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ABSTRACT
Objective(s): The aim of this study was to evaluate, for the first time, whether the effects of low-dose
adropin administration is effective in rats with hyperlipidemia.
Materials and Methods: Twenty one Wistar albino female rats were randomly divided into 3 groups
and fed with high-fat diet for 4 weeks to establish the hyperlipidemia model. Meanwhile, adropin was
administrated intraperitonealy (2.1 μg/kg/day), once a day for continuous 10 days. Then, body
weights and serum biochemical parameters, adropin, insulin and blood glucose levels were
determined. Additionally, in liver tissue, inducible nitric oxide synthase (iNOS), tumor necrosis factoralpha (TNF-α) and interleukin-6 (IL-6) mRNA gene expressions were evaluated by RT-PCR.
Results: The results showed that intraperitoneal administration of adropin to hyperlipidemic rats for
10 days were extremely effective in decreasing the levels of serum triglycerides (TG), total cholesterol
(TC), low density lipoprotein cholesterol (LDL-C), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), alanine aminotransferase (ALT), and gamma glutamil transferase (GGT) and
increasing the levels of high density lipoprotein cholesterol (HDL-C). It could decrease mRNA
expressions of pro-inflammatory cytokines TNF-α and IL-6 via regulating the expressions of iNOS. In
addition, treatment with adropin showed a significant reduction in blood glucose, serum insulin levels,
HbA1c (%), and HOMA-IR, and increase in serum adropin levels.
Conclusion: Adropin may ameliorate lipid metabolism, reduce insulin resistance, and inhibit
hepatocytes inflammation. Thus, adropin had significant therapeutic benefits and could be suggested
as a potential candidate agent against hyperlipidemia.
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Introduction

Hyperlipidemia causes abnormally elevated levels
of lipids and lipoproteins in the blood including total
cholesterol, triglycerides and is a lipid metabolism
disorder (1). Hyperlipidemia can significantly enhance
the risk of cardiovascular diseases such as coronary
artery disease, atherosclerosis, cerebrovascular
disease and peripheral vascular disease (2, 3). In
addition, hyperlipidemia may result in solid organ
injury, including damage to the liver and kidneys (4).
High-fat diet induces the development of intraabdominal fat deposits and hepatic steatosis (5, 6) and
plays an important role in the improvement of insulin
resistance and increasing glucose levels and causes
hyperinsulinemia (7, 8).
Adropin is a new peptide hormone that regulates
lipid metabolism. Adropin, a 76 amino acid secreted
peptide is expressed in the brain, liver, and plasma
and is encoded by the energy homeostasis associated

(Enho) gene (9). Adropin plays an important role
in the regulation of lipid and glucose homeostasis,
which protects against the hepatosteatosis and
hyperinsulinemia associated with obesity (10).
Intraperitoneal injection of adropin has resulted in
reduction of food intake and decrease in body weight
in obese mice (9).
Adropin is an endocrine factor that plays
important roles in the regulation of energy
metabolism, insulin resistance, and endothelial
functions. Although adropin effects on regulation of
glucose and lipid homeostasis have been studied, the
physiological effects of adropin on hyperlipidemia is
not exactly known. Adropin has not been studied in
hyperlipidemic rats using the high-fat diet model so
far. Therefore, this study aimed to investigate the
possible alterations in blood glucose and lipid
metabolism in response to adropin in hyperlipidemic
and healthy rats.
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Materials and Methods

