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Abstract
AIM: To investigate whether ezetimibe ameliorates 
hepatic steatosis and induces autophagy in a rat model 
of obesity and type 2 diabetes. 

METHODS: Male age-matched lean control LETO 
and obese and diabetic OLETF rats were administered 
either PBS or ezetimibe (10 mg/kg per day) via  
stomach gavage for 20 wk. Changes in weight gain and 
energy intake were regularly monitored. Blood and liver 
tissue were harvested after overnight fasting at the 
end of study. Histological assessment was performed 
in liver tissue. The concentrations of glucose, insulin, 
triglycerides (TG), free fatty acids (FFA), and total 
cholesterol (TC) in blood and TG, FFA, and TG in liver 
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tissue were measured. mRNA and protein abundance 
involved in autophagy was analyzed in the liver. To 
investigate the effect of ezetimibe on autophagy and 
reduction in hepatic fat accumulation, human Huh7 
hepatocytes were incubated with ezetimibe (10 μmol/L) 
together with or without palmitic acid (PA, 0.5 mmol/
L, 24 h). Transmission electron microscopy (TEM) 
was employed to demonstrate effect of ezetimibe on 
autophagy formation. Autophagic flux was measured 
with bafilomycin A1, an inhibitor of autophagy and 
following immunoblotting for autophagy-related protein 
expression.

RESULTS: In the OLETF rats that received ezetimibe 
(10 mg/kg per day), liver weight were significantly 
decreased by 20% compared to OLETF control rats 
without changes in food intake and body weight (P  < 
0.05). Lipid parameters including TG, FFA, and TC in 
liver tissue of ezetimibe-administrated OLETF rats were 
dramatically decreased at least by 30% compared to 
OLETF controls (P  < 0.01). The serum glucose, insulin, 
HOMA-IR, and lipid profiles were also improved by 
ezetimibe (P  < 0.05). In addition, autophagy-related 
mRNA expression including ATG5, ATG6, and ATG7 
and the protein level of microtubule-associated protein 
light chain 3 (LC3) were significantly increased in 
the liver in rats that received ezetimibe (P  < 0.05). 
Likewise, for hepatocytes cultured in vitro , ezetimibe 
treatment significantly decreased PA-induced fat 
accumulation and increased PA-reduced mRNA and 
protein expression involved in autophagy (P  < 0.05). 
Ezetimibe-increased autophagosomes was observed in 
TEM analysis. Immunoblotting analysis of autophagy 
formation with an inhibitor of autophagy demonstrated 
that ezetimibe-increased autophagy resulted from 
increased autophagic flux. 

CONCLUSION: The present study demonstrates that 
ezetimibe-mediated improvement in hepatic steatosis 
might involve the induction of autophagy.

Key words: Autophagy; Ezetimibe; Hepatic steatosis; 
Nonalcoholic fatty liver disease
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Core tip: As an anti-hypercholesterolemia drug, 
ezetimibe is reported to improve metabolic disorders. 
Moreover, the hepatic expression of Niemann-Pick 
C1-like 1 protein, the target of ezetimibe, has led 
to increased interest in the effects, which have not 
been fully delineated, of ezetimibe on the liver. In the 
current study, ezetimibe treatment improved hepatic fat 
accumulation, which was accompanied by the induction 
of hepatic autophagy in obese and diabetic rats. In 
addition, in vitro  hepatocytes treated with an inhibitor 
of autophagy showed that ezetimibe-induced autophagy 
resulted from an increase in autophagic flux. Therefore, 
ezetimibe-increased autophagy flux may play an 
important role in the improvement of hepatic steatosis. 

