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STAT3 VEGFA &3k & 75 (P<0.05 2 P<0.01); 5 Stattic 41 th %%, B8 F 41 bEnd.3 WM F & & ARXREEE ARTIHHE
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(Abstract] Objective To investigate the intervention and mechanism of Huoxue Rongluo Formula (HXRLF) on brain microvascular
endothelial cell (BMEC) after oxygen—glucose deprivation/reoxygenation (OGD/R) by activating Janus kinase 2/signal transducer and
activator of transcription 3 (JAK2STAT3) pathway. Methods Rat BMEC (bEnd3 cell) was cultivated and an OGD/R model was established.
The cells were randomized into normal (10% blank serum), model (10% blank serum), HXRLF (10% HXRLF containing serum), butylph-
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thalide (10% butylphthalide containing serum), Stattic (10% blank serum+10 pwmolimL Stattic), and combination (1020 HXRLF serum+
10% pmol/mL Stattic) groups, and were given corresponding drug interventions for 24 h, respectively. CCK-8 assay was used to
determine the effects of HXRLF on the activity of bEnd.3 cells after OGD/R. Wound healing assay and Transwell migration assay
were used to test the effects of HXRLF on scratch healing and cell migration ability of bEnd3 cells after OGD/R; the protein
expression levels of JAK2, p-JAK2, STAT3, p-STAT3, and VEGFA in bEnd3 cells were determined by Western-blot. Results
Compared with the normal group, the survival rate, scratch healing rate, and cell migration number of bEnd.3 cells in the model
group were significantly lower (P<0.01), while the expression levels of JAK2, p-JAK2, STAT3, p—STAT3, and VEGFA were higher
(P<0.05 or P<0.01). Compared with the model group, the survival rate, scratch healing rate, and migration number of bEnd.3 cells in
the HXRLF group were significantly higher (P<0.01), and the expression levels of JAK2, p-JAK2, p—STAT3, STAT3, and VEGFA
were significantly higher (P<005 or P<001). Compared with the Stattic group, the survival rate, scratch healing rate, and cell migration
number of bEnd.3 cells in the combination group were significantly higher (P<0.05 or P<0.01), and the expression levels of STAT3
and VEGFA were higher (P<0.05). Conclusion HXRLF may activate the JAK2/STAT3 signaling pathway, induce endothelial cell

proliferation, migration, and survival, activate VEGFA expression, and alleviate cerebral ischemia—reperfusion injury, thus exerting

neuroprotective effects.

(Keywords] ischemic stroke; Huoxue Rongluo Formula; Janus kinase 2/signal transducer and activator of transcription 3 path-

way; oxygen—glucose deprivationreoxygenation; brain microvascular endothelial cell
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dothelial cell, BMEC )&l IfiL ¥ 58 5t ) o 222 i
#5318 2 BMEC SUT | I 57 Rl IR i 1L 25
PEIG SR Ak K K b 8 SR R R O S BURE
HURAR,

IR SR E R 1S 5 B i BIL L% Bl i i 5 45t
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BMEC bEnd.3 itk , 14 A OGS #8A4E a Rl
AR A (5. CL-0598) .
1.2 SEIEzh

AT B T3 S s ik SE S B A FRA R A 10~
12 JH#% AR 250~280 ¢ FHERE SPF 2% SD KHR
15 H, DAl 2 & 245 003 o KBRS T e v B2 25 K
BB B s B ARSCHER 12 h, IR 21~
26 C, 1R 40%~50% , ST rliE5.SCX K )2019-
0004, 5H&IIFS:4307272011011151067 , 55 56 251/
H B 24 K2R — B s = B sl ) S e e 38 D1 s
(FHS . ZYFY20221111-33)
1.3 SR

TG IMZRLE A A IMEE 30 g, AriRifEE 30 g, d:
B15 o, Bk 15 ¢, X2 10 g, )IlZ 10 ¢, 71L& 10 g,
W25 10 g, LA 2530 IR B 25 K245 —
JBBERE T 2 57, 2 P Hh B 24 25— e B B sk
i B AT 2 S5 M IE i T AR AR e 2 (h A 2
LE A BB 25 A PR A A 5. 1182212145, FH 24
T . H20050299, Hi4% 0.1 g/ki) ; Stattic (3£ Sell-
eck A\, #1t5:S7024  Bi% .50 mg) .,
1.4 FEKF

