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ABSTRACT

Introduction: Sepsis-induced acute kidney injury (SI-AKI) is a critical complication contributing to
high morbidity and mortality in septic patients. Rosuvastatin, a $-hydroxy p-methylglutaryl-CoA
reductase inhibitor widely administered for hyperlipidemia, has demonstrated anti-inflammatory
and organ-protective effects in various experimental models.

Objectives: This study aims to evaluate the therapeutic potential of rosuvastatin in ameliorating
sepsis-induced AKI using an established experimental animal model.

Materials and Methods: This experimental animal study was conducted at the university of Kufa,
Iraq. Twenty-four adult Swiss albino mice were divided into four groups randomly (n = 6 in each
group): Sham group, cecal ligation and puncture (CLP), CLP + dimethyl sulfoxide (DMSO), and
CLP + rosuvastatin. The sham group of mice had no CLP laparotomy operation. The CLP group
had a midline laparotomy with cecum ligation and perforation. In the CLP + rosuvastatin and
CLP + DMSO groups, respectively, a dose of rosuvastatin 10 mg/kg and DMSO was administered
intraperitoneally one hour before the CLP process. Kidney function parameters, including serum
urea, creatinine, kidney injury molecule-1 (KIM-1) levels, histopathological scores, and nuclear
phosphorylated extracellular signal-regulated kinases 1 and 2 (p-ERK 1/2) expression, were
measured and compared between four groups.

Results: The results demonstrated that sepsis induced by CLP significantly elevated all kidney
function parameters, including serum urea, creatinine, KIM-1 levels, histopathological scores,
and nuclear p-ERK1/2 expression. However, treatment with rosuvastatin markedly reduced these
markers, restoring them to levels comparable to those observed in healthy control mice (sham
group), indicating a protective effect of rosuvastatin against sepsis-associated kidney injury.
Conclusion: Our study showed that, CLP-induced sepsis caused significant kidney injury, as shown
by increased serum markers, tissue damage, and p-ERK1/2 expressions. We also found, treatment
with rosuvastatin effectively reduced these changes, restoring kidney function and structure to
near-normal levels. These results highlight rosuvastatin’s potential as a protective agent against
sepsis-related AKI, likely through modulation of the ERK1/2 pathway.

Implication for health policy/practice/research/medical education:

In this experimental animal study, we found that administration of rosuvastatin significantly mitigated renal damage related
to cecal ligation and puncture (CLP)-induced sepsis, improving both kidney function and tissue integrity toward normal levels.
These findings suggest that rosuvastatin may offer protective benefits against sepsis-associated acute kidney injury, potentially
by regulating the extracellular signal-regulated kinases 1 and 2 (ERK1/2) signaling pathway.

Please cite this paper as: Al-ghanimi GM, Janabi AM. Therapeutic potential of rosuvastatin in sepsis-induced acute kidney
injury; evidence from an experimental animal study. ] Nephropharmacol. 2026;15(2):e12798. DOI: 10.34172/npj.2025.12798.

Introduction

RIFLE (risk, injury, failure, loss, end-stage kidney disease),

Acute kidney injury (AKI) is a serious complication of
critical illness (1) associated with significant morbidity
and mortality in both short-term and long-term outcomes
(2,3). This highly common and multifactorial renal
disease is diagnosed using standardized criteria such as

AKIN (acute kidney injury network), or KDIGO (kidney
disease improving global outcomes) (3). A recent meta-
analysis including 201 studies with 98,228 participants
demonstrated that the overall incidence of any stage AKI
is approximately 30%, with severe renal injury occurring
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in 15% of cases. Furthermore, AKI-associated mortality
was reported at 30%, with the odds of death being 3.4
times higher in patients with AKI compared to those
without (4).

