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Abstract 

In order to study the therapeutic effect of aloperine (ALO) on the pulmonary arterial hypertension (PAH), 90 male Sprague 
Dawley (SD) rats were divided into six groups: sham group, PAH group, PAH + 25 mg/kg bw ALO group, PAH + 50 mg/kg 
bw ALO group, PAH + 100 mg/kg bw ALOgroup, and PAH + 25 mg/kg bw sildenafil group. The hemodynamic parameters, 
pulmonary fibrosis, vascular endothelial cell structure, intercellular monocyte chemotactic protein-1 (MCP-1) (adhesion 
factor-1) and ET-1 (endothelin-1) expression levels, and the expression levels of nuclear factor kappa light chain enhancer of 
activated B cells (NF-κB), tumour necrosis factor-α (TNF-α), and interleukin-1β (IL-1β) pathways were assayed by Western 
blotting in order to evaluate the influence of ALO on PAH. It was revealed that after the successful establishment of 
monocrotaline-induced PAH models in rats, rats showed decreased wall thickness of pulmonary arterioles, vascular stenosis, 
irregular swelling of vascular endothelial cells, proliferation of pulmonary fibrous tissues, disordered arrangement, increased 
number of MCP-1 and ET-1 cells, and increased expression levels of NF-κB, TNF-α, and IL-1β pathways. Sildenafil is well 
known to have protective effects on PAH. According to the achieved results, it can be concluded that ALO also has 
protective effects on PAH. ALO could improve the development of PAH through the NF-κB p65 signalling pathway. 
 
Rezumat 

Pentru a studia efectul terapeutic al aloperinei (ALO) asupra hipertensiunii arteriale pulmonare (HAP), s-a lucrat pe un număr 
de 90 de șobolani masculi Sprague Dawley (SD) împărțiți în șase grupuri: grupul martor, grupul HAP, grupul HAP + ALO 
25 mg/kg corp, grupul HPA + ALO 50 mg/kg corp, grupul HPA + ALO 100 mg/kg corp și grupul HAP + sildenafil 25 mg/kg 
corp. Au fost analizași următorii parametrii: hemodinamici, fibroza pulmonară, structura celulară endotelială vasculară, 
nivelurile expresiei proteinei chemotactice monocitare 1 (MCP-1) (factor de adeziune-1) și ET-1 (endotelin-1) expresia  
inductorului de lanț ușor al factorului nuclear kappa (NF-κB), factorul de necroză tumorală- α (TNF- α) și interleukina-1 β 
(IL-1 β). S-a constatat că, după stabilirea  modelelor de HAP induse de monocrotalină la șobolani, aceștia au prezentat o 
scădere a grosimii peretelui arterelor pulmonare, stenoză vasculară, gonflarea neregulată a celulelor endoteliale vasculare, 
proliferarea țesuturilor fibroase pulmonare,  creșterea numărului de MCP- 1 și celule ET-1 și niveluri crescute ale factorilor 
NF-kB, TNF- α și IL-1 β. Sildenafilul este cunoscut pentru efectele sale protectoare asupra HAP. Conform rezultatelor 
obținute, se poate concluziona că ALO are și efecte protectoare asupra HAP prin intermediul căii de semnalizare NF-κB p65. 
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Introduction 

Pulmonary arterial hypertension (PAH) is a chronic 
and progressive disease determined by increased blood 
pressure in the arteries that go from heart to lungs 
that untreated leads to right heart failure and ultimately, 
death [1]. Risk factors include family history, prior 
blood clots in the lungs, human immunodeficiency virus 
infection and acquired immune deficiency syndrome 
(HIV/AIDS), sickle cell disease, cocaine use, chronic 
obstructive pulmonary disease (COPD), sleep apnoea, 
living at high altitudes, and problems with the mitral 
valve [2, 28]. In patients with lung cancer, pulmonary 
hypertension can be produced by the immune and 
inflammatory process triggered by cancer cells. The 

