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BWE  HiW FEEPYE (ASIV) ¥ B 0324 1 (Notchl) HHMNHEHERE FH T 1 (Twistl ) {5538 B 4 B 1 b2
iR BRAITH &AM, ik ¥ SD REBEPLN Con 41, Model 41, ASIVAGHIEZ (L-ASIV4L) | ASIVE R4
(H-ASIVAL) . BHPEZH (BBt B4l ) . ASIViE 7l +Notchl ##l7] DAPT 41 (DAPT 4 ) , 4445 15 H,
Con 41BRAN, R4S BRI B0 R B RS o AG I 4% 20 A BRUBR 40 0 T A & SR AN S K I A& R R 1L-8.,
IL-18., 1L-6 7KF; il 4l R mbe i Ol m A LU B . 408 T A8 4k s AR I A8 41K BB i i AL R I AR KR
(EGF) . Btk AF4egifiEF (b-FGF) . VEGF. Ifil/Mi-P9 5 415 B 7+ CD31 DL Notchl/Twistl if 5 (3=
BEBL, 5 Model 415 Con ZHbbde, KEBOIGIHHLH BB B KR, S5M 5tz B R EAMEE, &
K&, IL-8. IL-18. IL-6. 4B T-% . EGF. b-FGF F-Iu¢Gom A, VEGF, CD31 V¥ %% (. Notchl .
Twistl 7 FAFEME (P<0.05) ; L-ASIVHL, H-ASIVA . {RiHEHE 415 Model g Hbd, K RUBE5 6 1 2H UK b A
R MBS, SRR E, QIS % . EGF. b-FGF VY786 . VEGF, CD31 V#4655 By .
Notchl, Twistl FikFtwE, /K&, IL-8, IL-18, IL-6, AUAEIAT-FF#(L (P<0.05) ; DAPT 45 H-ASIVAL HL#, K
FRUBE 13 0] T A P K I 0 5 P A0 RS N T, S5 A SR MERE IR . BT A A% . EGF. b-FGF “F9kumE . VEGF,
CD31 P62 (6 . Notchl, Twistl FiKME(K, &/KE . IL-8, IL-18, IL-6. MM T-RTI& (P<0.05) , 4t
ASIVH] B3 1 #7E Notchl/Twistl {5 538 i, (2RI S K BRI A& .
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Effect of astragaloside IV on wound healing in deep second-degree burn rats via
the Notch1/Twistl signaling pathway

WU Xiaowei, ZHANG Kewei, LU Jie, MA Yanan, WANG Xianzhen

(Center of Burn Plastic and Wound Repair, Qinghai University Affiliated Hospital, Qinghai 810000, China)

Abstract  Objective To investigate the effect of astragaloside IV (ASIV) on wound healing in rats with deep second-degree
burns via the Notch receptor 1/Twist-related protein 1 (Twistl) signaling pathway. Methods Sprague—Dawley rats were
assigned randomly into Con group, Model group, low-dose ASIV (L-ASIV) group, high-dose ASIV (H-ASIV) group, positive
drug group (Shirun Shaoshang ointment group), and high-dose ASIV+Notchl inhibitor DAPT (DAPT) group (n=15 rats per
group). Second-degree burns were established in all groups except the Con group. The healing rate and moisture content of
burn wounds were detected and serum levels of interleukin (IL)-8, IL-18, and IL-6 were measured in each group.
Histopathological and apoptotic changes in burn-wound tissues were measured and expression levels of epidermal growth
factor (EGF), basic fibroblast growth factor (b-FGF), vascular endothelial growth factor (VEGF), platelet endothelial cell
adhesion molecule CD31, and Notchl/Twistl pathway proteins in burn-wound tissues were also measured in each group.
Results Compared with the Con group, rats in the Model group showed clear edema, structural integrity damage, and
inflammatory cell infiltration in the burn-wound tissue, increased water content, IL-8, IL-18, IL-6, apoptosis rate, and average
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fluorescence intensities of EGF and b-FGF, and decreased average optical densities of VEGF and CD31 and Notchl and
Twistl protein expression levels (P < 0.05). Compared with the Model group, rats in the L-ASIV group, H-ASIV group, and
Shirun Shaoshang ointment group showed reduced tissue edema and inflammatory cell infiltration in burn wounds, restored
structural integrity, increased wound-healing rate, average fluorescence intensities of EGF and b-FGF, average optical
densities of VEGF and CD31, and expression levels of Notchl and Twistl, and decreased water content, IL-8, IL-18, IL-6,
and cell apoptosis rate (P < 0.05). Compared with the H-ASIV group, rats in the DAPT group showed increased tissue edema
and inflammatory cell infiltration in burn wounds, structural integrity damage, reduced wound-healing rate, average
fluorescence intensities of EGF and b-FGF, average optical densities of VEGF and CD31, and expression of Notchl and
Twistl, and increased water content, IL-8, IL-18, IL-6, and cell apoptosis rate (P < 0.05). Conclusions ASIV may promote
wound healing in rats with deep second-degree burns by activating the Notch1/Twistl signaling pathway.

