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The role of leptin in the ventricular remodeling process
and its mechanism
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Abstract: Objective: This study aims to explore the role of leptin in the ventricular remodeling process and its mecha-
nism in the diabetic rats’ model. Methods: The diabetic SD rats model induced by streptozotocin was established.
The SD rats were randomly divided into 4 groups: control group (20 rats treated with citric acid/sodium citrate buf-
fer); MO group (10 rats treated with physiological saline); M1 group (10 rats treated with 50 pg/kg LP); M2 group
(10 rats treated with 100 pg/kg LP). Ang-Il was detected by ELISA. The expression levels of LP and Ob-Rb were
detected by RT-PCR. MAPK phosphorylation changes were detected by western blotting. Myocardial morphology was
observed. Results: Compared with control group, the blood glucose concentration and Ang-Il significantly increased
in diabetic model groups (P < 0.01) and body weight decreased (P < 0.05). The expression levels of LP and Ob-Rb
increased and heart function decreased in diabetic model groups. Conclusions: LP may be involved in the myocar-
dial cell hypertrophy through the neuroendocrine system and associated with the JAK-STAT, Ras-Raf-MEK-MAPK and
PI-3K signaling pathway, which provides a new concept for the pathogenesis of cardiac hypertrophy.
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Introduction produce slowly. The specific mechanism for the

occurrence of cardiac hypertrophy remains
Ingalls found a new “obese gene” in 19507s, its unclear. Leptin was related with the thickness
mutation can lead to the occurrence of diabe- of left ventricular wall [4, 5], there was few
tes and obesity. The cytokine encoded by this reports about how to cause ventricular remod-

gene can regulate hypothalamus through the
chemical pathway to control feeding, the cyto-
kine was named leptin (LP) [1]. LP is a kind of a
hydrophilic peptide produced and secreted by
adipose tissue, its biological effects occurs
mainly by binding to a receptor to activate relat-
ed signal pathway. Leptin Recepter (LR) has
been found to have 6 subtypes of LRa LRb LRc
LRd LRe and LRf isomers [2]. Leptin is a multi-

functiongl cyt_okine.with a variety of phySiO!Ogi- A total of 60 SPF grade adult healthy SD male
cal functions including secretion, energy adjust- rats weighing 170 to 190 g were obtained from
ment, comprehensive immune and animal the animal experimental center of Tianjin

e§trus. Leptin an.dllts reqeptor are w@ely (.jls' Medical University. The rats were kept under
tributed and participates in many physiological . . .
process, so abnormal LP or its receptor will clean and quiet environment with room temper-
lead to corresponding pathological reaction atu.red18—2|5 %’lggox;\ieg.gvc;tgd'23_ﬁ2N phﬁtod—
such as obesity of excess nutrients, cardiovas- period cycle (6: -6:00 PM). The rats ha
cular diseases and tumor etc [2, 3]. free access to food and drinking water and were
pre feeding for one week to adapt to the envi-
Cardiac hypertrophy is a complex process ronment. They were randomly divided into 2
including many factors. Generally it is thought groups: control group (20 rats) and diabetic
to be to an effective compensatory process but group (40) rats. After fasting for 12 h, citric

eling. In this study, we observed the effects of
different dose of exogenous leptin on ventricu-
lar remodeling in diabetic rats model and
explored its mechanism.

Materials and methods

Experimental animals
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Figure 1. Blood glucose and Body weight. Compared with control group, P < 0.05, P < 0.01.

Table 1. Comparison of chemical indexes in
different group

Group Leptin (pg/L) Ang-Il (mg/L)
Control (n=20) 5.3+0.3 63.2+18.3
MO (n = 10) 12.7+0.2 99.7 £ 9.4*
M1 (n = 10) 17.0 £ 1.2* 114.5 £ 22.4%*
M2 (n = 10) 23.7 £ 1.7** 139.3 £ 36.2** A

*: Compared with control group: *P < 0.05; **P < 0.01;
A: Compared with M1 group, AP < 0.05.

acid/sodium citrate buffer was injected in con-
trol group. STZ solution diluted with citric acid/
sodium citrate buffer was injected in diabetic
group (65 mg/kg) 2 times with 1 times a day to
establish the diabetic model. The blood glu-
cose concentration was detected after 72 h
and those > 11.1 mmol/L was selected as suc-
cessful model. A total of 30 successful rats
were randomly divided into 3 groups (MO group
treated with physiological saline; M1 group
treated with 50 pg/kg LP; M2 group treated
with 100 pg/kg LP).

Housing and procedures involving experimental
animals were in accordance with the NIH Animal
Care and Use Committee guidelines. All experi-
mental procedures were approved by the Care
of Experimental Animals Committee of our
hospital.