Chang E, Kim L, Park SE, Rhee EJ, Lee WY, Oh KW, Park 
SW, Park CY. Ezetimibe improves hepatic steatosis in relation 
to autophagy in obese and diabetic rats. World J Gastroenterol 
2015; 21(25): 7754-7763  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i25/7754.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7754

INTRODUCTION
The increasing prevalence of nonalcoholic fatty liver 
disease (NAFLD) by up to 30% in Western countries 
has resulted in NAFLD becoming the most common 
feature of chronic liver disease[1-3]. Numerous studies 
have demonstrated a positive correlation between 
metabolic disorders such as insulin resistance and 
obesity and the progression of liver fibrosis, cirrhosis, 
and hepatocellular carcinoma[1,4]. Given the rapidly 
increasing prevalence of NAFLD and its positive re-
lationship with metabolic syndrome, the prevention 
and attenuation of NAFLD is critical. 

Ezetimibe decreases intestinal cholesterol in-
corporation by blocking Niemann-Pick C1-like 1 
(NPC1L1) protein[5,6]. Given the association between 
dysregulated cholesterol metabolism and metabolic 
disorders, numerous human and animal studies have 
shown that the NPC1L1 inhibitor ezetimibe affects 
metabolic disorders including insulin resistance, type 
2 diabetes, and atherosclerosis[7-11]. In addition to 
intestinal NPC1L1 expression, NPC1L1 is also highly 
abundant in the liver[5,12]. Consequently, fatty liver is 
improved by ezetimibe in obese subjects undergoing 
weight loss intervention[13] as well as in subjects with 
NAFLD[14] and nonalcoholic steatohepatitis (NASH) with 
dyslipidemia[15]. Ezetimibe administration ameliorates 
hepatic steatosis in diet-induced fatty liver animal 
models[16,17], fatty liver Shionogi mice[18,19], db/db 
mice[20], and Zucker obese fatty rats[7,8]. Moreover, 
NPC1L1-ablated mice are protected from high fat-
induced fatty liver[21]. Together, these data support 
the possibility that NPC1L1 inhibition might be an 
effective method for treating NAFLD. However, more 
studies investigating the molecular and intracellular 
mechanisms by which ezetimibe regulates hepatic lipid 
metabolism and improves NAFLD are necessary.

Autophagy is the process of intracellular degradation 
via the formation of double-membrane structures 
known as autophagosomes, which is followed by their 
transport to lysosomes, fusion with the lysosomes to 
form autolysosomes, and finally, degradation of the 
contents enclosed within the inner autophagosomal 
membrane[22]. The role of autophagy is to maintain 
cellular homeostasis by routine turnover of cytoplasmic 
components under various stress conditions such as 
starvation, virus infection, and endoplasmic reticulum 
(ER) stress[23-26]. However, recent studies have sug-
gested a new function and role for autophagy in 
hepatic lipid storage via a process termed lipophagy. 
Hepatic lipid accumulation by lipid challenge inhibits 
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hepatic autophagy[27-29], and inhibition of autophagy 
by genetic knockdown or pharmacological methods 
increases hepatocyte triglyceride (TG) and cholesterol 
levels[27,29]. Importantly, these results may suggest a 
new mechanism for the treatment of hepatic steatosis. 

In the present study, we investigated the effects of 
ezetimibe on glycemic control, hepatic fat accumulation, 
and the induction of liver autophagy. In both a rat 
model of obesity and diabetes and palmitic acid (PA)-
treated hepatocytes, ezetimibe attenuated hepatic 
fat accumulation concomitant with increased hepatic 
autophagy.

MATERIALS AND METHODS
Animals
All animal experiments were conducted following the 
recommendations in the National Institutes of Health 
Guide for the Care and Use of Laboratory Animals 
and were approved by the Ethics Committee for 
Animal Experiments of Kangbuk Samsung Hospital, 
Sungkyunkwan University. Male OLETF (n = 11) and 
age-matched LETO rats (n = 3) were purchased from 
Otsuka Pharmaceuticals (Tokushima, Japan), and 
experiments were conducted in a specific pathogen-
free facility with a 12 h light/dark cycle at Kangbuk 
Samsung Hospital, Sungkyunkwan University. The 
OLETF rat is a model that represents late-onset 
hyperglycemia and exhibits a chronic disease course, 
mild obesity and clinical onset of diabetes mellitus[30,31]. 
Animals had unrestricted access to water and food 
(PicoLab Rodent Diet 20 5053, Purina Mills, Richmond, 
IN, United States). At 12 wk of age, rats were ran-
domized and treated with either PBS or ezetimibe (10 
mg/kg per day) via a stomach gavage for 20 wk. At 
the end of the study, the rats were fasted overnight 
and anesthetized with intraperitoneal Zoletil/Rompun. 
Blood was collected from the abdominal aorta, and 
liver tissues were dissected, immediately frozen in 
liquid nitrogen, and stored at -80 ℃ until further 
analysis. 

