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Wang et al.: Rosiglitazone and Monocrotaline-Induced Pulmonary Arterial Hypertension in Rats
To investigate the effect of rosiglitazone on pulmonary arterial hypertension in rats monocrotaline
(60 mg/kg)-induced pulmonary arterial hypertension was developed in male Sprague Dawley rats.
Pulmonary arterial hypertensive rats were given different treatments (n=8 per group), such as saline,
low dose rosiglitazone (2.5 mg/kg), and high-dose rosiglitazone (5 mg/kg) via oral gavage once a d for
21 d. Sprague Dawley rats (n=8) injected subcutaneously with physiological saline were also included as
the sham control (group N), which received saline as the treatment. When the 21 d treatment regimens
were completed, the mean pulmonary artery pressure was measured through right heart catherization.
Hematoxylin and eosin staining was done to examine the histological changes of lung tissues, with the
tunica media thickness of small pulmonary arteries were evaluated by Elastin Van Gieson staining. The
medial thickness relative to the vascular diameter was determined. The degree of muscularization and
α-smooth muscle actin density of non-muscularized pulmonary arterioles were also assessed. The protein
expression of peroxisome proliferator-activator receptor-γ, metalloproteinase matrix metallopeptidases-2
and matrix metallopeptidases-9 in lungs was studied using immunohistochemistry. The expression of
peroxisome proliferator-activator receptor-γ, matrix metallopeptidases-2 and matrix metallopeptidases-9
and tissue inhibitor of metalloproteinase-1 genes in lungs was assessed using fluorescent quantitative
polymerase chain reaction. The activity of matrix metallopeptidases-2 and matrix metallopeptidases-9
was determined using gelatin zymography. Treatment of pulmonary arterial hypertension rats with
low-dose and high-dose rosiglitazone significantly reduced mean pulmonary artery pressure compared
to saline treatment (saline 37±5, low-dose rosiglitazone 28±4 and high-dose rosiglitazone 27±4 mmHg).
Rosiglitazone treatment also reduced % wall thickness compared to the control (saline, 45.5±5.5, low-dose
rosiglitazone 16.7±1.7 and high-dose rosiglitazone 13.1±3.9 %). Rosiglitazone treatment also decreased
muscularization and α-smooth muscle actin density of pulmonary arterioles (muscularization: saline,
67.55±2.95 %; low-dose rosiglitazone, 54.73±2.39 %; high-dose rosiglitazone, 51.74±2.67 %; α-smooth
muscle actin density: saline, 0.49±0.03; low-dose, 0.38±0.03; high-dose, 0.31±0.02). Compared to the
pulmonary arterial hypertension rats receiving saline alone, those treated with low-dose and high-dose
rosiglitazone presented significantly higher peroxisome proliferator-activator receptor-γ expression and
lower metallopeptidases-2, metallopeptidases-9 and tissue inhibitor of metalloproteinase-1 expression in
lung tissues. Low-dose and high-dose rosiglitazone treatment also reduced metallopeptidases-9 activity in
lung tissues compared to the saline-treated pulmonary arterial hypertension rats. Early administration
of rosiglitazone might delay the progression of monocrotaline-induced pulmonary arterial hypertension
in rats. The underlying mechanism could be attributed to the reactivation of peroxisome proliferatoractivator receptor-γ signaling that modulated metallopeptidases-9 activity and in turn extracellular matrix
remodeling.
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Pulmonary arterial hypertension (PAH) is a progressive
disease with a characteristic of increased pulmonary

