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ABSTRACT Adiponectin can participate in the regu-
lation of glucose and lipid metabolism, energy regula-
tion, immune response, resistance to inflammation,
oxidative stress, and apoptosis. Studies in rodents dem-
onstrated that the small molecule compound adiponec-
tin receptor agonist AdipoRon could activate the
adiponectin receptor and played the same biological
role as adiponectin. To explore the influence and regu-
lation of AdipoRon on lipid metabolism disorder in
Huoyan goose liver, in this study, goslings were fed a
high-fat diet and then administered different dosages of
AdipoRon. Subsequently, goose body weight, liver
index, liver histopathological changes, blood glucose,
blood and liver lipid, biochemical indexes related to
liver function and oxidative stress, and the expression
levels of genes related to lipid metabolism, inflamma-
tion, apoptosis, and autophagy, adiponectin and its
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receptors, key molecules of adiponectin involved signal
pathway, and transcription factors in the liver, were
detected using H&E and Oil red O staining, ELISA,
and qRT-PCR methods. The results indicated that
AdipoRon could alter the expression of lipid metabo-
lism-related genes, inflammatory factors, apoptosis and
autophagy genes, and adiponectin and its receptor
genes in liver tissues through signaling pathways such
as AMPK and p38 MAPK, as well as the involvement
of transcription factors such as PPARa, PPARg,
SIRT1, and FOXO1, reduce the lipid content in blood
and liver tissues of geese fed high-fat diets, improve
liver antioxidant capacity, regulate apoptosis and
autophagy of hepatocytes, and reduce liver inflamma-
tory injury. Our study suggests that AdipoRon has a
protective effect on fatty liver injury in goslings fed a
high-fat diet.
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INTRODUCTION

Adiponectin is a cytokine secreted by adipose tissue
which is involved in the regulation of various physiologi-
cal functions, molecular and cellular events such as sugar
and lipid metabolism, energy regulation, immune
response, as well as resistance to inflammation, oxidative
stress and apoptosis (Fang and Judd, 2018). Adiponec-
tin could exert biological functions by initiating a series
of downstream signaling events in various target tissues
such as skeletal muscle, liver, heart, kidney and pancreas
mainly through its receptors AdipoR1 and AdipoR2.
Reports found that Adiponectin and its receptors could
be expressed in tissues such as pituitary gland, hypothal-
amus, liver, skeletal muscle, ovary, spleen, and kidney of
birds such as chickens and geese (Maddineni, 2005;
Cao et al., 2015). The liver is the main target organ of
adiponectin. In the liver tissue, adiponectin binds to its
specific receptor and can induce the activation of a series
of signaling pathways, exerting its regulatory carbohy-
drate and lipid metabolism, and antioxidative stress
effects (Gamberi et al., 2018).
At present, there are many studies on adiponectin,

but because the monomeric form of adiponectin cannot
play its role, the structure of synthetic adiponectin poly-
mers is unstable, and adiponectin in vivo requires a high
plasma concentration, these limits the direct application
of adiponectin in clinical medicine (Wu et al., 2019).
During the process of studying the mechanism of adipo-
nectin, it was found that AdipoR1 and AdipoR2 play an
important role in regulating glucose and lipid metabo-
lism, inflammation and oxidative stress in the body.
Therefore, another strategy that can replace adiponectin
is to find agonists that can activate AdipoR1 and Adi-
poR2 receptors, and thus performing the same biological
role as adiponectin. AdipoRon is a small molecule com-
pound obtained by Professor MikiOkada-Iwabu, at the
Institute of Pharmaceutical Research, University of
Tokyo, Japan. AdipoRon has been found to bind to
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AdipoR1 and AdipoR2 in rodents, showing similar
effects as adiponectin (Okada-Iwabu et al., 2013).

The liver is the primary site of lipid metabolism for
birds. The lipids of poultry, especially waterfowl (ducks
and geese), are mainly derived from endogenous hepatic
synthesis (Wei et al., 2021). Abnormalities in one or
more metabolic pathways such as fatty acid synthesis
and esterification, fatty acid transport, fatty acid oxida-
tion, lipolysis, and utilization in the liver can lead to
lipid metabolism disorders, excessive accumulation of
triglycerides and free fatty acids in hepatocytes leads to
steatosis, increased fatty acid oxidation produces exces-
sive ROS causing oxidative stress and inflammatory
response, and fatty liver disease occurs. Fatty liver dis-
ease in poultry occurs frequently in young meat-type
and egg-laying poultry, resulting in excessive liver fat
deposition, reduced liver function, decreased egg produc-
tion rate, and increased mortality. With the rapid devel-
opment of intensive breeding in poultry industry, there
are more and more factors causing fatty liver disease in
poultry. Based on the biological effects of adiponectin
and its receptor agonists in the regulation of lipid metab-
olism, antioxidative stress and inflammation, efficient
related clinical drugs (such as adiponectin agonists, etc.)
can be developed through various strategies such as
pharmacology, medicinal chemistry, and biochemistry
in the future to increase the expression level of adiponec-
tin and its receptors in the liver, prevent the occurrence
of fatty liver disease or alleviate its harm.

In this study, goslings were fed with diet, and then
treated with different doses of adiponectin receptor
agonist AdipoRon. In order to investigate the effect and
regulation of AdipoRon on abnormal liver metabolism
in geese, metabolic parameters such as goose body
weight and liver index, as well as liver histopathological
changes, blood and liver adiponectin content, blood glu-
cose, blood lipids, liver function, and oxidative stress-
related biochemical indicators, the expression level of
liver metabolism-related genes, inflammatory factors,
apoptosis and autophagy-related genes, key molecules,
and transcription factors of lipid-related signaling path-
ways were detected by pathology, ELISA, quantitative
real-time PCR (qRT-PCR), western blot and other
methods. The results provided some theoretical basis for
further exploration of the application of AdipoRon in
regulating geese lipid metabolism and preventing and
treating liver-related diseases.
MATERIALS AND METHODS

Ethics Statement

All experimental procedures in this study were
approved by the animal welfare committee of the Col-
lege of Animal Science and Veterinary Medicine of She-
nyang Agricultural University (No.202006006) and
performed in accordance with the Regulations for the
Administration of Affairs Concerning Experimental
Animals (State Science and Technology Commission in
China, 1988).
Animals and Diets

Ninety one-day-old healthy Huoyan geese (half male
and half female) were obtained from a goose breeding
farm located in Changtu county, Liaoning province,
China. Geese were randomly divided into 5 groups, des-
ignated as blank control group (B), high-fat diet group
(M), low-dose AdipoRon group (AL), medium-dose
AdipoRon group (AM), and high-dose AdipoRon group
(AH), with 3 replicates per group and 6 geese per repli-
cates. Six geese in each replicate were placed in a pen
(1.5 £ 1.3 m2). All geese in 15 pens were raised in a tem-
perature and humidity-controlled animal facility with
windows and concrete floors covered by clean rice bran.
Room temperature was maintained at 32�33°C at 1�3-
day-old, 30�31°C at 4�7-day-old, 27�28°C at 8�14-
day-old, 24�26°C at 15�21-day-old, 20�22°C from
21-day-old until the end of experiment. Relative humid-
ity was maintained at approximately 65% throughout
the whole experimental period. A 24-h light was used on
the first day, followed by a 1-h reduction every 2 d, and
natural light was used starting on the 4th wk. The geese
were permitted ad libitum access to the diet and water.
The basal diet for goose was purchased from Shenyang
Aitejie Feed Co., LTD (Shenyang, China). The composi-
tion and nutrient levels of basal diet are shown in
Table S1. The high-fat diet was supplemented with 5%
lard tallow based on the basal diet.
Experimental Design and Sample Collection

