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[ Abstract] Objective: To investigate the protective effect of cerebrospinal fluid containing Tongqiao
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Huoxuetang (TQHXT) on oxygen-glucose deprivation/reoxygenation (OGD/R) -induced brain microvascular
endothelial cells (BMECs) , in order to explore the underlying mechanisms. Method: Primary BMECs were
extracted by enzymatic digestion, and the cells were randomly divided into six groups: the normal control
group, the OGD/R group, the TQHXT group (20%) , the nimodipine (NMDP) group (10 wmol-L") , the
cabozanix group (1 wmol+L") and the combination group. Except for the normal control group, the cells in the
other groups were rapidly reoxygenated for 24 h after 2 h of oxygen-glucose deprivation, the OGD/R modeling
was performed, and the rats were administered with drugs by groups. BMECs were identified by cell
immunofluorescence staining, morphological and ultrastructural changes of OGD/R-induced BMECs were
observed, and changes in cell transmembrane resistance (TEER) were detected. The levels of nitric oxide
(NO) , the activity of lactate dehydrogenase (LDH) , the fluorescence intensity of reactive oxygen species
(ROS) and the content of tissue-type plasminogen activator (tPA) were measured with kits. Intracellular Ca™
concentration and cell apoptosis were detected by flow cytometry, and the expression of CD34 was observed.
The protein expressions of zonula occluden-1 (ZO-1), vascular endothelial growth factor (VEGF) , adhesion
kinase (FAK) , and Paxillin were detected by Western blot. Result: Compared with the normal control group,
the cells in the OGD/R group were shrinking and rounded, TEER value and ZO-1 protein expression in cells
were significantly decreased, the contents of NO, LDH and ROS in cells were significantly increased, the
content of tPA was significantly decreased, the concentration of Ca’* and the apoptosis in the cells were
significantly increased, CD34 was expressed in cells, and the protein expressions of VEGF, FAK and Paxillin
were significantly increased (P<0.01). Compared with the OGD/R group, cell damage in the TQHXT group
was significantly improved, the TEER value and ZO-1 protein expression in cells were significantly increased,
the contents of NO, LDH and ROS in cells were significantly reduced, the content of tPA was significantly
increased, the concentration of Ca’ and the apoptosis in the cells were significantly reduced, CD34 expression
increased in cells, and the protein expressions of VEGF, FAK and Paxillin were significantly increased (P<
0.05, P<0.01). Conclusion: CSF containing TQHXT protects BMECs from OGD/R injury possibly by
promoting angiogenesis through the VEGF-VEGFR,/FAK/Paxillin signaling pathway.
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Fig. 1 Morphological observation and identification of BMECs
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20 i T S R T AN S 1 (P<0.01) . WLER 2.
F1 TQHXT R LB MR SR E % (Fxs.n=3)

Table 1
containing TQHXT(X+s,n=3)

Screening of safe concentrations of cerebrospinal fluid

4151 RS 5/% A LIS T3 /%

EH - 100.00
TQHXT 5 101.53£1.57
10 104.27+1.30
15 104.27+1.19
20 110.47£1.60"
40 106.13+2.09

T 5 E R A b VP<0.01,

F2 TQHXTEHME RN A RKEIE (F+s,n=6)
Table 2  Screening of effective concentrations of cerebrospinal

fluid containing TQHXT (x+s,n=6)

4151 TR 8% AT F1/%
IEH - 100.00
OGD/R - 39.58+7.08"
TQHXT 5 45.27+7.30
10 50.95+8.27
20 76.27+6.199

W5 IE 48 DP<0.01; 5 OGD/R 4 L % 2P<0.05, YP<
0.01;5 TQHXT 4 42 YP<0.01( % 3~9 7).
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Ry M S AR T s OGD/R 4 41 Jf 7 5 I 7%, 200 At 45
45 ZE ;5 OGD/R 4 He %, TQHXT 41 fl NMDP 4
4 Jf NG RE R H B 2 ot e R s, ULIE 2. R 414
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TQHXT 41 A1 NMDP 41 41 Jifd f1% 4 f 25 #4) & A= B i kg
L UL 3.