Animals
Female Wistar rats (10 weeks old) were obtained
from Dumlupınar University Experimental Animal
Laboratory, Kütahya, Turkey. They were kept under
a controlled 12 hr light/12-hr dark cycle with a
humidity of 55 ± 5% and room temperature of 23±
1 °C. The rats had free access to food ad libitum. The
experimental procedures were accepted by the
Dumlupınar University Ethics Committee of Animal
Care and Usage, Kütahya, Turkey.
Experimental design
The animals were randomly separated into three
experimental groups as follows:
Group I: control (C, n=7) group received normal
pellet diet.
Group II: hyperlipidemia (H, n=7) group received
high-fat diet.
Group III: adropin treatment (A, n=7) group
received high-fat diet and treated with adropin (2.1
μg/kg body weight (bw)/day).
Rats from groups H and A were fed with modified
high-fat diet (10 ml/kg, orally) (11) for 4 weeks (12).
Rats from group C were fed with normal pellet diet.
Rats from group A intraperitonealy received adropin
(Phoenix Pharmaceuticals, ABD) dissolved in
distilled water for 10 days (13).
Tissue preparation and blood sampling
At the end of the experimental period, all animals
were anesthetized with ketamine/xylazine HCl
(75/10 mg/kg intraperitoneally). Blood samples
were collected from the aorta without anticoagulant,
left for 10 min and then, centrifuged for 15 min at
3,500 r/min to obtain serum which was stored at
-20 °C until biochemical analysis for determination of
serum insulin, adropin, TC, TG, HDL-C, LDL-C, AST,
ALT, ALP, and GGT. Liver tissue samples were
collected in liquid nitrogen for molecular studies.
Biochemical analyses
Determination of serum lipids
Serum concentrations of TC, TG, HDL-C, and LDLC were measured by using a Beckman Coulter AU680
(Beckman Coulter, Miami, FL, USA) analyzer.
Determinationof liver function
Liver function was evaluated by assessing serum
ALT, AST, ALP, and GGT levels using a Beckman
Coulter AU680 (Beckman Coulter, Miami, FL, USA)
analyzer.
Body weight and blood glucose measurement
Body weight and blood glucose levels were
measured before starting the study and at the end of
the experiment. Blood samples were collected from
the tail of each animals after 12 hr fasting. The tail
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was cleaned with alcohol and about 1 mm of its end
was cut and a drop of blood was used for the blood
glucose test using a glucometer (eBsensor, Turkey).
Determination of serum ınsulin and adropin
According to the instruction of the manufacturer,
serum concentrations of insulin and adropin were
analyzed by an ELISA assay kit using the
chemiluminescence method (Cusabio, Wuhan
Huameı Bıotech Co, China) by an ELISA microplate
reader
(Spectrostar
Nano,
BMG,
Labtech,
Allmendgrün, Ortenberg, Germany).
Determination of HbA1c%
For Glycosylated hemoglobin A1c (HbA1c%)
measurements, blood samples were collected into
2.0 ml dipotassium (K2) ethylene diamine tetraacetic
acid (EDTA) vacuum tubes (BD Vacuteiner® BDPlymouth, UK). After blood samples were collected,
HbA1c% measurement was immediately performed
without delay. Measurement of HbA1c% was
performed using Tosoh G8 HPLC Analyzer (Tosoh
Bioscience, Inc., San Francisco, CA).
Determination of HOMA-IR, HOMA-β
Homeostatic model assessment (HOMA-IR) score
was calculated according to the formula: HOMA-IR
[(Fasting serum insulin in U/l X fasting blood glucose
in mmol/l)/22.5] using fasting serum insulin and
fasting blood glucose concentrations measured at the
end of the experimental period. β-cell function was
determined with the HOMA-β, with the formula
[serum insulin (U/l)×20/glucose (mmol/l)−3.5] (14).
Reverse transcriptase polymerase chain reaction (RTPCR)
Total RNA was extracted from liver tissue
samples by GeneJET RNA Purification Kit (Thermo,
Cat No: # K0732) according to the manufacturer’s
protocol. Total mRNA concentrations were measured
at 260 nm using a Maestro Nano Micro-Volume
spectrophotometer (Maestrogen Inc., Las Vegas, NV).
Samples were stored at -80oC until further analysis.
Complementary DNAs (cDNA) were quantified by
EasyScript™ cDNA Synthesis Kit (Applied Biological
Materials, Richmond, BC, Canada). cDNAs were
stored at -20 °C until analysis by RT-PCR.
PCR was achieved in a total volume of 25 µl
containing DNA template, 10X PCR-buffer, PCR grade
H2O, 25 mmol/L MgCl2 and 10 mmol/l concentration
of primers. RT-PCR was performed according to the
manufacturer's instructions. The forward and
reverse primers for TNF-α were 5′-CCA CCA CGC TCT
TCT GTC TAC-3′ and 5′-GCT ACG GGC TTG TCA CTC
G-3′, 148 bp, for IL-6 were 5′-CTT CCA GCC AGT TGC
CTT CTT G-3′ and 5′-TGG TCT GTT GTG GGT GGT
ATC C-3′, 109 bp, for iNOS were 5′-TTG GAG CGA GTT
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Table 1. Effect of adropin on body weight and lipids of control, hyperlipidemic, adropin treatment groups
Groups

