RIS H B85 HIF-10/ VEGF/Ang 155 5N 18 A8 HE 8] 7%
o B LR AR R AL AT

RER RERZFI R R BRALVKER RN EFE LR A (LER PR AEN
BAMNTEERREGR, LA AM 2150092 7 M T X TERFEREHA LA, LH FM 2150095
SLHRBWREREMH, LK HE 273100)

hE 4SS  R285;R965 XEfFRER A
DOI  10.6039/j.issn.1001-0408.2025.07.07

XEHS 1001-0408(2025)07-0807-08

i E BN FPREHE SR TR SRS R ENYRAG . Tk Y FERERERFRA(EZER) HAA
(A3 3$K) B8 FFHF la(HIF-1o) 374 #) (YC-1) 28[2 mg/(kg-d) , B# MRS Fe AR £ H 32748 F & 7 £ 48[3.06.6.12.
12.24 g/(kg-d) , R, HA8 R, RABF RA, L AZMM TR LR T RABA, SRR DE, FREH 1R, E83H,
KR )G IR K RAME ) S0 2% L 2R B 7 AR B L, Al R R AR 1 FE 28 4% P KR B[ & s e -& 1B (IL-1B) \IL-6  iF 73
3B F o (TNF-a) 7R F vA B o 8 2 R A8 5% & @ [HIF-1a, 2 8 R % & K B F (VEGF) \VEGF %4k 2(VEGFR2) \ e % %7Kk £ 1
(Ang 1) \Ang 2] & A KT, il b R GF3E A K KRR M AZ @M, A 50 ng/mL TNF-a i F @0 %, XE T 93T Ra
(109% = & 3y B dn i ) \TNF-a 28(10% = & 5+ BB i) \YC-1 28(10% = & 3F B fr 75 +0.2 mmol/L YC-1)#2 5% ,10% ,15% A~ 25 s i 48
(5% .10% 15% &2 3% ), F 70 24 h )& , ¥ KAz 4m e 5 A3k W 40 I (HUVEC) 3b35 5 el sz amme b 1 2 IR & @
(Collagen 11 ) & fi 4 /%% & 8 3(MMP-3) &ik , #M HUVEC 3§ 74 3£ 45 i B 38 /1, 420 HUVEC ¥ HIF-1a/VEGF/Ang 13 5 #h &
A A RABKXE G (E3D 4 F I ah EH7 5 MMP-2 MMP-9) 2k K-F, &R S ZRER I T, HHEAME, S H WA KRR
HMETA] ZE 40 22 P CD31 MM &K, Y (P<<0.05), ¥ 8 B F B & A AR K B & A ¥ 3 TR (P<0.05) , 18] 2% P2 Kl 42 .
WML EI AR B, 5 TNF-a 448, & 25 M 20 B 4% 4 B b Collagen 1[I & 323 8 3 EiH MMP-3 & ik 3 % 2 F 8 (P<0.05),
HUVEC 3874 . it 4 Bk % fik 71 B 258,55 (P<<0.05) ,HUVEC ¥ HIF-1a . VEGF ,Ang 2 mRNA B & & fo fn % & s A0 % F 6 (R 5% 4
24 fn F 4049 Ang 2 mRNA & HIF-1a \VEGFR2 Ang 2% & ) %3535 2 % T (P<0.05), it ARuH3E % T4kl i #pH) HIF-1o/
VEGF/Ang 1% 5 % , iR 55 %% P9 20 L6 o 8 A R BE 7, PRE-ME T8) 959 BEPE oo 48 3 A JE 25 A 1] SR 7

KEER AR H I AN R T JRILE A T A HIF- 1o/ VEGF/Ang 42 5 4 s i AZ fm IR %5 5 Ko B T

Mechanism of Wumen Zhiqiao gancao decoction inhibiting pathological angiogenesis in degenerative
intervertebral discs by regulating HIF-1a/VEGF/Ang signal axis

HUANG Zeling', ZHU Zaishi', LI Yuwei"*, XU Bo', CHEN Junming', ZHANG Baofei"’, LU Binjie', CAI
Xuefeng', CHEN Hua" * (1. Dept. of Orthopedics and Traumatology, Suzhou Hospital of TCM Affiliated to
Nanjing University of Chinese Medicine, Jiangsu Suzhou 215009, China;2. Orthopaedic Traumatology Institute,
Suzhou Academy of Wumen Chinese Medicine, Jiangsu Suzhou 215009, China; 3. Dept. of Orthopedics and
Traumatology, Qufu Hospital of Traditional Chinese Medicine, Shandong Qufu 273100, China)

ABSTRACT OBJECTIVE To explore the effect and mechanism of Zhigiao gancao decoction (ZQGCD) on pathological
angiogenesis of degenerative intervertebral disc. METHODS The rats were randomly divided into sham operation group (normal
saline) , model group (normal saline) , hypoxia inducible factor-la (HIF-la) inhibitor (YC-1) group [2 mg/(kg-d) , tail vein
injection], and ZQGCD low-dose, medium-dose and high-dose groups [3.06, 6.12, 12.24 g/(kg-d)], with 8 rats in each group.
Except for sham operation group, lumbar disc degeneration model of rat was constructed in all other groups. After modeling, they

were given relevant medicine once a day, for consecutive 3
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observed; the levels of inflammatory factors [interleukin-1f
(IL-1B), IL-6, tumor necrosis factor-a (TNF-a)] and the
expressions of angiogenesis-related proteins [HIF-la, vascular
endothelial growth factor (VEGF) , VEGF receptor 2
(VEGFR2) , angiotensin 1 (Ang 1) , Ang 2] in the

