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Abstract

Background: Chronic heart failure (CHF) is the end result of the majority of cardiovascular diseases and
despite the progress in treatment methods during the past two decades, its total morbidity and mortality
remains high. Low serum vaspin level is associated with an increase of major adverse cardiac events risk,
however, to date; no studies have been elaborated to determine the effects of vaspin administration on heart
failure (HF).

Objective: This study was conducted to examine the possible protective effects of vaspin on
isoproterenol-induced chronic heart failure in rats and to explore the possible related mechanisms.

Materials and methods: Thirty healthy adult male albino rats of initial body weight 215-241 g were
included in the study. Rats were randomly and equally divided into 3 groups: Group (I): vehicle treated
control group, group (II): experimental isoproterenol-induced HF group, and group (III): experimental
isoproterenol-induced HF treated by vaspin group. Rats were examined for echocardiographic evaluation of
heart function, the serum levels of lactate dehydrogenase (LDH), creatine phosphokinase-muscle/brain
(CPK-MB) and cardiac troponin I (cTnI) and cardiac superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), malondialdehyde (MDA), nitric oxide (NO) as well as the levels of cardiac
tumour necrosis factor alpha (TNF-α ) and interleukin-6 (IL-6). Histopathological examination for cardiac
tissues was also evaluated under Haematoxylin and Eosin and Masson's Trichome stains.

Results: The present study revealed that vaspin administration significantly improved the increased
serum LDH, CPK-MB and cTnI, cardiac TNF- α , IL- 6 and MDA, left ventricular end diastolic diameter
(LVEDD), left ventricular end systolic diameter (LVESD), heart weight and heart weight index observed in
isoproterenol-induced CHF group. It also improved the decreased activity of cardiac SOD, CAT and GPx,
cardiac NO, left ventricular fractional shortening (LVFS) as well as left ventricular ejection fraction (LVEF).
Moreover, it improved cardiac hypertrophy and the myofibrillar degeneration and fibrosis observed in
histopathological examination in isoproterenol-induced CHF group.
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Conclusion: The results of the current study indicated that vaspin inhibited the progression of cardiac
degeneration, fibrosis and HF in experimental isoproterenol-induced CHF in rats.
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1. Introduction

Heart failure (HF) is a progressed end stage of
various cardiac disorders and remains to be a major
cause of morbidity and mortality [1]. The most
prominent characteristics of heart failure are
deterioration of active relaxation and contraction of
the left ventricle, ventricular remodelling and
hypertrophy and reduced ejection fraction [2].

Myocardial ischemia is a basic cardiovascular
disease that leads to myocardial fibrosis
development and pathogenesis of ischemic
cardiomyopathy, which contributes to systolic and
diastolic dysfunctions [3].

Isoproterenol (ISO), a synthetic catecholamine
and β -adrenoceptor agonist, can result in cardiac
hypertrophy, fibroblast proliferation, connective
tissue accumulation with decreased myocardial
compliance and inhibition of diastolic and systolic
functions which are similar to the pathological and
hemodynamic changes in human [4].

Although current medical treatment options
(such as digoxin, diuretics, angiotensin converting
enzyme inhibitors, and beta blockers) are widely
used, most of them can only provide symptomatic
relief and remain insufficient in attenuating
cardiovascular dysfunction [5]. So, new therapeutic
approaches to attenuate heart failure progression are
required.

It has been also elucidated that in addition to
enhanced sympathetic excitability and abnormal
secretion of various humoral factors in CHF,
overexpression of inflammatory cytokines and
stimulation of the immune response are important
features of its pathophysiology [6]. Disorders of the
immune system are associated with cardiomyocyte
death, fibrosis, systolic dysfunction and HF severity
[7].Therefore, anti- inflammatory treatment for heart
failure may act as a new approach [8].