3.4 TQHXT & 25 i B W X OGD/R i % ) BMECs
R 5 1EE 4, OGD/R 4141 i 76 AN T[]

B

B3 EHEFEMEMETQHXT S KA & OGD/RFEH
BMECs Y #B 2 45 #3521 (FiL B 148, <3 000)

Fig. 3
ultrastructure of OGD/R-induced BMECs(SEM,x3 000)

Effect of cerebrospinal fluid containing TQHXT on

B [B] 45 (9 TEER {2 & 3 B I (P<0. 01) ;5 OGD/R
ZH 48, TQHXT 4 Fl NMDP 25 7 A [a] 74 B b 12 7
4 i () TEER{H (P<0.01)., W3F£3. HE#H 4
#,0GD/R A ZO-1 £ 11 3R 1k 7K - 5 35 B AR (P<
0.01);5 OGD/R 4 L% , TQHXT £ il NMDP 4 i
TS A ZOo-1 B TR ER 3K (P<0.01) o WL
FK4,%4,

£ 3 TQHXT ZZNE Xt OGD/R #i{5 A9 BMECs £ 7 [ Bt 18] s A9 TEER (& &1 (¥+5,n=3)
Table 3 Effect of cerebrospinal fluid containing TQHXT on TEER value of OGD/R-induced BMECs at different times(x+s,n=3)

A IEH# 41;B.OGD/R4];C.TQHXT 41 ; D.NMDP 41 ([ 3~7 [7])

B 2 TQHXT &% ¥ OGD/R S H BMECs 45 2§ & i
({8 5 58 A8 L x200)

Fig. 2
morphology of OGD/R-induced BMECs(inverted microscope, x200)

Effect of cerebrospinal fluid containing TQHXT on

2151 A 0% 0h 3h 6h 12h 24 h
i - 434.67+2.49 432.67+0.94 431.33+1.89 431.67+2.05 430.33+1.25
OGD/R - 413.00+1.41D 328.33+2.87" 303.33+2.49" 225.00+2.941 188.00+2.16"
TQHXT 20 414.33+1.70 353.67+2.62% 334.00+1.41% 250.33+1.25% 247.33+1.70%

NMDP 10 415.33+0.94 360.00+1.63% 342.67+2.05% 256.67+1.70% 252.00+1.63%

T VRN ALY pmol - L (£ 4~9[d])

£ 4 TQHXTEZHME R OGD/R G H BMECs H ZO-1 & H
RIEMFM (X+s,n=3)

- Table 4 Effect of cerebrospinal fluid containing TQHXT on
A B C D expression of ZO-1 protein in BMECs with OGD/R injury(i+s, n=
H4 HEMET 201 EANFLEK >
Fig. 4 Electrophoresis of ZO-1 protein expression in each group 20331 RT3 % Z0-1/B-actin
e . IEH - 0.882+0.020
3.5 TQHXT % 25 i B W X OGD/R i % ) BMECs
OGD/R - 0.306+0.007"

FITIfER I 51E % 4 %, OGD/R A 41 b i ik
1 NO 7K, LDH Bl i S 40 HE N ROS 2¢ )it 56k Ji i
B (P<0.01) ; 5 OGD/R 41 It % , NMDP 4H F

TQHXT 20 0.482+0.005

NMDP 109 0.582+0.016>

TQHXT 4 & & KA 40 i b 3% & h i NO 7K 3, LDH
WP A 4 B N ROS ¢ G5 i (P<0.01) . H1IEH A

Fb %, OGD/R 41 41 i I %5 W tPA & & i 35 P& X
(P<0.01) ;5 OGD/R 4 H % , NMDP 4 fil TQHXT
.47 -
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411 3% Th v A0 B WP tPA & R (P<0.01) . ks,
# 5 TQHXT &ZHuE %3t OGD/R % S K BMECs K Ih 88 i (¥+5,n=3)
Table 5 Effect of cerebrospinal fluid containing TQHXT on OGD/R-induced BMECs function(x+s,n=3)
2931 RFA % NO/umol-L"! LDH/U-L" ROS/g-L! tPA/pg L'
EH - 7.05+1.35 220.33+£36.17 120.17+4.52 7.86+0.79
OGD/R - 19.45+1.96" 600.65+60.89" 165.60+18.321 4.00+0.65"
TQHXT 20 13.50+1.01% 374.25+36.13% 133.94+12.68% 7.06+0.64%
NMDP 109 13.33+1.22% 360.33+28.99% 125.90+10.74% 6.27+£1.29%