alternative natural therapies with the cytotoxic effect 
such as alpha lipoic acid and Pistacia lentiscus were 
tried and the therapeutic effects were promising [3, 4]. 
Because of the remodelling of pulmonary arterioles and 
continuous increase of pulmonary vascular resistance 
caused by PAH, the long-term persistent PAH increases 
the right heart load, which may eventually lead to 
right ventricular dysfunction and even death due to 
right-sided heart failure [5, 6]. The leading cause of 
PAH is the imbalance of vasodilator and contractile 
factors caused by inflammatory cell infiltration [7], 
resulting in proliferation and hypertrophy of pulmonary 
arterial smooth muscle cells (PASMCs), the release of 
inflammatory factors, intimal hyperplasia and plexus 
vascular damage, and thrombosis [8, 9]. The imbalance 
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of vascular endothelial function may be one of the 
causes of early symptoms of PAH. Inflammation 
involving various cytokines, such as NF-κB (nuclear 
factor kappa-light-chain-enhancer of activated B cells) 
and TNF-α (tumour necrosis factor-α) signalling path-
ways, is an essential cause of PAH [10]. Modulation 
of the cytokine signalling pathway and inhibition of 
inflammatory factors may be a good therapeutic strategy 
for PAH [11, 12]. Aloperine (ALO) is an alkaloid 
extracted and isolated from Sophora alopecuroides L, 
Fabaceae, originally from China. The use of ALO 
increased in the last years. Many studies showed its 
anti-inflammatory, anti-oxidative, anti-mutagenic, and 
immunosuppressive effects [13-16, 29]. It has been 
speculated that aloperine has a protective effect in 
PAH, but the mechanisms involved are unclear [17, 
18]. Subcutaneous injection of monocrotaline into 
the abdomen of experimental animals can form 
typical “inflammatory” PAH and can be used to obtain 
a suitable PAH murine model [19]. Platelet-derived 
growth factor (PDGF) is known as a chemical inducer 
for the occurrence and development of PAH [20]. In 
this study, we use a murine model of PAH on male 
Sprague Dawley (SD) rats that received monocrotaline 
and PDGF-BB by subcutaneous injection into the 
abdomen. Using this animal model, this study aimed 
to investigate the protective effect of ALO on PAH 
and whether these effects are related to the NF-κB 
p65, TNF-α, and interleukin-1β (IL-1β) pathways. 
Sildenafil was used in the experiment as a positive 
control for the validity of the study. Sildenafil is a 
PDE-5 (phosphodiesterase type-5) inhibitor known 
for its anti-PAH effects [21]. 
 
Materials and Methods 

Animal study 
Ninety male Sprague Dawley (SD) rats (age, 6 - 8 
weeks; body weight, 260 - 280 g) were purchased 
from Nanjing Junke Bioengineering Co., Ltd, China. 
The animals were housed in a controlled environment 
with 12 h light/dark cycle, a temperature of 21 ± 2°C 
and a humidity between 35 - 55%. The experiments 
were performed with the approval of the Ethical 
Committee of Mudanjiang Medical University, China. 
The animals were randomly divided into six groups, 
15 rats per group as follows: A: sham group, B: PAH 
group, C: PAH + sildenafil (25 mg/kg bw) group, 
D: PAH + ALO (25 mg/kg bw) group, E: PAH + ALO 
(50 mg/kg bw) group, F: PAH + ALO (75 mg/kg bw) 
group.  
The PAH groups received 50 mg/kg bw/day of 2% 
monocrotaline (Sigma-Aldrich, USA) solution injected 
subcutaneously from the first day of the experiment. 
The sham group received the same volume of saline 
solution. From the 22nd day of the experiment, the 
rats from PAH + ALO groups received by gavage 25, 
50, and respectively 100 mg/kg bw/day ALO (Shanghai 