Key words  Astragaloside IV; Notch receptor 1/Twist-related protein 1; deep second-degree burns; wound healing

RO R TENG IR P BN E WL, AU R 22, BIRANEKE, SR b s 3] ™ 8
B, R A s R R A T2, RIS B G T 1 A i R R U A S5 R A 26 pL], o
FET AT 105G I — BLR BT8P % 32 TR MG 8. 38 JBE 280 S N AT B T 60 1 A, Rt B % S 8 Al
BT BB A IR R IR T A, H AT 4 40 ity J5 5 R A S R AR ) DG B A e B IR, R AR
SN FEAT A AT v AL T R AN TS A B2 R . BIKH 1 (Astragaloside IV, ASIV) & M4 4
BT 0 BRI DY IR =nE B RN AN, HEA R RGN (L 52 4 40 M 3 565 A0 i %
A DL R AR 4% S L, GRS R B, ASIVBES 1L 2 A BRE 4l BT R B g, sk 4 10 A
FREL, REM ASTV AT B8 PRI K847 01 [ & & G IR T MR T, 8 L8 DRI B 495 60 THT & v 1 LAk 2k
NI B AR W AR . BRIO3Z2 4K 1 (notch receptor 1, Notchl) /3 Mi#Zfg#E 5% 7 1 (twist-
related protein 1, Twistl) {55 MM AT ML E WL FE P AHEETERT, FRERE, BIE
Notchl/Twistl {55 i@, REWSMEHE kB KRG O @ A6, Bril, A0 78 M e IR e 5 oK RS
R, HF Notchl/Twistl 15 5 38 B4R ASIVRHATUEE 545 K B 1 T & i 78 78 24 FRAF 1 .
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1.1 Kz

90 RTGHFE i A SD mEPEREL, 6~8 WS, M= IEH 190~220 g, KIFE T R IE/RAE
WAL A IR 2 7 [SCXK()2024-0006]. FT A sh P IE SRR BT 32 A0 T 7 d KA ELE R, 1A 5 T
HHEE B S E R b SPF SEIR B 55 [SYXK(75)2024-0001] . SZI6 ™ 4% 15 ( SZI6 3h 4 4 B 4%
Bi) 5 sy 3R BRI, I iR B B e Se 3 sh A6 BE R A o Tkt (P-SL-202158) .
1.2 FERKFEME