After 1 wk acclimatization period (fed with basal
diet), geese (7-day-old) in group B were continued to be
fed with basal diet, while geese (7-day-old) in groups M,
AL, AM, and AH were fed with high-fat diet. After 25 d
of feeding, geese (32-day-old) in group M were intraperi-
toneally injected with 1 mL of saline every day for 3 d, while
geese (32-day-old) in AL, AM, and AH groups were intra-
peritoneally injected with 1 mL of low concentration
(0.1 mg /mL), medium concentration (0.5 mg /mL),
and high concentration (1 mg /mL) of AdipoRon (pur-
chased from MedChemExpress, Monmouth Junction,
NJ) solution for 3 d, respectively. At the end of the
experiment (35-day-old), following overnight fasting,
body weight was monitored using electronic balance
(SH-HL-C3201, Accuracy 0.1g, Beijing North Shouheng
Electronic Technology Co., Ltd, Beijing, China), and
then the geese were killed by severing the jugular vein.
Blood samples were collected from the wing vein into
vacuum blood collection tubes and centrifuged at
3,000 rpm for 5 min at 4°C, and the obtained serum was
stored at �20°C until analysis. The livers were excised,
rinsed with saline, weighed using above mentioned elec-
tronic balance, and separated into 4 portions. One por-
tion of liver tissue was fixed in 4% formaldehyde for
Hematoxylin and Eosin (H&E) Staining. The other por-
tion of liver tissue was embedded in a package with OCT
(optimal cutting temperature compound) for Oil Red O
Staining. Another portion of liver tissue was stored at
�20°C refrigerator for biochemistry analysis. The
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remaining liver tissue samples were snap-frozen immedi-
ately in liquid nitrogen and stored at �80°C refrigerator
for molecular analysis. The body and liver weight were
utilized to calculate the liver index using the following
equation: Liver index = liver weight/body
weight £ 100%.
Biochemical Analysis

The levels of serum glucose (GLU), triglyceride
(TG), total cholesterol (TC), high density lipoprotein
(HDL-C), low density lipoprotein (LDL-C), free fatty
acid (FFA), alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), and lactate dehydroge-
nase (LDH) were measured using commercially
available kits (Nanjing Jiancheng Bioengineering Insti-
tute, Nanjing, China) according to the manufacturer’s
instructions.

Liver samples were thawed at 4°C, minced in an ice-
water bath, and pre-cooled normal saline was added at a
1:9 (weight/volume) dilution, and then homogenized,
the homogenates were centrifuged at 4,000 rpm for
10 min at 4°C, and the supernatants were collected for
biochemical assay. The levels of triglyceride (TG), total
cholesterol (TC), glutathione peroxidase (GSH-Px),
superoxide dismutase (SOD), and malondialdehyde
(MDA) in liver were determined using commercially
available kits (Nanjing Jiancheng Bioengineering Insti-
tute) according to the manufacturer’s instructions.
Hematoxylin and Eosin (H&E) Staining

Liver tissue samples were fixed in 4% formaldehyde
solution for 24 h, embedded in paraffin, cut on a micro-
tome into sections with a thickness of 4 mm. Then, tissue
sections were stained with hematoxylin and eosin (Bei-
jing Solarbio Science & Technology Co., Ltd, Beijing,
China) using the routine procedure. Afterward, the
stained sections were observed for histopathological
changes and photographed using the Optical microscope
(Nikon Eclipse Ti-SR, Japan).
Oil Red O Staining

The OCT embedded liver tissue samples were cut into
frozen liver slices of 10-mm thickness. The slices were
stained with Oil Red O solution (Beijing Solarbio
Figure 1. Effect of AdipoRon on body weight, liver weight and liver in
the extremely significant difference (P < 0.01). (A) Body weight; (B) liver w
dose AdipoRon group, medium-dose AdipoRon group and high-dose AdipoR
Science & Technology Co., Ltd). After differentiated
with isopropanol and washed with distilled water, then
re-stained with hematoxylin. The stained sections were
visualized and imaged with microscope (Nikon Eclipse
CI-L). The lipid droplet area was measured using
Image-Pro Plus 6.0 software. The relative percentage of
lipid droplet area was calculated according to the follow-
ing equation: Relative lipid droplet area (%) = lipid
droplet area/tissue area £ 100%.
Quantitative Real-Time PCR

Total RNA was extracted from liver tissues samples
using Trizol reagent (TaKaRa, Dalian, China) accord-
ing to the manufacturer’s protocol. The RNA purity and
concentration were determined using NanoDrop 8000
spectrophotometry (NanoDrop, Thermo Scientific, Wal-
tham, MA). First-strand cDNA was synthesized using
the FastQuant RT Kit (with gDNase) (TIANGEN, Bei-
jing, China) according to the manufacturer’s instruc-
tions. The primers for target and internal reference
genes (listed in Table S2) were designed and synthesized
by Sangon Biotech Co., LTD (Shanghai, China). The
quantitative real-time PCR was performed in the Bio-
Rad iQ5 Real-time PCR Detection System (BIO-RAD,
Hercules, CA) using 2 £ SYBR Premix Ex Taq II
(Takara) as the detection dye. Each 25 mL reaction vol-
ume contained 1 mL 10 mM (each) forward and reverse
primers, 12.5 mL 2 £ SYBR Premix Ex Taq II (Takara),
and 2 mL cDNA products, and the final volume was
adjusted using PCR-water. The procedure included one
cycle of 95°C for 3 min, followed by 40 cycles of denatur-
ation at 95°C for 10 s and annealing and extension at 55°
C for 30 s. At the end of the amplification, a melting
curve was run to ensure that only a single specific prod-
uct was amplified. Each sample was repeated 3 times.
The relative expression of targeted gene was calculated
using the 2�44Ct method. The blank control group was
used as calibrator (relative expression = 1), and b-actin
was designated as an internal reference gene.
Statistical Analysis

The results were presented as the mean § standard
error (SE). All data were analyzed via one-way ANOVA
followed by least significant difference (LSD) post-hoc
test using SPSS 19.0 for Windows (SPSS Inc. Chicago,
dex of geese. * indicate the significant difference (P < 0.05); ** indicate
eight; (C) liver index. The blank control group, high-fat diet group, low-
on group are denoted by the B, M, AL, AM and AH, respectively.
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IL). The P < 0.05 and P < 0.01 were considered to be sig-
nificant difference, respectively.
RESULTS

Metabolic Parameters

As shown in Figure 1, the body weight and liver
weight of geese in the 3 AdipoRon treatment groups was
lower than that in the control group and high-fat diet
group, among them, the medium-dose AdipoRon group
and high-dose AdipoRon group was significantly lower
than the control group (P < 0.01, P < 0.05). The liver
index of geese in high-fat diet group was significantly
higher than that in the control group (P < 0.01), and
that in the 3 AdipoRon treatment groups was lower
than that in the high-fat diet group (P > 0.05). These
results suggest that AdipoRon can reduce goose body
weight, liver weight, and improve liver index to some
extent.
Pathological Changes of Liver

