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ABSTRACT
Background: Pulmonary hypertension (PH) is a progressive and potentially fatal condition if left untreated. Currently, 

pediatric patients. The availability of bosentan, in a developing country, such as Indonesia, is a challenge.
Aim:
Methods: Forty-eight, 12-week-old, male Wistar rats, weighing 117–193 g, were injected by monocrotaline (MCT) 
[60 mg/kg body weight (BW)] subcutaneously. The rats were then randomly assigned to four groups (control, 

metformin (100 mg/kg BW) were administered once daily for 21 days. Right heart catheterization was performed 
on day 22 after anesthesia with ketamine 50 mg/kg BW and xylazine 5 mg/kg BW intramuscularly. Blood was taken 

actin. Intima media thickness (IMT) of 50–200 μm artery and ratio of pulmonary artery (PA) smooth muscle cells/

Results:

Conclusion:
metformin prevents artery remodeling in the PH model.
Keywords: 

Introduction
Pulmonary hypertension (PH), albeit rare its 
consequences, may lead to fatality when not well 

arterial pressure (mPAP) of >20 mm Hg by right 
heart catheterization (Humbert et al., 2023). A study 
revealed its prevalence of 15–50 cases/million in 
adults and 2–16 cases/million in children. In the 
higher-risk groups, such as children with congenital 
heart disease, this number is higher (Hansmann, 2017).
Nowadays, progression has been made in PH medical 
treatment (Guglielmi et al., 2025). However, for 

bosentan (endothelin receptor antagonist) are approved 
by the Food and Drug Administration (FDA) and the 
European Medical Agency (EMA) (Wang et al
Avitabile et al., 2020).

drug, has limitation in its clinical use for children 
with bronchopulmonary dysplasia (BPD), congenital 
diaphragmatic hernia (CDH), and Down syndrome. The 
survival rate and lowering of mPAP in these patients 
are still unsatisfactory (Beghetti et al
et al., 2019). Metformin is an alternative to bosentan 
which has similarity in its action to lower endothelin-1 
(ET-1) (Yoshida et al., 2020).
Endothelin is one of the important keys in development 
of PH (Alqarni et al., 2023). One of its substance, 
ET-1, is a potent and the strongest vasoconstrictor 
(Yanagisawa et al., 1988). It plays an important role 
in the pathobiology of PH, not only because of its 
vasoconstriction action but also because of its mitogenic 
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Yacoub, 2014). Research aims to understand ET-1 and 
its effect on PH is growing (Parikh et al et 
al et al., 2024). 

lowering ET-1A receptor and plasma ET-1 (Liu et al., 

and IL-10) (Zych et al et al
Kniotek et al., 2021). Metformin decreases ET-1, IL-1, 

et al
Ye et al et al
et al et al., 2020). The combination 
of these drugs may inhibit PH progression. This 
combination may result in further decreasing of ET-1. 

and metformin treatment in a PH model focusing on 

Materials and Methods
Study design and setting
This experimental study was conducted from April 
2024 to June 2024 at the Animal Laboratory, Faculty 
of Veterinary Medicine, Universitas Airlangga, 
Surabaya, East Java, Indonesia. The study used Rattus 
norvegicus strain Wistar as the model for PH disease. 
After inducing the model using monocrotaline (MCT), 
the rats were randomly assigned to 4 groups (control, 

day later, the rats were treated for 21 days. On the 22nd 
day, right heart catheterization was performed, and the 
rats were euthanized.
Animal preparation and sampling
Rattus norvegicus strain Wistar was obtained from 
PT Riset, AIRC, Indonesia. The minimum sample 
calculation for this study was nine per group. To 
anticipate 20% dropout, the animal requirement was 12 
rats per group.
Animal eligibility and randomization
Healthy, 12-week-old, male Wistar rats with a range 
of body weight (BW) 117–193 g were included in the 
study. Rats that died during the study were excluded 
from the analysis. After MCT injection, the rats were 
assigned to four groups by simple random allocation. 
Each group was differed by symbols (C for control, S 

Animal acclimatization and housing
Rats were acclimatized for 7 days before the 
intervention. The rats were roomed under standard 

humidity) on a 12-hour light/12-hour dark cycle and 
supplied with standard laboratory food and water. Each 
rat was housed individually.
Animal model and intervention
Rats were injected by 60 mg/kg of BW MCT 
(MedChemExpress, catalog number HY-N0750) 
subcutaneously to induce PH. One milliliter of 

hydrochloric acid was poured into MCT and mixed with 
1 M Sodium hydroxide to the desired pH of 7.4. After 
MCT injection, the rats were randomly assigned to 4 

