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Abstract The purpose of this study was to clarify the potential cardioprotective effect of saxagliptin and vardenafil 
on isoproterenol-induced cardiac dysfunction. Rats were injected subcutaneously with isoproterenolas follows: 
doses of 30, 20, and 10 mg/kg were given on days 1, 2, and 3, respectively, followed by 5 mg/kg on days 4 to day 
15. Rats received vehicle, saxagliptin (10 mg/kg) orvardenafil (10mg/kg) orally with isoproterenol to study their 
effects on electrocardiogram data, cardiac contractility, atrial natriuretic peptide and tumor necrosis factor α gene 
expression as well as histopathological analysis of cardiac tissue. Results showed that isoproterenol induced ECG 
changes were restored to normal by both drugs. Repeated administration of isoproterenol significantly decreased 
cardiac contractility by 63.62% that was increased by 53.9% with saxagliptin and by 125% with vardenafil 
treatment. Both treatments significantly decreased ANP and TNFα gene expression that was increased by 
isoproterenol injection. Histopathological examination revealed that pretreatment with either drugs led to 
improvement of isoproterenol- induced inflammation and vaculation and ameliorated myocardial fibrosis. In 
conclusion, results implicate that both saxagliptin and vardenafil may prevent isoproterenol induced cardiac 
dysfunction and further experimental studies are required to elucidate their potential cardioprotective mechanisms 
and assess their efficacy in treatment of heart failure. 
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1. Introduction 

Cardiac hypertrophy is a term that signifies an 
increased workload and is characterized with an 
increase in cardiac mass in response to applied stimuli. 
It is an important compensatory mechanism of the 
heart that occurs in response to different pathological 
stresses [1]. However, Persistent hypertrophy is 
ultimately associated with cardiac dysfunction [2]. The 
sympathoad renal systems together with hemodynamic 
alternations participate in the development of 
myocardial hypertrophy and heart failure [3]. 
Isoproterenol induced cardiac dysfunction has been 
shown to be an ideal animal model of heart failure and 
serves as a well-accepted standardized model to 
evaluate several cardiac dysfunctions [4]. 

Atrial natriuretic peptide (ANP) is a hormone, 
produced mainly by cardiomyocytes, with a major role 
in cardiovascular homeostatic mechanisms such as 
natriuresis and vasodilation, which serve to regulate 
blood pressure [5]. The development of cardiac 
hypertrophy and congestive heart failure is associated 
with the increased expression of several fetal genes 
such as ANP and BNP (brain natriuretic peptide) and 
serum ANP levels are increased in patients with heart 
failure [6]. 

Tumor necrosis factor alpha (TNF α) is a 
cytokine involved in systemic inflammation and it has 
an important role in cardiac remodeling. TNF alpha 
activates metalloproteinases that would be expected to 
activate extracellular matrix remodeling and provokes 
a hypertrophic growth response [7].  

Dipeptidyl peptidase 4 (DPP4) inhibitors 
increase blood level of glucagon like peptide-1(GLP-
1) and extend GLP-1 duration of action. It was 
reported that GLP-1 improves energy metabolism and 
has a protective effect on cardiomyocytes [8], and the 
protective role of DPP4 inhibitors in cardiovascular 
diseases as hypertension and myocardial infarction has 
been evaluated independently of their glucose-
lowering action [9]. 

Although the cardiovascular effect of DPP4 
inhibition has been substantially studied, the exact role 
of DPP4 in cardiovascular disease remains elusive. 
Recently, there is growing evidence questioning the 
cardioprotective effect of DPP4 inhibitors as reported 
from some clinical trials. Scirica et al. [10] reported an 
increased hospital admission rate for heart failure in 
saxagliptin-treated patients compared with placebo in 
SAVOR-TIMI 53 (The Saxagliptin Assessment of 
Vascular Outcomes Recorded in Patients with 
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Diabetes Mellitus) trial raising the question whether 
DPP4 inhibitors increase the risk for heart failure. 

Phosphodiesterases (PDEs) are metallo 
hydrolases that catalyze the breakdown of cAMP or 
cGMP into the inactive 5′-AMP or GMP, thus 
augmenting the duration and intensity of their 
intracellular response. phosphodiestrase -5 (PDE5) is 
up-regulated 2- to 6-fold in experimental mice and 
human heart disease potentially increasing its effect 
and pharmacologic impact from its subsequent 
inhibition [11,12]. 

