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The Effect of Chemerin on Cardiac Parameters and Gene Expressions in
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Background: Chemerin is a novel chemoattractant adipokine
expressed in cardiovascular system, and its receptor has been detected
in the epicardial adipose tissue.
Aims: To determine the effects of chemerin on the cardiac parameters
and gene expressions in the isolated perfused rat heart.
Study Design: Animal experiment.
Methods: The hearts were retrogradely perfused with Langendorff
technique to measure the cardiac parameters. The experimental groups
were acutely treated with 10, 100, and 1000 nM doses of chemerin.
Another group was given 10 μM L-nitric oxide synthase inhibitor
for 5 min before 1000 nM chemerin administration. The real-time
polymerase chain reaction was performed for detecting the expression
of target genes.
Results: All doses of chemerin significantly decreased the left

The adipose tissue not only serves as an energy storage but also
acts as an endocrine tissue that releases various proteins called
adipocytokines (1). These proteins exhibit endocrine, autocrine,
and paracrine effects and are involved in various physiological
and pathophysiological events, such as food intake, insulin
sensitivity, immunity, and inflammation (2). Chemerin is a 16
kDa adipocytokine consisting of 137 amino acid sequences (3);
its receptors are synthesized mainly in the liver, adipose tissue,
and cardiovascular system (4). Chemerin acts as a crucial protein
in terms of physiological responses, such as inflammation and
insulin resistance, adipose differentiation, and regulation of
immune response, maturation, and metabolism (5). Chemerin
may regulate the cardiovascular functions and gene expressions.
Studies have reported that chemerin is associated with obesity,
metabolic syndrome, and diabetes (6,7). In addition, circulating
chemerin concentrations has been positively correlated to many
obesity-related parameters, including body mass index, blood
pressure, serum lipid, insulin, and cholesterol concentration (8).

ventricular developed pressure (max 35.33 ∆%, p<0.001), and +dP/
dtmax (max 31.3 ∆%, p<0.001), which are the indexes of cardiac
contractile force. In addition, 1000 nM chemerin reduced the coronary
flow (max 31 ∆%, p<0.001). N(W)-nitro-L-arginine methyl ester  
antagonized the negative inotropic effect of chemerin on contractility.
Chemerin induced a 2.16-fold increase in endothelial nitric oxide
synthase mRNA and increased the cyclic guanosine monophosphate
levels (p<0.001) but decreased the PI3Kγ gene expression (1.8-fold,
p<0.001). Furthermore, all doses of chemerin decreased the CaV1.2
gene expression (1.69-fold, p<0.001).
Conclusion: Acute chemerin treatment induces a negative inotropic
action with the involvement of nitric oxide pathway, CaV1.2, and
PI3Kγ on isolated rat heart.
Keywords: Animal experiment, chemerin, cyclic guanosine
monophosphate, endothelial nitric oxide synthase, heart contractility

