TEGEFE PR E202253 A% 36%% 38 Chin J Pharmacol Toxicol, Vol 36, No 3, Mar 2022 - 161 -

T & -

FHE R A X R RIS E SR 089 A R B PR B 48 fe i
A BE TR RIFIE R R ALH

<
e

gk AR, XURLES T, FLEESCT, 3% 2, FLAE T, ke
(1. [ R 2R B AL st VRN B 24 B 25098 BT, 259090 5 0 5% 55 8 24 i pe b 5 Tl B A S0 =
b5t 1000503 2. {rl g K2z 224 B, R HEF 475004)

HE. BB KT8k A(SAA) & e 1R 20 Je AR BB 45 /6 4k 91 do 8 3 & gk A 69 4 R R AU
Fik KA EHEH S (OGD) 8 7 kM AR % Rk 29 12 (HBMEC ) 4t 8474 42 % , CCK-8 i # 1 OGD
2,4,6,8#/10 ham 5% %, # & OGD B 4], HBMEC %4 %m i 33 #8248 . OGD 21 ,OGD+SAA 0.3,1.0 4=
3.0 umol-L"'48 % OGD+4k ik 3574 10 umol-L"48,0GD 6 h J5 , JA CCK-8 i #-n 2m it 7 7% % ; Matrigel & =
MR E I OGD 2~ 10 h B 157 &% ;OGD 6 h s , 4l & B 3 &4 MRS o LR A B ¥ E ; EdUBA
SE B ) 2 A3 FA, R R 52 B 2 A A5 36 B . HBMEC %24 2a it 3t 840 OGD 2 . OGD+SAA 3.0 umol-L™
21 A2 OGD+{R i& 454 10 pmol-L"28,0GD 6 h /& , Western ¥ it 52 3t Ml A% 235 5 B F 1a(HIF-1a) | f2 %
A A K B-F A(VEGFA) & A %4k VEGFR2 % & & ik /KT B 5 B ILEE-3- 8 B/ & & B Bl 5L 3 4h &
% & ¥ 8 (PIBK/AKt/mTOR) 12 5 i@ % & @ B R AL KB, B8 OGD 6 h 2u o4 7% % 4 (56+6) %, #i .
K )64 OGD Bt 1], 5 fm izt FR 4R AR b, OGD 28 2 B 77 7& 52 B 4K, T R 8 B 6 3 B M IR L & 8K
VA B B K B 2308, (P<0.01, P<0.05) , EdU 8 b 2 i b 4] o 2 i iF 45 36 5 480 2 F 4(P<0.01). 5
OGD #4148k, OGD+SAA 3.0 umol-L ™48 F= OGD+4& A #5410 umol - L™ 48 4 i 75 7& % 91 B 32 % (P<0.05) ,
TR I 69 1 SR MRS S X BABE IR KR B %3 (P<0.01, P<0.05) , EAU I8 48 e b 45 e 2 FEL
EASIE B AL 239w (P<0.01, P<0.05) ; Western fPit 4 R 2~ ,5 OGD 4848t ,OGD+SAA 3.0 umol-L™
21 HIF-1a, VEGFA #2 VEGFR2 % & & ik & 3% 3% #n (P<0.01, P<0.05) , PI3K, Akt #= mTOR %} 52 1. 7K -F- 8 2
% (P<0.05), %t SAA T4kl it i# & HIF-1o/VEGFA/VEGFR2 & i T #1% 5 il % PI3K/Akt/mTOR &
AE N B 4m JAR AP Ao AT 3t dn B A R A9 AE R

KB ABBRA; BT AR mI, hEHA; KAFFHETF1a; RGN EEREFA

FES%S:R285.5R,R966  XHiFRER:A X E4RS:1000-3002-(2022)03-0161-09

DOI:10.3867/j.issn.1000-3002.2022.03.001

R A PRI PRI T A AR e A7 7 X
MISIFAAE RN A . REHIG AP A L)
REBRL . A rbis AS R A R R U B B 23R
TR BRI IR AR TR B2 3 AL

e AL A ik 2 P R A DX 1 9 At R O D,
EAMIFET, FBOR AL ORI i ik
eI NN L RIB TRk /O IR R I R

E& TR : WX AR 34 (82004071) ;b at il A 4AFLF
B4 (7182113) s H ZRHE H R L35 (20182X09711001-009-
009)

