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[ Abstract] Objective To investigate the effect of astragaloside IV~ in combination with ferulic acid on the
proliferation of cobalt chloride-induced hypoxic human umbilical vein endothelial cells ( HUVECs) and its mechanism.
Methods A hypoxic injury model of HUVECs was induced by cobalt chloride. CCK-8 and living cell staining techniques
were used to detect cell proliferation, fluorescence staining was used to observe the morphological changes of cells, a
scratch test was used to determine the migration ability of the cells, and a tube test was used to observe the effect of drugs
on endothelial cells. Western blot was used to detect the expression of p-JAK2 and p-STAT3 proteins. Results Compared

with the model group, the combination of astragaloside IV and ferulic acid significantly promoted the proliferation of
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HUVECs induced by cobalt chloride for 24 hours, improved morphological changes in cells induced by hypoxia, and

promoted cell migration and angiogenesis. Concurrently, the protein expressions of p-STAT3 and p-JAK2 were upregulated.

Conclusions  Astragaloside IV combined with ferulic acid protects against cobalt chloride-induced hypoxia in HUVECs and

promotes angiogenesis. The mechanism may be related to activating the JAK-STAT signaling pathway.

[ Keywords)

AUTAFR , 4R H LA ORT AR AR I AR R 2R AL
PRIEH R & M LUE R Bl 2 — RS E A/ 4
WAy o o SR HEA PR B 588 15 11 A B
WA, HMRARENS S EHRAEDEARA
TR LA R AR DR AL AR B i s B A
SRRASTR A8 52 DL I el R i R AR A
DA It I ke B S5 AR 2 T A Y T I R AR
LR AR e O B P UL P R A i Y 4 B B AN
e,

Hh S 2 YR Y P LA T AR O T b SRR P R
YO AT LA B 46, 4 0 I P55 25 40 2
Xof MLV BT A EL A — E T R, e T N AR SRR AN
2y, BTG HR BR B I T AT LA 2 e 4 P B A i ) 4
GH AR T A AT S IR 2y, 20T Y
e 0 22 ) R A 400 ) /0 A 3R A il B8 o ST 0 A
B2 7 1 0 11 1 [ S e SO N [T B 0
A AR e 28 A= i AE ML i A 58 4 W1, DR Ik
ARG R F AL R 37 HUVECs SRR | 5
R PG 5 BT B 5 FH X I A A SR T ) 9 A
AL, A PRI T 5 ML A AR S B 1 il

1 #FRFFxE

1.1 s

B K B2 40 M ( HUVEGSs ) (b 7 3R 38 R 37
EYHEARBBRAA) .
1.2 FERLFSNE

BRI BRR (26 > 98% , L5 . GR-134-170925, 7
ST A AT BR A ) 5 BRI (2R8> 98%
LS. 150202, AL #R 40 4= il B 25 fb 22 B R A IR A
) ;HUVECs 58 &R 20 (51 170521, IR B
W AR FR S 7)) s HUVECs Rl 3 35 58 (L5
170525 , B8 /R Wi A Wy £ R A BRA 7)) 5 R 2R (A g
(#Ib5 . 42H10121 , Jb 5t 5 B A W R A IR 54T
N CCK-8 (g sl & A= W R i A5 FR A %) 5 BD
Ma’urigelTM Basement Membrane Matirx & 51 & (It 5 .
7345017, Corning Incorporated ) ; AG490 ( #it 5.
X15A7Y19393, b LY RHE AR A ) . SW-
CJ-2FD J#i TAE G (N Z RS S ARARAH) ;

astragaloside TV ; ferulic acid; human umbilical vein endothelial cells( HUVECs) ; p-JAK2; p-STAT3

MCO-18AIC A b5 F M (H A = A ) ;
YLD-6000 16 i 5% ¥ 5 7246 (TLI8 G 3n i A2 38 i+
HIR A ); XIS300 % 06 3 B B M e (H A
Olympus) ; AR ( & E AR F] ) ; TDL-80-2B fik i
BOHL( 2SR ER ) ) s WD-9405B 7K1 4%
IR (AbE/S—) ;DYY-7C H KA (db 5 75—) ; DYCZ-
40D FERSRE (db5tN—) ;DYCZ-24DN Jb 50 I 1 &
FHL VAL (L3 7S —) s WD-9413B BER LR 2 55 (b
W)
1.3 SLWAHE
13,1 N AR 7% M 2 25 b B