C (n=7)

H (n=7)

A (n=7)

P

Initial body weight (g)

244.7 ±7.62

240.2 ±4.91

247.8 ±3.24

0.613

Final body weight (g)

256.5 ±9.13a

311.0 ±12.3ab

242.5 ±17.9b

0.003

TC (mg/dl)

72.7 ±3.93a

106.8 ±9.99a

81.7 ± 6.43

0.014

TG (mg/dl)

99.5

±14.3a

±16.8a

80.8 ±18.5

0.081

HDL-C (mg/dl)

60.8 ±6.14a

43.8 ±0.96ab

57.5 ±5.57b

0.031

LDL-C (mg/dl)

±1.76a

±2.47ab

±2.64b

0.011

18.1

148.1
29.1

18.4

C: control, H: hyperlipidemic, A: adropin treatment groups, TC: total cholesterol, TG: triglycerides, HDL-C: high-density lipoproteincholesterol, LDL-C: low-density lipoprotein-cholesterol.
p: Shows the differences between all groups (Kruskal-Wallis test).
a,b; In each line, the difference between the means with same letters are significant,P≤0.05 (Mann-Whitney U test).

GTG GAT TGT TGT TC-3′ and 5′-GGT GAG GGC TTG
CCT GAG TG AGC-3′, 126 bp. As a control for the
presence of amplifiable RNA, β-actin primers were
conceived. The forward and reverse primers for βactin were 5’-CTA TCG GCA ATG AGC GGT TCC -3’ and
5’-TGT GTT GGC ATA GAG GTC TTT ACG -3’, 147 bp.
The PCR products were electrophoresed on 2%
agarose gel and added to ethidium bromide, making
sure to include DNA markers of adequate size. The
densitometry analysis of each PCR band was done
using image J program. Optical density was calculated
for gene products and results were expressed as the
ratio of the density of TNF-α, IL-6, iNOS mRNA to βactin mRNA.
Statistical analysis
Statistical analysis was done with SPSS (Statistical
Package for Social Sciences, Chicago, IL, USA) 16.0
pocket program. All results were given as mean ±
standard error (SE). Comparisons among groups were
made with Kruskal-Wallis test, and between two
groups were made with Mann-Whitney U test. Values
smaller than 0.05 were accepted as statistically
significant.

Results
Effect of adropin on body weight and lipids
Table 1 depicts the levels of body weight, serum
TC, TG, HDL-C and LDL-C levels of groups C, H and A.

On day 1 of the experiment, initial body weight in
each group were not significantly different (P=0.613).
At the end of the experiment, compared to group C,
the final body weight of group H was significantly
increased (P=0.002). Compared to group H, final body
weight of group A was remarkably decreased
(P=0.001) (Table 1).
There were statistically significant differences in
the level of serum TC among the groups (P=0.014).
The highest level of serum TC was found in group
H as compared to group C (P= 0.004). No significant
differences were observed in serum TG levels among
the groups (P=0.081). But, the high level of TG was
significant in group H compared to group C (P= 0.038).
There were statistically significant differences in
serum HDL-C and LDL-C levels among groups C, H and
A (P=0.031 and P= 0.011, respectively). Significant
decrease in serum HDL-C levels (P=0.026 and
P=0.026) and a significant increase in LDL-C levels
(P=0.004 and P=0.017) were observed in group H
when compared to groups C and A (Table 1).
Effect of adropin on blood glucose, HbA1c (%),
HOMA-IR, HOMA-β and serum insulin levels
Table 2 depicts the levels of blood glucose, HbA1c
(%), HOMA-IR, HOMA-β and serum insulin in groups
C, H and A.
There were statistically significant differences in
blood glucose, HbA1c (%), HOMA-IR, HOMA-β and

Table 2. Effect of adropin on blood glucose, HbA1c (%), HOMA-IR, HOMA-β and serum insulin levels of control, hyperlipidemic, adropin
treatment groups of rats
Groups

C (n=8)

H (n=8)

A (n=8)

P

101.8 ±16.3ab

235.2 ±29.1ac

154.0 ±13.6bc

0.010

HbA1c (%)