Vaspin, a visceral adipose tissue-derived serine
protease inhibitor, is an adipokine with insulin-
sensitizing activity and was first identified in the
visceral adipose tissues of genetically obese rats [9].
In vitro studies have demonstrated that vaspin

exerts anti-inflammatory [10] and anti-apoptotic
effects [11]. It has also been found that vaspin may
inhibit the proliferation and production of
chemokines and reactive oxygen species (ROS) in
vascular smooth muscle cells [12]. It also inhibited
the progression of atherosclerotic plaques in
atherosclerosis-prone apolipoprotein E (apoE- /- ) -
deficient mice by inhibiting endoplasmic reticulum
stress induced macrophage apoptosis [13].

Moreover, it has been found that low serum
vaspin is associated with coronary artery disease
(CAD) and unstable angina pectoris and may serve
as a biomarker for CAD [14]. It has also been found
that Vaspin protects rats against myocardial
ischemia/reperfusion injury through the Toll-like
receptor 4 (TLR4)/ nuclear factor kappa light chain
enhancer of activated B cells (NF-κB) signaling
pathway [15]. However, until now, no studies have
been performed to investigate the effect of vaspin
on the progression of CHF.

Therefore, this study aimed to examine the
predictive protective effects of vaspin on the
progression of isoproterenol-induced chronic heart
failure in rats and to explore its potential leading
mechanisms. The levels of biomarkers of cardiac
injury, inflammatory and lipid peroxidation markers,
antioxidant enzyme activities, NO as well as cardiac
histoarchitecture were examined in a trial to clarify
possible involved mechanisms.

2. Materials and Methods

This study was conducted on 30 healthy adult
male albino rats of local strain weighing 215-241g,
were obtained from the animal house of Faculty of
Veterinary Medicine- Zagazig University. Rats
were kept in steel wire cages (45 x 30 x 20 Cm- 5
per cage) in the physiology animal house in Faculty
of Medicine, Zagazig University, under hygienic
conditions. They were fed the commercial rodent
chow with free access to water, kept at room
temperature and were maintained on a 12h
light/dark cycle. Rats were adapted to the new
environment for one week before the experiment
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going on. The animal experiments were approved
by the Institutional Research Board.

Rats were randomly assigned to three equal
groups: Group (I): vehicle treated control group,
rats were subcutaneously injected by 5 ml/kg
physiological saline (0.9%) once-daily for 7
successive days, group (II): experimental
isoproterenol-induced HF group, rats were
subcutaneously injected by isoproterenol
(Isoproterenol hydrochloride, (CAS Number: 51-
30-9, provided by Sigma-Aldrich Co.) dissolved in
physiological saline at a dose of 5 mg/kg body
weight, once-daily for 7 successive days to induce
myocardial fibrosis and HF [16], and group (III):
experimental isoproterenol-induced HF treated by
Vaspin group, vaspin (product number: SRP4915-
25UG, provided by Sigma-Aldrich Co.) (1 μ
g/ kg/ day) was administered intraperitoneally for
2 weeks starting 1 week prior to induction of HF [17].
Rats in groups I and II were also administered
intraperitoneal saline injection once daily for 2
weeks.

Body weights of all rats were noted in the
beginning and at the end of the study.

The heart weight index (HWI; in mg/g) was
measured by dividing the heart weight by body
weight [16].

Echocardiographic assessment of heart
function: Rats were anesthetized with 30 mg/kg
pentobarbital sodium and an ultrasound probe was
placed in the left sternal border. Left ventricular end
systolic diameter (LVESD), left ventricular end
diastolic diameter (LVEDD), left ventricular
fractional shortening (LVFS) and left ventricular
ejection fraction (LVEF) were measured.

LVFS (%) = (LVEDD – LVESD) /LVEDD
x 100.

LVEF (%) = (LVDV – LVSV)/LVDV x
100, where LVDV and LVSV are left ventricular
end diastolic and end systolic volumes, respectively.

All evaluations were performed using
Echocardiography, Hitachi Aloka Noblus 2013
Ultrasound, KE10938305, Japan.

