydrophobic and electrostatic interactions
indicates a strong complementarity between etoricoxib and the AKT1 binding site.
Etoricoxib also demonstrated stable binding with FYN, exhibiting a docking score of —8.4
kcal/mol. The interaction showed mainly hydrophobic contacts, including multiple alkyl and
n-alkyl interactions with residues such as LYS39, LEU17, VAL25, ALA37, ALA147,
LEU137, and TYRS84. Furthermore, n-sigma interactions with LEU17 and LEU137 suggest
additional stabilization of the ligand within the binding pocket. These non-covalent
interactions may explain the relatively strong binding observed for this target.

HSP also showed favorable binding with etoricoxib, with a binding energy of —7.9 kcal/mol.
The ligand formed several alkyl and m-alkyl interactions involving ALA111, LEU107,
VAL186, and TYRI139, along with m-sulfur interaction with MET98 and m—m stacked
interaction with PHE138. Such interactions suggest that etoricoxib fits well within the
hydrophobic region of the HSP binding pocket.

Moderate binding affinities were observed for CREBP (—6.6 kcal/mol) and APP (6.2
kcal/mol). In CREBP, etoricoxib formed alkyl interactions with ILE1122 and LEU1120, as
well as m-alkyl interaction with ARG1169, indicating hydrophobic stabilization. In APP, the
ligand formed a n-donor hydrogen bond with THR26, m-anion interaction with ASP24, n-alkyl
interactions with ALA9, and n-sigma interaction with THR26. Although the binding energies
for these proteins were comparatively lower, the presence of multiple stabilizing interactions
may be responsible for modulating disease.

Pathway enrichment analysis revealed that the identified hub targets were significantly
enriched in the PI3K—AKT signaling pathway, suggesting that this signaling cascade may
represent a major mechanistic route underlying the therapeutic activity of etoricoxib. Mapping
the core targets onto the KEGG PI3K—AKT pathway revealed the involvement of multiple key
regulatory proteins, indicating their influence on upstream receptor-mediated signaling and

downstream transcriptional responses.
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The PI3K-AKT pathway regulates diverse cellular processes, including cell survival,
proliferation, metabolism, apoptosis, and inflammatory responses [55]. In the present analysis,
AKT]1 acts as a central signaling node (Figure 12), consistent with molecular docking results
showing that etoricoxib exhibited the strongest binding affinity for AKT1 (—9.6 kcal/mol).
This strong interaction suggests that etoricoxib may directly influence AKT-mediated
phosphorylation, potentially modulating downstream effectors involved in cell survival and

anti-apoptotic signaling.

Conclusion

This study concluded that etoricoxib, a COX-2 inhibitor, effectively reduced oxidative stress,
particularly lipid peroxidation, normalized liver enzymes, and protected the kidney and heart
from fibrotic deposition and inflammation. Further research is required to establish the clinical
benefit of etoricoxib in inflammation and fibrosis in atherosclerotic and kidney patients.
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