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ABSTRACT 

Objective: This study sought to examine the liver-protective effects of ertugliflozin in male mice subjected to CLP-induced sepsis. 

Methods: Overall, 24 male albino Swiss mice, aged eight to twelve weeks and weighing 25–35 g, were segregated into four separate groups (n=6 
each): the Sham, CLP, CLP+DMSO, and CLP+ertugliflozin groups. In the sham group, the mice were anaesthetized and subjected to laparotomy 
without cecal ligation and puncture (CLP), whereas in the sepsis group, the mice underwent CLP. The CLP+DMSO group received DMSO (the vehicle 
for ertugliflozin) through intraperitoneal injection one hour before CLP. In the CLP+ertugliflozin group, 20 mg/kg was administered via the 
intraperitoneal method one hour before CLP. Biochemical indicators (GPT, GOT, IL-6, TNFα, MDA, GSH, Bax, pERK1/2, and caspase-3) and 
histological changes were assessed. 

Results: ELISA was used to investigate the levels of the study parameters in hepatic tissues. Compared with those in the sham group, the levels of 
TNFα, IL6, Bax, caspase3, MDA and phospho-ERK1/2 were significantly elevated in the mice subjected to sepsis via caecal ligation and puncture 
(CLP), whereas the GSH level was significantly decreased. In contrast, treatment of septic mice with ertugliflozin significantly reduced these 
parameters in comparison with those of the sepsis group. Furthermore, histopathological examination revealed that the occurrence of sepsis via 
CLP resulted in significant liver damage compared with that in the sham group. Conversely, the treatment of mice subjected to CLP with ertugliflozin 
significantly mitigated liver injury. 

Conclusion: Ertugliflozin, which inhibits SGLT2, has significant hepatoprotective effects on CLP-induced sepsis, mainly via its antioxidant, anti-
inflammatory, and antiapoptotic effects. 
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INTRODUCTION 

Sepsis constitutes a worldwide health concern and is a primary 
cause of death, particularly in those with weakened immunity, such 
as the pediatric population, geriatric individuals, and 
immunocompromised patients, and those in intensive care units [1]. 
Sepsis is a life-threatening illness characterized by organ failure, 
mostly resulting from the host's immunological response to infection 
[2]. Among the affected organs, the liver is especially vulnerable and 
is often one of the first organs to sustain damage during sepsis [3]. 
Hepatic dysfunction in sepsis occurs in 34% to 46% of cases and is a 
significant predictor of death associated with sepsis. The mortality 
risk linked to sepsis-induced hepatic failure varies between 54% and 
68% [4], which exceeds the mortality rate attributable to sepsis-
induced pulmonary dysfunction [5]. 

The pathogenesis of sepsis involves the recognition of pathogen-
associated proteins (PAMPs) and damage-associated molecular 
patterns (DAMPs), which bind to toll-like receptors (TLRs) on 
immune cells. Thus, sepsis is initiated by gene transcription, which 
results in inflammatory conditions, metabolism of cells, and adaptive 
immune responses [6]. Inflammation caused by increased levels of 
inflammatory mediators results in tissue destruction and ultimately 
multiple organ dysfunction. The liver is an essential component of 
the primary defensive system against infection. In the initial stages 
of sepsis, Kupffer cells are crucial for the elimination of germs and 
endotoxins because they release the proinflammatory meditators IL-
6 and TNFα [7]. Although these cytokines facilitate the eradication of 
infections, they concurrently cause liver damage and provoke the 
secretion of more inflammatory cytokines in a phenomenon known 
as a storm of cytokines. This ultimately leads to a broad 
inflammatory reaction and damage to organs [4]. Additional 
mechanisms cause sepsis-induced liver injury, including bacterial 
toxins, tissue hypoperfusion [8], microvascular dysfunction [9], and 

reactive oxygen species (ROS) and proinflammatory generation, 
further exacerbating liver injury [10]. ROS can directly harm cells or 
tissues and can indirectly initiate a cascade of damage-associated 
signalling pathways [11]. It is hypothesized that ertugliflozin exerts 
hepatoprotective effects against sepsis-induced liver injury by 
modulating the ERK1/2 signalling pathway, thereby reducing 
inflammation, oxidative stress, and apoptosis and ultimately 
preserving hepatic structure and function. 

