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Aim of this study was to investigate the potential effects of sildenafil on the function of endothelial cells from 
patients with congenital heart disease with pulmonary hypertension (CHDPH). Patients who are diagnosed 
as CHD with PH (n=30) or without PH (n=30), and 30 healthy persons (control) were enrolled in this study. 
The 30 CHDPH cases were separated into two groups, one was given aspirin while the other received aspirin 
and sildenafil. An ELISA assay was used to detect the biological indexes for endothelial cells. Furthermore, 24 
male New Zealand white rabbits were used to construct the CHDPH model. The signal pathway-related protein 
expression was analyzed using RT-PCR and western blotting. Compared to that in healthy people, levels for flow-
mediated dilatation (FDM), NO, and adiponectin (APN) were significantly decreased while endothelin (ET-1) was 
significantly increased in CHD patients, while their levels were drastically changed in CHDPH patients (P<0.01). 
Besides, no significant differences for expression levels including FDM, APN, NO, and ET-1 was observed in 
CHDPH patients receiving aspirin. But the levels for FDM, APN, NO, and ET-1 were significantly changed in 
CHDPH patients after treatment with sildenafil for 3 months (P<0.01). The mRNA and protein levels for JNK1/2, 
MAPK, and NF-κB were significantly increased in CHDPH rabbits compared to the control (P<0.01), but their 
levels were significantly suppressed by the sildenafil application compared to the CHDPH group (P<0.01). Taken 
together, our study suggested that sildenafil may play a protective role on endothelial function via suppressing 
the JNK and NF-κB signal pathways in CHDPH patients.

1. Introduction
Pulmonary hypertension (PH) is one of the complications of the 
left-to-right shunting congenital heart disease (CHD) (Weiford 
2015). Serious PH after CHD surgery, is leading to a high 
morbidity during the perioperative period (Toole et al. 2014). 
Various factors are involved in the pathogenesis of CHDPH, 
including the reconstruction of pulmonary vascular structure under 
the blood mechanical stress and enhanced reaction of pulmonary 
vessels (Cool et al. 1999; Humbert et al. 2004). Therefore, to 
deepen the understanding of the pathogenesis of CHDPH will be 
of great significance for the clinical treatment of CHDPH. 
Sildenafil is a phosphodiesterase selective inhibitor, which has been 
demonstrated to play a role in a variety of diseases, including cardio-
vascular diseases, femoral head necrosis, and prostate-associated 
diseases (Das et al. 2005; Guimarães et al. 1999; Kim 2007). Silde-
nafil also acts as an useful drug against PH in CHD patients, but 
the mechanism is complicated (Gaetano et al. 2011; Nemoto et al. 
2009). For example, Fraisse et al. (2011) proved that intravenous 
sildenafil reduced pulmonary artery pressure and shortened the time 
to extubation and intensive care unit stay in children with CHDPH, 
while Lu et al. (2010) say that oral sildenafil is safe and effective 
for the CHDPH treatment in adult patients. Thomas et al. (2007) 
showed that sildenafil dilated blood vessels through increasing the 
cGMP in pulmonary vessels and by enhancing the endogenous NO. 
On the other hand, abnormal vascular endothelial cells (VECs) play 
a pivotal role in the pathogenesis of CHD with PH (Lévy et al. 2007; 
Yi-Fei and Pang 2008). Even though numerous studies have reported 
the mechanism for sildenafil in the treatment of CHD with PH, the 
pathogenesis still remains incompletely understood.
In the current study, we determined the biological indexes of the 
endothelial cells from CHDPH patients before and after sildenafil. 
Subsequently, various biological methods were used to investigate 

the molecular mechanism in a CHDPH model in rabbits and to 
detect the signal pathway-related protein expression. This study 
aimed to investigate the effects of sildenafil on endothelial cell 
function in CHDPH patients and to reveal its mechanism of action. 

