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Abstract 
Background: The level evaluation of transforming growth factor-β1 (TGF-β1) and type I collagen are 
the basic instructions for the occurrence of myocardial fibrosis process, especially in the right 
ventricle. Pomegranate extract is an alternative therapy for pulmonary arterial hypertension (PAH) by 
reducing systolic blood pressure and by inhibiting angiotensin-converting enzyme (ACE) serum. 
Purpose: This study aims to determine the effectiveness of pomegranate extract on the fibrosis 
process due to PAH, particularly in the RV myocardium. 
Method: This study used an experimental laboratory design with a randomized post-test only control 
group design. The samples were divided into four groups, i.e., K1 and K2, as control groups and E1 
with E2 as treatment groups. The data analysis used the ANOVA test and multiple comparisons or 
Least Significance Difference (LSD). The Kruskal Wallis test was used if the distributed data was not 
normal. 
Results: There were no significant differences in body weight between the groups in K1, E1, K2, and 
E2. The average systolic and diastolic pressure and pulmonary artery between the E1 and E2 groups 
were lower than those in the K1 and K2 control groups. The average amount of cells and the 
immunohistochemical results expressing TGF-β1 and type I collagen in the E1 and E2 groups were 
less than those in the K1 and K2 groups. 
Conclusion: Pomegranate extract effectively decreases the number of cells expressing TGF-β1 and 
type I collagen in the right ventricle of the rat models of pulmonary arterial hypertension. 
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INTRODUCTION 

Pulmonary arterial hypertension (PAH) is a condition 

in which an increase in the average pulmonary artery 

pressure exceeds 25 mmHg at rest (Wardle & Tulloh, 

2012). This condition occurs due to pulmonary arterial 

remodeling and changes in homeostasis of vasoactive 

substances in endothelium resulting in vasoconstriction 

of the pulmonary arteries (Humbert, Sitbon, and 

Simonneau, 2004; Setianingsih et al., 2019). Pulmonary 

arterial hypertension also causes remodeling of the 

cardiac muscle, especially the right ventricle (RV) in the 

form of myocyte hypertrophy, activation and fibroblast 

hyperplasia, and extracellular collagen deposition 

known as fibrosis. Myocardial fibrosis causes 

myocardial stiffness to interfere with the diastolic and 

systolic function that can lead to heart failure and death 

(Fan et al., 2012).  

Transforming growth factor-β1 (TGF-β1) and type I 

collagen are important markers in the remodeling 

process of myocardial fibrosis so that the evaluation of 

TGF-β1 levels and type I collagen can be used as the 

basic instructions of myocardial fibrosis process (Lez, 

Pez, and Di’Ez, 2004; Fan et al., 2012). PAH therapy 

focuses on pulmonary arterial vasodilation. These 

therapies include calcium channel blockers, 

prostanoids, endothelin antagonists, and 

phosphodiesterase five inhibitors (Raja and Raja, 2011). 

None of these therapies are curative and have sufficient 

side effects, so the search for new therapeutic strategies 

continues (Duarte, Hanson, and Machado, 2013). 

One of the alternative therapies is to use natural 

substances, such as pomegranate extract (PE), which 
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has the potential to inhibit cancer cells by inducing 

apoptosis. Pomegranate extract also has anti-bacterial, 

anti-viral, antioxidant, anti-tumor, estrogenic effects 

which is effective in reducing the risk of cardiovascular 

disease, including oxidation of low-density lipoprotein 

(LDL), restoring hardening of the artery walls, reducing 

systolic blood pressure by inhibiting serum angiotensin-

converting enzyme (ACE) (Ignarro, Balestrieri, and 

Napoli, 2007; Jurenka, 2008; Kholifah, 2010; Haber, Joy 

and Largent, 2011). The content in PE may also function 

as an anti-proliferative and anti-inflammatory in 

cardiovascular disease, as well as anti-fibrotic liver in rat 

models (Seeram et al., 2005; Haber, Joy and Largent, 

2011; Yuniarti et al., 2013; Javanmard and Rafiee, 

2015). In addition to the studies that have been carried 

out, the pomegranates are claimed to have no side 

effects, making it safe to use as an alternative therapy 

(Vidal et al., 2003; Jurenka, 2008; Dadvar-Khan, & 

Ghanian, 2016).  