Cell culture
Huh7 human hepatocytes (Korean Cell Line Bank, 
Seoul, South Korea) were cultured in high glucose 
DMEM (Gibco, Grand Island, NY, United States) 
containing 10% FBS (Gibco), 100 units/mL penicillin 
and 100 μg/mL streptomycin (Gibco) at 37 ℃ in a 95% 
air/5% CO2 atmosphere. Ezetimibe was provided by 
Merck Sharp and Dohme Corp. (Rahway, NJ, United 
States). Hepatocytes were treated with or without 
ezetimibe (10 μmol/L, 1 h) and incubated with palmitic 
acid (PA, 0.5 mmol/L, 24 h; Sigma-Aldrich, St. Louis, 
MO, United States). Palmitic acid was prepared as 
previously described[32]. 

Measurement of metabolic parameters
Serum glucose and insulin were analyzed by enzymatic 

assay (Sigma-Aldrich and Crystal Chem, Downers 
Grove, IL, United States). The blood and liver TG 
levels were also measured by enzymatic assay 
(Sigma-Aldrich). Commercial kits were employed 
for the measurement of free fatty acid (FFA; Wako 
Pure Chemical Industries, Osaka, Japan) and total 
cholesterol (TC; Cayman Chemical Com., Ann Arbor, MI, 
United States). The liver metabolic parameters were 
normalized to their respective protein concentrations. 
The homeostasis model assessment of insulin resistance 
(HOMA-IR) was calculated using the following formula: 
fasting glucose (mmol/L) × fasting insulin (mU/L)/22.5. 

Histological Analysis and NAFLD activity score
Dissected liver tissues were fixed in 10% formalin 
buffer overnight. The tissues were then embedded in 
paraffin, sliced into 5-μm-thick sections, and stained 
with hematoxylin and eosin (HE). Digital images were 
captured with an Olympus BX51 light microscope 
(magnification, 200 ×, Tokyo, Japan). A pathologist 
blinded to the experimental conditions evaluated 
the NAFLD activity score (NAS). Three features of 
NAFLD, namely steatosis, lobular inflammation, and 
ballooning, were scored as described previously[33]. 
NAFLD activity score (NAS) was calculated as follows; 
steatosis (0-3), ballooning (0-2), and inflammation 
(0-3) were summed. 

RNA analysis
The total RNA was extracted using an RNeasy Mini 
Kit (Invitrogen, Carlsbad, CA, United States). A high-
capacity cDNA Kit (Applied Biosystems, Foster City, 
CA, United States) was used for cDNA synthesis. Real-
time quantitative PCR (RT-PCR) was performed with a 
Roche Lightcycler 480 (Roche, Mannheim, Germany) 
using Roche real-time PCR master mix and UPL. The 
primer sequences used are listed in Table 1. The PCR 
parameters were as follows: pre-denaturation at 95 ℃ 
for 10 min, followed by 45 cycles of denaturation at 
95 ℃ for 10 s, and annealing/extension at 60 ℃ for 20 
s. Expression of each target gene was normalized to 
housekeeping gene (GAPDH or β-actin) and expressed 
as the fold change relative to the control treatment. 
CT values of GAPDH or β-actin were not statistically 
different among groups. 