The current study aimed to evaluate the hepatoprotective effects of 
ertugliflozin in a standardized CLP-induced sepsis model. This 
objective was addressed by assessing biochemical and histological 
markers of inflammation, oxidative stress, and apoptosis and by 
examining the modulation of ERK1/2 activation and translocation. 

MATERIALS AND METHODS 

Animal preparation 

Overall, 24 adult albino Swiss mice, aged eight to twelve weeks and 
weighing 25–35 g, were obtained from the animal husbandry facility 
at the Faculty of Science at the University of Kufa. The animals were 
housed in the animal facility of the Faculty of Science at the 
University of Kufa. The animals were housed in a distinct room with 
a 12 h daylight and 12 h night cycle at a temperature of 24±2 °C and 
a relative humidity of 60–65% [12]. The mice were provided with a 
conventional diet of food and water. All experimental protocols 
received approval from the Institutional Animal Care and Use 
Committee (IACUC) at the University of Kufa following the 
submission of the required applications (2122,23\1\2025). 

Study design 

Randomized selection was employed to allocate 24 adult male Swiss 
albino mice into four groups (n = 6 per group): Sham, CLP, 
CLP+DMSO, and CLP+ertugliflozin. In the sham group, the mice were 
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anaesthetized and subjected to a laparotomy but not to surgery. CLP: 
This group was used as a negative control. In contrast, animals in the 
CLP group underwent CLP; the cecum was accessed through a 1.5 
cm midline abdominal incision and subsequently connected just 
below an ileocecal valve via a 5.0 suture, resulting in almost 75% of 
the cecal length being ligated, which led to high-grade sepsis [13]. A 
bilateral pair of caecal punctures was performed via a 22-determine 
needle [14]. The needle was subsequently delicately extracted, and 
the cecum was compressed. A minimal quantity of faces was 
expelled through the two apertures. The cecum was repositioned 
anatomically, the incision was sutured using 6.0 silk surgical thread, 
and 1cc of prewarmed (37 °C) normal saline was administered 
intraperitoneally immediately post-surgery to compensate for heat 
and fluid loss during the treatment [15]. The CLP+DMSO group 
received DMSO for ertugliflozin by i. p. injection for 1 h before CLP. 
In the CLP+ertugliflozin group, 20 mg/kg was injected 
intraperitoneally for 1 h prior to the CLP [16]. During the procedure, 
the mice received an injection of 100 mg/kg ketamine and 10 mg/kg 
xylazine into their peritoneum [17, 18]. 

Preparation of ertugliflozin 

Ertugliflozin has a solubility of 100 mg/2 ml in DMSO and must be 
prepared immediately prior to usage. Dosage was delivered 
intraperitoneally on the basis of body weight. 

Sampling techniques 

Collection of blood samples 

The mice were euthanized 24 h after CLP or sham surgery. A volume 
of blood (approximately 1 ml) was extracted from the heart via the 
intracardiac technique, and the samples were permitted to clot for 
between ten and twenty minutes at ambient temperature. The 
serum was subsequently extracted from the whole blood via 
centrifugation at 3000 rotations per minute for a duration of ten 
minutes [19, 20]. The sera were subsequently stored at-80 °C for the 
determination of serum GPT "glutamate pyruvate transaminase" and 
GOT "glutamate oxaloacetate transaminase" activities. 

Biochemical analysis by tissue sampling 

The harvested liver tissues were dissected, rinsed, and partitioned 
into two segments: the right portion was homogenized and 
preserved at-80 degrees Celsius until homogenization, utilizing a 
high-speed ultrasonic fluid processor in a one--to-ten W/V 
phosphate-buffered sodium chloride solution with 1% Triton X-100 
and a protease inhibitor cocktail [21]. The homogenate was 
centrifuged for 10 min at 5000 rpm at 4 °C, and the resulting 
supernatants were subjected to various biochemical assays: MDA 
(malondialdehyde): Cat. No. SL0370Mo and Bax (Bcl2 associated × 
protein): Cat. No. SL0766Mo; a mouse ELISA kit from Sunlong 
Biotech Co., Hangzhou, China; and other methods [GSH (reduced 
glutathione): Cat. No. EA0123Mo; TNFα (tumor necrosis factor 
alpha): Cat. No. E0117Mo; IL6 (interleukin 6): Cat. No. E0049Mo; 
and Caspase3: Cat. No. E1513Mo]: a mouse ELISA kit from Bioassay 
Technology Laboratory, Hangzhou, China. 