This study was conducted to determine the 

effectiveness of pomegranate extract on the fibrosis 

process due to PAH, particularly in the RV myocardium. 

The study uses monocrotaline-induced pulmonary 

arterial hypertension in rats as a model. This method is 

considered easier than making hypoxia using hypobaric 

chambers (Voelkel and Tuder, 2000). 

METHOD 

This study used an experimental laboratory design 

with a randomized post-test only control group design. 

The research group was derived from one population 

which had the same age, gender, and variant. The 

population in this study were 24 male white rats (Rattus 

norvegicus) Sprague Dawley strain, three months old 

with a bodyweight of 300-500 grams. Three months old 

rats were equivalent to 7.5 years old human (Andreollo 

et al., 2012). There were four groups in this study, (K1) 

was a control group of rat models that only received 

CMC for two weeks, (K2) was a control group of rat 

models that only received CMC for four weeks, (E1) was 

an experimental/treatment group of PAH rat models that 

received CMC and pomegranate extract for two weeks, 

and (E2) was an experimental/treatment group of PAH 

rat models that received CMC and pomegranate extract 

for four weeks. 

The substances for making preparations in this study 

which would later be examined using 

immunohistochemical techniques included the cardiac 

muscle tissue of the right ventricle, the monoclonal 

antibody against TGF-β1 and specific antibodies against 

type I collagen, hematoxylin-eosin, acetone, xylol, 100% 

alcohol, 90% alcohol, 90% alcohol, 80% alcohol, 70% 

alcohol, aquadestilata, phosphate-buffered saline 

(PBS), streptavidin-biotin peroxidase, 0.5% H2O2, 3% 

trypsin, and substrate. New preparations were made 

every day for 12 rats that received pomegranate extract 

treatment. Rats with a bodyweight of 300 grams, with an 

extract dose of 150 mg/kg body weight, required 45 mg 

of extract or 3 ml of standardized pomegranate extract 

suspension. The measurements of pulmonary artery 

pressure were performed after 14 days and 28 days of 

subcutaneous monocrotaline injection in each group. 

Cardiac tissue was prepared as an examination 

substance of TGF-β1expression and type I collagen by 

immunohistochemical techniques. This study had 

received ethical approval from the Department/SMF 

Child Health Sciences, Medical Faculty, Universitas 

Airlangga No. 400-KE of 2015 and animal care and use 

committee (ACUC) Faculty of Veterinary Medicine, 

Universitas Airlangga No. 603-KE of 2018. 

The data collection was carried out in a controlled 

and monitored environment with the consideration that 

all conditions were attempted to be the same and 

controllable. For data processing and analysis with a 

statistical computer program, ANOVA test, and Multiple 

Comparison or Least Significance Difference (LSD) 

were used. If the normality test of distributed data was 

not normal, the test was proceeded with the Kruskal 

Wallis test to monitor whether there were any 

differences in the average of TGF-β1 expression and 

type I collagen in the whole group. The significance level 

in the statistical tests used in this study was 0.05. 

RESULTS 

Two rats were found dead on the 7th and 11th day of 

observation, and both were in the control groups of two-

week treatment and four-week treatment, respectively. 

The cardiac organs of both rats were taken and 

observed. The rats’ body weights were weighed at the 

beginning before treatment, and the final weights were 

weighed at the end of 2- and 4-weeks observations. The 

weight loss was found in the groups terminated in the 4th 

week, although the difference was not statistically 

significant. There were no significant differences in body 

weight between the groups in K1, E1, K2, or E2 at the 

beginning and the end of the study. In addition, there 

were no significant differences between the initial and 

final body weights in each group. 