Immunoblot analysis
Equal amounts of protein were loaded into each 
lane of a 4%-20% gradient SDS polyacrylamide gel, 
separated by SDS-polyacrylamide gel electrophoresis, 
and transferred to polyvinylidene difluoride membranes 
(Millipore, Marlborough, MA, United States). The 
membranes were probed with the following primary 
antibodies: α-tubulin, ATG5, ATG6, LC3B, and GAPDH 
(Cell Signaling Technology, Danvers, MA, United States) 
followed by the appropriate secondary antibody. The 
immunoreactive bands were developed with the 
Amersham ECL plus system (Amersham-Pharmacia 
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as P < 0.05. 

RESULTS
Ezetimibe affects hepatic steatosis without changing 
body weight and food intake in OLETF rats
As shown in Table 2, the body weight and daily food 
intake were not significantly different between control 
and ezetimibe-treated OLETF rats. Despite the lack 
of difference in body weight, the liver tissue weight 
was significantly decreased (20%) by ezetimibe in 
OLETF rats (Table 2). Likewise, blood and liver lipid 
levels including TG, FFA, and TC were significantly 
decreased in ezetimibe-treated OLETF rats (Table 2). 
Moreover, OLETF rats showed higher serum levels of 
glucose, insulin, HOMA-IR, TG, FFA, and TC than LETF 
animals, which were significantly reduced by ezetimibe 
(Table 2). In addition, histological analysis indicated 
that OLETF control rats showed larger lipid droplets in 
hepatocytes than age-matched LETO controls, which 
were attenuated by administration of ezetimibe (Figure 
1A). Similar to these liver features, the NAFLD activity 
score (NAS) was also reduced by ezetimibe treatment 
(Figure 1B). 

Ezetimibe induces autophagy in OLETF liver tissue 
To address whether ezetimibe administration alters the 
catabolic autophagy process, we first examined the 
mRNA and protein expression of autophagy-related 
genes (ATG). Among identified 30 ATG genes[34], ATG5, 
ATG6, and ATG7 have been fully demonstrated using 
method of targeted deletion in animals and cells. In 
the process of autophagosome formation, ATG5 is 
conjugated and forms a complex with ATG12 and 
ATG16[35]. ATG6 and ATG7 are required for autophagy 
as a part of a lipid kinase complex or by specifically 
involvement in autophagosome formation[36,37]. In 
the present study, the hepatic mRNA expression of 
ATG5, ATG6, and ATG7 was significantly upregulated in 
ezetimibe-treated OLETF rats by at least 50% (Figure 
2A), but no significant difference in protein levels was 
observed (Figure 2B and C). Microtubule-associated 
protein light chain 3 (LC3) is related to the extent of 
autophagosome formation[38]. Specifically, the level 
of LC3-Ⅱ is closely associated with the number of 

Biotech, Arlington Heights, IL, United States). De-
nsitometry analysis was performed using ImageJ 
software (National Institutes of Health, Bethesda, MD, 
United States). 

Electron microscopy 
After washing with PBS, samples were fixed with 2.5% 
glutaraldehyde plus paraformaldehyde in 0.1 mol/L 
PBS (pH 7.4) for 2 h and washed three times for 30 
min in 0.1 mol/L PBS. Next, glutaraldehyde-fixed 
specimens were treated with 1% OsO4 in 0.1 mol/L 
PBS for 2 h, dehydrated in increasing concentrations of 
ethanol (50%-100%), infiltrated with propylene oxide, 
and embedded in an EPON mixture. Polymerized 
sections were then cut, stained, and examined using 
transmission electron microscopy (JEM-1101, JEOL, 
Japan).

