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Effect of omentin on cardiovascular functions and gene expressions
in isolated rat hearts
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ABSTRACT

Objective: Omentin is a recently identified novel adipocytokine mainly expressed in the epicardial adipose tissue. Although it has favorable
effects on cardiovascular disease, the impact of omentin on the hearts is still an understudied issue. The aim of the present study was to inves-
tigate the possible effects of omentin on isolated rat heart.

Methods: Using the Langendorff method, 28 adult male Sprague—Dawley rat hearts were isolated and perfused with modified Krebs—Henseleit
solution (mK-Hs). Concentrations of 100, 200, and 400 ng/mL omentin were given to the hearts for 30 min. The control group (n=7) was perfused
with mK—Hs alone. Gene expressions in the left ventricle tissue were determined by real-time polymerase chain reaction. Left ventricular cyclic
adenosine monophosphate and cyclic guanosine monophosphate (cGMP) concentrations were determined by using enzyme-linked immuno-
sorbent assay.

Results: All concentrations of omentin significantly decreased left ventricular developed pressure and maximal rate of pressure development
that are the indexes of cardiac contractility. At the same time, omentin decreased both phosphoinositide 3-kinase y (PI3Ky) and sarcolemmal
L-type Ca? channel (CaV1.2) mRNA levels. Moreover, this peptide at concentrations of 200 and 400 ng/mL increased endothelial nitric oxide
synthase (eNOS) mRNA. Furthermore, concentrations of 200 and 400 ng/mL omentin increased the amount of cGMP.

Conclusion: We conclude that acute omentin treatment decreases cardiac contractility. Elevated eNOS mRNA and ¢cGMP levels with reduced

CaV1.2 mRNA are likely to lead to negative inotropy. (Anatol J Cardiol 2019; 21: 91-7)
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Introduction

Obesity is a higher risk factor for the development of insulin
resistance, type 2 diabetes, cardiovascular disease, and dyslipid-
emia (1). Adipocytokines are known as proteins secreted from the
adipose tissue. Omentin, which was previously named as intelec-
tin, is a new adipocytokine consisting of 313 amino acids (2). It is
abundantly expressed in the epicardial and omental adipose tis-
sues (3), but there are limited data on its effects. Previous studies
demonstrated that omentin increased insulin-stimulated glucose
transport in adipocytes (2) and exerted an anti-inflammatory ac-
tion in human vascular endothelial cells (4). Omentin enhances
the proliferation of human osteoblasts (5) and the growth of neural
stem cell (6). Furthermore, it has orexigenic effects (7).

Omentin may affect cardiovascular functions and gene ex-
pressions. It has been reported that plasma concentration of
omentin as well as its gene expression are reduced in obesity (8),

and reduced circulating levels of omentin are associated with
cardiovascular diseases, such as atherosclerosis (9), heart fail-
ure (10), and acute myocardial infarction (11). The levels of circu-
lating omentin are also decreased in obesity-related diseases,
including metabolic syndrome and type 2 diabetes (12). Recently,
experimental studies show that omentin has protective effects
against myocardial ischemia-reperfusion damage (13). Omentin
decreases myocardial hypertrophy and stimulates angiogenesis
inischemia (12). Furthermore, in isolated rat aorta precontracted
by noradrenaline, omentin treatment causes vasodilation via
endothelium-dependent nitric oxide (NO) and inhibits contrac-
tions induced by noradrenaline (14). Omentin acutely decreases
agonist-induced hypertension in rats, and it was suggested that
NO mediated the action of omentin (15).

