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Astragaloside [V improves pulmonary arterial hypertension by inhibiting p38 MAPK signaling pathway in SD rats

LIU Yu, TANG Bailin, LU Meili, WANG Hongxin, YANG Yuhong*
Liaoning Key Laboratory of Cardiovascular and Cerebrovascular Drugs, Jinzhou Medical University, Jinzhou 121000, Liaoning,
China

[ Abstract | Objective To investigate the protective effect and mechanism of astragaloside IV (AS-1IV) on the
pulmonary arterial hypertension (PAH) model induced by monocrotaline (MCT)/monocrotaline pyrrole (MCTP) in SD rats/
human pulmonary artery endothelial cell (HPAEC). Methods /n vivo experiment, 60 male SD rats were randomly assigned
to control group, PAH model group, AS- IV low-dose (20 mg/kg) group, AS- IV medium-dose (40 mg/kg) group, AS- IV high-
dose (80 mg/kg) group, or sildenafil (Sil, 100 mg/kg) group, with 10 rats in each group; except for the control group, PAH rat
models were established by single intraperitoneal injection of MCT (60 mg/kg) in other groups. /n vitro experiment, HPAECs
were randomly assigned to control group, PAH model group, AS- IV low-dose (10 pmol/L) group, AS- IV medium-dose
(20 pmol/L) group, MCTP+AS- IV high-dose (40 pmol/L) group, or p38 mitogen-activated protein kinase (MAPK) signaling
pathway inhibitor (SB203580, 5 pmol/L) group; except for the control group, in vitro PAH cell models were established
by MCTP (60 pg/mL) induction for 24 h in other groups. /n vivo experiments, after 4 weeks of drug intervention, the right
ventricular systolic pressure (RVSP) and mean pulmonary artery pressure (mPAP) of rats were measured by hemodynamic
methods, the right ventricle hypertrophy index was measured by weighing methods, the percentage of pulmonary arteriole

wall thickness to outer diameter (WT%) and percentage of the wall area to total vascular area (WA%) were observed by
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hematoxylin-eosin staining, the expression of cysteine aspartic acid specific protease 3 (caspase 3) protein in lung tissue
was observed by immunohistochemistry (IHC), and the apoptosis of lung tissue cells was detected by TUNEL assay. /n
vitro experiments, JC-1 staining was used to detect the mitochondrial membrane potential in cells, and immunofluorescence
was used to detect caspase 3 protein expression. /n vitro and in vivo experiments, Western blotting was used to detect the
expression of caspase 3, B-cell lymphoma gene 2 (Bcl-2), Bel-2 associated X protein (Bax), p38 MAPK, and phosphorylated
p38 MAPK proteins in lung tissue and HPAECs. Results /n vivo experiments, the RVSP, mPAP, and right ventricle
hypertrophy index were decreased in the Sil group and each dose group of AS- IV (all P<<0.01); the WA% and WT% of each
dose group of AS- IV were decreased (all P<<0.01), the expression of caspase 3 protein in lung tissue was decreased (all
P<<0.01), and the apoptosis of lung tissue cells was decreased (all P<<0.01). In vitro experiments showed that after
intervention with each dose of AS-1IV and SB203580, the mitochondrial membrane potential of HPAEC was increased (all
P<<0.01) and the expression of caspase 3 was decreased (all P<<0.01). In vivo and in vitro experiments, each dose of AS- IV
and SB203580 reduced the expression of Bax and phosphorylated p38 MAPK proteins, and increased the expression of Bcl-2
protein (all P<<0.01). Conclusion AS- IV reduces apoptosis by inhibiting p38 MAPK signaling pathway, improving PAH in
SD rats.

[ Key words | astragaloside IV ; monocrotaline; pulmonary arterial hypertension; p38 mitogen-activated protein kinase;
apoptosis; endothelial cells
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Fig1 Effects of Sil and AS-IV on hemodynamics and RVHI of MCT-induced PAH rats

A, B: The RVSP and mPAP were detected by hemodynamic method; C: RVHI was detected by weighing method. 1 mmHg=

0.133 kPa.

"P<0.01 vs MCT group. n=8, x=*s. Sil: Sildenafil; AS- IV : Astragaloside IV ; MCT: Monocrotaline; PAH: Pulmonary

arterial hypertension; RVSP: Right ventricular systolic pressure; mPAP: Mean pulmonary artery pressure; RVHI: Right ventricle

hypertrophy index (ratio of the weight of right ventricle to the total weight of left ventricle and interventricular septum).
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Fig2 Pulmonary arteriole remodeling in rats detected by H-E staining

The arrows showed pulmonary arterioles.

"P<0.01 vs MCT group. n=6, x+s. H-E: Hematoxylin-eosin; MCT: Monocrotaline;

AS-IV: Astragaloside IV; WA%: Percentage of pulmonary arteriole wall area to total vascular area; WT%: Percentage of pulmonary

arteriole wall thickness to outer diameter.

23 AS- V&% MCT # %69 PAH K R 4022 20 6,
A1 TUNEL EEGEE R (K3) R, SXHE4
AH L, MCT 20 K BRI ZH 2L 20 g T34 in( P<<0.01 )
SR AS- VIGYT R, KEIGLZUAEIE TN
Mg (¥ P<0.01) .