The results of H.E staining of liver tissues of geese are
shown in Figure 2. The capsule of liver tissues in the con-
trol group was composed of dense connective tissue rich
in elastic fibers with uniform thickness, the hepatocytes
were round and plump, the liver plates were arranged
regularly and neatly, and the sinusoids were not signifi-
cantly dilated or compression; no significant abnormali-
ties in the portal area between adjacent hepatic lobules;
no obvious inflammatory changes. In the high-fat group,
there were few hepatocyte ballooning-like degeneration,
cell swelling, nucleus in the middle, cytoplasm
Figure 2. Effect of AdipoRon on histopathological changes of geese liver
(C) low-dose AdipoRon group; (D) medium-dose AdipoRon group; (E) high
arrows, desmoplasia was marked by black arrows, and smaller round vacuole
vacuolating, mild connective tissue hyperplasia (black
arrow) around the local portal area, and rare lympho-
cyte infiltration (yellow arrow). In the low-dose Adi-
poRon group, multiple desmoplasia (black arrows)
accompanied by lymphocytic infiltration (yellow
arrows) were observed in the liver tissue, and multiple
sites of mild steatosis of hepatocytes, smaller round
vacuoles (red arrows) were seen in the cytoplasm. In the
medium-dose AdipoRon group, the hepatocyte morphol-
ogy and structure were normal; rare focal lymphocyte
infiltration and desmoplasia (black arrow). In the high-
dose AdipoRon group, the hepatocyte morphology and
structure were normal, and there were focal lymphocyte
infiltration and desmoplasia (black arrows) around the
portal areas. The results show that AdipoRon can allevi-
ate the fatty pathological injury in liver tissue of goose.
The results of oil red O staining of liver tissue are shown

in Figure 3. The number of lipid droplets in the high-fat
diet group was significantly more than that in the control
group, and the relative lipid droplet area was significantly
greater than that in the control group (P < 0.01). The
number of lipid droplets in the 3 AdipoRon treatment
groups was less than that in the high-fat diet group, and
the relative lipid droplet area was smaller than that in the
high-fat diet group (P < 0.01). These results indicate that
AdipoRon treatment can reduce lipid deposition in liver
tissue of goose.
Lipid and Glucose Content in Serum and
Liver

As shown in Figure 4A, the serum TG level of high-fat
diet group was significantly higher than that of the con-
trol group (P < 0.01). All 3 AdipoRon groups were
(H.E staining 200 £). (A) Blank control group; (B) high-fat diet group;
-dose AdipoRon group. Lymphocytic infiltration was marked by yellow
s was marked by red arrows.



Figure 3. Effect of AdipoRon on lipid deposition of goose liver (Oil Red O staining, 200 £). (A) Blank control group; (B) high-fat diet group;
(C) low-dose AdipoRon group; (D) medium-dose AdipoRon group; (E) high-dose AdipoRon group; (F) analysis results of lipid droplet area stained
with Oil red O.
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significantly lower than those in high-fat diet group
(P < 0.01).

As shown in Figure 4B, the serum TC level of geese in
high-fat diet group was higher than that in the control
group (P > 0.05). The three AdipoRon groups were all
lower than the high-fat diet group. Among them, the dif-
ference between the medium-dose AdipoRon group and
the high-dose AdipoRon group with the high-fat diet
group was statistically significant (P < 0.05).

As shown in Figure 4C, the serum HDL-C level of
high-fat diet group was lower than that of the control
group (P > 0.05). The three AdipoRon groups were
higher than the high-fat diet group. Among them, the
low-dose and medium-dose AdipoRon group was signifi-
cantly different with the high-fat diet group (P < 0.01,
P < 0.05).

As shown in Figure 4D, the level of serum LDL-C in
the high-fat diet group was significantly higher than
that in the control group (P < 0.01). Low-dose and
medium-dose AdipoRon group was significantly lower
than high-fat diet group (P < 0.05, P < 0.01).

As shown in Figure 4E, the level of serum FFA in the
high-fat diet group was significantly higher than that in
the control group (P < 0.05). Low-dose and medium-
dose AdipoRon group was significantly lower than high-
fat diet group (P < 0.05, P < 0.01).

As shown in Figure 4F, the blood glucose level of high-
fat diet group was significantly higher than that of the
control group (P < 0.01). The three AdipoRon groups
were all lower than the high-fat diet group, and espe-
cially the low-dose and medium-dose AdipoRon groups
were significantly lower than the high-fat diet group
(P < 0.01).
As shown in Figure 4G, the liver TG content of goose
in the high-fat diet group was slightly higher than that
in the control group (P > 0.05). All of the 3 AdipoRon
groups were lower than the high-fat diet group, and
there was significant difference between the medium-
dose AdipoRon group and the high-fat diet group
(P < 0.05).
As shown in Figure 4H, the liver TC content goose in

the high-fat diet group was significantly higher than
that in the control group (P < 0.05). All the 3 AdipoRon
groups were lower than the high-fat diet group, and the
difference was statistically significant (P < 0.05,
P < 0.01).
These results suggest that AdipoRon can inverse the

increase of lipid (TG, TC, LDL-C, and FFA) and glu-
cose content in blood and liver of goose caused by high-
fat diet, and increase the level of HDL-C in blood.
Biochemical Indexes Related to Liver
Function and Oxidative Stress

As shown in Figure 5A, the activity of serum ALT in
the high-fat diet group was significantly higher than
that in the control group (P < 0.01). All of the 3 Adi-
poRon groups were lower than the high-fat diet group,
and the difference between the medium-dose AdipoRon
group and the high-fat diet group was significant
(P < 0.01). As shown in Figure 5B, the serum AST activ-
ity in high-fat diet group was higher than that in control
group (P > 0.05). All of the 3 AdipoRon groups were
lower than the high-fat diet group, and there was signifi-
cant difference between the medium-dose AdipoRon



Figure 4. Effect of AdipoRon on lipid and glucose content in serum and liver of geese. (A) Serum TG; (B) serum TC; (C) serum HDL-c; (D)
serum LDL-c; (E) serum FFA; (F) serum glucose; (G) liver TG; (H) liver TC. The blank control group, high-fat diet group, low-dose AdipoRon
group, medium-dose AdipoRon group, and high-dose AdipoRon group are denoted by the B, M, AL, AM, and AH, respectively. Abbreviations:
HDL-C, high density lipoprotein; LDL-C, low density lipoprotein; TC, total cholesterol; TG, triglyceride.
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group and the high-fat diet group (P < 0.05). As shown
in Figure 5C, the serum LDH activity in the high-fat
diet group was higher than that in the control group
(P > 0.05). All of the 3 AdipoRon groups were lower than
the high-fat diet group. Among them, the difference
between the low-dose AdipoRon group and the high-fat
diet group was statistically significant (P < 0.05). These
results indicate that AdipoRon can decrease the activity
of enzymes related to goose liver function damage and
improve the liver injury caused by high-fat diet.

As shown in Figure 5D, the liver SOD activity of
goose in the high-fat diet group was lower than that in
the control group (P > 0.05). Low-dose and medium-
dose AdipoRon groups were higher than high-fat diet
group, but the difference was not statistically significant
(P > 0.05). As shown in Figure 5E, the liver GSH-Px
activity of goose in the high-fat diet group was lower
than that in the control group (P > 0.05). All of the 3
AdipoRon groups were higher than the high-fat diet
group, and the difference between the high-dose Adi-
poRon group and the high-fat diet group was significant
(P < 0.05). As shown in Figure 5F, the liver MDA con-
tent of goose in the high-fat diet group was higher than
that in the control group. All the 3 AdipoRon groups
were significantly lower than those in high-fat diet group
(P < 0.01, P < 0.05). The above results suggest that Adi-
poRon can increase the activity of antioxidant enzymes
and alleviate oxidative stress in liver tissue of goose.