Although there are studies (9-11) that omentin affects car-
diovascular functions, the role of omentin on cardiovascular
functions on isolated perfused rat hearts was not explored.
Furthermore, omentin may influence gene expressions together
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with tissue level of cyclic adenosine monophosphate (cAMP) and
cyclic guanosine monophosphate (cGMP). However, the effects
of omentin on the expressions of phosphoinositide 3-kinase a
(PI3Ka), phosphoinositide 3-kinase v (PI3Ky), beta-adrenergic re-
ceptor 1 (31-AR), beta-adrenergic receptor 2 (82-AR), endothelial
nitric oxide synthase (eNOS), and L-type Ca?* channel (CaV1.2)
genes, as well as the amounts of cAMP and cGMP, have not been
studied. The expressions of these genes affect intracellular Ca?*
regulation and cardiac contractility (16-20). Moreover, cAMP and
¢GMP modulate contractile function of the heart (21, 22). There-
fore, we studied the possible effects of omentin on left ventricular
developed pressure (LVDP), maximal rate of pressure develop-
ment (+dP/dt__ ), heart rate, coronary flow, monophasic action po-
tential amplitude (MAPamp), MAP duration at 90% repolarization
(MAP, ), the genes mentioned above, and cAMP and cGMP levels.

Methods

Isolated heart preparation

Adult male Sprague—Dawley rats (250-350 g) were fed with
a standard diet and housed in cages with a 12-hour light/dark
cycle at 20-25 °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
(23). The Institutional Animal Care and Use Committee (IACUC) of
the university approved the experimental protocols (IACUC ap-
proval no.: 385/2014). Twenty-eight adult male Sprague—Dawley
rat hearts were divided into four groups, and each group was
seven. Concentrations of 100, 200, and 400 ng/ml omentin were
given to the hearts for 30 min and perfused with Krebs—Henseleit
(mK-Hs) solution. The control group was perfused with mK-Hs
alone for 30 min. Rats were anesthetized by sodium thiopental
(50 mg/kg) after the intraperitoneal administration of 1.000 U
heparin. The rat's chest was opened after ensuring the depth
of anesthesia. The heart was rapidly isolated and placed into ice
cold mK-Hs until contractions stopped. The tissues around the
heart were removed, and the heart was quickly transferred to the
Langendorff apparatus. The aorta was immediately attached to a
stainless-steel aortic cannula. Thereafter, retrograde perfusion
was done under a constant pressure (60 mm Hg) using a noncir-
culating Langendorff method. The pulmonary artery was incised
to provide complete coronary drainage in the ventricles. For perfu-
sion, mK—Hs solution containing (mM) NaCl (118), KCI (4.7), CaCl,
(2.5), MgS0, (1.2), KH,PQ, (1.2), NaHCO, (25), and glucose (11) was
used. The solution was prepared daily and continuously oxygen-
ated with 95% 0, and 5% CO,. The pH and temperature of the solu-
tion were maintained at 7.4+0.1 and 37°C, respectively.

Measurement of cardiovascular parameters and experi-

mental protocol

Cardiac contractile force was measured by using the tech-
nique previously described by He and Downey (24). A liquid-
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filled latex balloon was connected to a pressure transducer (Iso-
tec; Hugo Sachs Elektronik, March-Hugstetten, Germany) and
inserted to the left ventricle through the mitral valve. The balloon
was inflated with the aid of a glass syringe to achieve a diastolic
pressure of 8 mm Hg, and the balloon pressure was kept at this
value. Peak systolic and end-diastolic pressures were measured.
LVDP was calculated as the difference between the systolic
and diastolic pressures and used as a contractility index. The
left ventricular pressure was processed by a data acquisition
software (Isoheart Software, version 1.5 for Microsoft Windows
NT/2000/XP; Hugo Sachs Elektronik). +dP/dt  was determined
and was used as the other contractility index. Heart rate was
calculated from the signals of the left ventricular pressure. The
coronary flow, an index of the coronary vascular tone, was mea-
sured from the collection of the coronary effluent during 1 min
in a graduated cylinder. All of the cardiovascular parameters,
except coronary flow, were analyzed by a data acquisition and
analysis system (lsoheart Software). Contact electrode tech-
nique (25) was applied, and MAP electrodes (Ag/AgCl,) were
used for MAP recordings. MAPamp and MAP_ recordings were
measured by pressing an electrode to the epicardium of the left
ventricle while the other electrode touched the epicardium. A
constant contact pressure between MAP electrode and epicar-
dium was provided. The hearts were allowed to equilibrate for 30
min to obtain a stable baseline. In our study, the inclusion criteria
of the hearts were LVDP >60 mm Hg, +dP/dtmax >2800 mm Hg s,
heart rate >200 beats/min, and normal sinus rhythm. Rat omen-
tin (ProSpec, Brunswick, USA) was dissolved in distilled water,
stored at -20°C, and administered to the hearts for 30 min after
the stabilization period. Four experimental groups were studied.
In group 1, the hearts were perfused with only mK—Hs for 30 min
(control group). In groups 2, 3, and 4, the hearts were perfused
with mK—Hs containing 100, 200, and 400 ng/mL omentin, respec-
tively. All cardiovascular values were recorded at 10 min, 20 min,
and 30 min of the 30 min observation period in the control and
experimental groups. After the cardiovascular parameters were
studied, the left ventricular tissue was stored at —-80°C for sub-
sequent gene expressions and enzyme-linked immunosorbent
assay (ELISA) studies.