Sepsis is defined as a life-threatening organ dysfunction
caused by a dysregulated host response to infection (5,6).
This condition results from an imbalance in the immune
response that leads to widespread inflammation, profound
alterations in microcirculation, and rapid progression
to multiple organ failure (6,7). The current clinical
definition, known as sepsis-3, emphasizes the presence
of organ dysfunction measured by an increase of two or
more points in the sequential organ failure assessment
(SOFA) score (8). Sepsis represents the predominant
cause of AKI in critically ill patients, accounting for
nearly 50% of all AKI cases in intensive care settings,
with mortality rates reaching 20% (9). Despite advances
in understanding the pathophysiological mechanisms
underlying sepsis-induced acute kidney injury (SI-
AKI), its severity and complexity continue to pose
significant challenges to clinicians (10). The complex
interplay between inflammatory responses, oxidative
stress, and microcirculatory dysfunction in SI-AKI has
been extensively studied, yet there remains no exact and
effective therapy available for its treatment or prevention.
This therapeutic gap highlights the urgent need for novel
approaches targeting the specific pathophysiological
mechanisms of SI-AKI (11).

Statins, particularly rosuvastatin, have emerged as
potential therapeutic agents for sepsis-related conditions
due to their pleiotropic effects extending beyond lipid-
lowering properties (12). These medications act by
inhibiting  3-hydroxy-3-methylglutaryl-coenzyme A
(HMG-CoA) reductase, the rate-limiting enzyme in
cholesterol biosynthesis (13). The immunomodulatory
and antioxidant properties of statins have been shown
to modify inflammatory cell signaling of the immune
response to infection, suggesting potential benefits in
sepsis outcomes. Previous research has demonstrated that
statin therapy might be beneficial when administered
before sepsis onset or in its initial period (12). Notably,
experimental studies with simvastatin, another member
of the statin family, have shown renoprotective effects
through antioxidant mechanisms in sepsis-induced AKI
animal models (14). The statins for acutely injured lungs
in sepsis (SAILS) trial investigated rosuvastatin’s impact in
patients with sepsis-associated acute respiratory distress
syndrome, providing valuable insights into its potential
application in sepsis-related organ dysfunction (15).

This study aims to investigate the therapeutic effects of
rosuvastatin on SI-AKI using an established animal model,
focusing on its impact on renal function. By elucidating the
renoprotective mechanisms of rosuvastatin in sepsis, this
research seeks to provide preclinical evidence supporting
its potential application as a targeted therapy for SI-AKI,
addressing a critical unmet need in critical care medicine.

Objectives

The objective of this study is to investigate the therapeutic
effects of rosuvastatin on sepsis-induced AKI by evaluating
its impact on kidney function, histopathological changes,
and molecular markers in an established experimental
mouse model of sepsis.

Materials and Methods

Study design and samples

This experimental animal study was conducted at the
university of Kufa, Iraq, and the Institutional Animal Care
and Use Committee (IACUC) approved it. Following one
week of initial adaptation, 24 adult Swiss albino mice were
divided into four groups randomly (n = 6 in each group);
sham group, cecal ligation and puncture (CLP), CLP +
dimethyl sulfoxide (DMSO), and CLP + rosuvastatin. The
sham group of mice had no CLP laparotomy operation.
The CLP group, on the other hand, had a midline
laparotomy with cecum ligation and perforation. In
the CLP + rosuvastatin group, one hour before the CLP
process, a dose of rosuvastatin 10 mg/kg was administered
intraperitoneal. For the DMSO group, one hour before the
CLP procedure, the mice in the CLP + DMSO group were
given an intraperitoneal injection of DMSO, a vehicle for
rosuvastatin (16).

Animals’ preparation

This experimental study was conducted on 24 male adult
(age 8-11 weeks) Swiss albino mice weighing between 20-
35 g, purchased from the animal facility at the College of
Science, University of Kufa. The mice were maintained
under normal conditions at a specified temperature of
2544 °C, humidity levels of 55%-65%, and a 12-hour
light/dark cycle. Before the study, the animals were housed
in separate cages and offered a commercial mouse chow
meal along with unrestricted access to drinking water.

Drug preparation

According to the manufacturer’s instructions from
MedChem Express, rosuvastatin has a solubility of 100
mg/mL in DMSO, which is the recommended solvent.
Therefore, the solution should be prepared fresh shortly
before use. The dose was administered intraperitoneally
and calculated based on the mice’s body weight (16).

