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GEE) BH 2 T4 8 LET %% E T (astragaloside IV, AST-IV ) 4 4 F B T4 & 2 #54 H F 2/i1 41 % An 4.8 -1 (nu-
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(Abstract] Objective To explore the effects of astragaloside IV (AST-IV) on vascular endothelial oxidative damage by modulating
the nuclear factor—erythroid 2-related factor 2/heme oxygenase -1 (Nrf2/HO -1) signaling pathway, based on cell experiments.
Methods An endothelial cell oxidative damage model was established by stimulating vascular endothelial cells with 1-palmitoyl-2—
(5—oxovaleroyl)—sn—glycero-3—phosphocholine (POVPC) for 24 hours. The cells were randomly divided into model group (35 pmol/L
POVPC), low—dose AST-IV (AST-L) group (35 pmol/. POVPC+50 pmol/. AST-IV), high-dose AST-IV (AST-H) group (35 mmol/L
POVPC+100 pwmoll. AST-1V), and high—-dose AST-IV+ ML385 (Nrf2 inhibitor) (AST-H+ML385) group 35 wmoll. POVPC+100 wmol/L
AST-IV+5 pwmol/l. ML385). Untreated normal cells were used as the control group. Rat aortic vascular endothelium cells (AVECs)
were identified by immunofluorescence. The proliferation of AST-IV cells was tested by CCK-8 assay. Transwell chambers were
utilized to evaluate AVEC migration, while Matrigel matrix gel was employed to assess angiogenic function of the cells. The cytoskeletal
structure was determined by phalloidin staining, reactive oxygen species (ROS) levels were measured by the DCFH-DA fluorescence
probe, and superoxide dismutase (SOD) levels in cell culture supernatants were measured by kit method. The mRNA and protein
expressions of Nrf2 and HO-1 were determined by RT—qPCR and Western blot. Results The expression of extracted cell surface
marker von willebrand factor (vWF) was determined by immunofluorescence and was identified as AVEC. Compared with control
group, the cell viability, migration ability, and angiogenic function in Model group decreased significantly (P<0.01), with obvious
cytoskeleton disruption, a significant increase in intracellular ROS level (P<0.01), a significant decrease in SOD content in the cell
culture supernatant (P<0.01), and downregulated mRNA and protein expression levels of Nrf2 and HO-1 in cells (P<0.01 or P<0.05).
Compared with model group, AST-L group and AST-H group showed significantly increased cell viability, migration ability, and
angiogenic function (P<0.01), with better repair of cytoskeleton disruption, a significant decrease in intracellular ROS level (P<0.01), a
significant increase in SOD content in the cell culture supernatant (P<0.01), and significantly upregulated mRNA and protein
expression levels of Nrf2 and HO-1 in cells (P<0.01), with more pronounced effects in AST-H group (P<0.01). Compared with AST-
H group, AST-H +ML385 group showed significantly decreased migration ability and angiogenic function (P<0.01), increased
cytoskeleton disruption, a significant increase in intracellular ROS level (P<0.01), a significant decrease in SOD content in the cell
culture supernatant (P<0.01), and significantly downregulated mRNA and protein expression levels of Nif2 and HO-1 in cells (P<001).
Conclusion AST has protective effects on vascular endothelial oxidative damage, with a certain dose dependence, and its
mechanism may involve the activation of Nrf2/HO-1 signaling pathway.
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1.1 ¥

SPF 9% 8 JEl & i SD KB 2 5, W A ) m Hr
S i SR LI ST FRA R R BT 200~250 ¢,
T % T/ P B 25 K 2% SPF 9Bt e 22 4, 18 FH A of
SRR SR R O IR (25+2) °C, % A BTG A
W 12 h —fEER, sh L g i B AT SR B A 20K
) A PRV IE S . SCXK (31)2019-0004 , A Hf 5% 3
ok e T R 24 R A s ) S RO AR B A (RIS .
L1.2022072703)
12 FEiKH

