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 Abstract :  

 

Pulmonary arterial hypertension (PAH) 

is a chronic, rare, and non-treatable 

disease, resulting in elevated mean 

arterial pressure (≥25mmHg) during rest 

and (≥30mmHg) during exercise.  

 

Pulmonary arteries remodeling including endothelial apoptosis, smooth muscle hyperplasia, 

and endothelial dysfunction are distinct features of PAH. This study aims to evaluate effect of 

nicorandil as an alternative treatment for PAH in comparison to tadalafil by evaluating its anti-

inflammatory effect and histopathological changes. A total of 60 male wistar rats were divided 

to 6 groups, a control healthy group, and another 5 groups injected with monocrotaline to induce 

PAH. The induction group was left untreated while the other 4 groups were treated with either 

nicorandil or tadalafil, with or without treatment blockers (N-Nitroarginine methyl ester and 

glimepiride), after 21 days they were sacrificed for histopathology and measurement of 

inflammatory markers. Nicorandil reduced the levels of osteopontin, and cardiac marker brain 

natriuretic peptide (BNP) significantly (P≤0.05), also it showed an improved histopathological 

picture of PAH by reducing smooth muscle proliferation, necrosis, and inflammation in 

pulmonary arteries. In conclusion, nicorandil in this study showed promising results in reducing 

inflammation and improving endothelial function.  
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  الجرذان تقييم عقار النيكورانديل في علاج مرض ارتفاع ضغط دم الشريان الرئوي المستحث في ذكور
 طه هاشم احمد*,اسراء برهان رؤوف**, باهر عبد الرزاق مشيمش*

 .الجامعة المستنصرية الصيدلة،  ةالسموم، كلي و *فرع الادوية 
  الجامعة المستنصرية.  الصيدلة،كلية   السريرية، فرع العلوم المختبرية ** 

 
 :الخلاصة

مرض مزمن ونادر وغير قابل للشفاء، مما يؤدي إلى ارتفاع متوسط الضغط   عبارة عنارتفاع ضغط الدم الشرياني الرئوي 

≥( )≤  25الشرياني  و  الراحة  أثناء  زئبقي(  الجهد.  30ملم  أثناء  زئبقي(  الرئوية ي ملم  الشرايين  تشكل  إعادة  عتبر 

(remodeling)بما في ذلك موت الخلايا المبرمج البطانة الاوعية ، (apoptosis) وتضخم العضلات الملساء، والخلل ،

، من السمات المميزة لـلمرض. تهدف هذه الدراسة إلى تقييم تأثير    (endothelial dysfunction)في عمل بطانة الاوعية

نيكورانديل كعلاج بديل لارتفاع ضغط الدم الشرياني الرئوي بالمقارنة مع تادالافيل من خلال تقييم تأثيره المضاد للالتهابات 

  5مجموعات، مجموعة صحية ضابطة، و  6ويستار الذكور إلى    جرذانمن    60جية المرضية. تم تقسيم  والتغيرات النسي

بينما عولجت  مجموعات أخرى تم حقنها بمادة المونوكروتالين لتحفيز المرض. ترُكت المجموعة التحريضية دون علاج 

 N-Nitroarginine methylالمجموعات الأربع الأخرى إما بالنيكورانديل أو التادالافيل، مع أو بدون حاصرات العلاج )

ester  وglimepride  وبعد قلل   21(،  الالتهاب.  علامات  وقياس  النسيجي  التشريح  أجل  من  بهم  التضحية  تمت  يومًا 

و الأوستيوبونتين،  من  الدماغي النيكورانديل  الصوديوم  مدر  )BNP)  ببتيد  ملحوظ  بشكل   )p<0.05  أظهر صورة كما   ،)

العضلات   تكاثر  تقليل  طريق  عن  للـمرض  محسنة  مرضية  في   الملساء،نسيجية  والالتهاب  الوعائية  البطانة  خلايا  موت 
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الشرايين الرئوية. نستنتج ان النيكورانديل في هذه الدراسة أظهر نتائج واعدة في تقليل الالتهاب وتحسين وظيفة بطانة الأوعية 

 الدموية الرئوية.