The average systolic and diastolic pressures of the 

pulmonary artery in the groups of rats receiving PE 

therapy were lower than those in the control groups with 

a significant difference (p = 0.002), both at 2nd and 4th 

week of observations. The same phenomenon 

happened in the average pulmonary artery pressures 

(MAP = Mean Arterial Pressure), as shown in Table 2. 

The average systolic and diastolic pressure between the 

E1 and E2 groups were lower than those in K1 and K2 

control groups. There were no significant differences in 

the average systolic and diastolic pressures between the 

K1 and K2 control groups and the E1 and E2 treatment 

groups. The average pulmonary artery pressures 

between the E1 and E2 groups were lower than in those 
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K1 and K2 control groups. There were no significant 

differences in the average systolic and diastolic 

pressures between the K1 and K2 control groups and 

the E1 and E2 treatment groups. 

Immunohistochemical techniques were used to 

examine the TGF-β1 expression and type I collagen in 

the cardiac muscle of the right ventricle. The 

identification of TGF-β1 expression and type I collagen 

aimed to observe the inflammatory process that was 

accompanied by fibrogenesis in the cardiac muscle 

tissue of the right ventricle in the control and treatment 

groups. The immunohistochemistry description 

indicated that the cells expressed the examined protein 

was brown, whereas the cells that did not express the 

examined protein was not (transparent). The brown 

color resulted from the protein reactions that were 

checked by their specific antibodies. Cell counts were 

carried out in 10 high power field preparations using 

400x magnification and presented as the average. The 

examination results of preparations with 

immunohistochemical techniques indicated that the PAH 

model animals that received pomegranate extract had 

lower expression of TGF-β1 and typed I collagen 

compared to the control groups. 

In terms of the number of cells that expressed TGF-

β1, the average amount of cells that expressed TGF-β1 

in the K2 group was higher than those in the K1 group, 

which was statistically significant. The average amount 

of cells that expressed TGF-β1 in the E1 group was less 

than those in K1 and K2 groups, which was statistically 

significant. The average amount of cells that expressed 

TGF-β1 in the E2 groups was less than those in the K1 

and K2 groups, which was statistically significant. The 

average amount of cells that expressed TGF-β1 in the 

E1 group was not significantly different from those in the 

E2 group. The average amount of cells that expressed 

TGF-β1 in K1, E1, K2, and E2 groups is shown in 

Table 4.  

The average amount of cells that expressed type I 

collagen in the E1 group was less than those in K1 and 

K2 groups, which was a statistically significant 

difference. The average amount of cells that expressed 

type I collagen in the E2 group was less than those in K1 

and K2 groups, which was statistically significant. The 

average amount of cells that expressed type I collagen 

in the E1 group was not significantly different from the 

E2 group. 
 

 

 

 

 

  

 

Fig. 1. TGF-β1 expression in the heart muscle of rat 
models. Figure A for K1 group, B for E1 group, C for K2 
group, and D for E2 group at 400x enlargement. The 
arrows indicate the cells that express TGF-β1 in the right 
ventricular heart muscle. The strong expression occurs in 
the K1 and K2 groups and the number of expressions is 
lower than E1 and E2, which received pomegranate 
extracts. 

 

Fig. 2. Collagen expression in rat models hearts muscle. 
Figure A for K1 group, B for E1 group, C for K2 group, and 
D for E2 group at 400x enlargement. The arrows indicate 
the cells that express Collagen in the right ventricular heart 
muscle. The strong expression occurs in the K1 and K2 
groups, and the number of expressions is lower than E1 
and E2 which received pomegranate extracts. 

