
DOI: https://doi.org/10.53350/pjmhs22163919 

ORIGINAL ARTICLE 

 
P J M H S  Vol. 16, No. 03, MAR  2022   919 

Preventive Effect of MG-132 on Monocrotaline Induced Pulmonary 
Hypertension in Rat Pulmonary Artery Hypertension Model 
 
TAFSEEL HUSSAIN1, M ADEEL ALAM SHAH2, FARHAT HUMAYUN3, SAJJAD GHANI4, SAIRA MUSHTAQ5, LARAIB IMDAD6, LI MAN 
XIANG7, XINMING XIE8 
1PhD Scholar, Department of critical care and Pulmonology, 1st affiliated hospital, Xi’an Jiaotong University, China 
2Assistant Professor Anatomy, Aziz Fatimah Medical & Dental College, Faisalabad 
3Assistant Professor Anatomy, Aziz Fatimah Medical & Dental College, Faisalabad 
4Assistant Professor Biochemistry, Aziz Fatimah Medical & Dental College, Faisalabad 
5Associate Professor Biochemistry, Aziz Fatimah Medical & Dental College, Faisalabad 
6Clinical research fellow, Department of Human food and nutrition, University of Agriculture Faisalabad 
7Professor, Department of critical care and Pulmonology, 1st affiliated hospital, Xi’an Jiaotong University, China 
8Clinical research fellow, Department of critical care and Pulmonology, 1st affiliated hospital, Xi’an Jiaotong University, China 
Corresponding author: Farhat Humayun, Email: 3maanbrothers@gmail.com 

 

ABSTRACT 
Aim of Study: To Prevent the Monocrotaline induced extracellular matrix remodeling of pulmonary artery by inhibiting Ubiquitin 
Proteasome System in rat pulmonary artery hypertension model. 
Study Design: Experimental Study 
Place and Duration of Study: Xi’an Jiaotong University, Animal experiment center Xi’an China, from January 2016 to July 
2018. 
Materials and Methods: Thirty-three male Sprague-Dawley rats were divided in to three groups namely control group, 
Monocrotaline (M.C.T) induced group and M.G-132 (a proteasome inhibitor) treated group. The pulmonary artery hypertension 
(P.A.H) model was established by giving intraperitoneal injection of Monocrotaline (M.C.T) furthermore the M.G-132 was given 
to hold back proteasome function. The right ventricular systolic pressure (R.V.S.P) and the right ventricular hypertrophy index 
(R.V.H.I) were used to assess the progress developing P.A.H. Vascular remodeling was determined by H&E staining and the 
level of ubiquitinated-PTEN protein was measured by Immunoblotting.  
Results: The final results revealed that the M.C.T increased R.V.S.P and R.V.H.I in rats, whereas these alterations were 
concealed in P.A.H induced rats which were treated by M.G-132. Also the Zymograghy results in control vs. experimental group 
revealed that the activity of Matrix metalloproteinase (MMP2/9) in the PAH model group was considerably elevated at (P<0.05), 
while treatment of M.G-132 in M.C.T-induced P.A.H-rats decreased the activity of MMP2/9 at (p<0.05).  
Conclusions: However, further in-depth investigations are need of a time to explore the transformations of ubiquitin 
proteasome & MMP activity in chronic MCT induced-pulmonary artery hypertension model. 
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INTRODUCTION 
Elevated levels of blood pressure in pulmonary arteries, veins and 
capillaries is called pulmonary hypertension which leads to cause 
symptoms such as fainting, dizziness, swollen legs and shortness 
of breath (1, 2). According to W.H.O the phenomenon of 
developing pulmonary arterial hypertension involves the narrowing 
of blood vessels which are concerned with the blood supply and 
drainage of lungs. Over the time, these blood vessels become 
stiffer & thicker, this phenomenon is recognized as fibrosis. This 
leads to further deterioration of the condition thus increases the 
blood pressure and impairs the flow within the lungs (3).The 
precise mechanism of developing pulmonary arterial hypertension 
is still unclear, but somehow; it is said that the endothelial 
dysfunction of a blood vessel resulted in decreased production of 
endothelium derived vasodilators i.e. nitric oxide & prostacyclin. 
Furthermore, this initiates the production of vasoconstrictors i.e. 
vascular endothelial growth factor (VEGF) and thromboxane (4-6). 
 Ubiquitin is a kind of small size protein only present in 
eukaryotes (7). Recently the ubiquitin-proteasome-pathway for 
proteolysis, has gain an importance as a novel “molecular 
mechanism” which controls many fundamental functions of the 
nervous system such as development of synaptic plasticity and 
synaptic connections (8). In Alzheimer's and Parkinson's disease, 
the role of ubiquitin-proteasome has been established (9).  
Ubiquitin   regulates the protein turnover by modifying the 
degradation of particular type of proteins. It attaches and tagged 
them for demolition. These tagged-proteins are exposed to 
proteasome. These protesomes are a type of cell organelle which 
are involved in degrading and recycling of old and unneeded 
proteins (10). During degradation process the proteins are broken 
down into amino acids and these amino acids again used for 
synthesis of new ones (11).  
 There are three critical enzymes namely; (E1, E2, and E3) 
which plays a major role in ubiquitin-proteasome pathway (12). 