(Glucophage) was purchased from Merck. The dose 

was 100 mg/kg BW. Treatment was given on the 1st day 
after MCT injection for 21 days. At day 22nd after MCT 
injection, pulmonary arterial pressure was evaluated by 
right heart catheterization. 
Intramuscular anesthesia using ketamine 50 mg/kg BW 
and xylazine 5 mg/kg BW was administered before the 
catheterization procedure. The rats were placed in the 
supine position. Surgical procedure was performed to 
make the heart silhouette seen after shaved fur. After 
washing with heparin, intravenous catheter no. 22G 
was slipped under the 4th parasternal intercostalis space 
and directed to the right ventricle. Pulsatile dark red 
blood will come out of the right ventricle. The catheter 
was then connected to the transducer and Mac 51 cable. 
The PA could be reached by pushing approximately 5 
mm and maneuvering the catheter. The correct position 

on the DASH 4000 monitor. Systolic pulmonary 
arterial pressure (sPAP), diastolic pulmonary arterial 
pressure (dPAP), and mPAP were recorded when 
the pressure was stable. Other clinical data, such as 
heart rate and peripheral oxygen saturation (SpO2), 
were also obtained. After catheterization, blood was 
exsanguinated intracardially for approximately 3.5 ml. 
The euthanasia was completed by cutting the aorta. 
The lungs were harvested, submerged in formalin, 

(Kubota K3520) was used to centrifuge blood (at 3,500 

Histological analysis

right and left lung were cut to 5 μm thickness. These 

for 5 minutes three times. The xylene was removed 
using methanol, and the sample was washed for 1 
minute in water. After the procedure, the samples were 
stained with hematoxylin for 10 minutes and eosin 
for 6 minutes at room temperature. Small to medium 
pulmonary arteries ranging from 50 to 200 μm in 
diameter were assessed using a light microscope at 

lung were randomly selected. For each artery, intima 
media thickness (IMT) was measured from four of 
its circular areas. The thickness was calculated by 
summing and averaging. The samples were also stained 

catalog number GTX636885) antibody. The ratio of PA 
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of eight pulmonary arteries (four for each lung). The 
percentage was summed and averaged.
ELISA
The rat ET-1 competitive ELISA kit (catalog number 
ER0019, Fine Test) was used to measure serum ET-1 
concentrations. The ELISA assay began by thawing 
frozen serum samples. For ET-1 measurement, the plate 
was washed twice before the addition of the standard 
and sample. Each well that contained 50 μl of standard 
or sample was added by 50 μl of biotin-labeled antibody 
working solution. After shaking the plate for 1 minute, 

After incubation, it was washed three times and bathed 
for 1 minute each. Each well was added with 100 μl 
of horseradish peroxidase-Streptavidin Conjugate 
working solution. Subsequently, the plate was sealed 

each. The plate was then added with 90 μl 3,3 ‘,5,5 
‘-Tetramethylbenzidine substrate solution. The samples 

At the end, the absorbance was read immediately at 
450 nm after 50 μl of stop solution was added. 
Statistical analysis
Data are presented as mean ± SD. The normality 
of data was analyzed using a Shapiro–Wilk test. 
Differences among multiple groups were analyzed by 
one-way ANOVA (for normally distributed parameters) 
followed by Tukey’s post hoc analysis. A Kruskal–
Wallis test followed by Mann–Whitney U test was used 

was considered at p < 0.05. Statistical analysis was 
performed using Jamovi v.2.4.14.
Ethical approval
This study was approved by the Animal Care and Use 
Committee of the Faculty of Veterinary Medicine, 
Universitas Airlangga No. 2.KEH.161.10.2023.

Results
Characteristics of the animals

group) during the study and the remaining 41 rats. Data 
collected from experimental rats, including BW, heart 
rate, sPAP, dPAP, mPAP, and SpO2 from four groups, 
are described in Table 1. Bodyweight, heart rate, and 
SpO2 of the four groups were homogeneous. However, 

the treatment group than in the control group. Post 

lowest among the treatment groups but did not reach 
p

plus metformin (p = 0.168) groups. The diastolic PAP of 

with that of metformin (p
metformin (p = 0.458) group. Moreover, the mPAP of 

(p p = 0.305) 
groups.
Histology and ELISA data
Histology and ELISA data are described in Table 

Kruskal–Wllis analysis. Post hoc analysis revealed that 

than that of the control (Fig. 1). The ratio of PASMCs 

(Fig

Fig. 3). ET-1 

than in the control group. In the metformin group, ET-1 
was the lowest among the treatment groups (Fig. 4). 
Figure 5 presents a representative of PA histology in 
which a-d depict a comparison of IMT in each group 
by hematoxylin-eosin (HE) staining, and Figure 
1E–H depicts the comparison of the ratio of PASMCs/

media was stained purple in HE. The IMT was thicker 

Table 1. Clinical data of the experimental rats.