HUVECs ## T 96 fL#k, & T 37°C .5% CO,
FEFRAATR SR 24 b, W R R A B A AT IR
£tk OIEE X IR . 25 T B SE a1 3R 55 @
MRS HR 2 . 25T AL %S 250 wmol/L; B # 1 F
2, A TAURE Ry 250 wmol/L A AL M 50 pumol/L
B ¥ 6 R @B B AR 4, 45 T 290K N 250 umol/
L ZAL % & 100 wmol/L (1) Pl 1AL ; ©# 1 H 5+ Bl
PR G A 45 7L EE R 250 wmol/L A AL .50
wmol/L Y 8 1€ H 5 & 100 wmol/L KB #L R, ©
AG490 4H : 45T 100 wmol/L AG490 ; D 1 F F + ]
BLIR 4 + AG490 4. 45 TR E S 100 pmol/L
AG490 .50 pmol/L Y25 B HH A2 100 pumol/L i Bif
IR, LIRS AL dh2i i 5% 24 h,
1.3.2 P9 2 200 i 34 il

2595 45 05 R CCK-8 3254610 4% 2H 48 ity
67, W & 23 3 6 AL BRI A 100 wL N
Fe A5 AR 5L B 10 pL CCK-8 IRk, 4k 2k 1 3%
1 h J& SRR, 26 I R 450 nm 5 25 20 2
LR G REE R FHBE TS 40 i e B R, WS LI 4
JRUT O, 545 8 3R SRR P BE (PT) Y G WO vk i
BN A AL, 37°C HE SRR NI E 5 min, WG
W, FEDSGE B WA TSR 1E A R ek, ST
W EA RGN (SRS TRl 198

YPATIE R (%) = 5 LW B (R IE % FR 41
WS BE(E X 100%
1.3.3 DR Y g i B 2

HUVECs #% 1. 3. 1 FiLb 5 4% 2 R H



TR F A R A AR 2019 4F 1 4529 #4519 Chin J Comp Med, January 2019, Vol. 29, No. 1 3

P VS VRHEA T A ML T 2, R LA 100 L &P AR IE
(9 Y ZE PR K ( TRITC phalloidin) T AR , 25 Y ke G
B 30 min, ff] PBS J&7E 3 ¥, 100 wL DAPT ¥ %4
MRz AT 24 30 s, 7EA5] B 5O B iU T W54
MO,

1.3.4 ZHMTRE SR

FERD A MG S8 AR D 2B 7E 24 FLAR A5 LSRR
L, PR A L 2 O T 4R T 24 fLAR 3557 24 h,
TF 40 OB A 35 R ALIC R, e 35 R W, 1 1 mL
FEWAE SV Al ) —E XR , H PBS 18 Ve i 2R if
2 R LR I AN [R) s 2R A7 R IR SR A 11, 445k
A 1.3, 1 Jrikeh 2l ARSLBE 5% 24 b 1 A — B 7
YA R, ] Image J RSBV B2 R HE 2, 5
H BRI EE B AEXT LG, TH 5 A8 32 40 W 4 i i) A=
Kizshae s,

1.3.5 N4 iA S e S )

FETR S 2 F 4°C VKA, vk AT R L B
B AT 96 FLAR T AFFL 50 WL, BUE FHE 546 30
min FICEER , CH 40 M 7 24 05 97 I B A A
W AT R I, AL 50 L, KR FRFE R IR 4
h, TEE BT SR E RAE O, I 6 A
[EEL RS S SR PEe
1.3.6 Western blot ] p-JAK2 1l p-STAT3 £ I
IIE SN

¥ HUVECs W2/ 1 x 10° 1N, ET 6
fLtk b FZ R 1301 PO AT Ab B 25 25 155 24 h
S, W FERE IR, AR LR, VK L S min,

RIS R B0, 12 000 r/min 4°C B0 10 min, 4355
IE A IR A B4R, 5% loading buffer il
PBS Fi B F AR, Tk A P S min, 1TRN
IR eI L UK, 5 B, F TBST 28 vp R B i) 5% (5
AR RS WA B 1 b, BT — B N p-
JAK2 Hiifk \p-STAT3 ik, I F —Hi b Fhife 1eG,
TBST &0k J5 #E 47 ECL IR &6, I R #4748
i, HBE S 5 40 3 R 5 ( Gel-Pro-Analyzer $X14) 53
Bt BAR AT 625 B
1.4 SFitZEAHZE