ASIV (4iE>98%) (FT-84687-43-4) W H EilgREAAEMEHL: IERATE (moist exposed burn
ointment, MEBO, T230622) i[5 ffli i £ 5252w ; Notchl |5 DAPT (DAPT-050) i H b5t
B 7 R A AR s KB A4/ -8 Cinterleukin-8, 1L-8) . 1L-18 Ik % % W R 56 Cenzyme-
linked immunosorbent assay, ELISA) i&7)# (DMD0250. DMD0566) i [ b ifg 2 30 AL M BB A 7
KB IL-6 ELISA 7% (KI-E680R) W H Ll EIAEMFIH ;. TRARZE -4 (hematoxylin-eosin,
HE) Zftill (BIR615) M HAL R /R PG R A F]; TUNEL 28 T k7 & (JK-048a) 19 H |
AR R AR SEHALRTE (PK-6100) MW HAN M EZEEM R SERCRAE
(YB006) My H Filg 8 L AEMEAR AT, REAEKE T (epidermal growth factor, EGF) . Bl sl 4F
H:4m A1 (fibroblast growth factor-basic, b-FGF) . Ifil% P 2 24E K K7 (vascular endothelial growth
factor, VEGF) . I/ EZ 4B ZL B 7>+ (platelet endothelial cell adhesion molecule-1, CD31) .
Notchl. Twistl Pifk (bs-4568R-1. bs-0217R-2. A00045. BM4213. bs-11976R-1. KO005165P) I H
g EAE R R iR (YLS-5Q) W H b Al R B EROLEME (Revolve)
W B 75 N 3 FEAE RN BRI 248 (Dolphin-Doc) 14 H b & R AV RHE .
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2 8 K1 e S TS ik 7 A VR T A K R . ook, SRR RS 5 N8 T 3% 2 b 2 B ik
B KRG, 728 I E s 2 cm A FRic 3 cm>B om X4, # B 3h ) B 2s 3k AT i BALBE, i o fE
AEFE L K IE VS R KR . SR AR AL A Hefi [k 77 500 g fE K, R E 105 °C. fERIRT K 18 s,
k5 R bk e A 2 R, PREFRRGE MR JME, BERRKES), EREN A AKE, WL E A RP
RARRCER, 24 h JG @0 X% e aifh, SR G, R RBIAU @ R D). T Con 41 K BR R #E47 i
FEALEE,

ERR I JE R RBENL 28 Model 2H. ASIVAEFFI&EZL (L-ASIVA) . ASIVE A& (H-ASIV
) . BHMEZAMA GRIEEGES, ) .« ASIVE T &E+Notchl #iii77 DAPT 41 (DAPT 41) , f41%
15 Ho AW SCEREO oK R ASIVAE &, SR ATl AR # & K e B2 4 20 g/L. 100 g/L
ASIVIE . H L-ASIVZ. H-ASIVZL K BRIy /A Egs 2515, R 1 mL RS R 1 mL
20 g/L. 100 g/L ASIV ¥, i1 [ FRLE 5256 20 4 1) AR 4 5 B — 350, 439l 458 FH T 11 i 2 2 9 1) s i 1)
PSR T 00T X3, WORAGV A5, W25 B G a3 LR sk e, 58 H R ek sk By ik
Y EEEEGITH, AR H A AR KIS S BRIk, BRI SR, Rk n B A KR H A
YL R R IR e 4 B ¥ 25 & 0.02 mL/cm?; DAPT 414 H G H ¥ 213 4% 1 mL 100 g/L ASIV & A4 2
d 595+ 10 mg/kg Notchd #0117 DAPTI, Con 411 Model £ K B35 F AR 38 Eh /K 60 T v 3k, & H 1
W, HHRM2E.
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KRG T J5 R T AR E N VIR G TH A . fEVRYT 2R 7 RS 14 K, Al FH KB AL BRI 2 52 B
Ve AT O Th 78 a5, 812 S5 18 F B 2 A R AT B T RN TR, GE R e A T T AR - 24
A3 S BT T AR /A RR Th 5 B TH] T AR <100% 1 55 A T A %
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A EE 2 Ji G, RRAHBENLIER 5 RO, #EATIE RS ST 3% 8 T b 22 i VBRI, B AN [ X
W SE B G RFEA, B T AR K ATIEDL, (6 CE IS4 bR Rk, REEREER TS
Fo, PR 24 he ETEHRE, BHEAE T TESEPANZEE, #TFEHERNE, WHEE-T
H) YA E R VAN S KE,