3.6 TQHXT % 2 fiki & ¥ ¥ OGD/R i % 1) BMECs
SO T DA R e R i 6 < R
T 55 W €55 5 ; OGD/R 41 41 it i A% 181 45 , 7T DL 5ik 41
B W 8 92 % ; T TQHXT 4 A1 NMDP 21 40 ffg #% i {4
Do i A TR G IO 2l 171l NI 2l o 2
VLIRS, 5 IEH 41 e, OGD/R 4140 i ¥ T F 8 %
4 m (P<0.01) ; 5 OGD/R 41 b % , NMDP 4] A
TQHXT 41 & 3 % ik 41 fig 98 1° % (P<0.01) .
K6,

A B
C D

B 5 TQHXT & ZhMi& &t OGD/R%E S BMECs B 40 B =i
22 (Hoechst33258,x200)

Fig.5 Effect of cerebrospinal fluid containing TQHXT on apopto-
sis in BMECs with OGD/R injury (Hoechst33258,%x200)

% 6 TQHXT&ZHiNE ®x OGD/RiBES K BMECs H4AMBA T8
Mg (X+5,n=3)

Table 6 Effect of cerebrospinal fluid containing TQHXT on OGD/
R-induced BMECSs apoptosis(x+s,n=3)

4151 B 0% ML IE T /%
154 - 5.50+0.67
OGD/R - 30.94+0.65"
TQHXT 20 7.63+0.82%
NMDP 109 6.37+0.96%

.48.

3.7 TQHXT & 24 Jili & W XF OGD/R i 3 (1) 4 Jitd
Ca™ WL I m 5 1E % 41t , OGD/R 41 41 iy N
Fluo-3AM () Ca® % 6 5 & W 3% J+ = (P<0.01) ; &5
OGD/R 41 L%, TQHXT 41 #1 NMDP 41 ¥ i} & F& A%
AL N Ca® 2GR EE (P<0.01) . WL 7,

£ 7 TQHXT & Z % B X OGD/R F T ) Ca®* I iit & M (T=s,
n=3)

Table 7 Effect of cerebrospinal fluid containing TQHXT on Ca?*
influx induced by OGD/R(x+s,n=3)

4131 1RG0 % Ca*/%
EH - 73.89+2.16
OGD/R - 100.00+1.27Y
TQHXT 20 84.31+1.10%
NMDP 109 89.29+0.82%

3.8 TQHXT % 24 i W ¥F OGD/R 57 ) BMECs
' CD 34 Kl + Y % ik Ml VEGF-VEGFR,/FAK/
Paxillin {5 %5 i i (9 %2 W 1E & 41 Cy3 F5id 19
CD34 A 2% 5658 B2 7855 , 1 OGD/R 4t CD34 [H
T 5k E A Frign, 5 OGD/R 41 . ,NMDP 41
A TQHXT 41+ CD34 A 1) B PE =ik ¥ A [a) 2
B3GR, ULIE 6., 5 1EH 41 b, OGD/R 41 4 i
VEGF & [ %5 &t b % T+ (P<0.01) ; 5 OGD/R 4
%8, NMDP 20 Fl TQHXT 4 ¥ W 3% 7 & 40 i h
VEGF % 1 &5 & (P<0. 05,P<0.01), WL 7,% 8,
5 1E 5 41 b, OGD/R 41 41 ffd th FAK I Paxillin £
[ 3k K B2 FF 5 (P<0.01), 5 OGD/R 41 &%,
NMDP 4 fl TQHXT #H & 3 ¥& jin 48 i b FAK A1
Paxillin & (1 %35 /K (P<0. 01) , Itk 4, BMS-907351
WEME T TQHXT & 245 i & i X FAK il Paxillin
F A FA M ERAEH (P<0.01), WLE 8, %9,
4 itig

