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[ Abstract]

and activator of transcription 3 ( STAT3) pathway and airway inflammation in young asthmatic rats. Methods

Objective To investigate the effects of astragaloside II on the interleukin (IL)—-21/signal transducer
Young rats
were randomly divided into control, model, astragaloside Il low-dose, astragaloside Il medium-dose, astragaloside 11 high-
dose, and dexamethasone groups with 12 rats in each group. Except for the control group, the groups were challenged with
ovalbumin to prepare asthma models and the rats in each group were treated with corresponding drugs. Airway reactivity

(Penh value) was measured and the levels of 1L-6, IL-21,

bronchoalveolar lavage fluid ( BALF) were measured by enzyme-linked immunosorbent assays. HE staining was used to

and transforming growth factoR-B1 (TGF-B1) in serum and

observe pathological changes in lung tissues. Western blot was used to detect protein expression of 1L-21, phosphorylated

STAT3 (p-STAT3), and STAT3 in lung tissues of the rats. Results Compared with the control group, the structure of
bronchial epithelial tissue was disordered, pulmonary epithelial cells were edematous and exfoliated, and inflammatory cells
had infiltrated in the model group. After stimulation with acetylcholine ( Ach) at various concentrations, the Penh value,
total number of leukocytes, numbers of eosinophils, neutrophils, lymphocytes, and macrophages in BALF, the contents of
IL-6, IL-21, and TGF-B1 in BALF and serum, the lung tissue inflammation score, and protein expression of IL-21 and p-
STAT3 in lung tissues were increased significantly (P < 0.05). Compared with the model group, the lung tissue structure
of young rats in astragaloside Il treatment groups and dexamethasone group was gradually complete, after stimulation with
Ach at various concentrations, the Penh value, total number of leukocytes,
IL-21, and TGF-B1 in BALF and serum,

inflammation score, and protein expression of IL-21 and p-STAT3 in lung tissues were decreased significantly (P < 0.05) ,

numbers of eosinophils, neutrophils,

lymphocytes, and macrophages in BALF, contents of 1L-6, the lung tissue

which were dependent on the dose. Conclusions Astragaloside Il alleviates airway inflammation in young asthmatic rats,

repairs lung tissue and the bronchial structure, and improves asthmatic symptoms by inhibiting the 1L-21/STAT3 pathway.
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Proe RO, 5 2 TL-21R 455 5 al i ad {5 5 1%
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1.1 Wz

HUEE SD Zh4F KR, MEbfE 3 A , SPF 2,3 ~
4 JEWS R E 70~100 g, 1 A 7 PR 2E LR 3 e
[ SCXK(7#)2019-0001 ], K FUAIFE T 37557 IR B2
BEsh S5 Fho0 [ SYXK (22)2019-0017 ], Al 5 2R
Bi IR (25+2) °C 1BJ¥ 50% , 1E W IRE, G IR /165
(12/12)h, SZHG A% BEAG 3R JR ], AHFIE 455 5%

MR T 2R — BE B e FRZE 0t 2 4Ib M (TACUC-2019 187
%89 5)
1.2 FERFSNUE

BRI (UKL, 4l 98% , b st R TR}
AR T 45 SA8620) ; b FE AN (JFkH2Y , 4l
JE 99% , DU VUR R AW BE 254 FR2A AL A5 50-02
-2); VP ¥ & H (ovalbumin, OVA) . & Bt IH 5
(acetylcholine,, Ach) ( 3 [ sigma 23], flL*5 A5253
A6904) ; H 20 Hu 4 Z -6 (interleukin-6, IL-6) . [ ZH g
4% -21 (interleukin-21, IL-21) 4L A4 K K F - Bl
(transforming growth factor-B1, TGF-B1) i B¢ 6 22
Fff 5 ( enzyme linked immunosorbent assay, ELISA )
K8 7] & (25 F Invitrogen 23 ], #t 5 RC0067 .
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RK0947 \RK1007) ; & FH#2HUA ) £ . BCA H & it
e AR & R w9 M (PVDF) B ECL fb2#
RICRA & (L s KAV AR AR A, S
SF-1397 .DK-0993 . FFP32 P0018 S) ; IL-21  STAT3 .
W5 /2 1k — STAT3 ( phosphorylation-stat3, p-STAT3 ) |
GAPDH ik F£Hi R ZHi (£ E Abcam A H], L5
ab178694 , abh5904 . ab5916. ab00134, ab0788 ).
402AT1 AU 75 55 4k 2% (VLI LR BT ik 45 A PR
F]) ; FinePointe NAM 7Y Zfj ¥y fiti ) 58 45 I 1% ( 38
Buxco 23 F] ) ; MM800 #4527 B 745% ( H A Nikon 24
) 51703940 % 8 1 HL kA ( 38 E Bio-Rad A7) ) 5
GIS-500 78 ¥E Jie B A5 A A Bt I K B #8 A5 FR
NS
1.3 XWAHE
1.3.1  Bhi53 4 B o g R 700 4 <7

