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Ghrelin did not change coronary angiogenesis in diet-induced obese mice
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| Abstract: Ghrelin is a 28 amino acids peptide that initially was recognized as an endogenous ligand for growth hormone secretagogue receptor (GHSR). Recent-

ly, a number of studies demonstrated that ghrelin is a cardiovascular hormone with a series cardiovascular effect. The main objective of this study was to investigate
the effect of systemic ghrelin administration on angiogenesis in the heart and its correlation with serum leptin levels in normal and diet-induced obese mice. 24 male
C57BL/6 mice were randomly divided into four groups: normal diet (ND) or control, ND+ghrelin, high-fat-diet (HFD) or obese and HFD+ghrelin (n=6/group).
Obese and control groups received HFD or ND, respectively, for 14 weeks. Then, the ghrelin was injected subcutaneously 100pug/kg twice daily. After 10 days,
the animals were sacrificed, blood samples were taken and the hearts were removed. The angiogenic response in the heart was assessed by immunohisochemical
staining. HFD significantly increased angiogenesis in the heart expressed as the number of CD31 positive cells than standard diet. Ghrelin did not alter angiogenesis
in the heart in both obese and control groups, however, it reduced serum nitric oxide (NO) and leptin levels in obese mice. There was a strong positive correlation
between the number of CD31 positive cells and serum leptin concentration (r=0.74). Leptin as an angiogenic factor has a positive correlation with angiogenesis
in the heart. Although systemic administration of ghrelin reduced serum leptin and NO levels in obese mice, however, it could not alter coronary angiogenesis.
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Ghrelin an endogenous ligand of the GHSR (growth

Introduction hormone secretagogue receptor) mainly is released
from the stomach (10). Although, ghrelin participate in

Nowadays, obesity is considered as anepidemic health food intake and energy homeostasis, recently, a number
problem (1). Obesity as amultifactorial disease is created of studies demonstrated that it is a cardiovascular
following interaction of genetic and environmental hormone (11) with series cardiovascular effects consist
factors. Clinical studies have demonstrated a complex of promoting of vascular endothelial function through
and even paradoxical relationship between obesity in inhibition of proinflammatory interleukins (12),
particular visceral ad1p051ty and cardiovascular diseases counteract against atherosclerosis lesions (13) and
such as heart failure, coronary heart disease and increase in LV (left ventricular) ejection fraction in
myocardial infarction (2). CHEF (chronic heart failure) patients (14).

Angiogenesis that is defined the formation of new The main objective of this study was to investigate
blood vessels from preexisting ones, participates the effect of systemic ghrelin administration on the
substantially ina series of physiological and pathological angiogenic response in the heart and its correlation with
process such as wound healing, chronic inflammation serum leptin levels in normal and diet-induced obese
and revascularization of the myocardium following mice.
myocardial infarction (3, 4). Obesity is characterized as
a chronic, low grade inflammation status and recruitment Materials and Methods
of adipose tissue macrophages as an important source
of pro-inflammatory cytokines plays a critical role in Animals and experimental groups
adipose tissue neovascularization (5). Also growing Twenty four male mice (C57BL/6, 20-30g, 5 weeks
adipocytes in obesity produce numerous angiogenic old) were purchased from Pasteur Institute of Iran. All
factors including VEGF (vascular endothelial growth animals were maintained on a regular light-dark cycle
factor), FGF2 (fibroblast growth factor), resistin, leptin (12 h light, 12 h dark) at 25°C room temperature. The
and etc (6). In recent years, epicardial adipose tissue animals had seven days to acclimatize to the laboratory
located along the large coronary arteries (perivascular) conditions and kept on standard or high-fat diet (HFD)
and the surface of the ventricles through vascular chow ad libitum during this time and had free access to
remodeling, endothelial dysfunction and inflammation water throughout the study. After one week, the animals
mechanisms besides abdominal adipose tissue has been were randomly divided into four groups: normal
addressed in cardiometabolic Cornplications including diet (ND) or Control’ ND+ghrelin, HFD or obese and

atherosclerosis in obesity (7-9).
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HFD+ghrelin (n=6 each). The ethical committee of the
Isfahan University of Medical Sciences approved all
study protocol.