WA 2 B BB T N TR R
rh 24 2 LT AR B, v 2 B 24 R VY A 9 R DLk
K = =1/ 7 S B 7 A 8 = R M oo S T
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Fig. 6 Expression of CD34 in each group

VEGF s T T oo
B ————— 3 kD2
A B C D
B7 RAHMHAVEGFEBREHEK

Fig. 7 Electrophoresis of VEGF protein expression in each group

#8 TQHXT&ZHME K3t OGD/R 15K BMECs i VEGF & 5
RIEMF M (X+s,n=3)

Table 8
expression of VEGF protein in BMECs with OGD/R injury (x+s,

Effect of cerebrospinal fluid containing TQHXT on

n=3)

20 57 B 80% VEGF/B-actin
IEH - 0.673+0.014
OGD/R - 0.980+0.020"
TQHXT 20 1.240£0.094%
NMDP 109 1.133+0.066?

FE o A< 52561 40 A TS R I 25 SR R 20% Vi BE Y
TQHXT & 25 i ¥ W W % ¥4 i 7 OGD/R if5 & 1Y
BMECs 19 41l Jifd 1% J7 , HLXE I & 4 i Jo 5 1, 2
H PR 20% W B9 TQHXT & 24 ik 4 Wi AE N 5
SLOCE M OB A R IE . T 2 TQHXT & 24 il

[-actin

Y 43kDa

A B C D E
A.IF# 21 ;B.OGD/R 4l ;C.TQHXT 41 ; D.BMS 41 ; E. & F 25 41
B 8 & 4B FAK 0 Paxillin 5 B RiAH ik

Fig. 8 Electrophoresis of FAK and Paxillin protein expression in

each group

H W4T OGD/R 5 3 () BMECs B 97 7EF , 17 e W
25 T BMECs 1Y 745 24 Fil M8 i 45 F A5 fk , S0 6 &%
F U, TQHXT & 24 i & ¥ 5 NMDP FH #: 25 ¥ %}
OGD/R %55 1) BMECs ¥ LA 5/ s 5 4E o 76 i
e 1fi 19 6], By T BMECs (9 2847 0 2 &, 76 ol it 701 fole
SR SO 2R 1 T O S B MR
PR TR W%, 1l 73 BMECs 22 7] 'S %5 i 45 25 #y
B IR T 4 SR UE SE TQHXT 75 24 figi 4 3 vl
.49 -
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£ 9 TQHXT & % i % & Xt OGD/R i %5 B9 BMECs 1 FAK #l
Paxillin & B R IE K MM (T+s,n=3)

Table 9 Effect of cerebrospinal fluid containing TQHXT on
expression of FAK and Paxillin protein in BMECs with OGD/R

injury(x+s,n=3)

20531 TRBUT B/ %

FAK/B-actin Paxillin/B-actin

EH - 0.544+0.016 0.662+0.007

OGD/R - 0.954:£0.041" 0.766+0.003"
TQHXT 20 1.153+0.0272 1.013+0.005%
BMS 19 0.651+0.017 0.547+0.010%
EEE 20 0.777+0.013% 0.753+0.015%

)4 fin OGD/R i S i) BMECs 1) TEER {8 , Jf 2 #
% 70-1 75 1 fE OGD/R i 5 iy BMECs Ff [y 3k,
X R W TQHXT % 24 i B ¥ 7T LA 3é & {2 47 BMECs
1) 210 JfL 235 ) A T4 3 ki 5t 1L J5 BB B 5% 5% 1 19 B 3K .