¥ 72 RGAFE K AL B ALE 75 43 . X HR 4
BEAUZH B P R TR b s 00 o 2 Rl ZE K A
41,84 12 H, SHRSCERN SR AT 4 AT A BRI i A
TR AL . A3 AR 2 (B X B4 oh ) FEAEARES 1 K, K
FUE 5 OVA TR B (0.2 mL) B, OVA 1R &
WAL OVA (20 pe) FIE E LR BENE (2 mg) ,
VUG FESR 8 KGR 15 RAMATIBUIRE 1 &k, T
AR 16 K, KA T 4% OVA LEHEER K S5
AR RSt AT 7 d, X BRLLR B 25 it i 4
AR KA R IR IR AT AN R R SE RS 1
h, BT K v R 70 b 2R FA 2 43 SR
JEES 0.3 me/kg BT 11 .0.6 mg/kg #5 AT
1 .0.9 mg/kg BB M1 0.2 mg/kg HbFEK
st o HE A RS 700 20 G s S A B R K, T S A
110 mL/kg,
1.3.2 B PR

KUK OVA HlEL 24 h J5, 44404 K B B
A 6.25.12.5.25 .50 mg/mL [ Ach &K 50 pL, &4~
FIE SO S, 3 min BY3E 58 A [ 8K ( Penh) i, I
REHATE R E
1.3.3  HEACRSE

JBR A B, BRI, YO I 35 , — 80°C AR A7 45 FH .
B ml A BEER 7K I A7 I 350 00 0k, olsg 4 Ml 76 34 0 W
( bronchoalveolar lavage fluid, BALF) , &5.0 J5 I 4E [
T, BT -80°C TR A+ I, B IS M o )=
Diff-Quik G4 S5 T AT 4 o 2345k

i R, IS il VA (10%) [ 5,

WA I BT A% WA, —80°C AR AE
1.3.4  BALF R M-I

B 1.3.3 YR 4 BALF b3 W R0 I , R FH
ELISA &7 &40 1L-6 . 1L-21 TGF-B1 &,
1.3.5 & AF K FRUIT 2H 295 B~ Ao

4 I8 5 A FE S v 1) il 21 2 ) B A B 20 B
AR ZE L (HE) Yot 5 a4 Wi Fge, S
Henderson 25115 J5 e xof fiti 4 4 BB 8 o X 1 R4 72
TSR, 0 43 TTRVEAMML; 1 5. VR R VAL ; 2
53 RVEM BRI Z 53 A AR 53 3 R R AL, W]
DL BT 53 A7 54 43 2 K PR 240 Jf 2R S i AT
1.3.6  H5HHBEENIE (Western blot ) 32 46 I 41 4F- K
B IL-21 STAT3 & FH R IB7KF-I

B A VR AT AE - 80°C B Il 41, ) Ak 4R
HUER T, R AR 1 BTV B, B 40 g AR A,
TRV IR EE RS LUK , SR 5 567551 PVDF % 1,
5%MEIELE WA IR N B 2 h B EAE 4°C F 5 1L-21
(1:1000) . STAT3 (1:1000) . p-STAT3 (1 :1000) .
GAPDH(1:2000) — 3% & 1 1%, B R 5% b W 1 &
JE SR IE INAEDT B = HT (1 :5000) 37°C = iR BEF 2
h, (B ECL fb27 RO ) G0k 85 1 s v Ak,
EEME AR AN EE 57 I 4 . L GAPDH I N
HH,
1.4 FitEHRZE

K HH SPSS 22. 0 A4 A7 5 4 #, i KL
DI R hR i 22 (ks ) Row |, 22 40 18] FE R T ]
Rl M, HE—L PP L3R ] SNK- K256, P<
0.05 WERAGIFEX,