K SPSS 18. 0 FAF AT T2 Ab Bl SEAG 2
LR bR EZE (& 5 ) Foon, SRR ZE 7 207
AT RIS IER, T 2255 R S-N-K I E 17 41 1]
s, PAP<0.05 fmzif mEr,

2 XIRER

21 EKFESMBERSANSUHEBRGH
HUVECs &5 %I 45 R

SCEREE R R, it S AL A AL BE S ) HUVECs
HYAFTEG 3 (R ) B A TR IR (P< 0.05) . Bl
BRIR B H T TS 20 LA TR SRR I, —2h
A 5 BBl 25 25 A0 L, A1 AE TR R B R (P <
0.001), 25T AG490 3 Bl 7 f5 , BH 2 49 i) 41 i
HOGH 25 TRERIR W IS, 5 AG490 A L
ORI Y 2, PSS H B U Wb
AGA90 XN Kz LA IR R (R 1) o SRS A Gy
S5 R SR UGS R —2 (E 1),

1 250 HUVECs MG JTHIEI (& +5, n=6)
Table 1 Effects of drugs on the viability of HUVECs

25 F 4 (mol/L) MPLAETE (%)
Groups Dose Cell viability
i AR 4
‘ X IR _ 100.00 £ 11.75
Control group
s JE
itk 250 85.03 +3.37 A
Model group
pigeline| .
50 <93 £10.96™
Astragaloside IV group 10993 = 1096
ey
[q?%@& 1 100 138.61 + 7.83 ™
Ferulic acid group
BRI + BB R 2H o
50 + 100 18 £ 24,307
Astragaloside IV + ferulic acid group * 17618 = 24.30
5490 4
AG490 2 100 86.10 + 3.21 A

AG490 group

B+ BT+ AG490 21
Astragaloside 1V + ferulic acid + AG490 group

50 + 100 + 100

105.93 = 10. 96"

T X B HE S, A P< 0.05; SBURILLLLEL, * P< 0.05, ™ P< 0.01, " P< 0.001; 5 AG490 41 LL#Z,*P < 0.05,%P < 0.01,
Note. Compared with the control group, A P< 0.05. Compared with the model group, * P< 0. 05, ™ P< 0. 01, ™ P< 0. 001. Compared with the AG490

group,*P < 0.05,%P < 0.01.
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Figure 1 Staining results of living and dead cells
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Note. FA; ferulic acid; AT astragaloside IV. Red indicates fibrin filament; Blue indicates nucleus.

Figure 2 Protective effect of the drugs on endothelial cells in each group
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Note. FA; ferulic acid; AT astragaloside IV.Bars=50 pm.

Figure 3 Effects of the drugs on HUVEC migration



o H R BE 2R A R 2019 4R 1 HEE 29 555 1 Chin J Comp Med, January 2019, Vol. 29, No. 1

24 MBEBRSEKFHEAAGIIREEAN
#R

WE 4 s, BiA 4169 HUVECs 78 24 h 58
BT B A i IR G5 A 0 IR 25 R, 5 X R4 A
W, B BB R DL W 25 A R e 1
A TR, 6 LA 2 A AR 34T, B K R R
TEE LB R IE N (3R 3) . AT AG490 J5 %
B RE 1 50 IR A B AR, R B 25 T i
T BT R J5 , B BE T, PR A,
A A TR0 i A A%

2.5 p-JAK2 71 p-STAT3 EQHIRIEER

Western blot 255 g 7~ , BEARY2H 25 T @A &G )
F T3 A e A2 45 45, BTG JAK-STAT 15 5 38 %, p-
JAK2 Fl p-STAT3 #1135 s n, 2 e i
FIERIR AL BRS , p-JAK2 1 p-STAT3 2 H ()R8 if—
ACHEIN, AGA90 T JAK {5538 B, I 45 25 )5
p-JAK2 il p-STAT3 2 [ 1) 21k FAI, BT 20 1% K #5 €
FF, AT B B 5590 AG490 X} p-JAK2 Hl p-STAT3 &
F 23R G O, 45 25 )5 p-JAK2 il p-STAT3
M RIE RN (25 R LE 5, K 6) o

