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Dapagliflozin attenuates metabolic
dysfunction-associated steatotic liver disease
by inhibiting lipid accumulation, inflammation
and liver fibrosis

Check for
updates

Xingyu Fan"?" Yueyue Wang'?!, Yue Wang %', Hao Duan'?, Yijun Du'?, Tianrong Pan'?" and Xing Zhong'?"

Abstract

Background Metabolic dysfunction-associated steatotic liver disease (MASLD) has emerged as a globally prevalent
liver disease, closely linked to the rising incidence of obesity, diabetes, and metabolic syndrome. Dapagliflozin (DaPa),
a sodium-glucose cotransporter-2 inhibitor, is primarily prescribed for diabetes management. It has shown potential
efficacy in managing MASLD in clinical settings. However, the molecular mechanisms underlying the effects of DaPa
on MASLD remain poorly understood. Hence, we aimed to investigate the role of and mechanisms underlying DaPa in
MASLD.

Methods Male diet-induced obese (DIO) C57BL/6J mice were injected with streptozotocin (STZ), followed by a
high-fat diet regimen to stimulate metabolic dysfunction. Subsequently, they received DaPa via gavage for 5 weeks.
Hepatic lipid accumulation, pathological alterations, inflammatory markers, and liver fibrosis were assessed.

Results DaPa administration reduced liver fat accumulation in DIO mice. Additionally, it decreased oxidative stress
and lipid peroxide levels, which was attributed to the upregulation of glutathione and the downregulation of
malondialdehyde and reactive oxygen species levels. Notably, DaPa downregulated the inflammatory response and
reduced liver fibrosis.

Conclusions DaPa protects against MASLD by inhibiting lipid accumulation, inflammation, oxidative stress, and liver
fibrosis.
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Introduction
Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD) is a leading cause of chronic liver dis-
eases globally, affecting approximately 25% of adults [1].
MASLD is characterized by excessive fat accumulation in
the liver in the absence of substantial alcohol consump-
tion [2]. It spans a spectrum that comprises simple ste-
atosis, metabolic dysfunction-associated steatohepatitis,
fibrosis, cirrhosis, and even hepatocellular carcinoma
[3]. MASLD pathophysiology consists of interrelated
processes, including hepatic fat accumulation, oxida-
tive stress, inflammation, and fibrosis [4], all of which
drive disease progression and liver damage. Despite its
increasing prevalence and associated health risks, phar-
macological treatments for MASLD remain limited. The
management strategies primarily emphasize lifestyle
modifications and managing metabolic comorbidities [5].
Thus, there is a growing interest in identifying therapeu-
tic agents targeting the mechanisms underlying MASLD.
Risk factors for MASLD consists of obesity, type 2 dia-
betes mellitus (T2DM), hypertension, and dyslipidemia.
Notably, the prevalence of MASLD is significantly high
among individuals with T2DM, affecting between one-
third and two-thirds of this population [6—8]. Metabolic
dysfunction and chronic suboptimal glucose regulation
induce impaired insulin signaling pathways and contrib-
ute to MASLD; therefore, hypoglycemic agents have been
investigated for their benefits in managing MASLD [9].
Combining the hypoglycemic agent Dapagliflozin (DaPa)
with metformin or exenatide enhances MASLD treat-
ment outcomes in patients with T2DM [10, 11]. DaPa, a
sodium-glucose cotransporter-2 (SGLT2) inhibitor, low-
ers blood glucose levels by inhibiting glucose reabsorp-
tion in the proximal convoluted tubules of the kidneys.
Additionally, it facilitates urinary glucose excretion [12].
Recent studies have demonstrated the therapeutic
potential of DaPa in patients with T2DM complicated
with MASLD [13-15]. Moreover, randomized controlled
trials have confirmed that SGLT-2 inhibitors can reduce
liver enzymes levels, intrahepatic fat content and liver
fibrosis markers [16, 17]. Parallel to clinical findings,
preclinical investigations have extensively explored the
pharmacological effects of SGLT2 inhibitors on hepatic
steatosis and lipid metabolism using high-fat diet (HED)-
induced obesity models. Notably, Luo et al. [18] pro-
vided mechanistic insights by demonstrating that DaPa
ameliorates hepatic steatosis in HFD-fed mice through
modulation of the AMPK/mTOR signaling pathway.
Complementing these findings, Hana et al. [19] reported
that DaPa administration significantly reduced adipos-
ity and improved hepatic steatosis independent of body
weight changes. Furthermore, recent mechanistic studies
by Xiang et al. [20] revealed that DaPa promotes white
adipose tissue browning and enhances lipid utilization,
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providing additional evidence for its therapeutic efficacy
in obesity-associated liver pathologies. Despite these
significant advances, the precise molecular mechanisms
underlying DaPa’s beneficial effects on MASLD patho-
genesis remain to be fully elucidated, warranting further
investigation.