Experimental procedure

A model of CLP is an experimentally created
polymicrobial sepsis that simulates the human sepsis
situation (17,18). It is used to study sepsis and associated
multi-organ dysfunction because it is highly similar to the
progression and characteristics, and exhibits a cytokine
profile like that of human sepsis (17,19). Before the
procedure, the mice were anesthetized with a mixture of
100 mg/kg ketamine and 10 mg/kg xylazine administered
intraperitoneally (20). The cecum is reached via a 1-2 cm
midline abdominal incision, and it is ligated just below
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the ileocecal valve. The ligated section of the cecum is
subsequently punctured twice with a G-20 needle and
then repositioned into its original location. The abdomen
was subsequently sutured with 5.0 medical sutures. The
mice were administered a subcutaneous resuscitative dose
of normal saline and observed every four hours for one
day for various indicators of illness (21).

Blood sample collection and biochemical assessment of
renal function tests

After 24 hours of CLP surgery, anesthesia was
administered to the mice before blood samples were
taken by direct heart puncture after scarification surgery.
To obtain the serum, blood samples were centrifuged at
6000 rpm for 10 minutes. Then, a spectrophotometric
technique was used to determine urea and creatinine
levels at 550 nm absorbance (22). Commercial enzyme-
linked immunosorbent assay (ELISA) kits from Bioassay
technology laboratory, China, Cat. No. E0617Mo,
following the manufacturer’s instructions was used for
kidney injury molecule-1(KIM-1) level assessment (23).

Tissue sampling for renal tissue histopathology

After 24 hours of CLP-induced polymicrobial sepsis, all
the animals were euthanized, their kidneys were taken and
rinsed with saline to remove any clots or erythrocytes. The
renal tissue was divided and used to measure the P-ERK
1/2 level by immunohistochemistry and to examine renal
tissue histopathology.

Tissue collection for histological analysis

Kidney tissue samples were immersed in 10% formalin for
fixation, dehydrated by a variety of alcohol concentrations
from 50% to 100%, cleared with xylene, embedded in
paraffin, and sectioned into 5-micrometer-thick slices
using a microtome (24). The sections were then stained
with hematoxylin and eosin after deparaffinization. Then,
we covered the stained tissue sections with mounting
medium to preserve and protect the tissue, and next
a pathologist examines the slide under a microscope.
Damaged cells were analyzed in five distinct, non-
overlapping views. The sections were graded using a
score design to test the extent of renal injuries, such as
inflammation, cellular edema, red cell extravasation,
cytoplasmic eosinophilia, and damage percentage. The
scoring system that was employed consisted of five scores:
score 0; normal, score 1 <25% damage, score 2 (25%-
50%) damage, score 3 (50%-75%) damage score 4 >75%
damage (25).

Tissue sampling for immunohistochemistry

Immunohistochemical staining was performed to
examine how phospho-ERK 1/2 is expressed in renal
tissue. Sections of 3um thickness embedded in paraffin
were subjected to deparaffinization, rehydration, antigen
repairing by exposure to heat for 20 minutes, and

Sepsis-induced acute kidney injury

suppression of the activity of endogenous peroxidase with
3% H202 for three minutes. Incubate the sections with
a 1:100 dilution of primary antibody [Phospho-ERK(p-
ERK) 1/2 polyclonal antibody]. Once the slides have
been washed, incubated for 30 minutes with a secondary
antibody that has been conjugated, followed by additional
washing and treatment with horseradish peroxidase for 30
minutes. Subsequently, for 10 minutes, the sections were
placed in an incubator containing 3,3'-diaminobenzidine
that had just been produced. Hematoxylin was then used
as a counterstain. Finally, the slides were prepared for
microscopic examination by clearing and mounting them
(26). Phospho-ERK 1/2 protein expression was assessed
using the H-score method (range; 0-300), computed
by multiplying the staining intensity by the stained area
percentage. Staining intensity was graded on a scale from
0 to 3, where 0 indicated absence of stains, 1 indicated
weak staining, 2 indicated moderate, and 3 indicated
strong staining. The proportion of positively stained cells
was evaluated on a scale from 0% to 100% (27).