Salloum et al. [13] demonstrated the potential 
cardioprotective effects of inhibitors of PDE5 
especially in experimental models of congestive heart 
failure and left ventricular hypertrophy. Kukreja et al. 
[14] reported that blocking PDE-5 suppresses both 
chamber and myocyte hypertrophy, and improves in 
vivo heart function in mice exposed to chronic 
transverse aortic constriction suggesting that PDE-5 
inhibition is a promising therapeutic in patients with 
advanced heart failure. 

The present study aimed to investigate the 
potential protective effect of saxagliptin (a potent 
DPP4 inhibitor) and vardenafil (PDE-5 inhibitor) on 
cardiac dysfunction and atrial natriuretic peptide gene 
expression in chronic isoproterenol - treated rats. 
 
2. Material and Methods 
Drugs 

1-Isoproterenol: It was supplied as a powder 
from Sigma-Aldrich (St. Louis, MO, USA). The 
powder is white to off- white. It was dissolved in 
saline and administered subcutaneously. 

2- Saxagliptin: It was supplied as a powder from 
Sigma-Aldrich (St. Louis, MO, USA). The powder is 
white in color. It was dissolved in distilled water and 
administered orally in a dose of (10 mg /kg) half an 
hour before isoproterenol administration. 

3- Vardenafil: It was supplied as a powder from 
Sigma-Aldrich (St. Louis, MO, USA). The powder is 
crystalline white. It was dissolved in saline and 
administered subcutaneously in a dose of (10 mg /kg) 
half an hour before isoproterenol administration. 
Animals 

Adult male albino rats weighing 250-300 gm 
were purchased from the National Institute for 
Research, El Doki, Cairo, Egypt. They were housed in 
plastic cages in a room maintained at constant 
temperature (21±2 C) with alternating 12 h light/dark 
cycle. Experiments were carried out between 8:00 am 
and 3:00 pm. All animal treatments adhered strictly to 
institutional and international ethical guidelines 
concerning the care and the use of laboratory animals 
and the experimental protocol was approved by 
Fayoum University Faculty of medicine Review 
Committee for the use of animal subjects. 

Experimental procedures 
A total of 32 male albino rats were divided into 4 

main groups (8 rats each) and were treated for 15 days 
according to the following protocol:  

Group I: normal control group: normal animals 
received saline by subcutaneous injection (s.c.). 

Group II: rats received isoproterenol (s.c.) for 15 
days as follows: doses of 30, 20, and 10 mg/kg were 
given on days 1, 2, and 3, respectively, followed by 5 
mg/kg on days 4 to day 15.  

Group III: rats received saxagliptin (10mg/kg) 
orally half an hour before isoproterenol administration. 

Group IV: rats received vardenafil (10 mg/kg) 
orally half an hour before isoproterenol administration. 

At the end of 15 days, animals were fasted for 12 
hours and the following parameters were investigated: 
Electrocardiogram (ECG) 

Electrocardiograms were recorded for all rats 
under light ether anesthesia in the prone position by 
KENZ (ECG 106) made by NAGOYA, JAPAN. 
Electrodes consisted of 26-gauge needles placed 
subcutaneously for 1 cm. Standard limb leads were 
constructed from electrodes placed at the right and left 
forepaws and the tail [15] to measure heart rate (HR), 
QT interval and R wave amplitude. 
Cardiac Contractility 

Rats were killed and the heart, with at least 1 cm 
of aorta attached, was removed as quickly as possible 
and placed in a dish of Ringer– Locke solution (1litre 
of Ringer-Locke solution contains: 9g NaCl, 4.2 mL 
KCl (10 percent), 1g glucose, 0.5g NaHCO3, 1,08mL 
CaCl2 (25 percent), pure O2) at room temperature. 
The preparation was squeezed several times when first 
placed in the solution, so as to remove as much blood 
as possible. The aorta was located and dissected free 
and all other vessels connected to the heart were 
trimmed away. The aorta was cut just below the point 
where it divides and the heart was transferred to the 
HARVARD apparatus where the aorta was tied onto 
the glass cannula. The perfusion fluid was oxygenated 
Ringer–Locke solution. Threads were attached to the 
ventricle by a hook and to the auricle by a small spring 
clip; these threads were connected to lever to record 
cardiac contractility on the Kymograph [16]. 
Detection of cardiac ANP and TNFα gene 
expression by quantitative real time polymerase 
chain reaction (q RT – PCR) 