mRNA preparation and real-time quantitative polymerase

chain reaction

All tissues were stored 1 day in the RNA later reagent (Qia-
gen, Germany) for RNA stabilization and then frozen at -80°C un-
til further molecular analysis. Total RNA was extracted from the
left ventricular tissue samples using a TriPure reagent (Roche
Life Science, Mannheim, Germany) according to the manufac-
turer’s instruction (Roche Life Science). The concentration and
purity of RNA were measured by reading the absorbance at 260
and 280 nm using a spectrophotometer (NanoDrop 1000 Spec-
trophotometer; Thermo Fisher Scientific, Wilmington, USA). The
260 nm/280 nm fluorescence ratio of all samples was 1.8. The
integrity of RNA was also assessed by electrophoresis using a
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stained ethidium bromide (Fisher BioReagents, USA) with 1.2%
agarose gel (Lonza, Rockland, USA). Intact RNA was reflected
by the 18S and 28S ribosomal bands. Five ng of RNA was re-
verse transcribed by a Transcriptor High Fidelity cDNA Synthe-
sis Kit (Roche Life Science). The mRNA levels of all genes were
measured by real-time (RT) quantitative polymerase chain reac-
tion (PCR) using the LightCycler 480 | (Roche Applied Science,
Mannheim, Germany). cDNA (50 ng) was quantified using the
FastStart Probes Master Kit (Roche Applied Science) and Tag-
Man Probe/Primer Sets. TagMan Probe/Primer Sets were PI13Ka,
NM_013005.1; PI3Ky, NM_022213.1; 1-AR, NM_012701.1; 32-AR,
NM_012492.2; eNOS, NM_021838.2; CaV1.2, NM_012517.2; and
Beta actin, NM_031144.3 (TIB Molbiol, Berlin, Germany). The
Beta Actin gene was used as a housekeeping gene, and each
sample was run as a duplicate together with negative control.
Relative gene expression was normalized and calculated by us-
ing the 2-24" method (26).

ELISA

Frozen left ventricular tissue (50-100 mg) was treated with
phosphate-buffered saline at 0°C and centrifuged at 2000-3000
rpm for 20 min. The supernatant was extracted, and then the
cAMP and ¢cGMP concentrations of aqueous phase were mea-
sured by a commercial enzyme immunoassay (YH Biosearch,
Shanghai, China). The absorbance of samples was read at 450
nm by using an automated ELISA reader (Awareness Technol-
ogy, Inc., Palm City, USA) according to the manufacturer's in-
struction.

Statistical analysis

Statistical analysis was performed by using SPSS for Win-
dows (version 13.0; SPSS Inc., Chicago, USA). The normal-
ity of data distribution was analyzed by Shapiro-Wilk test and
Kolmogorov—Smirnov test with Lilliefor's correction. One-way
analysis of variance and Tukey HSD multiple comparisons post
hoc test were used for data analysis. Values were expressed as
mean+SEM. A p value <0.05 was accepted as statistically sig-
nificant.