Analysis of p-ERK 1/2

The expression of phosphorylated extracellular signal-
regulated kinases 1 and 2 (p-ERK 1/2) was evaluated using
immunohistochemistry. The primary antibody, phospho-
ERK 1/2 (Tyr204) polyclonal antibody, was purchased
from Elabscience (China). The secondary antibody,
Mouse/Rabbit PolyDetector Plus DAB HRP Brown, was
obtained from BIO SB United States of America (USA).

Statistical analysis

Data analysis was performed using IBM SPSS Statistics
software, version 27 (IBM Corp., USA). The Shapiro-
Wilk test was applied to assess the normality of the
data distribution. Both parametric and nonparametric
statistical methods were initially employed; however, since
the P-values were consistent across both approaches for all
variables, parametric tests were chosen due to their greater
precision and reliability in hypothesis testing. Group
differences were evaluated using analysis of variance
(ANOVA), followed by a Scheffé post hoc test to pinpoint
specific differences between groups. A significance level
of P<0.05 was used for all statistical tests.

Results

This experimental study utilized 24 adult Swiss albino
mice, ethically approved for study under institutional
guidelines. Subjects were randomly assigned to four
groups (n=6 per group); sham group, serving as a
surgical control; CLP, subjected to CLP to induce sepsis;
CLP+DMSO, receiving the dimethyl sulfoxide vehicle; and
CLP + rosuvastatin, administered a 10 mg/kg rosuvastatin
one hour before the CLP process. The results indicated
that the sham group exhibited substantially lower serum
urea levels compared to the CLP group and the CLP and
DMSO group, though not significantly different from
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the CLP and rosuvastatin group. The CLP group showed
markedly higher urea levels relative to both the CLP and
rosuvastatin group and the Sham group, but no significant
difference was observed when compared to the CLP and
DMSO group. Conversely, the CLP and rosuvastatin group
displayed significantly reduced urea levels compared to
both the CLP group and the CLP and DMSO group (Table
1 and Figure 1).

Serum concentrations of serum creatinine were
significantly elevated in both the CLP and CLP+DMSO
groups relative to the Sham group, with no notable
difference seen between the CLP and CLP+DMSO
groups, as well as sham and CLP+rosuvastatin. Whereas
pretreatment with rosuvastatin markedly reduced these
serum markers compared to the CLP group. These
findings indicate that rosuvastatin contributed to the
preservation of renal function after CLP-induced sepsis
(Table 2 and Figure 2).

Quantitative  analysis revealed serum KIM-1
concentrations were significantly elevated in the CLP
and CLP+DMSO groups compared to the sham cohort.
No statistically significant variation occurred between the
Sham and CLP + rosuvastatin groups, as well as between
CLP and CLP+ DMSO. Notably, rosuvastatin pretreatment
attenuated KIM-1 levels relative to untreated CLP mice,
suggesting a renoprotective effect (Table 3 and Figure 3).

The distribution of histopathological scores varied
notably among the four experimental groups. The
sham group predominantly exhibited normal histology,
with the majority of subjects showing no pathological
changes and a small proportion displaying only mild
alterations. In contrast, both the CLP and CLP+DMSO
groups were characterized exclusively by highly severe
histopathological damage, with no cases demonstrating
normal or mild scores. The CLP+ rosuvastatin group
showed a different pattern, with half of the subjects
presenting normal histology and the other half exhibiting
mild changes, while no moderate, severe, or highly
severe damage was observed. These findings indicate
that rosuvastatin treatment is associated with a marked
reduction in histopathological injury compared to

Table 1. Comparative analysis of serum urea among treatment groups
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Figure 1. Comparison of serum urea levels between the four groups. CLP,
Cecal ligation and puncture; DMSO, Dimethyl sulfoxide, ***P < 0.001.

0.5 — Sk Sk Sk Sk Sk Sk Sk
r 1T 1
g 0.4 —
E — o3
s= 9
s 2
= 0.2
S
3 0.1
0.0 T T
<< 3 O ~a
= T & S
YO N
K =5
< S
Qx
S

Figure 2. Comparison of serum creatinine levels between the four groups.
CLP, Cecal ligation and puncture; DMSO, Dimethyl sulfoxide, ***P < 0.001.

untreated or DMSO-treated CLP groups, suggesting a
protective effect against tissue damage in this experimental
model (Table 4 and Figure 4).