Previous studies have also demonstrated that chemerin plays a role
in various cardiovascular pathologies, including the development
of hypertension, (3) progression of atherosclerotic lesions (9), and
impaired heart function in patients with dilated cardiomyopathy
(5). Furthermore, chemerin-9 (nonapeptide of the chemerin S157
isoform) induces contraction in a concentration-dependent manner
in isolated rat aorta (10). Chemerin-9 also causes contraction of the
human saphenous vein and resistance in arteries and elevates blood
pressure in rats (11).
Evidence suggests that (3-11) chemerin may influence
cardiovascular functions and the expressions of PI3K alpha (PI3Kα),
PI3K gamma (PI3Kγ), beta adrenergic receptor 1 (β1-AR), β2-AR,
endothelial nitric oxide synthase (eNOS), sarcolemmal L-type Ca2+
channel (CaV1.2) genes, and the tissue levels of cyclic adenosine
monophosphate (cAMP) and cyclic guanosine monophosphate
(cGMP). However, the actions of chemerin on cardiovascular
functions and expression of these genes have not been studied
in isolated perfused rat hearts. Thus, we aimed to investigate the
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possible effects of chemerin on the left ventricular developed
pressure (LVDP), maximal rate of pressure development (+dP/
dtmax), heart rate, coronary flow, monophasic action potential
amplitude (MAPamp), MAP duration at 90% repolarization
(MAP90), the genes mentioned above, and cAMP and cGMP levels.
MATERIALS AND METHODS
Female Sprague-Dawley rats (250-350 g) were fed with a standard
rat diet and housed in cages under 12 h light/12 h dark at 20 °C-25
°C.
The procedures in the present study were conducted in accordance
to the “Guide to the Care and Use of Experimental Animals” by the
Canadian Council of Animal Care and after receiving the approval
of the Institutional Animal Care and Use Committee (IACUC) in
Eskişehir Osmangazi University (IACUC approval no. 385/2014).
Chemicals
Chemerin-9 was obtained from Anaspec (Fremont, CA, USA).
Experimental groups
Four experimental groups were studied. Group 1: The hearts were
perfused with only Krebs Henseleit solution (mK-Hs) for 30 min
(control group). Groups 2, 3, and 4: The hearts were perfused with
mK-Hs containing 10, 100, and 1000 nM chemerin, respectively.
Group 5: The hearts were perfused with mK-Hs containing 10
μM NO synthase inhibitor N(W)-nitro-L-arginine methyl ester
(L-NAME) for 5 min before 1000 nM chemerin administration.
Experimental protocol
The animals were anesthetized with intraperitoneal injection of
sodium thiopental (50 mg/kg) and given heparin (1000 IU). After
sufficient anesthesia administration, the chest of the rats was opened.
The heart was rapidly removed and arrested in ice-cold mK-Hs
and then transferred to the Langendorff apparatus while perfusing
with mK-Hs. The retrograde perfusion was performed in the noncirculating Langendorff mode under a constant pressure (60 mmHg),
whereas the pulmonary artery was incised for the complete coronary
drainage of the ventricles. To measure the cardiac contractile force,
this study used the method previously described by He and Downey
(12). A water-filled latex balloon was set to achieve a stable left
ventricular end-diastolic pressure of 8 mmHg and then inserted into
the left ventricle via the mitral valve and connected to a pressure
transducer. Data acquisition was performed with a data acquisition
and analysis system (Isoheart Software, Germany) to determine the
pressure measurements. LVDP and +dP/dtmax were monitored and
used as the contractility indexes. The contact electrode technique
was applied by using MAP electrodes (Ag/AgCl2) to measure the
MAPamp and MAP90 recordings. The hearts were included from
the study if normal sinus rhythm or LVDP, +dP/dtmax, and heart rate
after the first 30 min of perfusion were more than 60 mm Hg, 2800
mmHg s-1, and 200 beat/min, respectively.
mRNA preparation and real-time quantitative polymerase
chain reaction
Total RNA was extracted by using Tripure reagent (Roche Life
Science, Mannheim, Germany) according to the instruction manual
Balkan Med J, Vol. 36, No. 1, 2019