In this study, we used diet-induced obese (DIO) mice
with MASLD to evaluate the action of DaPa on the
liver. We focus on the potential mechanisms through
which DaPa exerts these effects, particularly in terms
of oxidative stress, lipid metabolism, and inflammatory
responses. Our findings may provide further insights into
the therapeutic potential of DaPa for managing MASLD
and related metabolic disorders.

Materials and methods

Animal treatment

Male C57BL/6] mice at five weeks of age were obtained
from a commercial supplier (Hangzhou Ziyuan Labo-
ratory Animal Technology Co., Ltd., China). The mice
were maintained in a controlled environment with ad
libitum access to food and water. Following a one-week
acclimatization period, the mice were allocated into two
groups: a normal diet group (CON, n=6) and a high-fat
diet (HFD) group. The HFD, formulated as a rodent diet
with a fat content of 60 Kcal% (D12492), was employed
to induce obesity and glucose intolerance. After 4 weeks,
the HFD group mice were transferred to a biohazard
facility for streptozotocin (STZ) administration. STZ
was prepared as a 1% solution in sodium citrate buffer
(pH 4.5) and administered intraperitoneally at a dose
of 100 mg/kg body weight to induce partial pancreatic
islet cell destruction, a critical step in modeling meta-
bolic dysfunction. Prior to STZ injection, mice were
fasted for 12 h, and their body weights were recorded
to determine the appropriate dose. Post-STZ admin-
istration, the HFD group mice were further random-
ized into two groups: diet-induced obesity (DIO, n=6)
and DIO treated with dapagliflozin (DIO + DaPa, n=6).
After 12 weeks, the DIO +DaPa group received DaPa
(1 mg/kg) via oral gavage once daily for 5 weeks. Con-
currently, the CON and DIO groups were administered a
vehicle (0.5% carboxymethylcellulose). Both the DIO and
DIO + DaPa groups continued on the high-fat diet from
6 weeks of age until the conclusion of the experiment.
At the experimental endpoint, mice were anesthetized
via intraperitoneal injection of pentobarbital, followed
by cervical dislocation for euthanasia. Liver tissues were
promptly excised, weighed, and cryopreserved at -80 °C
for further biochemical investigations. Blood glucose lev-
els were monitored weekly using a blood glucose meter
(OneTouch Verio Flex) through tail vein blood sampling.
The experimental protocol was performed in strict accor-
dance with institutional ethical standards, adhering to
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both the ARRIVE Guidelines and institutional animal
care protocols, following approval by the Animal Experi-
ment and Ethics Committee of the Second Affiliated
Hospital, Anhui Medical University.

Serum biochemical analysis

Serum levels of total cholesterol (TC), triglycerides (TG),
low-density lipoprotein cholesterol (LDL-C), and high-
density lipoprotein cholesterol (HDL-C) were quanti-
fied using commercially available assay kits (Nanjing
Jiancheng Institute of Bioengineering, Nanjing, China)
according to the manufacturer’s instructions. Briefly,
lipid parameters in serum samples were analyzed using a
multi-mode microplate reader (Thermo, Varioskan Lux,
USA). Absorbance readings were taken at 500 nm for TC
and TG, and at 600 nm for LDL-C and HDL-C.