The comparative analysis of nuclear p-ERK1/2
expression revealed distinct patterns across treatment
groups. The Sham group exhibited negligible nuclear
p-ERK1/2 expression, while the CLP and CLP and DMSO
groups demonstrated significantly higher levels compared
to Sham, with no discernible difference between these two
intervention groups. In contrast, the CLP and rosuvastatin
group showed a marked reduction in nuclear p-ERK1/2
expression relative to both the CLP and CLP and DMSO

Group Mean SD P value*
Sham 44.71 6.75
CLP 203.04 40.25
<0.001
CLP & DMSO 188.65 52.93
CLP & Rosuvastatin 92.48 18.35
First group Second group Mean difference P value**
serum urea cLp 153.33 <0.001
(mg/dL) ’ ’
Sham CLP & DMSO 143.93 <0.001
CLP & Rosuvastatin 47.77 0.163
P CLP & DMSO 14.39 0.914
CLP & Rosuvastatin 110.56 <0.001
CLP & DMSO CLP & Rosuvastatin 96.16 0.001

CLP, Cecal ligation and puncture; DMSO, Dimethyl sulfoxide; SD, Standard deviation. *One-way ANOVA, **Post hoc Scheffe test.
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Group Mean SD P value*
Sham 0.17 0.04
CLP 0.36 0.04
CLP & DMSO 0.40 0.05 <0.001
CLP & Rosuvastatin 0.17 0.06
Serum First group Second group Mean difference P value**
creatinine CLP 0.19 <0.001
(mg/dL) Sham CLP & DMSO 0.23 <0.001
CLP & Rosuvastatin 0.00 >0.999
cLp CLP & DMSO 0.03 0.671
CLP & Rosuvastatin 0.19 <0.001
CLP & DMSO CLP & Rosuvastatin 0.23 <0.001
CLP, Cecal ligation and puncture; DMSO, Dimethy! sulfoxide; SD, Standard deviation. *One-way ANOVA, **Post hoc Scheffe test.
Table 3. Comparative analysis of serum KIM-T among treatment groups
Group Mean SD P value*
Sham 24.98 3.27
CLP 39.24 4.74
CLP & DMSO 37.56 6.90 <0.001
CLP & Rosuvastatin 28.82 1.40
First group Second group Mean difference P value**
KIM-1 (ng/
) CLP 14.25 <0.001
Sham CLP & DMSO 12.57 0.001
CLP & Rosuvastatin 3.83 0.557
cLp CLP & DMSO 1.67 0.937
CLP & Rosuvastatin 10.41 0.008
CLP & DMSO CLP & Rosuvastatin 8.73 0.008

CLP, Cecal ligation and puncture; DMSO, Dimethy! sulfoxide; SD, Standard deviation; KIM-1; Kidney injury molecule-1. *One-way ANOVA, **Post hoc Scheffe

test.

groups. Post hoc analysis indicated that rosuvastatin
treatment was associated with substantially lower
nuclear p-ERK1/2 levels compared to untreated CLP
or DMSO-administered CLP models, whereas DMSO
itself did not significantly alter expression levels relative
to CLP alone. These findings suggest that rosuvastatin
effectively attenuates injury-induced nuclear ERK1/2
phosphorylation in this experimental model (Table 5 and
Figure 5).
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Figure 3. Comparison of serum KIM-1 levels between the four groups. CLP,
Cecal ligation and puncture; DMSO, Dimethyl sulfoxide; KIM-1; Kidney
injury molecule-1. **P < 0.01, ***P < 0.001.

The results of histopathology and photomicrographs
of the renal section indicated that the sham group
shows a negative nuclear p-ERK 1/2 expression (Figure
6). Furthermore, Figure 7 demonstrates the results of
hematoxylin and eosin staining of renal tissues among the
four treatment groups.