(Roche, Life Science). The mRNA levels of all genes were measured
by real-time quantitative polymerase chain reaction in a LightCycler
480 I (Roche Applied Science, Mannheim, Germany). The primer sets
were as follows: PI3Kα, NM_013005.1; PI3Kγ, NM_022213.1; β1AR, NM_012701.1; β2-AR, NM_012492.2; eNOS, NM_021838.2;
CaV1.2, NM_012517.2; beta actin, NM_031144.3 (TIB-Molbiol,
Berlin, Germany). Beta-actin gene was used as a housekeeping gene,
and each sample was run as duplicate together with the negative
control. Relative gene expression was normalized and calculated by
using the 2-ΔΔCT method.
Enzyme-linked immunosorbent assay
The frozen tissues (50-100 mg) were treated with phosphatebuffered saline at 0 °C and centrifuged for 20 min at 4461006×g. After the supernatant was extracted, the cAMP and
cGMP concentrations of the aqueous phase were measured with
a commercial enzyme immunoassay (YH Biosearch, Shanghai,
China).
Statistical analysis
SPSS for Windows (version 13.0, SPSS Inc, Chicago, USA)
was used to conduct the statistical analysis. The normality of
data distribution was evaluated with Shapiro-Wilk test and
Kolmogorov-Smirnov test with Lilliefor’s correction. Thereafter,
one-way analysis of variance and Tukey’s honest significant
difference multiple comparisons post hoc test were used for the
data analysis. The findings were reported as the mean ± standard
deviation, and p values were considered statistically significant at
less than 0.05.
RESULTS
Effects of chemerin on cardiovascular variables
The 10 nM dose of chemerin decreased LVDP at 30 min (p<0.05),
whereas the 100 and 1000 nM doses of chemerin also decreased
LVDP at 2, 10, 20, and 30 min (p<0.001, Figure 1a). On the other
hand, 1000 nM dose of chemerin decreased LVDP (35.33 ∆%
maximum) at 2 min (p<0.001, Figure 1a). As illustrated in Figure
1b, the 10 nM chemerin decreased +dP/dtmax value at 30 min
(p<0.05). Chemerin at 100 and 1000 nM doses also decreased
+dP/dtmax values at 2, 10, 20, and 30 min of observation period
(p<0.001). The 1000 nM dose of chemerin reduced +dP/dtmax value
(31.3 ∆% maximum) at 2 min of the observation period (p<0.001).
Chemerin induced reductions in LVDP and +dP/dtmax values in a
dose-dependent manner, and maximal declines in LVDP and +dP/
dtmax were observed at 30 min (Figure 1a, 1b, respectively). A total
of 1000 nM chemerin reduced coronary flow for 31 ∆% maximum
at 2 min compared with the control group (p<0.001, Figure 2).
In addition, none of the chemerin doses influenced the heart rate,
MAPamp, and MAP90 values during the 30 min observation (Figure
2a, 3a, 3b, respectively). Only the 10 μM dose of L-NAME reduced
LVDP, +dP/dtmax, coronary flow with values of 7.5 ∆%, 13.66 ∆%,
and 1.16 ∆%, respectively, at 2 min compared with the control group
(p<0.001). However, only 1000 nM chemerin reduced LVDP, +dP/
dtmax, and coronary flow values by 35.33 ∆%, 31.33 ∆%, and 31
∆% respectively. In the combination 10 μM dose of L-NAME and
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chemerin groups, the decrease in LVDP, +dP/dtmax, and coronary
flow values reached 4 ∆%, 5 ∆%, and 10.33 ∆%, respectively. The
10 μM dose of L-NAME, together with 1000 nM dose of chemerin,
antagonized the decreasing effects of 1000 nM chemerin on LVDP,
+dP/dtmax, and coronary flow values at 2 min (p<0.001, Figure 4).

FIG. 1. a, b. Time-dependent effect of chemerin on the LVDP (a) and +dP/dtmax (b). ∆%
refers to the change as a percentage of the 0 min value, that is, the value obtained prior to
chemerin administration in chemerin-treated groups and the value obtained after a 30 min
stabilization period in the control groups. -∆% denotes the decrease. *p<0.05, **p<0.01,
and ***p<0.001 significantly different from the respective controls.
LVDP: left ventricular developed pressure

FIG. 3. a, b. Time-dependent effect of chemerin on the MAPamp (a) and MAP90 (b). ∆%
represents the change as a percentage of the 0 min value, that is, the value obtained prior
to the administration of chemerin in chemerin groups and the value obtained after a 30 min
stabilization period in the control groups. -∆% and +∆% show the decrease and increase,
respectively.
MAPamp: monophasic action potential amplitude; MAP90 duration at 90% repolarization

FIG. 2. a, b. Time-dependent effect of chemerin on the heart rate (a) and coronary flow
(b). ∆% indicates the change as a percentage of the 0 min value, that is, the value obtained
prior to the administration of chemerin in the chemerin-treated groups and the value
obtained after a 30 min stabilization period in the control groups. -∆% shows the decrease.
***p<0.001 significantly different from the respective control.