Tissue samples for immunohistochemistry were cut into 3-

micrometer-thick sections on positively charged slides, 

deparaffinized and heated for 20 min. Then, the blocking agent 

peroxidase was added for 5 min, followed by washing buffer, and the 

primary antibody phosphoERK1/2 [Elabscience Bionovation Inc., 

USA, Cat. No. E-AB-20869] was added for thirty minutes, followed by 

washing buffer. Afterwards, the secondary antibody "mouse/rabbit 

poly detector plus DAB HRP brown" was added [BIO SB, USA, Cat. 

No. BSB 0269] for thirty minutes, followed by washing buffer. 

Subsequently, HRP (horse radish peroxidase) was added for 30 min, 

followed by washing buffer, followed by counterstaining with 

hematoxylin. Five samples were subsequently randomly selected 

from each group, and five points of view were randomly chosen from 

every selected sample for imaging via a light microscope (100× and 

400×). The results represent the quick H score, which is produced by 

multiplying the positive cell proportion (P) by the cell intensity (I). 

While tissue sampling for histopathology 

After 24 h of tissue fixation in 10% formalin, tissue processing 
started with the use of an automated tissue processor for 20 h, 
which included the following steps: (A) dehydration in different 
alcohol concentrations from 50% to 100%. (B) Clearing in xylene. 
(C) Paraffin impregnation. (D) Paraffin embedding, followed by 
tissue sectioning via microtome and subsequent deparaffinization, 
tissue staining, and hematoxylin and eosin staining, including the 
following steps: (A) rehydration in different alcohol concentrations 
from 100% to 70% each for 2 min. (B) Distilled water was added for 
1 min. (C) Hematoxylin for 1:30 min. (D) Rowing in tap water for 10 
min. (E) Eosin staining for 1 mo. (F) Different alcohol concentrations 
from 70% to 100% each for 2 min. (H) Clearing in xylene followed 
by mounting. 

The pathologists scrutinized the slides for liver damage via light 
microscopy at magnifications of X100 or X400. Histopathological 
alterations of the liver were classified according to the Batts 
Ludwig scoring system as necroinflammatory activity grade: Grade 
0: no portal, periportal or lobular activity. Grade 1: minimal patchy 
or infrequent. Grade 2: mild (some or all portal tracts) with lobular 
activity (mildly little hepatocyte damage). Grade 3: moderate (all 
portal tracts), moderate lobular activity. Grade 4: severe (may 
have bridging fibrosis), steatosis activity grade and fibrosis grade 
[22]. 

Statistical analysis 

Analyses were performed via "GraphPad Prism 8", California, USA. 
The data are displayed as the means±standard errors of the means. 
One-way analysis of variance (ANOVA) was employed, followed by 
the Benforonni test. Changes in histopathology were compared 
between groups via a combination of Fisher’s exact test and the 
Kruskal‒Wallis one-way analysis of variance with Dunn’s test for 
multiple comparisons. The statistically significant level was set at 
P<0.05 in all tests. 

RESULTS 

Sepsis was sustained for 24 h. One hour prior to CLP, the mice were 
administered DMSO (as a vehicle) or ertugliflozin (20 mg per kg) 
intraperitoneally [32] or left untreated (sham and CLP groups). A 
range of biochemical and histological indicators were examined to 
assess the degree of injury. 

Effects on hepatic enzymes 

Significant increases in the serum GOT and GPT were observed in 
the CLP group compared with those in the sham group. Compared 
with the CLP group, the CLP group treated with ertugliflozin 
presented significantly lower serum liver function marker (GOT, 
GPT) levels, whereas the CLP group treated with vehicle, DMSO, 
presented no significant changes in the serum liver enzyme levels 
(fig. 1). 