Variable Control (n = 9) Sildenafil (n = 10) Metformin (n = 11) Sildenafil + Metformin (n = 11) p-value 
BW (g) 160 ± 10.9 156 ± 23.3 150 ± 22.2 169 ± 15.3 0.135*

Heart rate (×/
minute)

270 ± 18.9 255 ± 30.5 275 ± 23.2 271 ± 17.6 0.224†

sPAP (mmHg) 42.2 ± 7.53 18.8 ± 4.05 26.9 ± 14.2 24.5 ± 11.5 0.001*

dPAP (mmHg) 21.6 ± 9.71 8.4 ± 3.95 9.27 ± 4.15 9.82 ± 4.96 0.004*

mPAP (mmHg) 32.8 ± 6.96 13.1 ± 4.53 16.8 ± 8.54 15.9 ± 6.19 0.0003*

SpO2
 (%) 91 ± 6.1 93.8 ± 5.57 92.5 ± 3.8 96.1 ± 3.11 0.114†

*Kruskal–Wallis. 
†ANOVA.
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metformin group than in the other groups. Comparison 

group, PASMCs were more prominent and could be 
distinguished clearly from other treatment groups.

Discussion
Although the pathobiology of PH remains unclear, 
its understanding has been revealed by dedicated 
research on this topic. Abnormalities can be observed 
in clinical, pathological, and biomolecular (Humbert 
et al., 2019). To establish diagnosis of PH, right 
heart catheterization procedure is a gold standard. 
Pulmonary arterial pressure more than 20 mm Hg 

et al., 

2023). With the advancement of PH, remodeling 
of the PA can become pronounced (Jia et al., 2023).

6), vasoconstrictor mediators (ET-1), and PASMCs 

involved in this pathology (Scott et al et 
al et al et al., 2025).
Some drugs have been developed to inhibit PH 
progression in adults. However, in the pediatric 

the FDA and EMA (Wang et al et al., 
2020). These two drugs when combined, theoretically, 
have a synergistic effect and will be a hope for those with 

therapy (BPD, CDH, and Down syndrome) (Beghetti 
et al et al., 2019). Despite its promising 

Table 2. Histology and ELISA data.

Variable Control (n = 9) Sildenafil (n = 10) Metformin (n = 11) Sildenafil + Metformin (n = 11) p-value
IMT (μm) 36.8 ± 10.7 46.6 ± 12 47.7 ± 14.5 27 ± 10.3 0.001*

PASMCs (%) 53.9 ± 12.4 64.5 ± 15.2 42.7 ± 11 44.8 ± 6.37 0.0004† 

Fibroblast (%) 46.1 ± 12.4 35.5 ± 15.2 57.3 ± 11 55.2 ± 6.37 0.0004† 

ET-1 (pg/ml) 115 ± 26.3 90.8 ± 19.6 88.7 ± 17.6 95.5 ± 10.7 0.031*

*Kruskal–Wallis. 
†ANOVA.

Fig. 1. Effect of sildenafil and metformin on IMT of PA. The result is presented as mean ± SD. ‡p = 0.046 compared with control. 
§p = 0.020 compared with control. ||p = 0.001 compared with sildenafil. ¶p
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Fig. 2. Effect of sildenafil and metformin on PASMCs of PA. The result is presented as mean ± SD. **p = 0.00064 compared to 
sildenafil. ||p

Fig. 3. Effects of sildenafil and metformin on fibroblast of PA. The result is presented as mean ± SD. **p = 0.00064 
compared to sildenafil. ||p
metformin.
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results, the availability of bosentan remains a challenge, 
especially in Indonesia (Lilyasari et al., 2019). Known 

smooth muscle proliferation properties, metformin is a 
substitute for bosentan (Yoshida et al., 2020). 
In this study, three groups of treatment showed 

compared with the control group. It is evident that the 
drug, either alone or in combination able to improve 
PH. This fact indicates the drugs have action in 
improving pulmonary vascular resistance. Previous 

vascular resistance via its vasodilatory effect by 

level (Itoh et al., 2004). This agent also has action 
on decreasing expression of Endothelin type 1A 
receptor effect (Liu et al., 2007). Right ventricular 
function also improves because of its vasodilatory 
action (Yoshiyuki et al., 2016). Metformin is able to 
reduce PA vasoconstriction by enhancing endogenous 
nitric oxide (NO) phosphorylation (Agard et al., 
2009). Moreover, this drug lowers PA pressure by 
decreasing ET-1 levels (Yoshida et al., 2020). Heart 
rate and SpO2 were similar in all groups, since MCT 
caused mild to moderate PH in 3rd–4th week by its 
administration.
Our research evaluated small to moderate pulmonary 
arteries (50–200 μm) in which IMT is more prominent 
in PH (Humbert et al., 2019). The data showed that 

