
R ESEARCH  ARTICLE

doi: 10.2306/scienceasia1513-1874.2024.076
ScienceAsia 50 (4): 2024: ID 2024076: 1–9

11β- hydroxysteroid dehydrogenase type 1 selective inhibitor
alleviates insulin resistance and non-alcoholic fatty liver
disease in db/db mice

Wen-wen Qia, Yong Liub, Peng-fei Liuc, Mei Yib, Chao Zhangb, Shuang Zhangd, Li-Yong Zhonga,∗
a Department of Endocrinology, Beijing Tiantan Hospital, Capital Medical University, Beijing 100070 China
b Department of Ultrasound, Beijing Shijitan Hospital, Capital Medical University, Beijing 100038 China
c Department of Anesthesiology, Beijing Shijitan Hospital, Capital Medical University, Beijing 100038 China
d Department of Pathology, Beijing Shijitan Hospital, Capital Medical University, Beijing 100038 China

∗Corresponding author, e-mail: zhongliyong@bjtth.org
Received 27 May 2023, Accepted 6 Jul 2024

Available online 19 Sep 2024

ABSTRACT: Non-alcoholic fatty liver disease, often linked to insulin resistance, is associated with increased expression
of 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1) in liver tissue. We here assessed the effects of the 11β-HSD1
inhibitor BVT.2733 on non-alcoholic fatty liver disease and its underlying mechanisms. Mice were divided into three
groups: control, db/db, and db/db+BVT.2733. After 4 weeks, serological testing was conducted, and glucose tolerance
and insulin sensitivity were assessed. The severity of non-alcoholic fatty liver disease was evaluated using B-ultrasound,
Hematoxylin and Eosin staining, and Oil Red O staining. Liver corticosterone levels were measured using enzyme-linked
immunosorbent assay. Liver expression of 11β-HSD1, Phosphatidylinositol 3-kinase (PI3K) -Serine-Threonine kinase
(AKT)-Mammalian target of rapamycin (mTOR) signaling pathway-related proteins, and autophagy-related proteins
were analyzed by western blot. The results indicated that the leptin receptor-deficient mice db/db showed significant
glucolipid metabolism disorder, insulin resistance, and increased non-alcoholic fatty liver disease severity, compared
with the control group. BVT.2733 treatment ameliorated these conditions. Specifically, BVT.2733 downregulated liver
11β-HSD1 expression, resulting in reduced liver corticosterone levels. Additionally, BVT.2733 enhanced hepatocyte
autophagy, activated the PI3K-AKT signaling pathway and inhibited the mTOR signaling pathway. These findings
suggest that BVT.2733 not only improves glucolipid metabolism and insulin resistance but also mitigates non-alcoholic
fatty liver disease, in leptin receptor-deficient mice db/db. The underlying mechanism likely involves decreased liver
corticosterone levels and enhanced hepatocyte autophagy, mediated by the PI3K-AKT and mTOR signaling pathways.
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INTRODUCTION

Insulin resistance refers to the weakened biological
response of the body to a certain concentration of
insulin [1]. In severe cases, it can lead to non-alcoholic
fatty liver disease (NAFLD), considered the hepatic
manifestation of insulin resistance [2, 3]. Further-
more, NAFLD is associated with the high expression
of 11β-hydroxysteroid dehydrogenase type 1 (11β-
HSD1) in liver tissues [4].

11β-HSD1 is a glucocorticoid reductase that con-
verts inactive cortisone into active cortisol. In rodents,
it converts 11-dehydrocorticosterone to its active form,
corticosterone (CORT), with high expression in liver,
muscle, and adipose tissues [5]. 11β-HSD1 amplifies
the biological effects of local glucocorticoids in tissues,
disrupting glucose and lipid metabolism and exacer-
bating insulin resistance [4]. Moreover, knocking out
the 11β-HSD1 gene or using an 11β-HSD1 inhibitor
alleviates insulin resistance, by decreasing gluconeo-
genesis [6] and increasing glucose uptake by skeletal
muscle [7]. However, the mechanism by which 11β-
HSD1 alleviates NAFLD remains unclear.