2. Investigations and results

2.1. Endothelial cells were damaged in patients with 
CHDPH
The 60 cases who are enrolled in this study were separated into 
two groups based on a diagnostic criteria, namely patients with 
CHD only and patients with CHDPH. Subsequently, indexes for 
the endothelial cells function were detected using ELISA (Fig. 1). 
Compared to healthy people, FDM, NO, and APN in CHD patients 
were significantly decreased (P<0.01), whereas the ET-1 level was 
significantly increased (P<0.01), suggesting that endothelial cells 
were damaged in CHD patients. Furthermore, the levels for FDM, 
NO, and APN in CHDPH patients were drastically lower than those 
in CHD patients or in healthy persons (P<0.01), which is opposite to 
the results of ET-1 level determination in CHDPH patients (P<0.01), 
indicating a dysfunction of endothelial cells in CHDPH patients. 

2.2. Sildenafi l improved the functions of endothelial cells 
in CHDPH patients
The patients who were diagnosed as CHDPH in our hospital, were 
randomly separated into two groups, namely the aspirin group 
(15 cases) and the sildenafil group (given aspirin and sildenafil, 
15 cases). The indexes for the endothelial cells function were 
observed before and after drug was given for 3 months (Fig. 2). 
The results showed that no significant difference for FDM, NO, 
APN and ET-1 existed between the values before and the after 
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aspirin treatment (P<0.01; Fig. 2A, 2B and 2C). However, FDM, 
NO, and APN levels were significantly increased while ET-1 was 
drastically decreased when patients had been treated with silde-
nafil for 3 months compared to initial values (P<0.01; Fig. 2D).

2.3. Effects of sildenafi l on JNK and NK-κB pathway-
related protein expression
The expression of JNK, MAPK, and NK-κB in endothelial cells 
from CHDPH rabbits was measured to investigate the potential 
mechanism for the influence of sildenafil on endothelial cell func-
tion (Fig. 3). The results showed that mRNA and protein levels for 
JNK, MAPK, and NK-κB in endothelial cells from CHDPH rabbits 
were significantly increased compared to the control (healthy 
persons) (P<0.01). However, mRNA and protein levels of the 
three kinds of proteins were significantly decreased in endothelial 
cells after sildenafil treatment (P<0.01; Fig. 3A, 3B, 3C, and 3D), 
suggesting a correlation between the protective role of sildenafil on 
endothelial cells and the JNK and NK-κB signal pathway.

3. Discussion
CHD with PH remains a pivotal reason for the poor prognosis for 
CHD (Bishop and Oldershaw 1996; Granton and Marlene 2002). 
The pathogenesis of CHD with PH is complicated, including a 
damage of endothelial cells resulting in platelet aggregation caused 
by the direct contact between the circulating in blood and the sub-
endothelial matrix, finally leading to the PH (Cohen et al. 1999; Stolle 
and Beck 1990). In this study, we investigated the effects of sildenafil 
on the function of endothelial cells from patients with CHDPH and 
we further analyzed the possible molecular mechanism in a rabbit 
CHDPH model. In agreement with previous data (Ciftel et al. 2012; 
Wei et al. 2011), our results showed that levels for FDM, NO, and APN 
were drastically decreased while ET-1 was significantly increased in 
CHDPH patients compared to healthy persons (Fig. 1), suggesting a 
dysfunction of endothelial cells in CHDPH patients.
Accordingly, we analyzed the effects of sildenafil on the expres-
sion levels of FDM, NO, APN, and ET-1. The results showed that 
when CHDPH patients were given sildenafil for 3 months, FDM, 
NO, and APN were significantly increased while ET-1 was signifi-

Fig. 1:  Indexes of endothelial cells function in patients with congenital heart disease (CHD). A: compared with the healthy persons (n=30), flow-mediated dilatation (FMD) level 
in endothelial cells from CHD patients (n=30) was significantly decreased, while its level was drastically decreased in endothelial cells from CHDPH patients (n=30); B: 
compared with the healthy persons (n=30), adiponectin (APN) level in endothelial cells from CHD patients (n=30) was significantly decreased, while its level was drasti-
cally decreased in endothelial cells from CHDPH patients (n=30); C: NO in endothelial cells from CHD patients was lower than that in healthy persons, and its level in 
CHDPH patients was even less than that in healthy persons; D: endothelin (ET-1) level was significantly increased in CHD patients compared to the normal control (healthy 
person), while its level in CHDPH patients was even more than that in CHD patients. **: P<0.01.