AST-IV (LR LA R A R AR S .
84687-43-4); DEM/F12 .PBS 2% th & . i 4 il 5 (&
DO 5 B8 A i B A BR A | 465 . WHB823G041 |
WHB823P091 ,SA230608 ) ; ML385 ( 3 [ MedChem-
express /A A, 4it*5 :24435) ;POVPC ,CCK-8 il i 7
& (3EH APE-BIO 24 A, 4It5:C360111346294 775 .
K1018);ROS Ml 5 & & FHARiC AR \DAPI
W PP R (AL R ERA RA
41t 5 :2307002 ,A426D011 2308001 ,20220224 ) ;
iR (L R ER AR AR TS,
CA1610); & SOD Mk & (e k) (ma ot AR W)
AHIRAF 585 :A000-1-1) ;Matrigel JE£5T /i  Transwell
/INE (EERRTAE, 5245 356234 3422) s Nif2 (K
W= JE A ARG R F] 45 :16396-1-AP) ;HO-
L (BB IE R A M ARG BRTTAE A F), 525 . R24541)
SPTILAEE 1L R A F (von willebrand factor, vWF)
Z oy EBUAR (AL R R A E AR A RS A S .
BS-0586R) ; FITC #xic th 241 A 1gG (H+L) (8 =
J A W B AR AT BR A | 5845 . SA00003-2) .
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CO, B F2 4 (LML A A, AL S . 3427) 18
FTAES (RN EBEARARA A, B S . SW-CJ-
1FD) ; 8 & 2¢ 6 6B | 1F B 9Ot Wi BT (FE 1 Zeiss
2], AL Axio Vert.Al  Axio scope 5) ;45
(R FVE 3D HISTECH A #] , %45 : Pannoramic MI-
DI) ; B UK A8 %6 ED RS 2 1) RE i b 1R 3R B2 10 \Gel

DocXR+#&E K 5 & 58 (3£ |5 Bio-Rad 22w , 85 .
1658001 ,1703930,Cytation3 ,Chemi DocTM XRS+),
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2.1 AVEC WRRENS5¥E

Z W AT MBI 5 05 k09 3 F SD R R, 40 5 L i
F o Bk, FEHUEE 3R AVEC, K43 5 1) AVEC fifi
DMEM/F12 (% 10% 16 4- M7 1% % R 1% T %
) BRI AR O BT S0 e 9O 4 A1
FMADREY) vWF R IE ¥ AVEC A& 385 7 i)
24 FLARCHAEK 24 b i 4% 2 B H R Ab 5L
AKWIE) AVEC [#5E , PBS 2% th il Ve G In A vWF
(1:200), =M E 2 h, FEBEE LSRG PBS W5k 3
W IMATENE ZHT(1:2200) F HIFHE 1 hJJCRERE
HEAT DAPL A% 4% Hrad ey K 3t ¥ 3, 90 bk il
BEWLEE
22 AVEC SEUHGERBES HERKY

PEFE 3~6 RAEK R AVEC #E175250 , RIS
PUAEBIF 55 45 SR 09 3 £ POVPC 35 wmol/L 44 2 P )7
A S AL B AT, S B8 AST- IV F 1k S v &
i /R FHH FE  ML385 SR 5 pumol/LME 1~ il vk
B R KR AVEC BEHL A% B8 (Control )2H |
FEH 20 (Model 2,35 wmol/L. POVPC) (AST- IV {i%
FH 4 (AST-L 44,35 wmol/L. POVPC+50 pmol/L
AST-IV) (AST-1IV /& 5 & 21 (AST-H 41,35 pmol/L
POVPC+100 pmol/L. AST-IV ) Fl AST-1V = 5l & +
MIL385 41 (AST-H+ML385 41,35 pmol/L. POVPC+
100 pmol/L AST-IV+5 wmol/L ML385), 3% 24 h
S, VAU A L B FE 1 WO T I S SR B A
23 CCK-8E#Ml AST-VEMHEAR B EHAMmIE
EIE R

W 2~6 AL T X5 B A KW AVEC FH 1B 1 I
1k, AT AL S A0 T 96 LA, 4 M % B 2l 1x
10° A /mL, B FLAEZ A 240 M B i 100 wL, & F 37 C.
5% CO, B FeAi 9% 24 h, 400N Z Ab 3 B 55
24 h i, BfLINA 1% CCK-8 ¥ 100 wL, i E T
B FR 46 vh RGBS 3% 30~60 min, BEAR I AE 450 nm
SRR OERE (A) o ABMIAFIE H8=(A Lo ZH-A 25 4/
(A XFHRZH-A 25 1 41)x100% .,
2.4 Transwell NEME AVEC T 88