2 #R

2.1 AREHFIXMNSEXRSERNENEM
A1)

ARV Ach KI5, S5XF IRALAH HE, B AL 2
AF K Penh {H 2 35 T+ ( P<0.05) ; S5 R4
e, B A 45 A FRA 2 4F K B Penh {0 35 PR AIK
(P<0.05) ; HFfi% 8 s 2 4 TR s, 24K
F%. Penh {EWW\F%{EE(P<O 05), W& 1,

2.2 HEEH X BALF a4 MpaE 2200

5T REZ AR e, 1528 20 %)) 4 K B BALF H (4
JHL N ESORT R PR e 240 D | v e Ak LS 4 L B
W 20 JfL B 35 T 5 (P<0. 05) 5 SR AR 1L, 55 1E
AR A FRA LA KR BALF 40 S B g
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PRI | e A 40 AR 7k L8 200 | gk 4 e 5 Sk
EREAR(P<0.05) ; H A #2110 ny3gm,
LAFE KB BALF H 1 240 i S 50R g i M R 4 i v
PERL 4 MG 96k 20 L A B B R B AIK (P <
0.05), W2,
2.3 EKEFIXNEALFEKXR BALF LiFR&MN
& 1L-6.IL-21 #1 TGF-B1 &= HI8200

5% AL b, BRI 4] 45 AL 41 4F K R BALF L3

ORI 3% 1L-6 . 1L-21 A1 TGF-B1 & & .3 T &
(P<0.05) ; 5HERIA L, #2745 Ab B 41 4
AR B BALF L3 ¥ AL 3 A 10-6 . 1L-21 1 TGF-
Bl B EEM(P<0.05); HEEE B E R I
FIE 38, 245 KB BALF 38 Y& A IfL 35 TL-
6.IL-21 F1 TGF-B1 & AR KFFEIL(P<0.05), W
#*3 %4,

K1 HBHAMERBAFRIRE Ach LG Penh {HHY LA (x+s,n=12)

Table 1 Comparison of Penh values after Ach stimulation at different concentrations in each group of young rats

AR Ach % J5 Penh {H

Zpil Penh values of different concentrations of Ach after excitation
Groups
6.25 mg/mL 12.5 mg/mL 25 mg/mL 50 mg/mL
X HE4 Control group 1. 14+0. 18 1.58+0.09 1.97+0. 13 2.56+0.25
I ZH Model group 3.04+0. 37" 3.53+0.29" 3.95+0. 31° 4.61+0.41°
WA LA EA
E%ﬁ i i 2.610.15" 3.10+0.25" 3.67+0. 12" 4.15+0. 34
Astragaloside I low-dose group
W I
%Eﬁ EF.“JE 5 1.95+0. 25" 2.47x0. 17" 3. 13£0. 19" 3. 69x0. 28"
Astragaloside Il medium-dose group
W T FAEd
Eéﬁ " it 1.380. 16" 1. 89=0. 21" 2. 540, 22" 3.27+0. 26"
Astragaloside I high-dose group
i FERANH
MR 1.320. 19" 1.82+0. 18" 2.31x0. 17" 3. 17+0. 22"
Dexamethasone group
TE . SRR, P<0. 055 SEIEILIAR P P<0. 05; 5B R AT KRR AIHA L, © P<0. 05; S E R AT [T PRl 4Lt H, 1 P<0. 05, Tl

Note. Compared with the control group, *P<0. 05. Compared with the model group, ?P<0. 05. Compared with the Astragaloside 1 low-dose group, ©P<

0. 05. Compared with the Astragaloside II medium-dose group, ‘P<0.05. The same as below.

R2 HUADAFERK BALF AN FOTEEE R (82s5,n=12)

Table 2 Cell classification and counting results in BALF of young rats in each group

BE i ¥5Y W R4 P 2 - e
o (X10* cells/mL) B T T 4t i P2 i T 2 A4t it L I 24
- . (x10* cells/mL) (x10* cells/mL) (x10* cells/mL) (x10* cells/mL)
Groups Total white blood . . .
Eosinophils Neutrophils Lymphocyte Macrophage
cell count
Xt BE 2
17.85+2. 14 0. 00+0. 12 0. 00+0. 16 0.27+0. 18 4.5+0. 84
Control group
HERIZH
" 277. 34+20. 51* 178.36+7. 47 4.75+0. 49* 52.38+5. 97" 38.41+1.42°
Model group
W A 2
ﬁﬁ%ﬁ frel 189. 42+21. 18> 132.95+11. 34" 3. 84x0. 73" 39. 81+8. 43" 35.31+1.25"
Astragaloside I low-dose group
wER AR
fﬁ% ?"JE 137. 68+18. 35" 91.83+8. 57" 2. 15+0. 58" 26. 65+5. 51" 31.76+1. 17"
Astragaloside I medium-dose group
wERT I EFEg
ﬁﬁéﬁ ',j”JEE 73. 54x14. 62" 62.19+7. 62"! 1. 03£0. 34 19. 72£3. 27" 30. 15+1. 03"
Astragaloside I high-dose group
i FE KA
BEAMA 68. 43£10. 454 56.51+5. 29" 0.93+0. 47> 17.98+2. 18b<d 28.67+1. 05"