Total RNA was extracted from heart tissue using 
Qiagene cells/tissue extraction kit (Qiagene, USA). 
Total RNA was reverse-transcribed using high 
capacity cDNA reverse transcription kit (#K1621, 
Fermentas, USA). A quantitative real-time RT-PCR 
was performed using an Applied Biosystem with 
software version 3.1 (StepOne™, USA). The PCR 
primers were as follows:  
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* ANPprimer 1  
 
* TNFα primer 2  

5′GATGGATTTCAAGAACCTGCTAGAC3′  
 
5′-TACAGACATTCACAGCCACC-3′  

 

Histopathology 
Animals were sacrificed and hearts were excised 

and preserved for 24 hours in 10% neutral buffered 
formalin solution. After fixation, Tissue sections from 
heart were subjected for routine tissue processing by 
[17]: 

1. Dehydration which was done with a series of 
alcohols, 70% to 95% to 100%.  

2. Clearing was done in xylol for 15 Min.  
3. Embedding was performed in paraffin wax 1 

hour.  
4. Three serial sections sets of 5 microns 

thickness were obtained from the ventricle and stained 
with Hematoxylin and Eosin and massontrichrome for 
light microscopic examination. 
Statistical analysis 

The collected data was organized, tabulated and 
statistically analyzed using SPSS software statistical 
computer package version 18 (SPSS Inc, USA). For 
quantitative data, mean and standard deviation were 
calculated. ANOVA (Analysis of variance) was used 
to test the difference about mean values of measured 
parameters among groups, multiple comparison 
between pairs of groups were performed using LSD 
test (Post hoc test). For interpretation of results of tests 
of significance, significance was adopted at P≤ 0.05. 
 
3. Results  
Electrocardiogram data 

Repeated Subcutaneous injection of isoproterenol 
for 15 days resulted in significant (P<0.05) increase in 
heart rate, QT and R wave amplitude by 31.5%, 

51.2%, and 82% respectively. Pre-treatment of rats 
with saxaliptin significantly (P<0.05) decreased HR, 
QT and R wave amplitude by 26%, 36.2% and 51.3% 
respectively. Vardenafil treatment also significantly 
(P<0.05) decreased HR, QT and R wave amplitude by 
25.1%, 34.3% and 55.6% respectively compared to 
isoproterenol group as illustrated in Table 1, 2, 3. 
Cardiac contractility 

Repeated administration of isoproterenol in rats 
significantly (P<0.05) decreased percentage of cardiac 
contractility by 63.62% as compared to normal control 
group. 

Pretreatment of rats with saxagliptin significantly 
(P<0.05) increased percentage of cardiac contractility 
by 53.9% as compared to isoproterenol group, while 
pretreatment of rats with vardenafil significantly 
(P<0.05) increased percentage of cardiac contractility 
by 125% as compared to isoproterenol group Fig. 1. 

Atrial natriuretic peptide (ANP) gene expression 
Repeated administration of isoproterenol 

significantly (P<0.05) increased ANP gene expression 
compared to normal control group. Pretreatment with 
saxagliptin decreased the level of ANP gene 
expression significantly (P<0.05) by 67.2% as 
compared to isoproterenol group, while pretreatment 
with vardenafil decreased the level of ANP gene 
expression significantly (P<0.05) by 63.7% as 
compared to isoproterenol group Fig. 2a. 