Figure 5. Effect of AdipoRon on biochemical indices related to liver function and oxidative stress in geese. (A) Serum ALT; (B) serum AST; (C)
serum LDH; (D) liver SOD; (E) liver GSH-PX; (F) liver MDA. The blank control group, high-fat diet group, low-dose AdipoRon group, medium-
dose AdipoRon group, and high-dose AdipoRon group are denoted by the B, M, AL, AM, and AH, respectively. Abbreviations: ALT, alanine amino-
transferase; AST, aspartate aminotransferase; GSH-Px, glutathione peroxidase; LDH, lactate dehydrogenase; MDA, malondialdehyde; SOD, super-
oxide dismutase.
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Expression of Genes Related to Lipid
Metabolism

As shown in Figure 6, for genes related to lipid synthe-
sis, the mRNA expression level of ACC, FAS and SCD-1
genes in liver tissue of geese in high-fat diet group was
extremely significantly higher than that in the control
group (P < 0.01). All the 3 AdipoRon groups were
significantly lower than those in high-fat diet group
(P < 0.01). The mRNA expression level of SREBP1 in
liver tissue of geese in high-fat diet group was higher
than that in control group (P > 0.05). All of the 3
AdipoRon groups were lower than those in high-fat diet
group (P > 0.05). These results suggest that AdipoRon
can decrease the mRNA expression levels of fatty acid
synthesis-related genes (FAS, ACC, and SREBP-1) and
fatty acid desaturation related enzymes (SCD-1) in
goose liver tissues.

For genes related to fatty acid oxidation, the mRNA
expression level of ACOX1 in liver tissue of geese in
high-fat diet group was higher than that in the control
group (P > 0.05). Low-dose and medium-dose AdipoRon
group was significantly higher than high-fat diet group
(P < 0.05). The mRNA expression level of CPT1 in liver
tissues of geese in high-fat diet group was not signifi-
cantly different from that in control group, and the 3
AdipoRon groups were significantly higher than those in
high-fat diet group and control group (P < 0.01). These
results indicate that AdipoRon can increase the mRNA
expression of fatty acid oxidation-related genes
(ACOX1 and CPT1) in goose liver tissue.

For genes related to lipid transport, the mRNA
expression level of apoB in liver tissue of geese in high-
fat diet group was higher than that in the control group
(P > 0.05). Low-dose and medium-dose AdipoRon group
was higher than high-fat diet group, but the difference
was not significant (P > 0.05). The mRNA expression
level of MTTP in liver tissue of geese in high-fat diet
group was higher than that in control group (P > 0.05).
The low-dose and medium-dose AdipoRon groups were
both higher than the high-fat diet group (P > 0.05), the
high-dose AdipoRon group was lower than the high-fat
diet group (P > 0.05). These results suggest that the
appropriate dose of AdipoRon can increase the mRNA
expression level of genes involved in lipid (TG) transport
to some extent.
Expression of Inflammatory Factors

As shown in Figure 7, the mRNA expression level of
TNF-a in liver tissue of geese in high-fat diet group was
higher than that in the control group (P > 0.05). All of
the three AdipoRon groups were significantly lower
than that of the high-fat diet group (P < 0.01). The
mRNA expression level of IL-1b in liver tissue of geese in
high-fat diet group was significantly higher than that of
control group (P < 0.01). All the 3 AdipoRon groups
were significantly lower than those in high-fat diet group
(P < 0.01). These results suggest that AdipoRon may
reduce the expression levels of proinflammatory factor
TNF-a and IL-1bmRNA in liver tissue, thereby alleviat-
ing the inflammatory response of liver tissue.
Expression of Genes Related to Apoptosis
and Autophagy

As shown in Figure 8, the mRNA expression level of
bcl-2 in liver tissue of geese in high-fat diet group was
lower than that in the control group (P > 0.05). There
was no significant difference between low-dose Adi-
poRon group and high-fat diet group (P > 0.05). The
medium-dose AdipoRon group was significantly higher
than high-fat diet group and control group (P < 0.01).



Figure 6. Effect of AdipoRon on the mRNA expression of lipid metabolism related genes in geese livers. Total RNA was extracted using Trizol
reagent from liver tissues of goose, and complementary DNA was synthesized using cDNA synthesis kit from the total RNA. Quantitative real-time
PCR was done with cDNA, primers, and SYBR PCR Premix solution. The blank control group, high-fat diet group, low-dose AdipoRon group,
medium-dose AdipoRon group and high-dose AdipoRon group are denoted by the B, M, AL, AM, and AH, respectively. Y-axis represents the fold
change of mRNA expression level which presented in AU (arbitrary units). Values of bars are expressed as mean § SE (n = 9). The data were ana-
lyzed by one-way ANOVA followed by LSD post-hoc test. * indicate P < 0.05; ** indicate P < 0.01.
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The mRNA expression level of Bax in liver tissue of
geese in high-fat diet group was higher than that in con-
trol group (P > 0.05). All of the three AdipoRon groups
were significantly lower than the high-fat diet group
(P < 0.05, P < 0.01). The mRNA expression level of
caspase-3 in liver tissue of geese in high-fat diet group
was higher than that in control group (P>0.05). The
low-dose AdipoRon group was higher than the high-fat
diet group (P > 0.05). The medium-dose and high-dose
AdipoRon group was nonsignificantly and significantly



Figure 7. Effect of AdipoRon on the mRNA expression of inflammatory factors in geese livers. Total RNA was extracted using Trizol reagent
from liver tissues of goose, and complementary DNA was synthesized using cDNA synthesis kit from the total RNA. Quantitative real-time PCR
was done with cDNA, primers, and SYBR PCR Premix solution. The blank control group, high-fat diet group, low-dose AdipoRon group, medium-
dose AdipoRon group, and high-dose AdipoRon group are denoted by the B, M, AL, AM, and AH, respectively. Y-axis represents the fold change of
mRNA expression level which presented in AU (arbitrary units). Values of bars are expressed as mean § SE (n = 9). The data were analyzed by
one-way ANOVA followed by LSD post-hoc test. * indicate P < 0.05; ** indicate P < 0.01.
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lower than the high-fat diet group (P > 0.05, P < 0.05),
respectively. The mRNA expression level of Beclin1 in
liver tissue of geese in high-fat diet group was higher
than that in control group (P > 0.05). Low-dose and
medium-dose AdipoRon group was nonsignificantly and
significantly higher than high-fat diet group and control
group (P > 0.05, P < 0.01), respectively. For the mRNA
expression level of LC3, there was no significant differ-
ence between the high-fat diet group and low-dose group
with the control group (P > 0.05). Medium-dose and
high-dose AdipoRon group was significantly and nonsig-
nificantly higher than high-fat diet group and control
group (P < 0.01, P > 0.05), respectively. These results
suggest that the appropriate dose of AdipoRon can
increase the mRNA expression levels of antiapoptotic
gene Bcl-2 and autophagy-related genes Beclin1 and
LC3, and decrease the mRNA expression levels of proa-
poptotic genes Bax and caspase-3.
Figure 8. Effect of AdipoRon on the mRNA expression of apoptosis and
Trizol reagent from liver tissues of goose, and complementary DNA was sy
Real-time PCR was done with cDNA, primers, and SYBR PCR Premix solu
group, medium-dose AdipoRon group, and high-dose AdipoRon group are
the fold change of mRNA expression level which presented in AU (arbitrar
were analyzed by one-way ANOVA followed by LSD post-hoc test. * indicat
Expression of Adiponectin and Adiponectin
Receptors

As shown in Figure 9, the mRNA expression level of
adiponectin in liver tissue of geese in high-fat diet group
was lower than that in the control group (P > 0.05). All
of the 3 AdipoRon groups were higher than the high-fat
diet group, and the medium-dose AdipoRon group was
significantly higher than the high-fat diet group
(P < 0.01). The mRNA expression level of AdipoR1 in
liver tissue of geese in high-fat diet group was signifi-
cantly lower than that in the control group (P < 0.05).
There was no significant difference between low-dose
AdipoRon group and high-fat diet group (P > 0.05).
The medium-dose AdipoRon group was significantly
higher than the high-fat diet group (P < 0.01) and the
control group (P < 0.05), and the high-dose AdipoRon
group was lower than the high-fat diet group (P > 0.05),
autophagy related genes in geese livers. Total RNA was extracted using
nthesized using cDNA synthesis kit from the total RNA. Quantitative
tion. The blank control group, high-fat diet group, low-dose AdipoRon
denoted by the B, M, AL, AM, and AH, respectively. Y-axis represents
y units). Values of bars are expressed as mean § SE (n = 9). The data
e P < 0.05; ** indicate P < 0.01.