Lipid peroxidation products

Liver tissue homogenization and centrifugation were
performed to obtain a homogenate, from which the
supernatant was harvested. The BCA assay was utilized
to measure protein levels. Following this, measurements
of glutathione (GSH) and malondialdehyde (MDA) levels
were conducted independently following the kit instruc-
tions (Nanjing Jiancheng Bioengineering Institute). GSH
and MDA levels were quantified at 405 and 532 nm,
respectively, using a multifunctional microplate reader
(Thermo, Varioskan Lux).

Quantification of intracellular reactive oxygen species
(ROS) in liver tissue

The measurement of intracellular ROS was performed
utilizing 2,7’-dichlorofluorescin diacetate (DCFH-DA)
as a fluorescence-based detection reagent (Elabscience,
E-BC-K138-F). Briefly, a single-cell suspension of liver
tissue was prepared via mechanical dissociation. The
cell suspension was incubated with 10 uM DCFH-DA at
37 °C for 45 min under light-protected conditions. Fol-
lowing incubation, the cells were centrifuged at 1000 x g
for 10 min, washed three times with serum-free culture
medium, and resuspended in the same medium. Fluo-
rescence intensity measurements were conducted using
a microplate reader with respective excitation and emis-
sion wavelengths configured at 500 nm and 525 nm.

Histopathological and hepatic lipid analysis

First, liver sections were meticulously harvested, fixed in
4% paraformaldehyde, and embedded in paraffin. Second,
the sections were subjected to hematoxylin and eosin
(H&E) staining, Masson’s trichrome staining, and Sirius
Red staining at room temperature. Third, frozen liver
tissues were stained with Oil-Red O utilizing a commer-
cially available kit (Servicebio, Wuhan, China), adhering
strictly to the manufacturer’s instructions. Finally, the
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stained sections underwent histopathological evaluation
under an Olympus BX41 microscope.

In order to quantify lipid accumulation in liver tis-
sue, TG and TC content were measured in liver tissue.
Approximately 20 mg of liver tissue was weighed and
ground with 180 uL of absolute ethanol to prepare tis-
sue homogenate, centrifuged, and the supernatant was
collected for further analysis. The levels of TC and TG
in liver tissue were measured using the same assay kit
(Nanjing Jiancheng Institute of Bioengineering, Nan-
jing, China) and method as serum samples. Measure the
absorbance of TC and TG at 500 nm using a microplate
reader.

Immunohistochemistry

Protein localization analysis was performed on 5-pm
hepatic tissue sections prepared from formalin-fixed,
paraffin-embedded samples following standardized
immunohistochemical procedures [21]. Tissue sections
underwent sequential processing, including dewaxing in
xylene, rehydration through graded alcohols, and endog-
enous peroxidase blockade using 3% hydrogen peroxide.
Heat-mediated antigen retrieval was achieved through
citrate buffer immersion (10 mM, pH 6.0), followed by
blocking with 10% goat serum at physiological tempera-
ture (37 °C) for 60 min. Primary antibody incubation
was carried out at 4 °C for 12-16 h using specific mark-
ers: F4/80 (Affinity, DF2789; 1:300 dilution) for macro-
phage identification, MPO (Proteintech, 22225-1-AP;
1:400) for neutrophil detection, collagen I (Servicebio,
GB11022; 1:200), a-SMA (Servicebio, GB111364; 1:300),
and fibronectin (Servicebio, GB114491; 1:1500) for extra-
cellular matrix components. Chromogenic detection was
performed using a HRP-DAB detection kit (ZSGBBIO,
China), with hematoxylin counterstaining for nuclear
visualization. Following ethanol dehydration and xylene
clearing, mounted sections were examined using an
Olympus BX41 light microscope for image acquisition.