ORIGINAL ARTICLES

Pharmazie 71 (2016)572

Fig. 2:  Influence of sildenafil on endothelial cell function in congenital heart disease with pulmonary hypertension (CHDPH) patients. A-C: after being given sildenafil for 3 
months, the FMD, APN, or NO level was significantly increased compared with that in patients (n=15) without giving sildenafil; D: ET-1 level in CHDPH patients who are 
given sildenafil for 3 months was significantly decreased compared to the before given sildenafil. In control group, no significant difference was found between the CHDPH 
patients before given aspirin and the patients after given aspirin (n=15). NS: no significant difference among two groups, **: P<0.01.

cantly decreased compared to the control group (Fig. 2). ET-1 
is a kind of shrink blood vessels peptide and promotes vascular 
smooth muscle cell division secreted by endothelial cells, and is 
involved in various kinds of cardiovascular diseases (Lutz et al. 
1999), whereas NO is a strong pulmonary vasodilator, which can 
relax the pulmonary vascular smooth by activating cAMP (Barnett 
and Machado 2006). It is widely known that ET-1 levels are high 
in CHD patients with PH either in children or in adults (Ding et al. 
2003), but FDM, NO, and APN are lower in CHD patients with PH 
(Wei et al. 2011). Based on our results, we hypothesize that silde-
nafil may play certain protective role on the function of endothelial 
cells in patients with CHDPH.
Meanwhile, our results presented that the JNK1/2, MAPK, and 
NF-κB levels were high in endothelial cells from CHDPH patients, 
but they were significantly decreased by the sildenafil treatment 
(Fig. 3). NF-κB is a nucleoprotein factor isolated from the B 
lymphocyte nucleus extract, which can play important roles in 
various kinds of cells including vessel endothelial cells, smooth 
muscle cells and myocardial cells (Jules et al. 2010). The JNK signal 
pathway belongs to the MAPK family signal pathway involved in 
regulating cell biology including apoptosis and proliferation (Yang 
et al. 2014). The JNK signal pathway is activated in lung injury 
induced by high oxygen (Li et al. 2007). Similar results were also 
observed by Rahman et al. (2004), where activated NF-κB resulted 
in the damage of endothelial cells in pulmonary arterial vessels. 
In addition, the protective role of sildenafil on endothelial cell 
function and proliferation has been reported by Whitehouse et al. 

(2002). Based on our results, we hypothesize that sildenafil may 
protect the endothelial cells from being damaged by suppressing 
the JNK and NF-κB signal pathways.
Our study may provide a theoretical basis for the application of 
sildenafil in the clinical treatment of CHDPH. 

4. Experimental

4.1. Patients and samples
A total of 60 specimens who were diagnosed as left-to-right shunting in adult CHD at 
the First Affiliated Hospital of Xinxiang Medical University from July 2013 to July 
2015 were enrolled in this study. Thirty cases were diagnosed as CHD with pulmonary 
hypertension (CHDPH), and 30 cases had CHD without pulmonary hypertension. 
Additionally, 30 healthy persons who had a physical examination in our hospital were 
chosen as the normal control (NC). All the patients were informed and consented. 
In the procedures in this study were approved by the hospital’s protection of human 
ethics committee, the First Affiliated Hospital of Xinxiang Medical University.

4.2. Enzyme-linked immunosorbent assay (ELISA)
The flow-mediated dilatation (FDM), NO, endothelin (ET-1), and adiponectin (APN) 
levels in serum were measured using the ELISA according to the manufacture’s 
protocol (Al-Qahtani et al. 2005). Briefly, pre-treated microtitre plates were coated 
with 50 μg/mL calf thymus FDM, NO, ET-1, and APN (Sigma, USA) for 2 h at 37 
°C, and then placed overnight at 4 °C. After that, plates were washed with PBS buffer 
containing 0.05% Tween-20 (PBST) for three times, followed by blocked with 5% 
goat serum in PBST for 1 h. Then serum samples (diluted at 1:100 in PBST containing 
10% calf serum and 5% goat serum) were incubated with horseradish peroxidase 
(HRP)-conjugated goat anti-mouse IgG, (Sigma) for 2 h at 37 °C. Then the reaction 
was blocked with 2 N H