Results

Effects of omentin on cardiovascular variables

All of the groups had a stabilization period. The effect of
omentin in three different concentrations and the control group
was compared after this period. Compared with the control
group, administration of 100 ng/mL omentin to the hearts signifi-
cantly decreased LVDP at 30 min (p<0.01). Concentrations of 200
and 400 ng/mL omentin significantly reduced LVDP at 5 min, 10
min, 20 min, and 30 min (p<0.001). The negative inotropic effect of
omentin was concentration-dependent, and maximal decreases
in LVDP were found at 30 min (Fig. 1a). As shown in Figure 1h, 100
ng/mLomentin decreased +dP/dt__ value at 30 min (p<0.05). Con-
centrations of 200 and 400 ng/mL omentin also decreased +dP/
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Figure 1. Time-dependent effect of omentin on LVDP (a) and +dP/dt__
(b). A% is the change as percentage of the 0 min value that is the value
obtained prior to the administration of omentin in the omentin groups
and the change as percentage of the 0 min value that is the value
obtained after a 30-minute stabilization period in the control groups.
—-A% shows decrease. *P<0.05, **P<0.01, and ***P<0.001 significantly
different from the respective control (n=7)
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Figure 2. Time-dependent effect of omentin on heart rate (a) and
coronary flow (b). A% is the change as percentage of the 0 min value
that is the value obtained prior to the administration of omentin in the
omentin groups and the change as percentage of the 0 min value thatis
the value obtained after a 30-minute stabilization period in the control
groups. -A% shows decrease (n=7)
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Figure 3. Time-dependent effect of omentin on MAPamp (a) and MAP,
(b). A% is the change as percentage of the 0 min value that is the value
obtained prior to the administration of omentin in the omentin groups
and the change as percentage of the 0 min value that is the value
obtained after a 30-minute stabilization period in the control groups.
-A% and +A% show decrease and increase, respectively (n=7)

dt . values at5min, 10 min, 20 min, and 30 min of the observation
period (p<0.001). The time course of the impact of +dP/dt _ was
similar to those of LVDP. Omentin-induced reductions in +dP/dt__
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values were concentration-dependent, and maximal decreases
in +dP/dt__ values were observed at 30 min (Fig. 1b). Further-
more, none of the omentin concentration studied changed heart
rate, coronary flow, MAPamp, and MAP, values throughout a
30-minute observation period (Fig. 2a, 2b and 3a, 3b).

Impact of omentin on gene expressions and cAMP and

¢GMP production

Compared with the control, the PI3Ka mRNA levels for each
group were not significantly different. However, the PI3Ky mRNA
levels for all concentrations of omentin were significantly lower
(p<0.01 for 200 and p<0.001 for 100 and 400 ng/mL). The expres-
sion of PI3Ky mRNA was 1.86-, 1.83-, and 2.07-fold lower for 100,
200, and 400 ng/mL, respectively (Table 1). Omentin treatment did
not alter the B1-AR and p2-AR gene expressions. Omentin (100
ng/mL) did not result in significant alterations in eNOS mRNA;
however, 200 and 400 ng/mL omentin caused marked increas-
es in eNOS mRNA (p<0.01 for 200 and p<0.001 for 400 ng/mL).
The expression of the eNOS gene was increased 4.2-fold for
200 and 4.23-fold for 400 ng/mL omentin concentration groups.
Furthermore, omentin significantly decreased the mRNA levels
of CaV1.2 in a concentration-dependent manner (p<0.01 for 100
and p<0.001 for 200 and 400 ng/mL). CaV1.2 gene expression was
reduced 1.58-, 1.98-, and 2.26-fold for 100, 200, and 400 ng/mL, re-
spectively (Table 1). Although there were concentration-depen-
dent increases in cAMP values measured from omentin-treated
hearts, these changes did not reach a significance level (Table 2).
Treatment with 100 ng/mL omentin did not change cGMP amount
significantly. However, 200 and 400 ng/mL concentration groups

Table 1. The relative expression of PI3Ka, PI3Ky, 31-AR, 32-AR, eNOS, and CaV1.2 in the control and omentin-treated groups