intervertebral disc tissue in rats were all determined. In cell
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experiment, the primary nucleus pulposus cells were isolated and cultured from rats, and cellular degeneration was induced using
50 ng/mL TNF-a. The cells were divided into blank control group (10% blank control serum), TNF-a group (10% blank control
serum) , YC-1 group (10% blank control serum+0.2 mmol/L YC-1), and 5%, 10%, 15% drug-containing serum group (5%,
10%, 15% drug-containing serum). After 24 hours of intervention, the nucleus pulposus cells were co-cultured with HUVEC. The
expressions of Collagen II , matrix metalloproteinase-3 (MMP-3) in nucleus pulposus cells were detected. HUVEC proliferation,
migration and tube forming ability were detected, and the expression levels of the HIF-1a/VEGF/Ang signal axis and angiogenesis-
related proteins (add MMP-2, MMP-9) in HUVEC were detected. RESULTS Animal experiments had shown that compared with
model group, the positive expression of CD31 in the intervertebral disc tissues of rats in each drug group was down-regulated (P<<
0.05) , the levels of inflammatory factors and angiogenesis-related proteins were decreased significantly (P<<0.05) , and the
pathological changes in the intervertebral disc were alleviated. Cell experiments had shown that compared with TNF-a group, the
expression of Collagen I in nucleus pulposus cells of all drug groups was significantly up-regulated (P<<0.05), and the expression
of MMP-3 was significantly down-regulated (P<<0.05) ; the proliferation, migration and tubulogenesis of HUVEC were
significantly weakened (P<C0.05). The mRNA and protein expressions of HIF-la, VEGF, Ang 2 as well as the expression of
angiogenesis-related proteins (except for the expression of Ang 2 mRNA and HIF-la, VEGFR2, Ang 2 protein in 5% drug-
containing serum group) were significantly down-regulated (P<<0.05). CONCLUSIONS ZQGCD may inhibit the HIF-1a/VEGF/
Ang signal axis to weaken the angiogenic ability of vascular endothelial cells, improve pathological angiogenesis in the
intervertebral disc, and delay the degeneration of the intervertebral disc.

KEYWORDS Zhiqgiao gancao decoction; intervertebral disc degeneration; pathological angiogenesis; HIF-1a/VEGF/Ang signal

axis; degeneration of nucleus pulposus cells; inflammatory factors

HE 1] 4% 1R 4% (intervertebral disc degeneration, IDD)
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WL o A S e ™ IDD R LR 4E A L A AT
AR NI IRARE HER] 5 ) HEA A TS M IR 5
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IDD i FH, 45 2 4R RSN Z TR 3 20 ) 2 i 4T 4
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I A5 B 5 24 L 3 1o A 1 I A TR v AR AR HE ] S 2 S
38 12 B R R BE R F- o (tumor necrosis factor-a, TNF-
o) F14I 425 1B (interleukin-1B, IL-1B8) S5 4E 48 H -+,
Jit BN R SRR S SN, T A RO , o s s
AR PRk, oo B 04SSR A A 2 IDD Y HE AR AR
Z—o WA, MEAS S T La(hypoxia inducible
factor-la,, HIF-1au) | L A B2 A2 A< A (vascular endothe-
lial growth factor, VEGF) . Ifil & & 7K % (angiotensin,
Ang) PRI S I/ AR Bt R T d R
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5o H B 6] IR A HE 8] 435 PRAVE IfiL 45 8T A A HIF-1o/
VEGF/Ang {5 5l 52 0, dE— 3R H 57IRT7
IDD BN HILTH]

1 ##
1.1 EENE

BT ) T BN A5 ELx800 AU I il b
X (2 [E Bio-Tek 22 &) . Tanon 5200 %I k.2 % 6 i (% %
4 ( 5 R EERHEE RS 7] ) .Heraeus Frescol7 B .0
#L (3 [E Thermo Fisher Scientific 2% & ) .BSA124S-CW
U H, - KO- (2[5 Sartorius 23 7 ) \DMI3000B %l %¢ 5 i
5% (i Leica 23 H) )%,
12 FEHRBSRAF

e PR H L AR A (A 43 51 S 230307010,
220906006 ,211227006 , 1 K R T 251% A BRA F) ) L
KB = ERAR CH AR R (S 40 Dk 230411
221021221025 .230207 , M 75 8 4 4G B A 7)) F 5
KR (it 20230203-C5 , 5t M [RIFE 250 B 47 FR 23 7] )
P p IR N T o R R e 2 0B R M I S 2 S L

HIF-1o 4 ] 57 Lificiguat (YC-1, #t 5 S7958, 4ii J&F
99.94% ) W H 22 [ Selleck 24w ; 7R R Z - 21 (HE) L £,
A & BCA 8 Ak I 5] & (e 4 5 ok
C01058.P0010) ¥4 [ i35 < KA FE ARG R F
IL-1B \IL-6 . TNF-o il E 5 922 W BRI 5 (BLISA) 15 &
(#5435 LA167616H ,LA160102H ,LA166601H ) 13
W F RS P A AR R A FRA R Sl CD31 BE T 4
J& £ H i 3 (matrix metalloproteinase-3, MMP-3) | Il AYJi%
J5 % A (Collagen 11 ) \HIF-la \MMP-2 ,MMP-9.,Ang 1,
Ang 2 VEGF , H i -3- i it 20 (GAPDH) £ 5T

thEZG B 20254555 36 545 71



A DL K 3RS 5 48 A 4 8 (HRP) A3 30 B9 2F P % — i
Alexa Fluord88 #ril lIEHT % —PT . Alexa Fluorb94 Fnic
B Pt B0 (it 5 40 51 4 11265-1-AP 17873-1-AP
28459-1-AP. 20960-1-AP. 10373-2-AP. 27306-1-AP.
27093-1-AP, 24613-1-AP, SA00001-2, 19003-1-AP,
81640-5-RR ,.SA00013-2  SA00013-4) 31 [ 3R =& 4=
WA B w5 S A8 P 2 A K 3244 2 (vascu-
lar endothelial growth factor receptor 2, VEGFR2) £ 7 [%
Uik (L5 AF6281) 11 H 3£ [ Affinity A H] .
1.3 zh¥54Hka