The E1-enzyme is known as “Ubiquitin-activating enzyme”. It 
amends ubiquitin into its reactive form. The E2-enzyme is known 
as “ubiquitin-conjugating enzyme”, which catalyzes the attachment 
site of ubiquitin for its substrate proteins. The E3-enzyme is called 
“ubiquitin-ligase”. The E3 & E2 enzyme functions mutually so they 
are considered in recognizing the substrate protein (13, 14).  
 The actual motive of this research is to conclude whether 
inhibiting the function of Ubiquitin Proteasome System (UPS) 
ameliorates, the “remodeling of the extracellular matrix” in 
pulmonary artery along with the development of pulmonary arterial 
hypertension in P.A.H-rat model. Furthermore, to examine whether 
MG-132 through inhibition of proteasome functions thus inhibits the 
activity of MMP, consequently reverses the remodeling of the 
extra-cellular matrix of pulmonary artery. 
 

MATERIALS AND METHODS 
Materials: Tissue extraction buffers were purchased from (Beijing, 
China). The polyacryamide and sodium dodecyl sulfate (SDS) was 
purchased from Sigma Aldrich. All others chemicals were of 
analytical grades. These materials were arranged and bought from 
local markets for commercial use.  
Animals and grouping: This experimental work was performed in 
“Xi'an Jiaotong University Animal Experiment Centre” under 
Animal lab guidelines. The animal experimental code of behavior 
was approved by the “Institutional Animal Care and Use 
Committee of Xi'an Jiaotong University Animal Experiment Centre” 
after detailed discussion and review.  A total of thirty three (33) 
Sprague-Dawley male-rats were used in this study i.e. (170-206 
gm in weight). All these rats were divided into three groups on 
random basis i.e. 11 rats per group; control group, received 0.1mg 
/ kg of body weight  saline gavage only, a total of 4 weeks; MCT-
induced pulmonary artery hypertension group, according to the 
P.A.H model construction method of giving single intraperitoneal 
injection of 60 mg / kg of body weight M.C.T, 0.1mg / kg of body 
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weight saline gavage, a total of 4 weeks; M.G132 treatment group 
was given monocrotaline (60mg / kg of body weight single 
intraperitoneal injection), and then given 0.1mg / kg –MG132 
treated by gavage, a total of 4 weeks. 
Construction of “pulmonary hypertension rat” model: To 
construct the “pulmonary hypertension rat model’’, the rat 
abdominal skin was disinfected by 75% alcohol disinfectant and 
the 5ml syringe was used of in experimental rats in left lower 
quadrant to given Monocrotaline (60mg/kg of body weight) single 
intraperitoneal injection. After 4 weeks, clear detection of 
pulmonary artery hypertension rat’s model construction was 
succeeded hemodynamically. 
Determination of “right ventricular pressure”: After the 
intraperitoneal anesthesia with 10 % chloral hydrate, right 
ventricular pressure (RVSP); was then calculated by using 
pressure transducer and polygraph (Shenzhen Mindray Bio-
Medical Electronics Co., Ltd.), until the pressure waveform is 
stable.  
Histological examination of lung and heart tissue: All animals 
were scarified after RVSP determination. After that the lung and 
heart tissue were dissociated. The both atria were isolated from 
heart. Right and left ventricles including interventricular septum 
were isolated and washed for removing blood. Then the remaining 
moisture was removed by using the standard filter paper. Weight of 
tissue then measured by using electric weighing machine. By 
applying the formula RV / (LV + S), the right ventricular 
hypertrophy index was calculated. 
Lung tissue preparation: By passing normal saline solution via 
artery, the residual blood was cleansed off from the lung. To 
expand the lung membrane, 10% neutral formalin was then 
gradually injected through the trachea under 20cm of (H2O) 
pressure into the lung. After five minutes, right lung was dissected 
out and lower lobe was fixed in 10% neutral formalin. It remained 
in it for next 48 hrs. Then it was embedded in paraffin after fixation. 
Tissue was sliced into 5mm small sections and stained with H&E 
and “Van Gieson”. 
Zymograghy examination: The standard protocols of 
Caseinolytic and MMP gelatinolytic activities of control and 
experimental group were scrutinized, the mini-slab gels containing 
10% SDS–polyacrylamide copolymerized with 0·1% gelatin, 12% 
polyacrylamide gel copolymerized with 0·1% casein. Soluble 
proteins were extracted by homogenizing the tissue in 2% SDS 
solution. After centrifugation at 10000g, the supernatants were 
removed. The protein concentrations were assayed with BCA 
protein assay reagent. Samples of 10mg of protein were loaded on 
gels with prestained molecular weight standards. SDS–
polyacrylamide electrophoresis was performed at 48C, 125V for 
90mins. Gels were soaked in 2·5% Triton X-100 for 30mins at 
room temperature thus to remove SDS and then incubated for a 
reaction at 378C overnight to allow proteinase digestion of 
substrate. These gels were then stained with 0·25% Coomassie 
brilliant blue in 40% methanol and 10% acetic acid for 2 hours. 
These were destained with 40% methanol and 10% acetic acid. 
Statistical analysis: All these experiments were executed into 
triplicate. Student’s t test was performed to check the impact. The 
marker of significance level was set at P < 0.05.  Mean and ±SD 
were used to present data.  
 

