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Objective(s): Liver injury and hyperlipidemia are major issues that have drawn more and more 
attention in recent years. The present study aimed to investigate the effects of unacylated ghrelin 
(UAG) on acute liver injury and hyperlipidemia in mice.
Materials and Methods: UAG was injected intraperitoneally once a day for three days. Three hours 
after the last administration, acute liver injury was induced by intraperitoneal injection of carbon 
tetrachloride (CCl4), and acute hyperlipidemia was induced by intraperitoneal injection of poloxamer 
407, respectively. Twenty-four hours later, samples were collected for serum biochemistry analysis, 
histopathological examination, and Western blotting.
Results: In acute liver injury mice, UAG significantly decreased liver index, serum alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), interleukin-6 (IL-6), and tumor necrosis 
factor-α (TNF-α), reduced malondialdehyde (MDA) concentration and increased superoxide 
dismutase(SOD) in liver tissue. NF-kappa B (NF-κB) protein expression in the liver was down-
regulated. In acute hyperlipidemia mice, UAG significantly decreased serum total cholesterol (TC), 
triglyceride (TG), ALT, and AST, as well as hepatic TG levels. Meanwhile, hepatic MDA decreased and 
SOD increased significantly. Moreover, UAG improved the pathological damage in the liver induced 
by CCl4 and poloxamer 407, respectively.
Conclusion: Intraperitoneal injection of UAG exhibited hepatoprotective and lipid-lowering effects 
on acute liver injury and hyperlipidemia, which is attributed to its anti-inflammatory and anti-oxidant 
activities. 
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Introduction
As one of the most important organs, the liver plays a vital 

role in regulating physiological processes and participates 
in the metabolism, excretion, and storage of fatty acids and 
other macromolecules (1, 2). This organ is also responsible 
for scavenging metabolites and exogenous compounds and 
is vulnerable to toxic damage from these compounds and 
hyperlipidemia. Given the important functions of the liver, 
damage caused by exogenous compounds might result in 
serious consequences, characterized by varying degrees of 
liver damage (1, 2), ranging from steatosis to steatohepatitis, 
fibrosis, and necrosis (3, 4). Moreover, triglycerides and 
other fats may circulate and deposit in the liver, leading 
to fatty infiltration which ultimately increases the risk of 
cirrhosis and liver failure (5, 6). Therefore, liver disease is 
a global health problem, among which acute liver injury is 
closely related to acute hyperlipidemia and inflammation 
(7, 8). The prevention and treatment of liver injury and 
hyperlipidemia is an important step in the clinical treatment 
of liver disease (9). Therefore, it has become a research 
hotspot to develop an efficient and safe hepatoprotective 
and lipid-lowering drug to prevent or treat liver function 

injury and hyperlipidemia caused by various factors.
Ghrelin is a peptide containing 28 amino acids and 

the only natural ligand of the growth hormone secretin 
receptor (GHSR) (10). There are two main circulating 
forms for ghrelin: acylated ghrelin (AG) and unacylated 
ghrelin (UAG). Although UAG accounts for 80–90% of 
circulating ghrelin (11), initial reports termed UAG as an 
inactive peptide. This is mainly due to the inability of UAG 
to activate GHSR at the physiologic level (12) and the lack 
of an identified receptor or mediator that accounts for the 
activities of UAG. Nonetheless, the bioactivity of UAG 
should not be neglected. Several authors suggested that 
UAG could be metabolically active by counteracting the 
effects of AG on insulin secretion and glucose metabolism 
in healthy humans (13-15). Studies have shown that 
ghrelin may affect adipocyte metabolism. Ghrelin, as well 
as UAG, may act directly as antilipolytic factors on the 
adipose tissue through binding to a specific receptor which 
is distinct from growth hormone secretagogue type 1a 
(GHS-R1a) (16). The mitogenic and antiapoptotic actions 
of ghrelin in 3T3-L1 adipocytes have been demonstrated 
(17, 18). Moreover, UAG analogs can prevent oxidative 
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stress-induced apoptosis by stimulating silencing the 
information regulator 2 related enzyme 1 (sirtuin1, SIRT1) 
signaling pathway (19, 20), thus mitigating the body injury. 
Exogenous administration of UAG reduced the circulatory 
ratio of AG/UAG, thereby attenuating HFD-induced 
hepatic steatosis. The possible mechanism of UAG might 
be involved in suppressing lipogenesis, stimulating fatty 
acid oxidation, preventing oxidative stress, inflammation, 
endoplasmic reticulum stress, and apoptosis (21). However, 
the possible intervention of UAG in acute liver injury and 
hyperlipidemia has yet not been revealed. The present study 
aims to observe the effect of exogenous UAG on acute liver 
injury and hyperlipidemia in mice. The possible mechanism 
based on anti-inflammatory and anti-oxidative activities is 
also revealed. This study is expected to provide a reference 
for expanding the application and development of UAG.