The Phosphatidylinositol 3-kinase (PI3K)-Serine-

threonine kinase (AKT) -Mammalian target of ra-
pamycin (mTOR) signaling pathway is a classic in-
sulin signaling pathway, involved in the synthesis of
glycogen, lipids and proteins. Abnormalities in this
pathway result in insulin resistance [8]. Glucocor-
ticoids have a direct inhibitory effect on the PI3K-
AKT pathway [9]. Meanwhile, mTOR is a significant
regulator of autophagy initiation [10]. Autophagy
is an intracellular degradation process that delivers
cytoplasmic materials to the lysosome for degrada-
tion [11]. When autophagy is dysfunctional, the
metabolism of adipose tissue, skeletal muscle, and liver
is adversely affected [12]. Autophagy dysfunction also
exacerbates hepatic steatosis in mice when inhibited by
chloroquine [13]. Conversely, promoting autophagy
relieve NAFLD [14].The use of autophagy enhancers
like rapamycin or carbamazepine has a protective ef-
fect on high-fat diet-induced NAFLD by directly in-
ducing hepatic autophagy [13]. Natural extracts such
as resveratrol have also demonstrated the ability to
improve NAFLD by enhancing autophagy [15]. Based
on this, we hypothesize that, the 11β-HSD1 inhibitor
alleviates insulin resistance and NAFLD, by reducing
liver CORT levels, involving the PI3K-AKT-mTOR sig-
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naling pathway, and promoting hepatocyte autophagy.
BVT.2733 has been identified as a novel 11β-

HSD1 inhibitor. Leptin receptor-deficient mice db/db
(db/db), serves as an animal model for spontaneous
type 2 diabetes. These mice typically exhibit hyper-
glycemia, obesity, insulin resistance and NAFLD [16].
In this study, we assessed the effects of BVT.2733 on
insulin resistance and NAFLD in db/db mice, focusing
on its mechanism from the perspective of autophagy
and the PI3K-AKT-mTOR signaling pathway.

MATERIALS AND METHODS

Animal grouping and model establishment

8-week-old male C57BLKSJ and db/db mice were
maintained in the Animal Laboratory of Beijing Shijitan
Hospital, Capital Medical University, in an environ-
ment with air circulation, a temperature of 22 °C–25 °C
and a humidity of 40%–70%. The mice had free access
to food and water. The experimental protocol was
approved by the Animal Ethics Committee of Beijing
Shijitan Hospital, adhering to the principles of animal
welfare.

The mice were randomly assigned to three groups
for a 4-week feeding experiment: control group
(C57BLKSJ mice, n = 9), db/db group (db/db mice,
n = 9), and db/db +BVT.2733 group (db/db mice
treated with BVT.2733, n = 9). Each mouse in the
db/db +BVT.2733 group received an intragastric ad-
ministration of BVT.2733 (T2057, TargetMol Co. Ltd,
USA) at a dose of 100 mg/kg/day. After 4 weeks,
intraperitoneal glucose tolerance test (IPGTT), insulin
tolerance test (ITT) and Type-B Ultrasonic test were
performed. Subsequently, mice were anaesthetized
with chloral hydrate, and blood samples and liver
tissues were collected for further experiments.

IPGTT and ITT

To evaluate glucose tolerance and insulin sensitivity,
IPGTT and ITT were conducted. For the IPGTT, glucose
(2 g/kg) was injected intraperitoneally after overnight
fasting. Blood samples were collected from the tail vein
at 0, 15, 30, 60, 120 and 180 min after injection. For
the ITT, insulin (1 U/kg) was injected intraperitoneally
after a 4-h fasting. Blood samples were collected from
the tail vein at 0, 30, 60, 90, and 120 min after
injection. Blood glucose levels were measured by using
a glucose meter (AccuCheck, Roche, Switzerland). The
area under the curve generated from the data collected
during the IPGTT or ITT was calculated using Graph-
Pad Prism 9.0 (GraphPad, USA).