2
SO

4 
and the absorbance was measured using a microplate 

reader (Bio-Rad) at 492 nm. 
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4.3. Rabbit model
All the procedures conducted in this study were in accordance with guidelines of the local 
animal care and protocols were approved by the local experimental ethics committee. 
Twenty four male New Zealand white rabbits (animal center of Xinxiang Medical Univer-
sity) weighing 2.4-2.8 kg were used for the CHD model construction. In brief, 2.5% 
sodium pentobarbital was intravenously injected into the margin of the rabbit ear. After 
anesthesia, rabbits were fixed onto the operating table. Hair on the neck was removed and 
then disinfected with 75% alcohol, then the remote site under the first vein outside the neck 
was ligated. The blood close to the heart was blocked using a small vascular clamp around 
the right common arotid artery, then the common carotid artery was ligated about 0.5 cm 
below the bifurcation between the internal and the external arteries and then was cut in 
diagonal line. A small vascular clamp was used to block the blood at the vein close to heart 
of the external carotid, followed by the medial incision on the external carotid vein. Then 
7.0 Prolene was used to suture the carotid artery and the jugular vein under a microscope. 
The volatility in the bright red blood close to the heart of the external carotid stands for the 
anastomotic was unobstructed. The two blood vessels were separated instead of ligation 
and anastomotic in rabbits from the sham group. Penicillin was put at the anastomotic site 
to prevent bacterial infection. Rabbits characterized with > 30 mmHg pulmonary artery 
systolic pressure and > 20 mmHg mean pulmonary artery pressure indicate that the model 
was successfully constructed. 

4.4. Real-time PCR
Total mRNA was isolated from the blood samples as previously described (Mackay 2004). 
Complementary DNA (cDNA) was produced using reverse transcriptase (iScript™ cDNA 
Synthesis Kit; Bio-Rad Laboratories). The expression levels of mRNAs were measured by 
SYBR green-based quantitative RT-PCR (SYBR Green Master mix; Thermo Scientific, 
Waltham, MA, USA). Primers used for the target gene amplification are shown in the Table.

4.5. Western blotting
Cells were lapped with RIPA assay (radioimmunoprecipitation, Sangon Biotech, China) 
lysate containing PMSF (phenylmethanesufonyl fluoride, Sigma, USA), and then were 
centrifuged at 12,000 rpm for 10 min at 4 °C. Supertanant was collected for the measure-
ment of protein concentrations using BCA protein assay kit (Pierce, Rochford, IL). For 
Western blotting (Mabuchi et al. 2007), 50 μg protein per cell lysate was subjected onto 
a 12% sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE), followed 
by transferred onto a polyvinylidencefluoride (PVDF) membrane (Mippore). Then the 
PVDF membranes were blocked in tris-buffered saline Tween (TBST) containing 5% 
non-fat milk for 1 h at room temperature. Then the membranes were incubated with rabbit 
anti-human antibodies (MAPK, JNK1/2, and NF-κB, 1:100 dilution, Invitrogen, USA) 

Fig. 3:  Effects of sildenafil on the signal pathway-related protein expression in endothelial cells from congenital heart disease with pulmonary hypertension (CHDPH) rabbits. 
A-C: the relative mRNA level for protein including p-JNK1/2, NF-κB, or MAPK in CHDPH rabbits was significantly increased compared to that in control group (healthy 
rabbits, n=12), however, their levels in cells treated with sildenafil were drastically decreased compared with that in CHDPH rabbits (without sildenafil, n=12); D: the 
protein level for p-JNK1/2, NF-κB, or MAPK in cells from different group was similar to that with their relative mRNA level. **: P<0.01.
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Table 1: Primers used for target amplification in this study

Target primer Sequence (5’-3’)

GAPDH Sense GGGTGGAGCCAAACGGGTC

Antisense GGAGTTGCTGTTGAAGTCGCA

  MAPK Sense GCCATGGAGTCAATTAGCTG

Antisense TGCCCAAGAAGAAGCCGACC

JNK Sense GTG CAG CACCCG CGG CTG CA

Antisense TGCAACTGCTGCGTTAGCATG

NF-  κB Sense ACGATCTGTTTCCCCTCATCT

Antisense TGCTTCTCTCCCCAGGAATA

overnight at 4 °C. Then membrane was incubated with horseradish-peroxidase labeled 
goat anti-rat secondary antibody (1:1000 dilution) at room temperature for 1 h. Finally, 
the PVDF membranes were washed 3 times with 1× TBST buffer for 10 min each. The 
signals were detected after incubation with a chromogenic substrate using the enhanced 
chemiluminescence (ECL) method. Additionally, GAPDH served as the internal control. 