 

 .ببتيد مدر الصوديوم الدماغي, ارتفاع ضغط الشريان الرئوي , تادالافيل,نيكورانديل المفتاحية: الكلمات 

 

Introduction  
Pulmonary arterial hypertension (PAH) is 

distinguished by pulmonary vasculopathy 

and pulmonary arterial pressure elevation, 

the mean pulmonary arterial pressure ≥ 

25mm Hg during resting and ≥ 30mm Hg 

during exercise.   It is a progressive, 

chronic, and deadly disease of the 

pulmonary arteries characterized by 

extensive pulmonary arteries constriction 

accompanied by vascular endothelial and 

smooth muscle changes, and an increase in 

mean pulmonary arterial pressure above 

25mm Hg, however; PAH is considered a 

rare disease.[1,2] The tunica intima, 

tunica media, and tunica adventitia of the 

pulmonary arteries thicken as a result of 

remodelling. The development of 

concentric and plexiform lesions, fibrosis of 

intima, arterial lumen constriction and 

ultimately blockage are all indicators of 

disease progression.[3] The 

pathophysiological pathways involved in 

the development of PAH are: nitric oxide 

(NO), prostacyclin (PGI2), thromboxane 

A2 (TXA2), and endothelin-1 (ET-1). The 

production of PGI2 is decreased due to an 

imbalance in cyclooxygenase-2, eNOS 

dysfunction, and the vasoconstrictive and 

mitogenic effects of an increased 

endothelin-1 signaling pathway. 

Inflammatory marker osteopontin was 

shown to be elevated in PAH. Osteopontin 

(OPN) has been demonstrated to play a 

significant role in the growth of pulmonary 

arterial smooth muscle cells and pulmonary 

adventitial fibroblasts in hypoxic PAH. 

Nicorandil acts by two mechanisms, firstly 

as a NO donator, and the second as K+-ATP 

channel opener, resulting in vascular 

dilation, also it shows superiority in 

preventing cardiac cells apoptosis through 

K-ATP channel opening.[4,5] In a recent 

study, it was found that the activation of K+-

ATP channels in monocrotaline-induced 

PAH in rats resulted in the improvement of 

PAH treatment as a preventive and curative 

option.[6] Tadalafil a standard treatment in 

PAH act as a phosphodiesterase 5 inhibitor 

preventing the conversion of cAMP to 

AMP, thus potentiating the effect of nitric 

oxide, which result in dilation of the vessels 

and reduction of mPAP. N-Nitroarginine 

methyl ester (L-NAME) act as nitric oxide 

synthase inhibitor and shown to elevate 

mPAP significantly by increasing vascular 

resistance, while glimepiride act as 

potassium channel inhibitor by acting at 

SUR1 subunit of the potassium channel 

preventing the opening of the channel. [6] 

This study aim to assess the activity of 

nicorandil in reversing monocrotaline-

induced PAH and remodeling. 

 

Method 
Monocrotaline was used to induce PAH in 

rats, and then treated with either nicorandil 

or tadalafil, with or without treatment 

blockers. N-Nitroarginine methyl ester (L-

NAME) from Baoji Guokang Bio-

technology – China. Monocrotaline (MCT) 

from Baoji Guokang Bio-technology–

China.  Nicorandil from Baoji Guokang 

Bio-technology – China. Tadalafil from 

Baoji Guokang Bio-technology – China. 

Xylazine from Alfasan- Netherland. For 

western blot technique, detection process 

done using western blot detection kit-

Elabscience (E-IR-R304A), Rat Brain 

Natriuretic Peptide (BNP) ELISA Kit 

Enzyme-Linked Immunosorbent Assay 

(MBS2021774) My BioSource -

USA, Recombinant Osteopontin 

Monoclonal Antibody Western Blot 

Analysis E AB-81496 Elabscience- 

USA. 

https://creativecommons.org/licenses/by/4.0/
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Animal grouping 

A total of 60 male wistar rats were divided 

into 6 groups with 10 rats in each. A healthy 

control group I, and the other 5 groups 

received a monocrotaline injection 

subcutaneously in the ventral thorax at a 

dose of (60 mg/kg) as a single dose.[7] 

Induction group II didn’t receive any 

treatment, nicorandil group III received 

(10mg/kg/day) of nicorandil orally, [8] 

tadalafil group IV received (10 mg/kg/day) 

orally,[9] nicorandil blocker group V 

received nicorandil (10 mg/kg/day) plus L-

NAME (1mg/mL) in drinking water[10] and 

glimepiride (5mg/kg/day) orally[11], and 

tadalafil blocker group VI received tadalafil 

(10 mg/kg/day) plus L-NAME (1mg/mL) in 

drinking water and glimepiride 

(5mg/kg/day) orally. Treatment continued 

for 21 days, according to the animal ethics 

committee in Mustansiriyah University, file 

number (12). 