&2 59X HUVEC IMLERNERIFE( x 5, n=6)
Table 2 Effects of the drugs on HUVEC migration

5 HlHE (pamol/L) ERHR(%)
Groups Dose Migration rate
apitel
Xt B2 _ 49.52 + 20.97
Control group
Y
i 250 12.98 + 13.72 A A
Model group
HEEH A .
Astragaloside IV group 0 100.00 = 3.09
] 3
WM?'E 100 100. 00 + 7.94 ™
Ferulic acid group
BT+ B AR 4 .
Astragaloside IV + ferulic acid group 50+ 100 100.00 = 10.91
AG490 H
AG490 group 100 13.45 +7.82 A A

TP+ TR+ AG490 21
Astragaloside IV + ferulic acid + AG490 group

50 + 100 + 100

52.12 = 17.93*#

W SXF IR LB, A P<0.05, A A P<0.01; SHRIHHE, * P< 0.05, ™ P<0.01, ** P< 0.001;5 AG490 ZH H.#5,#P < 0.05,*P < 0.01,**

P < 0.001,

Note. Compared with the control group, A P< 0.05, A A P< 0.01. Compared with the model group, * P< 0.05, ** P< 0.01, *** P< 0. 001. Compared

with the AG490 group,”P < 0.05,"P < 0.01,* P < 0.001.

TEFA: FTEER AT SR HTHY

& 4
Note. FA; ferulic acid; AT: astragaloside IV.

RSN DL (% 40)

Figure 4 Angiogenesis in vitro
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Table 3 Effects of the drugs on HUVEC angiogenesis in vitro

Ll FHE (pmol /L) TR
Groups Dose Number of nodes
i B 2
Xof B4 — 40. 83 + 4.26
Control group
SRINE
i 250 30.83 + 6.2144
Model group
R4 .
Astragaloside 1V group 30 52.83 = 8.33
n iR
ﬁﬁﬂ.&iﬂ 47.00 + 5.44
Ferulic acid group
BT+ B AR 4 .
Astragaloside IV + ferulic acid group 50+ 100 6017 = 6.43
AG490 4 A
AGA90 group 34.17 £ 4.62
T B B 4
SUCHTF AL+ AG490 41 50 + 100 + 100 44.83 = 8. 08"

Astragaloside IV + ferulic acid + AG490 group

e SXHRALLLEE, 4 P< 0.05,44 P< 0.01; SEIALLLEL, * P< 0.05, ™ P< 0.01, ™ P< 0.001;5 AG490 414, " P < 0.05,
Note. Compared with the control group,® P< 0.05,44 P< 0.01. Compared with the model group, * P< 0.05, ** P< 0.01, " P< 0.001. Compared

with the AG490 group,*P < 0. 05.
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Note. 1; Control group; 2: Model group; 3: Astragaloside IV +

ferulic acid group; 4: Ferulic acid group; 5: Astragaloside IV
group; 6. Astragaloside IV + ferulic acid + AG490 group; 7.
AG490 group.

Figure 5 Effect of astragaloside IV combined with ferulic
acid on the p-JAK2 and p-STAT3 protein expression in HUVECs
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P-JAK2E A HIN RIA R
Relative expression leved of p-JAK2

p-STAT3E AN Rk E
Relative expression level of p-STAT3

TE:FA BUBLER AT SIS HIH . SXTHRALLEHS, A P<0.05, A A
P<0.01,AAA P<0.001; 5EIRIA E, * P< 0.05,™ P<
0.01, *** P< 0.001 ;55 AG490 41 [b4%,*P < 0.05,%P < 0. 01,
P < 0.001,

6 PUBRER 5B G X B A 1 HUVEC 4H

p-JAK2 | p-STAT3 2 [ K 43 Hr 2 it
Note. FA: ferulic acid; AT: astragaloside 1V. Compared with the
control group, A P< 0.05, A A P<0.01, AAA P< 0.001.
Compared with the model group,* P< 0.05,* P< 0.01,™ P<
0.001. Compared with the AG490 group,* P < 0.05,* P <
0.01," P < 0.001.
Figure 6 Effect of astragaloside IV combined with ferulic acid on

p-JAK2 and p-STAT3 protein expression levels in the HUVECs
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