Dexamethasone group
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2.4 AKEFIXNESAYERBRMALRERG
spAG)

HE Yt )5, Jasf BAEs T al WA 5] . X) HR 41 %)
AR FUN AL 2 40 L HE 51 55, 25 k0 S8 38, ST
VR ILJSERE TE 7, A UL B S 1 % P 4 it 92 Vi 5 A AU 44
Jili 20 23R DA AR K SR 4L 2R e M i, R B
YRR K b 4 RE S LA IR RS BN R K
AR M AN R W 5 B 1L 45 Ak B 2H kb 5
b/ S VNS R K2 B NI B e = O W A2 R R (AL Tk S
AT , 75 A 9 P 200 RV T /) | A R JEL B S T IE R
55 R AR Eb 455700 2 %) 4 K U 41 20 5 9 F 43 (8
ETHE (P<0.05) s SEAI AR L, 25 g 217 1T 4540

FRA L4 R R L 2 RETE A3 . 35 AR (P<0. 05) 5
LR 3 2 A 11 390 3 B 38, 44 K U4 20 5%
FEVF MR AR (P<0.05) . W 5 8T 1,
25 AREFIXNESEADFEXRMALR IL-21,
STAT3 & B /KR

55X HRZH AR L AR 20 41 4T R BRI 20 29 1021
p-STAT3 & /K- 3 T+ ( P<0. 05) ; SR AIZH AH
Lo, # R AT I 25 A B AL 2 4 K U 41 20 T0-21 ,p-
STAT3 £ 17K F- i 2 R#AIR (P<0. 05) s HBE# ¥ E 2
0700 5 34 m, 4l 48 R BUBl 24 2 11-21 , p-STAT3
K FARKFEL(P<0.05) , W 2,56,

R3I SADFERE BALF FIEWR T RYEAIAE R 75 1 A (x5, n=12)

Table 3 Comparison of inflammatory cytokines in BALF supernatant of each group

vl FIZ0AE A 2% -6(ng/L) 4 2R -21 (ng/L) A A KB F-B1

Groups 1L-6 IL-21 (ng/L) TGF-B1

Xt HE 4 Control group 14.36+1. 84 17.93+1.03 15.43+1.48

HERIZH Model group 83.72+6. 34° 97. 56+4. 63° 78. 62+5. 31°

TR AT AR5 4] Astragaloside 11 low-dose group 64.97+7. 12" 71.42+4. 87" 69.91=+3. 28"

IR TP FIE Y Astragaloside 1T medium-dose group 56.43+5. 82" 59. 14+2. 98" 53.49+4. 09"
HHERAT 1T B4 Astragaloside 11 high-dose group 38.77£3. 49" 42.35+2. 13" 38. 47+2. 56"
HiFEKFAZH Dexamethasone group 36. 84+2, 19" 37.73+1. 56" 30. 15+2. 08"

x4 BHDFERBUNGE TR IEAREH T 5 5 K (xs,n=12)

Table 4 Comparison of inflammatory cytokines in serum of young rats in each group

Gl HANEN 2 -6(ng/L)  HAIMES 3 -21(ng/L) A E R H B

Groups 1L-6 IL-21 (ng/L) TGF-B1

Xf FBZH Control group 11.83+1.53 13.94+1. 62 15.64=1.17

FERIZH Model group 85.46+7.01° 76.32+5. 95° 83.29+6. 54°

HRERT RFI 4 Astragaloside 1 low-dose group 74.25+5. 26" 58.46+4. 33" 61.47+4.21"
H AR I A4 Astragaloside 1T medium-dose group 47. 64+4. 68" 41.75+4. 02" 49.38+3. 86"
HHE AT 1 B4 Astragaloside I high-dose group 28.31+2, 54bd 36. 82+3. 28" 35. 61x4. 03"
1 ZE K HA 4 Dexamethasone group 23.86+3. 05" 34.34+2, 81" 32.75+2. 59>

x5 KHAMYFERBIFTHNERIEIT I (x+s,n=12)