Materials and Methods
Animals

A total of 96 male Kunming mice (20 g±2 g) were purchased 
from Qingdao Daren Fucheng Animal Husbandry Co, LTD. 
All mice were fed at 22±2 °C and 55±10% humidity with a 
12:12-hr light-dark cycle. Experiments were conducted after 
one week of acclimation and approved by the animal ethics 
committee of Qingdao University of Science and Technology 
(approval number: ACQUST-2022-079), in accordance with 
the Guide for the Care and Use of Laboratory Animals. 

CCl4-induced acute liver injury
Forty-eight mice were randomly distributed into six 

groups (n=8): control group, liver injury group, UAG low 
dose group (50 µg/kg), UAG medium dose group (100 µg/
kg), UAG high dose group (200 µg/kg), and bifendate group. 
Mice in the UAG group were intraperitoneally injected 
with UAG (NJPetide, Nanjing, China) at 8:00 a.m. every 
day for three consecutive days. Mice in the bifendate group 
were intraperitoneally injected with bifendate (200 mg/kg, 
Wanbang, Zhejiang, China). Mice in the other two groups 
were intraperitoneally injected with the same volume of saline. 
Three hours after the last administration, all mice in each 
group were intraperitoneally injected with 0.1% CCl4 (Xin 
Yu Biotech, Shanghai, China; dissolved in corn oil) except the 
control group with the same volume of corn oil. The volume of 
intraperitoneal injection was 0.1 mL/10 g body weight. 

Poloxamer 407-induced acute hyperlipidemia 
Forty-eight mice were randomly divided into six groups 

(n=8): control group, hyperlipidemia group, UAG low dose 
group (50 µg/kg), UAG medium dose group (100µg/kg), 
UAG high dose group (200 µg/kg), and simvastatin group. 
Mice in the UAG group were intraperitoneally injected with 
UAG (NJPetide, Nanjing, China) at 8:00 a.m. every day 
for three consecutive days. Mice in the simvastatin group 
were intraperitoneally injected with simvastatin (6.7 mg/kg, 
Qingdao Jisskang Biotechnology, Shandong, China). Mice 
in the other two groups were intraperitoneally injected 
with the same volume of saline. Three hours after the last 
administration, all mice in each group were intraperitoneally 
injected with poloxamer 407 (300 mg/kg, Fengli jingqiu, 
Beijing, China) except the control group. The volume of 
intraperitoneal injection was 0.1 ml/10 g body weight. 

Sample collection
Twenty-four hours after the model establishment, the 

mice were weighed and samples were collected. Blood was 
collected from the eyeballs to separate serum which was 

kept in the -20 °C refrigerator. The abdominal cavity was 
cut to observe the appearance of the liver. Then the liver was 
removed, drained with filter paper, and weighed to calculate 
the liver index using the following formula:

 liver index=

A small piece of liver was taken and prepared into 10% 
homogenate using ice saline, a small piece of liver tissue was 
immersed in 10% paraformaldehyde to prepare a paraffin 
section, and another piece was stored at -80 °C.

Biochemical analysis
Serum levels of total cholesterol (TC), triglycerides (TG), 

alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), hepatic TG, malondialdehyde (MDA), and total 
superoxide dismutase (SOD) concentration were determined by 
commercial colorimetric kits (Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China). Serum interleukin-6 (IL-6) and 
tumor necrosis factor-α (TNF-α) were analyzed using ELISA 
kits (Solarbio, Beijing, China). All these measurements were in 
accordance with the manufacturers’ instructions.

HE staining
Histological morphology of the liver tissue was assessed 

via HE staining using paraffin-embedded slices. The 
photographs were taken under a microscope (Biological 
microscope type XSP-2CA, Shanghai, China) with the same 
magnification (×100).

Western blot analysis
The hepatic tissues were lysed using RIPA (Solarbio, 

Beijing, China) containing protease inhibitors, and the 
protein concentration was determined using bicycin 
chondrogenic acid (BCA, Solarbio, Beijing, China) protocol. 
Protein samples were denatured and then added to the gel 
sample wells which were subsequently transferred to a PVDF 
membrane (Millipore Corporation, USA). The primary 
antibodies to LPL (1:2000, Abcam, Shanghai, China), NF-
κB (1:1000, Bioss, Beijing, China), β-actin (1:10000, Bioss, 
Beijing, China), and HRP conjugated goat anti-rabbit 
lgG (1:50000, Bioss, Beijing, China) were incubated. The 
chemiluminescence detection was performed using an ECL 
reagent (Solarbio, Beijing, China) and bands were developed 
with a gel imager (TANON-4600, Tianneng Technology, 
Shanghai, China). Specific bands were detected, analyzed, 
and quantified using the Image J Software package (v 1.44, 
Bethesda, Rockville, MD, USA). 