X ECE R IR AVEC FBRER S 16, 8280 T 24
LA 5 5% 24 h, AVEC Jin 25 2b ¥ /5 | FEREHE L
A THALIE 800 Ymin B0 5 min(B.02FE4E 16 em) .
it TG 1 78 3% 9% R R A B 1x10° S/mL,
B 100 pL 8 F/hE LE, 78 24 fLIR R E 9 mA
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F: 24 h, WUH/NE B gL A R R
., BUHTH 24 FLERINA 600 L 4% 22 % Wk &
W B/ N A A 20 min, 37 E W, 0.29%45 5
Y 10 min,PBS WUk 3 Wk, KT 5 BEPLIERE 54
PR HEAT A

2.5 Matrigel R EXWNE AVEC M E K

1 Matrigel &7 AL AT S T 4 CREAL, A
FEEATHA I 96 FLAR T, AL 50 pL, BUE TR
TP EERE . AVEC 4 ANBRS 5555 24 b, FH R A Y
b, ZaEWEAk)E 800 r/min B0 5 min( BB R
16 cm) , fff JH] TG il 7% 5 95 A 8 B, B E R
1x 106 A>/mL K 20 B 2 I A FC 45 19 Matrigel i
(100 wL/AL, 1x10° A~ 41 i) , A 41 i 55 77 4
Higt 4~8 h, WAL MR, R Image J #E4T
BG5BT, B ik G IBORE (] i A% S5ORE BF 3125
EIL R S PR E E A SR i S K
JE AT S
26 WHBHMEBEWE AVEC BRES

¥ AVEC #7075 48 MO Fr 1y 24 fLAR 48
JH% B 2928 1x10° /L, FRALEERD A LR 500 L,
ARG FERRESE 24 h, AVEC JINZGb#)5 1555 24 h,
PBSEUE 1 I, A 4%Z KW EERE 20 min, 3%
BSA (PBS ft 1) & 4] 30 min, i A B 19 T2 28 2R
JiK (1:500)300 wL(3% BSA Fiiil), = F 30 min,
PBS ¥k 3 ¥, DAPI J4%6 min,PBS i1k 3 W5,
U R B R, 2 U T L2 At i
BCAS AR A 2 HEF G DL | G546 2 15 W 4 650 2 55
2.7 DCFH-DA RGN ZHIE ROS 7k F

¥ AVEC HIBR G 1L, 21k Ak 5 3 /0 T 24
FLAR T, 40 % B 29 1x10° A~/mL, %F FL 322 Fh 40
Jitl B 500 wL, A KR FEA 5% 24 h, AVEC fin
25 b )E K5 5E 24 h, A DCFH-DA #R 4 1 H
(300 pl/fL,1:1 000), B FH: M T E 30 min,
WG, IR FR IR, JCIME B R 3G Uk 3 Kk, POk
T L ZE AR I, R Tmage J 244, I 22 AH ] 17 A2
D EHR L | LA 315 om B i it 4 N ROS 7KF-
2.8 RFIEERN AVEC &+ SOD 7k F

20 B fin 2 b BRSO A RS 3R LV, 4R
B U B 13 A5 R 0 B N R, A R R R
WA 96 FLAR 5 A1 R 3 7 FH E i TR 20 2% 7T 4
R2AT,H 37 CHEIEAKE 40 min, AR ARIES,
A CE 10 min, BEFR AN E P4 550 nm Ab 1)
R R WD SOD & i

2.9 RT-qPCR #ill Nrf2 #1 HO-1 mRNA FikkF

AVEC g5 b 35 55597 24 h, fii & RNA i
6 A B EBUE. RNA 3958 554 78 ¢DNA , Bl 5
PEAT PCR 938 o 5 I 4% 1 42 3590 4 1 45 1 ik B o
17 WS GAPDH 5085 20 IR FH 270 1 4% 3
B R N Z 4 8451 W7 5 i A T A FRA
AR, TELEE 1,