Table 1. The Rat Models’ Weight 

Group 
Initial Weight Final Weight  

Mean ± SD (Min-Max) Mean ± SD (Min-Max) P 

K 1 
303.83 ± 37.46 

(265-355) 

294.00 ± 39.81 

(236-351) 
0.457 

E 1 
312.50 ± 62.40 

(262-433) 

318.50 ± 66.46 

(254-311) 
0.172 

K 2 
319.00 ± 26.57 

(285-351) 

294.40 ± 53.23 

(220-357) 
0.453 

E 2 
300.33 ± 18.55 

(280-327) 

275.33 ± 33.57 

(220-311) 
0.064 

P 0.663 0.531  
 

Table 2. The Average Systolic and Diastolic Pulmonary 
Artery Pressures 

Group 

Systolic SD Diastolic SD 

Mean ± SD 

(Min-Max) 

Mean ± SD 

(Min-Max) 

K 1 
66.64 ± 11.07a 

(45.9-79.1) 

37.90 ± 4.26a 

(30.9-42.8) 

E 1 
41.47 ± 13.47b 

(20.5-57.4) 

20.62 ± 7.25b 

(10.7-32.6) 

K 2 
65.03 ± 5.50a 

(59.5-71.4) 

37.28 ± 7.99a 

(26.9-44.1) 

E 2 
44.73 ± 12.66b 

(26.0-60.6) 

26.28 ± 9.15b 

(13.7-38.2) 

p 0.002 0.002 
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DISCUSSION 

Transforming Growth Factor-β1 is the main 

profibrogenic cytokine and the excessive TGF-β1 

expression, which is associated with fibrosis progression 

(Wei et al., 2015). Pomegranate extract inhibits fibrosis 

through cytokine regulatory pathways with antioxidant 

activity, decreases TGF-β1 levels, and inhibits collagen 

synthesis (Wei et al., 2015). TGF-β1 signal inhibition by 

PE could be utilized as an inhibition marker of right 

ventricular fibrosis due to PAH. In this study, the results 

indicated that the number of cells expressing TGF-β1 in 

the right ventricle of PAH rat models that received PE 

was less than those in the control groups. Tissue injury 

on PAH due to monocrotaline or shear stress would 

trigger inflammation through the arachidonic acid 

cascade breakdown from the phospholipid membrane 

by the phospholipase A2 enzyme. The ellagic acid 

content in pomegranate extract inhibited the TGF-β1 

signal through the inflammatory and angiotensin 

pathway (Corbett et al., 2010).  

The results of this study indicated that the number of 

cells expressing type I collagen in the 4-week control 

group (K2) was statistically greater than the 2-week 

control group (K1). The number of cells expressing type 

I collagen for the treatment groups was statistically 

lower, but the number of cells expressing type I collagen 

for 2-week (E1 group) and 4-week (E2 PE group) 

indicated no significant difference. Fibrosis was defined 

as an enhancement collagen concentration in organs 

and dominated by type I collagen (Lez, Pez and Di’Ez, 

2004). Increased collagen synthesis and decreased 

collagen degradation enhanced the type I collagen 

concentration (Liu et al., 2015). The result of this study 

also had similarities with the study conducted by Saputro 

(2013), who obtained the increasing concentration of 

type I collagen in rat models with burn trauma that 

received PE therapy.  

The PE effectiveness in reducing TGF-β1 and type I 

collagen concentrations at 2-week and 4-week indicated 

that PE could inhibit the initial process of fibrogenesis 

while increasing the fibrosis resolution. In clinical 

practices, PE is expected to prevent fibrosis and reduce 

the fibrosis degree that has already occurred. The use 

of PE is expected to be a consideration as subsidiary 

therapy, following the existence of the standard 

therapies to reduce morbidity and mortality related to 

PAH. 

CONCLUSION 

In this study, pomegranate extract (PE) has been 

verified to reduce the number of cells expressing TGF-

β1 and type I collagen concentration in the right ventricle 

of the rat models with pulmonary arterial hypertension. 
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