Animal diets and ghrelin administration

To obtain the diet-induced obesity model, the obese
groups consumed HFD (labratories BioServ, Cat
#F3282, USA) included (59% fat, 27% carbohydrate,
14% protein) for 14 weeks (15). Control groups received
standard diet (Pasteur Institute, Iran). Body weights of
the animals were monitored weekly. After 14 weeks, the
mice were randomized to treatment with ghrelin (S.C;
twice daily, at the dose of 100 pg/kg, Tocris Co. Bristol,
UK) for 10 days (16) or did not treat.

Immunohistochemistry

After 10 days, the animals were scarified. The hearts
were excised and fixed in 10% formalin solution and
then embedded in molten paraffin. Four micrometer
sections were cut and incubated with primary antibody
(rabbit anti-mouse CD31; 1:50; Abcam Co.) to identify
endothelial cells. The angiogenic response was
expressed as the numbers of CD31-positive cells which
were counted using an Olympus light microscope at
x40 magnification in five different fields for each heart
and reported as a number of CD31 positive cells per
field (17).

Biochemical analysis

The serum levels of NO (nitric oxide) and leptin were
quantified using ELISA kits (serum nitrite:Promega
Corp, USA and mouse Leptin kit: Invitrogen, Camarillo,
CA 93012) according to the manufacturer’s instructions.
Then, the samples were read within the linear range of
the assay and the accuracy of the analysis was confirmed
by the controls provided in each assay kit.

Statistical analysis

All values are expressed as mean + S.E.M. The
statistical software SPSS version 16 was used for data
analysis. The significance of differences between groups
was assessed with one-way ANOVA. Correlation
analysis was examined using pearson’s correlation
coefficient. A P value less than 0.05 was considered
statistically significant.

Results

Body weight
The animals on the HFD had higher body weight
than that control group fed with ND (p<0.05) (Fig.1).

Angiogenic response in the heart: effect of ghrelin
CD31 is an endothelial surface antigen and indicator
of capillary density. Thus, CD31 positive cells stained
by immunohistochemistry demonstrate endothelial cells
and we can estimate angiogenesis process in tissue (16).
Analysis of angiogenesis in the hearts demonstrated
that the number of CD31 positive cells in obese mice
were significantly higher in comparison with control
group (p<0.05) (Fig.2E). Ghrelin administration could
not alter the number of CD31 positive cells in both
obese mice and control groups (p>0.05). Samples of
immunohistochemical staining were presented in Fig2
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Figure 1. Body weight in obese and control groups after 15 weeks
of receiving diets. Values are expressed as Mean+ SEM; *:p <0.05
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Figure 2. Effect of HFD and ghrelin on the number of CD31 posi-
tive cells in the heart. The histological sections were stained with
immunohistochemical technique. A: obese+ghrelin; B: obese; C:
control+ghrelin; D: control. HFD loading significantly increased
the number of CD31 positive cells than normal diet and ghrelin
administration did not change the number of CD31 positive cells
in obese and control groups; *:p<0.05 compared to control and
control+ghrelin; #: p<0.05 compared to control+ghrelin (E). Ar-
rows indicate the CD31 positive cells. Data are shown as mean +
SEM. (n=6 each group).

A-D.

Effect of ghrelin on serum biomarkers of angiogenesis

HFD produced higher serum leptin and NO levels
in experimental mice compare to control animals
(Fig3A,B) (p<0.05). Ghrelin administration reduced
serum NO and leptin levels in obese mice (p<0.05)
without significantly changes of those factor in control
group (Fig3C).

Correlation analysis

Scatter plots in Figure 4 presents a strong positive
correlation between the number of CD31 positive cells
in the heart and serum leptin levels (r=0.74; p<0.05).

Discussion

This study was examined the effect of ghrelin
treatment on angiogenic response in the heart and its
correlation with serum leptin levels in normal and diet-
induced obese mice.