Sample collection 

After 21 days from the induction, 5 cc of 

blood were drawn from each animal for the 

serum collection using cardiac acupuncture 

in all of the six different groups. To produce 

the serum, the blood was then put in a clot-

activating tube & centrifuged at 3000x for 

15 minutes. The serum was stored at a deep 

freezing (-80°C) for BNP analysis. Rats 

were slaughtered for the purpose of lung 

harvest under ketamine/xylazine (80/8 

mg/kg) anesthesia, and the lungs were 

swiftly removed and meticulously cleansed 

with distilled water. The lungs were then 

separated into two sections, with one 

section buffered in neutral formalin 10% for 

the histopathological assay, and the second 

section immediately incubated in a deep 

freezer (-80) for western blot analysis.  

Enzyme-linked immunosorbent assay 

Biotinylated antibody of BNP ELISA Kit 

(MBS2021774) was purchased from (My 

BioSource-USA) (was added and incubated 

for 60 minutes at (37C), then the wheels 

washed 3 times. After washing, enzyme 

conjugate was then added to the wheels and 

kept for incubation for 30 minutes, then 

washing for 5 times. Then 100μL of colour 

reagent added, and colour reaction stopped 

when the highest intensity of coloration 

detected. Colour reagent C added and read 

at (450nm) optical density.[12]  

Western blot analysis 

Samples were prepared for SDS-PAGE, the 

protein samples diluted in 5xSDS solution 

and heated at (90C) for 10 minutes, the 

heated sample were centrifuged at (4C) for 

2 min at 12000 rpm, and the upper layer 

equally loaded into the wheels of 8% gel 

together with the prestained protein, and run 

at 120V until the pre-stained protein dye 

reached the bottom. Transfer of the protein 

content from the gel to the membrane was 

done using semi-dry method in 10 minutes. 

Detection was done using ChemiDoc 

imaging system from Bio-Rad® through 

ImageLab software, the pictures for the 

PVDF membrane were taken. Then 

processing of the images by the same 

software to make the bands clearer. By 

using ImageJ software, the band intensities 

(concentration of proteins) were measured 

in comparison with Glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) 

polyclonal antibody as a standard 

housekeeping protein.[13] 

Histopathology of lung tissue 

After processing the tissue for hematoxylin 

and eosin staining the slides were examined 

for the pathological changes like necrosis, 

edema, inflammatory cells, congestion, 

thrombosis, and emphysema all were 

examined and recorded by a professional 

pathologist. The degree of severity was 

expressed as (0, 1, 2, 3) corresponding to 

(absent, mild, moderate, and severe) 

depending on the mean rank value. [14] 

 

 

Statistical analysis 

https://creativecommons.org/licenses/by/4.0/
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The histopathologic scoring system was 

calculated using IBM SPSS-20, by applying 

the non-parametric, Kruskal-Wallis one-

way ANOVA k-samples (all pairwise) test. 

Significant differences were determined 

utilizing the Kruskal-Wallis test since 

histopathological changes are not normally 

distributed and not follow the ordinal level 

of measurement then non-parametric test 

makes a useful tool.  

 

 

Results 

Effect of treatment on serum brain 

natriuretic peptide (BNP) 

All treatment groups showed a significant 

decrease (P-value ≤0.05) in BNP level 

compared to induction group (770.75±28.9 

ng/ml). However, nicorandil and tadalafil 

BNP levels (381.9±15.89& 285.89±15.85 

ng/ml, respectively) were significantly 

lower than that of blocker groups 

(449.36±15.85& 467.67±13.75 ng/ml, 

respectively) (p-value ≤ 0.05), as shown in 

(Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

Effect of treatment on osteopontin levels 

in lung tissue 

Osteopontin expression was also compared 

to GAPDH as shown in (figure 2A), figure 

(2B) shows that the induction group 

increased by 43.9 times than the control 

group, while treatment with 10mg/kg/day 

of nicorandil decreased total osteopontin 

level to 8.12 times only. However, the 

lowest level of 5.45 was observed with 

10mg/kg/day tadalafil. The addition of 

blockers to nicorandil and tadalafil 

increased the expression to (11.7 and 17.81, 

respectively) compared to the control 

group. 

 

 
Figure (1): Brain natriuretic peptide among the studied groups. Data 

are mentioned as means ± S.D. Different lowercase letters indicate 

significant differences among groups. p-value ≤0.05 mean significant 

difference. 
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Figure (2): Western blot analysis. A: Number of folds for osteopontin expression among 

the studied groups. B: Protein expression detected by western blot for osteopontin and 

Glyceraldehyde-3-phosphate dehydrogenase. Different lowercase letters indicate 

significant differences among groups. p-value ≤0.05 mean significant difference. 
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Effect of treatment on histopathological 

changes 

The control group histopathological section 

of lung tissue was illustrated in Figure (3) 

which revealed apparently normal lung 

tissue morphology. While, the induction 

group cross-section of the lung revealed 

marked interstitial pneumonia that is 

characterized by the thickening of 

interstitial tissue associated with massive 

infiltration of mononuclear leukocytes 

involved lymphocytes and macrophages 

and collapsed alveoli, and pulmonary 

edema with peripheral lobular emphysema. 