Statistical analysis
The data are expressed as the mean ± SE. Student’s 
t test were employed for comparisons of two matched 
groups using PASW Statistics 18 (SPSS Inc., Chicago, 
IL, United States). Statistical significance was defined 

Table 1  Primers used for real-time quantitative-polymerase chain reaction

Organism Gene Forward primer Reverse primer

Human ATG5 CAACTTGTTTCACGCTATATCAGG CACTTTGTCAGTTACCAACGTCA
ATG6 GGATGGTGTCTCTCGCAGAT TTGGCACTTTCTGTGGACAT
ATG7 CCGTGGAATTGATGGTATCTG TCATCCGATCGTCACTGCT

GAPDH AGCCACATCGCTCAGACAC GCCCAATACGACCAAATCC
Rat β-actin CCTGTATGCCTCTGGTCGTA CCATCTCTTGCTCGAAGTCT

ATG5 CTGTTCGATCTTCTTGCATCA TCCTTTTCTGGAAAACTCTTGAA
ATG6 CAGGCGAAACCAGGAGAG CGAGTTTCAATAAATGGCTCCT
ATG7 TTCTTAGAAGATTTGACTGGTCTTACA TCACTCATGTCCCAGATCTCA

ATG: Autophagy-related gene; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

Table 2  Metabolic characteristics of the LETO control and 
control or ezetimibe-treated OLETF

LETO control
(n  = 3)

OLETF 
control
(n  = 5)

OLETF 
Ezetimibe
(n  = 6)

Body weight (g) 524.00 ± 1.15b 617.67 ± 23.29  642.29 ± 20.47
Daily food intake (g)     3.61 ± 0.12b   5.06 ± 0.30    4.62 ± 0.13
Liver tissue weight (%BW)     2.52 ± 0.05a   3.60 ± 0.29     2.90 ± 0.10a

Serum concentration
   Glucose (mmol/L)     5.24 ± 0.01b 10.23 ± 0.13     7.25 ± 0.08b

   Insulin (ng/mL)       0.10 ± 0.002b   0.82 ± 0.08     0.29 ± 0.05b

   HOMA-IR     0.57 ± 0.01b   3.84 ± 0.26     1.75 ± 0.04b

   TG (mmol/L)     4.56 ± 0.08b 12.94 ± 0.94     9.83 ± 0.94a

   FFA (mmol/L)     0.37 ± 0.01b   0.69 ± 0.02     0.51 ± 0.02b

   TC (μmol/L) 124.02 ± 4.34b 466.22 ± 12.32 255.08 ± 5.10b

Liver concentration
   TG (mmol/mg protein)   14.75 ± 0.72b 22.72 ± 1.21     6.66 ± 1.01b

   FFA (nmol/mg protein)     9.93 ± 0.64b 18.90 ± 1.35   13.10 ± 0.60b

   TC (nmol/mg protein)     4.74 ± 0.41b 17.81 ± 0.98   12.66 ± 0.50b

Data are expressed as the mean ± SE. aP < 0.05, bP < 0.01 vs OLETF control. 
BW: Body weight; FFA: Free fatty acids; HOMA-IR: Homeostasis model 
assessment of insulin resistance; TC: Total cholesterol; TG: Triglycerides. 
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autophagosomes present; thus, the ratio between LC3-I 
and LC3-Ⅱ (LC3 conversion) can be used to measure 
the extent of autophagy[39]. In the current study, 
liver LC3 conversion (LC3-Ⅱ/LC3-Ⅰ) was decreased 
in OLETF controls compared to LETO controls, but 
ezetimibe administration significantly increased the 
relative ratio of LC3-Ⅱ to LC3-Ⅰ by 15% (Figure 2B 
and C). 

In vitro effects of ezetimibe on TG levels and autophagy 
in Huh7 hepatocytes
Human huh7 hepatocytes were pretreated with ez-
etimibe (10 μmol/L, 1 h) and incubated with PA (0.5 
mmol/L, 24 h) to induce hepatic steatosis. As shown in 
Figure 3A, ezetimibe treatment significantly attenuated 
PA-increased TG levels, which was consistent with 
our animal study. PA treatment resulted in an 
approximately 20% decrease in mRNA expression of 
ATG5, ATG6, and ATG7, which had been increased by 
ezetimibe treatment (Figure 3B). In addition, ezetimibe 
treatment significantly increased the PA-induced 
reduction in LC3 protein abundance (Figure 3C and 
D). However, p62, specific substrates for autophagy 
turnover and degradation[40] was significantly elevated 
by PA which was attenuated by ezetimibe in PA-treated 
hepatocytes (Figure 3C and D). Transmission electron 
microscopy (TEM) was employed to investigate the 