RESULTS 
In control group, food intake is stable, there is skin luster, normal 
breathing, heartbeat and activity; weight increased significantly and 
even we did not find a case of death. In PAH model group, 
reduced food intake, reduced activity, rough fur, slow weight gain, 
total 3 rats died in 4 weeks, with the mortality rate 37.5%. 
However, MG-132 treatment group, the food intake was increased 
as in comparison with the model group, the hairs were slightly 
smooth, increased activity, weight also increased in correlation to 
the Control Group, 1 rat died in a total of 4 weeks with the mortality 
rate 11% as shown in FIG-I.  
 

 
Fig I: The changes in weight between the control groups, PAH model group, 
and treatment group. All these groups were considerably different from the 
Control, at the level of (p < 0.05); data was presented; mean of averages 
and ± SD (bar). 

 
Determination of Right ventricular pressure: For control group, 
the RVSP was in the range of (24.69 + 4.55) mmHg, for PAH 
model group, the RVSP was in the range of (42.51 + 6.34) mmHg, 
which showed that the RVSP was considerably increased in 
comparison with the control group; for MG-132 treatment group, 
the RVSP was in the range of  (33.28+5.17) mmHg, as compared 
with  “Model group” it was considerably decreased, but the 
pressure is still elevated than “Control group” (FIG-II).  
 

 
Fig 2: The determination of right ventricular pressure among different 
groups. All these groups were considerably dissimilar from the Control 
Group at (p < 0.05); the data was presented; mean of average ± SD (bar). 

 
Right ventricular hypertrophy index 
 In Control group RV / (LV+S) was lying in range i.e. (0.28 + 
0.04); in PAH model group, RV / (LV+S) was considerably 
increased (0.62 + 0.04) as compared with control group, 
suggesting that the right ventricular hypertrophy of PAH model 
group. MG132 treatment group RV / (LV+S) was lying in the range 
of (0.47 + 0.07), as in contrast with PAH model group, the degree 
of right ventricular hypertrophy was significantly decreased (FIG-III; 
A and B).  
 Also to elevate the accumulation of Extra Cellular Matrix 
(ECM) component in pulmonary vessels in pulmonary artery 
hypertension (PAH) collagen deposition was determined by 
Masson staining as shown in FIG-IV: in which mature collagen 
fiber were stained blue, collagen deposition was considerably 
raised in lungs of M.C.T-treated rat as compared to control group 
however after administration of MG132 deposition of collagen in 
pulmonary vessel in MCT treated rats was dramatically reduced.  
 Our results were consistent with the result reported by (15) 
Zymology Assay: Due to the activities of MMP2_MMP9 dictate 
vascular structural collagen remodeling, we investigated the 
activities of MMP2_MMP9 in the lung. The activity of 
MMP2_MMP9 were assessed by Zymograghy, as shown in FIG-V 
the activities of MMP2 was considerably increased in M.C.T-
Treated group as in contrast to Control group, which was declined 
in MG132-treated rats at; p<0.05 Vs M.C.T group. It demonstrated 
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the activities of MMP9 reached a fold over increase against control 
in M.C.T-treated rats (P<0.05), which was reduced unto a fold over 
control group in MG132, in accordance to a significant up 
regulation of “MMP-2” & “MMP-9”. Thus there is an increase in 
gelatinolytic activity of isolated pulmonary arteries from M.C.T-
treated rats was finally established. 
 Our results were consistent or even better than the results 
reported in (16-19).  