Figure 9. Effect of AdipoRon on the mRNA expression of adiponectin and adiponectin receptor genes in geese livers. Total RNA was extracted
using Trizol reagent from liver tissues of goose, and complementary DNA was synthesized using cDNA synthesis kit from the total RNA. Quantita-
tive real-time PCR was done with cDNA, primers, and SYBR PCR Premix solution. The blank control group, high-fat diet group, low-dose Adi-
poRon group, medium-dose AdipoRon group, and high-dose AdipoRon group are denoted by the B, M, AL, AM, and AH, respectively. Y-axis
represents the fold change of mRNA expression level which presented in AU (arbitrary units). Values of bars are expressed as mean § SE (n = 9).
The data were analyzed by one-way ANOVA followed by LSD post-hoc test. * indicate P < 0.05; ** indicate P < 0.01.
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and significantly lower than the control group
(P < 0.01). The mRNA expression level of AdipoR2 in
goose liver of high-fat diet group was higher than that of
the control group (P > 0.05). Low-dose AdipoRon group
was higher than high-fat diet group (P > 0.05), medium-
dose AdipoRon group was significantly higher than
other groups (P < 0.01), and there was no significant dif-
ference between high-dose AdipoRon group and high-fat
diet group (P > 0.05). These results indicate that Adi-
poRon can increase the mRNA expression of adiponectin
and its receptor gene in goose liver.
Expression of Key Genes and Transcription
Factors Related to Adiponectin Signal
Pathway

As shown in Figure 10, the mRNA expression level of
AMPK in the high-fat diet group, the control group and
low-dose AdipoRon group was no significant difference
Figure 10. Effect of AdipoRon the expression of adiponectin related sig
high-fat diet. Total RNA was extracted using Trizol reagent from liver tissu
thesis kit from the total RNA. Quantitative real-time PCR was done with
group, high-fat diet group, low-dose AdipoRon group, medium-dose AdipoR
AM and AH, respectively. Y-axis represents the fold change of mRNA ex
are expressed as mean § SE (n = 9). The data were analyzed by one-way A
P < 0.01.
(P > 0.05). Medium-dose AdipoRon group was signifi-
cantly higher than high-fat diet group and control group
(P < 0.01), and high-dose AdipoRon group was lower
than high-fat diet group and control group (P > 0.05).
Compared with the 3 AdipoRon groups, the medium-
dose AdipoRon group was significantly higher than the
low-dose and high-dose AdipoRon groups (P < 0.01),
and the high-dose group was significantly lower than the
low-dose group (P < 0.05).
The mRNA expression level of p38 MAPK in liver tis-

sue of geese in high-fat diet group was higher than that
in control group, but the difference was not significant
(P > 0.05). Low-dose AdipoRon group was higher than
high-fat diet group (P > 0.05), medium-dose AdipoRon
group was significantly higher than other groups
(P < 0.01), and there was no significant difference
between high-dose AdipoRon group and high-fat diet
group (P > 0.05).
The mRNA expression level of PPARa in liver tissues

of geese in high-fat diet group was higher than that in
naling pathway molecules and transcription factors in liver of geese fed a
es of goose, and complementary DNA was synthesized using cDNA syn-
cDNA, primers, and SYBR PCR Premix solution. The blank control
on group, and high-dose AdipoRon group are denoted by the B, M, AL,
pression level which presented in AU (arbitrary units). Values of bars
NOVA followed by LSD post-hoc test. * indicate P < 0.05; ** indicate
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control group, the difference was not significant
(P > 0.05). Low-dose AdipoRon group was higher than
high-fat diet group (P > 0.05), medium-dose AdipoRon
group was significantly higher than high-fat diet group
and control group (P < 0.01), and high-dose AdipoRon
group was lower than high-fat diet group and control
group, the difference was not statistically significant
(P > 0.05).

The mRNA expression level of PPARg in liver tissues
of geese in high-fat diet group was significantly higher
than that in control group (P < 0.01). All the three Adi-
poRon groups were significantly lower than those in
high-fat diet group (P < 0.01).

The mRNA expression level of SIRT1 in liver tissues
of geese in high-fat diet group was higher than that in
the control group (P < 0.05). There was no significant
difference between low-dose AdipoRon group and high-
fat diet group (P > 0.05), but it was significantly higher
than that in the control group (P < 0.05). The medium-
dose AdipoRon group was significantly higher than
other groups (P < 0.01), and the high-dose AdipoRon
group was significantly lower than the high-fat diet
group and the control group (P < 0.01).

The mRNA expression level of FoxO1 in liver tissue of
geese in high-fat diet group was higher than that in con-
trol group, but the difference was not statistically signifi-
cant (P > 0.05). Low-dose and medium-dose AdipoRon
group were higher than high-fat diet group, but the
difference was not statistically significant (P > 0.05),
whereas significantly higher than control group
(P < 0.05, P < 0.01). High-dose AdipoRon group was
significantly lower than high-fat diet group (P < 0.05).
When comparing the 3 AdipoRon groups, the high-dose
AdipoRon group was significantly lower than the other
2 groups (P < 0.01).

These results indicate that AdipoRon can alter the
expression of key genes and transcription factors related
to adiponectin signal pathway.
DISCUSSION

Effects of AdipoRon on Body Weight, Liver
Index, and Blood Glucose Levels of Goose
Fed a High-Fat Diet

Adiponectin has been reported to inhibit food intake,
stimulate energy consumption and lead to weight loss.
Intraventricula injection of adiponectin could increase
energy expenditure and reduce body weight by upregu-
lating hypothalamic corticotrophin-releasing hormone
(CRH) (Kusminski et al., 2007). Long-term administra-
tion of adiponectin protein could reduce the body weight
of mice fed with high-fat diet (Fruebis et al., 2001).
Similar with these previous reports, in our current exper-
iment, AdipoRon was found to reduce goose body
weight, liver weight, and liver index.

AMPK is an important serine/threonine protein
kinase. AMPK activation can promote glucose trans-
port, accelerate glycolysis and inhibit triglyceride
synthesis (Kahn et al., 2005; Zhang et al., 2015). Adipo-
nectin could activate AMPK, and activated AMPK
reduced endogenous glucose production and accelerated
glycolysis in liver of mice by inhibiting the transcription
of phosphoenolpyruvate carboxykinase (PEPCK) and
glucose 6-phosphatase (G6Pase; Combs et al., 2001).
Adiponectin receptor agonist AdipoRon has also been
observed to have the same effect. Report indicated that
AdipoRon could increase insulin sensitivity and improve
glucose tolerance in mice (Okada-Iwabu et al., 2015).
Oral administration of AdipoRon to mice fed a high-fat
diet could significantly activate the AdipoR1/AMPK
signal pathway, induce AMPK phosphorylation in liver
tissue, decrease the expression of gluconeogenesis related
genes in liver tissue, inhibit the synthesis of endogenous
glucose, and reduce blood glucose level (Okada-
Iwabu et al., 2013). In our animal experiment, feeding
high-fat diet increased the blood glucose level of goose,
while treatment with appropriate dose of AdipoRon
upregulated the mRNA expression of AMPK in liver tis-
sue and decreased the blood glucose level.
Effects of AdipoRon on Lipid Metabolism of
Goose Fed a High-Fat Diet