G S5 I/ A e — A S AR R A R
(ORRE =R AR G ) TSR i ot | 2 R
E I 11 e R N O I R VI s e et
Jf H T NO I ROS 77 A= 1 | 25 {81 45 48 A 1) 463 05
FER YT 24 NO B O, TV B 25 T B s B 1 11 3 4
VA PR R B, 23 48 15 ROS {4 7 2 R 4 i 41 468 45
— AR P  FSE 4 RAIE S, TQHXT 25 24 i B
Al 5 2 98 /> OGD/R /5 5 ) BMECs 1 NO il ROS [y
PR . A LDH Y I P A I 25 SR R ] TQHXT &
2y ik & W n] ol i 8 /> OGD/R i% 5 i BMECs
LDH Y B 50 K F G 40 A I Y 3 a8 1k o WF o R 0T,
tPA 15 0 R I P AT Rk i i M AR Py
Jei 28T tPA K I B 45 SR UE SE T TQHXT 7 24 i B
Al i 3% 19 in OGD/R 5 3 (1) BMECs H' tPA (1 5 &,
SO 20 0 1) £ A B VA R RE . A ML Y Cat ik B R
A L R T KT B A T 25 2R i — 2P 3R W], TQHXT &%
24 N 4 W AE 2 2 /> OGD/R 5 3 (19 40 a9 Ca> N
TR T, DL B SRR 45 R R W, TQHXT & 24
I 5 VB %) ot 2 O 4 A 5 4 o ST A 7 B8 AR AR
W, Ca™ AR S AN T2 45

TQHXT 7 24 i & ¥ X OGD/R 5 5 ') BMECs
RAEGRAVE 0 HARBLE v N ERE . IR R,
CD34 & — Pl 5 20 i A% 3% 187 1) % 28 11, AT LA 3
Bz 4 M R A2 TR R4S, TR TS P R A A 3 AE R A3
b, 2 5 % A B Al A8 T8 LR i s N RIE
S H I E i A B R (MVD) B Y BAF AR
1M VEGF J2& Il % & & 0 B, B 12 A A2 i
B R BN W), VEGF A A AT L) 8 N Kz 21
JitL oAk L 38 AT LR i T RE R 2O A R W g%

. 50 .

1 Western blot iy 2% 5 2 I TQHXT % 24 fisi A % ] i
¥ I OGD/R i% 5 i BMECs ' CD34 fll VEGF 1y
FIR 0 MR A A E R HEAE I . BESE R W] VEGF
MG BTG 1 FAK/Paxillin {5 5 7 2 P4 Bz 40 it 44 5
FT B 7 06 15 19, VEGF i 3 #1] # FAK 1 Paxillin 21
AT 5 RIS P B A, 9 HL Paxillin 25 1 Gkt
KRFMMP e mEkFREY ., RIEER
(XL184,BMS-907351) J& — Bl /N 43 - 84 g 410 15l 551
HEA o 48 A 1R T, X VEGFR, A AR 5 1y 1)
AR S A, 2 A A A I A R AR i
BMS-907351 41 il 71 >k WF 5 TQHXT & 2 i & i 2
1% 1 i3 VEGF-VEGFR,/FAK/Paxillin {5 5 i #% >k 17
4 OGD/R i/ % ) BMECs i {Ji . Western blot ) %
/R ,BMS-907351 F i T OGD/R 5 7 1 BMECs
o FAK 1 Paxillin £ (4 /) 2 15 K -, 1 TQHXT % 24
i 45 Y BE % . 2% 14 i1 OGD/R % 2 i) BMECs 1 FAK
A Paxillin 48 F Y R IB K- Mo eG4,
H M E] BMS-907351 3k 55 T TQHXT % 24 i & 1
B AR X 2 B TQHXT 5 25 ik 5 3 nl LA %
238 %

25 LTk, TQHXT & 2 ik B W e 1% % OGD/
R 5 53 (1) BMECs 25 A4 1 T 68 2e 45, 30 ) 40 Mg 1=,
Bk /L 4 L Y Ca® N U, PR 9 BBB 1Y S8 B 1, AR
MLl v B 5 i 45 B 4 Al VEGF-VEGFR,/FAK/
Paxillin {5 5 5% 3 38 [ 09 W06 A G . AR ik —
A 5E TQHXT A4 18 78 1 28 AR B/ R 4t 1T BIg 4K
it (] FsF Ay e i P i A 43R T B A TR A LB

(&% 30Hk]

[ 1] MIETTO B S, MOSTACADA K, MARTINEZ A M.
Neurotrauma and inflammation: CNS and PNS
responses[J]. Mediators Inflamm, 2015, doi: 10. 1155/
2015/251204.