Sample collection:
Blood samples were collected from retro

orbital venous plexus, and serum was separated by
centrifugation of blood at 3000 rpm for 20 minutes
and kept deep frozen at (-20 ℃ ) until used to
measure the serum levels of lactate dehydrogenase

(LDH), creatine phosphokinase muscle/brain (CPK-
MB), cardiac troponin I (cTnI). After collecting
blood samples, the animals were sacrificed by
cervical dislocation under mild ether anesthesia.
The heart was excised immediately and rinsed in
ice-cold saline, dried, weighed and then processed
for biochemical and histopathological studies.

Serum biochemical Analysis:
1) Serum LDH level was measured using

spectrophotometer (spectronic 3000 Array,
Germany) using commercial kit (Catalog Number
279 001, provided by Egyptian Company for
Biotechnology) according to the method of
Kachmar & Moss [18].

2) Serum CPK-MB level was measured using
commercial kit (CPK-MB Kit, Ultra Group, Egypt)
according to the method of Wu et al. [19].

3) Serum cTnI was measured using
commercial kit (Catalog Number SE120134
provided by Sigma-Aldrich Co.) according to the
method of Etievent et al. [20].

Preparation of tissue homogenate:
A portion of the cardiac tissue was

homogenized (potter-Elvehjem type homogenizer)
with phosphate buffered solution (PBS, 7.4 pH),
then centrifuged at 12000×g for 10 min at 4°C,
the supernatant portion was used for measuring
cardiac nitric oxide (NO), antioxidants
like superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GPx) as well as lipid
peroxidation product like malondialdehyde (MDA)
and the levels of pro-inflammatory cytokines like
tumour necrosis factor (TNF-α) and interleukins 6
(IL-6) [21].

Assay of cardiac antioxidants and MDA: The
levels of MDA, SOD, CAT and GPx were measured
using a MDA, SOD ,CAT and GPx assay kits (Bio
diagnostic, Egypt kits) according to Kakker et al [22],
Ohkawa et al [23] , Boveris and Chance [24] and
Paglia and Valentine [25] respectively.

Assay of Cardiac inflammatory markers:
The levels of TNF- and IL-6 were measured by

using ELISA kits (Bio diagnostic, Egypt kits)
according to Bonavida [26] and Wang et al [27]

respectively.
Assay of cardiac NO:
Cardiac NO level was measured using ELISA

kit (Cat. N0. 11756281001 provided by Sigma-
Aldrich Co.) according to Ghasemi et al. [28].
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Histopathological examination:
Remaining cardiac tissue was fixed in 10%

formalin, and then the specimens were dehydrated
with a series of ascending grade ethanol from 75 to
100%, placed, thereafter, in xylol and embedded in
paraffin wax. Longitudinal sections (5µm in
thickness) processed on slides and stained with
Haematoxylin and Eosin (H & E) stain [29] and also
with Masson's Trichome (MT) stain to observe
collagen fibers deposits [30].

The stained slides were studied at a
magnification of ×400 under light microscope by a
blinded pathologist.

Statistical Analysis:
The data obtained in the present study were

expressed as mean SD for quantitative variables,
and statistically analyzed by using SPSS program
(version 18 for windows) (SPSS Inc. Chicago, IL,
USA). One way analysis of variance (ANOVA) was
used to compare the results of all examined groups
followed by student's least significant deferances
(LSD) test to compare statistical differences
between groups. P value <0.05 was considered
statistically significant.

3. Results

The present study showed that isoproterenol
significantly increased LVESD, LVEDD, heart
weight and heart weight index, serum LDH, CPK-
MB, cTnI, cardiac MDA, IL-6 and TNF-α levels
(p<0.001) but significantly decreased LVFS, LVEF,
cardiac NO, SOD, CAT and GSH-Px levels
(p<0.001) in ISO-treated group in comparison to the
normal control group with no significant change in
final body weight (P>0.05) [Tables 1-4 and figure 1
(A , B)] Moreover, histopathological examination
revealed marked degeneration and distribution of
myocytes with proliferation of intervening collagen
fibers and inflammatory cells infiltration [figure 2
(A , B) and figure 3 (A , B)].