vascular resistance. It is believed that the increased
resistance was attributed to the pulmonary vascular
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remodeling. Antiremodelling therapy has thus become
an important treatment strategy for PAH. The process
of pulmonary vascular remodelling involved the
migration, infiltration, and proliferation of smooth
muscle cells (SMCs) and fibroblasts, as well as the
muscularization of the distal part of the pulmonary
arterial tree. Another characteristic of severe PAH
is the formation of a layer of myofibroblasts and
extracellular matrix (ECM) between the endothelium
and the internal elastic lamina[1,2]. Evidences showed
that dynamics of ECM played a critical role in vascular
remodeling[3]. Matrix metalloproteinases (MMPs) are
regulators of EMC degradation and tissue inhibitor
of metalloproteinases (TIMPs) are key inhibitors of
MMP activity. Both MMPs and TIMPs are important
regulators for the remodelling of ECM[4,5]. Studies
reported that patients or animal models with pulmonary
hypertension had aberrant expressions of MMP-2,
MMP-9, and TIMPs[6,7], indicating a critical role of
MMPs during pulmonary vascular modeling and PAH
progression.
Peroxisome proliferator activated receptor-γ (PPAR-γ)
belongs to the nuclear hormone receptor superfamily and
is involved in the regulation of glycolipid metabolism,
inflammatory response and cell proliferation/
apoptosis[8,9]. Studies have shown that PPAR-γ inhibited
the expression of MMPs, in which the associations with
MMP-2 and MMP-9 were frequently reported[10-17].
In vivo studies of atherosclerosis, hypertension, and
cardiac remodelling, as well as in vitro studies of SMCs,
showed that the therapeutic effects of PPAR-γ agonist
were exerted through the regulation of MMPs and
TIMP[10,11,14]. It was reported that PPAR-γ expression
was reduced in lungs from patients with pulmonary
hypertension[18] and the PPAR-γ agonist could inhibit
or reverse the progression of PAH[19-23]. However,
the underlying mechanism of PPAR-γ on pulmonary
vascular remodelling remains to be elucidated.
Rosiglitazone is a PPAR-γ agonist of the
thiazolidinedione (TZD) class. It has a hypoglycemic
action and used to treat diabetes, as well as effects on
inflammation, cell proliferation, and metabolism[24].
Recent studies showed that TZDs including
pioglitazone, troglitazone and rosiglitazone have
reduced pulmonary hypertension and pulmonary
vascular remodelling in animal models of hypertension
induced by monocrotaline or hypoxia[25-27]. Several
studies suggested that the improvement of pulmonary
vascular remodelling by TZDs was through regulating
many factors such as BMP-2, HO-1, ET-1, VEGF,
11

5-HT, NF-κB, TGF-β[23,28-33]. However, there have been
limited studies on the mechanism through MMPs.
It was hypothesized that the reversal of pulmonary
vascular remodelling by rosiglitazone was through
activation of PPAR-γ, as well as regulating MMPs and
remodelling of ECM. In this study, a rat model of PAH
induced by monocrotaline (MCT) was used and the
effects of rosiglitazone on PPAR-γ, MMP-2, MMP-2
and TIMP-1 were investigated.

MATERIALS AND METHODS
Animal grouping and treatment:
Thirty-two male SPF-grade Sprague Dawley (SD)
rats, aged 6 w with body weight of 170-190 g, were
purchased from Beijing Vital River Laboratory Animal
Technology Co. Ltd (Beijing, China). The rats were
maintained in a humidity-controlled facility with a 12-h
light/dark cycle at ambient temperature and had ad
libitum access to sterilized chow and water. Rats were
acclaimed for 4 to 5 d before starting the study.
Rats were randomly divided into experimental and
control groups (n=8 per group). To induce PAH, rats
were subcutaneously injected with 60 mg/kg MCT
(Sigma, St. Louis, MO, USA). Sham-operated control
rats received subcutaneous injection of physiologic
saline. Treatments were initiated on the day of MCT
injection and were given via oral gavage once a d for 21
d. PAH rats of the control group (group M) were given
physiologic saline. The published effective dose of
rosiglitazone ranged from 0.5 to 10 mg/kg depending on
the route of administration, dose frequency, and nature
of disease models[30,33]. In view of this, 2 dose levels of
rosiglitazone were tested in this study. PAH rats of the
low (group MRL) and high dose (group MRH) groups
received orally 2.5 and 5.0 mg/kg rosiglitazone maleate
(Avandia, GlaxoSmithKline, UK), respectively.
The sham-operated rats (group N) were treated with
physiologic saline. All rats were closely monitored
throughout the study; body weights measured before
and 7, 14, and 21 d after the commencement of
treatment. Animal use and study design were approved
by the Beijing Jishuitan Hospital Institutional Animal
Care and Use Committee.
Lung tissue collection:
After the treatment was completed, rats were
anaesthetized with 1200 mg/kg urethane. Right lungs
were first perfused with physiologic saline and then
harvested and stored in liquid nitrogen until use. Left