Type-B ultrasonic

To evaluate liver size and the degree of NAFLD, we
examined the mice using Type-B Ultrasonic imaging.
Since there is no precise method to calculate liver
volume, we estimated the size by measuring the fol-
lowing diameters: the transverse diameter of the whole

liver, the up-down diameter of the right liver lobe, the
anterior-posterior diameter of the right liver lobe, and
the anterior-posterior diameter of the left liver lobe.
These measurements were taken using the LOGIQ E9
ultrasound imaging system. Due to the small size of
the up-down diameter of the left liver lobe, it was not
measured. The ML6-15 probe frequency was set at
15.0 MHz, under MSK SUP with a gain of 50 dB.

The degrees of NAFLD were classified into four
grades: no fatty liver, mild fatty liver, moderate fatty
liver, and severe fatty liver. The criteria are as follows:
1) No fatty liver: The normal liver has a homogeneous
echogenic structure with an echogenic intensity equal
to or slightly greater than that of the renal cortex and
spleen. Due to fat infiltration, the liver’s echogenic
intensity surpasses that of the renal cortex and spleen.
Various grades of steatosis have been proposed based
on visual analysis of echo intensity. 2) Mild fatty liver:
Slight increase in echogenicity with clear intrahepatic
vascular boundaries and diaphragm. 3) Moderate fatty
liver: Moderate increase in echogenicity, obscuring the
echogenic walls of portal vein branches. 4) Severe fatty
liver: Near-field diffuse punctate hyper-echogenicity
with far-field echo attenuation, sparse light spots, and
the echogenic liver obscuring the diaphragmatic out-
line. The intrahepatic duct structure is not clear. Three
ultrasound doctors assisted with these examinations.

Serological detection

Fasting serum glucose, total cholesterol, triglyceride,
alanine transaminase, and aspartate aminotransferase
levels were measured using a Toshiba 120 automatic
biochemical analyzer. The serum insulin levels were
determined by radioimmunoassay, using 125Iodine
Insulin Radioimmunoassay Kit (S10930046, Beijing
North Institute of Biotechnology Co., China), follow-
ing the manufacturer’s instructions. The homeostatic
model assessment of insulin resistance (HOMA-IR)
was calculated using the formula: HOMA-IR = serum
glucose (mmol/l) × insulin (mU/l)/22.5.

Enzyme linked immunosorbent assay

Liver CORT levels were determined by enzyme linked
immunosorbent assay, using the CORT Assay Kit
(H205, Nanjing Jiancheng Bioengineering Institute,
China), following the manufacturer’s instructions.
The results were analyzed with a Microplate Reader
(Spark10M, Tecan, Switzerland) at 450 nm, ELISAcalc
software was used for plotting the standard curve and
data extrapolation.

Hematoxylin and eosin (HE) staining and NAFLD
activity score

The liver tissues were washed with ice-cold phosphate
buffer, fixed in 4% paraformaldehyde for 24 h, dehy-
drated through an alcohol gradient, cleared in xylene,
and embedded in paraffin. The tissues were sliced into
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5-µm sections using a microtome (KD-P, Zhejiang Kedi
Instrumental Equipment Co., Ltd., Jinhua, China),
conventionally dewaxed to water, and stained with HE
to observe hepatocyte morphology.

The NAFLD activity score is the sum of three scores
used for a semi-quantitative assessment of NAFLD
progression. The steatosis score was based on the
percentage of liver tissue affected: 0 (< 5%), 1 (5%–
33%), 2 (> 33%–66%), and 3 (> 66%). The lobular
inflammation score was determined by assessing in-
flammatory foci per field of view at a magnification
of 200× : 0 (no foci), 1 (< 2 foci), 2 (2–4 foci), and
3 (> 4 foci). Hepatocyte ballooning was scored as
follows: 0 (none), 1 (few ballooning cells), and 2
(many ballooning cells). Liver sections stained with
HE were scored by a clinical pathologist.