effects of ezetimibe on hepatocyte autophagosome 
formation. As shown in Figure 4A, PA plus ezetimibe-
treated hepatocytes exhibited increased formation of 
autophagosomes compared to the PA-treated cells. To 
determine if ezetimibe increases autophagic flux, cells 
were co-treated with bafilomycin A1 (BAF), an inhibitor 
of autophagy that inhibits the vacuolar type H+-ATPase, 
and immunoblotting for LC3 was performed. The results 
shown in Figure 4B and C indicate that the combination 
of PA and ezetimibe in the presence of BAF increased 
the ratio of LC3-Ⅱ to LC-Ⅰ, suggesting that ezetimibe 
affects autophagic flux in PA-treated hepatocytes. 

DISCUSSION
Ezetimibe is a drug used to lower blood cholesterol 
levels by targeting NPC1L1[5,6]. As described in previous 
studies showing ezetimibe-mediated improvement 
in metabolic syndrome[7-11], we found that chronic 
ezetimibe treatment improves glycemic control and 
leads to an increase in bioactive glucagon-like peptide-1 
(GLP-1) and pancreatic β-cell mass in OLETF rats[41]. 
In addition, recent findings concerning hepatic NPC1L1 
expression and its ability to mediate improvement in 
hepatic fat accumulation have attracted new research 
interest[42]. Previous studies have suggested that 
ezetimibe attenuates hepatic steatosis by decreasing 
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hepatic oxidative stress and improving hepatic insulin 
sensitivity and lipid metabolism[7,8,16-20]. However, most 
studies used a mouse model in which hepatic NPC1L1 
expression is undetectable. Therefore, these findings 
might be associated with the ability of ezetimibe to 
inhibit intestinal cholesterol uptake and the subsequent 
reduction in hepatic lipid trafficking, rather than a 
direct effect on liver and hepatic fat metabolism. In the 
current study, we investigated the role of ezetimibe 
in hepatic fat accumulation using both in vivo and 
in vitro models. Age-matched LETO rats were used 
to compare with OLETF rats. OLETF control rats 
showed bigger liver size, heavier body weight, and 
higher glucose and insulin levels than those of LETO 
controls. Ezetimibe administration in OLETF rats (n = 
5) significantly decreased liver weight and serum and 
liver lipid parameters including TG, FFA, and TC levels, 
compared to OLETF control animals (n = 6). In addition 
to the improvement of hepatic fat accumulation, we 
also found that ezetimibe significantly decreased 
serum concentrations of glucose and insulin and 
HOMA-IR, an index of insulin resistance in OLETF rats, 
consistent with our previous study[41] and numerous 
other studies[7-9,13,17,20]. Moreover, in vitro hepatocytes, 
ezetimibe treatment significantly reduced PA-induced 
TG accumulation (P < 0.05). According to the most 

accepted hypothesis for hepatic steatosis, the multi-hits 
model, the accumulation of FFAs and TG in hepatocytes 
is the first hit which led up to subsequent hits to more 
advanced stages of liver injury[43]. Thus, ezetimibe-
decreased concentrations of lipid parameters in the 
serum and liver might show the preventive effects of 
ezetimibe on the initial stage of NAFLD. 