Tumor necrosis factor (TNF-α) gene expression 
There was significant increase (P<0.05) in TNFα 

gene expression after repeated administration of 
isoproterenol which was decreased significantly in 
both saxagliptin and vardenafil treated groups 
by72.6% and 66.4% respectively Fig. 2b. 
Histopathology 

 
 

Table (1): Effect of saxagliptin and vardenafil on heart rate (beats/minute) in isoproterenol induced cardiac 
dysfunction in rats 

Group Mean ± SD P-value 

Normal 231.13 ± 3.23  

Saxagliptin 
230.13 ± 2.22 

0.651# 
<0.0001##* 

Vardenafil 
230.50 ± 2.20 
 

0.777# 
<0.0001##* 

Isoproterenol 303.75 ± 8.76 <0.0001#* 

Isoproterenol+Saxagliptin 
225.00 ± 1.85 

0.042#* 
<0.0001##* 

Isoproterenol+Vardenafil 
227.25 ± 3.81 

0.142# 
<0.0001##* 

 

Each value represents mean + SD of 8 rats # compared group with normal group.  
## compared group with isoproterenol group. * Significant at P < 0.05. 
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Table (2): Effect of saxagliptin and vardenafil on QT interval (msec) in isoproterenol induced cardiac 
dysfunction in rats. 

Group Mean ± SD P-value 

Normal 103.13 ± 16.45  

Saxagliptin 
102.50 ± 14.05 

0.932# 
<0.0001##* 

Vardenafil 
102.63 ± 15.17 

0.946# 
<0.0001##* 

Isoproterenol 156.00 ± 7.58 <0.0001#* 

Isroterenol+Saxagliptin 
99.50 ±17.33 

0.625# 
<0.0001##* 

Isoproterenol+Vardenafil 
102.25 ± 15.25 

0.906# 
<0.0001##* 

 

Each value represents mean + SD of 8 rats # compared group with normal group.  
## compared group with isoproterenol group. * Significant at P < 0.05. 

 
Table (3): Effect of saxagliptin and vardenafil on R wave amplitude (mV) in isoproterenol induced cardiac 
dysfunction in rats. 

Group Mean ± SD P-value 

Normal 0.63 ± 0.16  

Saxagliptin 
0.56 ± 0.11 

0.358# 
<0.0001##* 

Vardenafil 
0.56 ± 0.11 

0.358# 
<0.0001##* 

Isoproterenol 1.15 ± 0.13 <0.0001#* 

Isoproterenol+saxagliptin 
0.56 ± 0.16 

 0.401# 
<0.0001##* 

Isoproterenol+Vardenafil 
0.51 ± 0.14 

0.136# 
<0.0001##* 

 

Each value represents (mean ± standard deviation).   # compared group with normal group.  
 ## compared group with isoproterenol group.   * Significant at P < 0.05. 
 

In isoproterenol group, photomicrograph showed 
scattered swollen cardiac muscle fibres with granular 
pale cytoplasm with perinuclearvacuolations, 
interstitium showed focal areas of oedema, congested 
capillaries and mononuclear inflammatory cellular 
infiltrate. By Masson trichrome there were large thick 
patches of subendocardial and interstitial fibrosis. 
Pretreatment with saxagliptin led to improvement of 
isoproterenol- induced histopathological changes. 
Cardiomyocytes were arranged in interlacing bundles 
with normal histological pattern. However, few 
pathological changes were still evident in the form of 
areas of lost striations, few degenerative changes in 
the form of cloudy swelling as well as few 
mononuclear inflammatory cells Fig. 3. By Masson 
trichrome there were thin and few patches of 
subendocardial fibrosis (green patches) were seen in 
one rats Fig. 4. Pretreatment with vardenafil markedly 
ameliorated the histopathological changes induced by 
isoproterenol. Cardiomyocytes were seen comparable 
to the control with spindle shaped nuclei and abundant 
eosinophilic cytoplasm Fig. 3. Mild edematous 

changes were seen. Masson trichrome stain showed no 
patches of fibrosis Fig. 4. 

 
Fig (1): Effect of saxagliptin and vardenafil on cardiac 
contractility in isoproterenol induced cardiac 
dysfunction in rats. * Significant at P < 0.05 compared 
isoproterenol group to normal control group.● 
Significant at P < 0.05 compared treated groups to 
isoproterenol group. 
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(a)       (b)  

Fig (2): Effect of vardenafil and saxagliptin on ANP (a) and TNFα (b) gene expression in isoproterenol induced 
cardiac dysfunction in rats. * Significant at P < 0.05 compared isoproterenol group to normal control group.● 
Significant at P < 0.05 compared treated groups to isoproterenol group. 