In the present study, we demonstrated that HFD
increased the number of CD31 positive cells in the
heart compare to ND group. A study on Otsuka Long
Evans Tokushima Fatty (OLETF) and control Long
Evans Tokushima (LETO) rats demonstrated that left
ventricular subendocardial total capillary density in
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Figure 3. Serum leptin (A) and NO (B) concentrations in obese and
control groups. Ghrelin administration reduced serum NO and lep-
tin levels in obese mice. Data are shown as mean + SEM. *: P<0.05
compare to control groups; #: p<0.05 compare to obese+ghrelin.
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Figure 1. Correlation between the number of CD31 positive cells/

field and serum leptin concentration (r=0.74).

OLETF rats was significantly higher than thatin LETO at
20 weeks (18). Possibly, a capillary network remodeling
for compensatory improvement to efficiently O,
transport in a setting of HFD and obesity can be involve
in angiogenic response. In contrast, in another study on
male mice that were fed with HFD or control diet for 14
weeks showed that the circulating number and function
of EPC_ (endothelial progenitor cells) as well as heart
function were markedly decreased compare to that in
normal mice (19) which could involve in angiogenesis
process.

We also demonstrated that serum leptin and NO
concentrations were significantly increased in obese
mice than that control group. Leptin is an adipocyte
derived hormone that its serum levels are correlated
with body mass index (20). NO is a free radical and
one of the important regulators of angiogenesis that is
derived from L-arginine by NO synthase (NOS) (21).
Studies have shown that HFD leads to hyperleptinemia
and leptin resistance (22). In addition, leptin can
activate directly NO production (23). Increased NO

through vasodilatation effect during obesity state can be
a protective mechanism against deleterious outcome of
HFD on the vascular system.

We also showed that ghrelin administration could not
alter angiogenic response in obese and control groups,
while, ghrelin treatment reduced serum NO and leptin
levels in obese mice. Ghrelin is an acylated 28 amino
acid peptide that is produced mainly in the gastric
oxyntic mucosa in the X/A cells (10, 11). It substantially
regulates appetite, energy and body weight and newly
has been recognized as a cardiovascular hormone (11,
24). A study demonstrated that acute administration of
ghrelin in post-MI rats compared with saline controls,
substantially decreased LV end diastolic pressure and
LV enlargement (25). A few studies have been done on
the effect of ghrelin on coronary angiogenesis. Recently
Yuan MJ et al. revealed that in myocardial infarction
(MI) model in rats, chronic ghrelin administration
after MI, increased angiogenesis through increment
of VEGF expression and inhibition of apoptosis (26).
Other study demonstrated that ghrelin treatment in
MI model in rats reduced post MI remodeling through
inhibition of the inflammatory response and MMP_
(matrix metalloproteinase)(27). Obesity is associated
with a low grade systemic inflammation condition and
a number studies have shown that ghrelin in congestive
heart failure and MI models exert an anti-inflammatory
effect through the decrease in expression and production
of inflammatory cytokines (28), whereas, leptin has
proinflammatory effects to increase of a number of
inflammatory cytokines. Dixit VD et al. exhibited a
reciprocal regulatory network between ghrelin and leptin
in a setting of inflammation and immune cell activation
(29). Thus ghrelin and leptin have mutually antagonistic
effects on inflammatory cytokine expression in obesity
and could involve in angiogenic response.

In correlation analysis we found a strong positive
correlation between the number of CD31 positive
cells and serum leptin levels. Leptin involves in
cardiovascular complications including hypertension,
diabetes, coronary heart disease and stroke (30).
However, a community based framingham heart study
has reported the cardioprotective effect of leptin on left
ventricle remodeling (31). On the other hand, leptin
mostly regulates food intake and energy homeostasis
and interestingly is considered as a potent angiogenic
factor and has the mitogenic effect (32). Thus, it
seems that leptin effects on cardiovascular system are
intricate and paradoxical. Possibly, the higher serum
leptin concentration in obese groups is responsible for
increased capillary density in the hearts of obese group,
although the functional or non-functional of these
capillaries needs more studies.

In conclusion, HFD increased coronary angiogenesis,
serum leptin and NO concentrations. Ghrelin although
reduced serum leptin and NO levels in obese animals,
however, could not change coronary angiogenesis.
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