DMEM JoARE 3R TC B FERE P AR A (2RI
AR R A ] LS. PM 150270 PB180438) ;
GRS TR -SRI G (x100) R H
fii-EDTA (0.25%) (3¢ EFE 8K C /R BHE A IRA A,
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#5.13011-8611.15140122 25200056 ) ; JAK2 $ifA |
p-JAK2 HTfA STAT3 JifA p-STAT3 Jifk VEGFA(SL
L B RS A BRA AL S ab104687 ,ab32101
ab68153 .ah280202 .ab46154) ; B-actin , 111 -4 fitlgG
H&L(EL AT A P i = 8 A 4 R A BR 2 AL 4t
5.20536-1-AP ,SA00003-2) ; CCK-8 ik H & (&
YR A BR A F] L LS . CKO4 ) s Matrigel 5 57 i%
(EE Corning 24 Al , #t45:356234) ; 30 i sl ) &
GERAEDRHE AR AR, 5 . E047-01B) ; BCA &
HE iR & (RRHE D ER A A BR A\ L 45
70-PQ0012)
1.5 FENEE

WM IG AR SRR KR S B O L (SR
E FE R R BH A RA A, S . 3427 (3131,
Frescol7) ; /K 5% (32 B Crystal (AR A F], B4,
SYG-1210) ; {5 & W {58 (2 ZEISS A F], #145- .
Axio VertAl); ZIIREMFIRY (32 BioTek AW, A1
Cytation3) ; H ¥ TAFE & (I3 4R A 05 M 22 28 25 R H
ARA PR T, S . SW-CJ-1F) ; Mini—Protean Tetra
FEL YK A Mini Trans—Blot #5EJf# Gel Doc XR+EEKE
AR F S8 PCR ¥ 1AL (32 [ Bio-Rad 24w, #1%5,
153BR90552 .VE-186 . 712BR12725 .621BR25450 ) ;
Transwell /NE (SR FE T YRHE A BRA R RS .
1101130-T),
2 Fik
2.1 BMEC B33

A2 I3 FF BMEC bEnd.3 4 i E T High &
37 CHIKI iR B R 15 mL B.O0% 50
A3 mL DMEM 58435574, TEloHLhEeF 5 LA
1 000 r/min B0 5 min(B U242 10 em), R BIE
W5 MA 4 mL DMEM 58 285373k Y5 7840 &
o Fe R & 25T 4AMuE M, T 5% C0,.37 “CHEIRK;
FEAETRESR R H R, AR AT A ARG 5% A
DMEME53#3E (4100 U/mL HFE M 100 pg/mL
R F) P FRbEN.3 41, T 5% CO,.37 CIEIR
KRR . AL AR . FF bEnd.3 i %5 B A 5|
70%~80% 5} HATE AL, PBS Y%k 3 WG HH 0.25% 1%
T AL 2 min, WLEEE] bEnd.3 20 ifd 7] B 2% sl i 7%
i, e R 22 1R AR, 1 000 v/min IR 20
5 min (B0 10 em), UL 1:3 FUBIHERS 255 ) 41 it
REFMPETEAR, T 5% C0,.37 CIEIRREFRAhaks:
Hige,

2.2 OGD/R #EEIHEE L

Z: HE 51 JEL BH 44 2 719 K B BMEC 119 OGD/R 4l
A7 5 | 4145 bEnd.3 400 OGD/R B | Ok
A bEnd.3 4 A4 B A PBS PR 3 K JE, N
ATCHEDMEM 55325 F bEnd.3 410 & T =<5 5%
$i(5% C€0,.95% N, 1% 0,,37 C)hE55E 2 h, b
FIZF 2 hfEE SRR, TR TR (5% CO,,
37 C)"H#53% 24 h, =57 bEnd.3 48 OGD/R 557 |
23 BHMmMEFMNHE

15 H SD K ¥ B Bl AL S 7 3R L BEHL >R 3
.72 A IMTE A (n=5) 16 L5 45 5 5 25 M35 4 (n=
5) T ABEE 2G4 (n=5) . T IMSELETT & 25 1T
ZH DI M oR 4% T I E M B [ 24 23.4 o/ (kg-d) 3
B TRBR S 2GS 8 o/l T ABIREW (0.1 g
TARBAR AT 12.5 mL TweenS80 /SR ) T H ;
25 ML 45 TR KTE Y . B H TR 8
SEATHER 35S T d, FARUHES 1 h 5L 10%K &
S (3 mg/kg) TREEIRRES R R, B85 ME 3k, il
FERIMAT RS 5 mL 2 TSR RSEER I,
HFEL h,3 000 r/min B0 10 min(BL042 10 em),
W TR T, T 56 CAKIBR K 30 min, £
28022 pm PEMEUEBREA, J5 0% T 2 mL EP &,
Gi—HT-80 CUKFfR-AEH
24 YRS ERLRTE