FIG. 4. Effects of the application of 10 μM dose of L-NAME and 10 μM dose of L-NAME
with 1000 nM chemerin on the LVDP, +dP/dtmax, and coronary flow at 2 min (n=7). ∆%
shows the decrease. a; p<0.001 significantly different than control group, b; p<0.001
significantly different than chemerin 1000 nM.
A: Control, B: Chemerin 1000 nM, C: L-NAME 10 μM, D: L-NAME 10 μM +
Chemerin1000 nM.
LVDP: left ventricular developed pressure; L-NAME: N(W)-nitro-L-arginine methyl ester

Balkan Med J, Vol. 36, No. 1, 2019

46

Kutlay et al. Chemerin, Cardiovascular Parameters

Effect of chemerin on gene expressions and cAMP and cGMP
production
The heart tissue samples of the left ventricular were obtained
after 30 min in all groups except at 1000 nM dose in the 2
min group, in which the samples were obtained at 2 min. The
PI3Kα mRNA levels at all doses of chemerin are statistically
insignificant. However, the PI3Kγ mRNA levels at 100 and
1000 nM of chemerin are statistically meaningful in comparison
with the control group values. The expression of PI3Kγ mRNA
was 1.8- and 1.63-fold lower under 100 and 1000 nM chemerin
doses, respectively. Chemerin treatment caused no alteration in the
β1-AR and β2-AR gene expressions. The 100 and 1000 nM chemerin
doses significantly increased the eNOS mRNA levels. The results
revealed that the increased eNOS mRNA gene expression in
the 1000 nM dose chemerin group at 2 min is statistically more
significant in comparison with those in the 100 and 1000 nM dose
groups. The expression of eNOS gene increased by 1.91-fold for
100, 1.95-fold for 1000, and 2.16-fold for 1000 nM dose chemerin
group at 2 min (Table 1). Furthermore, chemerin significantly
decreased the mRNA levels of CaV1.2 gene expression (by 1.64,
1.69, and 1.4-fold for the 10, 100, and 1000 nM dose groups,
respectively). Although the dose-dependent increases were
observed in cAMP values measured in chemerin-treated hearts,
these changes presented no statistical significance (Figure 5a). The
treatment with 10 nM chemerin caused no substantial changes in
the cGMP amount. However, the 100, 1000, and 1000 nM dose
chemerin groups exhibited significantly increased the cGMP
amounts at 2 min in comparison with the control group (p<0.001,
Figure 5b).

Considering that adipocytokines activate several signaling
pathways, chemerin could induce the NO synthesis through
activation of the PI3K/Akt/eNOS pathways. The activation of the
PI3K/Akt/eNOS signaling pathway results in the phosphorylation
of Akt; phosphorylated Akt enhances the NO production (13). NO
activates the soluble guanyl cyclase, subsequently leading to the
production of cGMP. Subsequently, the cGMP-dependent protein
kinase G (PKG) is activated. PKG reduces the amount of CaV1.2
mRNA and consequently reduces the amount of Ca2+ entering
the heart muscle cells by decreasing the Ca2+ channel flow. PKG
also exerts negative inotropic effects by diminishing the L-type
Ca2+ channel currents and through the desensitization of cardiac
myofilaments to Ca2+ (13,14). In this manner, the reduction of

DISCUSSION
The present study showed that chemerin significantly reduced
LVDP and +dP/dtmax values in isolated perfused rat hearts. This
study also demonstrated that the treatment of isolated hearts with
chemerin protein increased the eNOS mRNA and cGMP levels
and reduced the expression of CaV1.2 gene in cardiac tissues. This
research reported for the first time that acute chemerin treatment of
isolated perfused rat leads to decreases in cardiac contractility. In
addition, in this work, the negative inotropic effects of chemerin
were antagonized with L-NAME. The findings revealed that NO
may mediate the negative inotropic effects of chemerin.

FIG. 5. a, b. Effects of chemerin on the cAMP (a) and cGMP (b) amounts in the left
ventricular tissue. *p<0.05 significantly different from the control, n=7.
cAMP: cyclic adenosine monophosphate; cGMP: cyclic guanosine monophosphate

TABLE 1. Relative gene expressions of PI3Kα, PI3Kγ, β1-AR, β2-AR, eNOS, and CaV1.2 in the control and chemerin-treated groups