Quantitative real-time polymerase chain reaction

Total RNA was extracted from liver tissues using Trizol
reagent (Thermo Fisher Scientific, Waltham, USA).
Complementary DNA (cDNA) was synthesized using
the HyperScript TM III 1st Strand cDNA Synthesis Kit
(NovaBio, Shanghai, China). Quantitative real-time poly-
merase chain reaction (qQRT-PCR) was conducted using
the S6 Universal SYBR qPCR mix (NovaBio, Shanghai,
China) and the ABI 7900 PCR system (ABI, USA). Rela-
tive gene expression was determined using the 2-AACt
method, with glyceraldehyde-3-phosphate dehydroge-
nase serving as the internal control. Customized prim-
ers were synthesized by Genscript, with the primer
sequences described in Supplementary Table 1.
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DNA fragmentation analysis using TUNEL staining

During genomic DNA breaks, the exposed 3’-OH ends
can undergo catalysis by terminal deoxynucleotidyl
transferase to incorporate fluorescein- and biotin-labeled
deoxyuridine triphosphate (dUTP), facilitating cell
apoptosis detection through fluorescence microscopy
or chemical colorimetric methods. First, tissue sections
were deparaffinized and rehydrated using the terminal
deoxynucleotidyl transferase dUTP nick-end labeling
(TUNEL) kit (Elabscience, cat number: E-CK-A320) per
the manufacturer’s instructions. Second, the sections
were permeabilized with Proteinase K (1x) for 20 min
and incubated with TUNEL reagent for 1 h at 37 °C.
Third, after rinsing with phosphate-buffered saline, the
sections were sealed with coverslips. Finally, fluorescein
isothiocyanate labeled TUNEL-positive cells were visual-
ized using fluorescence microscopy, while apoptosis was
observed under a Leica DMI3000B microscope. TUNEL-
positive cells were quantified using Image] software.

Data analysis and statistical methods

Data are presented as mean + SEM. All statistical compu-
tations were performed using GraphPad Prism 8.0. For
comparison of two experimental groups, unpaired two-
tailed Student’s t-test was applied. Multiple group com-
parisons were analyzed by one-way ANOVA with Tukey’s
post hoc test for intergroup comparisons. The threshold
for statistical significance was established at P<0.05.

Results

DaPa alleviates liver injury in DIO mice

STZ-treated DIO mice have been established as a
MASLD mouse model. (Fig. 1A). The liver-to-body
weight ratio and blood glucose levels were increased in
DIO mice. In contrast, DaPa-treatment reversed these
trends (Fig. 1B). Hepatic steatosis was successfully
induced, as demonstrated by significant elevations in
TC, HDL-C, and LDL-C levels, whereas TG levels were
maintained at baseline values. What’ s more, DaPa treat-
ment reduced blood lipid indicators, including TC and
LDL-C (Fig. 1C). Histopathological examination via H&E
staining indicated notable improvement in hepatocyte
ballooning in DIO mice after DaPa treatment (Fig. 1D).
Collectively, DaPa treatment significantly decreased
blood glucose levels, reduced serum cholesterol, and
attenuated liver injury in DIO mice.

DaPa inhibited inflammatory response in mice with DIO-
induced liver injury

Inflammation is central to MASLD pathogenesis. Hence,
we conducted qRT-PCR to assess the expression of
inflammatory factors and chemokines. Significant differ-
ences were observed in the mRNA levels of IL-6, TNF-
a, Ptgs2, CCL2, CXCLI, CXCL1, CXCL2 between CON
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and DIO groups, with these levels decreasing after DaPa
treatment (Fig. 2A and B). These findings underscore the
capacity of DaPa to ameliorate liver inflammation in DIO
mice. Immunohistochemistry analysis suggested elevated
levels of the neutrophil marker MPO and macrophage
marker F4/80 in the DIO group, compared with the CON
group. Notably, DaPa treatment markedly reduced MPO
and F4/80 levels in DIO mice (Fig. 2C and D), highlight-
ing its anti-inflammatory potential in DIO-induced liver
injury.

