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Abstract
Background ‒ Nonalcoholic fatty liver disease (NAFLD)
is the leading cause of liver disease worldwide, and no
effective treatment exists until now. Glucagon-like pep-
tide-1 receptor agonists are becoming the preferred
therapeutic option for the management of obesity and
are becoming the preferred treatment options for the
management of both NAFLD and type 2 diabetes mellitus,
but the molecular mechanisms are still unclear.
Methods ‒ Forty-five healthy male Wistar rats were
divided into three groups: normal control, high-fat diet
(HFD) group, HFD + liraglutide (100mg/kg body weight)
group. Biochemical parameters and adipokine levels were
examined in the serum of rats. In order to judge the
degree of steatosis of NAFLD, the magnetic resonance
imaging and histopathology of the liver were also studied.
Results and conclusion ‒ Liraglutide caused a signifi-
cant decrease in the serum fasting glucose and improved
the insulin resistance, dyslipidemia, and liver enzymes. It
reduced the adipokine level, and alleviated the histo-
pathology of liver of rats in the steatosis, ballooning, and
lobular inflammation when compared to the HFD group.

Thus, liraglutide demonstrated amelioration of NAFLD by
decreasing the adipokine levels in this animal model and
seems to be a promising molecule for the management of
NAFLD.

Keywords: glucagon-like peptide-1 receptor agonists, adipo-
kine, hepatic steatosis, nonalcoholic fatty liver disease

1 Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease worldwide [1], affecting
approximately 20–35% of the adult population [2].
NAFLD represents a spectrum of diseases ranging from
simple steatosis to nonalcoholic steatohepatitis, which
may evolve into hepatic fibrosis, cirrhosis, and even-
tually hepatic carcinoma [3–5]. Its pathogenesis is
complex and not yet fully understood; however, accu-
mulating data suggest that several adipokines, particu-
larly adiponectin, leptin, resistin, ghrelin, and visfatin,
are involved in the manifestation of the disease [6–8].
Among these, resistin and visfatin have been intensively
studied. Resistin induces hepatic ischemia–reperfusion
injury, whereas adipokines are proinflammatory media-
tors that have been implicated in hepatic lipogenesis and
liver fibrogenesis. Pagano et al. reported that serum
resistin levels are correlated with the severity of steatosis,
inflammation, and fibrosis in patients with NAFLD [6,7].
In addition, visfatin has proinflammatory properties and
is increased in patients with ischemia–reperfusion injury
[7]. Visfatin levels have been demonstrated to correlate
with the severity of hepatic steatosis and fibrosis [8].
However, several previous studies have shown incon-
sistent results with respect to visfatin level and its
correlation with NAFLD [9–11]. Previous published reports
were mostly human observational studies.

Only limited data exist on the effects of various
NAFLD treatment strategies on adipokine levels. Owing to
their overall safety and efficacy, glucagon-like peptide-1
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receptor agonists (GLP-1RAs) are becoming the preferred
therapeutic option for the management of both obesity
and type 2 diabetes mellitus (T2DM) [12]. Liraglutide is the
most commonly used type of GLP-1RAs. Recent clinical
trials have demonstrated that GLP-1RAs could signifi-
cantly reverse hepatocyte injury and liver inflammation in
patients with T2DM and NAFLD [13,14]. However, the
effects of GLP-1RAs on NAFLD in obese patients without
T2DM are unknown. The precise molecular mechanisms
of GLP-1RAs are still unclear. So we inferred that the
therapeutic effect of GLP-1RAs on NAFLD was mediated
by modulating the adipokine levels.

In this study, we investigated the effects of GLP-1RAs
on adipokine levels and hepatocyte steatosis in a rat
model of obesity and NAFLD, to help identify the
molecular mechanism of GLP-1RAs in reversing hepato-
cyte injury and liver inflammation in patients with T2DM
and NAFLD.

2 Materials and methods

2.1 Animal model

The study protocol was approved by the Institutional Animal
Ethnics Committee of Changzhi Medical College. Forty-five
healthy, 6- to 7-week-old male Wistar rats, weighing 120 ±
20 g, were purchased from the Experimental Animal Center of
Changzhi Medical College. The rats were housed in a
constant environment of 15–25°C with 12-h light/dark cycles.
All rats had free access to food and water. The animals were
randomly divided into the control group (15 rats) and the
model group (30 rats). Rats in the model group were fed a
high-fat diet (HFD) (82.5% normal diet + 10% lard + 2%
cholesterol; Lanji Technology Development Co., Ltd,
Shanghai, China). After 20 weeks, the rats were euthanized
and their livers were harvested for pathologic examination to
determine whether the NAFLD rat model was successfully
established.

