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factor-B,, TGF -B,) F1 % Jiii % & (hydroxyproline,
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(LEoEHE+EREEE)(g); Al E F-80THK
FE PR, T HY P ZKSE RGN AT Western E[I5ZE i 5K
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X F Image-Pro Plus 731 &% , 1158 15 S5 £ 4k AR



- 100 - PEGE L ERFLE2022452 A% 365 %28  Chin J Pharmacol Toxicol, Vol 36, No 2, Feb 2022
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1.8 CCK-8 % illfhizh ik 8L RETFE X

B1.7 5340 n 4, B 1~fL A 10 L CCK-8
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(1:1500) 1 B L 8 & 11 (1: 3000) ) % & i % «
TBST M 3K, ARG E %R N5 —Hi(1:10 000)
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S 48 RS ] x+s FoR |, IR H SPSS20.0 it
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Tab.1 Effect of Astragalus polysaccharides (APS)on
right ventricular systolic pressure (RVSP) and right
ventricular hypertrophy index (RVHI) of mice with pulmo-
nary arterial hypertension (PAH) induced by hypoxia

Group RVSP/kPa RVHI
Normal control 2.38+0.25 0.24+0.02
Model 4.35+0.17* 0.35+0.02*
Model+APS 200 3.46+0.24" 0.31+0.02*
400 3.07+0.20" 0.28+0.01*
Model+BAY11-7082 5 3.24+0.16" 0.29+0.02*
KO control 2.23+0.19 0.22+0.01
KO hypoxia 3.43+0.23* 0.29+0.01*

Pulmonary hypertension model mice were fed in a hypoxia chamber
(10% O,, 90% N,). C57BL/6 mice were ig given APS 200 and
400 mg - kg™ once per day or ip given BAY11-7082 5 mg - kg™
three times a week for 28 d. RVHI=right ventricular mass/(left
ventricular mass+interventricular septum mass). KO: calpain-1
knowkout mice. x+s, n=8. *P<0.05, compared with normal control
group; #P<0.05, compared with model group.
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(P<0.05) ; 5 ik A 70 21 A LE , A5 B+ APS 4 B
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Masson 25 5% (5 2) g7, B A 7Y 1E 5 % BR 24H /)N
BRI 28 2 B SR8 35 R 3/ AR SEURE R A4 /)N U
2 2R R 2T 475 B £ B + APS 4 A5 A +
BAY 11-7082 Fl i bR AR A 4L/ B2 U IR £F 4 15
b, Masson BIZ Hr 4553 (% 3) o, S 4E
TR TE %o B A B, (PR SRR A A /N BB B R T A A

Tab.2 Effect of APS on vascular wall thickness ratio
(WTR) and wall area ratio (WAR) of mice with PAH
induced by hypoxia

Group WTR/% WAR/%
Normal control 6.76+0.85 27.0+3.4
Model 18.71+£1.07* 74.8+4.3*
Model+APS 200 10.68+1.24* 42.7+4.9*
400 7.92+0.70" 31.7+2.8*
Model+BAY11-7082 5 10.26+1.06* 41.0+4.2*
KO control 4.91+0.26 19.6+1.0
KO hypoxia 11.07+1.13* 44.3+4.5*

See Tab.1 for the mouse treatment. Vascular WTR (% )= (vessel
outer diameter—vessel inner diameter)/vessel outer diameter x
100%. Vascular WAR (% ) = (total vessel area—lumen area)/total
vessel areax100%. x+s, n=3. *P<0.05, compared with normal
control group; #P<0.05, compared with model group.

B 2 T 5 (P<0.05) 5 55 08 8 20 41 L, A5 0 +
APS 4 FEEI+BAY 11-7082 21 Fil il (5 % A2 4/ UG
2H 2 S LR T AR BRI (P<0.05) o

Model+APS/mg-kg™

Fig.1 Effect of APS on pulmonary small vessel remodeling of mice with PAH induced by hypoxia (HE stainning).
See Tab.1 for the mouse treatment. The arrows show thickening of the pulmonary arteriole wall, stenosis of the lumen and proliferation

of vascular smooth muscle cells.