Indian Journal of Pharmaceutical Sciences

Special Issue 7, 2020

www.ijpsonline.com

lungs were fixed with 4 % paraformaldehyde for
histological studies. After lung tissue collection, rats
were euthanized by cervical dislocation. Animal deaths
were confirmed with the lack of corneal reflex, and the
absence of respiration and heartbeat over a period of
more than 5 min.
Assessment of pulmonary hemodynamics and right
ventricular hypertrophy index (RVHI) was done by
isolating the right jugular vein of the rat under anesthesia,
A 0.9-mm catheter connected to a pressure monitor, was
inserted and advanced into the right ventricle and then
into the pulmonary trunk to measure right ventricular
systolic pressure (RVSP) and pulmonary artery mean
pressure (mPAP). RVHI was determined after complete
removal of the heart, right ventricle, left ventricle and
the ventricular septum were separated and individually
weighted. RVHI was expressed as the ratio of weight
of the right ventricular wall and that of the free left
ventricular wall and ventricular septum.
Pulmonary arteriole measurement:
Elastin Van Gieson-stained lung sections were observed
under light microscope with a magnification power
of 400×. Thirty pieces of pulmonary arterioles with a
diameter of 50 to 150 µm were randomly selected from
each stained section. The wall thickness (WT) of the
pulmonary arterioles and the vascular outer diameter
(ED) were determined using Image-Pro Plus 6.0 image
acquisition and processing system. Percent WT was
calculated as (2×WT/ED)×100.
Assessment of muscularization of arterioles:
Extension of α-SMA-positive smooth muscle cells
into non-muscular arterioles of the alveolar wall
was examined. Under the light microscope, 20 highpower fields (400X) were randomly selected. Thirty
to sixty arterioles of a diameter of 15 to 50 µm in the
acinus were then counted. According to the degree
of α-SMA staining, the muscularization of arterioles
was categorized as muscular, partially muscular and
non-muscular. The degree of muscularization was
then calculated as % muscular and partially muscular
arterioles in total observed arterioles. The optical
density of α-SMA staining was also determined at
the same optical fields for arteriole muscularization
assessment.

staining. Left lung tissues were formalin-fixed,
dehydrated and paraffin-embedded. To perform
immunohistochemistry, sections with thickness of
4 µm were prepared, rehydrated and subjected to
antigen retrieval. Tissue slides were then stained with
mouse monoclonal anti-α-SMA antibody (Boster
Biological Technology, Wuhan, China), rabbit
polyclonal antibodies against PPARγ, MMP-2 or
MMP-9 (Bioss Antibodies, Beijing, China) at room
temperature for 1 h. After incubation with respective
HRP-conjugate and washing, signals were developed
using 3,3’-diaminobenzidine from Boster Biological
Technology.
Gene expression study:
Total RNA was extracted from the right lung using
TriZol/chloroform approach. After that, the total RNA
was used as a template for the synthesis of first-strand
cDNA. The amounts of PPARγ, MMP-2, MMP-9 and
TIMP-1 transcripts were quantitated using real-time
PCR. Gene amplification was done using SYBR Green
Master Mix (Bio-Rad Laboratories, Hercules, CA, USA)
in Bio-Rad Chromo 4 system with oligonucleotides.
The reaction mixtures were subjected to an initial
denaturation at 95º for 30 s, which was followed by 35
cycles of denaturation (95º for 15 s) and extension (60º
for 30 s). The gene level of each amplified target was
then quantified using 2-ΔΔCt method. Housekeeping gene
β-actin was included as the internal loading control.
Metalloproteinase activity assay:
Protein extracted from the right lungs was resolved
using electrophoresis and then assayed for bioactivity
using gelatin zymography. Images were captured with
an imaging instrument from Tanon (Shanghai, China).
The cumulative optical density of the bands was also
collected from quantitative analysis.
Statistical analysis:
All data were analysed using statistical software
SPSS version 23.0. Counting data were expressed in
terms of rate or composition ratio. Measurement data
were presented as mean ± SD. Paired t-test and oneway analysis of variance were used for comparison
between groups. Statistically significant comparison
was indicated by p-value *< 0.05, **< 0.01.