0.95 ±0.16a

2.05 ±0.16ab

1.00 ±0.02b

0.001

HOMA-IR

20.6 ±3.76a

73.5 ±12.2ab

29.6 ±7.86b

0.006

HOMA-β

5892.6 ±2730.0ab

205.0 ±21.9a

258.4 ±76.5b

0.002

103.4 ±13.2a

127.2 ±10.0b

61.8 ±8.76ab

0.009

Blood glucose (mg/dl)

Insulin (nIU/ml)

C: control, H: hyperlipidemic, A: adropin treatment groups; P: Shows the differences between all groups (Kruskal-Wallis test); a,b,c; In each line, the
difference between the means with same letters are significant, P≤0.05 (Mann-Whitney U test)
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Table 3. Effect of adropin on liver enzyme markers of control, hyperlipidemic, and adropin-treated groups of rat
Groups

C (n=7)

H (n=7)

A (n=7)

P

AST (U/l)

147.0 ±11.5a

162.7 ± 10.3b

82.3 ±5.65ab

0.012

ALT (U/l)

72.5 ± 2.41a

89.4 ± 4.48ab

65.4 ± 3.90b

0.007

ALP (U/l)

176.5 ± 25.9

229.7 ± 16.1a

184.2 ± 18.9a

0.111

GGT (U/l)

1.28 ± 0.18a

2.42 ± 0.20ab

1.42 ± 0.20b

0.006

C: control, H: hyperlipidemic, A: adropin treatment groups, AST: aspartate transaminase, ALT: alanine transaminase, ALP: alkaline
phosphatase, GGT: gama glutamil transferaz; P: Shows the differences between all groups (Kruskal-Wallis test); a,b; In each line, the
difference between the means with same letters are significant, P≤0.05 (Mann-Whitney U test)

serum insulin levels among groups C, H and A
(P≤0.05). The hyperlipidemic rats showed a
significant (P≤0.05) increase in the levels of glucose,
HbA1c (%) and HOMA-IR compared to groups C and A
and decrease in HOMA-β compared to group C. In
addition, serum insulin level in group H was not
significantly different from that of group C, but was
significantly different from that of group A (Table 2).
Effect of adropin on liver enzyme markers
Table 3 depicts the levels of serum AST, ALT, ALP
and GGT activities in groups C, H and A. There were
statistically significant differences in the level of
serum AST, ALT and GGT among the groups (P=0.012,
P=0.007 and P=0.006, respectively), but no significant
differences in the level of serum ALT (P=0.111) were
seen. While the level of serum ALT and GGT was
increased significantly (P≤0.05) in group H, increase in
AST and ALP levels was not significant compared to
group C. In addition, serum AST, ALT, ALP and GGT
levels decreased in group A compared to group H
(Table 3).
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Figure 2. TNF-α/β-actin ratio in control, hyperlipidemic, and
adropin-treated groups of rat; * Shows significance between
groups C and H (P≤0.05) (Mann Whitney U test), † Shows
significance between groups H and A (P≤0.05) (Mann Whitney U
test);
C: control, H: hyperlipidemic, A: adropin treatment
groups, TNF-α: Transforming growth factor-alpha.

Levels of serum adropin
Figure 1 shows the levels of adropin in serum in
groups C, H and A. There were no significant differences
in serum adropin levels among groups C (44.7±1.51), H
(40.9 ± 1.38), A (50.6 ± 4.71), (P = 0.101). However, the
level of serum adropin in group A was significantly
higher than that in group H(P = 0.05) (Figure 1).

Effect of adropin on TNF-α, IL-6 and iNOS mRNA
expression in the liver tissue
Figure 2 shows mRNA expression of TNF-α in the
liver tissue in groups C, H and A. The differences in the
TNF-α mRNA expression levels in the liver tissue
among groups C (0.97±0.08), H (1.28±0.15) and A
(0.83±0.05) were significant (P=0.009). The expression
of TNF-α was increased in group H when compared to
groups C and A (P=0.05 and P=0.002, respectively)
(Figure 2).
The changes in the level of mRNA expression of
IL-6 in the liver tissue in groups C, H and A are shown

Figure 1. Serum adropin concentrations in control, hyperlipidemic,
and adropin-treated groups of rats; * Shows significance between H
and A groups (P≤0.05) (Mann Whitney U test); C: control, H:
hyperlipidemic, and A: adropin-treated groups