AT i F Bl 0 S i S 3 it P SD K BRL, 3 74
H (68 HR B IRy 220~250 g, FH T 3hi 5250 & &
25 I35 25 5 6 SR FR AR E R 140~ 160 g, A T-HEA% 240
AR |, B R BRI W T I o 4 3 R AR S 56 3l )
HARA WA, S A 7= V7 AT IES 2 SCXK (5%) 2021-
0011, fAIFRAMF AR, F oK, Zilk(25+2) °C,
AR 40%~70% , GG R (12 W12 h) o FrA sh¥)
SIS I ARAT IR T R IR G R 2 AR 3 By S R R
(L5 A 2021 1 3L 051)

B KN B 40 (HUVEC ; 7 5 4 5 : DFSC-EC-
0D T LI f A MR A R A A
2 FHik
2.1 ZYFE

BEEH BB 10 g 310 g FFZ10 g =%
10g FHAR10g BHE6g HIL6gMHR6 g4, &)
JIA 500 mL ¥ 7K 350 30 min, &3 J5 SCARTE 200 mL;
2 i A 300 mL 7K, PR R 2 200 mL s 2 IR A
Ji s PR 28 R ASCHE vl 4 J It VA B R 1 g/mL (LAAE
Ziatit, MR AR, KR FREC3 mg YC-1, A
197.14 L — H B ARBC ] e B2 4 50 mmol/L 1Y YC-1
o
2.2 BHYELE
2.2.1 GRS 552

W 48 HR BRBEHL /3 MR TFARLL(8 H) s iz (40
H) o SR K S 2% SCHR[8] 5 1244 1 IDD AL : KB
L 3% S H 24 (1 mL/kg ) IE I 0 5 IR I, FH £ skt
FEFR Co6/7/8 5 Be b AT 1H B , FH 29G 413k b IT 3l i ik 2
SRR ME] 2, ) HE ] 2 rPuC 280 5 mm, B £ Sk e
360° 7 B4 B 10 s, TH B A ic g A, I DL v s £
o B FARA KR 21G 3k A A0 )35 B2 il iz ik
FLA REEZH 2 mm) , AHGHER &, 1w R KR
B G2, 1R G, #5K BURME X G i A [a] 4 =
R IR I T AR R R R ) Y 40 HUOK BUBEAIL
I3 HRERIZH  HIF-1o 1) 41 AR TS H BB P
el B 8 H, HIF-1a 4K U # Ik 4F YC-1
2 mg/(kg-d)]™ s BFE HFIAAL b w5 i 2H K B
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2.2.2 FEACREE

KRG 1 h e 8 3% 1 H Z-4R R - Ab FE K
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LR R, TR YL — vk Er B R
B Cob/7/8 MEIRI FELH LY, I H T — 80 °CHRIR VKA H A7,
FHF AR PR (R BEMLERE 6 KR, HET 448 b5
) o
2.2.3  HMEMRIEL LU 580 P FK PG

FRI“2.2.27 W T VR AE IO HE ] 840 21 100 mg, Jil A
100 WL 5 R £h 22 vh ik (PBS) , B TV ZR P AN v B )3
Ja B, W VE R . #% ELISA 3 & e I 5 44 2
BRRSI | 3% W TL-1B8 \IL-6 . TNF-at 7K -,

2.2.4  MEIA] L IR AR fb W 8%

HU“2.2.27 TR 49 22 58 W 81 78 J5 mHE R 240 21
WA TR A B K AT RS 5 pm VDA
BRI R A7 8 B HE Y0, S ies T ULEEAHE [a] 221 21
S PR UIAE ST R
2.2.5  AHE[B] L2 2V BRI 1M A5 A RS

HL42.2.47 00 F 2% 20 K AR A HE (B ScZH 200 e B
SOKJE EATPURIE S 5% WNG WK 2 IR B AT s m
M A AR Y CD31—Ht (R LL ) 1:200) , 2 IR0
H 2 h; A Alexa Fluor594 #5 it FE ST fe 3t (R B b
B 1:1000), FiRMFE 2 h; B A DAPIE 4 HH R, 96
WAUEE N WA IR R I R R a @i e,
Image J ARG PH IR THI AR LL (FH MR TR L = FH
PEFR RV B X 100%)