B1-AR mRNA
fold changes

eNOS mRNA

fold changes

CaV1.2 mRNA
fold changes

B2-AR mRNA
fold changes

Experimental group Gene name
PI3Ka mRNA PI3Ky mRNA
fold changes fold changes
Control 1.99+0.22 1.08+0.11
100 ng/mL omentin 2.69+0.76 0.58+0.05%**
200 ng/mL omentin 1.69+0.74 0.6+0.09**
400 ng/mL omentin 1.28+0.06 0.52+0.04%**
ANOVA Pvalues P=0.34 P<0.001
Tukey post hoc test
Pvalues - 0-1
P<0.001
0-2
P<0.01
0-3
P<0.001

1.56+0.13
1.92+0.26
1.66+0.27
1.58+0.27
P=0.71

0.76+0.07 0.59+0.09 1.27£0.1
0.65+0.07 1.59+0.33 0.8+0.09%*
0.81+0.17 2.48+0.65%* 0.65+0.05%**
0.88+0.28 2.6+0.52%** 0.56+0.07***
P=0.82 P<0.001 P<0.001
= = 0-2 0-1
P<0.01 P<0.01
0-3 0-2
P<0.001 P<0.001
0-3
P<0.001

Data show mRNA fold changes (n=7).
0: control, 1: 100 ng/mL omentin, 2: 200 ng/mL omentin, 3: 400 ng/mL omentin
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Table 2. The impact of omentin on cAMP and cGMP
amount in the left ventricular tissue

Experimental group cAMP cGMP
nmol/g nmol/g
Control 5.25+0.87 7.5+1.14
100 ng/mL omentin 1.2+2.03 6.9+1.18
200 ng/mL omentin 9.19+1.5 14.5+0.7%**
400 ng/mL omentin 11.29+1.8 15.04+1.43%**
ANQVA Pvalues P=0.08 P<0.001
Tukey post hoc test Pvalues 0-2 P<0.001

0-3 P<0.001

0: control, 1: 100 ng/mL omentin, 2: 200 ng/mL omentin, 3: 400 ng/mL omentin.
cAMP - cyclic adenosine monophosphate; cGMP - cyclic guanosine monophosphate

had significantly higher cGMP amounts than the control group
(p<0.001, Table 2).

Discussion

In the present study, omentin significantly reduced LVDP and
+dP/dt__ values in isolated perfused rat hearts. Application of
isolated hearts with omentin protein increased eNOS mRNA,
and cGMP levels reduced the expression of the CaV1.2 gene in
the cardiac tissue. These results indicate that NO and CaV1.2
may mediate the decrease in cardiac contractility.

It has been reported that adipocytokines activate several
signaling pathways and omentin activated PI3K/Akt signal path-
way in human osteoblast (5). Activation of this signaling pathway
results in phosphorylation of Akt, and phosphorylated Akt en-
hances NO production by eNOS phosphorylation. NO activates
soluble guanyl cyclase, leading to the production of cGMP (27)
and protein kinase G (PKG) activation (28). The stimulation of
PKG inhibits L-type Ca? channel currents that cause the negative
inotropic effect. The activation of PKG also desensitizes cardiac
myofilaments to Ca? (29), and desensitization produces nega-
tive inotropy. Furthermore, cGMP is involved in the regulation of
phosphodiesterases (PDEs) by stimulating PDE2 and inhibiting
PDE3. cGMP-dependent inhibition of PDE3 at low levels of NO
and cGMP elevates L-type Ca%* channel currents by cAMP—pro-
tein kinase A (PKA)-dependent mechanism (27). Thus, a positive
inotropic effect occurs. On the other hand, high NO levels de-
crease contractions via the activation of PKG (30).