Oil Red O (ORO) staining

ORO staining was used to detect fat droplets in the
liver. After fixation in 4% paraformaldehyde for 24 h,
liver tissues were immersed in 30% sucrose solution
for 48 h at 4 °C for dehydration. The tissues were
then embedded in an optimal cutting temperature
compound (4583, Sakura, Japan) and sectioned into
8 µm slices using a cryotome (CM1860, Leica, USA).
The sections were rinsed with 60% isopropanol for
2 min, stained with ORO working solution for 10 min,
and then rinsed again with 60% isopropanol for 10 s.
Finally, the sections were observed under a light micro-
scope (Leica Biosystems, Shanghai, China). The ORO-
positive area was calculated using ImageJ software
(National Institutes of Health, USA).

Western blot

The isolated livers were homogenized in RIPA Lysis
Buffer (P0013C, Beyotime , China) containing pro-
tease inhibitor (A8260, Solarbio, China) and pro-
tein phosphatase inhibitor (P1260, Solarbio), and
then processed using an ultrasonic disruptor (UP-250,
Tuohe Mechanical and Electrical Technology Co., Ltd.,
China). The lysates were centrifuged at 12000 rpm
for 15 min at 4 °C, and the protein concentrations
were measured using a bicinchoninic acid protein
assay kit (P1513-2, Applygen, China). Equal vol-
umes of proteins were separated by 4%–20% SDS/-
PAGE gels (36231ES10, Yeasen, China) and trans-
ferred to PVDF membranes (Biosharp, China). The
membranes were blocked in 5% skimmed milk for
2 h at room temperature and then incubated with pri-
mary antibodies against 11β-HSD1 (ab169785), and
PI3K (ab191606), from Abcam, USA; phosphorylated
PI3K (P-PI3K) (YP0224), AKT (YT0177), and phos-
phorylated AKT( p-AKT) (YT0006), from Immunoway,
USA; mTOR (ab134903), phosphorylated mTOR(p-
mTOR) (ab109268), microtubule-associated protein
1 light chain 3II/I (LC3II/I) (ab192890), and nucle-
oporin 62 (P62) (ab109012), from Abcam; β-actin

(8H10D10, CST, USA); and β-tubulin (AF7011, Affinity
Biosciences, USA) at 4 °C overnight. Subsequently, the
membranes were incubated with secondary antibody
goat anti-rabbit IgG (ab186694, Abcam) for 2 h at
room temperature. The membranes were scanned
using an infrared imaging system (Odyssey CLX, LI-
COR, USA). Relative protein levels were calculated
using ImageJ software (National Institutes of Health,
USA), and the values were normalized to β-tubulin or
β-actin.

Data analysis

Data were expressed as mean±SD and analyzed using
SPSS 26.0 (IBM, USA). The data distribution was
evaluated using the Shapiro-Wilk test. For normally
distributed data, differences between the three groups
were analyzed by one-way analysis of variance fol-
lowed by Bonferroni or Dunnett’s multiple compari-
son test. For nonparametric data, differences were
analyzed by the Kruskal-Wallis test followed by the
Mann-Whitney U test. A repeated measures analysis
of variance was used to compare group differences in
the IPGTT or ITT. The degree of NAFLD was compared
using Fisher’s exact test. p < 0.05 was considered
statistically significant.

RESULTS

BVT.2733 alleviates insulin resistance and
glucolipid metabolism disorder in db/db mice

To assess the impact of BVT.2733 on insulin resis-
tance and glucolipid metabolism disorder, db/db mice
were utilized in this study. The experimental time-
line is depicted in Fig. 1A. Compared with the db/db
group, treatment with BVT.2733 significantly reduced
the levels of fasting serum glucose, total cholesterol,
triglyceride, serum insulin, and HOMA-IR (p < 0.05
or p < 0.01) (Fig. 1B–F). In IPGTT, mice treated with
BVT.2733 exhibited faster glucose recovery (p < 0.01)
(Fig. 1G). Similarly, in ITT, the glucose levels of the
db/db +BVT.2733 group were lower than those of
the db/db group (p < 0.01) (Fig. 1I). The area under
the curve of IPGTT (Fig. 1H) and ITT (Fig. 1J) were
significantly decreased in the db/db +BVT.2733 group,
compared with the db/db group (p < 0.05 or p <
0.01). These findings indicate that BVT.2733 alleviates
insulin resistance and glucolipid metabolism disorder
in db/db mice.