2.2 Drug intervention

At the end of 12 weeks, 15 rats in the model group were
randomly selected and administered with a 0.1 mg/kg/
day dose of liraglutide, which was the most commonly
used GLP-1RAs (HFD + L group). The remaining 15 rats

were administered with sodium chloride physiologic
solution (0.9% NaCl) injection (HFD group) for 8 weeks.

2.3 Serum biochemical parameters, liver
function, adipokines, and hematoxylin–
eosin staining of liver tissue

The rats were sacrificed at 20 weeks (15 rats per group).
Serum alanine aminotransferase (ALT), aspartate transami-
nase (AST), triglyceride (TG), total cholesterol (TC), fasting
blood glucose (FBG), and fasting insulin (FINS) levels were
measured using an automatic biochemical analyzer (Hitachi
7600, Tokyo, Japan). The insulin resistance index (homeo-
stasis model assessment of insulin resistance [HOMA-IR])
was assessed using a steady-state model. HOMA-IR
was calculated using the following formula: HOMA-IR =
(FBG × FINS)/22.5. The serum resistin and visfatin levels
were measured using sensitive enzyme-linked immuno-
sorbent assay kits (EMD Merck Millipore, Burlington, MA,
USA; BIO-SWAMP RA20271, Beijing, China). The intra-
assay and inter-assay coefficients of variation for resistin
and visfatin were <10%.

Liver tissues (1 cm × 1 cm × 0.5 cm) were fixed in 4%
multiformaldehyde for 24h. Thereafter, the tissues were
rinsed with water, dehydrated, made transparent, dipped in
wax, embedded, and sliced into 5 µm sections for hema-
toxylin–eosin staining. Histopathologic changes were ob-
served using a microscope, and the NAFLD activity scores
(NASs) were computed [15,16].

2.4 Hepatic fat fraction of rats measured
using in-phase and out-of-phase
magnetic resonance imaging

All rats underwent magnetic resonance imaging (MRI)
using an axial three-dimensional volumetric interpo-
lated breath-hold examination Dixon sequence, and
hepatic fat fraction (HFF) was measured using two
regions of interest in the left liver lobe and one region of
interest in the right liver lobe. The HFF value was
calculated using the following formula: HFF = (SIin −
SIout)/2 × SIin, where SIin means signal of in phase image
and SIout means signal of out of phase [17]. The HFF
value among different groups of rats and the correlation
of HFF value with serum adipokine level were analyzed.
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2.5 Statistical analysis

SPSS19.0 software (IBM Armonk NY) was used to analyze
data. Experimental data are expressed as mean ±
standard deviation. One-way analysis of variance was
used for in-between group comparisons, and p < 0.05
was considered statistically significant. The correlations
of serum levels of resistin and visfatin with NASs and
HOMA-IR were evaluated using Pearson’s correlation
analysis, and partial correlation analysis was performed
after adjusting for weight.

3 Results

3.1 Effect of liraglutide on weight, serum
fasting glucose levels, insulin
resistance, lipid profile, and liver
enzymes

There was a significant increase in weight, serum fasting
glucose level, insulin level, and HOMA-IR in rats in the HFD
group compared with those in the normal control group (p <
0.05) (Table 1). Rats fed HFD showed a significant increase in
serum triglyceride, total cholesterol, low-density lipoprotein

cholesterol levels (p < 0.05), and a significant decrease
in high-density lipoprotein cholesterol level (p < 0.05),
compared with rats in the normal control group (Table 1).
Liraglutide (100mg/kg) significantly reduced the serum
glucose level (p < 0.05), insulin level (p < 0.05), HOMA-IR
(p < 0.05), and low-density lipoprotein cholesterol level
(p < 0.05) (Table 1).

3.2 Effect of liraglutide on adipokine levels

HFD induced a significant increase in serum resistin
levels compared with the normal diet (p < 0.01), whereas
liraglutide (100mg/kg) significantly decreased the re-
sistin levels in HFD rats (p < 0.05). Meanwhile, serum
visfatin levels showed an increasing trend in the HFD
group and a decreasing trend in the HFD + L group, but
the difference was not statistically significant (Table 2).