The pulmonary vessels revealed marked 

medial degeneration and thrombosis (figure 

4). Slides of the lung tissue within the 

nicorandil group showed mild interstitial 

thickening and apparently normal segments 

of bronchi, with almost normal pulmonary 

artery and alveolus (figure 5). Sections of 

the lung tissue within the tadalafil group 

showed moderate interstitial pneumonia 

associated with the thickening of the 

interstitium by infiltration of mononuclear 

leukocytes without exudation (figure 6). 

Slides of the lung tissue of the nicorandil 

blocker group were similar to those of the 

induction group which revealed severe 

interstitial bronchopneumonia and 

emphysema (figure 7). While, Cross-

section of the lung tissue within the tadalafil 

blocker group showed severe parenchymal 

consolidation associated with severe 

interstitial pneumonia and severe 

pulmonary emphysema, marked pulmonary 

arteritis with moderate medial thickening, 

and per vascular cuffing (figure 8).   

 

 
Figure (3): cross-section of the lung tissue for the control group. Section of the lung 

(control) shows normal appearance of inter alveolar   septa, pulmonary artery. H&E 

stain.400x. 
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Figure (4): Cross-section of the lung tissue for the induction group. Section of the lung 

(induction) shows marked medial thickening (black arrow), sub endothelial concentric 

fibrosis (Red arrow) & sub endothelial myxoid changes (blue arrow) .H&E stain.400x. 

 

 
Figure (5): cross-section of the lung tissue for the nicorandil group. Section of the lung 

(nicorandil) shows mild thickening of the interalveolar septum associated with little 

infiltration of leukocytes. H&E stain.400x. 
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Figure (6): Cross-section of the lung tissue for the tadalafil group. Section of the lung 

(tadalafil group) mild interstitial thickening associated with mild lymphocyte infiltrate 

(Arrows).H&E stain.400x. 

 

 

 
Figure (7): cross-section of the lung tissue for the nicorandil blocker group. Section of 

lung (nicorandil blocker) shows: marked pulmonary arteritis with marked medial 

degeneration (Red arrow) & per vascular cuffing (Black arrow). H&E stain.400x 
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Figure (8): cross-section of the lung tissue for the tadalafil blocker group. Section of the 

lung (tadalafil blocker) shows mild myxoid degeneration of endothelial cells (Black 

arrow) and moderate medial thickening (Red arrow) .H&E stain.400x. 

 

Histopathological scoring system 

As shown in table (1) histopathological 

score system , a dose of 10 mg/kg/day of 

either nicorandil or tadalafil showed 

significant reduction (p≤0.05) in necrosis 

(13& 11, mean rank respectively) compared 

to the induction group (mean rank= 30) and 

was non-significant compared to the control 

group (nicorandil p=0.392& tadalafil 

p=0.669) with an almost absence of 

necrosis, while nicorandil blocker and 

tadalafil blocker groups showed moderate 

changes with a significant increase in 

necrosis compared to either nicorandil or 

tadalafil alone (p≤0.05).  

Edema in lung tissue showed the same 

distribution of data as necrosis.  On the 

other hand, nicorandil and tadalafil 

significantly reduced inflammatory cells 

(P≤0.05) by (10 and 12 mean rank, 

respectively) compared to the induction 

group (mean rank=29), and nicorandil 

blocker group (mean rank=24) was 

significant (P≤0.05) in revealing a 

moderate increase in inflammatory cells 

compared to nicorandil and tadalafil alone 

groups. Also, the tadalafil blocker group 

showed similar results as the induction 

group (mean rank=29). Regarding 

congestion and thrombosis, both were 

significantly reduced (p≤0.05) by 

nicorandil (mean rank=12) and tadalafil 

(mean rank=15) compared to induction 

(mean rank=29), where both nicorandil and 

tadalafil demonstrated almost the absence 

of congestion and thrombosis as in the 

control group.

Table (1): Histopathologic score system of the studied groups. 