Discussion
The study findings revealed that CLP-induced sepsis
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Figure 4. Comparison of histopathological damage score between the four
groups. CLP, Cecal ligation and puncture; DMSO, Dimethyl sulfoxide.*P <
0.05, **P < 0.01.
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Table 4. Distribution of histopathological damage among the four experimental groups

Treatment group

Score Sham CLP + DMSO CLP + Rosuvastatin
No. % No. %o No. %o No. %
Normal (0) 5 83.33 0 0 0 0 3 50
Mild (1) 1 16.67 0 0 0 0 3 50
Moderate (2) 0 0 0 0 0 0 0 0
Severe (3) 0 0 0 0 0 0 0 0
Highly severe (4) 0 0 6 100 6 100 0 0
Total 6 100 6 100 6 100 6 100
CLP, Cecal ligation and puncture; DMSO, Dimethy! sulfoxide.
Table 5. Comparative analysis of nuclear p-ERK1/2 expression H-score among treatment groups
Group Mean SD P value*
Sham 0.00 0.00
CLP 48.00 16.54
<0.001
CLP & DMSO 50.00 22.58
CLP & Rosuvastatin 12.50 14.74
Hoscore First group Second group Mean difference P value**
of nuclear CcLp 48.00 <0.001
p-ERK1/2 Sham CLP & DMSO 50.00 <0.001
CLP & Rosuvastatin 12.50 0.608
cLp CLP & DMSO 2.00 0.997
CLP & Rosuvastatin 35.50 0.009
CLP & DMSO CLP & Rosuvastatin 37.50 0.006

CLP, Cecal ligation and puncture; DMSO, Dimethyl sulfoxide; SD, Standard deviation; p-ERK1/2, Phosphorylated ERK1/2. *One-way ANOVA, **Post hoc Scheffe

test.

resulted in a significant increase in renal function indices,
encompassing serum urea and creatinine concentrations,
KIM-1 levels, histopathological assessment scores, and
nuclear p-ERK1/2 expression. However, administration
of rosuvastatin led to a substantial attenuation of these
indicators, restoring them to levels approximating those of
healthy control (sham group) mice, thereby demonstrating
a renoprotective effect of rosuvastatin in the context of
sepsis-associated kidney injury.

The significant reduction in serum urea and creatinine
levels observed in our rosuvastatin-treated septic mice
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Figure 5. Comparison of nuclear p-ERK1/2 expression H-score between the
four groups. CLP, Cecal ligation and puncture; DMSO, Dimethy! sulfoxide;
p-ERK1/2, Phosphorylated ERK1/2. **P < 0.01, ***P < 0.001.

aligns with some previous findings but contrasts with
others in the existing literature. Recent research by Tang
et al, demonstrated that rosuvastatin administration
substantially mitigated inflammation and improved renal
function in a relevant model of sepsis, supporting our
observations of normalized renal function markers (28).
Similarly, an earlier study by Yasuda et al with simvastatin
in CLP models found significant improvements in serum
BUN and creatinine levels, suggesting a class effect
of statins in sepsis-induced AKI (29). However, these
findings stand in contrast to a trial secondary analysis by
Hsu et al, which concluded that rosuvastatin treatment in
patients with sepsis-associated acute respiratory distress
syndrome (ARDS) did not protect against de novo AKI or
worsening of preexisting AKI (15). This discrepancy may
be attributed to differences in study populations, with our
preclinical model potentially capturing early intervention
effects not replicable in clinical scenarios where treatment
often begins after kidney injury has been established.
The contradicting findings highlight the complex
relationship between rosuvastatin and kidney function
in inflammatory states, which appears to be influenced
by the timing of intervention, dosage considerations, and
baseline kidney function.

Our finding that rosuvastatin treatment significantly
reduced KIM-1 levels in septic mice represents an
important contribution to understanding statin effects on
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Figure 6. Histopathology and photomicrographs of the renal section. IHC
x400 (A), CLP group positive nuclear p-ERK 1/2 expression (black arrows),
IHC x400 (B), CLP + DMSO group positive nuclear p-ERK 1/2 expression.
IHC %400, and (C), CLP + Rosuvastatin-treated group showing negative
nuclear p-ERK 1/2 expression, IHC, x400 (D).