Effect on tissue inflammation 

Significant elevations in hepatic tissue IL-6 and TNFα levels were 
noted in the CLP group compared with those in the sham group. 
The CLP+ertugliflozin group presented significantly reduced levels 
of tissue inflammatory markers (IL6and TNFα). Compared with 
those in the CLP group, the liver IL6 and TNFα levels in the 
CLP+DMSO group did not significantly differ from those in the CLP 
group (fig. 2). 

Effects on oxidative stress markers 

Compared with those in the sham group, a significant increase in 
liver MDA and a significant reduction in liver GSH were observed in 
septic mice. Compared with those in septic mice, hepatic tissue 
levels of GSH were significantly increased, whereas MDA levels were 
significantly decreased in the CLP+ertugliflozin group. Compared 
with those in the CLP group, the levels of both MDA and GSH in the 
CLP group treated with vehicle or DMSO were not significantly 
different (fig. 3). 
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Fig. 1: Analysis of liver function indicators. A. GPT tier of study groups, B. GOT tier of study groups (6 animals in each group). Sepsis was 
induced in the mice via caecal ligation and puncture for 24 h. The mice were pretreated with vehicle (DMSO) or ertugliflozin (20 mg/kg) 
or left untreated (sham and CLP groups). Serum concentrations of GPT and GOT were assessed via a spectrophotometric technique. The 

results were examined via one-way ANOVA and Bonferroni's multiple comparison test for thorough interpretation. The results are shown 
as the mean±SEM, *P<0.05, **P<0.01, ***P<0.001 

 

 

Fig. 2: Hepatic proinflammatory marker analysis. A. TNFα levels in the study groups. B. IL-6 levels in the study groups (6 animals in each 
group). The mice were subjected to sepsis by CLP for 24 hr. The mice were pretreated with vehicle (DMSO) or ertugliflozin (20 mg/kg) or 

left untreated (sham and CLP groups). TNF alpha and IL6 levels were determined via ELISA kits. The results were analysed via one-way 
ANOVA and Bonferroni's different comparisons test for multiple interpretation. The data are shown as the means±SEMs, ***P<0.001, 

****P<0.0001 

 

 

Fig. 3: Hepatic oxidative stress analysis. A. MDA levels in the study groups. B. GSH levels in the study groups (6 animals in each group). The 
mice were subjected to sepsis by CLP for 24 hr. The mice were pretreated with vehicle (DMSO) or ertugliflozin (20 mg/kg) for 1 hr. before 

CLP or left untreated (sham and CLP groups). The concentrations of the oxidative marker (MDA) and the antioxidant (GSH) were 
determined via ELISA kits. The data were analysed via one-way ANOVA and Bonferroni's different comparisons test for multiple 

interpretations. The data are shown as the means±SEMs, ****P<0.0001 
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Effects on the expression of apoptosis markers 

Compared with those in the sham group, significant increases in 
caspase 3 and Bax levels were observed in the liver tissue of the CLP 
group. Compared with those in the CLP+ertugliflozin group, the 
levels of the apoptotic markers caspase-3 and Bax in the liver 
decreased significantly. Compared with those in the CLP group, the 
levels of both caspase 3 and Bax in the CLP group treated with 
vehicle or DMSO were not significantly different (fig. 4). 

Effect on hepatic tissue damage 

Histopathological examination was performed to evaluate the 
degree of hepatic injury 24 h after CLP. Compared with those in the 
sham group, the liver tissues in the CLP and CLP+DMSO groups were 
significantly damaged. Conversely, histopathological analysis of the 
liver in the CLP+ertugliflozin group revealed a slight degree of 
necroinflammation and steatosis (fig. 5, fig. 6). Fibrosis was not 
detected in any of the study groups. 