4.6. Statistical analysis
All experiments were repeated three times independently. The data were expressed as 
the mean±SD in this study. The significance for data was calculated using the SPSS 
16.0. Independent sample t-test was used for the paired data significance calculation. 
Post-hoc Turkey-test was used to calculate the difference among groups. P<0.05 was 
considered statistically significant in comparison.

Conflict of interest: None declared.

References
Al-Qahtani A, Muttukrishna S, Appasamy M, Johns J, Cranfield M, Visser JA, 

Themmen APN, Groome NP (2005) Development of a sensitive enzyme immuno-
assay for anti-Müllerian hormone and the evaluation of potential clinical applica-
tions in males and females. Clin Endocrinol 63: 267-273.

Barnett CF, Machado RF (2006) Sildenafil in the treatment of pulmonary hyperten-
sion. Vasc Health Risk Manag 2: 411-22.

Bishop A, Oldershaw P (1996) Thromboembolism in primary pulmonary hyperten-
sion. BMJ 313: 1418-1419.

Ciftel M, Simşek A, Turan O, Kardelen F, Akçurin G, Ertuğ H (2012) Endothelial 
dysfunction and atherosclerosis in children with irreversible pulmonary hyperten-
sion due to congenital heart disease. Ann Pediatr Cardiol 5: 160-164.

Cohen ML, Johnson KW, Phebus LA (1999) Use of a serotonin agonist in combina-
tion with a tachykinin receptor antagonist for the manufacture of a medicament for 
the treatment or prevention of migraine. EP EP 0710479 B1.

Cool CD, Stewart JS, Werahera P, Miller GJ, Williams RL, Voelkel NF, Tuder RM 
(1999) Three-dimensional reconstruction of pulmonary arteries in plexiform pulmo-
nary hypertension using cell-specific markers. Evidence for a dynamic and hetero-
geneous process of pulmonary endothelial cell growth. Am J Pathol 155: 411-419.

Das A, Lei X, Kukreja RC (2005) Phosphodiesterase-5 inhibitor sildenafil precondi-
tions adult cardiac myocytes against necrosis and apoptosis. Essential role of NO 
signaling. J Biol Chem 280: 12944-12955.

Ding JD, Feng-Xiang LU, Di XU, Kong XQ, Yang R, Chen L, Yong YH, Liu B (2003) 
The alteration and clinical significance of plasma endothelin-1 in patients with 
congenital heart disease accompanied by secondary pulmonary hypertension. Acta 
Academiae Medicinae Nanjing. 

Fraisse A, Butrous G, Taylor MB, Oakes M, Dilleen M, Wessel DL (2011) Intrave-
nous sildenafil for postoperative pulmonary hypertension in children with congen-
ital heart disease. Intens Care Med 37: 502-509.

Gaetano P, Raffaele G, Veronica R, Sabato C, Sergio P, Marco M, Vincenzo P, Carlo 
V (2011) Sildenafil therapy for pulmonary hypertension before and after pediatric 
congenital heart surgery. Texas Heart Inst J 38: 238-242.

Granton JT, Marlene R (2002) Pulmonary arterial hypertension in congenital heart 
disease. Cardiol Clin 20: 1041-1043.

Guimarães AC, Malachias MV, Coelho OR, Zilli EC, Luna RL (1999) Use of silde-
nafil in patients with cardiovascular disease. Arq Bras Cardiol 73: 521-526.

Humbert M, Morrell NW, Archer SL, Stenmark KR, Maclean MR, Lang IM, 
Christman BW, Weir EK, Eickelberg O, Voelkel NF (2004) Cellular and molecular 
pathobiology of pulmonary arterial hypertension. J Am Coll Cardiol 43: S13–S24.

Jules J, Shi Z, Liu J, Xu D, Wang S, Feng X (2010) Receptor activator of NF-κB 
(RANK) cytoplasmic IVVY535-538 motif plays an essential role in tumor necrosis 
factor-α (TNF)-mediated osteoclastogenesis. J Biol Chem 285: 37427-37435.