3.3 Effect of liraglutide on liver pathology in
NAFLD rats

Representative histopathologic images of liver tissues of
rats in the different groups are shown in Figure 1. Rats in
the normal control group had normal liver architecture
with the presence of healthy hepatocytes and central
vein (Figure 1a). Livers from rats in the HFD group
showed severe fatty deposition, ballooning, and fatty
degeneration of hepatocytes with lobular inflammation
(Figure 1b). Rats administered with 100mg/kg liraglutide
showed considerable improvement in liver histo-
pathology, demonstrating only mild fatty degeneration
of hepatocytes and moderate parenchymatous infiltra-
tion of inflammatory cells (Figure 1c). Livers from rats in
the HFD group showed higher NASs than the NC group,

Table 1: Effect of liraglutide on weight, serum fasting glucose
levels, insulin resistance, lipid profiles, and liver enzymes in rats

Variables NC HFD HFD + L

Weight (g) 539.7 ± 61.9 563.7 ± 107.3* 534.3 ± 50.1#

Fasting glucose
(mmol/L)

8.9 ± 0.8 10.4 ± 2.0** 8.7 ± 1.0##

HOMA-IR 2.84 ± 0.69 12.4 ± 2.1** 9.04 ± 2.1#

TG (mmol/L) 0.45 ± 0.27 0.85 ± 0.05* 0.25 ± 0.09#

TC (mmol/L) 2.46 ± 0.37 3.22 ± 0.27** 2.0 ± 0.36##

LDL-C (mmol/L) 0.51 ± 0.09 0.85 ± 0.02* 0.26 ± 0.05##

HDL-C
(mmol/L)

1.41 ± 0.36 1.39 ± 0.27* 1.54 ± 0.08#

ALT (IU/L) 23.64 ± 3.16 115.4 ± 5.25** 92.94 ± 9.84#

AST (IU/L) 27.23 ± 3.59 62.52 ± 5.95** 58.6 ± 7.39

Results are shown as mean ± SD (15 rats per group). *p < 0.05
compared to the normal control group,**p < 0.01 compared to the
normal control group, #p < 0.05 compared to the HFD group, ##p <
0.01 compared to the HFD group. Abbreviations: NC, normal
control; HFD, high-fat diet; HFD + L, HFD and treated with 0.1
mg/kg/day liraglutide; HOMA-IR, insulin resistance index; TG,
triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; ALT,
alanine aminotransferase; AST, aspartate aminotransferase.

Table 2: Effect of liraglutide on serum adipokine levels

Adipokine NC HFD HFD + L

Resistin 0.1 ± 0.02 0.25 ± 0.01** 0.20 ± 0.01##

Visfatin 1.06 ± 0.1 1.26 ± 0.01 1.15 ± 0.03

Results are shown as mean ± SD (15 rats per group). *p < 0.05
compared to the normal control group, **p < 0.01 compared to the
normal control group, #p < 0.05 compared to the HFD group, ##p <
0.01 compared to the HFD group. Abbreviations: NC, normal
control; HFD, high-fat diet; HFD + L, HFD and treated with
0.1 mg/kg/d liraglutide.
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and administered with 100mg/kg liraglutide showed
considerable lower NASs than the HFD group.

3.4 Correlation of adipokine levels with
HOMA-IR and NASs

There was a significant positive correlation between
resistin levels and HOMA-IR in the HFD and HFD + L
groups (r = 0.47, p = 0.018) (Table 3 and Figure 2).
However, no statistical correlation was observed be-
tween visfatin levels and HOMA-IR (r = 0.20, p = 0.51)
(Table 3 and Figure 2). There was a significant positive

Figure 1: Effect of liraglutide on liver histopathology of rats fed HFD (hematoxylin–eosin staining). Representative images for each group
are shown (magnification 100×). (a) Representative liver histopathology of rats in the normal control group (normal hepatocytes and
central vein are depicted). (b) Representative liver histopathology of rats fed HFD (severe steatosis, fatty degeneration of hepatocytes, and
inflammation are depicted). (c) Representative liver histopathology of rats fed HFD and treated with 100mg/kg liraglutide (mild fatty
degeneration of hepatocytes and moderate inflammation are depicted). (d) NASs of rat livers. Data are shown as mean ± standard deviation
for 15 rats per group. *p < 0.05 compared with the normal control group; #p < 0.05 compared with the HFD group. Abbreviations: NC,
normal control; HFD, high-fat diet; HFD + L, high-fat diet and treatment with 0.1 mg/kg liraglutide; FD, fatty degeneration due to steatosis
and ballooning of hepatocytes; CV, central vein; H, hepatocytes; +, mild; +++, severe.