Statistical analyses
Data were processed using the SPSS17.0 software 

package with completely randomized designed one-way 
ANOVA followed by post hoc multiple comparisons using 
LSD or Dunnett’s T3 test. All values were expressed as the 
mean±standard deviation, and P<0.05 indicated a statistical 
significance.

Results
UAG alleviated CCl4-induced acute liver injury in mice 

As expected, intraperitoneal injection with CCl4 in mice 
induced an acute liver injury, manifested by elevated liver 
index as well as serum ALT and AST concentrations (liver 
injury group vs control group, P<0.01, Figure 1A and 1B). 
After intraperitoneally injected with UAG, the liver index, 
and concentrations of serum ALT and AST decreased 
significantly (vs Liver injury group, P<0.05 or 0.01, Figure 
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1A and 1B), showing a dose-dependent manner. High 
dose of UAG restored hepatomegaly and transaminases to 
normal levels, which was comparable to the effect of the 
positive control drug bifendate (Figures 1A and 1B). The 
results demonstrated a hepatoprotective activity of UAG on 
CCl4-induced acute liver injury in mice.

Liver HE staining demonstrated the pathological changes 
in the liver. In the control group, the structure of the liver 
lobule was intact with orderly arranged hepatic cords 
(Figure 2A). Compared with the control group, the hepatic 
lobule structure in the liver injury group was blurred with 
disordered arranged hepatic cords. Cellular degeneration, 
necrosis, and inflammatory infiltration were observed 
locally (Figure 2B). After treatment with UAG, the above 
pathological changes were improved significantly with the 
increase of UAG dose (Figures 2C, 2D, and 2E). In the UAG 

high-dose group, the histopathological appearances in the 
liver showed no significant difference from the control 
group (Figure 2E). As expected, bifendate significantly 
alleviated acute liver injury induced by CCl4 (Figure 2F). 

Compared with the control group, serum IL-6 and TNF-α 
of the mice in the liver injury group significantly increased, 
indicating that CCl4 induced inflammatory response 
therefore resulted in acute liver injury (P<0.01, Figures 3A 
and 3B). However, UAG intraperitoneally injected into mice 
significantly decreased serum IL-6 and TNF-α (vs the liver 
injury group, P<0.01, Figures 3A and 3B). The inhibition 
of the inflammatory response of UAG was beneficial to its 
hepatoprotective activity on CCl4-induced acute liver injury 
in mice. The anti-inflammatory effect of UAG increased 
significantly as the dose increased, among which the effect 
of high-dose UAG was similar to that of bifendate. 

Figure 1. Effect of UAG on liver index (A) and aminotransferases (B) in mice with acute liver injury
Versus the control group, *P<0.05, **P<0.01; Versus the liver injury group, #P<0.05, ##P<0.01; Versus UAG low dose group, &P<0.01; Versus UAG medium dose group, △P<0.05, △△P<0.01.
UAG: Unacylated ghrelin

Figure 2. Effect of UAG on pathological liver injury in mice with acute liver injury. Bars:100 µm
UAG: Unacylated ghrelin

 

 

  

 

 

 

  Figure 3. Effect of UAG on serum IL-6 (A) and TNF-α (B) in mice with acute liver injury
Versus the control group, *P<0.01; Versus the liver injury group, #P<0.01; Versus UAG low dose group, &P<0.05, &&P<0.01; Versus UAG medium dose group, △P<0.01.
UAG: Unacylated ghrelin; IL-6: Interleukin-6; TNF-α: Tumor necrosis factor-α
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Compared with the control group, MDA level in the 
liver significantly increased (P<0.01, Figure 4A), while SOD 
concentration in the liver significantly decreased in the liver 
injury group (P<0.01, Figure 4B). The results suggested 
evidence of oxidative stress in the liver induced by CCl4. 
Meanwhile, the MDA level decreased (P<0.05 or 0.01, 
Figure 4A) while SOD concentration increased significantly 
(P<0.05 or 0.01, Figure 4B) in the UAG-treated group with 
different doses. Neither the UAG high dose group nor the 
bifendate group showed any significant difference from the 
control group (Figures 4A and 4B). These results suggested 
that the hepatoprotective effect of UAG might be related 
to the improvement of anti-oxidant capacity in acute liver 
injury mice induced by CCl4.

