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Abstract Pulmonary arterial hypertension (PAH) is a

severe clinical and pathophysiologic syndrome with no

effective treatment at present. Mycophenolate mofetil

(MMF), a prodrug of mycophenolic acid (MPA), has been

applied widely to the treatment of connective tissue dis-

eases with the effect of immunosuppressant. Its anti-pro-

liferation has been found recently. Thereby, we tried to

examine the effects of MMF on rats with PAH which was

induced by monocrotaline injection, so as to investigate the

mechanisms of treatment on PAH by MMF. The results

substantiated that MMF therapy can alleviate thickening of

pulmonary arterial walls and inhibit abnormal vascular

remodeling, and the MPA concentrations which demon-

strated efficacy in this study are within clinical applicable

range, suggesting huge potentiality of MMF in the treat-

ment of human PAH.
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Introduction

Pulmonary arterial hypertension (PAH) is a severe clinical

and pathophysiologic syndrome, which degrades life quality

and may even endanger life [1]. The main pathomechanisms

of PAH include vasoconstriction, vascular remodeling and

thrombosis. Vascular remodeling, led by pulmonary arterial

wall thickening and fibrosis, is a key factor to the failure of

treatment in PAH, whereas the pulmonary arteriolar wall

thickening and fibrosis are significantly influenced by pro-

liferation and dysfunction of vascular smooth muscle cells

(VSMCs). At present, therapies such as endothelin receptor

blockers, prostacyclin analogs, nitrogen monoxidum, etc.

can hardly reverse the progression of PAH [2], mainly

because they cannot inhibit pulmonary arterial wall thick-

ening and fibrosis effectively. To improve the prognosis of

patients with PAH, it is necessary to look for an effective

drug that can actively inhibit the thickening and fibrosis of

pulmonary arterial wall. Researches on transplantation and

arteriosclerosis revealed that mycophenolic acid (MPA)

functioned effectively in the inhibition of proliferation of

vascular endothelial cells, VSMCs and fibroblasts, besides

lymphocyte [3, 4]. Clinical researches have also noticed that

treatment of prednisone combined with mycophenolate

mofetil (MMF), a prodrug of MPA, to patients with systemic

sclerosis complicated PAH, resulted in obviously descend-

ing pulmonary arterial pressure. So MMF is expected to shed

light on the creation of a new drug which can inhibit the

thickening and fibrosis of pulmonary arterial wall, thus

reverse the progress of PAH.

In this study, we observed the effect of treatment with

MMF on pulmonary arterial pressure, right ventricle index

(RVI) and morphological changes of pulmonary artery of

monocrotaline (MCT)-induced PAH in rats; investigated

the effects of MPA on the rat pulmonary arterial smooth

muscle cells (PASMCs) at cellular level, and cell genera-

tion cycle was used to illustrate the inhibitory mechanisms,

to confirm the effects of MMF on PAH and provide a pre-

clinical account for MMF treatment in PAH.
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Materials and methods

Animals, reagents, and equipment

The animals used in this study were male Sprague-Dawley

rats (180–220 g body weight, Grade II). MMF was pur-

chased from Roche Bioscience. MPA was obtained from

Sigma-Aldrich Biotechnology Inc.

Equipment involved Multichannel physiologic recorder

R6000, Pressure transducer P23 ID, Biological signal-

amplifier AP-621G, Computer pressure analysis software

Acq 3.8.1, Pathological Image analysis system IM50, Flow

cytometry Epics-XL II, etc.

MCT-induced PAH rat models

Rats were randomly divided into the following four

groups: control group (n = 8), MCT group (n = 8), low-

dose MMF group (MMF 20 mg/kg day, n = 8), high-dose

MMF group (MMF 40 mg/kg day, n = 8). The control

group received an intraperitoneal injection of an equal

volume of a solvent mixed by 75% alcohol and saline in a

2:8 volume ratio, and all the other three groups received

an intraperitoneal injection of MCT (60 mg/kg). 24 h

after the injection, the low-dose and high-dose MMF

groups were given MMF 20 mg/kg day and MMF 40 mg/

kg day, respectively, through intragastric administration,

whereas the control and MCT groups received equal

volume of distilled water. This injection was repeated in

the following 21 days. Rats had free access to standard

chow and water, and were maintained in a controlled

temperature (21–22�C)/relative humidity (50–70%) envi-

ronment on a 12 h light and dark cycle. On the day 22,

rats were forbidden to food but water, and then they were

killed for evaluation. The PAH rat models’ criteria are

systolic pulmonary arterial pressure (SPAP) exceeding

50 mmHg and RVI exceeding 0.33.