2.2.6 AR SEZH 2P A A A DGR A AR AR

K H] Western blot VARG . FREL2.2.27 W T URAFEY
HE 8] 4% 20 21 100 mg, BLA 200 WL RIPA i , B T
FROFEEAL TP RIFEE IS, LA 12 000 r/min 250> 20 min, W75 |
T, R BCA I 22 S R B, A loading buffer
JE AR (AR . WUV A LAES , Dh T b semR
% 1 - 3R TR s Tk e 956 Jig P K (PR 150V, B YK B[] 50
min) 7 K ERIE AL AL (FELIE 400 mA, 5% B8R ] 35 min)
% PVDF i, Lk 5% Wi Rg W3 %3 35141 1 h; il A GAPDH.,
HIF-1a, VEGF . VEGFR2., Ang 1., Ang 2 —4i (F B Lb ]
4351 1:5 000,1:2 000,1:2 000,1:1 000,1:1 000,
1:1000),7E 4 °CFIFE R85 Y H YE S AN . HRP
FRICH PR P (FRRE LB 1:10 000) , ZE IR FIHFE
1 he RIS RICHAR R G AT W52 , 1 F Image J 5K
PR3 AT 8 45 BEAE, LA H Y8R 115 2 (GAPDH)
A KA ) LR B8 AR 7K.
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2.3 ABpARIE
2.3.1  MUSEH & 24 M7 il 5%

HUSD K FR 20 L, BEHLA Ry 25 1% BE 1L 775 2 AR 52
HEG S MIEAL, 45 10 Ko BUSE H R0 & 24 1003 41 4%
Il AR 25 R5GR R E 612 o/ (kg d) ARFE H B, 25 A% IR
L35 20K BLE 1 S R FR A R K, B R 1R, 4L T d,
HKIKHEE 15, LA 3% 15 0 Fb 240 0 s T S R KRR
J1§ = Bl KR AL, 50 43 8 AL , 56 °CHE IR /K I K 1% 30
min, (LU AT IR BR TR, 43045 212 FO0T BRI 3 A1 5 24
IMiL3 , —80 °CIR-AEE
2.3.2  KREURCHEAZ A M PE i 5 35 7%

B2 6 H SD K EL (/A H 140~160 g) , L) 3% 1% [ HL %
SRR i T SRR IS I AR BT, £ R T 7 2 min, V)
TR R B AR BRI T OB R RS
TEB G & U K BUME ) 35, DA RE O B8 A% , B K
NG T mm (Y REBR, FH 0.2% 1 T R i Rl 37 °C i 4k 2
h, 2 L DX 2k B A AUk B0 SR S R . R 10% i
2 L5 F 19% WAL DMEM/F 12 40 it 3% 57 3k i B 4 i,
R B TR R I A
2.3.3  REZANNEST AT TS 5 HUVEC Hhd% 55

B 2 ACBERZ A 2 5 X 10 FLIE R F 6 FLbi
Bl HL AT L 2S P BB 2H TNF-o2H . YC-1 4 H1 5% . 10% .
15% S IMTEH . BRZS FIXT LA AT, HAT 4 4R 1 50
ng/mL TNF-o 175 2% 40 MR AR A s [, 25 700 IR
ZH TNF-a 20 A 10% %5 A % BRI 5 YC-1 A 10%
2% 19 % A 1L 5 +0.2 mmol /L YC-1;5% .10% . 15% 5 24 Ifil.
4 A 5% . 10% . 15% & 25 1 35™) . T 24 h
J& SRR T Transwell /N2 |38 J1 % HUVEC (2 X
10" /4L)7E 37 °CHEFRAFE TP LR 5% 24 ho
2.3.4  JLEEIRIEBEAZ ANAE P Collagen 11 A1 MMP-3 5
FEIRAG I

2337 IR AR AR E 6 MR AL, e
FLEE IR 5 AR 40 I I A 4% 22 5 1 [ 72 20 min, fil
50 L 1% Bl R B8 55 20 min, FEINA 5% 4= 1135 11 #&
2 IR0 5 30 min; A Collagen II il MMP-3 —47¢ (i
BELL A 1520 1:200) , 4 °CHEE % 5 I H Jil A Alexa
Fluor488 #ic YT % —HL A Alexa Fluor594 bric i)
it —H (R LB R 1:1 000) , Z IR 30 min; i
TN DAPH TG R I 7, BT i T
{5 Tmage J i+ 85 F FHPE R IA AL L, Collagen 11
B PAPER A RS, MMP-3 & H IR F A B a0, [
PEFRIR AR b = BH A R AR BV AL X 100% .

2.3.5  HLREFE IR HUVEC B9 58 1% PG I

# HUVEC ¥2) 80 T 96 fLAR T (5 X 10°4NAL) , B
HIE 6N AL, IFRES AL, SR 2405, A
F542.3.37 W R 434 U B BE A% 4N M L 3 T 4k 22 1 57
24 h, R H CCK-8 I Bl p{XAE 450 nm 7 ARSI 25-£L
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WY RE, IF A AR A A . ARG A R (%) = (5256
W IEHE — 25 LG )/ (28 L0 BRI G B — 25
FLW ) X 100%
2.3.6 IH %5 HUVEC i RE S

F 2337 IR AR A E 6 MR L. e
7 3% 5 B Transwell /N2, F PBS w3 W5 H 4%
£ 5 HI [ 42 20 min; PBS Mk 2 WG, JH 0.19% 45 i 5 e
WG 5, 20 min, FRH PBS whibfi 2 45 i YLkl ; F AR 2
PR = LR S A, BN E BEEUT i
A b P IS o 7E B NS IFTT 4L
R A AR AR BEA LR 6 S IRET HEF TR
2.3.7 HREFEE HUVEC iU BE 1146