Liver is the main organ of lipid metabolism in poultry.
Lipid metabolism is a complex process, including fatty
acid and TG synthesis, fatty acid oxidation, VLDL-TG
assembly, and secretion. Changing the state and rate of
TG synthesis, transport and fatty acid oxidation will
lead to abnormal lipid accumulation in liver. Feeding
high-fat diet can cause excessive fatty acid production in
poultry, which exceeds the metabolic needs of the body,
resulting in increased TG deposition in the liver and
increased FFA level in the blood circulation, leading to
oxidative stress in hepatocytes and fatty liver disease.
The production process of newborn fat in poultry

depends on the activities of ACC, FAS, SCD-1, and
other enzymes. ACC catalyzes the carboxylation of ace-
tyl-CoA to malonyl-CoA, providing acetyl for fatty acid
synthesis. FAS can directly catalyze acetyl-CoA and
malonyl-CoA to generate long-chain palmitoyl-CoA
(Mourot et al., 2000). SCD-1 is a rate-limiting enzyme
that catalyzes the conversion of saturated long-chain
fatty acids to monounsaturated fatty acids, thus plays a
key role in the synthesis of TG (Hodson and Field-
ing, 2013). De novo fatty acid synthesis in the liver of
SCD-1 knockout mice was inhibited, triglyceride content
was significantly reduced, fat oxidation was enhanced,
and liver steatosis did not develop when fed with high-
fat diet (Dobrzyn and Ntambi, 2005). Especially, the
rate of de novo fatty acid synthesis is mainly regulated
at the transcriptional level. Sterol regulatory element
binding protein 1 (SREBP1) is the determinant of
transcription factors related to fat synthesis and can reg-
ulate the expression of ACC, FAS, and SCD-1 genes
(Edwards et al., 2000). Overexpression of SREBP1 will
cause disorder of lipid metabolism, induce the increase
of lipid production, and cause lipid accumulation in liver
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and other tissues (Sekiya et al., 2007). AMPK can regu-
late the expression of adipogenesis-related genes, such as
FAS, ACC, and SCD-1, through the transcription factor
SREBP1, thereby regulating the synthesis of fatty acids
in the liver (Stoeckman and Towle, 2002). As a member
of the protein serine/threonine kinase family,
p38MAPK can inhibit the transcription of SREBP1,
downregulate the expression of its downstream key
genes for fat synthesis, thus inhibiting fat synthesis in
the liver (Xiong et al., 2007). Adiponectin was demon-
strated to activate AMPKa and p38MAPK through its
receptor, inhibit the expression of SREBP1 gene and
regulate the process of fat synthesis (Awazawa et al.,
2009). In vitro experiments showed that AdipoRon
could inhibit the expression of fatty acid synthesis genes
FAS and ACC in myostatin induced mouse liver cell line
FL83B (Liu et al., 2019). In addition, the nuclear recep-
tor superfamily ligand-activated transcription factor
PPARg, can directly participate in lipid metabolism
and affect lipid synthesis and metabolism in the liver.
Specific overexpression of PPARg, resulted in high
expression of genes related to lipid synthesis in liver hep-
atocytes, significantly increased TG content in liver, and
steatosis in hepatocytes (Yu et al., 2004). Knocking out
the PPARg gene in obese mice, the lipid content in hep-
atocytes was significantly decreased and the degree of
hepatic steatosis was alleviated (Mor�an-Salvador et al.,
2011). JT003, an adiponectin receptor agonist, it could
reduce PPARg and inhibit lipid production by activat-
ing PI3K/Akt signaling pathway (Xu et al., 2020). The
biochemical test results of our study showed that feeding
high-fat diets increased the content of TG, TC, FFA,
LDL-C in blood and TG and TC in liver of geese. The
oil red O staining results also showed that feeding high-
fat diet increased lipid deposition in goose liver tissue,
while the appropriate concentration of AdipoRon
reversed the increase of lipid content in the body. Fur-
ther investigations showed that AdipoRon at an appro-
priate concentration could upregulate the mRNA
expression of AMPK and p38MAPK, the key molecules
of adiponectin signaling pathway, and downregulate the
mRNA expression of genes related to fatty acid and TG
synthesis such as SREBP1, FAS, ACC, SCD-1, and
PPARg in liver tissue, thereby reducing fat synthesis
and deposition in liver of goslings fed high-fat diet.

Fatty acid b-oxidation in poultry is mainly carried out
in organelles such as mitochondria, peroxisomes, and
microsomes. CPT-1, located in the outer mitochondrial
membrane, is the rate-limiting enzyme that regulates
the oxidation of long-chain fatty acids (Schreurs et al.,
2010). ACOX is a rate-limiting enzyme that catalyzes
the b-oxidation of very long-chain fatty acids in peroxi-
some. The nuclear receptor transcription factor PPARa
can promote the oxidation of fatty acids by upregulating
the transcription and expression of these key fatty acid
b-oxidation genes (ACOX and CPT-1) in mitochondria,
peroxisomes and microsomes. Adiponectin has been
found to promote fatty acid oxidation by activating
AMPKa, p38MAPK, and PPARa signaling pathways
and increasing the transcription of its downstream
target genes including CPT-1 and ACOX (Yoon et al.,
2006). Treating high-fat diet fed mice with AdipoRon
can activate the AdipoR2/PPARa signaling pathway in
liver tissues, increase the expression of fatty acid oxida-
tion-related genes, such as ACOX1, promote fatty acid
oxidation, and reduce plasma TG and FFA concentra-
tions (Okada-Iwabu et al., 2013). Interestingly, our
study showed that the appropriate dose of AdipoRon
could increase the mRNA expression of AMPK,
p38MAPK, PPARa, CPT-1, and ACOX genes related
to fatty acid oxidation in goose liver tissue.
Synthesized TG in poultry liver is combined with

ApoB, secreted from liver cells as the form of VLDL,
and transported to extrahepatic tissues through the
blood circulation for utilization. ApoB is the main
structural protein for the assembly and transport of liver
VLDL. Its expression level is correlated with the level of
liver VLDL assembly and transport, and is the rate-lim-
iting enzyme of hepatic VLDL generation
(Nguyen et al., 2008). MTTP is an endoplasmic reticu-
lum lumen protein involved in TG transport and VLDL
assembly (Tietge et al., 1999). MTTP can catalyze the
transfer of lipids into the newly generated apolipopro-
tein ApoB to form VLDL precursor particles. Inhibition
of MTTP activity can disrupt the assembly and secre-
tion of VLDL-TG, which in turn leads to the accumula-
tion of TG in the liver (Hussain et al., 2003). Activated
p38MAPK is able to affect the transport of TG by alter-
ing the gene expression level of MTTP (Au et al., 2003).
Notably, our qRT-PCR results also showed that Adi-
poRon at an appropriate dose could increase the mRNA
expression levels of p38MAPK, as well as the lipid trans-
port-related genes ApoB and MTTP in goose liver tis-
sue. It suggests that AdipoRon may affect the assembly
and secretion of VLDL-TG.
Taken together, our study suggest that AdipoRon can

inhibit the synthesis of fatty acids and TG in the liver,
promote the b-oxidation of fatty acids, and enhance the
transport of TG from the liver to peripheral tissues,
thereby alleviating liver lipid deposition induced by
feeding high-fat diet.
Effects of AdipoRon on Antioxidant Stress in
Liver of Geese Fed a High-Fat Diet