Lung immunohistochemical staining:

RESULTS AND DISCUSSION

The expression of α-SMA, PPARγ, MMP-2 and MMP9 in the lung was studied using immunohistochemical

During the in-live study, except in the low-dose treatment
group, all rats survived. In the low-dose treatment
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group, one rat died of experimental procedure related to
oral gavage with another one died of unknown reasons.
Before the PAH induction by MCT injection, all the rats
showed comparable body weight (Table 1). However, 7,
14, and 21 d after the MCT injection, the body weights
of PAH rats of the model, low-dose treatment and
high-dose treatment groups were significantly lower
than those of the sham-operated rats. There were no
significant differences in body weights between PAH
rats of different treatment groups.
The mPAP, RVSP, and RVHI of all rats were determined
(Table 2). The average mPAP, RVSP, and RVHI of the
model rats (group M) were all significantly higher
than those of the sham control. Treatment of PAH rats
with low dose and high dose rosiglitazone reduced
significantly mPAP, RVSP, and RVHI comparing to
the model rats receiving no treatment. High-dose
rosiglitazone apparently further reduced the average
TABLE 1: EFFECT OF ROSIGLITAZONE ON THE
BODY WEIGHTS OF PAH RATS
Group
Sham (n=8)
PAH (n=8)
MRH (n=8)
MRL (n=8)

Week 0
227±9
227±9
226±4
228±7

Week 1
287±12
261±17#
268±8*
261±8#

Week 2
331±15
276±24#
275±15#
284±11#

Week 3
375±19
319±29#
328±14#
329±12#

All values are mean±SD, #p<0.01, *p< 0.05, comparing to the sham
control

TABLE 2: EFFECT OF ROSIGLITAZONE ON MPAP,
RVSP, AND RVHI OF PAH RATS
Group
Sham (n=8)
PAH (n=8)
MRH (n=8)
MRL (n=6)

mPAP (mmHg)
17.13±3.30
37.00±4.98#
★
26.88±3.55 #
★
28.29±3.60#

RVSP (mmHg)
40.33±5.77
67.04±4.87*
50.09±5.61■
55.71±4.85*

RVHI
0.25±0.02
0.40±0.02✚
0.33±0.03✚●
0.33±0.02✚●

All values are mean±SD, mPAP: #p<0.01 comparing to sham; ★p<0.01
comparing to PAH. RVSP: *p<0.01 comparing to sham; ■p<0.05
comparing to sham; ∅p<0.01 comparing to PAH. RVHI: ✚p<0.01
comparing to sham; ●p<0.01 comparing to PAH

mPAP and RVSP comparing to the low-dose. However,
the differences between two groups were not statistically
significantly.
The pulmonary artery of the sham control rat remained
intact with no signs of infiltration of inflammatory cells
as revealed by H&E staining (fig. 1). In the control PAH
rats receiving no treatment, the pulmonary artery was
significantly thickened, narrowing the lumen of the
artery. Infiltrating inflammatory cells were observed
around the vessels. The acinar pulmonary arterioles
were also significantly muscularized. In the PAH rats
treated with low-dose and high-dose rosiglitazone, the
pulmonary artery walls were slightly thickened with
little infiltration of inflammatory cells. The acinar
pulmonary arterioles were also mildly muscularized.
The medial layers of the pulmonary arterioles of rats
were examined using ET+VG staining (fig. 2A). Both
the external and internal elastic laminas of the sham
control rats were smooth. In the model rat, the external
and internal elastic laminas were squeezed into a wavy
shape. Significant hypertrophy of the medial smooth
muscle layer was also noted. In the rats treated with lowdose and high-dose rosiglitazone, the medial smooth
muscle layers showed only mild hypertrophy. The
external and internal elastic laminas of the pulmonary
arterioles of these rats were not compressed.
All PAH rats displayed elevated WT % comparing to
the sham-operated rats, of which the differences were
statistically significant (p<0.01, fig. 2B). Treatment of
PAH rats with low-dose and high-dose rosiglitazone
significantly reduced WT % comparing to their
counterparts receiving no treatment (p<0.01). The WT
% of PAH rats receiving high-dose rosiglitazone was
comparable to those of the sham control. The WT %
of PAH rats treated with low-dose rosiglitazone was