specific biomarkers of tubular injury. Previous research
has not extensively examined rosuvastatin’s specific
effects on KIM-1 in sepsis models, making our findings
particularly notable. The observed KIM-1 reduction
parallels reported effects of simvastatin in similar
experimental models, where it attenuated CLP-induced
tubular damage and reversed renal tubular hypoxia (29).
These consistent findings across statin types suggest a
shared mechanism potentially involving improvements
in intrarenal microvascular perfusion, as previously
demonstrated in simvastatin studies. However, caution in
interpreting these findings is warranted, given real-world
data linking rosuvastatin to increased risks of hematuria
and proteinuria compared to other statins like atorvastatin,
particularly at higher doses. The contrasting effects
observed between controlled experimental settings and
clinical populations underscore the importance of dose-
dependent considerations in rosuvastatin’s renoprotective
capacity, with our model potentially representing optimal
dosing conditions that may not always translate to clinical
practice where dosing must be carefully calibrated to
baseline kidney function, as illustrated by case reports of
rosuvastatin-associated worsening of kidney function in
patients with preexisting chronic kidney disease (30).
The improvement in histopathological scores and
reduction in nuclear p-ERK1/2 expression demonstrated
in our rosuvastatin-treated septic mice provide
mechanistic insights into its renoprotective effects.
These findings are consistent with recent investigations
showing that rosuvastatin administration hampered
organ dysfunction and mitigated inflammation in
relevant models of sepsis (28). The modulation of the

Sepsis-induced acute kidney injury

Figure 7. Hematoxylin and eosin staining of renal tissues among the four
treatment groups. The results demonstrated that in the sham group, the
kidney cross-section showed normal histological structure (magnification;

400x [A]). In the control group, cellular swelling and increased cytoplasmic
eosinophilia (red arrows), cytoplasmic vacuolization (yellow arrow),
and vascular congestion (orange arrow) (magnification: 400x [B]). In the
DMSO group, damaged tubules (red arrow) and inflammation (blue arrow)
(magnification: 400x [C]). In the rosuvastatin-treated group, the kidney
cross-section displayed a damage score of 1, affecting 20% of the renal
tubules; a damaged tubule (red arrow), and a normal tubule (green arrow)
(magnification: 400x [D]).

ERK1/2 signaling pathway by rosuvastatin appears to be
a crucial mechanism underlying its protective effects, as
it aligns with previous observations that statins prevent
NF-xB (nuclear factor-kB) activation in macrophages,
thereby reducing inflammatory cytokine production.
The histopathological improvements we observed mirror
findings from simvastatin studies that demonstrated
attenuation of sepsis-induced tubular damage and
restoration of renal vascular integrity (29). The parallel
improvements in histopathology and molecular signaling
suggest that rosuvastatin’s renoprotective effects likely
operate through multiple complementary mechanisms
involving both anti-inflammatory actions and direct effects
on renal vasculature. However, the balance of evidence
suggests that these benefits may be context-dependent, as
exemplified by studies indicating that rosuvastatin’s effects
on kidney integrity vary based on dosage and baseline
kidney function. The molecular mechanisms we've
identified through p-ERK1/2 expression analysis provide
a foundation for understanding the conditions under
which rosuvastatin might confer optimal renoprotection
in sepsis-associated kidney injury, while acknowledging
the need for careful consideration of patient-specific
factors in clinical applications.

Conclusion
The findings conclusively demonstrate that CLP-
induced sepsis precipitated significant renal dysfunction,
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evidenced by elevated serum urea, creatinine, KIM-
1, histopathological damage, and nuclear p-ERK1/2
overexpression. Rosuvastatin administration attenuated
these perturbations, restoring biomarker and tissue
integrity metrics to near-Sham levels, thereby confirming
itsrenoprotective efficacyin thismodel. Thisnormalization
of molecular, biochemical, and structural parameters
suggests rosuvastatin mitigates sepsis-associated AKI
through ERK1/2 pathway modulation, potentially
disrupting inflammatory and apoptotic cascades. These
preclinical insights position rosuvastatin as a promising
therapeutic candidate for sepsis-induced AKI, warranting
further investigation into its clinical translation and
precise mechanisms of action, including targeted studies
on oxidative stress regulation and cytokine signaling
networks.
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