# DMEM/F12 15 3% 3L F T ¥4 i Matrigel J 5 i 4%
PRFRLL 22 1IRA B S5 FH I , 744 300 wWL/ALIMA 24
L, B TR R PEA L, #2337 N /A AE,
R E 6 NE AL, e AL IR 5 I 4E HUVEC, R H
eI B B A T B, I Bl A 3 e 1) 24 LA oA
YA (2 X104 /4L) , 37 CCHEFRAF 3T 4 h i , W
M AT IO, A8 . R Image J 54453 A1 A
IO, G E A 3 S 80 B R K
2.3.8  M#%3%)5 HUVEC " HIF-1a, VEGF . Ang 2 mRNA
SHESSTy il

F 2337 IR A HAE A E 6 MR AL, e
L% 37 J5 B2 HUVEC, 32 B4 A 5L RNA, 2 RNA
WeRE AR . A B cDNA JE#Ef 74 B8 5256, PCR [ b 1A
% (20 pL) 2 : PCRIAH] 10 pL, 1E 211 51145 0.4 pL,
cDNA#iHz 2 pL,dd H.O 7.2 wL. ¥ 34 542 Jy : 95 °CTi
AR 30 5395 °C7ARE 10 s, 60 °CHE{HI/AR k 30 s, 5 FF 40
K. LA GAPDH N2, ok H 272 i+ 55 41 Jfd v HIF-
la \VEGF .Ang 2 mRNA FkTEN . SIHELAETAEY
TARC ) B A BRA RIS IEA 0, 51475 K i
IR/ 1,

R1 SIYMFTIRT =Y AN

R BRI -3 5k Nop
HIF-la IF11): CTAACTAGCCGAGGAAGAACTATGAAC 107
J11}: CACTGAGGTTGGTTACTGTTGGTATC
VEGF TF11: GGAGGAGGAAGAAGAGAAGGAAGAG 114
Ji I GCGGCTGGAGCACTGTCTG
Ang? TF11): TCGGAAGAGCATGGACAGCATAG 107
F11}: TGGAGGAAGAGCGGCAGTTG
GAPDH iF11:GGAGTCCACTGGCGTCTTCAC 157

[ i : GCTGATGATCTTGAGGCTGTTGTC

2.3.9 JLK7 3% )5 HUVEC H HIF-1a/VEGF/Ang {5 5l
PR AW PSS ESN talll

F2 2.3 3" WU N S #4E , BRAHE 6 MEfL . S8
R 3% )5 I HUVEC, 2R H Western blot 725 K6 11 21 it v
FHOCHE RGO, AR T kA “2.2.6" I F . Hirr,
MMP-2 . MMP-9 — 4t 1 #i & o451 24 2y 1: 1 000, X )i
HRP ARic 1Y FHT R — BT AR B LG5 1:10 000,
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24 HtERHE
K JH SPSS 21.0 A AT E R gt i b . FF G IES
SRR x + s FR , 240 R BRI LR O 2
ST, 2B B LR LSD-e A1 . K7k =0.05.,
3 #R
3.1 KEUMEN] 20 21 S8 E PR 7P Rl 25 4
SR LA, B2 K RME ] SR 2P IL-18
TNF-o IL-6 7K P34 5 25 74 5 (P<<0.05) . SBIAUAT L
B, A5 2 A K SRMEB] S 4 80P b SR R /K3
EREAK (P<0.05) ., 5 HIF-1o I FI 4 L8R, AH5EH 2L
0 1 700 R 4K UM ] 43 2 20 7 TNF- 7K 0E— A R AR
(P<<0.05) , IL-1B. IL-6 7K °F- 22 5 T G it 22 i X (P>
0.05), Z5HRWFE2,
F2 FAEKXRRHEEAZSALDRERFKELR(x+s,

n=6,pg/mL)
415 IL-1 TNF-a IL-6
fFAL 122,06%1620 3369513168 79.15+21.34
| 699,56+ 58.05° 95747+ 81.79° 385943083
HIF-1a A 12 352.13£3045° 553.71£29.01° 165.02£13.72°
e Gilaeii 585.9542825" 820,95+ 59.46™ 302,93 +44,63
g YL ineli 4701813030 608.20+ 76.46° 265.93 +18.60

LiE el 31671 £3049° 453.9829.83 1625342207

a: SIFARL A, P<0.05;b: SHRIY] AL, P<0.05;c: 5HIF-
Lailil R4 He %, P<<0.05,

3.1.2 RN £ 2H 2V B SUE MR 45

FRORI A A BB A R 22k, £F 4EBR R i 4l 28 L HE )
ZEL s BT T R AR i 2 R R ) 28 2H 2 v B A Al
M 1/3 BRI ZETL , £ dE RS A HED 2L 5 % 250 4K
oA 5] 25 2H 2P A% B8 00 50 A0 M S8 B, S £ G 3R

BRI, T AEALER AHES W e HE . S5 R UL 1 (43
PR A S AR S T AR, A B R T A
BRI 1)

£ )7 < e, A
C. HIF-1o M 520 D. 5 H 57 i 70 itk 41

Bl RAKRHEEEZHALNRFELERE(HELRR)
3.1.3 K UM a] 252 -5 T 0 A5 3 A 17 v IR B 45 SR
S{RFARL[0.29 +0.12) %] b5, #E I 2H A FRUME (7]
FHLHLUT CD31 FAPEZRIA[(5.25 £ 0.40) %] B FH W £ (P<
0.05) , 588 4 L%, HIF-1o 4100 ] 77 40 [(1.49 +

TEZG; 2025455 36 55 71

0.18) %) FARFE H FLIA I (v L 8 70 e 4 K BRUME ] 25 20 21
o CD31 FH M 8 [ 439k (3.66 £0.21)% . (2.28 +
0.18)% . (1.73 £ 0.09) %] ¥4 i Z k> (P<<0.05) . £ UL
P S ERET RN = it T N i
A E R 2)