A decrease in PI3Ka, which is a PI3K isoform, reduces the
number of L-type Ca%* channels present in cardiomyocytes, and
decreased L-type Ca? current results in a reduction of cardiac
contractility (31). On the contrary, the PI3Ka overexpression
causes increased cardiac contractions in transgenic mice (32).
In the present study, omentin did change the PI3Ka gene expres-
sion. That is why the PI3Ka gene probably did not contribute to
the omentin-induced negative inotropic effect.
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Another isoform of PI3K is PI3Ky. Both PI3Ka and PI3Ky are
expressed by mammalian cardiomyocytes. PI3Ky inhibits cardi-
ac contractility and cAMP formation (27). The catalytic subunit of
PI3Ky, p110y, binds to PKA thatincreases the activation of PDE3,
and a decrease in cAMP levels occurs (18). In contrast, the loss
of PI3Ky enhances cardiac contractions and cAMP amounts
(16). There is a relationship between cAMP levels and cardiac
contractility. For example, stimulation of B-AR elevates cAMP
levels and induces positive inotropic and chronotropic effects in
the myocardium (33, 34). The literature shows that intracellular
cAMP levels increase when the PI3Ky gene expression levels
decrease (18, 16). The amounts of cAMP that is required to be
evaluated together with decreased PI3Ky gene expression did
not increase statistically, but demonstrated two-fold increase
in comparison to the control values. Omentin did not influence
B1-AR and B2-AR gene expressions, suggesting that g1-AR and
B2-AR genes play no role in the negative inotropy. Further studies
are needed to fully explain the mechanisms underlying omentin-
induced decrease in myocardial contractility.

It has been also observed that heart rate was not changed
after omentin administration to normotensive rats (34). Similarly,
we observed that the administration of omentin did not change
heart rate. Our result suggests that omentin does not play a role
in the regulation of heart rate. Additionally, we found that omen-
tin did not affect coronary flow. Yamawaki et al. (14) reported that
omentin (300 ng/mL) inhibits noradrenaline-induced contraction
responses in the endothelium-intact isolated rat aorta and mes-
enteric artery. Thus, they demonstrated that omentin produces
a vasodilating action mediated by NO. It is known that vasodila-
tion increases coronary flow. The concentrations of omentin in
both studies are similar, but Yamawaki et al. (14) examined the
effect of omentin in the aorta precontracted by noradrenaling,
and their vessel preparation had a high tone. However, we in-
vestigated omentin action in preparations that were not precon-
tracted, and our isolated heart preparation had no high vessel
tone. Therefore, different results may depend on the difference
in methods used.

MAP recording is an important tool for physiological and
pathophysiological studies in cardiology, and MAP is very
similar to the transmembrane MAP recorded by an electrode
placed outside of the cell (35, 36). MAP produces accurate in-
formation for repolarization abnormalities causing arrhythmia
(37) and is used to understand the actions and mechanisms of
anti-arrhythmic drugs (38). It has been shown that MAPamp is
formed due to the diffusion of Na*ions into the cell via voltage-
gated Na* channels during the first phase of MAP (39). MAP
is inversely proportional to heart beats, and MAP duration is
affected by the balance between inward depolarizing and out-
ward repolarizing currents in the myocytes (40, 41). Our find-
ings suggest that omentin does not influence these currents.
Moreover, in the present study, omentin treatment did not
change heart rate. Therefore, we did not observe a significant
change in MAP.
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Study limitations

The Langendorff method, despite being widely employed, suf-
fers from certain restrictions and shortcomings. Coronary perfu-
sion pressure is recognised as a useful index of coronary vascu-
lar tone. Rather than coronary perfusion pressure, in this study,
however, we measured coronary effluent amounts through the
collection of the coronary effluent during one minute in a gradu-
ated cylinder. The findings suggest that there was no increase in
coronary flow despite the rise in eNOS mRNA quantities, which
is why counterintuitive outcomes may be also the result of the
different methods used.

Conclusion

We, for the first time, observed that acute omentin treatment
exerts a negative inotropic effect, whereas it does not affect heart
rate, coronary flow, MAPamp, and MAP90. Our results also dem-
onstrated that application of omentin to isolated rat hearts reduces
the PI3Ky and CaV'1.2 gene expressions. However, this peptide en-
hances eNOS mRNA and tissue ¢cGMP levels. In addition, omentin
does not influence B1-AR, B2-AR, and PI3Ka mRNA expressions
and tissue cAMP levels. Our findings also suggest that increased
eNOS mRNA and cGMP levels as well as reduced gene expression
of CaV1.2 might be involved in the negative inotropy. Moreover, ad-
ditional studies are necessary to explain the effect of omentin on
cardiovascular parameters and gene expressions.
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