The results of western blot analysis showed that the 
expression of hepatic NF-κB in the liver injury group 
significantly increased compared with the control group 
(P<0.01, Figures 5A and 5B), suggesting that there might 
be activation of the hepatic inflammatory response 
signaling pathway leading to liver injury. Compared with 
the liver injury group, the expression of NF-κB significantly 
decreased after administration of different concentrations 
of UAG (P<0.01, Figures 5A and 5B). The expression 
level of NF-κB in the high-dose UAG group as well as in 
the bifendate group showed no significant difference from 
that in the control group (Figures 5A and 5B). The results 
indicated that UAG may down-regulate NF-κB expression, 
thereby reducing the production of inflammatory factors to 
achieve the hepatoprotective effect.

UAG alleviated poloxamer 407-induced acute hyperlipemia 
in mice 

Intraperitoneal injection with poloxamer 407 in mice 

induced acute hyperlipidemia, characterized by elevated 
serum TC and TG levels (hyperlipidemia group vs 
control group, P<0.01, Figure 6A). Furthermore, there 
was also an elevation of ALT, AST, and hepatic TG in the 
hyperlipidemia group (vs control group, P<0.01, Figures 6B 
and 6C), indicating an injury in hepatic function and lipid 
metabolism. After intraperitoneal injection with UAG, the 
serum TC and TG levels, as well as ALT, AST concentrations, 
and hepatic TG decreased significantly (vs hyperlipidemia 
group, P<0.05 or 0.01, Figures 6A, 6B, and 6C), exhibiting a 
dose-dependent relationship. High dose of UAG restored the 
above parameters to normal levels (Figures 6A, 6B, and 6C), 
similar to the positive control drug simvastatin. The results 
demonstrated lipid-lowering and hepatoprotective activities of 
UAG on poloxamer 407-induced acute hyperlipidemia in mice.

Liver HE staining showed that there were many fat 
vacuoles in the liver cells in the hyperlipidemia group, 
accompanied by disordered live lobes when compared 
with the control group (Figures 7B and 7A), indicating 
that poloxamer 407 resulted in hepatocyte steatosis. After 
treatment with UAG, the above pathological changes 
were improved significantly with the increase of the UAG 
dose (Figures 7C, 7D, and 7E). As expected, simvastatin 
significantly inhibited the hepatocyte steatosis induced by 
poloxamer 407 (Figure 7F). 

In the hyperlipidemia group, MDA level in the liver 
significantly increased (vs control group, P<0.01, Figure 
8A), while SOD concentration in the liver significantly 
decreased (vs control group, P<0.01, Figure 8B). The results 
suggested evidence of oxidative stress in the liver induced 
by poloxamer 407. Meanwhile, MDA level decreased (vs 
hyperlipidemia group, P<0.01, Figure 8A) while SOD  

 

  
Figure 5. Effect of UAG on NF-κB expression (representative bands in A and quantitative analysis in B) in the liver of mice with acute liver injury
Versus the control group, *P<0.01; Versus the liver injury group, #P<0.01; Versus UAG low dose group, &P<0.05, &&P<0.01; Versus UAG medium dose group, △P<0.01. 
UAG: Unacylated ghrelin; NF-κB: NF-kappa B

 

 

  

Figure 4. Effect of UAG on MDA (A) and SOD (B) in the liver of mice with acute liver injury
Versus control group, *P<0.05, **P<0.01; Versus liver injury group, #P<0.05, ##P<0.01; Versus UAG low dose group, &P<0.01; Versus UAG medium dose group, △P<0.01.
UAG: Unacylated ghrelin; MDA: Malondialdehyde; SOD: Superoxide dismutase
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concentration increased significantly (vs hyperlipidemia 
group, P<0.05 or 0.01, Figure 8B) in the UAG treated group 
with different doses. The effect of high-dose UAG was similar 

to that of simvastatin, showing no significant difference 
with the control group (Figure 8A and 8B). These results 
suggested that the improvement in the anti-oxidant capacity 

 

 

  Figure 6. Effect of UAG on serum lipids (A), aminotransferases (B), and hepatic TG (C) in mice with acute hyperlipidemia
Versus control group, *P<0.05, **P<0.01; Versus hyperlipidemia group, #P<0.05, ##P<0.01; Versus UAG low dose group, &P<0.05, &&P<0.01; Versus UAG medium dose group, 
△P<0.05, △△P<0.01.
UAG: Unacylated ghrelin 

 

  

 

Figure 7. Effect of UAG on pathological liver injury in mice with acute hyperlipidemia
Bars:100 µm
UAG: Unacylated ghrelin

 

 

  Figure 8. Effect of UAG on MDA and SOD in the liver of mice with acute hyperlipidemia
Versus control group, *P<0.05, **P<0.01; Versus liver injury group, #P<0.05, ##P<0.01; Versus UAG low dose group, &P<0.05, &&P<0.01; Versus UAG medium dose group, △P<0.05, △△P<0.01
UAG: Unacylated ghrelin
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of UAG was beneficial to the hepatoprotective effect in acute 
hyperlipidemia mice induced by poloxamer 407.