ANALAT S TE 4 BEHRUZH W% M ZE 48 el TR
BkZH Stattic ZH 7% Il €45 )5 +Stattic 2H (FRTFREEFHZH ) .
Z WL i 25 24 500 SOk, TR R AR
[l s, IE 520 ARARIZH N A 10%%5 F LY, 15 L5 2%
FrEAT B R BN 10% & 25 137 , Stattic ZH 0
A 10%%5 L7 +10 wmol/mL Stattic (FALFE3 h) |
15 FH AL I A 10% 355 1 2% 26 J7 13 +10 - wmol/mL
Stattic (FALHE 3 h) , 40T 24 h,
2.5 {RREIETEAG

K FH CCK -8 245 35 1fiL 7 £ J7 % OGD/R J&
bEnd.3 L% RS20, K bEnd.3 4HMILL 1x10° 42
Pl T 96 fLAR (100 wi/AL), HA4EE 3 ME L, 1F
YHMINEEE . F OGD/R J& , A A M RAR B 25 (1
M35/ 2R RS 11 24 h, $%08 CCK-8 X5
UL TEAE , LN 10 pL W, T 37 C,
5% CO, fHIRRTFRATHIFE 40 min, R JHEEHR N
FE 450 nm JEKALE) OD {H, SLK B 3 R, 4iiEfT
TR =] RITH-1EH )/ (BRI - 1E 5 4H) 1 100%
2.6 ZHAEXIIRZELE

SR B IR 52 56 BT 9% 90 10 2R 2% J5 X OGD/R J&
bEnd.3 4RI A& A5, FLARARIE . iS5 2%
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FE 6 FLARTS IS RE B 25502 5 ARMLk , Akl
0.5 cm, BZERTFL, AR . F bEnd.3 4HHELL 1x
10° 00T 6 LR, 591 1x10° N2, 4 %2k . o
B 24 h FAUIENGEESS  F 10 pl 463k DATE B TR
IEAIRERAE DR, KRG PBS ¥k 3 Wk, £ K 28 15 i
AU, ZERRH LA & A AR AR FR Y 25 Il 3 /7
25 IMH A3 IR 2 B AT 37 °C 5% CO, fHiRE:
FEFRIEE 24 h, HE E BT IR B AL
HU 6 Z5K2R, S 3 WK, R Tmage J KA TEE,
28 L () S0 9 B P =R 2 I TR/ v 5 4t R0 O o
B R=(THU5 IR AT AT RIR T ) x100%
2.7 Transwell ZHREEFE AT S SLIG

K H] Transwell iEFESLIOAFFEIE M2 45 5 XFOGD/
R J& bEnd.3 ARSI, 20 M BB ] & < b b3
J5 %) bEnd.3 4 FH R A5 , T I0 7 A 15 75
Tk A AN B, AR AN R 1x10° >/,
MR . FEANA 600 pl 7 15% FBS AR FR%E,
EEMA 200 pL 4iHEW, T 37 C.5% CO, fHik
WA SR 24 b, [E e U Transwell /NVE
PBS ¥k 3 WK, FHMRZ 48 b b2 v R B8 10 40 i S ik
WA ERAE A H BEE 2 30 min, KT Transwell
INE  Transwell /NZETE 0.1%45 L YL (4 30 min,
PBS Pk 3 I, AR 2R A T SR
B, BEALIZEI 5 NPT A AR I 145
2.8 JAK2.p-JAK2,STAT3.p-STAT3,VEGFA & H
FIKKFER N

K H Western blot A5 bEnd.3 411 JAK2 |
p-JAK2 STAT3 p-STAT3 VEGFA & 735K, 41
JH 5320 B b B O 52 K 18] bEnd. 3 4, L 1x
10° 380 T 96 FLH (100 wLAL), BAHEE 3 4
AL, AN BE T OGD/R &, A& A A AR
(25 FLILIE /% 25 M35 3G IR 36 T 100 24 h, R4
H.bEnd.3 415 E & HE 24 h )5 ,PBS Pk 3 K5
FEIMA 1 mL PBS ZZnpif , BT IRE 3450 5
BEEPHE. T4 °C.1 000 r/min 54T, 5505 min
(LA 10 em), BRI HIEWE A 200 pL
ZUFWE . TvK 2% 30 min J7,12 000 r/min [
B 10 min(%‘[ﬁﬂé@f 10 (:m>,4%t7§7ﬁ%*§§%ﬁﬂg
EP 4, R BCA LG BEAWE , EE LR
3 pg/pl,10 wi/Afl, % SDS-PAGE BEWHLTK FERR
JAK2 STAT3 H 5% Wi g 4F Wi % i £ 1.5 h,p-
JAK2 p-STAT3 F 5%BSA &[4 1.5 h, —HTJAK2
(1:2 000) ,p—JAK2(1:2 000) .STAT3(1:2 000).p-
STAT3(1:2 000)4 CHFE R, PERE 31K, 10 min/ik.,