On the other hand, it was found that vaspin
administration resulted in a significant decrease in
LVESD, LVEDD (p<0.001), heart weight and heart
weight index (p<0.01), serum LDH, CPK-MB, cTnI,
cardiac MDA, IL-6 and TNF-α levels (p<0.001)
but significantly increased LVFS, LVEF, cardiac
NO, SOD, CAT and GSH-Px levels (p<0.001) in
vaspin treated ISO group when compared to ISO
untreated group [Tables 1-4 and figure 1C] It was
also found that vaspin improved the
histopathological changes observed in ISO induced
HF group [figure 2 C and figure 3 C].

Table 1: body weight, heart weight and heart weight index (HWI) in all studied groups

a = versus group I; b = versus group II; * = significant (P<0.05); ** = significant (P<0.01); ***= significant (P<0.001)

Table 2: LVESD, LVDDD, LVFS and LVEF of all studied groups

a = versus group I; b = versus group II; * = significant (P<0.05); ** = significant (P<0.01); *** = significant (P<0.001)

Groups
Parameters

Group I
( control)

Group II
(HF)

Group III
( HF treated by vaspin)

Body weight
(gm)   SD 239.3±7.36 238.6±8.51 240.5±5.64

Heart weight (gm)   SD 1.16±0.4 1.46±0.06 a *** 1.30±0.04 a *** b***

HWI ( mg/gm)   SD 4.8±0.12 6.13±0.45 a *** 5.42±0.24 a ** b ***

Groups
Parameters

Group I
( control)

Group II
(HF)

Group III
( HF treated by vaspin)

LVESD
(mm)   SD 2.55±0.1 4.78±0.2 a *** 3.21±0.2 a *** b***

LVEDD
(mm)   SD 4.51±0.2 6.79± 0.1 a *** 5.02±0.2 a *** b***

LVFS %   SD 43.54±2.9 29.51±3.9 a *** 36.19±2.5 a *** b***

LVEF %   SD 75.19± 2.1 54.16±2 a *** 68.07±3.1 a *** b***
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Table 3: Serum LDH, CPK-MB and cTnI in all studied groups

a = versus group I; b = versus group II; * = significant (P<0.05); ** = significant (P<0.01); *** = significant (P<0.001)

Table 4: Cardiac NO, TNFα, IL-6, MDA, SOD, CAT and GSH-Px in all studied groups

a = versus group I; b = versus group II; * = significant (P<0.05); ** = significant (P<0.01); *** = significant (P<0.001)

Figure 1 (A, B, C): Shows an example of echocardiography in groups I, II, III respectively

Groups
Parameters

Group I
( control)

Group II
(HF)

Group III
( HF treated by vaspin)

LDH
(U/L)   SD 120.73±17.6 202.56±12.6 a *** 155.86±19.7 a *** b***

CPK-MB (U/L)   SD 101.09±12.5 171.45±23.7 a *** 144.02±19.9 a *** b***

cTnI (pg/ml)   SD 1.48±0.2 2.68±0.2 a *** 1.99±0.2 a *** b***

Groups
Parameters

Group I
( control)

Group II
(HF)

Group III
( HF treated by vaspin)

NO ( µmol/ g
protein   SD 0.37±0.02 0.33±0.02 a ** 0.35±0.02 b*

TNFα (ng/ mg
protein )   SD 123.18±5.89 161.97± 7.13 a *** 152.21±4.65 a *** b**

IL-6 (pg/ mg
protein)   SD 85.53±4.49 103.9± 6.62 a *** 95.49±4.95 a *** b**

MDA (nmol/ mg
protein )   SD 0.48± 0.02 0.88±0.06 a *** 0.63±0.04 a *** b***

SOD (U/ mg
protein)   SD 8.02±0.4 5.48±0.5 a *** 7.19±0.3 a ** b***

CAT (U/ mg
protein)   SD 16.56±0.7 9.64±0.7 a *** 12.62±1.0 a *** b***

GSH- Px (U/ mg
protein)   SD 6.94±0.5 4.20±0.3 a *** 5.94±0.4 a *** b***
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Figure 2: Photomicrograph (stained with Haematoxylin & Eosin x400)
(A): normal cardiac tissue showing normal muscle fibers. (B): experimental isoproterenol-induced HF rat showing
marked degeneration and distribution of myocytes with proliferation of intervening collagen fibers (star). Also,
inflammatory cell infiltration was detected (arrow). (C): experimental isoproterenol-induced HF rat treated by vaspin
showing mild degeneration of muscle fibers.