Oxidative stress caused by lipid peroxidation is a
major factor responsible for liver injury. The occurrence
of oxidative stress is usually caused by the imbalance
between ROS production and antioxidant capacity.
When TG and FFA produced by feeding high-fat diets
accumulate in hepatocytes, the b-oxidation of fatty
acids in mitochondria increases, a large amount of ace-
tyl-CoA is generated, the TCA cycle (tricarboxylic acid
cycle) is strengthened, and the production of mitochon-
drial ROS increases, causing oxidative stress (Chavez-
Tapia et al., 2012). Oxidative stress induced by excessive
ROS can be detoxified by a variety of antioxidant
enzymes. SOD is an important antioxidant enzyme and
responsible for catalyzing the disproportionation of
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superoxide into hydrogen peroxide and dioxygen. GSH-
Px mainly removes lipid peroxides and protects the
structure and function of cell membranes. MDA is the
lipid peroxide generated during peroxidation, which is
the main index for detecting the degree of lipid peroxida-
tion and can indirectly reflect the degree of cellular oxi-
dative damage (Fridovich, 1986). Adiponectin has a
negative regulatory effect on the signal pathway that
generates ROS, and can counteract the excessive accu-
mulation of intracellular oxidation products, thereby
preventing the generation of oxidative stress. In liver
cells, adiponectin activates the PPARa signaling path-
way by binding to its receptor to reduce AOX-1 activity
and reduce the level of intracellular ROS
(Neumeier et al., 2006). Adiponectin can also participate
in inducing the production of SOD 1 and catalase
through AdipoR2, and increase the activity of ROS
detoxification enzymes (Yamauchi et al., 2007).

Study has shown that AdipoRon also has antioxida-
tive stress properties. In the study of ethanol-induced
gastric ulcer model in mice, the application of AdipoRon
could increase the activities of GSH and SOD through
the AMPK pathway, enhance the ability of cells to resist
oxidative stress, and reduce gastric injury
(Zatorski et al., 2021). In mice with nephropathy
induced by iopromide injection, AdipoRon could acti-
vate the AMPK pathway, reverse the decrease in SOD
and GSH-Px content and the increase in MDA content
in the kidney tissue caused by the contrast agent, and
then play its role in regulating oxidative stress
(Gu et al., 2020). Our current study showed that feed-
ing high-fat diets could increase the content of MDA
and decrease the activity of SOD in liver tissues,
whereas, the appropriate dose of AdipoRon could ame-
liorate these changes, indicating that AdipoRon could
improve the antioxidant capacity of the liver and alle-
viate liver injury caused by oxidative stress.
Effects of AdipoRon on Liver Function and
Inflammatory Response of Geese Fed a
High-Fat Diet

Alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST) are the biochemical markers
reflecting liver function impairment. Under normal
physiological conditions, ALT exists in the cytoplasm,
and AST exists in the cytoplasm and mitochondria of
hepatocyte. When steatosis occurs in the liver, TG accu-
mulates excessively in hepatocytes, forcing hepatocyte
enlargement and damage, and a large amount of trans-
aminase spills. LDH is a glycolytic enzyme present in the
cytoplasm, and its activity is significantly increased
when liver metabolism is severely abnormal
(Kunde et al., 2005). In addition, when liver function is
impaired and lipid metabolism is abnormal, excessive
accumulation of TG in the liver will be toxic to liver
cells, and a large number of inflammatory factors such
as TNF-a and IL-1b will be released, thereby inducing
inflammation. As an important proinflammatory factor,
TNF-a can damage cellular mitochondrial respiratory
function, lead to lipid peroxidation and cause liver
inflammation, and directly mediate hepatocyte necrosis
and apoptosis (Xu et al., 2019). In vitro and in vivo
experiments have found that adiponectin can improve
liver steatosis and alleviate inflammation by inhibiting
the expression of proinflammatory factors such as TNF-
a and IL-1b in liver tissue, and inducing the production
of anti-inflammatory factors, such as IL-10 (Hui et al.,
2004; Kim et al., 2017).
Several works have also investigated whether adipo-

nectin receptor agonists have anti-inflammatory effects.
In mice with acute hepatitis induced by lipopolysaccha-
ride/D-galactose and CCl4, AdipoRon can reduce the
elevation of serum ALT and AST, inhibit the production
of TNF-a and IL-1b, reduce the inflammatory pathologi-
cal changes in liver tissue, improve liver injury, and
increase the survival rate of mice (Xiao and Zhang, 2019;
Sha et al., 2020). In mice fed a high-fat diet, oral admin-
istration of AdipoRon also reduced the expression of
proinflammatory cytokines such as TNF-a and IL-6 in
liver tissues, thus exerting anti-inflammatory effects
(Okada-Iwabu et al., 2013). Our study showed that feed-
ing high-fat diet resulted in pathological changes such as
hepatocyte ballooning degeneration, cell swelling, con-
nective tissue proliferation around the portal area, and
lymphocyte infiltration in goose liver tissue, accompa-
nied by increased serum ALT, AST, and LDH activities,
as well as increased mRNA expression levels of proin-
flammatory factors TNF-a and IL-1b in liver tissue. Adi-
poRon at appropriate dose could alleviate inflammatory
pathological changes in liver tissue, reduce serum ALT,
AST, and LDH activities, and downregulate the expres-
sion of proinflammatory factors TNF-a and IL-1b.
These results suggest that AdipoRon can ameliorate the
liver inflammation caused by high-fat diet in geese.
Effects of AdipoRon on the Expression of
Apoptosis and Autophagy-Related Genes in
Liver Tissue of Geese Fed a High-fat Diet

The increase of saturated fatty acids in the liver can
activate hepatocyte apoptosis and promote the develop-
ment of fatty liver injury. The process of cell apoptosis
can be precisely regulated by genes such as Bcl-2, Bax,
and caspase. The proapoptotic gene Bax promote the
apoptotic response by increasing the permeability of
mitochondria and releasing apoptosis-related enzymes,
while Bcl-2, as a homologous gene of Bax, antagonizes
Bax and has the function of antiapoptosis
(Finucane et al., 1999). Hepatocyte apoptosis is also reg-
ulated by both the exogenous pathway of caspase and
the endogenous pathway regulated by Bcl-2 family
genes, both of which ultimately activate caspase-3, the
final executor of apoptosis (Kanda et al., 2018). Study
demonstrated that adiponectin could inhibit cell apopto-
sis through a variety of signaling pathways (Sun and
Chen, 2010). Adiponectin can ameliorate D-galactos-
amine/lipopolysaccharide (LPS) (GalN/LPS) induced
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liver injury in KK-Ay obese mice by reducing hepatocyte
apoptosis and necrosis (Masaki et al., 2004). In HepG2
cells, a hepatoma cell line, adiponectin can reduce free
fatty acid-induced CD95/Fas expression and CD95/
Fas-mediated apoptosis (Wedemeyer et al., 2009). Con-
sistent with the antiapoptotic activity of adiponectin, in
lipopolysaccharide/D-galactose-induced acute hepatitis
mice, the adiponectin receptor agonist AdipoRon was
observed to inhibit inhibit the activation of caspase in
liver tissue, inhibit caspase-3 cleavage, restore the Bcl-
2/Bax ratio, reduce the number of TUNEL-positive
cells, and exert its antiapoptosis properties, thereby pro-
tecting the liver (Xiao and Zhang, 2019).

Autophagy is activated as a cellular adaptive mecha-
nism that prevents cellular damage by liver injury
(Yan et al., 2017). Autophagy is a complex biological
process involving multiple steps, and each step is coordi-
nated by specific genes, such as Beclin-1 and LC3.
Among them, Beclin-1 plays a key role in initiating the
autophagic process, and LC3 is an important component
of autophagosomes. Several studies have demonstrated
that adiponectin is associated with autophagy in many
types of cells (Habeeb et al., 2011; Gamberi et al.,
2016). Adiponectin can significantly restore ethanol-
induced inhibition of autophagy-related genes (Beclin-
1 and LC3B), as well as autophagosome formation, and
prevented ethanol-induced apoptosis in primary rat
hepatocytes and human hepatoma cell line (HepG2) by
activating the AMPK/FOXO3A pathway (Nepal and
Park, 2013). Activation of autophagy by administra-
tion of adiponectin can alleviate or ameliorate liver dis-
eases such as alcoholic and nonalcoholic fatty liver
disease, liver fibrosis, and viral hepatitis, suggesting
that activation of the autophagic process may be a
common mechanism by which adiponectin exerts pro-
tective effects against these various forms of acute and
chronic liver injury (Gamberi et al., 2018).