BVT.2733 alleviates NAFLD in db/db mice

The efficacy of BVT.2733 in alleviating NAFLD was
assessed in db/db mice. Treatment with BVT.2733 re-
sulted in decreased serum alanine transaminase levels
(p < 0.01) (Fig. 2A) and aspartate aminotransferase
levels (p < 0.05) (Fig. 2B), compared with the db/db
group. Compared with the control group, the db/db
group exhibited increased transverse diameter of the
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Fig. 1 BVT.2733 alleviates insulin resistance and glucolipid metabolism disorder in db/db mice. (A) Timeline of the experiment;
(B) Glucose; (C) Total cholesterol; (D) Triglyceride; (E) Insulin; (F) HOMA-IR; (G) IPGTT; (H) Area under the curve of IPGTT;
(I) ITT; (J) Area under the curve of ITT. ** p < 0.01, vs. control group. # p < 0.05, ## p < 0.01, vs. db/db group.

whole liver, up-down diameter of the right liver lobe,
anterior-posterior diameter of the right liver lobe, and
anterior-posterior diameter of the left liver lobe (p <
0.01). Following BVT.2733 intervention, the up-down
diameter of the right liver lobe decreased (p < 0.05)
and the anterior-posterior diameter of the left liver
lobe decreased (p < 0.01) (Fig. 2C). While there was
no statistical difference in the other two diameters,
the mean length of all four diameters was reduced,
suggesting that BVT.2733 could relieve hepatomegaly
(Fig. 2C).

Furthermore, BVT.2733 improved the degree of
NAFLD, with moderate to severe NAFLD decreas-
ing from 62% in the db/db group to 0% in the
db/db +BVT.2733 group (Fig. 2D). Representative im-
ages of Type-B ultrasonic (Fig. 2E) showed increased
echogenicity of the liver, blurring of intrahepatic ves-
sels, and mild attenuation of the posterior beam in the
db/db group compared with the control group, which
were less pronounced in the db/db +BVT.2733 group.

HE staining (Fig. 2F) revealed that hepatocytes

in the control group had clear hepatic lobules with
normal morphology and structure. In contrast, hep-
atocytes in the db/db group showed diffuse fatty
degeneration and obvious ballooning degeneration,
which were alleviated by BVT.2733. The NAFLD ac-
tivity score, used for a semi-quantitative assessment
of NAFLD progression, increased in the db/db group
compared with the control group (p< 0.01). However,
after treatment with BVT.2733, the NAFLD activity
score decreased (p < 0.01) (Fig. 2G).

Consistently, ORO staining (Fig. 2H) and the
ORO staining-positive area (Fig. 2I) demonstrated that
BVT.2733 alleviated lipid deposition. Collectively,
these results indicate that BVT.2733 could alleviate
NAFLD in db/db mice.

BVT.2733 decreases liver 11β-HSD1 and CORT
levels

To investigate the inhibitory effect of BVT.2733 on
liver 11β-HSD1 and CORT levels, we examined the
expression of 11β-HSD1 and the levels of CORT in the
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Fig. 2 BVT.2733 alleviates NAFLD in db/db mice. (A) Alanine transaminase; (B) Aspartate aminotransferase; (C) Comparisons
of main diameters of mice liver by Type-B ultrasonic; (D) Proportion of NAFLD with different degrees; (E) Representative
images of Type-B ultrasonic. The white arrow represents the mouse liver and the red arrow represents the mouse right
kidney. (F) HE staining diagrams of mice liver (40x or 100x magnification). Scale bars 50 µm. The circle represents the
structure of normal hepatic lobule. The white arrow represents the ballooning degeneration and the red arrow represents
fatty degeneration. (G) NAFLD activity score; (H) ORO staining diagrams of mice liver, (40x or 100x magnification). Scale
bars 50 µm. (I) ORO-positive area (%). ** p < 0.01, vs. control group. # p < 0.05, ## p < 0.01, vs. db/db group.

liver. The expression of liver 11β-HSD1 in the db/db
group was higher compared with the control group.
Treatment with BVT.2733 led to a significant decrease
in the expression of 11β-HSD1 (p < 0.05) (Fig. 3A).