[2] NENTWICH L M, GRIMMNITZ B. Neurologic
emergencies in the elderly[J]. Emerg Med Clin North
Am,2016,34(3):575-599.

[ 3] IJIANG D, SUN X, WANG S, et al. Upregulation of
mir-874-3p decreases cerebral ischemia/reperfusion
injury by directly targeting bmf and bcl2113 [J].

Pharmacother, 2019, doi: 10.1016/j.
biopha. 2019. 108941.

[4] GREENE C, CAMPBELL M. Tight junction

Biomed

modulation of the blood brain barrier: Cns delivery of
small molecules [J]. Tissue Barriers, 2016, 4 (1) :

el138017.



526 B 14 ] HEXBAFZRS Vol. 26,No. 14
202047 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2020
(5] BIFA, AR, EAR S A5 DB E 37 X ik e i 40 1125-1131.

[10]

[11]

[14]

[15]

[16]

[17]

TE IR BRI A2 301 5% fk T AP R sz (0], v [ S R
254 7,2020,26(1) :43-49.

CHEN W, GUO Y, YANG W, et al. Protective effect
of ginsenoside Rb, on integrity of blood-brain barrier
following cerebral ischemial J]. Exp Brain Res, 2015,
233(10):2823-2831.

LIU D, TANG Z Y,HU Z J, et al. Mir-940 regulates
angiogenesis after cerebral infarction through VEGF
[J]. Eur Rev Med Pharmacol Sci,2018,22(22):7899-
7907.

DU Y,SHI L,LIJ, XIONG J, et al. Angiogenesis and
improved cerebral blood flow in the ischemic boundary
area were detected after electroacupuncture treatment
to rats with ischemic stroke[J]. Neurol Res, 2011, 33
(1):101-107.

T, X = AR, A5 3 S5 0 137 % A2 M sl i
THE 1/ B R 3P PR L e s [T ], v B 92
J5 /27,2003, 10(5) :22-24.

T X0 2, A, A5 T8 55 T 100 %0 /0N B e i
B AR AR5 [T ). v b s 25 R, 2003, 10
(6):339-340.

T X =, AU, 45 38 55 1 10030 % i 1l R R
R B T BRI 7 [T ). i | v s 2 B 4
2004,11(5):407-409.

VERUH L VE T, X400, 45 38 250 13 i WA 48 B
TEWETELT]. w52 T 0 2 A A, 2008, 14(12) ¢ 1-4.

TR A28 ARTRE A5 L 75 3 L % 24 0T 0 A AR
05 19 PC12 40 g /9 4% AR T LT 1. v b 2 e ks
2010,35(10):1307-1310.

LI L, WANG N,JIN Q, et al. Protection of Tong-Qiao-
Huo-Xue Decoction against cerebral ischemic injury
through reduction blood-brain barrier permeability[J].

Chem Pharm Bull (Tokyo),2017,65(11):1004-1010.

YANG G, QIAN C, WANG N, et al

Tetramethylpyrazine protects against oxygen-glucose
deprivation-induced brain microvascular endothelial
cells injury via rho/rho-kinase signaling pathway [J].

Cell Mol Neurobiol,2017,37(4) :619-633.

YANG G, WANG N, SETO S W, et al. Hydroxysafflor
yellow a protects brain microvascular endothelial cells
against oxygen glucose deprivation/reoxygenation
injury: involvement of inhibiting autophagy via class I
PI3K/Akt/mTOR signaling pathway [J].
Bull,2018,140:243-257.

WANG N, DENG Y, WEI W, et al. Serum containing

Brain Res

Tongqgiao Huoxue Tang suppresses glutamate-induced

pcl2 cell injury[J]. Neural Regen Res, 2012, 7(15) .

[18]

[20]

[21]

[22]

[23]

[25]

[26]

[27]

[28]

VAN DEN BERG M P ,ROMEIIN S G, VERHOEF ]
C, et al. Serial cerebrospinal fluid sampling in a rat
model to study drug uptake from the nasal cavity[J]. J
Neurosci Methods,2002,116(1):99-107.