Group  Necro

sis 

Edem

a 

Inflammator

y cells 

Congestio

n/ 

Thrombosi

s 

Emphysem

a 

Control Mean 
rank 

9 
a 9.5 a 7 a 8 a 9 a 

Score 0 
a 0a 0 a 0 a 0 a 
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value 

Induction Mean 
rank 

3
0 
b 

30 b 29 b 29 b 30 b 

Score 
value 

3 
b 3 b 3 b 3 b 3 b 

Nicorandil Mean 

rank 

1

3 
a 

12 a 10 a 12 a 11 a 

Score 
value 

0 
a 0 a 0 a 0 a 0 a 

Tadalafil Mean 
rank 

1
1 
a 

10 a 12 a 15 a 13 a 

Score 
value 

0 
a 0 a 0 a 1 a 0 a 

Nicorandil 

blocker 

Mean 

rank 

2
6 
b 

24 b 26 b 23 b 29 b 

Score 

value 

2 
b 2 b 2 b 2 b 3 b 

Tadalafi

l 

blocker 

Mean 

rank 

2

5 
b 

27 b 29 b 25 b 18 a 

Score 

value 

2 
b 2 b 3 b 2 b 1 a 

The nicorandil blocker group and tadalafil blocker group demonstrated a moderate increase in thrombosis 
and congestion (mean rank =23 and 25, respectively) and did not differ statistically compared to the 

induction group (p=0.291, p=0.519, respectively). Emphysema was highest in the induction group (mean 

rank=30) and nicorandil blocker group (mean rank=29), while nicorandil and tadalafil were as the control 

in the absence of emphysema (p=0.714, p=0.463, respectively). Mild emphysema was observed in the 
tadalafil blocker group (mean rank=18) and was not differ statistically compared to the control (p=0.089). 

 

 

 
 

 

Discussion 
Pulmonary arterial hypertension disease is 

usually accompanied by right ventricular 

failure and cardiac remodeling, nicorandil 

is known to have antiapoptotic effect 

reducing cardiac remodeling, thus patient 

with PAH may benefit from the dual 

function of nicorandil in alleviation of PAH 

symptoms together with its cardioprotective 

effect.  

Brain natriuretic peptide (BNP) is a 

hormone largely released by the ventricular 

myocardium in response to wall stress 

caused by conditions like pressure overload 

and volume expansion.[15] It has a strong 

correlation with mortality.[16] 

In the current study, BNP levels were 

elevated in the induction group, which is in 

line with the previous study in which 

induction of PAH elevated levels of BNP, 

reflecting an increase in pulmonary arterial 

pressure and right ventricular hypertrophy. 

[17,18] Brain natriuretic peptide was reduced 

in both nicorandil and tadalafil groups. The 

reduction of BNP in the nicorandil group is 

consistent with a previous study which 

found that nicorandil reduces BNP by 

decreasing right ventricular remodeling 

through decreasing right ventricular 

https://creativecommons.org/licenses/by/4.0/
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pressure and activation of mitochondrial 

K+-ATP channels (mATP-K+).[19] The 

reduction of BNP in the tadalafil group goes 

in line with a previous clinical study that 

revealed BNP reduction after 

administration of tadalafil to patients with 

resistant pulmonary hypertension, 

indicating an improvement in cardiac 

status.[20] Blocker groups showed moderate 

changes due to the effect of L-NAME, that 

blocks eNOS and leading to increased 

arterial pressure.[21]  

Osteopontin is a multifunctional 44 kDa 

phosphoprotein that is widely present in 

many different tissue types, including bone, 

GI tract epithelial cells, lungs, breasts, 

salivary glands, inner ear, placenta, and 

kidneys.[22] Additionally, osteopontin 

interacts with CD44, a cell-surface receptor 

that is widely distributed and expressed by 

pulmonary artery endothelial cells (PAECs) 

which resemble endothelial-to-

mesenchymal transitions in pulmonary 

arteries that have neointimal hyperplasia or 

blocked capillaries, including plexiform 

lesions. Also, in vascular smooth muscle 

cells(VSMC), it mediated cell proliferation 

leading to VSMC hyperplasia through 

activation of the p38 MAPK signaling 

pathway.[23] 

In the current study, monocrotaline elevated 

the level of osteopontin similar to a 

previous study, in which osteopontin was 

elevated due to overexpression of serotonin 

transporter (SERT), ERK1/2 signaling 

pathway, which is linked directly to 

overexpression of OPN.[24] Nicorandil and 

tadalafil groups both decreased OPN in 

comparison to the induction group. In 

previous studies, OPN production was 

inhibited by selective activation of cyclic 

guanosine monophosphate (cGMP)-

dependent protein kinase (PKG), which is a 

downstream signalling pathway from NO 

and cGMP, it is believed that PKG 

suppresses the steady state of mRNA 

encoding for OPN.[25,26] The blocker groups 

were intermediate in the reduction of OPN 

with the preference of the nicorandil 

blocker group over the tadalafil blocker 

group, this can be explained by the role of 

mK+-ATP sensitive channels because 

nicorandil can indirectly reduce generation 

of ROS, which is a promotor for OPN 

synthesis.[27] 