®1 3lMFTI%E

Table 1 Primer sequence table

HEH S (57-37) 191K % /bp
Nif2 IE 1] : TGCCTTCCTCTGCTGCCATTAG 22
JZ I} : CATTGAACTCCACCGTGCCTTC 22
HO-1  iE:CCGCCTTCCTGCTCAACATTG 21
S 1) ; CTCTGGTCTTTGTGTTCCTCTGTC 24
GADPH  1E [ : ACGGCAAGTTCAACGGCACAG 21
J2 11 : CGACATACTCAGCACCAGCATCAC 24

2.10 Western blot =¥ M AR NHXEHRIAKE

W AR AR B RO 40, B BCA B2 W S
A EREZ W, 4B 15 min A8V EFF T 4 C&
FH o e 10% 0453 B3R 5% 10 e 46 e, e 4 Jie i e
60 VYA HIK R RO E, ek RS 80 V HL
P, IR W VK 2 N g 2~5 mm BF 45 B K
200 mA fE L R B E) 5% MWLRE W5k = il 3 A
1 h,TBST %% 3 %, %K 10 min, —¥Hi HO-1(1:
600) Nrf2(1:2 000)4 CHFHE 2%, TBST ¥k 3 K, &
10 min, —Pr(1:8 000)37 CHE 1 h J5,FHH
TBST ¥ 3 ¥, 4K 10 min, A ECL &G, 1# 1
B G & A B . R Tmage ] A4 Ht
S K, DL B-actin fE NS HINEA S NSHE
F Y LEAEAE R 2 A 3Rk 6
211 it ZESH

SIG KA 4 SPSS 23.0 Ak AT gt iR
OB “xs R, A R A E | 22 55k R
BN JT 225001 LSD K B b AT A ] A O 2R
50, R Dunnett T3 ¥ %, P<0.05 Fom 2= 57 24
GiitE L,

3 &R

31 KR AVEC ¥%

G E DG T Bon I B I 41 T e Sk R
ik vWF, Rkt u¢ )t % AVEC, LI 1,
3.2 AST-IVX} AVEC 838/ 50

50 pmol/L. AST-IV EL#5 , B i 5] i ) AST-1IV
T AVEC, 4 L4715 % 22 57 T4 12 5 X (P>0.05)
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vWF

DAPI Merge

1 AVEC # B %E (%6, x200)
Fig.1 AVEC cell identification (Immunofluorescence, x200)

PEon AST-IV X 2 40 i Je I o d ik . DRt s B 5
536 50 pmol/L. AST-IV 1w B 1 R I 570 4
100 pmol/LL AST-IV Tk E/E @ FEH ., 5
Control ZH#H 1t ,Model 4 AVEC X4 4176 71 0H & T F%
(P<0.01) ;5 Model 41 %2, AST-L 41 J¢ AST-H 41
MG S % BT (P<0.01), H AST-H 44N 1% /1
3 F AST-L 4 (P<0.01) ; 5 AST-H 41 He 3¢, AST-
H+ML385 ZH 41 it 1% J1 B & T F% (P<0.01) , PR UL 2,

A 157 B
2.0
&&
@@
& 154 #it i &&
1.0 mr Ex
£ . B
3,& a 1.0
2 =}
0.5
& 0.5
00——T—T—T T T 7T 0.0~
» B H B B
RGN 7 &
NI PN & F NV F S
FFHEFSFSFS&S N R g
F &8 S
DR MR RO &
S

B
B2 AST-IV3t AVEC HEFEKI M (n=5)
Fig.2 Effects of AST-IV on AVEC proliferation (n=5)
T A. RFEWIE AST-IV XE AVEC 4 A7 3 5 69 5% 1 ; B.AST- IV Xt
POVPC 4t PR JS AVEC 34 FE 520 . 45 Control ZH L4, #%P<0.01; 5
Model 41 H.%5,%P<0.01;5 AST-L 41 He 48 ,“P<0.01; 5 AST-H 41t
5,°°P<0.01,