DaPa suppresses oxidative stress in DIO mice

Compared with the CON group, Oil Red O staining
analysis demonstrated enhanced lipid droplet accumula-
tion in the DIO group. However, after 5 weeks of DaPa,
hepatocyte steatosis was reduced (Fig. 3A). Hepatic
lipid accumulation is a key indicator of hepatic steatosis.
To evaluate the impact of DaPa on liver lipids, we mea-
sured hepatic TC and TG levels. Compared to the con-
trol group, DIO mice exhibited a significant increase in
hepatic TC, which was markedly reduced following DaPa
treatment. In contrast, although a downward trend in
hepatic TG levels was observed after DaPa administra-
tion, the change did not reach statistical significance
(Fig. 3B). Lipid peroxidation was evaluated by measur-
ing the antioxidant capacity. Glutathione (GSH) content
was reduced in the DIO group than in the CON group,
despite remaining unaffected in the DIO+DaPa group.
Conversely, malondialdehyde (MDA) levels, which were
significantly increased in the DIO group, were markedly
reduced after DaPa treatment (Fig. 3C). Moreover, the
expression of reactive oxygen species (ROS) was higher
in both DIO and DIO+DaPa groups (Fig. 3D). The C/
EBP-homologous protein (CHOP) and activating tran-
scription factor 4 (ATF4) interact in the endoplasmic
reticulum stress response to promote cell death, while
X-box binding protein 1 (XBP1) regulates lipid metabo-
lism and unfolded protein responses, which together
promote the pathogenesis of MASLD. qRT-PCR analysis
showed that DaPa treatment upregulated factors involved
in oxidative stress, including activation ATF4, Chop, and
XBPI (Fig. 3E).

DaPa improves liver fibrosis

Histopathological evaluation through Sirius Red and
Masson staining revealed significant extracellular matrix
deposition in diet-induced obese (DIO) mice (Fig. 4A
and B). Collagen I and fibronectin contribute to liver
fibrosis by promoting the accumulation of extracellular
matrix proteins, thus exacerbating MASLD progression.
Immunohistochemical staining confirmed elevated levels
of a-SMA, collagen I, and fibronectin in the DIO group
(Fig. 4C-E). Collectively, these findings indicate liver
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Fig. 1 DaPa alleviates liver injury in DIO mice. (A) Schematic diagram of the experimental design for the mouse model. (B) Impact of DaPa on the body
weight, liver-to-body weight ratio, and blood glucose. levels in CON, DIO, and DIO+DaPa mice. (C) Serum levels of TC, HDL-C, LDL-C, and TG across dif-
ferent groups. (D) Histopathological alterations are assessed via H&E staining. (scale bar, 100 um). Data are presented as mean+SD (n=6). **p<0.01,
**¥p <0.001, *comparison between the CON and DIO groups; #p < 0.05, #comparison between the DaPa-treated and DIO groups

injury accompanied by fibrosis in DIO mice and DaPa
treatment ameliorated this fibrotic condition.

Effects of DaPa on hepatocyte apoptosis

To explore the mechanism by which DaPa mitigates liver
injury, we examined hepatocyte apoptosis levels using
TUNEL staining. TUNEL-positive cells were significantly
increased in the DIO group (Fig. 5). Concurrently, phar-
macological intervention with DaPa markedly decreased
the population of TUNEL-positive hepatocytes, demon-
strating its therapeutic potential in suppressing apoptosis
in DIO mice with liver injury. (Fig. 5A and B).

Discussion
MASLD represents a critical metabolic disorder with
increasing prevalence [22], particularly among individu-
als with obesity and T2DM [23]. Despite its significant
health implications, effective pharmacological treatments
for MASLD remain limited. In this study, we investigated
the effects of DaPa, an SGLT2 inhibitor, on MASLD in
DIO mice, focusing on its impact on lipid accumulation,
inflammation, oxidative stress, and liver fibrosis.