 

 

Fig. 4: Hepatic apoptosis marker analysis. A. Caspase 3 levels in the study groups. B. Bax levels in the study groups (6 animals in each 
group). The mice were subjected to sepsis by CLP for 24 h. The mice were pretreated with vehicle (DMSO) or ertugliflozin (20 mg/kg) for 

1 hr. before CLP or left untreated (sham and CLP groups). The concentrations of proapoptotic markers (caspase 3) and Bax were 
determined via ELISA kits. The data were analysed via one-way ANOVA and Bonferroni's multiple comparisons test for multiple 

interpretation. The data are shown as the means±SEMs, **P<0.01, ***P<0.001, ****P<0.0001 

 

 

Fig. 5: Hepatic tissue damage analysis. A. Necroinflammatory activity grades of the study groups. B. Steatosis activity grades of the study 
groups (6 animals in each group). The mice were subjected to sepsis by CLP for 24 hr. The mice were pretreated with vehicle (DMSO) or 
ertugliflozin (20 mg/kg) for 1 hr. before CLP or left untreated (sham and CLP groups). The histopathologist assessed the grade of liver 

damage. The data were analysed via nonparametric methods, namely, the Kruskal‒Wallis test and Dunn’s test for multiple comparisons. 
The results are shown as the means±SEMs, *P<0.05, **P<0.01, ***P<0.001 

 

Ertugliflozin mitigated sepsis-induced activation of ERK1/2 in 
hepatic tissue 

Immunohistochemical analysis revealed a significant increase in 
phospho-ERK 1/2 in the hepatic tissue of the CLP and CLP+DMSO 

groups compared with that of the sham group. Conversely, 
ertugliflozin therapy significantly diminished the sepsis-induced 
increase in nuclear expression and activation of ERK1/2 (fig. 7 and 
fig. 8). 
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Fig. 6: Effects of ertugliflozin on histopathological findings (6 animals in each group): A. CLP group: animals underwent CLP-induced 
sepsis, with a necroinflammatory grade of 3, liver tissue with vascular congestion (red arrow), hepatocytes ballooning (blue arrows), 
apoptotic cells (green arrow) and steatosis (yellow arrows). B. Sham group: animals in this group were anaesthetized only and then 

laparotomized without the induction of sepsis by CLP, and the necroinflammatory grade was zero liver tissue with vascular congestion 
(red arrows). C. CLP+ertugliflozin group: animals were intraperitoneally injected with ertugliflozin (20 mg/kg) 1 h before CLP, the 

necroinflammatory grade was zero, and vascular congestion occurred (red arrow). D. CLP+DMSO group: animals were intraperitoneally 
injected with DMSO (vehicle for ertugliflozin) 1 h before CLP, the necroinflammatory grade was 2, and the liver tissue exhibited mild 

inflammation (black arrow). Vascular congestion (red arrows). A and BandCandD X 400, HandE staining 

 

 

Fig. 7: Hepatic phospho-ERK1/2 analysis. The mice were subjected to sepsis by CLP for 24 hr (5 animals in each group). The mice were 
pretreated with vehicle (DMSO) or ertugliflozin (20 mg/kg) for 1 h before CLP or left untreated (sham and CLP groups). Liver pERK1/2 

levels were determined by IHC. The data were analysed via one-way ANOVA and Bonferroni's different comparisons test. The results are 
shown as the mean±SEM, ***P<0.001, ****P<0.0001 
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Fig. 8: Effect of ertugliflozin on phospho-ERK1/2 by immunohistochemistry (five animals in each group): A. CLP group: animals 
underwent CLP-induced sepsis; the mean quick H score of nuclear expression for this group was 54, with moderate-intensity nuclear 

expression in 20% of the examined tissue (black arrows). B. Sham group: animals in this group were anaesthetized only and then 
laparotomized without the induction of sepsis by CLP, and the mean quick H score of nuclear expression was zero. C. CLP+ertugliflozin 

group: animals were intraperitoneally injected with ertugliflozin (20 mg/kg) for 1 hr before CLP, the mean quick H score of nuclear 
expression for this group was 7, with liver tissue with 5% intense nuclear expression (black arrow). D. CLP+DMSO group: animals were 
intraperitoneally injected with DMSO (vehicle for ertugliflozin) for 1 hr before CLP, the mean quick H score of nuclear expression was 

40.8, indicating that strong nuclear staining (black arrows) was present in the liver tissue. A, B, C, D X 400, IHC 

 