Kim JI (2007) Medical device for treating prostate diseases by using near-infrared 
led. US US 7526344 B2.

Lévy M, Raisky O, Vouhé PR, Celermajer DS, Bonnet D, IsraeL-Biet D (2007) 
[Apoptotic deregulation of endothelial cells and intimal proliferation in pulmonary 
hypertension of congenital heart disease]. Arch Mal Coeur Vaiss 100: 365-372.

Li LF, Liao SK, Ko YS, Lee CH, Quinn DA (2007) Hyperoxia increases ventilator-
induced lung injury via mitogen-activated protein kinases: a prospective, controlled 
animal experiment. Critical Care 11: R25.

Lu XL, Xiong CM, Shan GL, Zhu XY, Wu BX, Wu GH, Liu ZH, Ni XH, Cheng XS, 
Gu Q (2010) Impact of sildenafil therapy on pulmonary arterial hypertension in 
adults with congenital heart disease. Cardiovasc Ther 28: 350-355.

Lutz J, Gorenflo M, Habighorst M, Vogel M, Lange PE, Hocher B (1999) Endo-
thelin-1- and endothelin-receptors in lung biopsies of patients with pulmonary 
hypertension due to congenital heart disease. Clin Chem Lab Med 37: 423-428.

Mabuchi S, Altomare DA, Cheung M, Zhang L, Poulikakos PI, Hensley HH, Schilder 
RJ, Ozols RF, Testa JR (2007) RAD001 inhibits human ovarian cancer cell prolif-
eration, enhances cisplatin-induced apoptosis, and prolongs survival in an ovarian 
cancer model. Clin Cancer Res 13: 4261-4270.

Mackay IM (2004) Real-time PCR in the microbiology laboratory. Clin Microbiol 
Infect 10: 190–212.

Nemoto S, Sasaki T, Ozawa H, Katsumata T (2009) OE-320 oral sildenafil for persis-
tent pulmonary hypertension early after congenital cardiac surgery. Oral presen-
tation, the 73rd Annual Scientific Meeting of The Japanese Circulation Society. 

Rahman A, Anwar KN, Minhajuddin M, Bijli KM, Javaid K, True AL, Malik AB 
(2004) cAMP targeting of p38 MAP kinase inhibits thrombin-induced NF-κB acti-
vation and ICAM-1 expression in endothelial cells. Am J Lung Cell Mol Physiol 
287: L1017-L1024.

Stolle RJ, Beck LR (1990) Method for treating disorders of the vascular and pulmo-
nary systems. US US RE33403 E.

Thomas K, Manfrid E, Thomas G, Armin H, Martin KM (2007) Celecoxib dilates 
guinea-pig coronaries and rat aortic rings and amplifies NO/cGMP signaling by 
PDE5 inhibition. Cardiovasc Res 75:390-397.

Toole BJ, Toole LE, Kyle UG, Cabrera AG, Orellana RA and Coss - Bu JA (2014) 
Perioperative nutritional support and malnutrition in infants and children with 
congenital heart disease. Congenital Heart Dis 9: 15-25.

Wei W, Dou CS, Cai-Hong YE, Sui Y, Zhang SF, Zhou MX, Liu YF (2011) ET-1 and 
serum NO level changes in newborns of congenital heart disease with pulmonary 
hypertension. Acta Academiae Medicinae Wannan. 

Weiford (2015) Braunwald’s heart disease : a textbook of cardiovascular medicine. 
Braunwalds Heart Disease. A Textbook of Cardiovascular Medicine 294: 481-511.

Whitehouse MJ (2002) Methods and compositions for the treatment and prevention of 
erectile dysfunction. US; 2002.

Yang L, Yan H, Dong GF, Li HE, Pediatrics DO (2014) Impact of MAPK signal 
pathway on inhibition of proliferation and promotion of apoptosis induced by 
bufalin in Jurkat cells. Practical Pharmacy & Clinical Remedies. 

Yi-Fei WU, Pang YS (2008) Role of vascular endothelial cell in congenital heart 
disease with pulmonary hypertension. Adv Cardiovasc Dis 