(A) 

 
Control 
MCT 
MG132 
 
(B) 

 
Fig 3: (A); Image of specimen after surgery (B), the determination of right 
ventricular hypertrophy index among different groups. All groups were 

considerably dissimilar from the Control group at (p < 0.05) and the data was 
expressed as the mean of average ± SD (bar). 

 

 

Control (×400)                   MCT (×400)               MG132 (×400) 

Fig 4: MG132 prevented MCT induced collagen deposition; collagen in small 
pulmonary arteries has been investigated by Masson staining. 

 

 
MMP9 
MMP2 

 

 
Fig 5: “Effect of MCT and MG132 on the activity of MMP2/MMP9” 

 

DISCUSSION 
The Endothelial cell (E.C) is documented as most important 
regulators of functions in cardiovascular system. The endothelial 
dysfunction entails complex disproportion between E.C production 
of vasodilators Vs vasoconstrictors, antithrombotic Vs 
prothrombotic mediators, inhibitors Vs activators and anti-
inflammatory Vs pro-inflammatory signals. Therefore, the present 
study focuses on the underlying mechanism of heart failure 
through the pulmonary arterial hypertension (PAH). (20, 21).  
 The results presented in this study were consistent with the 
previously reported result of (22). Treatment causes inflammatory 
response in the lungs, endothelial cell injury and consequent 
proliferation in the vascular smooth muscle. Thus it has leaded to 
develop severe degree of P.A.H, associated RVH, and pulmonary 
vascular lesions. Injured endothelial cells and inflammatory cells 
secrete more MMPs. Furthermore, the results presented in FIG-II 
were consistent the previous reported results by (23).  
 Also, it has been demonstrated that the MMPs in either way 
which could directly/indirectly effects the proliferation, invasion, 
migration and programmed cell death of endothelial cells along 
with smooth muscle cells (24). These conclusions are in correlation 
and suggested that MMPs plays an important role in developing 
PAH. In support, MMP inhibitor has been established as a 
protective role in M.C.T-induced P.A.H in rats (25).  
 Increased in the levels of deposition of elastin & collagen are 
recognized as an imperative determinants in development of P.A.H 
(26). The accumulation of collagen contributes to develop stiffening 
in pulmonary artery. It is concerned in development of P.H and 
right ventricular dysfunction via two mechanisms i.e. increased in 
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distal arterial cyclic strain damage and secondly promotes smooth 
muscle cell (S.M.C) proliferation & proximal wave reflections. This 
increased the after load in right ventricle (27, 28). 
 This current research and in context to previous studies, 
MMP activity was increased during M.C.T treatment, which is 
suggestive of its input in development of cardiopulmonary 
pathological changes in experimental rats having “MCT-Induced 
Pulmonary Hypertension”.  
 In our study it was noted that the mean body weight of MCT-
Treated rats was remarkably decreased as in comparison with our 
control group. This revealed signs of developing cachexia in 
patients with lower ejection fraction in chronic heart failure. It was 
seen that the “lungs/Body-weight-ratio” was considerably 
increased in our M.C.T-group in contrast to control group, which 
directed us towards the occurrence of proliferative pulmonary 
response in the M.C.T-treated rats.  
 These results were in correlation with the previously reported 
studies by (29). R.V/(L.V + Septum) ratio can be measured, as 
index of R.V.H. This was considerably augmented in M.C.T group 
since 14 days. 
 