Figure 3. IL-6/β-actin ratio in control, hyperlipidemic, and
adropin-treated groups of rats; * Shows significance between
groups H and A (P≤0.05) (Mann Whitney U test); C: control, H:
hyperlipidemic, A: adropin treatment groups, IL-6: Interleukin 6
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in Figure 3. There were no significant differences in IL6 mRNA expression levels in the liver tissue among
groups C (1.17 ± 0.18), H (1.34± 0.11), and A (1.00±
0.02) (P=0.155). On the other hand, the level of of
mRNA expression of IL-6 in the liver tissue was
decreased significantly (P=0.035) in group A compared
to group H (Figure 3).
Figure 4 shows mRNA expression of iNOS in the
liver tissue in groups C, H and A. There were significant
differences in iNOS mRNA expression levels in the liver
tissue among groups C (1.02±0.16), H (1.72±0.25), A
(0.89±0.04) (P=0.030). The expression of iNOS was
increased in group H when compared to groups C and A
(P=0.05 and P=0.011) (Figure 4).

Discussion

Hyperlipidemia is a state associated with elevation
in the levels of TC, TG, and phospholipids, and also
changes in lipoproteins (15) which leads to the
development of various disorders including coronary
artery disease, myocardial infarction (16) and diabetes
mellitus (17) and has emerged as an important public
health problem. This study was carried out in order to
find the influence of daily intraperitoneal
administration of adropin for 10 days on plasma
glucose and lipid profile in hyperlipidemic rats.
In this study, a model of hyperlipidemia was
successfully induced by high-fat diet in rats. Body
weight and serum concentrations of TC, TG and LDL-C
were
significantly
increased,
while
serum
concentrations of HDL-C were significantly reduced.
Miao et al showed that serum TC, TG and LDL-C were
significantly increased, whereas HDL-C level was
significantly decreased in diet-induced hyperlipidemic
rats compared to the control group (18). These results
seem
compareble
with
our
results
and
can be considered as an indicator of occurence of
hyperlipidemia in rats. Adropin treatment resulted in
reductions in both TC and TG levels, but was not
statistically significant. In addition, intraperitoneal