~
<
a
X
a
O

CD31+DAPI

CEP

C. HIF-1a f7RI57) 20

D. #5E H R g
NP 4% ; AF : ZF4E 3R ; CEP SR 245 — : PRPE A R IR,
B2 ®RAKRHEEZHELCD3 BERNLLEE

314 K UMEB] 45 20 20 v 1t A A AR G 2B 1 FR s A T
%

ST AR YL g, 450 21 K RUME (1] 4% 21 21 vp HIF-
la .VEGF .VEGFR2 ,Ang 1 .Ang 2 75 A& A B M
(P<<0.05), SHBIAULLER, 45 24590 41K BRUME (] 341 21
o R A B R IH(P<<0.05), 5 HIF-1a 1l
FUAL R, AR H B3 e ) 2 K BRUME ] 28 4 241
VEGF.Ang 2 i [ ik —L T4 (P<0.05) , VEGFR2 |
Ang | EHRIR2ZEF LG #E L (P>0.05), 255U,
3.4 3.

HIF-1a

- - - o » -lll(lkDa

VEGF!"---- .-|40k1)a
VEGFRZl- . - o = | 180 kDa
Angll- - e - -l 70 kDa
Anng- e e - -l 68 kDa

GAPDH’- oD emp I TR -l 36 kDa

A B C D E F

AARTFARYL; B AERIL] ; C HIF-1odM I FIZH ; D B5E H E AR H]
T2 B B H B PR B B RO S A i
B3 JHAEKXFHEREZFNEERBREQREWBEIXE
32 YHAAXIGZER
3.2.1  HEREFEEREZ AT Collagen 11 1 MMP-3 £ [
EsLY Rl e

523 FXT B4 b #58 , TNF-o 21 6% 40 g Collagen

I &M Fk B2 TIH(P<0.05), MMP-3 %K |11k I %
FI(P<0.05), 5 TNF-o 41 HLH, 45 2590 41 B A% 40 it
1 Collagen Il 2 H & 1A 3% 18 (P<<0.05) , MMP-3

China Pharmacy 2025 Vol. 36 No. 7 - 811 -«



Fx3 BAXRHEBRSEATMEEREXREBRIEK
FLbE (xts,n=06)

i HIF-lo/ VEGF/ VEGFRY/ Ang 1/ Ang/
GAPDH GAPDH GAPDH GAPDH GAPDH
BFAH 0254002 0322003 0182002 0243003 025+0.04
i 0824004 1204010 086+006 082004 L1010
HIF- 1ol 12 0195002 053£005° 0274002 040£002 047003
WEHEGIAEA 034000 103200 065£004% 046004  068%0.04*
PR HERTARA 0512004 0922004 0392003 0414005 050+0.04¢
IR HEGEARE 0352002 0394004  028£003 041003 028£0.02

a: GETFARHLE, P<0.05;b: SR AL, P<0.05;c: SHIF-
Lodiifil 2 e, P<<0.05,
EHERBHBETIH(P<0.05), 5YC-141#,15%
T 25 1ML L BEAZ A b Collagen 1T 25 Rk —2 |
P& (P<<0.05) ,10% 7% 24 IfiL 35 2 A% 40 g H Collagen 11 2
#2351 15% 1 24 175 4 BEAZ 40 i H MMP-3 25 [ %55
ER IG5 L (P>0.05) . 455 W3 4[] FHE AL
UL ZERY  E N HE s R 0L T A e O Y (A K]
(BRI 3)1
F4 BHEFEZMAEF Collagen 11 . MMP-3ZE HPHMR

EERL LB (x +5,n=6,%)

ik Collagen I MMP-3

SRR 24684127 1.05+029
TNF-a4l 559% 11§ 1698+ 149
YC-14 1592£081° 206%049°
5% EZMmiER 048+0.76 8.71+0.89"
10% 24 14042067 57040.69"
15% 2 19.81 %105 3504057

a: 525 I IR g, P<<0.05;b: S5 TNF-o2l HeAS, P<<0.05;¢: 5

YC-141 He#, P<<0.05,

3.2.2 LR FRJE HUVEC B45H 1T B MR AS BE ) % 5%
ghR

o5 (%] BEZH LA, TNF-ou 20 4H L 5 2% b 2 s
(P<<0.05) , iIFR 4 gl i &4 £ (P<<0.05) , LS RE )
TR (P<<0.05), 5 TNF-o 2H FR , 4% 24590 20 41 it
Bt R K RE T 1 B RIS (P<<0.05) , iR AL 40

——
100 pom

Transwel | i 55256

100 pm

23 X R

TNF-a 4

it K5 4t s (P<<0.05) . 5 YC-1 4L Hb#,15% &

245 M L AN MG 5 % G R A e Kl M A R ) 2 R

TeG 78 L (P>0.05) . Z55 WLIE A(4ERIE R nT A

SCHE UL ZERS, JE A5 N DT A A R R 4) 25,

*x5 HAHUVECHIIEHE THKRMERENHEXIBR
Lk (x+5,n=06)