ZHi(1:10 000)37 CIHEIEABFEARME 60 min,
PR VERE S B nlfR . ] Image J 4B BUS K E
5, AHIEAS B-actin KEE(ERY HLEF R E H A
X FRik i,

29 ZritFAabiE

KH SPSS 23.0 B Argeit2# ot i ook
Phves"FoR . AL AT B IR 5 07 25551,
KB 2 225007, R FE SR L LSD k5 T
AFFIF, R Dunnett’'s T3 15, 3 ANFFE IEANE, R
H Kruskal-Wallis Ak, Lh P<0.05 225 HA
Gt R X,

3 &R

3.1 EMRKZHAEZEMFEX OGD/R g bEnd.3 4
Bt 58 A =0

SIEHH LA A bEnd.3 LA R %
AR (P<0.01) ; SR 20 Ay | 196 1M 2 28 05 40 1Bk
21 T ORERAL A A6 % 25 T (P<0.01) 5 5 Stattic
Y ELRE, 1 ISR T 24 R AL B T 2R B A0 A
R ETHE (P<0.05 5 P<0.01), TEWLFE 1,

R 1 &4 bEnd.3 HIETFFERILE (n=5,7+5,%)

4l YA 5
EHA 100.00+7.57
HRRIZH 60.00+5.50%*

T M ZRE% 40 79.93+4,60%#45
Stattic ZH 66.50+0.76%*
EE: 76.64x1.26%"

TORERAL 83.15+5.23*#40
I SIER A L, *P<0.05, *#P<0.01 ; SHEBIA L, #P<0.01; 5

Stattic 4 FbAE, 2P<0.05, 2P<0.01,

32 BIMREFEAMFEX OGD/R J5 bEnd.3 4HAR
XIRE A E MR

S IE R LA A i 5 R i B BRI (P<0.01 ) 5
ERRRZE LR I I R4 A T R ERZ R T 4 4
A AR B T (P<0.01) Sk M4 e & T
RERZ LA, Stattic 41 S FHZH A A AR T 2 FAIG
(P<0.01); 5 Stattic 21 45, B AL AN &1 & % T 5
(P<0.05), TEULIA 1.3 2,
3.3 jEMRLHEZHMFEX OGD/R g bEnd.3 4k
Transwell TEFERIZS M0

SRR A g, AR 2 5 RS A0 A 0 3 AR
(P<0.01) ; SHEIRIL L, I M ZR 4% T4l . T 2R R4
5 FH 2 B A0 S 500 35 T (P<0.01) 3 5 T 2R Bk
2H He %, Stattic 2H K 556 FH 2000 B2 40 Bt %00 i 2 RAAIR
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IEHA PRI

£ 2 £HHADEd3 HHEXIRAEELLE (n=5,x55,%)

T MR T4

I

Stattic 2

1 &4 bEnd.3 HEEXIRAEE (n=5,x100, {818 5H#%5%)

TR

£3 £KHDEd3 WETEBANELLE (=5, 525, 1)

ol WA EH vl T RAL
IEH 65.15+3.38 IEHH 224.00+11.27
FERIZ 25.29+5.71%% i ilEd) 73.33£17.04%*

T IS4 T4 56.61+7.82% T IS4 T4 164.337.09%42
TARHRZH 58.47+3.55" TR 169.00+16.82"
Stattic 2 23.5042.44+00AA Stattic £ 55.00£3.61%%°0

B 37.13£2.0] 00440 15 FHER 104.337.09#0044

W HIER AR, #4P<0.01; SABIZH HLER , *P<0.01 5 515 Mo 4%
T LLE, ®®P<0.01; 5 T HRERA L5, 44P<0.01; 55 Stattic 2 b
B, 4P<0.05,