EB I AR, LA AE , 2 A 28 24 2 K 24
KT

WBiIfLEE : L4 , E-mail: konglinglei@imm.ac.cn; #5E4E,
E-mail: dugh@imm.ac.cn

SZH T, WS RERIHES . YRR
IR V4G g B SR IR 4P AN (NS Sl R P B
A LA AL RIFE D, R 2 HURE Tk 2 A
RO RRIR YT o 3 2 e 2 A T A A R I PR A A
FHE B i L3677 B0 87 SR S o I A, RV
i A R A0 B R B A P s A I R,
ME A LA PR B B9 B 4 048, 384 D0 L7 % R
I LA 278 IR SR e A 2 2 ) SR ORI TR AR
IR R 2T AR 1 SR e 2 i 22 A A D EAK
SIS0l A I UL BR IR SN 41 2L S B
R R AL S i 2 A R 2 S EE O 4R L R R
WFFEFR MY, A TS L F 5 TP A P B 40 el
280 I 5 240 A5 R I A8 A IR, 35 A B2 4
44 S AT A LIE OB A8, 2 Il oA AR50 A 10 A



- 162 - bEGE L ER R E2022453 A %3645 % 34  ChinJ Pharmacol Toxicol, Vol 36, No 3, Mar 2022

B 5B A AR . AR RN, G P
T R[] A9 2 Bl Il 2 B A PB4 A I A I T
i 120 LA R R AR AN AT Ot A i 73 | A P AR A
B AN DA SRR A7 45 i 4 216 5 R 22 D) e TR
AU PR B A AR I R AR 25, 1T R
R AR I i A TP TR A R S

F} 1 2 A (salvianolic acid A, SAA) J& M\ JF £
R K IE A Y, B Z R 2 B M T
P AL B B TS B A T R 2 a4
PRI e . TR RIE , SAA T I 20 /0 ik
S LV 9 A U i A AR ek A % i s I I 4
o I S s 5 M DA 2l b R TR L R T
J5i o {H SAAJE A BENS L HE G fH I PN 1 4 3 5 5
M HT A T R FEGR P E I MANTE 2 . A58 R A A
A1 K5 3% G SO0 AE P Bz 40 B2 (human brain micro-
vascular endothelial cell, HBMEC) # ~7 4 -} #125¢
(oxygen-glucose deprivation, OGD) £ & , 5% J1] %
i T B S 36 RS UL A1 o A5 A i s A R B AR
SAA XF OGD #itf4i J HBMEC 34 5t K {441 iy 4 3 £E
e 152, IR BT FE AT R ML

1 RS

1.1 Y R FIFEEZ NS

SAA(HPLC 41} >99%, H [ [ “# Rk B Al
= B 25 00T 5 i A i) 5 KA 4% (edaravone ) {14
W VLIRS 5 290 A PR 7] L 4t : H20031342 80-
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Fig.1 Effect of salvianolic acid A(SAA) on cell viability
in human brain microvascular endothelial cells (HB-

MECs) after oxygen-glucose deprivation (OGD) injury.
A: cell viability of HBMECs at different time points after OGD;
B: cell viability of HBMECs after treatment with SAA 0.3, 1.0,
3.0 ymol-L~" or edaravone 10 ymol-L~" under OGD condition for
6 h. Cell viability (% )=(A,s, .. Of drug treatment group—A,s, ., of
blank group)/(A,, .. of cell control group—A,,., of blank
group)*x100%. x+s, n=4-5. *P<0.05, **P<0.01, compared with
cell control group; #P<0.05, compared with OGD group.
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Fig.2 Effect of SAA on numbers of nodes, meshes, branches and length of tubes in HBMECs after OGD injury.
The HBMECs in OGD+SAA 0.3, 1.0, 3.0 pmol-L™" groups and OGD+edaravone 10 pmol-L™" group were treated with SAA 0.3, 1.0,
3.0 umol - L™ or edaravone 10 umol-L™" under OGD conditions for 10 h. A: representative images of tube formation. B-I: the numbers
of nodes, meshes, branches and the length of tubes over 10 h (B,D,F,H) orat 6 h (C,E,G,|), respectively. x+ s, n=5. *P<0.05,
**P<0.01, compared with cell control group; #P<0.05, #**P<0.01, compared with OGD group.
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Fig.3 Effect of SAA on proliferation of HBMECs after OGD injury. The HBMECs in OGD+SAA 0.3, 1.0, 3.0 umol-L™" groups
and OGD + edaravone 10 uymol - L' group were treated with SAA 0.3, 1.0, 3.0 umol-L™" or edaravone 10 umol- L' under OGD condi-
tions for 6 h. A: representative images of EdU incorporation assay; B and C were the semi-quantitative results of A. xxs, n=3. **P<
0.01, compared with cell control group; #P<0.05, #P<0.01, compared with OGD group.
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Fig.4 Effect of SAA on migration in HBMECs after OGD injury. See Fig. 3 for the cell treatment. A: representative
images of migration; B was the quantitative result of A. Migration distance (um)=widenth of 0 h—-widenth of 6 h. xxs, n=3. **P<0.01,
compared with cell control group; #P<0.05, compared with OGD group.
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Fig.5 Effect of SAA on protein expression levels of hypoxia inducible factor-1a(HIF-1-a) , vascular endothelial
growth factor-A(VEGFA) and VEGF receptor-2(VEGFR2) in HBMECs after OGD injury detected by Western blot-