Ultrasonic Heartbeat diagram determination

Rats were fixed on the operation table after
being anesthetized with 10% Chloral hydrate.
Cardiac function indexes such as left ventricu-
lar end diastolic pressure and ejection fraction
were determined by Color Doppler ultrasono-

graphy.
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ELISA

The chemical indexes LP and Ang-ll were
detected using ELISA kits according to the man-
ual. Briefly, Blood was collected by abdominal
vein puncture before the rats were sacrificed. A
total of 50 ul serum and 50 pl sample dilution
were added into 96 well plate coated with spe-
cific antibody and incubation at 37°C for 2 h.
The plates were washed 5 times, 100 pl sub-
strate of enzyme reaction was added and incu-
bation at 37°Cfor 2 h. Then plates were washed
5 times and 100 ul chromogenic reaction liquid
was added and incubation at 37°C for 30 min,
the termination liquid was added to terminate
the reaction. The absorbance was detected
using microplate reader at 450 nm wave-
length.

Real-time RT-PCR and Western-blotting

Total RNA was extracted from heart tissue
using RNA extraction Kit according to the man-
ufacturer’s protocol. 1 ug total RNA was sub-
jected to reverse transcription using reverse
transcription kit. Real-time PCR were per-
formed using SYNBR Green PCR Master Mix. At
the end of each reaction, a melting curve analy-
sis was performed to confirm the absence of
primer dimmers. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) gene was used as an
internal control for normalization of RNA quan-
tity and quality differences in all samples.
Quantifications of target genes mRNA was per-
formed using the 222t method. Primer sequenc-
es of Ob-Rb gene were as follows: forward

5-GTGTGAGCATCTCTCCTGGAG-3’; reverse
5-ACCACACCAGACCCTGAAAG-3’. ACT = Ct
(Ob-Rb)-Ct (GAPDH); AACT) = ACT-ACT
(control).

Int J Clin Exp Med 2015;8(4):5553-5558
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Figure 2. mRNA expressions of leptin receptor Ob-Rb. Compared with control

group, "P < 0.05.
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Figure 3. The changes of MAPK and activated-MAPK detected by Western blot-

ting.

Total proteins were extracted from heart tissue
and analyzed with SDS-PAGE electrophoresis.
Then it was electrotransferred to the PVDF
membrane. The membrane containing the pro-
teins was used for Immunoblotting with
required antibodies. They were blocked with 5%
non-fat milk in TBST (10 mM Tris-HCI (pH 8.0),
150 mM NaCl, and 0.1% Tween-20) for 2 h,
then incubated with the primary antibodies at
4°C overnight. Then they were incubated with
secondary antibodies conjugated with horse-
radish peroxidase at room temperature for 1 h.
Antibody binding was detected.

Myocardial morphology observation

The rats were sacrificed and the heart was
taken out. The heart was rinsed with water and
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dried with paper to weigh

* its weight (HW). Heart atri-
um was cut to weigh left
I ventricular mass (LVM).

Left ventricular mass index
was calculated. Apical tis-
sue was stained with
hematoxylin and eosin to
observe cellular morpholo-

gy

Statistical analyses

The results are expressed
as mean * SD. The SPSS
software package 19.0

M2 was used for the statistical
tests. Variance analysis
and t-test were used to
compare among groups. P
< 0.05 was considered
statistically significant.

Results

Successful establishment
of diabetic rat model

We detected the content
of blood glucose and
weight after induction for
5-15 days to observe
whether the diabetic rat
model was established
successfully.  Compared
with control group, the
average blood glucose
level increased and weight
decreased in model rats (P < 0.01, Figure 1), so
the diabetic rat model was established
successfully.

Detection of LP and Ang-Il

As shown in Table 1, the LP and Ang-ll levels in
model rats were significantly higher than that of
control group, especially in M2 group (P < 0.05);
the LP and Ang-Illevels in M2 group were sig-
nificantly higher than that of M1group (P <
0.05).

Detection of Ob-Rb

The expression levels of leptin receptor Ob-Rb
were detected by RT-PCR. It was higher in
model rats than that of control group (P < 0.05);

Int J Clin Exp Med 2015;8(4):5553-5558
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To Author: Please provide footnote for superscript ** in Table 2.

Table 2. Comparison of ultrasonic heartbeat diagram

determination in different group

degree of hypertrophy and degeneration
in myocardial cells in M1 and M2 groups,

Group LVEDP (mmHg) LVIDd (mm)  LVEF (%)

arranged in disorder with unequal size,

M1 (n = 10) 13.4 £ 2.2*

6.4 £0.4* 0.7 £ 0.1*
M2 (n=10) 186+23*A 6.6+09*A 0.6+0.1%A
MO (n = 20) 75+13 4.1+0.5 0.8+0.1

cell necrosis was visible (Figure 4).