Pulmonary arteries in the lungs of those 

with PAH typically undergo total vessel 

obliteration, which increases vascular 

resistance. Complex, multicellular vascular 

lesions that block and obliterate pulmonary 

arterioles are a frequent histology 

finding.[28] The blocked blood vessels 

greatly reduce the amount of blood that can 

flow through the pulmonary arteries and 

significantly elevate the right ventricular 

(RV) afterload, which helps to cause RV 

dysfunction and failure. Massive influxes of 

inflammatory cells in the lungs are a 

hallmark of PAH.[29] Alveolar edema, 

alveolar septal cell hyperplasia, and 

pulmonary vein blockage are all brought on 

by monocrotaline.[30] 

In this study, monocrotaline produced 

severe inflammation within lung tissue 

accompanied by leukocyte infiltration, 

smooth muscle hyperplasia, emphysema, 

and occlusion of pulmonary arteries, which 

is consistent with the previous studies that 

found monocrotaline administration results 

in marked medial thickening, diffused 

edema, and leukocyte infiltration.[31,32] 

Nicorandil attenuated these changes and 

showed apparently normal arterial wall 

without medial thickening which is the 

hallmark of PAH remodelling and 

minimized inflammation. In a previous 

study, it was found that the administration 

of K+ channel openers prevented PAH rat 

model inducing tunica media thickening 

and endothelial induction of apoptosis.[33] 

Tadalafil produces similar results to that of 

the nicorandil group by inhibiting smooth 

muscle proliferation and inflammation. 

Tadalafil showed a similar result in 

decreasing vascular remodelling in MCT-

induced PAH in rats in which media 
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thickening was prevented by tadalafil 

administration.[34,35] In the blocker groups, 

both treatments showed moderate changes 

 regarding medial thickening, 

inflammation, and edema. This is due to the 

blocking effect of L-NAME, in which 

blocking of eNOS reduces the activity of 

NO, which plays a crucial role in preventing 

vascular remodelling by inhibiting 

endothelial apoptosis, inducing smooth 

muscle apoptosis, reduction of ROS, and 

regulating the inflammatory response.[36] 

 

Conclusion 
In the current study, nicorandil showed anti-

inflammatory action by reducing 

osteopontin, improved cardiac status by 

reducing BNP levels, and attenuated 

vascular changes induced by 

monocrotaline. 

 

Acknowledgment  

The authors would like to thank 

Mustansiriyah University 

(www.uomustansiriyah.edu.iq), Baghdad, 

Iraq, for its support in the present work. 

Reference 
1- Arnold ND, Pickworth JA, West LE, 

Dawson S, Carvalho JA, Casbolt H, et 

al. A therapeutic antibody targeting 

osteoprotegerin attenuates severe 

experimental pulmonary arterial 

hypertension. Nat Commun 2019;10(1).  

2- Corssac GB, Bonetto JP, Campos-

Carraro C, Cechinel LR, Zimmer A, 

Parmeggiani B, et al. Pulmonary arterial 

hypertension induces the release of 

circulating extracellular vesicles with 

oxidative content and alters redox and 

mitochondrial homeostasis in the brains 

of rats. Hypertension Research 

2021;44(8).  

3- Thenappan T, Ormiston ML, Ryan JJ, 

Archer SL. Pulmonary arterial 

hypertension: Pathogenesis and clinical 

management. BMJ (Online)2018;360.  

4- Zhang X, Yu Q, Yao X, Liu G, Li J, Du 

L. Effects of nicorandil on all-cause 

mortality and cardiac events in CAD 

patients receiving PCI: A systematic 

review and meta-analysis. Int Heart J 

2019;60(4).  

5- Shi L, Chen L, Qi G, Tian W, Zhao S. 

Effects of Intracoronary Nicorandil on 

Myocardial Microcirculation and 

Clinical Outcomes in Patients with 

Acute Myocardial Infarction: A Meta-

Analysis of Randomized Controlled 

Trials. American Journal of 

Cardiovascular Drugs 2020;20(2).  

6- Le Ribeuz H, Masson B, Dutheil M, 

Boët A, Beauvais A, Sabourin J, et al. 

Involvement of SUR2/Kir6.1 channel in 

the physiopathology of pulmonary 

arterial hypertension. Front Cardiovasc 

Med 2023;9.  