CONCLUSION 
In M.C.T-induced rat model of PAH, there were obvious, ECM  
remodelling in pulmonary artery which was accompanied with the 
elevated activity of MMP2/9, suggesting that the abnormality of 
MMP signal pathway was invloved in progression of developing 
“Pulmonary Artery Hypertension” (P.A.H). Also; inhibition of 
ubiquitin proteasome system can ameliorate the remodeling of the 
“Extra-cellular matrix of pulmonary artery” & collagen deposition. 
Furthermore, M.G-132 inhibits the function of ubiquitin proteasome 
system, and subsequently inhibits the activity of MMP, leading to 
suppression of the remodeling of the extra-cellular matrix of 
pulmonary artery along with collagen deposition and amelioration 
of P.A.H. 
 Further in-depth researches are required for further changes 
regarding ubiquitin proteasome (UPS) & M.M.P activity in “Chronic 
M.C.T induced Pulmonary artery hypertension model”. 
Conflict of interest: There is no conflict of interest in this study. 
 

REFEREANCES 
1. Chen H-A, Ko C-H, Hsu C-Y, Lin C-Y, editors. Epidemiology and 

mortality of connective tissue disease-associated pulmonary arterial 
hypertension: a national cohort study in Taiwan. Seminars in Arthritis 
and Rheumatism; 2020: Elsevier. 

2. Zhang H. Clinical Characteristics and Factors Associated with 
Disease Progression in Chinese Patients with Connective Tissue 
Disease and Pulmonary Arterial Hypertension. Aktuelle 
Rheumatologie. 2020. 

3. Tian L, Wu D, Dasgupta A, Chen K-H, Mewburn J, Potus F, et al. 
Epigenetic Metabolic Reprogramming of Right Ventricular Fibroblasts 
in Pulmonary Arterial Hypertension: A Pyruvate Dehydrogenase 
Kinase-Dependent Shift in Mitochondrial Metabolism Promotes Right 
Ventricular Fibrosis. Circulation Research. 2020. 

4. Montani D, Chaumais MC, Guignabert C, Gunther S, Girerd B, Jais 
X, et al. Targeted therapies in pulmonary arterial hypertension. 
Pharmacology & therapeutics. 2014;141(2):172-91. 

5. Ambalavanan N, Mourani P. Pulmonary hypertension in 
bronchopulmonary dysplasia. Birth defects research Part A, Clinical 
and molecular teratology. 2014;100(3):240-6. 

6. D’Alto M, Badagliacca R, Argiento P, Romeo E, Farro A, Papa S, et 
al. Risk reduction and right heart reverse remodeling by upfront triple 
combination therapy in pulmonary arterial hypertension. Chest. 
2020;157(2):376-83. 

7. Schafer A, Kuhn M, Schindelin H. Structure of the ubiquitin-activating 
enzyme loaded with two ubiquitin molecules. Acta crystallographica 
Section D, Biological crystallography. 2014;70(Pt 5):1311-20. 

8. Ding F, Xiao H, Wang M, Xie X, Hu F. The role of the ubiquitin-
proteasome pathway in cancer development and treatment. Frontiers 
in bioscience (Landmark edition). 2014;19:886-95. 

9. Jain CK, Arora S, Khanna A, Gupta M, Wadhwa G, Sharma SK. The 
ubiquitin-proteasome pathway an emerging anticancer strategy for 
therapeutics: a patent analysis. Recent patents on anti-cancer drug 
discovery. 2015;10(2):201-13. 

10. Romero-Barrios N, Vert G. Proteasome-independent functions of 
lysine-63 polyubiquitination in plants. The New phytologist. 
2018;217(3):995-1011. 

11. Kwon SK, Saindane M, Baek KH. p53 stability is regulated by diverse 
deubiquitinating enzymes. Biochimica et biophysica acta. 
2017;1868(2):404-11. 

12. Yerlikaya A, Yontem M. The significance of ubiquitin proteasome 
pathway in cancer development. Recent patents on anti-cancer drug 
discovery. 2013;8(3):298-309. 

13. Matsuo S, Chaung A, Liou D, Wang P, Yang WL. Inhibition of 
Ubiquitin-activating Enzyme Protects against Organ Injury after 
Intestinal Ischemia-Reperfusion. American journal of physiology 
Gastrointestinal and liver physiology. 2018. 

14. Nabavi SF, Atanasov AG, Khan H, Barreca D, Trombetta D, Testai L, 
et al. Targeting ubiquitin-proteasome pathway by natural, in particular 
polyphenols, anticancer agents: Lessons learned from clinical trials. 
Cancer letters. 2018;434:101-13. 