1.3.4 KRILF IL-8. 1L-18. IL-6 /K F4&iM

ZiRbEE 2 E fa, NEAR R KRS I A RGRICA MFEA, SR a5 0 E NS, RiEAA &
P 1R 450 A Ak B0 B i I 37 A bR o i, B AR OCHEAT RO EEART I, X 3R A5 B BHE AT e AT 18,
IL-18. IL-6 /K°F-.

135 XROEALRETL

MATI FE My ) 10 HKBR P REALERR R 5 R KR, LIRWIGE, 768380 X 3857 Ik 20 26
A, SEEVE NEEW T, 4 CCIHIEIFE FEE 24 h, WK, BWAHEE, BT 60 °CHE IR A it
ITRIEEE, YIAPLE% 5 um BV . BEE o &t HE SRt )5, 6 2 as g 1T Mg 0P b
K BR B THI 2 25975 2 AR A L o
136 XREOEARAMATTH

HY 1.3.5 At F, =i A 0.1% Triton X-100 &L AL, [ 5% BSA &5f FH 34T 35
Mo BAEE S, VIF 15 TUNEL Jetailiii 4514 N9 A 90 min, DAPI #Y¢E 4L 15 min, ¥ A )J5EH
LR BB TS, BT T AR (SREYOERRFE TN
1.3.7 XRAIEALR EGF. b-FGF RiL#&

BB A W) AT I N A K AR FE, {E R 0.01 mol/L I ERANZE R BT MR BT IR B E . 3%
W EAE P EA R EENE 5 min, 1% Triton X-100 ZiE%E 4L 15 min, EGF. b-FGF #ifk (1:
300) , 4 CIRENERME LR, FHiBEL R M =iREES%E 1 h, 15 min DAPI &%, L%
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£ T ELH IR, Image J 20T EGF. b-FGF “Fw e, B E k¥ 3 K.
1.3.8 XREIEAL VEGF, CD31 Rix#

B 1.3.5 ARy F, KR ERAME EIEAFT RN E rh AT TR 2, 3%t A AL A P EE
WG P =R E, —$Hi VEGF. CD31 (1:50 k) , @&, %M HRP txic N FhE —
Pr, 37 °CWEE 1 h (F#E) , DAB B fa, ZIWM/KL& LRI, A 5580 %2 DL A 2 4
VEGF. CD31 ‘V#u% fEfl, HEXE 3 k.

1.3.9 XREAIEAL Notchl/Twistl 188 E [ F A4

TESE BT AH SR B A M G, FRIR 5 5 HORRIB VS mf & 3%)5 B bl 22 4 78 ) S e 22
IRBE, WARQITHZHZE, R RIPA SRR MRS il b A7 24, BRI E 0 (4 °C, 12 000 >y, 15
min) KB A LER, RAF S ARIAT PR E R, SRR AR 12%58 1T ks
B, MK BEEARM SR, 5%BE TR -TBST B M = R3: M 2 h, XFR&EAZH E T Notchl
(1:1 000) . Twistl (1:1 000) . B-actin (1:2 000) PLAMRER, 4 CRRLIR, SN _MERBEF 1
h, WIS AT B A% B, BHREIE REUREBUE S, AT KEH 2 BT IR LA B-actin NN S
115 Notchl. Twistl & HFRIE, HEEIRE 3 K.