) R ﬁ%ﬁﬂﬂ@ _ AR
gan pdE Bk Bkl

MR 100001000 66675589 16174306 318233446978  2274.67+205.69
TNF-a 4l 153.084335 180671446 61505442 933450+41017 934833 660.86°
YC-14 112724539 64505390 15835371 323750148149 259933433487
SORMFA  142.6423.00% 164671887 49.67+6.92% 80548350578 6648.50%337.65%
0% 52MES 131428233 12633557 3417£387% 587533129207 3097.00£292.59°
1542 MEH 15091406 69.67£7200 2100+28%° 3307001290230 2789.83£289.10°

a: 525 I IR L8, P<<0.05;b: 5 TNF-a2l Hs, P<<0.05;¢: 5
YC-141 3, P<<0.05,

3.2.3  JL K% % J§ HUVEC ' HIF-1a, VEGF, Ang 2
mRNA FEA 45 5

523 (U6 BB 2H H#, TNF-a 41 HUVEC 1 HIF-lo
VEGF . Ang 2 mRNA &A% Fil (P<0.05). 5
TNF-o 41 L #52 , 4% 2520 HUVEC H |38 mRNA (% 5%
TG IMIE 4 Ang 2 mRNA) k35 i 3% F 8 (P<<0.05) .
5YC-141 b4, 15% & 25135 41 HUVEC i mRNA
Tk FH TG F 3 L (P>0.05), 45F01%6.

%6 HLAHUVEC # HIF-la .VEGF . Ang 2 mRNA &
EKFELLE (x +5,n=6)

Eibl HIF-lo VEGF Ang2

MR 1.01£0.07 1.00£0.04 1.01£0.06
TNF-o 4l 386£030° 4435040 3162031
YC-14 1564017 1.81£030° 1.86+0.6°
5% 2 LA 322£0.28% 3034031 2794024
10% &4 MmiE4 2034015 2445014 2364022
15% &2 1914018 2164023 208£0.15

a: 525 I IR 4, P<<0.05;b: S5 TNF-o2l HAS, P<<0.05;¢: 5

YC-141 tdg, P<<0.05,

—_—
100 pm

[E—
100 pm

YC-141 15% & 2 M4l

B4 HEMAA Transwell T2 3L0E K Matrigel £ ST A & L 18 BHUE
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3.2.4 4% 41 HUVEC ' HIF-1a/VEGF/Ang 15 5 il X IfiL
LW PSR ESS N ol En

525 (0 B4 [ #¢ , TNF-a 41 HUVEC 1 HIF-1a
VEGF.VEGFR2.,Ang 1.Ang 2. MMP-2 MMP-9 7& || %
% LI (P<0.05). 5 TNF-a 4l HAE, 45 25940
HUVEC H B8 H (55 5% & 251154 HIF-1a VEGFR2,
Ang 2 1) FIBW R FE NI (P<0.05), 5YC-141Lk
55, 15% &5 24 1. 74 41 HUVEC 7 VEGFR2 . MMP-9 % [
FRPE—4 T (P<<0.05), 15% & 25 1fiL i 2 HUVEC
VEGF. Ang 2. MMP-2 & 5% % 24 IfiL % #H HUVEC
MMP-2 i1 10% 5 2} Ifil 7 41 HUVEC Ff MMP-9 & [1 %A
E R L (P>0.05) , 45 R WK 5 £ 7,

- D e - - -luoma
viar | - - e - - | o

HIF-1la

VEGFR2|- - s e W -|180kDa

o [

Ang? [ - - e s 0

MMP-2

Gaoi | -0,

A B C D E F
A2 PN IEZE B TNF-a2l 5 C: YC-141 5 D: 5% 5 25 L35 40 5 B«
10% & 25 M54 3 F - 15% % 245 135 4H o
E5 &% HUVEC H HIF-1o/VEGF/Ang 15 S % & 1l
EERBXERRIEWEIKE
%7 %% HUVEC # HIF-1a/VEGF/Ang {5 S 3 % 1
BEEREXEGRIEKERR (x+s,n=6)

HIF-le  VEGF  VEGFR2  Angl Ang2  MMP2  MMPY
IGAPDH ~ /GAPDH ~ /GAPDH  /GAPDH /GAPDH /GAPDH  /GAPDH

66 kDa

4

SEEA 0224002 0324002 040£0.02 008002 048£0.03 0.13£0.03 0.17+0.02
TNF-o 4l L17£0.04 L16£006° 0922005 0502003 1274007 0.4810.03° 0.62%0.04*
YC-14 041£0.02° 03740.03° 055£0.05° 0.17£0.01° 0.68+0.05° 0.18£0.02° 0.27£0.03

SO EAIMES 1101008 0.87£0.04% 092£0.72% 022£0.02% 122007 022£0.03 046+0.03
10% FZMEL 0.97+0.04™ 0.52£0.02% 0.72+0.03% 026+0.04* 1.11+0.05* 025+0.03 030+0.04°
150 AN 0.62+005™ 039+0.04° 048+0.02% 030+0.03* 0.70+0.03° 0.17+0.02° 0.18+0.02

a: 525 I HRZE 4K, P<<0.05;b: S5 TNF-afl H#%, P<0.05;¢: 5
YC-141 1632, P<<0.05,
4 iFig
MEM] 5 N R BEAZ MBI LR 43R DL e T s
LRI o F 3% G AR SRHER I £ 40 R 2 MR
FEAEERFE HETA 52 B R MU ey 45 T 2 A FE 2
YER o IEEHEM LR T2 4R A 1/3 A7 BEVF 45 AN fif
ZARNRIE S, NEBTC A Fph 2 A4, B SRR &
B T HEAR TN 2R Z R AR AR 22, IDD 2 1
HEN] 3 A ARG AR AN o i A ek R AP T 5 kS
o1 R A AN DR AT AE PR R I AT A AR
AV PRI AT S I 55— ZR 9] B AR | e 2 T BOHE ] 2