DISCUSSION 

Sepsis is a multifaceted inflammatory disease syndrome induced by a 
pathogenic bacterium and its byproducts. Prolonged treatment of 
sepsis may lead to severe sepsis and septic shock, potentially resulting 
in multiple organ dysfunction syndrome. Bacterial sepsis infiltrates the 
bloodstream and leads to the dissemination of different microbial 
byproducts. Host cells activate innate immune responses [23], which 
induce detrimental metabolic changes resulting in systemic 
inflammatory reactions, tissue dysfunction, and ultimately multiple 
organ failure [24]. The prevalence of sepsis-related conditions varies 
between 34% and 46% for individuals with liver dysfunction and 
between 1.3% and 22% for those with liver failure [5]. Factors leading 
to liver impairment during sepsis include uncontrolled systemic 
inflammation, hepatic ischemia, and dysregulated cell death [25]. 
Apoptotic cell death is crucial in the progression of organ damage 
during sepsis. Jeschke et al. revealed that insulin enhances hepatic 
integrity by reducing hepatic cell mortality and suppressing hepatic 
inflammatory responses in endotoxemic rats [26]. Furthermore, 
inhibiting apoptosis enhances the prognosis of animals suffering from 
severe sepsis [27]. On the basis of these results, we propose that 
ertugliflozin may improve liver dysfunction during sepsis by reducing 
hepatic apoptosis, inflammation, and oxidative stress. 

In this study, there was a significant increase in the inflammatory 
markers TNFα and IL-6 in the sepsis group and vehicle group. These 
results are supported by other studies that reported that TNFα and 
IL-6 are associated with organ damage and mortality, suggesting 

that they are potentially valuable prognostic indicators of sepsis-
induced organ impairment [28]. However, in the group treated with 
ertugliflozin, the levels of proinflammatory markers were 
significantly lower than those in the other groups, suggesting that 
ertugliflozin has an anti-inflammatory effect [29]. 

The inflammatory markers assessed in our study were notably 
decreased in the livers of the mice that were pretreated with 
ertugliflozin. These findings indicate that ertugliflozin possesses 
significant anti-inflammatory properties related to liver injury. To our 
knowledge, no published research has examined the impact of 
ertugliflozin on liver injury induced by sepsis, suggesting that our work 
is novel. Abd Uljaleel and colleagues demonstrated that "mice treated 
with ertugliflozin exhibited significantly decreased levels of 
inflammatory cytokines in the lungs" [16]. A separate study 
demonstrated that terzepatide (a dual agonist of GLP-1 and GIP) 
significantly reduced IL-6 levels during ischemia‒reperfusion injury in 
rat kidneys [18]. 