The results of western blot analysis showed that the 
expression of hepatic LPL in the hyperlipidemia group 
significantly decreased compared with the control group 
(vs control group, P<0.01, Figures 9A and 9B), leading to 
the reduction of TG clearance rate and the accumulation of 
liver lipids, thereby resulting in hyperlipidemia. Compared 
with the hyperlipidemia group, the expression of LPL 
significantly increased after administration of different 
doses of UAG (P<0.01, Figures 9A and 9B). The expression 
level of LPL in the high-dose UAG group as well as in the 
simvastatine group showed no significant difference from 
that in the control group (Figures 9A and 9B). The results 
indicated that UAG may up-regulate LPL expression in the 
liver, thereby promoting the elimination of TG to exert its 
lipid-lowering effect in the acute hyperlipidemia induced by 
poloxamer 407. 

Discussion
Since the discovery of ghrelin as a gut peptide, the 

biological activity of its acylated form has attracted great 
attention. However, its unacylated form, UAG, was once 
considered to be inactive and has not received the attention it 
deserves. However, accumulating evidence strongly suggests 
that UAG has a number of functions in physiological and 
pathological conditions independently of AG (21-24). In 
these conditions, UAG supports or opposes the effects of AG. 
In the present study, we explored the effect of UAG on acute 
liver injury and hyperlipidemia and found that UAG exhibited 
certain hepatoprotective and lipid-lowering activities. 

As a toxic substance, CCl4 is a widely employed solvent to 
induce liver injury in animal models. CCl4 is metabolized by 
the cytochrome P450 enzyme to form reactive free radicals, 
resulting in hepatocyte damage and oxidative stress. The 
permeability of the damaged cell membrane increased a large 
amount of ALT, and AST poured into the blood, resulting 
in the increase of serum aminotransferase concentrations 
(25). In the present study, intraperitoneal injection of CCl4 
significantly increased serum ALT and AST concentrations, 
indicating damage in hepatocytes. Simultaneously, the liver 
structure was destroyed, characterized by hepatomegaly 
and disordered hepatic lobule structure with cellular 
degeneration, necrosis, and inflammatory infiltration. 
Intraperitoneal injection of UAG significantly decreased 
serum ALT and AST concentrations and restored structure 
injury in the liver, showing a possible hepatoprotective 
effect in a dose-dependent manner. 

CCl4-triggered oxidative stress is another mechanism 
resulting in acute liver injury, manifested as the imbalance 
of preoxidants and anti-oxidants. SOD, a member of the 
free radical scavenging enzyme system, is recognized as a 
marker reflecting hepatic anti-oxidant capacity (26). As a 
product of lipid peroxidation, MDA indirectly reflects the 
degree of free radical damage to the liver (27). Excessive 
MDA will aggravate the damage of liver cells, leading to 
liver cell necrosis. Therefore, inflammatory factors such as 
TNF-α and IL-6 are released into the blood. TNF-α induces 
severe inflammatory response and hepatocyte apoptosis, 
therefore contributing to a variety of liver diseases (28). IL-6 
is involved in the immune response of the body, promoting 
the occurrence of inflammation, and further promoting 
the aggravation of oxidative stress response (29). In our 
present study, there observed an elevation of serum IL-6, 
TNF-α, and hepatic MDA, as well as reduction of hepatic 
SOD concentration in the acute liver injury mice. After 
intraperitoneal injection of UAG, serum IL-6 and TNF-α and 
hepatic MDA decreased, while hepatic SOD concentration 
increased significantly compared with the liver injury group. 
The results demonstrated that UAG might inhibit oxidative 
stress and inflammatory reactions induced by CCl4, which 
contributed to its hepatoprotective effect.

NF-κB is an important transcription factor that 
participates in regulating inflammatory responses in a 
number of cell types (30-32). NF-κB is enormously generated 
in response to reactive oxygen species exposure, stress, 
and CCl4, which promotes the secretion of inflammatory 
cytokines and aggravates liver injury (33, 34). Our present 
study revealed that UAG effectively down-regulated NF-
κB protein expression in the liver induced by CCl4. It was 
inferred that UAG might inhibit the activation of NF-κB, 
thereby suppressing the generation of IL-6 and TNF-α and 
inhibiting inflammatory reactions induced by CCl4. Taken 
together, UAG has a protective effect on acute liver injury 
mice, and the protective mechanism may be related to 
reducing liver oxidative stress and inhibiting inflammatory 
response.