Consistent with the decrease in 11β-HSD1 expres-
sion, BVT.2733 also reduced liver CORT levels (p <
0.05) (Fig. 3B). These findings indicate that BVT.2733
effectively decreases liver 11β-HSD1 expression and
CORT levels in db/db mice.

BVT.2733 activates the PI3K/AKT signaling
pathway and inhibits the mTOR signaling pathway

To investigate the molecular mechanism underlying
the improvement of insulin resistance and NAFLD by
BVT.2733, we assessed the expressions of proteins
related to the PI3K-AKT-mTOR signaling pathway. Rep-
resentative protein bands are shown in Fig. 4A. Results

indicate that BVT.2733 increased the expression of
p-PI3K (p < 0.01) (Fig. 4C) and p-AKT (p < 0.05)
(Fig. 4E), while inhibiting the expression of p-mTOR
(p < 0.01) (Fig. 4G). There were no statistically signif-
icant differences in the expressions of PI3K, AKT, and
mTOR (p > 0.05) (Fig. 4B,D,F).

BVT.2733 promotes hepatocyte autophagy

To elucidate the effect of BVT.2733 on autophagy,
we examined the expressions of autophagy-related
proteins. Representative protein bands are shown in
Fig. 5A. Compared with the db/db group, the expres-
sion of LC3II/I was increased (p < 0.01) (Fig. 5B),
while the expression of P62 was decreased (p < 0.05)
(Fig. 5C) in the liver tissue of the db/db +BVT.2733
group. These results suggest that BVT.2733 promotes
hepatocyte autophagy.
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expression levels of LC3II/I and P62. * p < 0.05, ** p < 0.01 vs. control group. # p < 0.05, vs. db/db group.

DISCUSSION

In this study, we observed that BVT.2733 improved
glucose metabolism, lipid metabolism, and insulin re-
sistance, consistent with previous literature [17]. The
liver, an important target organ of insulin, is often
associated with NAFLD in insulin resistance. NAFLD
is characterized by hepatocyte steatosis without a his-
tory of excessive drinking. The spectrum of NAFLD
includes simple fatty liver, steatohepatitis, fatty liver
fibrosis, and cirrhosis, which vary with the disease’s
progression [18]. Our findings confirmed NAFLD in
the db/db group using Type-B Ultrasonic. The db/db
group exhibited increased serum alanine transaminase
and aspartate aminotransferase levels, massive fatty
degeneration, and ballooning degeneration, indicat-
ing that some mice in the db/db group progressed
to steatohepatitis. BVT.2733 alleviated NAFLD from
morphological to pathological aspects.

Liver 11β-HSD1 activity or expression is decreased
during steatosis, serving as a protective mechanism
to limit hepatic cortisol exposure and lipid accumu-
lation. However, with the onset of steatohepatitis,
11β-HSD1 activity or expression increases [19]. Our
study demonstrated that liver 11β-HSD1 expression
in the db/db group was higher than that in the
control group. BVT.2733 decreased liver 11β-HSD1
expression, thereby blocking glucocorticoid amplifica-
tion. We hypothesized that elevated liver 11β-HSD1
expression leads to increased local CORT in the liver,
contributing to NAFLD. Conversely, the administration
of BVT.2733 reversed these effects.