Our findings demonstrate that DaPa attenuates
hepatic lipid accumulation, as evidenced by reduced
liver weight, decreased lipid droplet deposition, and
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Fig. 3 DaPa suppresses oxidative stress in DIO mice. (A) Representative liver images stained with Oil Red O. (scale bar, 100 um). (B) TG and TC levels in
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improved histological features of MASLD in DIO mice.
These findings align with previous studies showing that
SGLT2 inhibitors reduce hepatic fat content and amelio-
rate hepatic steatosis in both rodent models and human
patients with T2DM and MASLD [18, 24]. In this study,
we successfully induced hepatic steatosis in DIO mice,
characterized by elevated hepatic TC and TG levels [25].

Mechanistically, the reduction in hepatic lipid accu-
mulation is likely mediated by enhanced fatty acid oxi-
dation and suppressed lipogenesis, as indicated by the
upregulation of key lipid metabolism-related genes such
as PPARa, PGCl-a, and CPTl«x in the liver [19, 26].
These findings align with the metabolic substrate shift
hypothesis, wherein SGLT2 inhibitors promote a shift
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from glucose to fatty acid utilization, thereby alleviating
hepatic fat accumulation [27]. Collectively, our results
further support the role of DaPa in promoting lipid
metabolism and attenuating hepatic steatosis through
these molecular mechanisms.

Inflammation is a key driver of MASLD progres-
sion [28] and pro-inflammatory cytokines such as IL-6
and TNF-a serve as diagnostic biomarkers for MASLD
[29]. Our study revealed significant upregulation of pro-
inflammatory cytokines, including TNF-a, IL-6, Ptgs2,
CCL2, CXCL1, and CXCL2 in DIO mice. Notably, DaPa
treatment markedly reduced the expression of these
inflammatory markers. Specifically, in contrast to Han et
al’s study, which reported no significant improvement in
TNF-a and IL-6 levels following 4-week DaPa treatment
(1 mg/kg/day) in HFD-induced obese mice [19], our
intervention achieved significant reductions in these key
inflammatory mediators. Furthermore, DaPa significantly
decreased the expression of macrophage marker F4/80
and neutrophil marker MPO, suggesting a reduction in
inflammatory cell infiltration in the liver. These findings
align with previous reports demonstrating that SGLT2
inhibitors, such as empagliflozin and canagliflozin, miti-
gate inflammation by modulating macrophage polariza-
tion, inhibiting the NLRP3 inflammasome pathway, and
reducing systemic and tissue-specific pro-inflammatory
cytokine secretion [30, 31]. For instance, Zhang et al.
[32] highlighted that SGLT2 inhibitors exert anti-inflam-
matory effects by downregulating TNF-a, IL-6, and
monocyte chemoattractant proteins, thereby improv-
ing metabolic and cardiovascular outcomes in patients
with T2DM. The anti-inflammatory properties of DaPa
are particularly crucial, as chronic inflammation not
only drives hepatocellular injury but also creates a pro-
fibrogenic microenvironment, facilitating the progression
from simple steatosis to steatohepatitis and fibrosis in
MASLD [33].

Building upon these anti-inflammatory effects, our
study further demonstrates that DaPa ameliorates oxida-
tive stress, another key pathological process in MASLD
progression [34]. The observed significant reduction in
MDA levels and increase in GSH content in DaPa-treated
mice indicate improved antioxidant capacity, suggesting a
restoration of redox homeostasis. These findings are con-
sistent with previous studies demonstrating that SGLT2
inhibitors reduce oxidative stress by enhancing mito-
chondrial function and reducing ROS production [35,
36]. Importantly, the interplay between oxidative stress
and inflammation is particularly relevant in MASLD
pathogenesis, as excessive ROS can activate the NLRP3
inflammasome and perpetuate inflammatory signaling
cascades [37]. The reduction in oxidative stress may also
contribute to the observed decrease in liver fibrosis [38],
as oxidative stress is known to activate hepatic stellate
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cells (HSCs) and promote extracellular matrix deposition
[39]. This connection between oxidative stress and fibro-
genesis provides a mechanistic basis for understanding
DaPa’s multi-faceted hepatoprotective effects.