Table 3: Correlation coefficients for serum adipokine levels with
NASs and Homa-IR in rats fed high-fat diet

NASs Homa-IR

Unadjusted Weight-
adjusted

Unadjusted Weight-
adjusted

Resistin 0.50* 0.51* 0.47* 0.51**

Visfatin 0.13 0.13 0.20 0.13

Note: Pearson’s correlation coefficients (unadjusted) and partial
correlation coefficients (weight adjusted) after adjustment for
weight. *p < 0.05, **p < 0.01. Abbreviations: NASs, NAFLD activity
scores; HOMA-IR, homeostasis model assessment of insulin
resistance.
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correlation between resistin levels and NASs in rats in
the HFD and HFD + L groups (r = 0.5, p = 0.013) (Table 3
and Figure 2). However, no statistical correlation
between visfatin levels and NASs was observed in rats
in the fatty liver group (r = 0.13, p = 0.50) (Table 3).

3.5 Correlation of adipokine levels with HFF
value measured using MRI

The in-phase and out-of-phase MRI techniques based on
the two-point Dixon technique have been confirmed to
have high value in diagnosing NAFLD and judging its
severity. Using this method, we analyzed liver fatty
degeneration and the correlation of the HFF value with
serum adipokine level in all rats. As a result, we found a
higher HFF value in the HFD group than the NC group
(p < 0.01), and considerable lower HFF value in the
HFD + L group than the HFD group (p < 0.01). Moreover,
we found a significant positive correlation between
resistin levels and HFF value (r = 0.47, p = 0.03)
(Figure 3). However, no statistical correlation was
observed between visfatin level and HFF value.

4 Discussion

The underlying pathophysiology of NAFLD is not fully
understood; however, obesity and insulin resistance
seem to play key roles in its manifestation [18,19].
Adipose tissue or body fat is a type of loose connective
tissue composed mostly of adipocytes that are derived

from preadipocytes. Adipokines, including adiponectin,
leptin, resistin, and visfatin, are secreted from adipose
tissue [20]. Accumulating data suggest that adipokines
are involved in the pathogenesis of NAFLD; hence, they
may represent attractive targets for the treatment of
patients with NAFLD [21]. However, the available data
for circulating adipokines associated with NAFLD remain
controversial. Several studies have shown that in
patients with NAFLD, serum resistin levels are correlated
with insulin resistance and the severity of steatosis,
inflammation, and fibrosis [6–8]. However, our previous
study demonstrated that serum resistin levels were
positively correlated with serum lipids and not with
insulin resistance in first-degree relatives of patients
with T2DM [22]. Li et al. demonstrated that serum
visfatin levels were significantly higher in NAFLD rats
than in rats in the control group, whereas decreasing
visfatin level was therapeutically beneficial [23]. How-
ever, the study by Johannsen et al., which included 2,429
human subjects, demonstrated no association between
visfatin levels and the presence or absence of NAFLD or
the degree of hepatic fatty infiltration [24], whereas Qiu
et al. reported that decreased circulating levels of
visfatin and adiponectin were independently associated
with an increased risk of NAFLD in 372 adults [25]. These
inconsistent findings may be related to the different
objectives of each study. However, most studies con-
firmed the role of adipokines in the pathogenesis of
NAFLD. In the present study, we also observed a positive
correlation of serum resistin level with insulin resistance
and NASs in NAFLD rats. Meanwhile, serum visfatin
levels showed a tendency toward a positive correlation,
but the difference was not statistically significant, which
may be due to the insufficient sample size. Our results

Figure 2: Correlation of serum resistin levels with NASs and HOMA-IR in the rat model of NAFLD. Pearson’s correlation coefficients after
adjustment for weight are shown. Serum resistin levels had significant correlations with NASs and HOMA-IR. However, serum visfatin levels
had no significant correlations with NASs and HOMA-IR. Abbreviations: NASs, NAFLD activity scores; HOMA-IR, homeostasis model
assessment of insulin resistance.
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were consistent with those of the previous studies
[6–8,23,26]. To further investigate the relationship of
adipokines and NAFLD, we used the in-phase and out-
of-phase MRI techniques, which have been reported to
have a significant correlation with histologic findings of
fatty liver, and to have high value in diagnosing and
judging the degree of steatosis of NAFLD. As a result, we
found a significant positive correlation between serum
resistin level and HFF value in rats [17]. This further
confirmed the association between resistin level and the
degree of hepatic fatty infiltration of NAFLD. Never-
theless, to further verify the results, further studies with
a larger sample size are still needed.