Wang Y, Wang N, Cai B, et al. In vitro model of the
established by

blood-brain barrier co-culture of

primary cerebral microvascular endothelial and
astrocyte cells[J]. Neural Regen Res, 2015, 10(12) :
2011-2017.

WU Y Q,ZHOU Y W, QIN X D, et al. Cerebrospinal
fluid pharmacology: an improved pharmacology
approach for chinese herbal medicine research [J].
Evid Based Complement Alternat Med, 2013, doi:
10. 1155/2013/674305.

WU S, YUE Y, LI J, et al. Procyanidin B2 attenuates
neurological deficits and blood-brain barrier disruption
in a rat model of cerebral ischemia[J]. Mol Nutr Food
Res,2015,59(10):1930-1941.

NEIL R S, HAKAN M M. Mitochondria, oxidative
metabolism and cell death in stroke [J]. Biochim
Biophys Acta,2010,1802(1):80-91.

DEPP C, BAS-ORTH C, SCHROEDER L, et al.
Synaptic activity protects neurons against calcium-
mediated oxidation and contraction of mitochondria
during excitotoxicity [J]. Antioxid Redox Signal,
2018,29(12):1109-1124.

HUTTEMANN M, HELLING S, SANDERSON T H,
et al. Regulation of mitochondrial respiration and
apoptosis through cell signaling: cytochrome ¢ oxidase
and cytochrome C in ischemia/reperfusion injury and
inflammation [ J]. Biochim Biophys Acta, 2012, 1817
(4):598-609.

THEODORE K, CHRISTOPHER P B, MAIKE
KRENZ R K. Cell biology of ischemia/reperfusion
injury[J]. Int Rev Cell Mol Biol,2012,298,229-317.
KUNZ A, PARK L, ABE T, et al. Neurovascular
protection by ischemic tolerance: role of nitric oxide
and reactive oxygen species[J]. J Neurosci, 2007, 27
(27):7083-7093.

FOLINO A, LOSANO G. Balance of nitric oxide and
reactive oxygen species in myocardial reperfusion
injury and protection [J]. J Cardiovasc Pharmacol,
2013,62(6) :567-575.

KANAZAWA M, TAKAHASHI T, NISHIZAWA M.
Therapeutic attenuate

strategies  to hemorrhagic

transformation after tissue plasminogen activator

treatment for acute ischemic stroke [J]. J Atheroscler

.51.



9526 B 14 1
202047 H

H [E 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FEER

Vol. 26,No. 14
Jul. ,2020

[29]

[31]

Thromb,2017,24(3) :240-253.

LAU K K, CHAN Y H, YIU K H, et al. Burden of
carotid atherosclerosis in patients with stroke:
relationships with circulating endothelial progenitor
cells and hypertension[]] J Hum Hypertens, 2007, 21
(6):445-451.

LIANG D, CHANG J R, CHIN A J, et al. The role of
(VEGF) in
vasculogenesis, angiogenesis, and hematopoiesis in
zebrafish development[ J]. Mech Dev,2001,108(1/2) :
29-43.

TOUTOUNCHIAN J J,PAGADALA J,MILLER D D,

vascular endothelial growth factor

et al. Novel small molecule JP-153 targets the Src-
FAK-Paxillin signaling complex to inhibit VEGF-
induced retinal angiogenesis [J]. Mol Pharmacol,

2017,91(1):1-13.

.52.

[32]

PROVENZANO P P. Mechanical signaling through the
cytoskeleton regulates cell proliferation by coordinated
focal adhesion and Rho GTPase signaling [J]. J Cell
Sci,2011,124(Pt 8):1195-1205.

BROWN M C,CARY L A,JAMIESON J S, et al. Src
and FAK kinases cooperate to phosphorylate paxillin
kinase linker, stimulate its focal adhesion localization,
and regulate cell spreading and protrusiveness[J]. Mol
Biol Cell,2005,16(9):4316-4328.

YAKES F M, CHEN J, TAN J, et al. Cabozantinib
(XL184) , a novel MET and VEGFR2 inhibitor,
simultaneously suppresses metastasis, angiogenesis,
and tumor growth[J]. Mol Cancer Ther,2011,10(12):
2298-2308.

[=fEHmEE  Fikik]