14 HitFEFHE

SPSS 27.0 it @Ak AT BT A Bt 20 M, B B R P Bl 2 (x +s) Fom, =AML
IR L, AR R T ZaERNEES 71k, Ul P<0.05 RREFHRENE, A EEEYS
BJg, NEt— L EAARGLE 25, E&H SNK-q BRIGIATH L, B ERIR/KHE 0=0.05 {E NSt
2 0SB E TR R T BR AE

2 #HR

2.1 ASIVAXRE RS RN
L-ASIVZH. H-ASIVZH. i EH KRAHEA&XE T Model 40 (P<0.05) ; DAPT 40 K
GTH & AL T H-ASIVAH (P<0.05) , WK 1. K 2.
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H-ASIV group MEBO group DAPT group ,-S

Ee A 7 RRRAIIHALUE: B: SFHARMAMASELE. 5 Model ZLAHEL, #4P<0.01; 5 H-ASIVAIAHLL, ©@P<0.01.

B 1SR 7 ROKR O 4 210 K G T 3R L
Note. A, Wound tissue images of rats on day 7. B, Comparison of wound healing rate in each group. Compared with the Model
group, 4¥P<0.01. Compared with the H-ASIV group, @@P<0.01.

Figure 1 Wound tissue morphology and wound healing rate of rats on day 7
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B2 55 14 KK R T 4 23 P 2 O T o 4 e Ll At
Note. A, Wound tissue images of rats on day 14. B, Comparison of wound healing rate in each group. Compared with the Model
group, 44P<0.01. Compared with the H-ASIV group, @@P<0.01.

Figure 2 Wound tissue morphology and wound healing rate of rats on day 14

22 ASIVAKREEESKENIIY

5 Con #lLb#:, Model 41K R AEIH & /KEHEIN (P<0.05) ; 5 Model 4Lb%:, L-ASIVZL. H-
ASIVZH . MEBO 4 KRG & /K> (P<0.05) ; 5 H-ASIVAELE:, DAPT 4K R 6 & /K i
jn (P<0.05) , WK 3.
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iE: 5 Con 4AHLL, ™P<0.01; 5 Model HAHLL, %P<0.05, %4P<0.01; 5 H-ASIVAlHLL, ©@9P<0.01.
3 K2 KRBT & K = AL
Note. Compared with the Con group, “P<0.01. Compared with the Model group, ¥P<0.05, 44P<0.01. Compared with the H-ASIV
group, ®@P<0.01.

Figure 3 Comparison of wound water content rate of rats in each group

2.3 ASIVXfKFRIME IL-8, IL-18, I1L-6 7KFE &M@
Model 4K IfiE IL-8. 1L-18. IL-6 /K F¥LL Con 4% (P<0.05) ; L-ASIVZH. H-ASIVA.
MEBO 40 K RUIMJE 1L-8. 1L-18. IL-6 /K“FJH Model ZHAX (P<0.05) ; DAPT 4 KE MiE IL-8. IL-
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18. IL-6 /KF¥E H-ASIVA & (P<0.05) , W& 4.
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e A Mg IL-8 KF; B MLl IL-18 K C: MLiEH IL-6 /K. 5 Con ZHAHLL, "P<0.01; 5 Model ZH4H
b, “P<0.05, #4P<0.01; 5 H-ASIVAAHLL, ©@P<0.01.

B4 %4 KR M IL-8. 1L-18. IL-6 K-FLL#
Note. A, Serum IL-8 level. B, Serum IL-18 level. C, Serum IL-6 level. Compared with the Con group, “"P<0.01. Compared with the Model
group, P<0.05, 4P<0.01. Compared with the H-ASIV group, ®®P<0.01.

Figure 4 Comparison of serum IL-8, IL-18 and IL-6 levels of rats in each group

24 ASIVKREUHEALRFETHAZ N

Con A KMEIHHLR R K EEN R, AREHVEST. 5 Con AL, Model 2H K5 6 2441
2 ) 98 VR4 MR AR A AR R B K, FE R A MR s 5 Model A LEEL, L-ASIVA. H-ASIV
H. MEBO ZH K R B T 2H 23 26 P 20 M 32 i R0 40 P 18] /K sk, R TR 45 s 5 H-ASIVAL L,
DAPT 2H K BB T 4L 24 BEH 45 2. 3 n &, DL 5.