Yuanye Pharmaceutical Factory, China) for 21 days. 
The rats from PAH + sildenafil group received by 
gavage 25 mg/kg bw/day sildenafil (Hubei Dibai 
Chemical Co., Ltd. China) for 21 days from the 22nd 
day of the experiment. The rats from the sham group 
and the PAH group received the same amount of 
saline solution for 21 days. 
Detection of hemodynamic parameters and right 
ventricular hypertrophy index (RVHI) 
After 42 days from the start of the experiment, all the 
rats were weighed. Then the animals were anesthetized 
by intraperitoneal injection of 1 mL/100 g, 20% urethane 
(Sigma, USA). When the animals reached the deep 
state of anaesthesia, the pressure transducer filled 
with heparin (ABCam, USA) was connected with a 
right cardiac catheter. The air bubbles were expelled 
upward, and the right cardiac catheter was also filled 
with heparin solution. Then, the valve between the 
pressure transducer and the right cardiac catheter 
was temporarily closed. The rats were fixed on the 
operating table in the supine position after breathing 
stabilization. The right posterior longitudinal cut of 
the neck (1 - 2 cm) was sterilized with 75% alcohol. 
After removing the connective tissues and mucosa, 
the right external jugular vein was put back into the 
tissue for about 1 min. After stripping the right external 
jugular vein, the connective tissue and mucosa was 
removed without damaging the blood vessels, and 
then the right external jugular vein was put back 
into the tissues for about 1 minute, so as to re-fill 
the blood vessels. The distal end of the right external 
jugular vein was ligated. The stable RVSP and mean 
pulmonary artery pressure (mPAP) in rats were measured 
by MPA Cardiac Function Analysis System (China 
Alcott Technology Company, China). At the proximal 
end of about 50 mm from the ligation point, a small V-
shaped opening was cut to allow the catheter to enter 
in the right ventricle to measure right ventricle systolic 
pressure (RVSP). After the waveform was stable for 
5 min, the right cardiac catheter was gently pushed 
into the pulmonary artery to measure mPAP. 
After the hemodynamic parameters were measured, 
the thoracic cavity of rats was opened and washed 
with pre-cooled saline. The right ventricle and left 
ventricle were separated and weighed accurately, and 
the RVHI (right ventricle hypertrophy index) was 
calculated using the following formula: 

RVHI = right ventricular free wall/ left ventricle + 
interventricular septum. 