Hemodynamic assessment

Rats were anesthetized by intraperitoneal injection of

urethane. SPAP was measured by right heart catheteriza-

tion approach. The catheter inserted into the RV was

connected to multichannel physiologic recorder via the

pressure transducer. First, calibrating the equipment, fasten

the right heart catheter when seeing rising pressure baseline

and pulmonary artery waveform. The hemodynamic sig-

nals were saved and analyzed with the digital acquisition

system, and the average SPAP was calculated. PAH was

defined as an elevation of SPAP to more than 50 mmHg

[5].

RVI determination

After the rats were executed, collecting their hearts, cutting

off vessels and atriums, carefully cutting and keeping the

free walls of right ventricle (RV), left ventricles (LV) and

interventricular septums remained. The free walls of RV,

LV plus interventricular septums were weighed, respec-

tively, and an index of RV hypertrophy was calculated

using the following formula: the ratio of the RV (free wall)

weight to LV weight plus septum (RV/LV ? S). Right

ventricular hypertrophy was defined as a RVI over 0.33 [6].

Histology and morphology

Lung tissues were fixed in formalin, embedded in paraffin,

sectioned and stained with hematoxylin and eosin (HE).

Morphometric analysis was performed in pulmonary arte-

rioles with external diameter (ED) less than 200 lm by two

persons and the median value is calculated. To rule out the

influence of size difference of arterioles, three pulmonary

arterioles with ED \ 50 lm, five ones with ED 50–

100 lm, two ones with ED 101–200 lm were chosen for

observation of each rat. In total, ten vessels were counted

and the average was calculated.

Image analysis

Transverse sections of arterioles in every pulmonary sec-

tion of all groups were performed using image analysis

system to calculate the following six indexes: (1) total

vascular area (inside the adventitia), (2) vascular lumina

area (inside the intima), (3) vascular external diameter

(mean diameter of adventitia), (4) vascular lumina diame-

ter (mean diameter of intima), (5) vascular wall thickness

(the shortest vertical dimension between intima and

adventitia), (6) vascular media thickness (the shortest

vertical dimension of elastic layer); and to calculate the

three ratios below: (1) vascular lumina area/total vascular

area (%), named the ratio of vascular lumina area (LA%),

(2) vascular wall thickness/vascular external diameter (%),

named the ratio of vascular wall thickness (WT%), (3)

vascular media thickness/vascular wall thickness (%),

named the ratio of vascular media thickness (MT%).

Culture and identification of rat PASMCs

Rat PASMCs of male Sprague-Dawley rats (200–250 g

body weight) were grown in culture plates and maintained

in complete medium consisting of DMEM supplemented

with 10% FCS, referring to Xue’s approach. Cells were

identified as smooth muscle cells (SMCs) if they presented

typical ‘‘hill and valley’’ growth pattern and positive
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reaction with antibodies against SMA. SMCs of third to

fifth generation in culture were used.

Growth curve

Rat PASMCs were inoculated in 24-well plates at 5,000

cells per well, adhering to the wall of the well, cultured in

serum-free medium for 24 h, and then cultured in DMEM

supplemented with 10% FCS, adding MPA with final

concentration of 0, 10-7, 10-6, 10-5, 10-4 M, respectively,

which were named control group, low-dose MPA group,

middle dose MPA group, high-dose MPA group and super

high-dose MPA group (the same below), respectively, and

each group occupied four wells. Cell numbers were mea-

sured with a cytometer for everyday, and so were the

successive 8 days. The growth curves were drawn based on

these data. The same process of drawing the growth curves

repeated three times, calculating the average.

Viability of cells

Rat PASMCs were inoculated in 96-well plates at 2,000

cells per well. Serum-free DMEM was added when the

cells taking up 60% of the wall, and the plates were placed

still for 24 h so that the cell growth was inhibited to G0

phase. DMEM supplemented with 10% FCS was added

then. There were four groups: (1) control group, (2) low-

dose MPA group (MPA 10-7 M), (3) middle dose MPA

group (MPA 10-6 M), (4) high-dose MMF group (MPA

10-5 M), and each group occupied eight wells. MTT tests

were used to detect cellular survival value [7]. This

experiment had been repeated three times.