Hyperlipidemia has become a worldwide public problem, 
because it may be a high risk factor for many chronic diseases, 
such as obesity, diabetes, metabolically associated fatty liver 
disease, and cardiovascular diseases (35). Poloxamer 407 
is a commonly used nonionic surfactant that could cause 
hyperlipidemia and atherosclerosis in rodents (36). After 
poloxamer 407 intraperitoneally injected into mice, an 
increase of serum TC and TG and hepatic TG was observed 
in our present study. Moreover, hepatocyte steatosis was 

 

 

  Figure 9. Effects of UAG on LPL expression (representative bands in A and quantitative analysis in B) in mice with acute hyperlipemia
Versus the control group,*P<0.05, **P<0.01; Versus the liver injury group, #P<0.01; Versus UAG low dose group, &P<0.01. 
UAG: Anacylated ghrelin; LPL: Lipoprotein lipase
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induced by poloxamer 407, manifested by fat vacuole 
deposits in the hepatocytes and disordered live lobes. 
However, intraperitoneal injection of UAG significantly 
decreased serum TC and TG and hepatic TG, showing a 
certain lipid-lowering activity induced by poloxamer 407.

The liver is the main organ that participates in fatty acid 
metabolism which is more susceptible to hyperlipidemia 
(37). Poloxamer-407 is widely distributed in the liver cells 
and inhibits LPL which is involved in lipid metabolism and 
transport, resulting in the generation of superoxide radicals 
(38). LPL is the key regulator of fatty acid uptake from 
triglyceride-rich lipoproteins. Studies (39) have shown that 
LPL not only regulates serum TG concentration but also 
plays an important role in fatty acid deposition in adipose 
tissue. Mice with reduced LPL concentration had higher 
fat mass and more insulin resistance (40), while mice with 
increased adipose LPL (41) had the opposite. In the present 
study, an elevation of serum ALT and AST was also observed 
in the hyperlipidemia group, indicating that poloxamer 407 
induced hyperlipidemia as well as liver injury. Moreover, in 
the liver of the hyperlipidemia mice, MDA concentration 
increased, SOD concentration decreased, and LPL protein 
expression decreased, indicating that poloxamer 407 
inhibited LPL in the liver, consequently triggering lipid 
peroxidation damage. Fortunately, UAG up-regulated 
the expression of LPL in the liver, as well as increasing 
hepatic SOD concentration and decreasing hepatic MDA 
concentration. The hepatoprotective and anti-oxidant effect 
of UAG might contribute to its lipid-lowering activity. 

Our present study primarily proposed the intervention 
effect of UAG on acute liver injury and hyperlipidemia for 
the first time. Exogenous UAG might reduce liver oxidative 
stress and inhibit inflammatory response, therefore 
contributing to its hepatoprotective and lipid-lowering 
activities. The present finding expanded the pharmacological 
spectrum of UAG. It is speculated that UAG might be 
potentially applied in lipid metabolism disorder and liver 
injury-related diseases such as obesity and metabolically 
associated fatty liver disease. However, the present study is 
a preliminary exploration of the pharmacological activity 
of UAG. A lot of work remains to be conducted to reveal 
the pharmacological and clinical application of UAG and its 
underlying mechanism.

Conclusion
Our study revealed that intraperitoneal injection of UAG 

exhibited hepatoprotective and lipid-lowering effects on 
acute liver injury and hyperlipidemia, which are attributed 
to its anti-inflammatory and anti-oxidative activities. These 
observations demonstrated that UAG and its analog might 
be a potential target for the prevention of hyperlipidemia 
and liver injury-related diseases. Further investigations 
remain to explore the potential prospect of UAG for clinical 
application.

Acknowledgment
This work was supported by the Shandong Provincial 

Natural Science Foundation, China (project No. 
ZR2020MH055). 

Authors’ Contributions
Y G, B Q, H Z, X L, Y W, and M W conceived the study; 
Y G analyzed the data and prepared the draft manuscript; 

M Y and Y G critically revised the paper; M Y and Y G 
supervised the research; Y G, B Q, H Z, X L, Y W, M W, M
Y and Y G approval the final. 

Conflicts of Interest
None of the authors has personal or financial conflicts 

of interest.