ting. HBMECs in OGD+SAA group and OGD+edaravone group were treated with SAA 3.0 umol - L' or edaravone 10 ymol - L~ under
OGD conditions for 6 h. B, C and D were the semi-quantitative results of A. x+s, n=3. *P<0.05, **P<0.01, compared with cell control

group; #P<0.05, #P<0.01, compared with OGD group.
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Fig.6 Effect of SAA on phosphorylation levels of phosphatidylinositol-3-kinase (PI3K) , protein kinase B (Akt) and
mammalian target of Rapamycin (mTOR) in HBMECs after OGD injury detected by Western blotting. See Fig.5 for the
cell treatment. B, C and D were the semi-quantitative results of A. xxs, n=3. *P<0.05, compared with the cell control group; *P<0.05,

compared with the OGD group.
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Protective effect of salvianolic acid A on angiogenesis of human
brain microvascular endothelial cells injured by oxygen
glucose deprivation and mechanisms

ZHANG Sen’, LIU Cheng-di', KONG De-wen', JIANG Nan"?, KONG Ling-lei', DU Guan-hua'
(1. Beijing Key Laboratory of Drug Target and Screening Research, Institute of Materia Medica,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050,
China; 2. School of Pharmacy, Henan University, Kaifeng 475004, China)

Abstract: OBJECTIVE To investigate the effects of salvianolic acid A (SAA) on angiogenesis in
vitro and the underlying mechanisms. METHODS A hypoxic-injury model for oxygen-glucose depriva-
tion (OGD)-induced human brain microvascular endothelial cells (HBMECs) was used to investigate
the effects of SAA on angiogenesis. CCK-8 assay was used to detect the cell viability at 0, 2, 4, 6, 8
and 10 h after OGD to determine the OGD time. HBMECs were randomly divided into six groups: cell
control, OGD, OGD+SAA 0.3, 1.0, 3.0 umol L™, and OGD+edaravone 10 umol-L™" groups. After 6 h of
OGD, cell viability was determined by CCK-8 assay. Matrigel tube formation assay was conducted to
observe the formation of lumina 2—-10 h after OGD. The numbers of nodes, meshes, branches and the
lumen length were detected at 6 h. EdU incorporation assay was used to evaluate the cell proliferation
ratio while cell scratch assay was used to detect the migration distance 6 h after OGD. HBMECs were
divided into cell control, OGD, OGD+SAA 3.0 ymol-L™" and OGD+edaravone 10 umol-L™" groups. The
expressions of hypoxia inducible factor-1a (HIF-1«), vascular endothelial growth factor-A (VEGFA) and
VEGF receptor-2 (VEGFR2), and protein phosphorylation levels of phosphatidylinositol-3-kinase
(PI3K), protein kinase B (Akt) and mammalian target of Rapamycin (nTOR) protein were determined
by Western blotting 6 h after OGD. RESULTS The cell viability was (56+6)% 6 h after OGD, which
was determined as the time of subsequent experiments. Compared with the cell control group, OGD
resulted in a significant decrease in cell viability (P<0.01). SAA (3.0 umol-L™) and edaravone (10 umol-L™)
reversed OGD-induced cell injury and increased cell viability. In addition, SAA (3.0 umol-L™) could signifi-
cantly increase the numbers of nodes, meshes, branches, the lumen length in tube formation (P<0.05,
P<0.01), the ratio of EdU-positive cells (P<0.01) and the migration distance (P<0.05), which were all
reduced in the OGD group (P<0.05, P<0.01). Furthermore, SAA (3.0 umol-L™") up-regulated the expres-
sion levels of HIF-1-a, VEGFA, VEGFR2, and the phosphorylation levels of PISK, Akt and mTOR (P<
0.05, P<0.01). CONCLUSION SAA can protect HBMECs against OGD injury and promote angiogenesis
by activating HIF-1o/VEGFA/VEGFR2 and its downstream signaling pathway PI3K/Akt/mTOR.

Key words: salvianolic acid A; brain microvascular endothelial cells; angiogenesis; hypoxia induc-
ible factor-1a; vascular endothelial growth factor-A
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