A Control4l Model41

AST-HZL

Ve PR
AST-H+ML38541

S50l

3.3 AST-IV3t AVEC sE® 86 IR

5 Control 4 H %, Model 2H 4 it iF 7 %0 5 B '
D (P<0.01) ; 5 Model 41 H %, AST-L 2 & AST-
H 21 20 i 3T B B0 W B 4 22 (P<0.01), H AST-H 41
40 i 3T A% KR B T AST-L 4H (P<0.01) ; 5 AST-H
2 e # , AST-H+ML385 £ 41 g i £ % & 1 & F [%
(P<0.01), TEULIE 3,
3.4 AST-IVX} AVEC & B Th &E B9 22 i

5 Control 4 L%, Model 4H 1ML 4 T 1% 1) 7 15 4k
LA TR B A~ 5 R 19X A 550 5 35 B AIC (P<0.01) , il %5
T R I A7 S BE A I A8 43 S B I 2 4 4 (P<0.01 )
5 Model 41 b5, AST-L 41 J2 AST-H 41L& ¥ 5% 119
5 AU BORT ) A% BRI 35 TR (P<0.01) Il 48 54K B
M5 7 3 A B 3 K (P<0.01) , H AST-H 41 1l
B L T SR AR EOE T AST-L 41 (P<0.01),
A BB A5 3 B KR T AST-L 41(P<0.01);
5 AST-H 4 H %%, AST-H+ML385 41 AVEC IfiL & JE
JIC I YT A RORN A% BT [ (P<0.01) , i 45 8 4K 3
I 4 3K B W 2 46 0 (P<0.01) , UL 4,
3.5 AST-IVxt AVEC 2858 22 7 25 89 22 i

RGO 4 A F-Lsh & A (F-
actin) = I A L1425 5% . Control 2H 41 Jitd N ‘B 2R fi 22

AST-L4 B

B

PLETF A 40 a5 /A

3 AST-IV3 AVEC iE# 8 T BRI (x400,n=5)
Fig.3 Effects of AST-IV on the migration ability of AVEC (x400, n=5)
H A, AVEC B E ;B. AVEC T8 J5 WLEF iy 40 i B 5o it - . 5 Control 4 HE#ER , #%P<0.01 ;5 Model 41 L% ,*P<0.01;

5 AST-L 4 I #2,%P<0.01; 5 AST-H 4 [h %, ““P<0.01,
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Heg 35 5786 5 M i) i 250 8, C B . 5
Control ZH V3%, Model 41 P Kz 240 H o4 ‘B 22 13 22 HE )
AL AR Y 22 10 IR A S R B A i ] 3 45 AN R
0 B R 3A 5 Model #H HL %5, AST-L 2 J AST-
H 220 0 B S4B 52 20 MR IR 3% 2 A 8 B 1 B A 22 4
ST, HUL AST-H 4328 Z H 588 ; 5 AST-
H 40 He# , AST-H+ML385 20 X 41l Jitd 15 22 i) 15 &2
VERIWEES . TEILIE 5,
3.6 AST-IVXt AVEC ROS 7k J& &9 8400

55 Control #1 L #5 , Model #1410 i1 N ROS %< )¢50
JE 8 30 (P<0.01) ;5 Model 4 HE%% , AST-L 41 &
AST-H 4141 ROS #e 5 i e 2 T % (P<0.01) ,
H AST-H dH41AEHN ROS KFAKT AST-L 41 (P<0.01) ;
5 AST-H 41 b %% , AST-H+ML385 £ 41 Jifd ] ROS 7K
TR (P<0.01), HEILIE 6,

A ey

B ' ControlZH

&& 60
#

3.7 AST-IVt AVEC SOD 7k g5 0m

55 Control £ L #5 , Model 41 SOD & i 3% F&AIK
(P<0.01); 5 Model 41 k45 , AST-L 41 J¢ AST-H 41
SOD & I & 5 (P<0.01), H AST-H 41 SOD 7k
FiE T AST-L 41 (P<0.01) ;55 AST-H ZH [b % , AST-H+
ML385 2 SOD /K- it 2 F#AIK (P<0.01) . TEUWLIE 7,
3.8 AST-IVX{AVEC Nrf2,HO-1 mRNA &8I0

55 Control £H H %, Model 4H 411 Jfd P Nrf2 HO-1
mRNA 2 35K i 35 FE AR (P<0.01) ; 15 Model 21 It
B, AST-L 2 K¢ AST-H #H40 i 4 Nrf2 HO-1 mRNA
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