Gene name
Experimental group

PI3Kα
mRNA fold
changes

PI3Kγ
mRNA fold
changes

β1-AR
mRNA fold
changes

β2-AR
mRNA fold
changes

eNOS
mRNA fold
changes

CaV1.2
mRNA
fold changes

Control

2±0.5

1.08±0.2

1.56±0.3

0.76±0.1

0.6±0.2

1.27±0.2

Chemerin 10 nM

2.14±0.9

1.06±0.1

1.33±0.2

0.98±0.1

1.08±0.2

0.77±0.1 ***p<0.001

Chemerin 100 nM

2.01±0.6

0.6±0.2 **p<0.01

1.1±0.2

0.75±0.1

1.15±0.4 *p<0.05

0.75±0.1 *p<0.05

2.21±0.7

0.66±0.1 *p<0.05

1.1±0.2

0.9±0.1

1.17±0.1 *p<0.05

0.9±0.07 **p<0.01

3.12±1.2

0.75±0.1

1.8±0.8

0.7±0.07

1.3±0.3 **p<0.01

0.7±0.2

Chemerin 1000 nM
Chemerin 1000 nM

2nd

minute

eNOS: endothelial nitric oxide synthase; mRNA: message RNA
The data show mRNA fold changes. Values are expressed as mean ± standard deviation, *p<0.05, **p<0.01, and ***p<0.001 significantly different from the respective control, n=7
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Ca2+ entering the cells results in a negative inotropic effect on the
heart. Therefore, whether changes in the expression of genes are
related to the PI3K/Akt/eNOS pathways in chemerin treatment
isolated rat hearts must be investigated. To this end, we studied the
expression of the genes of Cav1.2, PI3Kα, PI3Kγ, and eNOS on
isolated rat hearts.
The application of chemerin to isolated rat hearts resulted in a
statistically significant increase in the eNOS mRNA levels in
comparison with the controls. In addition, with the increase in eNOS
gene expression, the amount of cGMP in the cell also increased. NO
contributes to the fine-tuning of the excitation-contraction coupling
in the myocardium (15). The low concentrations of NO lead to
positive inotropic effects, (16) whereas its high concentrations
of NO result in the opposite trend. According to recent studies,
the general idea regarding NO is that it causes biphasic effects
on the myocardial function (15-18). These findings also support
that NO mediates the negative inotropic effects of chemerin. NO
is an important biological messenger which plays an important
role in regulating cardiac functions, such as cardiac contraction,
heart rate, and vascular tone. The disequilibrium of NO production
is associated with cardiovascular disorders, including ischemic
heart disease, hypertension, heart failure, coronary artery disorder,
and arrhythmia (16). Studies have reported that endogenous
eNOS activation is associated with ventricular arrhythmias in
dogs. Massion ve ark. (15) observed that the amount of eNOS
mRNA in myocytes decreased in the late phase of hypertrophic
cardiomyopathy and heart failure. In the early period of ischemia
and reperfusion, the amount of eNOS in the heart increases; the
increase in NO protects against cardiac ischemia and reperfusion
injury with various mechanisms (18). The cardiovascular system is
complex given its own system and functions similar to those of the
endothelial cells. In addition, the cardiovascular system plays an
important role by interfering with other systems thorough various
mechanisms. Research suggests that chemerin acts as a central actor
in human physiology and pathology. For this reason, understanding
chemerin, as a global protein in the cardiovascular system, will
allow us to better understand the pathologies associated with
chemerin and to apply appropriate treatments (3).
PI3Kα is a subunit of the PI3K signaling pathway, and the decrease
in its signal reduces the number of L-type Ca+2 channels present
in the heart cells; a decreased L-type Ca+2 channel current results
in reduced contractility (19). In other words, PI3Kα participates in
the positive regulation of heart contraction. In vitro contractility
also increased due to the increased PI3Kα expression in the adult
mice (20). In our study, we determined no statistically significant
change in the PI3Kα gene expression levels in the chemerin groups
in comparison with the control group. Considering the positive
relationship between PI3Kα and the L-type Ca+2 channel current,
we concluded that the significant decrease in the mRNA level of
CaV1.2 gene in chemerin-treated groups is unrelated to PI3Kα.
PI3Kγ is another subunit of the PI3K signaling pathway. This
subunit plays a role in regulating cardiac contraction. The catalytic
subunit of PI3Kγ, p110γ, regulates the amount of cAMP (21).
p110γ activates phosphodiesterases (PDEs); activated PDEs cause
the destruction of cAMP. This condition negatively affects the
contractility by reducing the amount of cAMP in the cell (21,22).
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In our study, statistically significant reductions in PI3Kγ gene
expression levels were observed in the chemerin-treated groups.
The literature shows that intracellular cAMP levels increase with
decreasing PI3Kγ gene expression levels. The amounts of cAMP
that is required to be evaluated together with the decreased PI3Kγ
gene expression showed no statistically significant increase but
demonstrated a 2-fold increase in comparison with the control
values (23-25). The insignificant increase in the amount of cAMP
and decrease in the PI3Kγ levels are consistent with the observed
negative inotropic effects of chemerin.