Figure 4. iNOS/β-actin ratio in control, hyperlipidemic, and adropintreated groups of rats; * Shows significance between groups C and H
(P≤0.05) (Mann Whitney U test); † Shows significance between groups
H and A (P≤0.05) (Mann Whitney U test); C: control, H: hyperlipidemic,
A: adropin treatment groups, iNOS: inducible nitric oxide synthase
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administration of adropin signiﬁcantly decreased
body weight and the levels of LDL-C and increased
the levels of HDL-C in group A. Butler et al
demonstrated that adropin levels are negatively
correlated with TG in metabolic syndrome patients
after gastric bypass surgery (19). Yildirim et al
recently showed that serum adropin level was
negatively correlated with serum lipid markers
including TC, LDL-C, and TG in policystic ovarian
syndrome (PCOS) patients (20). This finding
suggested that adropin could decrease the elevated
activity of lipids in hyperlipidemic rats and had
effects on ameliorating lipid metabolism disease.
There were significant increases in serum
adropin levels in group A compared to group H.
Reduction in lipid activity in group A might be a
result of an increase in the levels of serum adropin.
Kumar et al reported that the amount of adropin in
circulation is augmented commensurate to the
increase in dietary fat content and adropin levels
were decreased in mice fed with a highcarbohydrate-low-fat diet,while increased in mice
fed with a low-carbohydrate-high-fat diet. (21). In a
study by Kumar et al, it was observed that energy
homeostasis associated (Enho) gene expression level
was significantly lower in the liver tissues of rats
with
diet-induced
obesity
and
adropin
administration to rats with diet-induced obesity
decreases hepatosteatosis (9). In this study and
previous studies on this subject, differences in dose
and type of administration of adropin led to the
differences in the results.
In this study, blood glucose, HbA1c (%) and
HOMA-IR scores increased and a decrease was found
in HOMA-β levels in group H compared to group C.
Eu et al demonstrated that mean blood glucose
concentration and HOMA-IR index were increased
in high-fat diet-induced obese rats for 28 days
compared to the controls (22). In our study,
intraperitoneal
administration
of
adropin
signiﬁcantly decreased the levels of fasting blood
glucose, HbA1c (%), HOMA-IR and insulin levels in
group A. The reason for the reduction of these
parameters in adropin-treated group might arise
from increasing the levels of serum adropin. Adropin
may lead to inhibiting the production of glucose
metabolism directly. In studies performed on dietinduced obese mice with insulin resistance, it was
reported that adropin treatment ameliorated glucose
tolerance, insulin action and metabolic flexibility
towards glucose utilization (23). Aydın et al reported
that there was a negative correlation between HbA1c
(%) and adropin concentrations (24). Yildirim et al
recently showed that serum adropin level was
negatively correlated with fasting serum insulin
levels, HOMA-IR in PCOS patients (20). The study
demonstrated that lower adropin levels were
associated with insulin resistance in humans, as in
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mice (21). In the study performed by Kumar et al it
was shown that increased amounts of adropin in
circulation, decrease insulin resistance and glucose
intolerance that occur in response to metabolic
stress (9). Our present results demonstrated that
adropin could decrease the elevated activity of
glucose and insulin in hyperlipidemic rats.
In this study, an increase was observed in serum
ALT, ALP and GGT levels in group H compared to
group C, but the high level of serum AST was not
significant. Abbas et al revealed that high-fat diet
caused a significant increase in serum levels of ALT,
AST, ALP, and GGT in comparison to control (25).
After treatment with adropin, it was found that
adropin could decrease the level of AST, ALT, ALP
and GGT in group A. There is no study in the
literature focusing on the relation between adropin
and hepatic marker enzymes that can be compared
with the results of this study. Our present results
demonstrated that adropin could decrease the
elevated liver enzymes activities and has potential
hepatoprotective effects in hyperlipidemic rats.
In this study, TNF-α mRNA expression in the liver
tissue were higher in group H than in the healthy rats
(controls), indicating that hyperlipidemia induces
the upregulation of pro-inflammatory cytokines and
leads to liver tissue damage. In addition, in group H,
IL-6 levels are elevated, but not statistically
significant. Ding et al have demonstrated that renal
expression of TNF‑α and IL-6 were increased in the
hyperlipidemic group when compared to the normal
control group (26). In the present study, adropin
was shown to reduce mRNA expression levels of
TNF‑α and IL-6 in hyperlipidemic rat model. There is
no study in the literature considering the relation
between adropin, TNF-α and IL-6 that can be
compared with the results of this study. Lovren et al
reported that adropin-treated endothelial cells
showed proliferation, migration, and capillary-like
tube formation as well as less permeability and TNFα-induced apoptosis (13).
In this study, iNOS mRNA expression in the liver
tissue was significantly increased in group H
compared to groups C and A. A study by Wang et al
(27) showed that the expression of iNOS mRNA
expression increased in rats with hyperlipidemia. A
signiﬁcant decrease in the iNOS mRNA expression in
group A is seen when compared to group O. Kuloglu
and Aydin showed that the densities of adropin and
iNOS immuno-reactivity rised with the severity of
the diabetes. In addition, increased levels of adropin
and iNOS in the kidney demonstrate that these
substances are involved in the pathophysiology of
diabetes; this creates a compensative mechanism
against the damage inflicted by the disease (28).
Increased expression of TNF-α, IL-6 and iNOS
mRNA seen in hyperlipidemic rats was decreased
in adropin-treated rats. Our present results
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demonstrated that adropin suppressed inflammation
in hyperlipidemiarats.

Conclusion

In this research, exposure to a high-fat diet, even
if it does not result in obesity, may be a risk factor for
metabolic disorders. As a result, serum adropin
levels are decreased in hyperlipidemic rats in which
hyperlipidemia was induced by administering high
fat diet for four weeks. Adropin treatment can
prevent hyperlipidemia. These findings suggest that
adropin could have a strong anti-hyperlipidemia
activity and also ameliorate other lipid metabolism
disorder-related complications, presumably by
reducing inflammatory cytokines, developing glucose
metabolism, insulin sensitivity and intervention
improved the level of serum of lipid and liver enzyme
markers in the hyperlipidemic rats. We assume that
further comprehensive studies are required in order
to have a better understanding of the relation
between hyperlipidemia and adropin.
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