Fig. 1: Effect of rosiglitazone on inflammatory cell infiltration and arteriole wall muscularization of PAH rats
(A) Pulmonary arterioles of rats receiving Sham-operation only; PAH induction and saline; PAH induction and high-dose
rosiglitazone (5 mg/kg); and PAH induction and low-dose rosiglitazone (2.5 mg/kg). (B) Acinar pulmonary arterioles of rats receiving
Sham-operation only; PAH induction and saline; PAH induction and high-dose rosiglitazone (5 mg/kg); and PAH induction and
low-dose rosiglitazone (2.5 mg/kg). Treatment with rosiglitazone was demonstrated to ameliorate the infiltration of inflammatory
cells and to reduce the degree of muscularization of arteriole walls. Shown is the representative set of data. Magnification of ×400.
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still significantly higher than those of the sham control
(p<0.05).
Comparing to the sham control rats, PAH rats of
different treatment groups displayed significantly
higher percentages of arteriole muscularization as
well as α-SMA optical density (Table 3). Treatment of
PAH rats with low-dose and high-dose rosiglitazone
significantly reduced arteriole muscularization (p<0.01)
and α-SMA optical density (p<0.01) comparing to their
counterparts receiving no treatment. PAH rats received
high-dose rosiglitazone treatment presented lower
α-SMA optical density (p<0.01) comparing to the
counterpart rats treated with low-dose rosiglitazone,
despite the difference in arteriole muscularization was
not statistically significant (p>0.05).
Upon immunohistochemical staining, PPARγ-positive
cells were majorly detected in the intima of pulmonary
TABLE 3: EFFECT OF ROSIGLITAZONE ON THE
MUSCULARIZATION OF PULMONARY ARTERIOLES
OF PAH RATS
Group
Sham (n=8)
PAH (n=8)
MRH (n=8)
MRL (n=6)

Percentage
muscularization (%)
19.91±2.27
67.55±2.95#
51.74±2.67#■
54.73±2.39#■

α-SMA optical
density
0.22±0.04
0.49±0.03▲
0.31±0.02▲
0.38±0.03▲●

All values are mean±SD, #p<0.01 comparing to sham; ■p<0.01
comparing to PAH. α-SMA optical density: ▲p<0.01 comparing to
sham; p<0.01 comparing to PAH; ●p<0.05 comparing to MRH.

blood vessel. The brownish yellow signal of PPARγ
was localized in the cytoplasmic compartments and
the nuclei of the cells (fig. 3). In the sham control rats
PPARγ signal was detected in the intima of pulmonary
arterioles. PAH induction suppressed the expression of
PPARγ, while treatment with low-dose and high-dose
rosiglitazone could restore PPARγ in the arterioles.
The mRNA levels of MMP-2, MMP-9, and TIMP-1 in
lung tissues were also studied (Table 4). PAH induction
significantly increased MMP-2, MMP-9, and TIMP1 mRNA levels comparing to the sham control rats
(p<0.01). Treatment of PAH with low-dose and highdose rosiglitazone led to substantial decreases in all the
three gene targets comparing to the PAH rats receiving
no treatment (p<0.01). The MMP-9 gene expression
of model rats receiving high-dose rosiglitazone was
significantly lower than that of rats treated with lowdose rosiglitazone (p<0.05).
The underlying pathogenesis of PAH is attributed to
the remodelling of pulmonary vascular, of which the
key manifestations include pulmonary neointimal
formation, intimal fibrosis, mesenteric hypertrophy,
formation of plexiform lesions, aberrant changes in
extracellular matrix (ECM), and abnormal depositions
in the pulmonary vascular wall. All these changes are
associated with dysfunction of vascular endothelial
cells (EC), activation of SMCs and fibroblasts and

Fig. 2: Effect of rosiglitazone on the thickness of the medial smooth muscle layer of PAH rats
(A) ET+VG staining of rats receiving different treatments: Sham-operation only; PAH induction and saline; PAH induction and
high-dose rosiglitazone (5 mg/kg); and PAH induction and low-dose rosiglitazone (2.5 mg/kg). Staining results suggested that PAH
caused significant hypertrophy of the medial smooth muscle layer of rat arterioles. Treatment with rosiglitazone could significantly
prevent the hypertrophy of the smooth muscle. Shown is the representative set of data. Magnification × 400. (B) The medial thickness
of pulmonary arterioles of rats with MCT-induced PAH was quantified as WT % and compared. Rosiglitazone treatment, both low
and high doses, could reduce the medial thickness of pulmonary arterioles in rats. #p<0.01 when compared to the sham control;
*p<0.01 when compared to PAH rats treated with saline alone; **p<0.05 when compared to the sham control.
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Fig. 3: Effect of rosiglitazone on the gene and protein expression of PPARγ in the lungs of PAH rats
Immunohistochemistry was performed to examine protein expression of PPARγ in rat lungs. PAH suppressed PPARγ expression in
the lungs of rats with PAH. Treatment with rosiglitazone, both low and high doses, could restore PPARγ expression as localized by
the brownish-red reactivity signals. Shown is the representative set of data. Magnification ×400.