Table 5 Lung inflammation score of young rats in each group

RAEVESF (43)

Inflammation score

Ayl Groups

Xt HEZH Control group 0. 00+0. 00
HERIZH Model group 3.95+0. 24*
e TR
K[E‘H’ a2 2 540,31
Astragaloside II low-dose group
HEE A 1T s
SR I A 1,390, 28"
Astragaloside I medium-dose group
TS Py
e I A 0. 850, 22
Astragaloside Il high-dose group
Hh ZEAFAL
LI 0. 69+0. 14"

Dexamethasone group

R 6 AHMFE KRR 1IL-21 STAT3 H 1
IR IR M ZE S (545 ,n=12)
Table 6 Detection results of IL-21 and STAT3 protein
expression in lung tissue of young rats in each group
4340 Groups IL-21/GAPDH  p-STAT3/STAT3

X HEZ Control group 0. 18+0. 04 0.25+0. 05
BEHIZH Model group 2.03x0. 43" 1.98+0. 37"
S s A TG4 . .
Astragaloside I low-dose group 1.150.27 1.070.29
SR T P
SR A IR 0.840. 19" 0.7420. 15"
Astragaloside Il medium-dose group
st I y ¥
Astragaloside I high-dose group 0. 390.06 0. 460.08
KA E
DAL 0.25£0.09""  0.380.07""

Dexamethasone group
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Note. A, Control group. B, Model group. C, Astragaloside I low-dose group. D, Astragaloside

II medium-dose group. E, Astragaloside II high-dose group. F, Dexamethasone group.

Figure 1 HE staining results of lung tissue in each group

IL-21 e —

D-STAT3 | G  mm— —— —  —

STAT3 | —= e oo e e —l

GAPDH

T A XTI B BRI C S B IIGGR B4 D 3
R sl E . 3 (R T 1 i ik 2 F o i 28K
A,
2 ALK U U FED
Note. A, Control group. B, Model group. C, Astragaloside
Il low-dose group. D, Astragaloside Il medium-dose group.
E, Astragaloside I high-dose group. F, Dexamethasone
group.
Figure 2 Western blot of lung tissue of young rats in

each group
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I i — o LA A | S e R Ty
TER YRGS S SR SR TR 1R il 25
Tl S0 I F- 0 1L-6, TGF-B1 %5 /K i, #F 58 &
PR, b A X 12 Wity EL AT B 8 AR MR R
FRATTIE FH 1 ZE K WA S A 5 1) BH 1 X R 25 90,
I3 b 46 P F IL-6 IL-21 1 TGF-B1 2 BALF |-
bRl = B O g e v W R o v R N e

I T 20 i K50 ) G 0 T D R R 5 2 s A R
VO B it 2H 2 1 5 1 DR R o T A K-
B FEARF ST, FRATRIH OVA 175 5 8 7 1% i 4 41
PN R Y S A K SN S =2
KAt W R 2 T T L £ 25 AL 5 3K
R KRR, HRAEED T 5, 414E KR
TEM A FIREE R Ach UL 5, H Penh {H 12 35
5, BALF E i AL b IL-6 IL-21 fil TGF-B1 &
T R, BALE 35 VT 140 S RS TR T R
AR | H P 20 B bR EL 00 R W 0 i i S T
151, 2% B i ] 5 | A 4l A KRR 41 23 4R i 2 7, IR
W B, i s AR TR ST R )

BRI R E R 254, R 1 122y
TEPERr , B R i Bk BuIE SE 2 M e )
WP, MRSk B, B EE T LAYE T R GGE T A D
BB RGRE3 WA DI RE , 1 o AR SR — B B4R, 1 RS
PR B 2 e B E I 1L-6 \1L-18 . TNF-a 1Y
SR TRIT RAERON T ARG OR FH B R R AT T
XU Wiy ) 4 KRR IEAT 25 300 A B, IR R 45 SR B
AN LA R B T R LA S |, 2 4F K R4
VSRR IE R, SRS T PN 9 P 0 i 3 i P S
b R ks | TG B B R TR, AL 21 SR T4 [
. Ach #&J5 Penh {H i Z FEAIL, BALF L i & Al
Mg 1L-6 1L-21 F1 TGF-B1 & & i E K, BALF
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