As a bulk degradation system, autophagy breaks 
down the plasma membrane and extracellular proteins 
in the lysosomal pathway via the formation of double-
membrane structures known as autophagosomes[22]. 
This catabolic pathway has been described recently as 
a regulator of lipid storage and metabolism, sugges-
ting that autophagy might be a potential therapeutic 
target for excessive fat accumulation[44]. Genetic and 
dietary animal models for obesity and hepatic steatosis 
decrease mRNA expression of autophagy-related 
genes and conditional ATG7-knockout mice improves 
hepatic lipid accumulation[27,45]. These animal studies 
reveal that autophagy play a major role in hepatic lipid 
metabolism. Moreover, deleted autophagy-related gene 
(ATG) leads to impaired insulin signaling and increased 
endoplasmic reticulum (ER) stress. Restoration of 
ATG in liver of this ATG deficient animals, decreases 
ER stress and improves hepatic insulin action[46]. It 
demonstrates that autophagy is involved in intracellular 

3.0

2.5

2.0

1.5

1.0

0.5

0.0
ATG5                    ATG6                  ATG7

m
RN

A 
ex

pr
es

si
on

 (
fo

ld
 c

ha
ng

e)

LETO con
OLETF con
OLETF Ez

a

a

A

a

2.5

2.0

1.5

1.0

0.5

0.0
ATG5                    ATG6                LC3-Ⅱ/Ⅰ

Pr
ot

ei
n 

ex
pr

es
si

on
 (

fo
ld

 c
ha

ng
e)

LETO con
OLETF con
OLETF Ez

bC

a

ATG5

ATG6

LC3-Ⅰ
LC3-Ⅱ

α-tubulin

LETO con              OLETF con                       OLETF Ez

B

Figure 2  Ezetimibe increases autophagy makers in OLETF liver tissue. mRNA level (A) and protein expression (B and C) was measured and expressed as 
the fold change compared to OLETF control. ATG 5 and 6 protein expression was normalized by α-tubulin and LC3 protein abundance was expressed as the ratio 
between LC3-Ⅱ (14 kDa) and LC3-Ⅰ (16 kDa). Results are presented as mean ± SE. aP < 0.05, bP < 0.01 vs OLETF control. ATG: Autophagy-related gene; LETO 
con: LETO control; OLETF con: OLETF control; OLETF Ez: OLETF ezetimibe.
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lipid storage, release of fatty acids from triglyceride 
within hepatocyte lipid droplets, lipotoxicity-induced ER 
stress, and hepatic insulin sensitivity. In addition, liver 
specific autophagy deficient mice show hepatocyte 
cell death and liver injury[47]. In autophagy deficient 
cells, hepatocyte survival is impaired and production 
of TNFα is increased, all of which leads to hepatocellu-
lar carcinoma[48]. Moreover, autophagy is associated 
with cell death by interacting with Fas-associated 
protein with death domain (FADD)[49]. It suggests that 
autophagy plays a critical role of tumor-suppression 
mechanism. 

In the present study, ezetimibe administration 
decreased liver weight and lipid levels and improved 
serum metabolic parameters and histological features, 
in addition to increasing the expression of LC3-Ⅱ, in 
a rat model of type 2 diabetes. The ezetimibe-induced 
autophagy that we observed was consistent with a 
recent study showing that ezetimibe plays a role in 
cholesterol homeostasis and liver degeneration in α1-
antitrypsin deficiency[50]. To induce hepatic steatosis, 
we incubated Huh7 human hepatocytes with 0.5 
mmol/L PA for 24 h. As shown in a previous study, PA 
treatment in hepatocytes significantly decreases autoph-
agy, suggesting that hepatic autophagy is associated 