7- Oh JG, Ishikawa K. Experimental 

models of cardiovascular diseases: 

Overview. In: Methods in Molecular 

Biology. 2018.  

8- Lenz M, Kaun C, Krychtiuk KA, Haider 

P, Brekalo M, Maier N, et al. Effects of 

nicorandil on inflammation, apoptosis 

and atherosclerotic plaque progression. 

Biomedicines 2021;9(2).  

9- Leong ZP, Hikasa Y. Effects of 

masitinib compared with tadalafil for the 

treatment of monocrotaline-induced 

pulmonary arterial hypertension in rats. 

Vascul Pharmacol 2019;122–123.  

10- Sahara M, Sata M, Morita T, Hirata Y, 

Nagai R. Nicorandil attenuates 

monocrotaline-induced vascular 

endothelial damage and pulmonary 

arterial hypertension. PLoS One 

2012;7(3).  

11- Dong Y, Chen YT, Yang YX, Shou D, 

Li CY. Urinary metabolomic profiling in 

Zucker diabetic fatty rats with type 2 

diabetes mellitus treated with 

glimepiride, metformin, and their 

combination. Molecules 2016;21(11).  

12- ’Jawad M, ’Jasim G. Biochemical and 

Histopathological evaluation of prostatic 

tissue under effect of Pterostilbene in 

benign prostatic hyperplasia rat model. 

https://creativecommons.org/licenses/by/4.0/


 Al Mustansiriyah Journal of Pharmaceutical Sciences, 2024, Vol. 24, No.3               (Research article) 

AJPS (2024)  342 

AJPS is licensed under a Creative Commons Attribution 4.0 International License  

 
 

Al-Mustansiriyah Journal of 

Pharmaceutical Sciences (AJPS) 

2023;23(2).  

13- ’Al-Khfajy wrood’, ’Arif I, ’Al-Sudani 

B. Role of Fasting Mimicking Diet in 

Farnesoid x Receptor for Suppressing 

Epithelial-to-Mesenchymal Transition, 

Cell Cycle Progression, and Viability of 

Prostate Cancer Cells. raqi J Pharm Sci 

2023;32(1).  

14- Silva IAN, Gvazava N, Bölükbas DA, 

Stenlo M, Dong J, Hyllen S, et al. A 

Semi-quantitative Scoring System for 

Green Histopathological Evaluation of 

Large Animal Models of Acute Lung 

Injury. Bio Protoc 2022;12(16).  

15- Dasgupta A, Wahed A. Cardiac 

Markers. Clinical Chemistry, 

Immunology and Laboratory Quality 

Control 2014;127–44.  

16- Helgeson S, Imam J, Moss J, Hodge D, 

Burger C. Comparison of Brain 

Natriuretic Peptide Levels to 

Simultaneously Obtained Right Heart 

Hemodynamics in Stable Outpatients 

with Pulmonary Arterial Hypertension. 

Diseases 2018;6(2).  

17- Rampa DR, Murugesan P, Chao H, Feng 

H, Dai W, Lee D, et al. Reversal of 

pulmonary arterial hypertension and 

neointimal formation by kinin B1 

receptor blockade. Respir Res 

2021;22(1).  

18- Klinger J. Brain natriuretic peptide in 

pulmonary arterial hypertension: 

biomarker and potential therapeutic 

agent. Drug Des Devel Ther 2009; 

19- Zuo X-R WQCQYYZWHBLQ et al. 

Nicorandil Prevents Right Ventricular 

Remodeling by Inhibiting Apoptosis and 

Lowering Pressure Overload in Rats 

with Pulmonary Arterial Hypertension. 

PLoS One 2012; 

20- Nemoto K, Oh-ishi S, Inui T, Nakazawa 

M, Hyodo K, Nakajima M, et al. Long-

term improvement during tadalafil 

therapy in a patient with pulmonary 

hypertension secondary to pulmonary 

Langerhans cell histiocytosis. Respir 

Med Case Rep 2016;18.  

21- Jing H, Xie R, Bai Y, Duan Y, Sun C, 

Wang Y, et al. The Mechanism Actions 

of Astragaloside IV Prevents the 

Progression of Hypertensive Heart 

Disease Based on Network 

Pharmacology and Experimental 

Pharmacology. Front Pharmacol 

2021;12.  

22- Bonventre J V., Sabbisetti V. Acute 

Kidney Injury: Biomarkers from Bench 

to Bedside. Chronic Kidney Disease, 

Dialysis, and Transplantation: A 

Companion to Brenner and Rector’s The 

Kidney - Expert Consult: Online and 

Print 2010;668–76.  