Cell cycle and proliferation index

Rat PASMCs were inoculated into six-well plates at

100,000 cells per well, cultured in serum-free medium for

24 h, so that the cell growth was inhibited to G0 phase.

Adding MPA into the well with final concentration of 0,

10-7, 10-6, 10-5 M, and maintaining for another 24 h.

After fixation in 70% ethanol overnight, incubation in

propidium iodide and RNase A for 30 min, DNA contents

were measured by a flow cytometer, and the fractions of

G1, S, G2M phases in cell cycle as well as the proliferation

index were calculated.

Statistical analysis

All statistical data were reported as mean ± SD. Data were

analyzed by analysis of variance (ANOVA), paired-sample

t test, and multiple linear stepwise regression analysis,

using SPSS (version 11.5), with P \ 0.05 considered as

significant.

Results

MCT-induced PAH rat models

Two of the 32 rats that were given MCT died (one in

MCT group, one in low MMF group), on days 15 and 19,

respectively, and were excluded from the analysis. In the

MCP group, SPAP elevated significantly (61.25 ± 9.60

vs. 27.25 ± 7.82 mmHg, P = 0.000), RVI increased

significantly (0.4878 ± 0.0983 vs. 0.2686 ± 0.0464,

P = 0.000) compared with the control group. As SPAP in

the MCT group exceeding 50 mmHg and RVI exceeding

0.33, we successfully raised the MCT-induced PAH

model in rats.

Hemodynamic parameters

In the high-dose and low-dose MMF groups, SPAP was

lower than that in the MCT group (42.63 ± 7.63 vs.

61.25 ± 9.60 mmHg, P = 0.000, and 52.00 ± 8.94 vs.

61.25 ± 9.60 mmHg, P = 0.039, respectively). SPAP in

the high-dose MMF group was lower than that in the low-

dose group (42.63 ± 7.63 vs. 52.00 ± 8.94 mmHg,

P = 0.037). All differences showed statistical significance

(P \ 0.05) (Table 1).

RVI

RVI in the high-dose and low-dose MMF groups was lower

than that in the MCT group (0.2984 ± 0.0510 vs.

0.4878 ± 0.0983, P = 0.000, and 0.3855 ± 0.0985 vs.

0.4878 ± 0.0983, P = 0.014, respectively). RVI in the

high-dose MMF group was lower than that in the low-dose

group (0.2984 ± 0.0510 vs. 0.3855 ± 0.0985, P =

0.032 \ 0.05). All differences showed statistical signifi-

cance (P \ 0.05) (Table 1).

Table 1 Comparison of SPAP, RVI in MMF, MCT and control group

of rats

Group Number

of rats

SPAP (mmHg) RVI

Control 8 27.25 ± 7.82 0.2686 ± 0.0464

MCT 7 61.25 ± 9.60* 0.4878 ± 0.0983*

MMF low dose 7 52.00 ± 8.94** 0.3855 ± 0.0985**

MMF high dose 8 42.63 ± 7.63*** 0.2984 ± 0.0510***

* P \ 0.01 vs. control group, ** P \ 0.05 vs. MCT group,

*** P \ 0.01 vs. low-dose MMF group and P \ 0.05 vs. high-dose

MMF group
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Histology and morphology

In the control group, the structures of lung tissue, the inner

walls and SMCs of media of pulmonary arterioles were

normal (Fig. 1). The infiltration of inflammatory cells had

not been observed in lung parenchyma and the surround of

vessels (Figs. 2, 3). In the MCT group, the structures of

lung tissue were in disorder and lumina areas of pulmonary

arterioles decreased significantly with vascular walls

thickening markedly and the density of cell nucleus in

pulmonary arterioles increased predominantly (Fig. 1). A

great deal of inflammatory cells gathered along vascular

walls around the pulmonary arterioles in girdle shaped

(Fig. 2). Alveolar walls thickened obviously and a great

deal of inflammatory cells infiltrated into alveolar walls

(Fig. 3).