Compared with those in the endotoxemic group, significant 
decreases in the MDA levels were detected in the liver samples of the 
mice in the ertugliflozin pretreatment group, whereas the GSH level 
was significantly increased. Another study revealed that GSH levels 
are reduced in animals with renal ischaemic reperfusion injury [30, 
31]. Inhibitors of SGLT2 have shown distinct cardiovascular 
advantages in diabetic kidney disease, perhaps due to their role in 
establishing a favourable balance among oxidant-generating systems 
and those offering antioxidant defences [32]. 
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Sepsis causes hepatic apoptosis, resulting in organ damage and 
dysfunction [33]. Consequently, the inhibition of apoptosis mitigates 
the hepatocellular damage caused by sepsis [34]. The activation of 
caspase-3 is a critical step in executing programmed cell death. The 
balance between proapoptotic (Bax) and antiapoptotic (Bcl-2) 
proteins is essential for cell survival. Sepsis frequently disturbs this 
balance by increasing Bax expression and caspase3 levels, hence 
facilitating apoptosis. This study revealed a "notable elevation in 
caspase3 and Bax activity in liver tissue homogenates in the sepsis 
and DMSO groups compared with the sham group". This study 
revealed that pretreatment with ertugliflozin significantly decreased 
caspase3 activity and Bax expression in injured liver tissues. This 
study revealed significant histological changes in the liver 24 h after 
CLP-induced sepsis. The detected changes included portal 
inflammation, centrilobular inflammation, hepatocyte ballooning, 
apoptosis, and steatosis. The diminished pathological score noted in 
the CLP+ertugliflozin group was attributed to increased steatosis, 
reduced ballooning and apoptosis within hepatic tissue, and 
decreased infiltration of inflammatory cells, suggesting that this 
medication may have the capacity to help protect the liver from 
endotoxemia-induced liver injury. These data substantiate the 
notion that ertugliflozin can inhibit apoptosis during sepsis-induced 
liver damage. The anti-inflammatory, antiapoptotic, and antioxidant 
properties of ertugliflozin contribute to the demonstrated protection 
against hepatic damage generated by sepsis. This result is supported 
by other studies that revealed that ipragliflozin (another analogue of 
an SGLT2 inhibitor) can diminish the brain damage score in mice 
subjected to CLP-induced polymicrobial infection [35]. The proteins 
of the MAPK (mitogen-activated protein kinase) family, 
encompassing the p38 MAPK, ERK, and JNK subgroups, can be 
activated via phosphorylation in response to apoptotic and external 
stimuli. In our investigation, the phosphorylation levels of ERK1/2 
were examined. The results indicated that the level of 
phosphorylated ERK1/2 in the sepsis group significantly increased 
and that ERK1/2 translocated to the nucleus following CLP, 
indicating a tendency toward elevated levels of phosphorylated ERK, 
which was correlated with apoptosis and inflammation. Following 
treatment with ertugliflozin, a reduction in p-ERK1/2 expression 
and translocation in hepatocytes was noted. These results suggested 
that ertugliflozin suppressed the phosphorylation of ERK1/2, which 
is involved in reducing apoptosis and inflammation through the 
inhibition of NF-KB and other transcription factors responsible for 
apoptosis and the production of proinflammatory cytokines. 
Numerous studies have shown that "p38 MAPK can be 
phosphorylated by the release of ROS-regulated Bax translocation" 
[36]. Moreover, hypoxia and subsequent reoxygenation of the liver 
may increase the levels of caspases and proapoptotic cofactors via 
ERK upregulation [37]. Suppression of the MAPK pathway is 
typically considered a protective measure against HIRI. Astaxanthin 
pretreatment safeguards against hepatocyte apoptosis and hepatic 
ischaemia‒reperfusion injury by blocking the ERK1/2 signalling 
pathway, suggesting a viable therapeutic approach [38]. In HIRI, 
necrosis induces liver damage, subsequently activating autophagy via 
ERK1/2 activation. Necrostatin-1 alleviates this damage by reducing 
the activity of ERK1/2 [39]. Finally, in the present study, ertugliflozin 
demonstrated hepatoprotective effects in sepsis, which were 
associated with the modulation of ERK1/2 phosphorylation. The role 
of ERK1/2 signalling in sepsis appears to be context dependent, as 
previous studies have reported both protective and detrimental 
outcomes depending on the extent and duration of activation. Our 
findings suggest that these agents may promote balanced regulation of 
ERK1/2 activity, restoring physiological signalling rather than 
inducing excessive activation. This interpretation may help reconcile 
conflicting reports regarding ERK1/2 function in sepsis. Moreover, 
accumulating evidence indicates that the protective actions of 
ertugliflozin extend beyond SGLT2 inhibition, involving additional 
mechanisms such as the suppression of oxidative stress and the 
inhibition of inflammation. These SGLT2-independent pathways 
mitigate sepsis-induced liver injury. 

CONCLUSION 

This is the first effort to utilize ertugliflozin for the management of 
sepsis-induced liver injury. Ertugliflozin mitigated injury by 
reducing ROS generation and inflammatory cytokine expression, as 

well as the activation and translocation of ERK1/2, while enhancing 
the expression of antioxidant indicators such as GSH and decreasing 
the expression of caspase3 and Bax. Pretreatment with ertugliflozin 
has a protective effect against liver injury caused by sepsis. 

Ethical considerations 

The research and protocol of this study were in accordance with the 
guidelines of animal studies and were approved by the Institutional 
Animal Care and Use Committee (IACUC) at the University of 
Kufafollowing the submission of the required applications 
(2122,23\1\2025). 

Study highlights 

Hepatic dysfunction in sepsis occurs in 34% to 46% of cases and is a 
significant predictor of death associated with sepsis. Pretreatment 
with ertugliflozin has a protective effect against liver injury caused 
by sepsis. 
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