 

 
 

 
 

  
Fig (5): Effect of saxagliptin and vardenafil on isoproterenol-induced histopathologic changes in heart tissue: (A) 
Section in cardiac tissue of a control rat showing normal architecture of heart tissue, being composed of muscle 
cells, cardiomyocytes with one centrally placed nucleus; (B) Section in cardiac tissue of isoproterenol group 
showing focal areas of edema, congested capillaries and mononuclear inflammatory cellular infiltrates; (C) Section 
in cardiac tissue of saxagliptin treated group showing mild focal degenerative changes in the form of mild interstitial 
edema and scattered inflammatory cells; (D) Section in cardiac tissue of vardenafil treated group showing very mild 
focal degenerative changes in the form of cloudy swelling and mild interstitial edema (H & E 10x). 
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Fig (6): Effect of saxagliptin and vardenafil on isoproterenol-induced histopathologic changes in heart tissue: (A) 
Section in rat’s heart muscle of normal control group showing no fibrosis; (B) Sections in rat’s heart muscle of 
isoproterenol group showing large thick patches of subendocardial and interstitial fibrosis (green patches); (C) 
Sections in rat’s heart muscle of saxagliptin treated group showing few non relevant thin patches of fibrosis; (D) 
Sections in rat’s heart muscle of vardenafil treated group showing no fibrosis (Masson trichrome10x). 
 
 
4. Discussion 

The purpose of current study was to evaluate the 
cardioprotective properties of saxagliptin (a potent 
dipeptidyl peptidase 4 inhibitor) and vardenafil (a 
phosphodiestrase-5 inhibitor) in chronic isoproterenol 
induced cardiac dysfunction through their effect on 
ECG data, cardiac contractility, gene expression of 
ANP and TNF alpha. 

The ECG is reliable for detecting pathological 
changes in isoproterenol-induced remodeling of rat 
heart. In the present study significant alterations of 
ECG patterns were observed in isoproterenol-treated 
rats when compared with normal rats. These changes 
were in the form of significant increased heart rate, 
QT interval and R-wave amplitude. This coincides 
with Kralova et al. [18] who reported that relatively 
short time period of administration of repeated low 
doses of isoproterenol induced cardiac hypertrophy 
producing significant changes in ECG configuration as 
increased amplitude of P wave, prolongation of PQ 
interval and QRS complex, increased amplitude of R 
and prolongation of QT interval. In the present study, 

the ECG changes induced by isoproterenol were 
significantly attenuated by pretreatment with 
saxagliptin.  

In the present work repeated administration of 
isoproterenol in rats significantly decreased cardiac 
contractility by 63.62% as shown by Langendorff 
apparatus as compared to normal control group. 
Pretreatment with saxagliptin significantly increased 
cardiac contractility by 53.9% as compared to 
isoproterenol group.  

As regards gene expression study, the present 
study revealed that pretreatment with saxagliptin 
decreased the elevated level of ANP and TNFα gene 
expression as compared to isoproterenol group. 
Moreover, histopathological study of the present work 
showed that pretreatment with saxagliptin prevented 
cardiomyocyte inflammation and fibrosis induced by 
isoproterenol.  

Orally administered dipeptidyl peptidase-4 (DPP-
4) inhibitors have emerged as a new class of 
antidiabetic agents owing to their ability to extend the 
biological effects of incretin hormones namely 
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glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP) [19]. 
Expression of GLP-1 receptors has been detected in 
the vasculature and both DPP-4 and specific GLP-1 
receptors are expressed in the rodent myocardium 
[20]. There is a growing body of evidence that 
incretin-based drugs like exenatide or dipeptidyl 
peptidase inhibitors that augment endogenous GLP-1 
have a cardio protective effect. Sokos et al. [21] 
reported that GLP-1 administered by continuous 
subcutaneous infusion has been shown to increase 
myocardial glucose delivery and improve left 
ventricular function in patients with heart failure. 
Moreover, Vyas et al. [22] demonstrated that the GLP-
1agonist, exenatide, improved glucose tolerance, 
cardiac contractility, and survival over control vehicle-
treated TG9 mice (a murine model of dilated 
cardiomyopathy). Kubota et al. [23] demonstrated that 
DPP-4 activities in cardiac tissue were upregulated in 
experimental models of heart failure with both cardiac 
diastolic and systolic dysfunction suggesting that an 
increase in cardiac DPP-4 activity may be associated 
with the development of heart failure. 