2.4 AS-IV 37 %) MCT # F #9 PAH X & i 48 &2

caspase 3 & ¥ & ik THC Ytz ([ 4A. 4B)
£, 5XF M4 A, MCT 41 K Uil 4 41
caspase 3 % 1K Ft & (P<0.01) ; & A IEJMUE
AS- IVII7 5 caspase 3 25 H Z A ( 1 P<<0.01 ).
HE BB AR R (8 4C, 4D) oR, 5Xf
REZHAH L, MCT 20 KRR ZH 2 b caspase 3 3K

;n\,



MEREERFFR 20254E 8 J, 45 46 % e 1013 -

BE (P<0.01) ; &AM AS- VIRYT A,
caspase 3 % [ FKIBFHAL (5 P<0.01) . Z5HREH

AS- IV ] DIAS ]2 B Hu i MCT #5519 PAH KR
filiZH 2 caspase 3 25 A .

_ 80f
N
g
- - £ 601
Control MCT AS-V(20mg - kg ') AS-IV(40mg - kg ) g s
et 5 IR AR e i (T e &% e 2 a0k
087 e AR e £t ‘-" :‘"‘ ;7_‘1 —l‘ Tt Iy TR 2 40
= -‘ ;“ ?&’\’. “;:%‘é’?:‘ AR 2 s é ool
. 1’#“? . ; | 20 *x*
47 g
& s
R
ISR SRNC N N
CQ °o. %. %.
SESES
W
¥
B3 TUNEL i%&#&ill K iRt 4H R 48 R 15
Fig3 Apoptosis of lung tissue cells in rats detected by TUNEL assay
"P<20.01 vs MCT group. n=3, x*s. MCT: Monocrotaline; AS- IV : Astragaloside IV .
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Fig4 Expression of caspase 3 protein in rat lung tissue detected by IHC staining (A, B) and Western blotting (C, D)
The arrows showed expression of caspase 3 protein in lung tissue. ~P<<0.01 vs MCT group. =3, x+s. IHC: Immunohistochemistry;

caspase 3: Cysteine aspartic acid specific protease 3; MCT: Monocrotaline; AS- IV : Astragaloside V.
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Fig5 Expression of Bax and Bcl-2 proteins in rat lung tissue detected by Western blotting

"P<0.01 vs MCT group. n=3, X+s. Bax: Bcl-2 associated X protein; Bcl-2: B-cell lymphoma gene 2; MCT: Monocrotaline;

AS-1V: Astragaloside V.
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Fig 6 Expression of caspase 3 protein in HPAECs detected by immunofluorescence (A, B) and Western blotting (C, D)

SB203580 is a p38 mitogen-activated protein kinase signaling pathway inhibitor.

"P<0.01 vs MCTP group. n=3, x+s. HPAEC:

Human pulmonary artery endothelial cell; caspase 3: Cysteine aspartic acid specific protease 3; MCTP: Monocrotaline pyrrole;

AS-IV: Astragaloside IV; DAPI: 4, 6-diamidino-2-phenylindole.
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Fig7 HPAEC mitochondrial membrane potential detected by JC-1 staining

SB203580 is a p38 mitogen-activated protein kinase signaling pathway inhibitor. ~P<0.01 vs MCTP group. n=3, X=+s. HPAEC:

Human pulmonary artery endothelial cell; MCTP: Monocrotaline pyrrole; AS- IV : Astragaloside V.

2.8 AS- V4= SB203580 i 4= MCTP # § HPAEC
Bax #= Bel-2 & @ 89 A 8 [ 0T B0 v 4 ) 45 2R
(K8) Wn, SXTHA4IAH Lk, MCTP 41 HPAEC
{RIAT H A Bax Kk Z (P<<0.01) , AT

S N
-V . u\)
> > A
& & &
\Q\? %QQ @Q c;bQ
\@\ NS g\ $\ é\ q’Qﬁ.}
Qo‘\ & S & S > 3
Yooy Y oS Mr(X10°)
Bax—l e e - — — i— 21

Bax/B-actin

Bel-2 FiL &R (P<<0.01) 5 Z AR A AS- TV
AhFRJE FIRER AR A L (35 P<0.01) . p38
MAPK {55 53 {5 10 1 7 SB203580 X b iR JH 141 €
BEHFRTIRERS AS- VAL,

4 4
T iy
3F = 3t
3
2 @2
QA
o
ko m sk kk KE
S @ 5 o S R N N N o
0&‘0@0& SovoN g;"oo Q&@@é A A @‘7%
S & S o S & S
SEES S &S
QY ¥ o ¥ ¥ ¥
AN AN
SRS SRS

8 EAMRENTEEN HPAEC F Bax. Bel-2 EHKIX
Fig8 Expression of Bax and Bcl-2 proteins in HPAECs detected by Western blotting

SB203580 is a p38 mitogen-activated protein kinase signaling pathway inhibitor. ~P<<0.01 vs MCTP group. n=3, X+s. HPAEC:
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pyrrole; AS- IV : Astragaloside V.
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