Morphological evaluation of pulmonary arterioles 
After measuring the RVHI, the left upper lobe and 
right ventricular apex tissues of rats were fixed in 10% 
formaldehyde for 48 h, for histological and immuno-
histochemical studies. After 10% formaldehyde fixation 
for 48 h the tissue was embedded in paraffin, cut into 
4 µm sections and deparaffinized in xylene. Part of 
the tissue sections was stained with haematoxylin and 
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eosin (H&E) and examined by transmission electron 
microscope (TEM) (Zeiss, Germany). 
Assessment of the degree of pulmonary arteriolar 
fibrosis 
The dried paraffin slices were stained with Masson's 
trichrome and examined by transmission electron 
microscopy (TEM) (Zeiss, Germany). The slices were 
stained with H&E, differentiated by hydrochloric acid 
alcohol, washed by distilled water, and stained with 
Masson’s trichrome (Soleboard Technology Co., Ltd. 
China). The slides were soaked with 2% glacial 
acetic acid (Nanjing Kaiji Corporation, China) and 
differentiated by 1% phosphomolybdic acid (Nanjing 
Kaiji Corporation, China) solution. After staining with 
aniline blue (ABCam, USA), the slices were soaked 
with 2% glacial acetic acid, and then soaked in 
anhydrous ethanol. After dehydration (twice), the slices 
were transparent with xylene and finally sealed with 
neutral gum. 
Assessment of endothelial cell damage in pulmonary 
arterioles 
The degree of endothelial cell damage in pulmonary 
arterioles was observed by TEM (Zeiss, Germany). 
Pulmonary arterioles endothelial cells were taken and 
fixed, and samples were prepared for TEM. The 
samples were washed three times with phosphate buffer 
solution (PBS) (Nanjing Kaiji Corporation, China) 
for 10 min each time. After that, the samples were 
fixed for 1 h with 1% osmium acid fixative (Nanjing 
Dongrui Platinum Co., Ltd. China) and cleaned with 
PBS for three times, 10 min each time. Dehydration, 
osmotic embedding, and polymer-embedding were 
performed, and the samples were dried in the oven 
at 45°C for 24 h and at 60°C for 48 h. Sections of 
60 nm were cut and observed after dying. 
Determination of intercellular MCP-1 (adhesion 
molecule 1) levels by immunohistochemistry (IHC)  
The paraffin-embedded sections were incubated for 2 
hours with primary rabbit monoclonal MCP-1 anti-
body (1:200). The expression level of inflammatory 
related factors in lung tissue was observed and evaluated 
under microscope. The images were analysed by 
Quantity One 4.6.2 Image Analyser (Bio-RAD Company, 
USA), and the relative expression was obtained. The 
sections were visualized with DAB kit (Solebo, China) 
using DAB (3,3′-diaminobenzidine) stain and 
haematoxylin as counterstain. The expression levels 
of related inflammatory factors in lung tissues was 
assessed by TEM.  
Determination of intercellular ET-1 (endothelin-1) 
levels by immunohistochemistry (IHC) 
The paraffin-embedded sections were incubated for 2 
hours with primary rabbit monoclonal antibody ET-1 
(1:1000), followed by incubation for 30 min with 
the secondary antibody coupled with horseradish 
peroxidase (dilution, 1:2000) (Abcam, Cambridge, 
UK). The number of stained positive cells was 
observed under a microscope to evaluate the 

expression of inflammatory-related factors in lung 
tissue. The sections were visualized with DAB kit 
(Solebo, China) as previously described.  
The expression of NF-κB, TNF-α, and IL-1β in 
pulmonary tissues of rats with PAH, assessed by 
Western blotting 
The protein extraction was made from lung tissues 
using bicinchoninic acid (BCA) protein assay kit 
(ABCam, USA) according to manufacturer instructions.  
Detection of sample protein content: the extracted 
protein solution was diluted 20 times by adding 19 µL 
lysis buffer and then 200 µL BCA (ABCam, USA) 
working solution. The conditions of the enzyme 
labelling instrument were set as follows: incubation 
at 37°C for 30 min, oscillation once every 10 s, and 
measurement of the optical density (OD) at 562 nm. 
The samples concentration (µg/µL) were obtained 
according to the standard curve. According to the 
measured protein concentration, lysis buffer was added 
in proportion to adjust the protein concentration of 
the sample to 5 µg/µL, boiled for 10 min, and then 
cooled and sub-packed at -80°C to avoid repeated 
freezing and thawing. 
Electrophoresis and transmembrane were carried out 
after the separation of colloidal particles. After the 
film was transferred, nitrocellulose (NC) membrane 
and gel were removed, and 2.5 g skimmed milk powder 
was dissolved in 50 mL PBST to form the 5% sealing 
solution, and NC membrane was sealed after 2 h. The 
immunoblots were washed and then probed with rabbit 
anti-NF-κB antibody (ABCam, USA) (1:1000), anti-
TNF-α antibody (ABCam, USA) (1:500), and anti-
IL-1β antibody (ABCam, USA) (1:500), respectively. 
Then membranes were rewarmed for 2 h, washed with 
PBST (phosphate buffered solution) (Beijing Solebo, 
China) for 3 times, 10 min each time and incubated 
for 2 h with the secondary antibody - mix goat anti-
rabbit IgG with 5% skimmed milk powder solution 
(ABCam, USA) at a ratio of 1:2000. After the incubation 
of the secondary antibody, the NC membrane was 
taken to discard the secondary antibody and washed 
three times with PBST, 15 min each time. NC was 
incubated with the reaction liquid for 2 min, and 
then exposed and developed. 
Statistical analysis 
SPSS 17.0 software (IBM, Armonk, NY, USA) was 
used for data analysis. The data were presented as 
mean ± standard deviation (SD). Student’s T-test was 
used to compare the mean of two groups of samples, 
and One-Way Analysis of Variance (ANOVA) was 
used to compare the differences in samples among the 
groups. Pearson correlation was used for correlation 
analysis. p < 0.05 indicated that there was significant 
difference, and p < 0.01 indicated that there was 
rather significant difference. 
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Results and Discussion 