Abnormalities in the insulin signaling pathway are
crucial in the development of insulin resistance. The
PI3K-AKT pathway is a classic insulin signaling path-
way that, when activated, reduces liver gluconeogen-
esis by inhibiting the expressions of phosphoenolpyru-
vate carboxykinase and glucose-6-phosphatase. It also
reduces the expression of glycogen synthase kinase-

3β, promoting glycogen synthesis [20]. AKT pro-
motes lipid synthesis and inhibits lipolysis through
the mTOR1-RPS6KB1 pathway [8]. Numerous studies
have shown that activating PI3K/AKT is beneficial in
improving insulin resistance or related target organ
damage [21–25]. Glucocorticoids directly inhibit the
PI3K/AKT signaling pathway [21], potentially explain-
ing how elevated liver CORT leads to insulin resistance
and NAFLD. Our research demonstrated that the PI3K-
AKT signaling pathway was inhibited in liver tissues of
the db/db group but could be activated by BVT.2733.

mTOR is a downstream target of the PI3K-AKT
signaling pathway and regulates various cellular pro-
cesses, including gene transcription, protein transla-
tion, apoptosis, autophagy, cell cycle, and energy bal-
ance [26, 27]. In the early stages of diabetes, mTOR
positively regulates the growth and insulin secretion of
pancreatic β-cells. However, prolonged overactivation
of mTOR leads to ineffective insulin secretion mecha-
nisms and β-cell death [28]. In the liver, mTOR activa-
tion promotes hepatic insulin resistance by degrading
IRS1, contributing to dysregulated glucose and lipid
homeostasis [29]. Our research showed that p-mTOR
expression increased in the db/db group compared
with the control group, and this increase could be
partially inhibited by BVT.2733. While PI3K-AKT is
generally believed to positively regulate the mTOR
signaling pathway [12]. Our research observed incon-
sistencies between the trends of PI3K-AKT and mTOR
expression. This discrepancy could be explained by
several factors. First, mTOR can downregulate the
PI3K-AKT signaling pathway through feedback inhi-
bition [30, 31]. Second, mTOR is affected not only
by PI3K-AKT but also by adenosine monophosphate
activated protein kinase (AMPK). Under insulin resis-
tance, the AMPK signaling pathway is downregulated,
leading to mTOR activation [11, 32]. The inhibitory
effect of mTOR by PI3K-AKT is counterbalanced by
AMPK activation, which activates mTOR [11, 12].
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mTOR also plays a crucial role in regulating
autophagy initiation, as its activation inhibits au-
tophagy [10]. During autophagy, LC3I is enzymatically
degraded to form LC3II [33]. P62 binds to ubiq-
uitinated proteins and forms a complex with LC3-II,
which is degraded in the autophagosome [34]. LC3II/I
and P62 are hallmark proteins of autophagy [11].
To counteract the lipotoxic effects of free fatty acids,
autophagy is induced and activated to maintain mi-
tochondrial stability in hepatocytes, thus mitigating
the lipotropic impact of free fatty acids. However
sustained nutritional imbalance and abnormal insulin
signaling pathways disrupt hepatic autophagy flow,
leading to the onset of NAFLD [35]. Knocking down
autophagy-related gene 5 results in increased hepatic
triglycerides and lipid droplets [36], whereas the over-
expression of autophagy-related gene 7 reduces endo-
plasmic reticulum stress and hepatic steatosis in obese
mice, highlighting the importance of autophagy as a
regulator [14]. Our research indicates that autophagy
level of db/db group was lower than that in the control
group, and BVT.2733 promoted autophagy. Autophagy
has a certain protective effect on hepatic steatosis
caused by insulin resistance. In addition, appropriate
enhancement of autophagy can combat inflammation
by inhibiting the transcription and maturation of pro-
inflammatory cytokines, thereby aiding in mitigating
the impact of inflammation on the liver and improving
liver steatosis [37].

CONCLUSION

In summary, BVT.2733 improved glucose metabolism,
lipid metabolism, and insulin resistance, and alleviated
NAFLD in db/db mice. The mechanism may involve
the decreased liver CORT levels and the promotion of
hepatocyte autophagy, mediated by the PI3K-AKT and
mTOR signaling pathways.
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