The cardiac ARs in the myocardium contribute to the control of
inotropy, rate of relaxation with the changing levels of intracellular
Ca2+, and heart rate. Approximately 75% of the cardiac ARs are
β1-AR, and the rest comprise β2-AR (26). In this research, the
β1-AR and β2-AR gene expressions were studied to investigate
whether changes in the expression of the genes are related to the
contraction of isolated rat heart treated with chemerin. However,
upon comparison of the chemerin-treated and control groups,
no statistically significant difference was found in both gene
expressions. In addition, no statistically significant difference in
heartbeats was determined between the chemerin-administered
and control groups. These findings suggest that chemerin could
not mediate the effects of β1-AR and β2-AR on heart contractility.
This compound also plays no part in the regulation of heart rate.
As a result of the stimulation of β-ARs, the literature suggests
that the level of cAMP in the cell increases; consequently, the
contraction force of the heart increases (26). However, in our
study, no significant increase was observed in the cAMP level. The
statistically insignificant increase in the amount of cAMP in the
chemerin-treated groups may be due to a decrease in the PI3Kγ
gene expression level, leading to an increase in cAMP (25).
In our study, 2 min after the application of 1000 nM chemerin,
the volume of coronary flow decreased by 30%-40%, and this
decrease showed statistical significance. In addition, coronary
flow volumes during the application of the chemerin remained
below the control values. Lobato et al. (27) have demonstrated
that chemerin enhanced the vasoconstriction responses of the α1adrenergic agonist phenylephrine and endothelin-1 in rat aorta.
Watts et al. (28) showed that the application of 1000 nM dose of
chemerin caused contraction on the isolated thoracic aorta from
obese and hypertensive rats and the isolated mesenteric arteries
from obese humans. They also observed that the NO synthase
inhibitor N-ω-nitro-L-arginine increased the contractile responses
caused by chemerin. In our study, the reduction in the coronary
flow may be attributed to the reduced heart contractility and the
vasoconstrictor effect of chemerin on the 1000 nM dose group. The
expectation was that eNOS would lead to a rise in coronary flow;
however, the 10 and 100 nM chemerin doses caused no alterations
on this variable. The coronary perfusion pressure is a good index
of coronary vascular tone. However, in our study, the coronary
effluent amounts could be measured from the collection of the
coronary effluent after 1 min in a graduated cylinder instead of
coronary perfusion pressure. Although the eNOS mRNA quantities
increased, no increase was observed in the coronary flow. Thus, the
unexpected results may be also the outcomes of the differences in
the methods employed.
Balkan Med J, Vol. 36, No. 1, 2019
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MAPamp depends on the intracellular diffusion of Na+ ions from
Na+ channels in the first phase of MAP (phase 0) (29). In our study,
chemerin caused no significant change in the values of MAPamp.
This finding suggests that chemerin protein caused no alteration
in the Na+ channel current during phase 0. On the other hand,
MAP90 provides information about the repolarization phase of
AP; it is inversely proportional to the number of heartbeats (30).
The MAP90 showed a statistically insignificant change in the
chemerin-treated groups compared with the control groups. The
non-significant changes in the MAP90 in this study may be due to
the insignificant change in the gene expression levels of β1-2-ARs
and consequent negligible changes in heartbeats.
This study is the first attempt to demonstrate that chemerin exerts
negative inotropic effects while decreasing the LVDP, +dP/
dtmax, and coronary flow. On the other hand, L-NAME totally
reversed the negative inotropic effects of chemerin. We suggest
that chemerin possesses a negative inotropic action, and NO may
mediate this action. For the first time, we observed that chemerin
reduces the PI3Kγ and CaV1.2 gene expressions but enhances the
eNOS mRNA and tissue cGMP levels. This study argues that the
negative inotropic effects generated by chemerin is associated
with the increased amount of eNOS mRNA and decreased CaV1.2
mRNA levels. However, the relationship of negative inotropic
effect induced by chemerin to cardiac and vascular pathology must
be demonstrated in vivo and replicated in human tissues. Further
and more advanced research is required to explore the potential
impact of our findings on the pathology of cardiovascular illnesses
and the potential role of chemerin in the treatment processes.
Acknowledgements: This work was funded by the Research Foundation of
Eskişehir Osmangazi University (Project No: 201411032) and obtained from
the dissertation of Özden Kutlay, who was accepted for a PhD degree in
Physiology.
Conflict of Interest: No conflict of interest was declared by the authors.
Financial Disclosure: No financial disclosure was declared by the authors.