: ¥
SAOME o5 ek

Model+APS/mg-kg™

hypoxia
i
Syt

A
LIRS

(S

Fig.2 Effect of APS on pulmonary fibrosis of mice with PAH induced by hypoxia (Masson stainning). See Tab.1 for
the mouse treatment. The arrows show exuded collagen fibers which are blue, resulting in pulmonary fibrosis.
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Tab.3 Effect of APS on collagen fiber deposition area
in lung tissue of mice with PAH induced by hypoxia

Group Collagen fiber deposition area index /%
Normal control 6.97+0.42
Model 35.58+1.16"
Model+APS 200 22.74+1.03"

400 16.17+1.26"
Model+BAY11-7082 5 18.46+0.74"
KO control 5.10+0.54
KO hypoxia 20.13+1.59"

See Tab.1 for the mouse treatment. Collagen fiber deposition area
index (% ) =collagen fiber area/overall areax100%. x+s, n=3. *P<
0.05, compared with normal control group; #P<0.05, compared
with model group.

2.4 HERESENREFE B3I -F BN ARTE

ES:gpAl
CCK-8 il 2521 (% 4) on , S5 4n i xs fE 4 L

A I AU TR 4 A B A 1 % I 2 T (P<0.05) , 16
WA AT 755 PASMC H47 ; 5 (IR SRS ALA AR LE L IR
A+APS 4 K4 +MDL-28170 4 {4 +BAY11-
7082 41 21 il A7 1% % 34 T % (P<0.05) , 6. HH APS Xif
PASMC 3458 A il £ H .

Tab.4 Effect of APS on viability of pulmonary artery
smooth muscle cells (PASMCs) treated with hypoxia

Group Cell viability/%
Cell control 100+0
Hypoxia 432+28*
Hypoxia+APS 215+16*
Hypoxia+MDL-28170 228+19°
Hypoxia+BAY11-7082 269+24*

PASMCs were treated with MDL-28170 10 umol - L', BAY11-
7082 10 umol- L~ and APS 0.6 g-L™" under hypoxia for 24 h. x+s,
n=3. *P<0.05, compared with cell control group; #P<0.05, com-
pared with hypoxia group.

2.5 HESHENMEEIFSHAMEAKS E/NRIER
ity 2 Bk T 78 BILZH A 1 IL-1PB F0 TNF-oc 7k T B9 841
2.5.1 /JNRIF

ELISA %53 (3£ 5) o, 5 B AE B IE % 20
F 5, I AU AR 2 /) BRIV H IL-1B AT TNF-ox [ 7K
- 2 T R (P<0.05) 5 51K AR Y 20 AH L, B 78U +
APS 41 | i B AR A 4 FNBL Y+ BAY 11-7082 41/ R
LT H Y IL-1B F TNF-oc 7K F i R4 (P<0.05) .
2.5.2 BhzhBkFigAL4AE

ELISAZ55 (% 6) o~ , 540 Mo xd Bt b, Ik
AL PASMC H1 IL-1B Fil TNF-oc (1) 7K - {2 3 T 5

(P<0.05) ; SR ZHAH I (R4 +APS 2H K45 +MDL-
28170 4 FIIfik A +BAY11-7082 41 PASMC 1 IL-1PB
AT TNF-o [ 7Kt 2 F# % (P<0.05) .

Tab.5 Effect of APS on interleukin-1B (IL-1B) and tumor
necrosis factor (TNF-«) levels in serum of mice with
PAH induced by hypoxia

Group IL-1B/ng-L™" TNF-a/ng-L™"
Normal control 6.3+x1.4 51.5+1.2
Model 22.7+3.1* 154.1+5.4*
Model+APS 200 13.4+1.2* 105.7+3.3"
400 12.0+1.0* 82.6+4.5"
Model+BAY11-7082 5 12.4+1.8* 80.8+3.5"
KO control 57+1.4 49.4+3.5
KO hypoxia 15.2+1.1* 107.0+4.5"

See Tab.1 for the mouse treatment. x+s, n=8. *P<0.05, compared
with normal control group ; #P<0.05, compared with model group.

Tab.6 Effect of APS on levels of IL-1p and TNF-« in
PASMCs treated with hypoxia

Group IL-1B/ng-L™*  TNF-a/ng-L™"
Cell control 7.6+£0.4 58+4
Hypoxia 15.4+1.7* 163+6*
Hypoxia+APS 9.3+0.4* 105+5*
Hypoxia+MDL-28170 12.2+1.1% 109+6*
Hypoxia+BAY11-7082 8.9+1.0* 107+4*

See Tab.4 for the cell treatment. x+s, n=3. *P<0.05, compared
with cell control group; #P<0.05,compared with hypoxia group.