Figure 3: Photomicrograph (stained with Masson's Trichome x400)
(A):normal cardiac tissue showing normal delicate fibrous strands. (B): experimental isoproterenol-induced HF rat
showing thick fibrous bands (C): experimental isoproterenol-induced HF rat treated by vaspin showing mild fibrosis.
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4. Discussion

The present study demonstrated that vaspin
administration exerts an obvious cardioprotective
effects as evidenced by altered hemodynamic
changes, reduced serum concentrations of LDH,
CPK-MB and cTnI and attenuated the
histopathological changes observed in
isoproterenol-induced chronic heart failure in rats.
The present investigation demonstrated that
treatment with 5 mg/kg isoproterenol for 7 days
produced cardiac hypertrophy in rats, as indicated
by increased heart weight and HWI and caused
significant increases of left ventricular end diastolic
diameter (LVEDD) and left ventricular end systolic
diameter (LVESD), but, decreased left ventricular
fractional shortening (LVFS) and left ventricular
ejection fraction (LVEF) which were in line with
previous research results [16, 31].

Acute administration of isoproterenol increases
cardiac contractility and heart rates, however
following 7 days of isoproterenol adminstration,
ejection fractions were decreased and left
ventricular mass and end-diastolic volumes were
increased. Downregulation of β-adrenergic
receptors and decreased activity of adenylyl cyclase
occur following chronic isoproterenol stimulation
[32].

However, treatment with vaspin improved all
previous changes induced by isoproterenol
significantly. These results argued that vaspin could
ameliorate the impairment in heart function caused
by isoproterenol.

Isoproterenol is a well-known cardiotoxic
agent as it induces cardiac hypertrophy, ventricular
remodeling, myofibrillar degeneration of the
myocardial tissue and fibrosis [4, 33]. Isoproterenol-
induced cardiac hypertrophy is a reliable,
reproducible, and well-characterized model of
cardiac hypertrophy that is associated with
dysrhythmias, cardiomyocyte loss and fibrosis with
progression to heart failure. In contrast to pressure
overload induced heart failure, no surgical
procedure is done and is associated with marked
relative myocardial ischaemia [34].

In agreement with the previous studies, our
results demonstrated that isoproterenol significantly
increased myofibrillar degeneration as evidenced by
the significant increase in serum LDH, CPK-MB

and cTnI and the myocardial degeneration &
fibrosis and increased infiltration of inflammatory
cells observed in the histopathological examination.
On the other hand, vaspin adminstration
significantly alleviated the increased serum cardiac
markers and these histophysiological changes which
strongly demonstrated its protective effect on
ventricular remodeling and hypertrophy in
isoproterenol-induced HF rats.

The amount of cardiac enzymes including
CPK-MB and LDH and cTnI; a low molecular
weight and contractile protein, appear in serum
proportional to the number of necrotic cells, which
also reflects a nonspecific alteration in the plasma
membrane integrity and/or permeability as a
response to β-adrenergic stimulation [35].

The reduction of ventricular contractility might
be also ascribed to isoproterenol-induced oxidative
stress and ischemic injury to chronotropic and
inotropic function of heart [36]. Our results also
demonstrated that ISO-treated rats showed
increased levels of lipid peroxidation product
(MDA) with decreased activity of various cardiac
endogenous antioxidants like SOD, GPx and CAT
than control rats. Similar findings were also noted
by Lu et al. [21]. On the other hand, the levels of
MDA were markedly decreased with a significant
increase in cardiac antioxidants (SOD, CAT and
GPx) activities in the vaspin treated ISO induced
rats. The results of the present study also revealed
that vaspin significantly alleviated the increased
cardiac TNF- α and IL- 6 levels in ISO- induced
CHF rats.