In the low-dose MMF group, the structures of lung tis-

sue and lumina areas of pulmonary arterioles were gener-

ally normal. The walls of pulmonary arterioles thickened in

a mild or moderate way (Fig. 1). Inflammatory cells around

the pulmonary arterioles infiltrated into the tissue spread in

line (Fig. 2). Alveolar wall thickening attenuated obvi-

ously. Only a few number of inflammatory cells infiltrated

into alveolar walls (Fig. 3). Image analyses of pulmonary

arterioles in each group were demonstrated in Table 2.

Culture and identification of PASMCs

On the first day, there was no difference of growing cell

numbers among the five groups (P [ 0.05). From the

second day, cell numbers decreased in middle dose MPA

group, high-dose MPA group and super high-dose MPA

group except low-dose MPA group compared to the control

group, and the difference had statistical significance

(P \ 0.01). Cell numbers were fewer in super high-dose

MPA group and high-dose MPA group compared to middle

dose MPA group. In contrast, there was no significant

difference between super high-dose MPA group and high-

dose MPA group in the number of growing cells

(P [ 0.05) (Fig. 4).

Effect of MPA on the viability of PASMCs

MTT was adopted to test the viability of PASMCs. The

optical density (OD) values of 10% FCS group were higher

than that of serum-free control group at a wavelength of

570 nm (0.530 ± 0.038 vs. 0.836 ± 0.036, P = 0.000).

OD values in low-dose MPA group decreased compared to

10% FCS group (0.800 ± 0.042 vs. 0.836 ± 0.036,

P = 0.140). OD values in middle dose MPA group and

high-dose MPA group represented to be lower than in 10%

FCS group (0.785 ± 0.020 vs. 0.836 ± 0.036, P = 0.017;

0.718 ± 0.054 vs. 0.836 ± 0.036, P = 0.002, respec-

tively). Effect of MPA on the viability of PASMCs was

dose dependent (Fig. 5).

Effect of MPA on cell cycle of PASMCs

Tables 3 and 4 and Fig. 6 show the effects of MPA on cell

cycle and proliferation index of PASMCs. Compared to the

Fig. 1 Pulmonary arteriolar

findings (940, HE staining)
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Fig. 2 Inflammatory changes

of vessels (940, HE staining)

Fig. 3 Pulmonary

inflammation (940, HE

staining)

Table 2 Image analyses of pulmonary arterioles in each group

Group Number of rats LA (%) WT (%) MT (%)

Control 8 53.75 ± 5.471 28.75 ± 2.493 60.81 ± 2.975

MCT 7 36.38 ± 5.012* 39.88 ± 3.137* 74.88 ± 3.980*

MMF low dose 7 42.00 ± 5.451** 35.63 ± 2.387** 69.44 ± 5.081**

MMF high dose 8 48.63 ± 4.897*** 32.75 ± 2.659*** 65.25 ± 3.845***

* P \ 0.01 vs. the control group, ** P \ 0.05 vs. the MCT group, *** P \ 0.01 vs. the MCT group and P \ 0.05 vs. the low-dose MMF group
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control group, the proliferation index in low-dose MPA

group decreased (29.25 ± 2.82 vs. 26.19 ± 3.37, P =

0.087), and kept falling in middle dose MPA group

(29.25 ± 2.82 vs. 22.80 ± 0.91, P = 0.001), decreased

further in high-dose MPA group (29.25 ± 2.82 vs.

13.91 ± 1.87, P = 0.000), with dose dependency.

Interrelationship between morphological index

and SPAP

SPAP positively correlated with RVI (r = 0.862, P =

0.000), WT% (r = 0.912, P = 0.000), MT% (r = 0.880,

P = 0.000), and negatively correlated with LA% (r =

0.893, P = 0.000). Interrelationships among WT%, MT%

and LA% were analyzed by multiple linear stepwise

regression, the regression equation was Ŷ ¼ �19:092�
0:562X1 þ 1:472X2 þ 0:590X3 (r = 0.965, P = 0.000).

The absolute standard coefficient was 5.533, 3.134, and

2.624 for WT% (X2), LA% (X1), and MT% (X3), respec-

tively, suggesting that the strength of the three parameters

correlated with RVI were in the following sequence: WT%,

LA%, and MT%.