TEZG; 2025455 36 55 71

S T 95 w8 T R AR AR AR A [R] S 20 2 mT 43 ik
KA FRAILIR 7, 750 BRI 40 3 35 £ 1 A
PEIR TR 2238 A8 (R AE 1] 38, 25 50 (] 485 10 S i o ™
Bt 9 i L INE AN VI I R)  AF [] 45 119 98 i S B B 14 T T
B, EF A A0 I 08 T N IRBERE AN, i D AR 2
A I D | i — A S BOME R) £ 35 S5 %) R A R AR A T A
ARO[, S8 RNt T AR LA PN i 4 I 14
TR , et B I 8L T PR R

PRAR B2 e B 10 A VA8 T B 2R
I, JLIA Sk VY = I AE DG CAn il A5 AE BT 1Y) i
P8 LA A AN S 4 i ke P 8 05 55 ) B4 RS AIE 5
W KT HE” 4 DR TR T AR B AR AT, 2RIE
FHAE R I L R T IR 40 " BRIE B “ 40 " BEIS
o FH T HER] S50 B0 T IA A HE TR S8 A% 28t 25k
IR JE L L 3 4 IOk A0 485 W) RN ) e T s 1) 5 PR 3 4 2
AR BRI K, R YT IR LA 45 1R o0 S5
PTG H 5, O PR S R ATHE, =k AR &
26 BRI, SR IS EERIK, 2 PRSI e
HRMPELZ BT =k AR B A b,
U oE 2547 20k o s g T E R R4 R
J1 ) WERBLH )2 7 R

THEAZ 41220 B3 40 3 5 i 2 TDD (1) = 2295 B4 1E
Z—, HETH IL-1B . IL-6 . TNF-o 25 48 5 K F- 3K 5y
Collagen [T J2 4 fELAN 5T (1) F 22 W 53, T 4 LA/ D I BT e
it 5 MMP-3 1 T i A OCM . AR 9 o 78 K BRUAE [ 4%
HH IREAZ 2 2N M S R i | £ L A 25 A0 2 AL A5 B
O | HE ] 35 A1 b SRE /KT 5 45 T AR S H
Ve B A B (] 285 A1 2 rp SE PR 7K P B AT, HE 1]
F 0 FRAR AR ek %, BEAZ 4l L rh Collagen 11 3235 3G 54
MMP-3 k855 , 2 IR 5T H 707 v 38 1 90 ) 98 hE R -
K N B A 4L 4140 i A0 3R ST A i JiE 2% 455 5 K R TDD
.

fiF 5 2R B, IR A% () M 1] 45 4 40 v HIF-1a, VEGF |
Ang 2 25 IV AR A G TR Faak  5 THE Y, 78
BUASRMF T HIF-1o () Z23R3E N, Ham o 55 HIF-18 45 &
TE G ELA 06 Mk A HIF-1 7 St I+ B AW, BT 45 &
DNA | WA B TG, T 85— F2 51 5 10045 A A
TP SE R 5™ VEGF J2& I8 A il 2 v i 32 220K )
722 —, 3 HIF-Loc 85 77 24, ml i 3k 00380 45 19
R AN 38 TERS AL, ARSI 45 A s R
SHTILAE BT B LI Al s ME 4 , VEGF nl 3l ad 5 1M 48 4 iz
4 _E Y32 AR (40 VEGFR1 #l VEGFR2) 454, il f2
YA ) A R -IA P/ MASR IS Ang 2 MMP-2 \MMP-
9SEM ™, FEMAE AR, Ang 2 (%235 T LABEIA I
PN B 4N 55 L R )3 (et A P B A AR A
ELE Bk s 26 148 AR A 91, Ang 2 5 Ang 1 BB RIVEH,
PR A RS AR, MMP-2 Fl MMP-9 i 5 [ figt
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20 1 A S5 B S D L P R L A 2
53, DT 7E 240 B0 A% RN 20 2R 8 90 rh R HEOCSEPE ™, A
WFFEEE R s, TR UM (B) S 4 2 i A B B 22,

B HME I 45 B A, HHIF-1a . VEGF \VEGFR2, Ang

1. Ang 2 8RR, Mg THGEH RS G, HaT il

A AR K R ] 2895 FHL 2 o % B 2E &% HIF-1a, VEGF

VEGFR2 ,Ang 1.Ang 2 HH 1335,

HEAZ 20 IR 25 2 IDD Ay IR I . AR 5T A%
A5 HUVEC #EAT L5 9%, 45 R R IR HEAZ 41l g
138 HUVEC 34 51 3 # A AE ), 42 & L HIF-1o/
VEGF/Ang {55 il J il 48 Az iR DG 2R 11 3858 s e fse 1
B GG T U L BE AR A0 MR A8 98 5, HUVEC 1
BH LR RIS BE J 8055 , 20 2 1 HIF-1o/VEGF/Ang 5
A KA A AR DG R IR AR . X PR BGE T
7 REE A 410 1) A A AR 7 i 4 PN B 4 P HIF- 1o/
VEGF/Ang {5 5 5l335 , 18055 45 A B2 40 L4 58 A% Al
JRCAERE T, DT ) o B 1 5T A=

25 LR BRSBTS I P B A LA ol
A RE T , WO IR) 5 S 0 R AR IR 2% IDD, 3X
A BELS ] HIF- 1o/ VEGF/Ang {5 S8l 5 o (HABTSE
RGIRKRIEFTEE S, H SR Sh S s R R
WREAR e H 537 %0f £ A ) 288 10452 52, ik — 20
I B IDD AL S ARFE H R R T BUCR .
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