Effects of ALO on mPAP in the murine model of PAH 
It was revealed that mPAP in each PAH group (65 
mmHg) was significantly higher than that in the sham 
group (21 mmHg) at 42 days after starting the PAH 
experimental model (p < 0.01). Compared with the 
PAH group, after treatment with different doses of 
ALO and sildenafil, mPAP decreased to varying 
degrees, and the mPAP (D: 61 mmHg; E: 47 mmHg; 
F: 42 mmHg) in the three PAH + ALO groups (ALO 

dosage of 25 mg/kg, 50 mg/kg and 100 mg/kg, 
respectively) was inversely proportional to the ALO 
dose administered (p < 0.01) (Figure 1A). The percentage 
of mPAP in the PAH group was 3 times higher than 
that in the sham group (p < 0.01). It was found that 
for the other groups with successful modelling, the 
percentage of LO in the D, E and F groups decreased 
with the increase of dose, with significant statistical 
difference (p < 0.01 (Figure 1B). 

 

 
Figure 1. 

Average pulmonary artery blood pressure of rats in each group: A: Average pulmonary artery blood pressure of 
rats in each group; B: Percentage change of average pulmonary artery blood pressure of rats in each group 

##p < 0.01 compared with the sham group; *p < 0.05, **p < 0.01 compared with the PAH group 
 
Effects of ALO on RVSP in the murine model of PAH 
Right ventricular systolic blood pressure (RVSP) 
increased significantly (125 mmHg) at 42 days after 
modelling in PAH group compared with the sham 
group (35 mmHg) (p < 0.01). Compared with the PAH 
group, RVSP decreased in varying degrees after 
treatment with different doses of ALO and sildenafil, 
and RVSP (D: 110 mmHg, E: 80 mmHg, F: 70 mmHg) 
of the ALO treatment group (ALO dose of 25 mg/kg, 
50 mg/kg and 100 mg/kg in groups D, E, and F, 

respectively) was inversely proportional to the therapeutic 
dose. The higher the dosage of ALO, the lower the 
RVSP (p < 0.01), as shown in Figure 2A. It was found 
that the percentage of RVSP in PAH group was 3 
times higher than that in sham group (p < 0.01). It 
was also found that in other groups with successful 
modelling, the percentage decreased with the increase 
in the dosage of ALO (25 mg/kg, 50 mg/kg, 100 mg/kg, 
respectively) in D, E and F groups, with significant 
statistical difference (p < 0.01), as shown in Figure 2B.

 

 
Figure 2. 

RVSP analysis of rats in each group: A: systolic pressure value of right ventricle of rats in each group; B: 
percentage change of systolic pressure of right ventricle of rats in each group  

##p < 0.01 compared with the sham group; *p < 0.05, **p < 0.01 compared with the PAH group 
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Effects of ALO on RVHI in the murine model of PAH  
RVHI increased significantly at 42 days in all PAH 
groups (0.8) compared with the sham group (0.3) (p < 
0.01). After treatment with ALO and sildenafil the 
RVHI decreased in varying degrees compare to PAH 
group. RVHI (D: 0.75, E: 0.65, F: 0.53) of ALO 
treatment groups (ALO dose of 25 mg/kg, 50 mg/kg 
and 100 mg/kg, respectively) was inversely proportional 
to the treatment dose. The higher the dosage of ALO, 

the lower the RVHI (p < 0.01), as shown in Figure 3A. 
The percentage of RVHI in the PAH group was 3 
times higher than that in the sham group (p < 0.01). It 
was also found that for the other groups with successful 
modelling, the percentage of ALO in group D, E and 
F (25 mg/kg, 50 mg/kg and 100 mg/kg, respectively) 
decreased with the increase of dosage, with statistical 
difference (p < 0.05), as shown in Figure 3B. 