Discussion

Pulmonary arterial hypertension is a severe issue in med-

ical treatment and health care at present, for its high rate in

morbidity, disability and mortality. The development of

PAH can lead to intractable right ventricular failure,

degrading life quality and even death [1, 2]; however, no

effective treatment for PAH has been established. Con-

nective tissue disease (CTD)-associated PAH was an

important ingredient of PAH, the PAH which may occur at

any stage of CTD will worsen the prognosis [8]. For many

years, PAH researches attached more importance on the

vasodilatation and regulation of vascular endothelial cells.

Although great progress has been made in this field, they

did not completely solve the persistent progressing of PAH.

The typical pathological change of PAH is the thickening

of pulmonary arteriolar wall in which proliferation, dys-

function of SMCs and muscularization of non-muscular

layer arteries (inside the alveolar) take important position.

Therefore, pulmonary vascular remodeling is considered as

an important factor of the persistency and irreversibility

properties of PAH [9]. In recent years, physiopathology of

PAH has been developed from a simple vasoconstrictor

mode to a neurohumoral proliferative mode [10]. Resear-

ches have also turned to reverse the proliferation and

fibrosis of VSMCs.

As an immunosuppressant, MMF, which is active

component of MPA, is widely used in the transplantation

and treatment of autoimmune diseases [11–13]. Researches

about transplantation have disclosed that in addition to

lymphocyte, MPA is able to inhibit proliferation of non-

immunological cells such as vascular endothelial cells,

Fig. 4 Effect of MPA on the growth curve of PASMCs was dose

dependent

Fig. 5 Effect of MPA on the viability of PASMCs was dose

dependent

Table 3 Effect of MPA on cell cycle of PASMCs in vitro

Group G0/G1 phase S phase

Fraction P value Fraction P value

Control 70.60 ± 2.58 17.13 ± 2.43

MPA 10-7 M 73.83 ± 3.36 0.047 14.65 ± 1.14 0.627

MPA 10-6 M 77.20 ± 0.91 0.000 15.00 ± 0.84 0.001

MPA 10-5 M 86.05 ± 1.91 0.000 8.95 ± 1.08 0.000

Table 4 Effect of MPA on cell cycle and proliferation index of

PASMCs in vitro

Group G2M phase Proliferation index

Fraction P value Index P value

Control 12.08 ± 1.96 29.25 ± 2.82

MPA 10-7 M 11.55 ± 2.40 0.022 26.19 ± 3.37 0.087

MPA 10-6 M 7.80 ± 0.32 0.045 22.80 ± 0.91 0.001

MPA 10-5 M 4.95 ± 1.48 0.000 13.91 ± 1.87 0.000
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SMCs, fibroblasts [14, 15]. Shimizu found that MPA could

prevent transplanted vessels from sclerosis by the inhibi-

tion of VSMC proliferation. Findings of Voisard et al. [4]

demonstrated that MPA inhibited proliferation of human

coronary SMCs in a dose-dependent manner and the

effective concentration (0.5 lg/ml) in vitro was below

clinically applicable plasma level.

Inspired by researches on transplantation, we hypothe-

size that MPA has beneficial effect on PAH through

inhibiting proliferation of vascular endothelial cells, SMCs

and fibroblasts in pulmonary, as well as by its strong anti-

inflammatory action. Clinical researches also verified the

potent effects of MMF on PAH. Our previous investiga-

tions showed a combined therapy of glucocorticoid and

MMF can decrease SPAP significantly in patients with SLE

associated with PAH. The most favorable clinical outcome

up to now is a decrease of 76 mmH2O of SPAP in a SLE-

associated PAH patients. The longest course of this treat-

ment has lasted more than 2 years and the patient keeping a

stable SPAP (published in another article).

In this study, rats were injected intraperitoneally with

MCT to induce PAH. Various doses of MMF were injected

at the same time and finally resulting in reduced SPAP and

RVI. It suggests that MMF can prevent the development of

MCT-induced PAH in rats and attenuate right ventricle

hypertrophy.

Moreover, our data also revealed reduced pulmonary

lumina areas, controlled the vascular wall thickening,

marked mitigated inflammation around the pulmonary

arterioles, and lightened structural damage and inflamma-

tion of lung tissue. All these results indicated that MMF, in

pulmonary arterioles of PAH rat model, can effectively

inhibit proliferation of vascular walls, reduce vascular wall

thickening, improve stenosis of lumina, inhibit vascular

remodeling and the development of alveolitis and pul-

monary vasculitis as well. Consequently, the PAH was

relieved. In addition, the therapeutic effects of the high-

dose MMF group were superior to the low-dose group.