Fibrosis is a critical determinant of MASLD progres-
sion, with activated HSCs playing a central role in extra-
cellular matrix deposition. In our study, we observed that
DaPa significantly reduces fibrotic areas in the liver, as
evidenced by decreased collagen deposition and expres-
sion of fibrotic markers such as a-SMA, collagen I, and
fibronectin. These results align with prior studies dem-
onstrating that SGLT?2 inhibitors attenuate liver fibrosis
by reducing HSC activation and collagen deposition [40].
Furthermore, Shen et al. [41]. reported that empagliflozin
alleviates fibrosis in MASLD by suppressing the TGEB
signaling pathway in HSCs. Clinical evidence indicates
that SGLT2 inhibitors significantly reduce liver stiffness
in patients with type 2 diabetes and MASLD, highlight-
ing their potential to ameliorate liver fibrosis progression
[42]. The anti-fibrotic effects of DaPa may be mediated
by its ability to reduce oxidative stress and inflammation,
both of which are key drivers of fibrogenesis in MASLD.

The development of effective pharmacological inter-
ventions for MASLD remains a significant challenge,
with limited therapeutic options currently receiving reg-
ulatory approval. Notably, resmetirom, a selective thyroid
hormone receptor beta (THR-P) agonist, has recently
gained attention as a potential therapeutic agent, demon-
strating efficacy in reducing both hepatic lipid accumu-
lation and fibrotic progression [43]. However, its safety
and efficacy remain to be considered [44, 45]. The limited
availability of therapeutic agents for MASLD stems from
its complex pathophysiology, characterized by heteroge-
neous disease mechanisms involving both intrahepatic
and systemic regulatory factors. Consequently, effec-
tive treatment strategies may necessitate pharmacologi-
cal interventions with pleiotropic actions or synergistic
combination therapies. However, SGLT?2 inhibitors offer
a unique advantage due to their pleiotropic effects on
glucose homeostasis, lipid regulation, and fibrotic pro-
cesses making them a promising therapeutic option for
MASLD, particularly in patients with coexisting T2DM
[46, 47].

This study has certain limitations that should be
acknowledged. First, while SGLT?2 inhibitors are reported
to increase food intake in animal models, typically neces-
sitating pair-feeding controls [48], we did not monitor
food intake during the experiment, which may have influ-
enced some results. Nevertheless, the observed improve-
ments in liver mass, lipid profiles, and histology align
with previous reports, supporting the reliability of our
findings. Second, although our study comprehensively
evaluated lipid accumulation, inflammation, oxidative
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stress, and fibrosis, the molecular mechanisms require
further exploration through in vitro studies.

In conclusion, our study demonstrates that dapa-
gliflozin attenuates MASLD progression in DIO mice
through multifaceted mechanisms, including the reduc-
tion of hepatic lipid accumulation, suppression of inflam-
matory responses, amelioration of oxidative stress, and
inhibition of fibrotic processes. Notably, unlike previ-
ous studies that either failed to observe improvements
in inflammation and systemic oxidative stress [19] or
employed higher DaPa doses without significant effects
on liver weight [18], our STZ/HFD-induced MASLD
model with T2DM revealed comprehensive therapeutic
effects at a commonly used dose, providing a more com-
plete understanding of dapagliflozin’s hepatoprotective
potential. These findings not only highlight the thera-
peutic promise of SGLT?2 inhibitors for MASLD manage-
ment, particularly in patients with concurrent T2DM,
but also underscore the importance of dose optimization
and comprehensive metabolic evaluation in future inves-
tigations. While our preclinical results are encouraging,
further clinical studies are warranted to validate these
findings and explore the long-term benefits and safety
profile of SGLT?2 inhibitors in MASLD patients, poten-
tially paving the way for novel therapeutic strategies in
metabolic liver diseases.
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