Discussion

*: Compared with MO group, *P < 0.05; **P < 0.01; A: Compared

with M1 group, AP < 0.05.

Table 3. Comparison of HW, LVM and LVMI in different

group

Leptin (LP) is a secreted protein encoded
by the obese gene and has widely nervous
endocrine and metabolic effects. Previous
studies showed that the receptor of leptin
mainly distributed in the region of the
hypothalamus, heart and large vessels.

Group HW (mg) LVM (mg)

LVMI (mg/g)

Long term infusion of leptin could cause

M1 (n=10) 888.9+285 830.8+4.7** 28=+0.5*
M2 (n=10) 916.5+27.3* 825.0+5.0*A 2.8+ 0.4*A
MO (n=20) 840.4+25.0 867.2+6.2 3.0+05

persistent elevated arterial blood pres-
sure [1-5].

*: Compared with MO group, *P < 0.05; **P < 0.01; A: Compared

with M1 group, AP < 0.05.

but there was no difference among MO, M1 and
M2 groups (Figure 2).

Changes of MAPK phosphorylation

The changes of MAPK and activated-MAPK
were detected by Western blotting. There was
no significant difference among control, MO,
M1 and M2 groups in MAPK but there were sig-
nificant differences among control, MO, M1 and
M2 groups in activated-MAPK (Figure 3).

Determination of ultrasonic Heartbeat diagram

The levels of LVEDP and LVIDd in M1 and M2
group were significant higher that of MO group
(P < 0.05) while the level of LVEF in M1 and M2
group was significant lower that of MO group (P
< 0.05). The levels of LVEDP and LVIDd in M2
group were significant higher that of M1 group
(P < 0.05) while the level of LVEF in M2 group
was significant lower that of M1 group (P <
0.05) (Table 2).

The levels of weight and HW in M1 and M2
group were significant higher that of MO group
(P < 0.05). The levels of LVM and LVMI in M1
and M2 were significant lower that of MO group
(P < 0.05) (Table 3).

Pathological results

Myocardial cells in MO group have similar size
and arranged neatly with no obvious abnormity
in cells or stromal cells. There were different
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In recent years, the relationship between
leptin and cardiovascular disease has
received more and more attention. LP was
thought to play an important role in myo-
cardial hypertrophy as an endogenous
substance [6]. LP is the product of obesity gene
in the mature fat cells [7-10]. LP has extensive
biological effects after entering the blood. It
can activate the sympathetic nervous system
(SNS) and Ang-ll receptor by a variety of signal-
ing pathways even through the blood brain bar-
rier. The activation of SNS plays an important
role in the cardiac remodeling process. SNS
can stimulate the generation of mitogen acti-
vated protein kinase (MAP), cause myocardial
cell division, which leading to myocardial
remodeling and cardiac hypertrophy. Ang-1l acti-
vates phospholipase C (PLC) and three inositol
phosphate (IP3) after combining with its recep-
tor and lead to cardiac hypertrophy directly
[11-16].

In this study we found that LP decreased the
heart function of rats in different degree, LP,
Ang-ll, LVEDP, LVIDd and HW increased and
LVEF, LVM and LVMI decreased obviously. Heart
function impaired significantly with the increase
of leptin. LP significantly affected the expres-
sion of Ang-ll  while Ang-ll can play roles by
combining with its receptor in myocardial pro-
tein synthesis, and then cause myocardial
hypertrophy even lead to heart failure. Other
studies showed that LP can induce oxidative
stress of vascular endothelial cells in myocar-
dium, increase the activity of sympathetic
nerve, promote the proliferation and migration
of vascular smooth muscle cells, and then pro-
mote the increase of blood pressure [17-19]. In

Int J Clin Exp Med 2015;8(4):5553-5558
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Figure 4. HE staining of myocardial cells. A: M1; B: M2; C: MO.

recent years, the arterial blood pressure is
thought to be crucial factors for the formation
of myocardial hypertrophy. It does not produce
atherosclerosis in leptin-knock out mice. LP
induced myocardial cell hypertrophy through
the JAK-STAT, Ras-Raf-MEK-MAPK, phosphati-
dylinositol -3 kinase (PI-3K) signaling pathway,
and induced myocardial fiber reconstruction
through the inflammation medium and oxida-
tive stress. LP participates in the regulation of
sugar, fat and other substances metabolism as
a protein hormone, high concentration leptin
can combine with its receptors in the heart and
blood vessels directly involved in promoting
myocardial hypertrophy [20-23].

In summary, LP plays an important role in the
myocardial cell hypertrophy through the neuro-
endocrine system and associated with the JAK-
STAT, Ras-Raf-MEK-MAPK and PI-3K signaling
pathway, which provides a new concept for the
pathogenesis of cardiac hypertrophy.
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