REFERENCES
1.

Yamawaki H. Vascular effects of novel adipocytokines: focus on vascular contractility
and inflammatory responses. Biol Pharm Bull 2011;34:307-10.

2.

Conde J, Scotece M, Gomez F, Lopez V, Gomez-Reino JJ, Lago F, et al. Adipokines:
Biofactors from white adipose tissue. A complex hub among inflammation,
metabolism, and immunity. Biofactors 2011;37:413-20.

3.

Ferland DJ, Watts SW. Chemerin: A comprehensive review elucidating the need for
cardiovascular research. Pharmacol Res 2015;99:351-61.

4.

Rodríguez-Penas D, Feijóo-Bandín S, García-Rúa V, Mosquera-Leal A, Durán D,
Varela A, et al. The adipokine chemerin induces apoptosis in cardiomyocytes. Cell
Physiol Biochem 2015;37:176-92.

5.

Zhang O, Ji Q, Yingzhong L, Wang Z, Huang Y, Lu W, et al. Circulating chemerin
levels elevated in dilated cardiomyopathy patients with overt heart failure. Clin Chim
Acta 2015;448:27-33.

8.

Mattern A, Zellmann T, Beck-Sickinger AG. Processing, signaling and physiological
function of chemerin. IUBMB Life 2014;66:19-26.

9.

Kostopoulos CG, Spiroglou SG, Varakis JN, Apostolakis E, Papadaki HH. Chemerin
and CMKLR1 expression in human arteries and periadventitial fat: a posssible role for
local chemerin in atherosclerosis? Cardiovasc Disord 2014;14:56.