compared with the control group, the IMT of the 

compared between the groups, the IMT value was 

therapy is not enough to prevent pulmonary arterial 
remodeling. The intima media is the most affected 
pulmonary vascular area in patients with pulmonary 
arterial hypertension (PAH) (PH group 1). In the model, 
this PH group can be created by inducing rats with 
MCT (Maarman et al., 2013). The pulmonary vascular 
intima is lined with endothelial cells, and the medial 
is occupied by smooth muscle cells (Boucherat et al., 
2022). IMT is the end result of works of proliferative 
mediators (Jia et al., 2023). In our research, the IMT of 

that of the other groups. This fact shows a combination 
of two drugs able to inhibit remodeling process of the 

et al. (2004), did not show 
improvement in arterial remodeling. This may have 

our research (21 days) compared with the 42 days in 
previous research.
This research revealed the domination of PASMCs 

Metformin, in other way, has more action on lowering 

Fig. 4. Effects of sildenafil and metformin on ET-1. The result is presented as mean ± SD. §p = 0.033 sildenafil compared with 
control, §p = 0.013 metformin compared with control. §p
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Fig. 5. Representative of PA histology. (a–d) IMT of each group on HE staining 
(a). control, (b). sildenafil, (c) metformin, (d) sildenafil plus metformin. (e-h) Ratio 

(g). metformin, and (h) sildenafil plus metformin. The PA smooth muscle cells 
were stained brown.

(a)

(c)

(e)

(g)

(d)

(f)

(h)

(b)
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PASMC proliferation. However, one should keep in 
mind that in a normal PA, PASMCs are dominating 
(Boucherat et al., 2022). Previous studies showed 

upregulation of MKP expression and degradation 
of ERK1/2 phosphorylation (Li et al., 2007). This 
agent also potentiates antiproliferation of BMP4 
in PASMCs. It  seems that in the previous research, 

BW was probably inadequate to show antiproliferative 
effect. Metformin, in other ways, inhibits PASMC 
proliferation by decreasing ET-1 levels, which, in 
sequence, lower Skp2 and increase p27 (Wu et al., 

et al., 2020). At the gene level, this 
agent causes PASMC apoptosis by lowering long 
noncoding RNA (Sun et al., 2019).
We found a decrease in ET-1 levels in the treatment 
groups compared with the control group. These 

when the target is to lower ET-1 levels. A previous 

receptor and plasma ET-1 (Liu et al., 2007). In 

concentration (Rossi et al., 2008). This substance is 
important in the progression of PH because it has both 
vasoconstrictive and proliferative actions (Yanagisawa 
et al
Yanagisawa, 2019). Its presence in circulation also 

congenital heart disease associated PAH (Parikh et 
al et al., 2018). In patients with chronic 
thromboembolic PH, ET-1 elevation contributes to 
vasculopathy (Feriel et al., 2024). Metformin, in a 
previous study, was able to lower ET-1 levels (Yoshida 
et al., 2020). 

not linier to ET-1 concentration. The higher ET-1 
concentration in this group compared with the other 

caused by upregulation expression of inducible and 
et al., 

2003). An increase in NO will displace ET-1 from its 
receptor and cause an increase in ET-1 levels (Wiley and 
Davenport, 2001). The synergistic action of two drugs 
to other cytokines may explain IMT reduction (Kang et 
al et al et al
et al et al et al., 

et al et al., 2021).

risk of developing PAH, such as children with congenital 
heart disease, for better prognosis (Hansmann, 2017). 

of these two drugs in pediatric patients with PAH is 
valuable. A clinical study of metformin in adults with 
PAH showed positive results (improvement in right 

ventricular function and triglyceride contents) (Brittain 
et al., 2020).
Our study has some limitations. The study used MCT 
to induce PAH in an animal model. Although it is 
widely used and has practicality, this approach does not 
perfectly mimic the pathobiology of PAH in humans. 
The sample size after mortality was adequate for 
statistical analysis. Although the more samples would 
describe the pathobiology better.
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(Thomson Reuters) metric.

Cites / Doc. (4 years) 2015 0.000
Cites / Doc. (4 years) 2016 0.303
Cites / Doc. (4 years) 2017 0.486
Cites / Doc. (4 years) 2018 0.724
Cites / Doc. (4 years) 2019 0.833
Cites / Doc. (4 years) 2020 1.401
Cites / Doc. (4 years) 2021 1.488
Cites / Doc. (4 years) 2022 1.543
Cites / Doc. (4 years) 2023 1.361
Cites / Doc. (4 years) 2024 1.467

Total Cites Self-Cites

Evolution of the total number of citations and journal's self-
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