15. Atkinson JM, Pullen N, Johnson TS. An inhibitor of thrombin activated 
fibrinolysis inhibitor (TAFI) can reduce extracellular matrix 
accumulation in an in vitro model of glucose induced ECM expansion. 
Matrix biology : journal of the International Society for Matrix Biology. 
2013;32(5):277-87. 

16. Li S, Han D, Zhang Y, Xie X, Ke R, Zhu Y, et al. Activation of AMPK 
Prevents Monocrotaline-Induced Extracellular Matrix Remodeling of 
Pulmonary Artery. Medical science monitor basic research. 
2016;22:27-33. 

17. Bai Y, Wang HM, Liu M, Wang Y, Lian GC, Zhang XH, et al. 4-
Chloro-DL-phenylalanine protects against monocrotalineinduced 
pulmonary vascular remodeling and lung inflammation. International 
journal of molecular medicine. 2014;33(2):373-82. 

18. Bai Y, Li ZX, Wang HL, Lian GC, Wang Y. The protective effects of 
PCPA against monocrotaline-induced pulmonary arterial 
hypertension are mediated through the downregulation of NFAT-1 
and NF-kappaB. International journal of molecular medicine. 
2017;40(1):155-63. 

19. Li S, Han D, Zhang Y, Xie X, Ke R, Zhu Y, et al. Activation of AMPK 
Prevents Monocrotaline-Induced Extracellular Matrix Remodeling of 
Pulmonary Artery. Medical science monitor basic research. 
2016;22:27-33. 

20. Nakajima H, Mochizuki N. Flow pattern-dependent endothelial cell 
responses through transcriptional regulation. Cell cycle (Georgetown, 
Tex). 2017;16(20):1893-901. 

21. Nakajima H, Yamamoto K, Agarwala S, Terai K, Fukui H, Fukuhara 
S, et al. Flow-Dependent Endothelial YAP Regulation Contributes to 
Vessel Maintenance. Developmental cell. 2017;40(6):523-36.e6. 

22. Zhu Y, Wu Y, Shi W, Wang J, Yan X, Wang Q, et al. Inhibition of 
ubiquitin proteasome function prevents monocrotaline-induced 
pulmonary arterial remodeling. Life sciences. 2017;173:36-42. 

23. Pullamsetti SS, Berghausen EM, Dabral S, Tretyn A, Butrous E, 
Savai R, et al. Role of Src tyrosine kinases in experimental 
pulmonary hypertension. Arteriosclerosis, thrombosis, and vascular 
biology. 2012;32(6):1354-65. 

24. Chelladurai P, Seeger W, Pullamsetti SS. Matrix metalloproteinases 
and their inhibitors in pulmonary hypertension. The European 
respiratory journal. 2012;40(3):766-82. 

25. Cowan KN, Jones PL, Rabinovitch M. Elastase and matrix 
metalloproteinase inhibitors induce regression, and tenascin-C 
antisense prevents progression, of vascular disease. The Journal of 
clinical investigation. 2000;105(1):21-34. 

26. van der Feen DE, Bartelds B, de Boer RA, Berger RMF. Pulmonary 
arterial hypertension in congenital heart disease: translational 
opportunities to study the reversibility of pulmonary vascular disease. 
European heart journal. 2017;38(26):2034-41. 

27. Kozlik-Feldmann R, Hansmann G, Bonnet D, Schranz D, Apitz C, 
Michel-Behnke I. Pulmonary hypertension in children with congenital 
heart disease (PAH-CHD, PPHVD-CHD). Expert consensus 
statement on the diagnosis and treatment of paediatric pulmonary 
hypertension. The European Paediatric Pulmonary Vascular Disease 
Network, endorsed by ISHLT and DGPK. Heart (British Cardiac 
Society). 2016;102 Suppl 2:ii42-8. 

28. Nielsen EA, Sun M, Honjo O, Hjortdal VE, Redington AN, Friedberg 
MK. Dual Endothelin Receptor Blockade Abrogates Right Ventricular 
Remodeling and Biventricular Fibrosis in Isolated Elevated Right 
Ventricular Afterload. PloS one. 2016;11(1):e0146767. 

29. Vonk-Noordegraaf A, Haddad F, Chin KM, Forfia PR, Kawut SM, 
Lumens J, et al. Right heart adaptation to pulmonary arterial 
hypertension: physiology and pathobiology. Journal of the American 
College of Cardiology. 2013;62(25 Suppl):D22-33. 

 
 