2.6 ARSEMNRAFSHIZIEKSE/NRMELSR
HYP 7k E B 200

ELISAZE R (R 7) R, 5 W7 AR B IE & % 2l
Fb 45, A SRR 0 21 /N BRI 41 20 HY P /K- (2 3 T
(P<0.05) ; 5 i S A5 AU 40 AH L, #5700 + APS 4 | #5
RI+BAY 11-7082 ZH 1 it B AR A 2H /N BRI ZH 2L HY P
KAVt 2 A (P<0.05) .
2.7 ERSENMREIFSHASAK S E/NRMALR
R Eh Bk Fig L4 MMP-9 #1 TGF-B, E A XRiA K
g A
2.7.1 /INRAFTAR

Western E[J5E 25 5 (& 3) 7, 5 B AE AU GE
X HEAH BE 2, G SRR 78 A /)N A 2 21 MIMIP -9 11
TGF-p, i KA /KF- 183 T 5 (P<0.05) 5 5 I 48U
UL A B, B A+ APS 4 B AU +BAY11-7082 il i
WA A 2 /)N BRI 2 21 MMP-9 1 TGF-B, 28 11 357K
-t E R (P<0.05) .
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Tab.7 Effect of APS on level of hydroxyproline (HYP)
in lung tissue of mice with PAH induced by hypoxia

Group HYP/mg-g™'
Normal control 8.7+0.6
Model 34.9+2.2*
Model+APS 200 17.3+£1.3*
400 13.3+£1.3*
Model+BAY11-7082 5 16.6+0.8*
KO control 8.5+0.8
KO hypoxia 18.3+1.1%

See Tab.1 for the mouse treatment. x+s, n=8. *P<0.05, compared
with normal control group; #P<0.05, compared with model group.

A 1 2 3 4 5 6 7

L Ll T W01 S
MMP-9 S W0 TS B8 5 =8 U T8l
TGF-B, = B S . — — v 44 ku

B-ACHn w. q— - A - 43 kU

B 2.0~ CIMMP-9
. . MG,
c £
S £ 15 4
2L
R
e i w
= 5 1.0
c 2 #
g Fos ‘o :
o e ‘g
oo L

1

Fig.3 Effect of APS on protein expression levels of
matrix metalloproteinase-9 (MMP-9) and transforming
growth factor B, (TGF-B,) in lung tissue of mice with
PAH induced by hypoxia detected by Western blot-
ting. See Tab.1 for the mouse treatment. Lane 1: normal con-
trol; lane 2: model; lan 3: KO control; lane 4: KO hypoxia;
lane 5: model+BAY11-7082; lane 6: model+APS 200; lane 7:
model+APS 400. B was the semi-quantitative result of A. x+s,
n=3. *P<0.05, compared with normal control group; #P<0.05, com-
pared with model group.
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Fig.4 Effect of APS on protein expression levels of
MMP-9 and TGF-pB, in PASMCs treated with hypoxia
detected by Western blotting. See Tab.4 for the cell treat-
ment. Lane 1: cell control; lane 2: hypoxia; lane 3: hypoxia+
MDL-28170; lane 4: hypoxia+BAY11-7082; lane 5: hypoxia+APS.
B was the semi-quantitative result of A. xxs, r=3. *P<0.05, compared
with cell control group; #¥P<0.05, compared with hypoxia group.
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Fig.5 Effect of APS on protein expression level of
calpain-1 and protein phosphorylation level of NF-kB
P65 in lung tissue of mice with PAH induced by hypoxia
detected by Western blotting. See Tab.1 for the mouse
treatment. Lane 1: normal control; lane 2: model; lane 3: KO
control; lane 4:KO hypoxia; lane 5: model+BAY11-7082; lane
6: model+APS 200; lane 7: model+APS 400. B and C were
the semi-quantitative results of A. x+s, n=3. *P<0.05, compared

with normal control group ; #P<0.05, compared with model group.
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Fig.6 Effect of APS on protein expression level of
calpain-1 and protein phosphorylation level of NF-kB
P65 in PASMCs treated with hypoxia detected by
Western blotting. See Tab.4 for the cell treatment. Lane 1: cell
control; lane 2: hypoxia; lane 3: hypoxia+MDL-28170; lane 4:
hypoxia+BAY11-7082; lane 5: hypoxia+APS. B and C were the
semi-quantitative results of A. x+s, n=3. *P<0.05, compared with
cell control group; #P<0.05, compared with hypoxia group.
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Astragalus polysaccharides alleviates pulmonary inflammation
and fibrosis in mice with hypoxia-induced pulmonary arterial
hypertension by inhibiting calpain-1/ NF-kB signaling pathway