ConZi ModelZH L-ASIVA
Con group Model group L-ASIV group
H-ASIVZL MEBO%1 DAPT4

H-ASIV group MEBO group DAPT group

Kl 5 QAL E A (HE, 200%)
Figure 5 Pathological changes of wound tissue (He, 200>)

2.5 ASIV3f X R HE4H LR AT K ER R0

Model 2k AT AR E T2 5 T Con 4 (P<0.05) ; L-ASIVZ. H-ASIVZ. MEBO 4H K
SO T AH R AR T 2L T Model 44 (P<0.05) ; DAPT H KR AIMmMALRMERET-E ST H-ASIVA
(P<0.05) , WK 6.
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ConZi Model41 L-ASIVZ
Con group Model group L-ASIV group
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50 ym § g
2 20
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: <
5B o5 W B
TR R SR SR 070 7R
50 pm CQQ\Q:’\O ;,\ééo\f?\ioéo %%@ V\Q)Q ‘00?{%@0
— ¥ PP

de A GIIAHZ M T (TUNEL, 200%) ; B: BAKREIMALMPHTRLE. 5 Con HAMLL, "P<0.01; 5 Model
AL, $&P<0.01; 5 H-ASIVAHILL, ©@@P<0.01.
P 6 G T 20 240 AR R T2 AR Ak R 4l R TR L AR
Note. A, Changes of cell apoptosis in wound tissue (TUNEL, 200%). B, Comparison of apoptosis rate in wound tissue of rats in each group.
Compared with the Con group, “"P<0.01. Compared with the Model group, 4P<0.01. Compared with the H-ASIV group, @®P<0.01.

Figure 6 Changes of cell apoptosis and comparison of apoptosis rate in wound tissue

2.6 ASIVXIKEREIEAL EGF. b-FGF RiZHI &M

5 Con A, Model 4 KR AN 204 EGF. b-FGF ~F¥ % Gag E 1 (P<0.05) ; 5 Model 4H
AHEE, L-ASIVAL. H-ASIV4l. MEBO 4 K 4048 EGF. b-FGF ¥ 337 Jt 5 B it — 20 38 fn
(P<0.05) ; 5 H-ASIVAAHLL, DAPT A KR AITHAZ EGF. b-FGF V3% Yt 5& & Jk/> (P<0.05) ,
WE 7. K 8.
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Con group Model group L-ASIV group >
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2
=
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Ke a0
H-ASIV4] MEBO#L DAPT4L 73
H-ASIV group MEBO group DAPT group B =
L (5]
o8 2
Y
©
w 00
(O] B 8 B . 5
m S TS S 8 S S
c°°® &\@‘ Vil ¢ \gbo%‘ Q@é
‘ N R

E: A QAL EGF AL (x5, 400 ; B: QAL EGF FHWOEHEE . 5 Con 4l4HLL, "P<0.01; 5 Model 414
b, &P<0.05, %%P<0.01; 5 H-ASIVAALL, @@P<0.01.

K7 %K RO EGF P35 5% b o B L 8%
Note. A, Changes of EGF in wound tissue (immunofluorescence, 400x). B, Comparison of average fluorescence intensity of EGF in wound
tissue. Compared with the Con group, “"P<0.01. Compared with the Model group, ¥P<0.01, #¢P<0.01. Compared with the H-ASIV
group, ®@pP<0.01.

Figure 7 Comparison of average fluorescence intensity of EGF in wound tissue of rats in each group
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Figure 8 Comparison of average fluorescence intensity of b-FGF in wound tissue of rats in each group
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Figure 9 Comparison of average optical density values of VEGF in wound tissues of rats in each group
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Figure 10 Comparison of average optical density values of CD31 in wound tissues of rats in each group
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Figure 11 Western blot detection of the expressions of Notchl and Twist1.
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