TABLE 4: EFFECT OF ROSIGLITAZONE ON THE MRNA EXPRESSION OF MMP-2, MMP-9 AND TIMP-1 OF
PAH RATS
Group
Sham (n=8)
PAH (n=8)
MRH (n=8)
MRL (n=6)

MMP-2 mRNA (2-ΔΔCt )
0.96±0.08
3.30±0.39#
2.00±0.20#
2.37±0.17#

MMP-9 mRNA (2-ΔΔCt)
0.96±0.06
7.07±0.54*
3.89±0.65*▲
5.00±0.71*▲▼

TIMP-1 mRNA (2-ΔΔCt)
1.02±0.14
3.52±0.44■
2.20±0.34■●
2.58±0.36■●

All values are mean±SD, MMP-2 mRNA: #p<0.01 comparing to sham; p<0.01 comparing to PAH. MMP-9 mRNA: *p<0.01 comparing to sham;
▲p<0.01 comparing to PAH; ▼p<0.05 comparing to MRH. TIMP-1 mRNA: ■p<0.01 comparing to sham; ●p<0.01 comparing to PAH

interactions between ECs, SMCs, and fibroblasts.
In this study, the therapeutic effect of rosiglitazone
was investigated in a clinically relevant rat model of
PAH induced by MCT. Three w after MCT injection,
right heart catheterization showed that substantial
elevations in the mPAP, RVSP, and RVHI of the model
rats. The changes in pulmonary hemodynamics were
accompanied with obvious pulmonary remodelling
characterized with intimal hyperplasia of pulmonary
arterioles and muscularization of acinar arteries. Early
administration of rosiglitazone could significantly
lower the elevation of mPAP, RVSP, and RVHI induced
by MCT, ameliorating the hyperplasia of pulmonary
arterioles and degree of muscularization of acinar
arteries in PAH rats.
In recent years, the ECM-derived signals have been
shown important to the formation and function of
blood vessel by their effects on endothelial and smooth
muscle cells[34]. MMPs represent a family of zinccontaining proteases that are capable of degrading
ECM. These can shape vascular remodelling by
affecting the proliferation, migration, and subsequent
neointimal formation of SMCs[35]. TIMPs are
endogenous inhibitors of MMPs. The balance between
the activation and inactivation of MMP, which is tightly
regulated by TIMPs, are essential to the homeostasis
of vascular matrix. Indeed, MMP-2 and -9 and TIMP1 have been implicated in the vascular remodelling of
15