Given the role of adipokines in the pathogenesis of
NAFLD, interventions aimed at modulating the adipo-
kine levels might have beneficial effects on liver
histology. Many pharmacologic agents used in the
management of NAFLD affect the adipokine levels.
Several studies have shown that pioglitazone, met-
formin, and vitamin E improve liver histology in
NAFLD by affecting the adiponectin levels [27]. Data on
the effects of treatments for NAFLD on resistin and visfatin
levels are more limited [21]. Although numerous research
and clinical studies have demonstrated the efficacy
of liraglutide in improving NAFLD [26], its molecular
mechanism remains to be elucidated. Improvement in

Figure 3: In-phase and out-of-phase magnetic resonance (MR) images and correlation of serum resistin levels with the HFF value in
different groups of rats. (a and b) Representative liver in-phase and out-of-phase MR images of rats in the normal control group. The signal
of the out-of-phase image was nearly the same as that of the in-phase image. (c and d) Representative liver in-phase and out-of-phase MR
images of rats fed an HFD. The out-of-phase image had significantly lower signal than the in-phase image, and the HFF value was 32.23%.
(e and f) Representative liver in-phase and out-of-phase MR images of rats fed HFD and treated with 100mg/kg liraglutide. The out-of-
phase image had slightly lower signal than the in-phase image, and the HFF value was 18.67%. (g) HFF value for rat livers of each group.
The HFD group have higher HFF value than NC group, and HFD + L group showed considerable lower HFF value than HFD group. Data are
shown as mean ± standard deviation for 15 rats per group. **p < 0.01 compared with the normal control group; ##p < 0.01 compared with
the HFD group. Abbreviations: NC, normal control; HFD, high-fat diet; HFD + L, high-fat diet and treatment with 100mg/kg liraglutide.
(h) Serum resistin level showed a significant positive correlation with the HFF value. However, there was no significant correlation between
serum visfatin level and HFF value. Abbreviations: NC, normal control; HFD, high-fat diet; HFD + L, high-fat diet and treatment with
0.1 mg/kg liraglutide; HFF, hepatic fat fraction.

694  Miaomiao Jin et al.



NAFLD after liraglutide administration has been sug-
gested to be associated with the effects of liraglutide on
insulin sensitivity and its anti-inflammatory action
[28–30]. In our study, we used a rat NAFLD model and
observed that the serum resistin and visfatin levels in
rats in the NAFLD group were significantly higher than
those in rats in the control group. The use of GLP-1RAs
significantly decreased the serum resistin levels and
improved the liver histopathology of rats. In addition,
GLP-1RA administration decreased the serum visfatin
levels, but the difference was not statistically significant.
Our results were consistent with those of the previous
studies [6–8,23,26]. We believe that GLP-1RAs ameliorate
NAFLD by regulating adipokine levels, both systemically
and locally, partly independent of weight loss.

This study had some limitations. In the future, we
aim to investigate how GLP-1RAs affect the expression
levels of adipokines in hepatic tissue and their effect on
lipid metabolic genes in the liver.

5 Conclusion

Adipokines, particularly resistin and visfatin, seem to
play a role in the development of NAFLD in rats fed high-
fat diet. Amelioration of NAFLD treated with liraglutide
may be mediated by decreasing the resistin and visfatin
levels in this animal model. Our study offers additional
insights into the potential role of GLP-1RAs as ther-
apeutic agents and of adipokines as therapeutic targets
in NAFLD.

Abbreviations

ALT alanine aminotransferase
AST aspartate aminotransferase
FBG fasting blood glucose
FINS fasting insulin
GLP-1RAs glucagon-like peptide-1 receptor agonists
HDL-C high-density lipoprotein cholesterol
HFD high-fat diet
HFD + L high-fat diet and treatment with 0.1 mg/kg

liraglutide
HFF hepatic fat fraction
HOMA-IR homeostasis model assessment of insulin

resistance
LDL-C low-density lipoprotein cholesterol
MRI magnetic resonance imaging

NAFLD nonalcoholic fatty liver disease
NASs NAFLD activity scores
T2DM type 2 diabetes mellitus
TC total cholesterol
TG triglycerides
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