 

 
Figure 3. 

Analysis of RCHI of rats in each group: A: Value of RCHI of rats in each group; B: Percentage change of RCHI 
of rats in each group  

##p < 0.01 compared with the sham group; *p < 0.05, **p < 0.01 compared with the PAH group 
 

 
Figure 4. 

Light microscopy of pulmonary arterioles in the experimental groups using H&E staining (magnification x1600): 
A: sham group; B: PAH group; C: PAH + 25 mg/kg bw ALO group; D: PAH + 50 mg/kg bw ALO group; 
E: PAH + 75 mg/kg bw ALO group; F: PAH + 25 mg/kg bw sildenafil group; G: Percentage of vascular 

thickness change in rats of each group  
##p < 0.01 compared with the sham group; *p < 0.05, **p < 0.01 compared with the PAH group 
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Effects of ALO on vascular remodelling of pulmonary 
arterioles in the murine model of PAH 
The results of H&E staining showed that the endothelial 
cells of pulmonary arterioles in the sham group (100%) 
were regular in shape, continuous in distribution, and 
orderly in the arrangement. The endothelial cells of 
pulmonary arterioles in the model group were partly 
swollen and exfoliated. PASMCs significantly proliferated 
with hypertrophy and irregular thickening (283%) 
of the lumen, resulting in lumen stenosis or even 
occlusion (p < 0.01). After treatment with ALO and 
sildenafil, the pulmonary arterial wall thickness of 
the rats varied between the sham group and the PAH 
group (The percentage of vascular thickness in group 
C, D, E and F were 163%, 261%, 232% and 200%, 
respectively), the endothelial cells partially fell off, 
and PASMCs also showed significant proliferation, 
while the degree was less than that of the sham group 
(p < 0.01), as displayed in Figure 4. 

Effects of ALO on myocardial tissues in the murine 
model of PAH 
According to the H&E staining results of myocardial 
tissue sections of rats under light microscopy, compared 
with the sham group (100%), the right ventricular 
myocardial fibres in the PAH group were disorderly 
arranged, and the intercellular spaces were enlarged 
and appeared with an irregular shape. During the 
sampling process, it was revealed that some rats even 
died due to pleural effusion, peritoneal effusion, liver 
enlargement, and severe symptoms (186%) (p < 0.01). 
After treatment with ALO and sildenafil, myocardial 
cells tended to arrange neatly (The percentage of 
nuclear density of cardiac myocytes in group C, D, E 
and F was 142%, 173%, 164% and 143%, respectively), 
with clear edges and regular morphology (p < 0.01), 
as illustrated in Figure 5. 

 

 
Figure 5. 

Myocardial tissue sections in the experimental groups using H&E staining (magnification x400): A: sham group; 
B - PAH group; C: PAH + 25 mg/kg bw ALO group; D: PAH + 50 mg/kg bw ALO group; E: PAH + 75 mg/kg 

bw ALO group; F: PAH + 25 mg/kg bw sildenafil group; G: Percentage of nuclear density changes in 
myocardial cells of rats in each group  

##p < 0.01 compared with the sham group; *p < 0.05, **p < 0.01 compared with the PAH group 
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Effects of ALO on pulmonary fibrous tissues in the 
murine model of PAH 
Masson's trichrome staining of pulmonary fibrous tissue 
in the PAH group showed that the fibrous muscle 
and cellulose were red, and the collagen fibres were 
light pink. In the sham group (100%), the pulmonary 
fibrous tissue was well organized, arranged regularly, 
with normal morphology and visible, alveolar structure. 
In the PAH group, a great number of collagen fibres 

could be observed in the pulmonary fibrous tissues. 
The fibrous structure was disordered, irregularly 
arranged, and the alveoli were atrophied and blocked 
(196%) (p < 0.01). After administration of ALO and 
sildenafil, the proliferation was markedly improved 
(The percentage of collagen fibres proliferation in 
group C, D, E and F were 163%, 184%, 176% and 
152%, respectively (p < 0.01), as depicted in Figure 6. 