MCT-induced PAH in rat[36-38]. Lepetit et al. reported
that in patients with IPAH, the MMP-2 activity and
TIMP-1 expression were increased, which might be
related to the proliferation and migration processes of
SMCs[7]. Serum MMP-9 levels in patients with IPAH
and hereditary PAH were elevated[39]. In MCT-induced
PAH model, MMP-2 and MMP-9 were significantly
elevated in terms of expression and activity[36]. The
increased expression of MMP-9 in lung tissues was
associated with right ventricular (RV) hypertrophy and
RV failure in model rats[40]. In line with these findings,
this study showed that compared with the sham control
rats, the mRNA expression and activity of MMP-2 and
MMP-9 in the lung tissues of PAH rats were significantly
increased, implicating the involvement of these MMPs
in the development of pulmonary vasculopathy of
PAH. The expression of TIMP-1 mRNA in lung tissues
was also elevated. This upregulation might serve as a
negative feedback mechanism to prevent MMPs from
hyperactivation.
In addition to MMPs and TIMPs, PPARγ, a member
of the transcription factor nuclear receptor superfamily,
is also affected in PAH. Studies showed that the
expression of PPARγ gene and protein in lung tissues
of patients with severe PAH and animal models of
PAH was significantly suppressed. The expression
in the plexiform lesions of PAH could be totally
absent[18,32]. A large body of evidence indicated the
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modulating effects of PPARγ on the multiple signaling
pathways involved in the pathogenesis of PAH. PPARγ
ligands were demonstrated to alleviate the pulmonary
vascular remodelling in animal models of PAH[2531,33,41]
. In vitro study also illustrated the relaxation of
pulmonary artery by PPARγ agonists in a time and
dose-dependent manner, of which the effect could be
attenuated by PPARγ antagonists[42]. In accordance with
previous studies, the present work also demonstrated
the down-regulated expression of PPARγ mRNA in the
pulmonary arterioles of rats with MCT-induced PAH,
and treatment of PAH rats with low and high doses
of rosiglitazone could restore the gene expression
of PPARγ in lung tissues. The high-dose treatment
achieved an apparently higher PPARγ restoration than
the low-dose, suggesting the pulmonary vasoprotective
effect of rosiglitazone could be dose-dependent.
Recent in vitro and in vivo findings from multiple
disease models such as hypertension, vascular injury,
ventricular remodelling, central nervous system
damage, and malignant tumors collectively pointed
to a notion that PPARγ agonists could reduce the
expression of MMPs[9,10]. Crossno et al. showed in a
rat model of hypoxia-induced PAH that rosiglitazone
could suppress the expression and activity of MMP-9
in rats lung tissues, improving collagen deposition on
pulmonary vascular wall, restoring the integrity of blood
vessels[17]. Interestingly, at the same time, rosiglitazone
could increase the expression of low-molecular weight
MMP-2 in the lung tissues of PAH rats. This lowmolecular weight MMP-2 was the fragment resulting
from the hydrolysis of MMP-2 by other proteases and
was believed to restore normal vascular architecture
by degrading excessive collagen of the ECM. Echo
with the previous findings, the present study clearly
showed that early intervention with rosiglitazone could
significantly reduce MMP-2, MMP-9, and TIMP1 mRNA expression in the lung tissues of PAH rats.
The activity of MMP-9 but not MMP-2 was also
suppressed. The regulation of MMPs is twofold, at
transcriptional and post-translational levels. MMPs
are expressed as inactive zymogens and become active
only after specific activation cleavage. Therefore,
although rosiglitazone reduced the mRNA expression
of MMP-2, the treatment did not significantly suppress
the activity of MMP-2 in the model.
In the current study design, rats were administered
rosiglitazone on the d when MCT was injected to induce
PAH. In this context, the action of rosiglitazone would
Special Issue 7, 2020

likely be preventive. The findings of the present study
collectively suggested that rosiglitazone could delay
the MCT-induced pulmonary vasculopathy in PAH rats
by activating PPARγ which in turn modulating MMPs
and TIMP-1. The signaling pathways involved would
be potential therapeutic targets for PAH treatment.
Nevertheless, the detailed mechanism of action of
MMPs in vascular remodelling has remained to be
fully elucidated. The use of a proper positive control
e.g. sildenafil will benefit the further validation of the
present findings by assessing their correlations between
pharmacological effects and mechanisms. To provide a
more comprehensive picture of the action of rosiglitazone
on PAH, the changes in pulmonary perivascular
fibrosis, collagen concentration and fibrosis markers
will be assessed. In addition, since the endothelial
dysfunction closely links to arterial hypertension, the
anti-proliferative properties of rosiglitazone will be
evaluated in primary pulmonary artery smooth muscle
cells and in vivo. Rosiglitazone has been used for the
treatment of diabetes; therefore, it is of interest to
explore the therapeutic effect of rosiglitazone on cells
exposed to high glucose concentration and in diabetic
rats with PAH. The protective effects of PPARγ agonists
in PAH will also be validated using specific antagonists
of PPARγ. Current medication for PAH is related to the
function of key pathways such as prostanoids, adenyl
cyclase and endothelin receptor, of which the common
element is calcium. Dynamic changes in intracellular
calcium play critical roles in regulating vascular
smooth muscle contractility and hence blood flow and
pressure[43]. The efficacy of ambrisentan and bosentan
are the currently used drugs for PAH. Combining these
drugs with rosiglitazone may cause synergistic effect,
providing multiple benefits thus improving the quality
of life of patients suffering from PAH. It would be of
interest to investigate the effect of rosiglitazone or
other TZDs on calcium influx. Two rats from the lowdose treatment group died during the study. One of the
deaths was due to the procedure related to oral gavage.
The procedure will be further refined to minimize the
number of death among rats in future validation studies.
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