23- Mamazhakypov A, Maripov A, 

Sarybaev AS, Schermuly RT, Sydykov 

A. Osteopontin in Pulmonary 

Hypertension. Biomedicines [Internet] 

2023;11(5). Available from: 

https://www.mdpi.com/2227-

9059/11/5/1385 

24- Wang Y, Han DD, Wang HM, Liu M, 

Zhang XH, Wang HL. Downregulation 

of osteopontin is associated with 

fluoxetine amelioration of 

monocrotaline-induced pulmonary 

inflammation and vascular remodelling. 

Clin Exp Pharmacol Physiol [Internet] 

2011;38(6):365–72. Available from: 

https://onlinelibrary.wiley.com/doi/abs/

10.1111/j.1440-1681.2011.05516.x 

25- Kim JY, Yang HM, Lee JE, Kim BK, Jin 

S, Lee J, et al. Activation of Protein 

Kinase G (PKG) Reduces Neointimal 

Hyperplasia, Inhibits Platelet 

Aggregation, and Facilitates Re-

endothelialization. Sci Rep 2016;6.  

26- Dey NB, Boerth NJ, Murphy-Ullrich JE, 

Chang PL, Prince CW, Lincoln TM. 

Cyclic GMP-dependent protein kinase 

inhibits osteopontin and 

thrombospondin production in rat aortic 

smooth muscle cells. Circ Res 

1998;82(2).  

https://creativecommons.org/licenses/by/4.0/


 Al Mustansiriyah Journal of Pharmaceutical Sciences, 2024, Vol. 24, No.3               (Research article) 

AJPS (2024)  343 

AJPS is licensed under a Creative Commons Attribution 4.0 International License  

 
 

27- Akopova O. On the impact of K(ATP) 

channel opening on mitochondrial 

reactive oxygen species production. 

Histology, Cytology and Embryology 

2017;1(2).  

28- Tuder RM, Abman SH, Braun T, Capron 

F, Stevens T, Thistlethwaite PA, et al. 

Development and Pathology of 

Pulmonary Hypertension. J Am Coll 

Cardiol2009;54(1 SUPPL. 1).  

29- Rai PR, Cool CD, King JAC, Stevens T, 

Burns N, Winn RA, et al. The cancer 

paradigm of severe pulmonary arterial 

hypertension. Am J Respir Crit Care 

Med2008;178(6).  

30- Bogaard HJ, Abe K, Vonk Noordegraaf 

A, Voelkel NF. The right ventricle under 

pressure: cellular and molecular 

mechanisms of right-heart failure in 

pulmonary hypertension. Chest 

2009;135(3).  

31- Stenmark KR, Meyrick B, Galie N, 

Mooi WJ, McMurtry IF. Animal models 

of pulmonary arterial hypertension: The 

hope for etiological discovery and 

pharmacological cure. Am J Physiol 

Lung Cell Mol Physiol2009;297(6).  

32- Hautbergue T, Antigny F, Boët A, 

Haddad F, Masson B, Lambert M, et al. 

Right ventricle remodeling metabolic 

signature in experimental pulmonary 

hypertension models of chronic hypoxia 

and monocrotaline exposure. Cells 

2021;10(6).  

33- McClenaghan C, Woo KV, Nichols CG. 

Pulmonary Hypertension and ATP-

Sensitive Potassium Channels: 

Paradigms and Paradoxes. 

Hypertension2019;74(1).  

34- Egawa M, Ishikura F, Nishikawa R, 

Ihara M, Takano Y, Kawaguchi N, et al. 

EFFECTS OF TADALAFIL TO 

PREVENT THICKENING OF 

PULMONARY ARTERY IN 

MONOCROTALINE-INDUCED 

PULMONARY HYPERTENSION 

RATS: COMPARED WITH 

ECHOCARDIOGRAPHIC FINDINGS: 

PP.13.485. J Hypertens 2010;28.  

35- Yamamura A, Fujitomi E, Ohara N, 

Tsukamoto K, Sato M, Yamamura H. 

Tadalafil induces antiproliferation, 

apoptosis, and phosphodiesterase type 5 

downregulation in idiopathic pulmonary 

arterial hypertension in vitro. Eur J 

Pharmacol 2017;810.  

36- Krick S, Platoshyn O, Sweeney M, 

McDaniel SS, Zhang S, Rubin LJ, et al. 

Nitric oxide induces apoptosis by 

activating K+ channels in pulmonary 

vascular smooth muscle cells. Am J 

Physiol Heart Circ Physiol 2002;282(1 

51-1).  

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/