Our present study revealed that the appropriate dose
of AdipoRon could upregulate the mRNA expression of
antiapoptotic gene Bcl-2, autophagy-related genes
Beclin-1 and LC3, and downregulate the mRNA expres-
sion of proapoptotic genes Bax and caspase-3 in goose
liver tissue. Thus, it is speculated that AdipoRon can
regulate the apoptosis and autophagy process of goose
hepatocytes by altering the expression of apoptosis and
autophagy genes.
Effects of AdipoRon on the Expression of
Adiponectin and Its Receptors, Related
Signaling Pathway Molecules and
Transcription Factors in Liver of Geese Fed a
High-Fat Diet

Plasma adiponectin concentrations are associated
with a variety of factors that regulate adiponectin gene
expression and secretion. Studies have shown that adi-
ponectin gene expression and blood adiponectin concen-
tration are negatively correlated with obesity, and that
adiponectin mRNA expression and plasma adiponectin
concentration are reduced in obese mice and humans
compared with normal controls (Swarbrick and
Havel, 2008). High-fat diet and the resulting obesity can
not only reduce plasma adiponectin concentrations but
also downregulate adiponectin receptor expression levels
(Arita et al., 1999; Tsuchida et al., 2004). In addition,
when inflammation occurs in the liver, macrophages
activate proinflammatory factors (e.g., TNF-a, IL-1b,
IL-6) and nitric oxide (NO), which in turn inhibit the
transcription of adiponectin mRNA and the expression
of adiponectin protein (Buechler et al., 2011). The bio-
logical function of adiponectin is initiated by binding to
its receptors AdipoR1 and AdipoR2. Both AdipoR1 and
AdipoR2 are expressed in the liver and have physiologi-
cal functions in regulating glucose and lipid metabolism,
inflammation, and oxidative stress in vivo. The small
molecule compound adiponectin receptor agonist Adi-
poRon is able to specifically bind and activate AdipoR1
and AdipoR2, exerting the same effects as adiponectin
(Okada-Iwabu et al., 2013). Our results showed that the
mRNA expression of adiponectin and its receptors in
liver of geese fed a high-fat diet was significantly
decreased. Whereas, appropriate doses of AdipoRon
increased the mRNA expression levels of adiponectin
and its receptors AdipoR1 and AdipoR2, especially the
expression of AdipoR2. Thus, it is speculated that Adi-
poRon can activate the signaling pathway of goose liver
adiponectin and its receptor, thus exerting its multiface-
ted physiological functions.
Silent information regulator 1 (SIRT1) is a NAD+

dependent protein deacetylase that deacetylates and
modifies a variety of target proteins, thereby participat-
ing in the regulation of various biological functions
including glucose and lipid metabolism. SIRT1 plays a
beneficial role in regulating hepatic lipogenesis and fatty
acid b-oxidation, alleviating hepatic oxidative stress, and
preventing high-fat diet induced fatty liver disease by
deacetylating some transcriptional regulators (Ding et al.,
2017). SIRT1 can reduce fatty acid production by acti-
vating AMPK, and inhibiting the activities of fatty acid
synthesis-related enzymes ACCa and FAS (Lan et al.,
2008). Over-expression of SIRT1 reduces acetylation of
SREBP-1 and downregulates the transcriptional activity
of SREBP-1, which in turn reduces the expression levels
of SREBP-1 mediated related lipogenic genes, such as
FAS, SCD1 and ACC, and protects the liver against
high-fat or high-sugar diet induced hepatic steatosis
(Ponugoti et al., 2010). Over-expression of SIRT1 also
enhances the transcriptional activity of PPARa
via deacetylation of peroxisome proliferator-activated
receptor-g coactivator-1a (PGC-1a), promote the tran-
scription of PPARa signaling pathway-related genes
ACOX and CPT-1, and stimulate fatty acid b-oxidation
in the liver. In contrast, downregulation or deletion of
SIRT1 leads to impaired PPARa signaling, reduced fatty
acid oxidation, and aggravated hepatic steatosis and
inflammation (Colak et al., 2014). In SIRT1 transgenic
mice, SIRT1 over-expression increased the expression of
the antioxidant protein MnSOD and protected mice from
high-fat-induced hepatic oxidative stress and fatty liver
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development (Pfluger et al., 2008). SIRT1 gene deletion
significantly increased ROS levels in liver tissue, leading
to severe hepatic oxidative stress and fatty liver disease
(Yin et al., 2014).

Forkhead transcription factor O (FOXO) family
genes are also able to participate in regulating glucose
and lipid metabolism and oxidative stress. During hepa-
tocyte lipid metabolism, FOXO1 can inhibit lipogenesis
by inhibiting the expression of SREBP-1 and its down-
stream genes involved in fatty acid synthesis
(Xiong et al., 2013). FOXO1 can promote the synthesis
and secretion of very low-density lipoprotein (VLDL)
in hepatocytes and increase the degradation of TG
through upregulation of MTTP and ApoB expression
(Zhang et al., 2006). In transgenic mice, FOXO1 activity
is increased due to specific transgenesis, thereby upregu-
lating MTTP expression and thus promoting VLDL pro-
duction (Kamagate et al., 2008). FOXO1-knockout mice
have elevated TG and TC in the liver and develop signif-
icant hepatic steatosis and liver injury (Pan et al., 2017).
Noteworthily, FOXO1 is a downstream molecule of
SIRT1. SIRT1 can regulate FOXO1 transcriptional
activity by deacetylating FOXO1 (Hori et al., 2013). In
the study of diet-induced nonalcoholic fatty liver dis-
ease, activation of SIRT1 deacetylates and activates the
transcriptional activity of FOXO1, stimulating high
expression of FOXO1 downstream antioxidant genes,
and thus resisting oxidative stress in the liver
(Feige et al., 2008). Adiponectin can activate the SIRT1
gene by elevating the NAD+/NADH ratio through its
receptor (Iwabu et al., 2010). The adiponectin/adipo-
nectin receptor signaling pathway was also found to
activate the AMPK/SIRT1 pathway, positively regulate
Catalase and SOD genes, and thereby reduces tissue oxi-
dative stress responses (Iwabu et al., 2015). Our current
study showed that appropriate doses of AdipoRon
increased the mRNA expression levels of FOXO1 and
SIRT1in geese liver tissue. Thus, it is suggested that adi-
ponectin receptor agonist AdipoRon might be involved
in the regulation of liver-related physiological activities
by activating the SIRT1/FOXO1 pathway.

In summary, AdipoRon, an adiponectin receptor ago-
nist, may alter the expression of lipid metabolism-
related genes, inflammatory factors, apoptosis and
autophagy genes, and adiponectin and its receptor genes
in liver tissues through signaling pathways such as
AMPK and p38 MAPK, as well as the involvement of
transcription factors such as PPARa, PPARg, SIRT1,
and FOXO1, reduce the lipid content in blood and liver
tissues of geese fed a high-fat diet, improve liver antioxi-
dant capacity, regulate apoptosis and autophagy of hep-
atocytes, and reduce liver inflammatory injury. This
study suggests that AdipoRon can protect geese from
fatty liver injury caused by high-fat diet to some extent.
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