References
1. Domitrović R, Jakovac H, Milin C, Radosević-Stasić B. Dose- 
and time-dependent effects of luteolin on carbon tetrachloride-
induced hepatotoxicity in mice. Exp Toxicol Pathol 2009; 61:581-
589.
2. Mistry S, Dutt KR, Jena J. Protective effect of Sida cordata leaf 
extract against CCl4 induced acute liver toxicity in rats. Asian Pac J 
Trop Med 2013; 6:280-284.
3. Mundi MS, Velapati S, Patel J, Kellogg TA, Abu Dayyeh BK, Hurt 
RT. Evolution of NAFLD and its management. Nutr Clin Pract 
2020; 35:72-84. 
4. Ravan AP, Bahmani M, Ghasemi Basir HR, Salehi I, Oshaghi EA. 
Hepatoprotective effects of Vaccinium arctostaphylos against CCl4-
induced acute liver injury in rats. J Basic Clin Physiol Pharmacol 
2017; 28:463-471.
5. Stewart J, McCallin T, Martinez J, Chacko S, Yusuf S. 
Hyperlipidemia. Pediatr Rev 2020; 41:393-402. 
6. Peng Q, Yao X, Xiang J, Wang Y, Lin X. Acupuncture for 
hyperlipidemia: protocol for a systematic review and meta-
analysis. Medicine (Baltimore) 2018; 97:1-4.
7. Poornima IG, Indaram M, Ross JD, Agarwala A, Wild RA. 
Hyperlipidemia and risk for preclampsia. J Clin Lipidol 2022; 
16:253-260. 
8. Wu Z, Han M, Chen T, Yan W, Ning Q. Acute liver failure: 
mechanisms of immune-mediated liver injury. Liv Int 2010; 
30:782-794.
9. Liu B, Fang Y, Yi R, Zhao X. Preventive effect of blueberry 
extract on liver injury induced by carbon tetrachloride in mice. 
Foods 2019; 8:48-61.
10. Liu X, Guo Y, Li Z, Gong Y. The role of acylated ghrelin and 
unacylated ghrelin in the blood and hypothalamus and their 
interaction with nonalcoholic fatty liver disease. Iran J Basic Med 
Sci 2020; 23:1191-1196.
11. Ezquerro S, Mocha F, Frühbeck G, Guzmán-Ruiz R, Valentí 
V, Mugueta C, et al. Ghrelin reduces TNF-α-induced human 
hepatocyte apoptosis, autophagy, and pyroptosis: role in obesity-
associated NAFLD. J Clin Endocrinol Metab 2019; 104:21-37. 
12. Chen CY, Asakawa A, Fujimiya M, Lee SD, Inui A. Ghrelin 
gene products and the regulation of food intake and gut motility. 
Pharmacol Rev 2009; 61:430-481.
13. Quiñones M, Fernø J, Al-Massadi O. Ghrelin and liver disease. 
Rev Endocr Metab Disord 2020; 21:45-56.
14. Raghay K, Akki R, Bensaid D, Errami M. Ghrelin as an anti-
inflammatory and protective agent in ischemia/reperfusion injury. 
Peptides 2020; 124:170226-170267. 
15. Delhanty PJ, Van der Lely AJ. Ghrelin and glucose homeostasis. 
Peptides 2011; 32:2309-2318.
16. Lewiński A, Karbownik-Lewińska M, Wieczorek-Szukała K, 
Stasiak M, Stawerska R. Contribution of ghrelin to the pathogenesis 
of growth hormone deficiency. Int J Mol Sci 2021; 22:9066-9087. 
17. Hilgendorf KI, Johnson CT, Mezger A, Rice SL, Norris AM, 
Demeter J, et al. Omega-3 fatty acids activate ciliary FFAR4 to 
control adipogenesis. Cell 2019; 179:1289-1305. 
18. Jin T, Xu Q, Liu X, Huang J, Guo Y, Li Y, et al. Effect of calcium-
sensitive receptor agonist R568 on gastric motility and the 
underlying mechanism. Neuroendocrinology 2022; 113:289-303.
19. Shimada T, Furuta H, Doi A, Ariyasu H, Kawashima H, 
Wakasaki H, et al. Des-acyl ghrelin protects microvascular 