LIU Huan, DENG Hai-yan, TIAN Xiao-xue, SUN He-ning, LIU Xiao-jian, WANG Hong-xin
(Key Laboratory of Cardiovascular and Cerebrovascular Drug of Liaoning Province,
Jinzhou Medical University, Jinzhou 121001, China)

Abstract: OBJECTIVE To investigate the protective effect and mechanism of Astragalus polysac-
charide (APS) on pulmonary inflammation and a fibrosis in mice with hypoxia-induced pulmonary arterial
hypertension (PAH). METHODS (1) In vivo: pulmonary hypertension model was established by feeding
C57BL/6 mice in a hypoxicchamber (10%0,, 90%N,). Male wild-type C57BL/6 mice were divided into
the normal control group, model group, model+APS 200, 400 mg - kg™ group (daily ig given) and the
model+BAY11-7082 5 mg - kg™ group (NF-kB inhibitor, ip given, 3 times per week), while calpain-1
knockout (CAPN1 EK684 FN™) male mice were divided into the knockout control group and knockout
hypoxia group. After 28 d, the right ventricular pressure (RVSP) and right ventricular hypertrophy index
(RVHI) were measured. The pathological morphology of the lung was observed by HE staining, and the
vascular wall thickness ratio (WTR) and vascular area ratio (WAR) were detected. Deposition of collagen
fibers in lung tissues was observed by Masson staining. ELISA was performed to detect interleukin-1
(IL-1B) and tumor necrosis factor (TNF-a) levels in serum and hydroxyproline (HYP) levels in lung tissue.
The protein expressions of calpain-1, matrix metalloproteinase-9 (MMP-9), transforming growth factor B,
(TGF-B,) and phosphorylated NF-«kB P65 in lung tissue were assayed by Western blotting. @ In vitro:
primarily cultured pulmonary artery smooth muscle cells (PASMCs) were divided into the cell control
group, hypoxia group, hypoxia+APS 0.6 g-L™, hypoxia+BAY11-7082 10 ymol L™ and the hypoxia+
MDL-28170 10 umol - L™ group (calpain-1 inhibitor). Except the cell control group, these groups were
immediately put into the hypoxia incubator (3%0,, 97%N,) after dosing for 24 h. The viability of cells
was determined using the CCK-8 method. ELISA was performed to detect the expressions of IL-1p and
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TNF-« in cells. The protein expressions of calpain-1, MMP-9, TGF-B, and phosphorylated NF-xB P65 in
cells were assayed by Western blotting. RESULTS (1) In vivo: compared with the wild normal control
group, the RVSP, RVHI, WAR, WTR, collagen fiber deposition areas in the lung and IL-1B, TNF-« levels
in serum, HYP level of the lung tissue, the protein expressions of calpain-1, MMP-9, TGF-B, and phos-
phorylated NF-kB P65 in lung tissues were increased significantly in the hypoxia model group (P<0.05).
Compared with the hypoxia model group, the RVSP, RVHI, WTR, WAR, collagenfiber deposition areas
in the lung tissue and IL-1B, TNF-« levels in serum, HYP levels in lung tissue, the protein expressions
of calpain-1, MMP-9, TGF-B, and phosphorylated NF-kB P65 in lung tissues were decreased signifi-
cantly in the model+APS 0.6 g-L™' group, knockout hypoxia group and model+BAY11-7082 10 umol-L™
group, respectively (P<0.05). @ In vitro: compared with the normal control group, the viability of cells,
IL-1B and TNF-a levels in cells, the protein expressions of calpain-1, MMP-9, TGF-B, and phosphorylated
NF-«kB P65 in cells were increased significantly in the hypoxia model group (P<0.05). Compared with
the hypoxia model group, the viability of cells, IL-1B, TNF-« levels in cells, the protein expressions of
calpain-1, MMP-9, TGF-B, and phosphorylated NF-«B P65 in cells were decreased significantly in the
model + APS 0.6 g - L™ group, hypoxia+BAY11-7082 10 umol - L' group and hypoxia + MDL-28170
10 umol L™ group (P<0.05). CONCLUSION APS has a protective effect on mice with hypoxia-induced
PAH and can inhibit pulmonary inflammation and fibrosis by down-regulating calpain-1/NF-kB signaling
pathway.

Key words: Astragalus polysaccharide; calpain-1; pulmonary hypertension; pulmonary fibrosis;
pulmonary inflammation
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