 

 
Figure 6. 

Light microscopy of pulmonary fibrous tissues in the experimental groups using Masson's trichrome staining 
(magnification x1600): A: sham group; B: PAH group; C: PAH + 25 mg/kg bw ALO group; D: PAH + 50 mg/kg 

bw ALO group; E: PAH + 75 mg/kg bw ALO group; F: PAH + 25 mg/kg bw sildenafil group; G: Percentage 
change of collagen fibers proliferation in rats of each group  

##p < 0.01 compared with the sham group; *p < 0.05, **p < 0.01 compared with the PAH group 
 
Effects of ALO on pulmonary vascular endothelial 
cells in the murine model of PAH 
The results of TEM showed that the pulmonary 
vascular endothelial cells in the sham group (100%) 
were arranged regularly, the edge of the nucleus was 
smooth, and the morphology and quantity of organelles 
were normal. Compared with the sham group, the 
number of organelles, including endoplasmic reticulum 
and Golgi body (179%), increased, with morphological 
swelling and expansion. Some of them protruded 
into the lumen of pulmonary vessels, accompanied by 

a great number of proliferated collagen fibres, which 
were arranged disorderly, with statistical difference 
(p < 0.01). After treatment with ALO and sildenafil 
(The percentage of organelle changes in group C and 
F were 158% and 132%, respectively (p < 0.01), 
the damage of endothelial cells started alleviate, the 
number of organelles was reduced, and the shape of 
the endothelial cell nucleus was normal. Moreover, 
the cytoplasm was notably decreased, and the vacuoles 
were less in the endothelial cells than those in the 
PAH group, as shown in Figure 7. 
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Figure 7. 

Pulmonary vascular endothelial cells in the experimental groups: A: sham group; B: PAH group; C: PAH + 25 
mg/kg bw ALO group; F: PAH + 25 mg/kg bw sildenafil group; G: Percentage of changes in the number of 

organelles in endothelial cells of rats in each group  
##p < 0.01 compared with the sham group; *p < 0.05, **p < 0.01 compared with the PAH group 

 
Effects of ALO on the expression of MCP-1 and ET-1 
in pulmonary tissues of rats with pulmonary hyper-
tension 
The IHC analysis for MCP-1 and ET-1 expression in 
the lung tissues evaluated the levels of inflammatory 
factors in pulmonary vascular endothelial cells. The 
expression of MCP-1 in pulmonary tissues of rats in 
pulmonary hypertension group was higher than that 
in sham group (192%, p < 0.01), but the expression 

of MCP-1 decreased significantly (143%, p < 0.01) 
after administering high dose of ALO (75 mg/kg); the 
expression of ET-1 in pulmonary tissues of pulmonary 
hypertension group was significantly higher than that 
in sham group (187%, p < 0.01). After treatment 
with high dose of ALO (75 mg/kg), ET-1 expression 
in pulmonary tissue of pulmonary hypertension rats 
decreased significantly (136%, 0 < 0.01), as shown 
in Figure 8. 

 

 
Figure 8. 