Iran J Basic Med Sci, 2024, Vol. 27, No. 1

Gong et al. UAG for acute liver injury and hyperlipidemia

56

endothelial cells from oxidative stress-induced apoptosis through 
sirtuin 1 signaling pathway. Metabolism 2014; 63:469-474.
20. Ugwu FN, Yu AP, Sin TK, Tam BT, Lai CW, Wong SC, et al. 
Protective effect of unacylated ghrelin on compression-induced 
skeletal muscle injury mediated by SIRT1-signaling. Front Physiol 
2017; 8:962-975.
21. Alharbi S. Exogenous administration of unacylated ghrelin 
attenuates hepatic steatosis in high-fat diet-fed rats by modulating 
glucose homeostasis, lipogenesis, oxidative stress, and endoplasmic 
reticulum stress. Biomed Pharmacother 2022; 151:113095. 
22. Gortan Cappellari G, Barazzoni R. Ghrelin forms in the 
modulation of energy balance and metabolism. Eat Weight Disord 
2019; 24:997-1013.
23. Ronchi G, Tos P, Angelino E, Muratori L, Reano S, Filigheddu N, 
et al. Effect of unacylated ghrelin on peripheral nerve regeneration. 
Eur J Histochem 2021; 65:3287-3294.
24. Au CC, Docanto MM, Zahid H, Raffaelli FM, Ferrero 
RL, Furness JB, et al. Des-acyl ghrelin inhibits the capacity of 
macrophages to stimulate the expression of aromatase in breast 
adipose stromal cells. J Steroid Biochem Mol Biol 2017; 170:49-53.
25. Ali M, Hussain H, Hussain A, Rauf A, Hussain W, Ullah M, 
et al. Hepatoprotective screening of seriphidium kurramense 
(Qazilb.) Y.R. Ling. BioMed Res Int 2021; 9026731:1-11.
26. Sila A, Kamoun Z, Ghlissi Z, Makni M, Nasri M, Sahnoun Z, 
et al. Ability of natural astaxanthin from shrimp by-products to 
attenuate liver oxidative stress in diabetic rats. Pharmacol Rep 
2015; 67:310-316.
27. Xu L, Yu Y, Sang R, Li J, Ge B, Zhang X. Protective effects of 
taraxasterol against ethanol-induced liver injury by regulating 
CYP2E1/Nrf2/HO-1 and NF-κB signaling pathways in mice. Oxid 
Med Cell Longev 2018; 8284107:1-11.
28. Jing ZT, Liu W, Xue CR, Wu SX, Chen WN, Lin XJ, et al. 
AKT activator SC79 protects hepatocytes from TNF-α-mediated 
apoptosis and alleviates d-Gal/LPS-induced liver injury. Am J 
Physiol Gastrointest liver physiol 2019; 316:387-396.
29. Guo Y, Gao S, Jiang Z, Huang J, He X, Jin R, et al. Sun, calcium-
sensing receptor (CaSR) agonist R568 inhibits small intestinal 
motility of mice through neural and non-neural mechanisms. 
Food Funct 2021; 12:11926-11937.
30. Shukla V, Kaushal JB, Sankhwar P, Manohar M, Dwivedi A. 
Inhibition of TPPP3 attenuates β-catenin/NF-κB/COX-2 signaling 
in endometrial stromal cells and impairs decidualization. J 

Endocrinol 2019; 240:417-429.
31. Somensi N, Rabelo TK, Guimarães AG, Quintans-Junior LJ, 
Souza Araújo AA, Moreira JCF, et al. Carvacrol suppresses LPS-
induced pro-inflammatory activation in RAW 264.7 macrophages 
through ERK1/2 and NF-kB pathway. Int Immunopharmacol 
2019; 75:105743-105750.
32. Yenmis G, Yaprak Sarac E, Besli N, Soydas T, Tastan C, Dilek 
Kancagi D, et al. Anti-cancer effect of metformin on the metastasis 
and invasion of primary breast cancer cells through mediating NF-
kB activity. Acta Histochem 2021; 123:151709-151719.
33. Lu Y, Hu D, Ma S, Zhao X, Wang S, Wei G, et al. Protective 
effect of wedelolactone against CCl4-induced acute liver injury in 
mice. Int Immunopharmacol 2016; 34:44-52.
34. Verhelst K, Carpentier I, Beyaert R. Regulation of TNF-induced 
NF-κB activation by different cytoplasmic ubiquitination events. 
Cytokine Growth Factor Rev 2011; 22:277-286.
35. Bragg DA, Walling A. Metabolic syndrome: hyperlipidemia. FP 
Essent 2015; 435:17-23.
36. Zhang T, Zhao Q, Xiao X, Yang R, Hu D, Zhu X, et al. 
Modulation of lipid metabolism by celastrol. J Proteome Res 2019; 
18:1133-1144. 
37. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, 
Wymer M. Global epidemiology of nonalcoholic fatty liver disease-
meta-analytic assessment of prevalence, incidence, and outcomes. 
Hepatology 2016; 64:73-84.
38. Omari-Siaw E, Wang Q, Sun C, Gu Z, Zhu Y, Cao X, et al. 
Tissue distribution and enhanced in vivo anti-hyperlipidemic-
anti-oxidant effects of perillaldehyde-loaded liposomal 
nanoformulation against poloxamer 407-induced hyperlipidemia. 
Int J Pharm 2016; 513:68-77.
39. Bartelt A, Weigelt C, Cherradi ML, Niemeier A, Tödter K, 
Heeren J, et al. Effects of adipocyte lipoprotein lipase on de novo 
lipogenesis and white adipose tissue browning. Biochim Biophys 
Acta 2013; 1831:934-942.
40. Duivenvoorden I, Teusink B, Rensen PC, Romijn JA, Havekes 
LM, Voshol PJ. Apolipoprotein C3 deficiency results in diet-
induced obesity and aggravated insulin resistance in mice. 
Diabetes 2005; 54:664-671.
41. Nolan CJ, Prentki M. Insulin resistance and insulin hypersecretion 
in the metabolic syndrome and type 2 diabetes: time for a conceptual 
framework shift. Diab Vasc Dis Res 2019; 16:118-127. 