Nuclear factor like 2 (Nrf2) is a well-studied
transcription factor that mediates antioxidant
responses [37]. Under normal condition, it is
maintained in the cytosol by Kelch-like ECH-
associated protein 1 (Keap-1). In presence of ROS,
certain cysteine residues in Keap-1 is oxidized,
promoting its dissociation from Nrf2 followed by its
translocation into nucleus to bind the antioxidant
response elements (AREs) present in the promoter
region of numerous genes mediating the antioxidant
response [38]. ISO suppressed the Nrf2 activity
below the standard level [39].

On the other hand, vaspin inhibits the
generation of ROS and proinflammatory molecules
expression in vascular endothelial cells (ECs) and
monocyte-EC adhesion [40].Vaspin can inhibit the
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activation of nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) mediated by
proinflammatory factor TNF-α and IL-1 and
suppress the expression of the downstream
molecules, protecting vascular ECs from
inflammatory damage [41].

During myocardial remodeling, NF-κB induces
the activation of cytokines, chemokines, and matrix
metallo-proteinases; promoting inflammatory and
fibrotic responses [42]. In vitro studies have also
demonstrated that vaspin exerts anti-imflammatory,
anti-apoptotic and antioxidant effects in vascular
smooth muscle cells [10, 11, 12].

Moreover, it was found that vaspin ameliorated
in vivo myocardial ischemia/reperfusion injury and
in vitro hypoxia-reoxygenation of cardiomyocyte
cells in a dose-dependent manner and reduce the
contents of interleukin-1β (IL-1β), IL-18 and TNF-α
in serum of rats and supernatant of cardiomyocyte
cells [15].

Our study had also revealed a significant
decrease in cardiac NO in the isoproterenol group.
This result was supported by the findings of Zhou et
al., [4] and Li et al. [43]. However, Karagöz et al. [31]
showed that emergence of HF via administration of
isoproterenol led to an increase in NO expression.
The discrepancy between the results may be due to
differences in the designated dose, route and/or
duration of administration of isoproterenol.

NO is solely generated in biological tissues by
nitric oxide synthase (NOS) which metabolize
arginine to citrulline with the NO molecule [44]. Lin
et al. [45] also reported that the expression of
inducible NOS (iNOS) was up-regulated,
endothelial NOS (eNOS) was down-regulated, and
NO levels were decreased by ISO and that
decreased nitric oxide level are implicated in
cardiac hypertrophy induced by isoproterenol.

In fact, NO is necessary for normal cardiac
physiology and has a protective effect in ischemic
heart such that favorable effects of many drugs are
thought to depend on upregulation of endothelial
NOS and neuronal NOS, however, if overproduced
in the failing heart as a result of increased activity
and expression of the inducible isoform of NOS,
this results in an un-coupling between NO and ROS
leading to loss of antioxidant properties [46].

vaspin administration significantly increased
cardiac NO level in our results. This may also

explain the improvement of cardiovascular function
demonstrated in our study. Jung et al. [47] also
revealed that vaspin increased NO bioavailability
through activating dimethylarginine
dimethylaminohydrolase II (DDAH II) gene
expression with subsequent decrease of asymmetric
dimethylarginine (ADMA levels; an endogenous
inhibitor of all types of nitric oxide synthases) in
vascular endothelial cells. They also revealed that
vaspin reduced ROS generation that might lead to
decreased ADMA level and increased
bioavailability of NO.

Taking the present findings together, it can be
concluded that vaspin treatment can exert protective
effects on isoproterenol-induced chronic heart
failure in rats as indicated by improved cardiac
function, ameliorated cardiac remodeling and
hypertrophy and decreased cardiac injury
biomarkers serum levels.

The probable mechanisms involved include
increasing cardiac nitric oxide bioavailability,
decreasing cardiac inflammation and inhibiting
ROS generation and lipid peroxidation in heart.
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