Combined with the results of cell experiments, the effect of

MMF on SPAP in rat PAH model was confirmed in dose

dependency. Moreover, our date demonstrated that the

thickening tendencies in vascular wall were effectively

controlled by MMF. Yet, further studies are still required.

Hypothesis that increased dose of MMF and prolonged

course of treatment may be good to the PAH patients needs

to be confirmed.

The study showed that there was a favorable linear

relationship between SPAP and lumina area ratio, vascular

wall thickness ratio, tunica media thickness ratio in PAH

rats. The effects of the three parameters on SPAP were in

the following sequence: WT%, LA%, and MT%, suggest-

ing that the elevated SPAP, which was induced by pul-

monary arterial wall thickening, was relevant to tunica

media thickening (mainly posed by vascular smooth mus-

cles), as well as changes to other components in the pul-

monary arteriolar wall, such as proliferation of

endotheliocytes and fibroblasts, accumulation of extracel-

lular matrix. MMF is not only limited to the inhibition of

the proliferation of vascular smooth muscle, but also

effects other components in pulmonary arteriolar wall.

Researches on this issue are undertaking now.

Several methods were used to investigate the effects of

MPA on PASMCs of rats in this study. The study pre-

liminarily confirms that MPA had experimental ground-

work in the treatment of PAH. The results showed MPA

can inhibit PASMC proliferation in rats in a dose-depen-

dent manner. The 10% FBS-induced PASMC proliferation

in the MPA 10-4 M and 10-5 M groups was more than

that in the MPA 10-6 M group. The minimum effective

drug concentration of MPA was 10-6 M. The direct inhi-

bition of MPA on PASMC suggested that MPA can inhibit

vascular wall remodeling of pulmonary arterioles.

Researches by Suzuki [16] has also indicated that MPA can

inhibit serum-stimulated human PASMC proliferation in a

dose-dependent manner (10-8–10-6 M), and our results

tallied with it.

Raisanen reported that the ratio between MMF dose

with significant inhibitory effect on inflammation and SMC

proliferation in vitro and the maximal systemic plasma

level of MMF in vivo was 0.58 in artery transplantation rat

model, which was far higher than the ratio 0.014 (C0.5 lg/

ml) that between a significant anti-proliferation effect in

Fig. 6 Effect of MPA on cell

cycle of PASMCs (from left to

right: the control group, the

moderate dose group, the high-

dose group)
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vitro and the maximal systemic plasma level in vivo,

confirming that MMF dose with significant inhibitory

effect on SMCs proliferation had clinical applicability [17].

Later, Moon et al. [18] demonstrated that the MPA dose

with significant anti-proliferation effect on SMCs of rat

aorta was within the clinical applicable scope. It is also

reported that clinically applied dose (10-6 M) of MPA

could inhibit the proliferation of cultured human arteriolar

SMCs [19]. This study found the effective MMF dose with

a significant anti-proliferation on serum-stimulated

PASMCs was 10-7–10-5 M, which was lower than above-

mentioned effective doses, further confirming that the

inhibitory effect of MMF on PASMCs has clinical

applicability.

This study revealed the effect of MPA on cell cycle of

PASMCs as following: an increased percentage of G1

phase and decreased percentage of S, G2M, dividing

phases, suggesting the anti-proliferation role of MPA was

mainly performed in S, G2M and dividing phase of

PASMCs, especially the S phase.

This study substantiated that MPA can inhibit the

development of MCT-induced rat PAH effectively. MMF

therapy can alleviate thickening of pulmonary arteriolar

wall, inhibit abnormal vascular remodeling. MPA inhibits

PASMCs proliferation in a dose-dependent manner and

thus there are experimental bases of treatment in PAH. The

effective concentration of MPA is within clinical applica-

ble scope.

MPA significantly inhibits PASMC proliferation by

inhibition of DNA synthesis in cell cycle. These results

suggested MPA has a huge potentiality in the treatment of

human PAH. The application of MMF in PAH is a pending

issue. Therefore, we will do further researches about the

effects of MPA on function (proliferation, immigration,

contraction, and so on) and phonotype transformation of

PASMCs, the effect of MPA on the action mode in animal

PAH model and the prospect of clinical application, and try

to provide a potential drug against PAH.
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