(P<0.01) ;5 Stattic 2 L5, i ML 2R 45 J7 4 S 3 41
R MBI E T (P<0.01), TRILEE 3 & 2,
34 EMRKZAEZEMFEX OGD/R /g bEnd.3 4
Bl JAK2 ,p-JAK2 . STAT3,p-STAT3 VEGFA EA %
e b

SIER A AL BRI JAK2 p-JAK2 STAT3 p-
STAT3 \VEGFA #& 1Rk 5 (P<0.05 5§ P<0.01);
BRI LR, T I 2R 2% 5 205 T R K4 JAK2 p-
JAK2 p-STAT3 STAT3 VEGFA [k TFE (P05

a

TARBkA

Stattic Z1

B2 &% bEnd.3 288 Transwell 3T L B (n=5,%200)

5 IER A AL, ##P<0.01; SRIRIZ LR, #P<0.01; 5 T 4Bk
2H AT, ©°P<0.01; 5 Stattic 40 HL#, 22P<0.01,

o P<001) Stattic 21 p-JAK2 STAT3 p-STAT3 VEGFA
HE FAFIRIEAL (P<0.05 5] P<0.01) ; 5 T 2R B4 He Ak,
Stattic 20 JAK2 p-JAK2 STAT3 p-STAT3 VEGFA &
F1 2235 F A (P<0.05 B P<0.01) , B¢ 4 STAT3  p-
STAT3 VEGFA 2 13K IK (P<0.05 3% P<0.01); 5
StatticZH HeAsE, 1 I 78 4% 77 4 S B FHZHSTAT3 VEGFA
M FE BT E (P<0.05 8% P<0.01), 7 IfiL 5 45 5 41
JAK2 p-JAK2 p-STAT3 4 H &3k 5 (P<0.05 5 P<
0.01), WK 4 F 3,

I
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R4 BAMA JAK2, p-JAK2 STAT3 , p-STAT3,VEGFA T HRIALLER (n=5,x+s)

Wil JAK2/B-actin p-JAK2/JAK2 STAT3/B~-actin p-STAT3/STAT3 VEGFA/B-actin
IR 1.10£0.08 0.36+0.14 0.65+0.30 0.870.15 1.0320.14
A2 1.25+0.01% 0.99:0.117%* 1.28+0.34% 2.11£0.06%* 2.18+0.217%*

T o454 1.51+0.04** 1.49+020%44 3.18+0.23%44 3.39+0.13%44 3.47+0.21#44
TARHRZH 1.54£0.11" 1.50+0.28" 3.31+0.41% 3.31£0.24" 3.52+0.14%
Stattic 41 1.3520.04° 0.81x0.16"°° 0.64£0.227°° 0.78£0.27%°° 1.2620.17%°°

P EE 1.48+0.11 1.08+0.12 0.89+0.38°°% 0.98+0.21°° 1.60+0.09°4

L SIER AL, #P<0.05, %4 P<0.01; SR AL, 'P<0.05,%P<0.01; 5 T B LR, ©P<0.05, ©°P<0.01; 5 Stattic 41 H#R, 2P<0.05, 24P<0.01

w
“

JAK2 e e 0
pJAK2 e SRS R 8 B8 1201Da
STATS see S NS BN == ===  §8KDa

pstars [ -

B-actin NS SIS SHES SENe SWe sm. 43 kDo
A B C D E F

3 HLAMAE JAK2,p-JAK2 STAT3 p-STAT3,
VEGFA EAKTE
H ANER AL BASERIZE ; CIF Il 5644 720 ; D. T 7R Bk4H ; E.Stattic
2RI,

4 +ig

IS 2RI ) S HETR YT 1 e e S R o ) S A
IR R A4 G i e 0 P T A8 40, 40 R E & R
A AERIAYT 1S AUBT ARG . BMEC J2 i s il 35 () i
AR G FE) 5 i 00 AT A P O 200 L R B A AR
B 3M 2 25 OGD/R AR | eG4 AN S5 458 T 15
7% BMEC (bEnd.3 40Af) , 7E ARSI ZEAR B0 )
(%)t I S AECR S A FRE T i A . S SRR, S
4 J% Stattic 21 03, T ML2R 2% 77 41 bEnd.3 40 AT
R NP AE S HGE A B R, #2807
A A 3 ) S O T U A ik 1l Bk 4AUS 79 BMEC
it

Stattic J2& 55— Fh I BRI HE ) /N3 H0 i 570, H
Gy Fa /N SR YELE v R g i il B 5 B, BEATD
il STAT3 BTG | IR AT S 47, REAE o #00 [ 1)
il STAT3 38 #§Y, AR E Stattic ZHFHK FHLE
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