with hepatic fat accumulation[29]. In the present 
study, ezetimibe treatment increased PA-decreased 
autophagosome formation in Huh7 hepatocytes as 
determined by TEM and Western blotting of LC3-Ⅱ and 
p62 expression. In an autophagic flux assay designed 
to measure changes in LC3-Ⅱ in the presence of BAF, 
an inhibitor of late-phase autophagy that prevents 
fusion between autophagosomes and lysosomes, 
ezetimibe treatment increased the level of LC3-Ⅱ. 
Taken together, these data indicate that ezetimibe 
induces autophagy in PA-treated hepatocytes. Despite 
important findings illustrating the involvement of 
ezetimibe in autophagy formation and the improvement 
of hepatic fat accumulation, our study has limitations; 
gender bias, small sample size, and not to demonstrate 
direct ezetimibe action to autophagy. Like most previous 
other studies, the present study used only male animals 
to demonstrate the influence of ezetimibe on liver 
to prevent confounding factors such as reproductive 
cycles and hormone fluctuations. To know exactly how 
ezetimibe improves hepatic steatosis in women, further 
studies with female animal model are necessary to 
be executed. In addition, further investigation is also 
needed to determine whether ezetimibe as autophagy 
inducer is directly involved in the improvement of 
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COMMENTS
Background
Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic 
liver disease representing fat accumulation with hepatocytes. NAFLD is strongly 
associated with other components of metabolic syndrome. Given the high 
prevalence of NAFLD and its positive correlation with metabolic syndrome, it is 
important to prevent fat accumulation in the liver. However, there is no satisfying 
therapeutic strategy for NAFLD.
Research frontiers
Ezetimibe, a Niemann-Pick C1-Like 1 inhibitor has been used as an agent for 
hypercholesterolemia. In addition to the favorable effects of ezetimibe on lipid 
metabolism, numerous studies demonstrate that ezetimibe improves other 
metabolic disorders such as hepatic steatosis and diabetes. However, the 
mechanisms by which ezetimibe influences hepatic fat accumulation are still 
unclear.
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hepatic steatosis by using liver-specific targeted ATG 
modification in animals with large sample number 
and precise methods such as electron microscopy, 
fluorescence microscopy, molecular assays, and use of 
chemical modulators. 

In conclusion, ezetimibe treatment attenuates 
hepatic fat accumulation and improves hyperglycemia, 
which is accompanied by an increase in autophagy flux. 
To the best of our knowledge, this is the first study to 
show that ezetimibe induces autophagy in the liver of 
diabetic rats and PA-treated hepatocytes. Our findings 
suggest a possible target of ezetimibe action and the 
potential for the use of ezetimibe in the treatment of 
hepatic steatosis.
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Figure 4  Ezetimibe increases autophagosome formation and autophagic flux in hepatocytes. Electron microscopy of hepatocytes demonstrated ezetimibe-induced 
autophagy (A). Representative blot (B) and quantitative analysis (C) expressed as LC3-Ⅱ (14 kDa)/LC3-Ⅰ (16 kDa) followed by sample/control (mean ± SE). aP < 0.05, 
bP < 0.01, vs control in the absence of PA and BAF; cP < 0.05, PA vs PA + Ez in the absence of BAF; dP < 0.01, vs control in the absence of PA but in the presence of BAF. 
fP < 0.01, PA vs PA + Ez in the presence of BAF. BAF: Bafilomycin A1; Con: Control; Ez: Ezetimibe; PA: Palmitic acid. 
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Innovations and breakthroughs
In this current study, ezetimibe administration improved glucose homeostasis 
and serum and hepatic lipid parameters, which is accompanied by increased 
autophagy-related gene and protein expression in liver of obese and diabetic 
rats. Authors also found that ezetimibe might affect autophagic flux in fatty acid-
treated hepatocytes.
Applications 
The results in the present study suggest a possible target of ezetimibe action 
and potential use of ezetimibe in the treatment of NAFLD.
Terminology
Autophagy is a cellular catabolic process by lysosome-dependent machinery, 
which role is to maintain cellular energy homeostasis. Ezetimibe is a lipid-
lowering compound that selectively inhibits the intestinal cholesterol.
Peer-review
The manuscript describes the effect of ezetimibe on hepatic steatosis in a rat 
model of obesity and type Ⅱ diabetes. Major conclusion of the manuscript 
is the induction of autophagy in the liver by application of ezetimibe and, 
therefore, a reduction of hepatic steatosis. The idea of ezetimibe as inducer of 
autophagy in the liver/hepatocytes is in line with a previous report by a different 
group earlier this year. There are several points that need to be addressed. 
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