10. Ferland DJ, Darios ES, Neubig RR, Sjogren B, Truong N, Torres R, et al. Chemerininduced arterial contraction is Gi-and calcium-dependent. Vasc Pharmacol
2017;88:30-41.
11. Kennedy AJ, Yang P, Read C, Kuc RE, Yang L, Taylor EJ, et al. Chemerin elicits
potent constrictor actions via chemokine-like receptor 1 (CMKLR1), not G-proteincoupled receptor 1 (GPR1), in human and rat vasculature. J Am Heart Assoc 2016:5.
12. He MX, Downey HF. Downregulation of ventricular contractile function during early
ischemia is flow but not pressure dependent. Am J Physiol 1998;275:520-3.
13. Maruyama S, Shibata R, Kikuchi R, Izumiya Y, Rokutanda T, Araki S, et al. Fatderived factor omentin stimulates endothelial cell function and ischemia-induced
revascularization via endothelial nitric oxide synthase-dependent mechanism. J Biol
Chem 2012;287:408-17.
14. Peng T, Lu X, Lei M, Feng Q. Endothelial nitric-oxide synthase enhances
lipopolysaccharide estimulated tumor necrosis factor alpha expression via Campmediated p38 MAPK pathway in cardiomyocytes. J Biol Chem 2003;278:8099-105.
15. Massion PB, Feron O, Dessy C, Balligand JL. Nitric oxide and cardiac function: ten
years after, and continuing. Circ Res 2003;93:388-98.
16. Ozcan G, Şahin EA, Demirel Yılmaz E. Effect of Nitric Oxide on Cardiac Functions:
Turkey Clinics J Cardiovasc Sci 2016;28:99-117.
17. Seddon M, Shah AM, Casadei B. Cardiomyoctes as effectors of nitric oxide signalling.
Cardiovasc Res 2007;75:315-26.
18. Van de Sandt AM, Windler R, Gödecke A, Ohlig J, Zander S, Reinartz M, et al.
Endothelial NOS (NOS3) impairs myocardial function in developing sepsis. Basic
Res Cardiol 2013;108:330.
19. Lu Z, Ballou LM, Jiang YP, Cohen IS, Lin RZ. Restoration of defective L-type
Ca2+ current in cardiac myocytes of type 2 diabetic db/db mice by Akt and PKC-Ι. J
Cardiovasc Pharmacol 2011;58:439-45.
20. Yano N, Tseng A, Zhao TC, Robbins J, Padbury JF, Tseng YT. Temporally controlled
overexpression of cardiac-specific PI3Kalpha induces enhanced myocardial contractility
a new transgenic model. Am J Physiol Heart Circ Physiol 2008;295:1690-4.
21. Ghigo A, Morello F, Perino A, Damilano F, Hirsch E. Specific PI3K Isoform
Modulation in Heart Failure: Lessons from Transgenic Mice. Curr Heart Fail Rep
2011;8:168-75.
22. Kerfant BG, Gidrewicz D, Sun H, Oudit GY, Penninger JM, Backx PH. Cardiac
Sarcoplasmic Reticulum Calcium Release and Load Are Enhanced by Subcellular
cAMP Elevations in PI3K gamma-deficient mice. Circ Res 2005;96:1079-86.
23. Crackower MA, Oudit GY, Kozieradzki I, Sarao R, Sun H, Sasaki T, et al. Regulation
of myocardial contractility and cell size by distinct PI3K-PTEN signaling pathways.
Cell 2002;110:737-49.
24. Ghigo A, Morello F, Perino A, Damilano F, Hirsch E. Specific PI3K Isoform
Modulation in Heart Failure: Lessons from Transgenic Mice. Curr Heart Fail Rep
2011;8:168-75.
25. Kerfant BG, Rose RA, Sun H, Back PH. Phosphoinositide 3-kinase c Regulates
Cardiac Contractility by Locally Controllig Cyclic Adenosine Monophosphate
Levels. Trends Cardiovasc Med 2006;16:250-6.
26. George MS, Pitt GS. The real estate of cardiac signaling: location, location, location.
Proc Natl Acad Sci U S A 2006;103:7535-6.
27. Lobato NS, Neves KB, Filgueira FP, Fortes ZB, Carvalho MH, Webb RC, et al. The
adipokine chemerin augments vascular reactivity to contractile stimuli via activation
of the MEK-ERK1/2 pathway. Life Sci 2012;15:600-6.
28. Watts S, Dorrance AM, Penfold ME, Rourke JL, Sinal CJ, Seitz B, et al. Chemerin
connects fat to arterial contraction. Arterioscler Thromb Vasc Biol 2013;33:1320-28.

6.

Bozaoglu K, Bolton K, McMillan J, Zimmet P, Jowett J, Collier G, et al. Chemerin
is a novel adipokine associated with obesity and metabolic syndrome. Endocrinology
2007;148:4687-94.

29. Xia JS, Li Z, Dong JW, Tu H, Zeng, FD. Dauricine-induced changes in monophasic
action potentials and effective refractory period of rabbit left ventricle in situ. Acta
Pharmacol Sin 2002;23:371-5.

7.

Chakaroun R, Raschpichler M, Klöting N, Oberbach A, Flehmig G, Kern M, et al.
Effects of weight loss and exercise on chemerin serum concentrations and adipose
tissue expression in human obesity. Metabolism 2012;61:706-14.

30. Wang Y, Chen MS, Liu HC, Xiao JH, Wang JL. The relationship between frequency
dependence of action potential duration and the expression of TRPC3 in rabbit
ventricular myocardium. Cell Physiol Biochem 2014;33:646-56.

Balkan Med J, Vol. 36, No. 1, 2019