Ikeda et al. [24] measured the cardiac DPP-4 
activity using an in situ activity staining method and 
detected DPP-4 staining that was localized in the 
endothelium of the venous capillary vessels in cardiac 
tissues. They found that Saxagliptin significantly 
inhibited cardiac DPP-4 activities in isoproterenol-
treated rats. Moreover, saxagliptin treatment prevented 
the cardiac hypertrophy and fibrosis induced by the 
continuous infusion of isoproterenol and this effect 
was accompanied by the suppressed expression of 
genes related to hypertrophy, such as ANP, 
interleukin-6 (IL-6) and insulin-like growth factor 1 
(IGF-1) and pro-fibrotic factors, such as collagen I and 
collagen III. They concluded that saxagliptin exerts its 
cardioprotective effect by the inhibition of endothelial 
DPP-4 activity in cardiac tissue, independently of its 
glycemic action. Miyoshi et al. [25] studied another 
DPP-4 inhibitor (Vildagliptin) on isoproterenol 
induced cardiac hypertrophy in rats. Cardiac 
hypertrophy was introduced by subcutaneous 
isoproterenol (2.4 mg/kg/day) for 7 days. He reported 
that, LV hypertrophy was significantly decreased in 
the isoproterenol- vildagliptin group compared with 
the isoproterenol group. Vildagliptin also lowered the 
elevated left ventricular end-diastolic pressure 
observed in the isoproterenol group. Moreover, 
Histological analysis showed that vildagliptin 
attenuated the increased cardiomyocyte hypertrophy 
and perivascular fibrosis. Furthermore, Quantitative 
PCR showed attenuation of increased mRNA 
expression of TNFα in the isoproterenol- vildagliptin 
group. 

Kukreja et al. [14] reported that blocking PDE-5 
suppresses both chamber and myocyte hypertrophy, 
and improves in vivo heart function suggesting that 
PDE-5 inhibition is a promising therapeutic target in 
patients with advanced heart failure.  

Results of the present study showed that 
pretreatment of rats with vardenafil significantly 
decreased heart rate, QT interval, R wave amplitude 
and increased cardiac contractility as compared to 
isoproterenol group. Moreover, histopathological 
study of the present work showed that pretreatment 
with vardenafil markedly ameliorated the 
histopathological changes induced by isoproterenol. 
Cardiomyocytes were seen comparable to the control 
with spindle shaped nuclei and abundant eosinophilic 
cytoplasm and Masson trichrome stain revealed no 
fibrosis. 

Hassan and Ketat [26] reported that prior 
administration of a PDE-5 inhibitor before 
isoproterenol for 10 days improved the survival of rats 
and protected the heart so the myocardium did not 
show hypertrophy or cell injury. They suggested that 
PDE-5 inhibitors exert their cardio protective effect 
through increasing cardiac cGMP level which acts as a 
post-receptor negative regulator of cardiac 
sympathetic responsiveness. Salloum et al. [27] 
reported that PDE-5 inhibitors have a positive 
inotropic effect in rats with cardiac hypertrophy 
especially with high doses which could be through 
different mechanism other than PDE-5 inhibition. This 
result also matches Lindman et al. [28] who stated that 
PDE-5 is expressed in the hypertrophic ventricle and 
that PDE-5 inhibition has a direct inotropic effect in 
rats with right ventricular hypertrophy which could be 
through direct effect.  

In the present study Pretreatment with vardenafil 
before isoproterenol significantly decreased the 
elevated level of ANP and TNFα gene expression as 
compared to isoproterenol group. This is in agreement 
with the study of Lubamba et al. [29] who stated that 
treatment with PDE-5 inhibitors strongly suppressed 
the expression of the hypertrophy marker genes such 
as ANP and that vardenafil attenuated neutrophil cell 
infiltration and inflammatory cytokines such as TNFα 
which could be attributed to the consequent increase in 
intracellular cGMP. 
 
Conclusion  

The results of the present study add an idea about 
the cardioprotective effect of saxagliptin and 
vardenafil by ameliorating isoproterenol -induced 
electrocardiographic, cardiac contractility, and 
histopathological alternations and by decreasing the 
expression of genes related to cardiac dysfunction as 
ANP and TNFα. 
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