Expressions of MCP-1 and ET-1 in lung tissues in the experimental groups (magnification x1600): A: sham 
group; B: PAH group; E: PAH + 75 mg/kg bw ALO group; F: Percentage change of MCP-1 expression in rats of 

each group; G: Percentage change of ET-1 expression in rats of each group  
##p < 0.01 compared with the sham group; *p < 0.05, **p < 0.01 compared with the PAH group 
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Effects of ALO on the expression of NF-κB p65, 
TNF-α, and IL-1β in pulmonary tissues  
Western blot analysis showed that the expression levels 
of NF-κB p65, TNF-α, and IL-1β in PAH groups 
were significantly increased compared with those in 

the sham group. After treatment with 100 mg/kg bw 
ALO the expression levels of NF-κB p65, TNF-α, 
and IL-1β were significantly lower than those of the 
PAH group, as shown in Figure 9. 

 

 
Figure 9. 

Western blotting for detecting the expression levels of A: NF-κB protein; B: TNF-α; and C: IL-1β  
#p < 0.05 compared with the sham group; *p < 0.05, compared with the PAH group 

 
PAH is still regarded as a critical disease because of 
its high mortality and disability rates [22]. There are 
several methods to successfully induce the establishment 
of experimental animal models of PAH, including 
single factor induction models [23], mixed factor 
induction models [24], and genetic engineering to 
establish PAH models [25]. The model of monocrotaline-
induced PAH in our experiment belongs to the single-
factor model. The model of rats established by this 
method is relatively stable and can reproduce several 
models of PAH without a statistical difference, avoiding 
the interference of other factors [26]. Wu et al. started 
from the knowledge that pulmonary hypertension is a 
serious and fatal disease caused by oxidative stress 
and investigated if the protective effects of ALO in 
PAH are related to oxidative stress modulation. The 
hemodynamic, pathomorphology, electrocardiogram, 
echocardiography and biomarkers of oxidative stress 
in rat lung tissues were measured. They found that 
ALO treatment could alleviate the changes of bio-
markers of oxidative stress in rats [27].  

In the current study, the progressive increase of PAP 
caused a significant increase in pressure load in the 
right ventricle in a short time, which promoted the 
occurrence of right ventricular hypertrophy and right-
sided heart failure. Severe symptoms of death were 
found in some rats, such as pleural effusion, peritoneal 
effusion, and liver enlargement caused by severe heart 
failure. The staining of pulmonary arterioles, pulmonary 
fibrous tissues and pulmonary vascular endothelial 
cells in rats with PAH showed that a great number of 
pulmonary arteriolar endothelial cells were damaged, 
which resulted in irreversible damage of vascular 
endothelium and disorderly distribution of pulmonary 
fibrosis. By detecting the expression levels of MCP-1 
and ET-1 in pulmonary tissues of rats with PAH, it 
was found that the expression levels of MCP-1 and 
ET-1 were positively correlated with the severity of 
PAH (p < 0.01), and the levels of various inflammatory 
substances in serum were increased, suggesting that 
inflammatory factors play a substantial role in PAH. 
These problems have been improved after the treatment 
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with ALO, suggesting that ALO can improve the 
hemodynamic parameters, such as mPAP and RVSP 
in monocrotaline-induced PAH rats, protect vascular 
endothelial cells, and reverse the remodelling of 
pulmonary arterioles. It can also reduce the right heart 
load, alleviate the symptoms of right ventricular 
hypertrophy, and reduce the diameter and nucleus 
density of myocardial cells. By inhibiting the over-
expression of inflammatory factors in lung tissues, 
monocrotaline-induced PAH in rats was inhibited. 
 
Conclusions 

In this study, rats were taken as the research object, 
and the effects of ALO on monocrotaline-induced 
pulmonary hypertension were verified through related 
experiments, in order to provide experimental basis 
for the treatment of pulmonary hypertension in later 
clinical stage. However, there are some shortcomings 
in the experiment that it was only carried out in rats, 
but not in human pulmonary artery smooth muscle cells. 
It was not clear whether ALO had the same improvement 
effect on human pulmonary hypertension. Therefore, 
in the follow-up study, in-depth research will be 
carried out to provide new ideas for the later clinical 
study of human pulmonary hypertension. 
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