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[Abstract] The blood-brain barrier (BBB) is a physical and biochemical barrier that precisely regulates brain homeostasis
and plays a central role in controlling the transport of endogenous and exogenous drugs and related metabolites across the blood-
brain interface. These functions of the BBB are mediated by its major components, including brain microvascular endothelial cells
(BMECs) , tight junction protein complexes, and influx and efflux transporter proteins. One of the pathological features of
ischemic stroke (IS) is BBB disruption, which plays an important role in the development of post-stroke brain injury and
subsequent neurological dysfunction. Therefore, given the increasing incidence of IS, there is an urgent need to develop new
therapeutic strategies to prevent BBB dysfunction and thereby protect injured brain tissue after IS. This study describes the
pathological mechanisms by which BMEC injury after IS leads to BBB dysfunction and elucidates the association between BMECs
and IS, including the regulation of apoptosis, autophagy, inflammatory responses, oxidative stress, neurotoxic effects, and
cerebral edema. In addition, this article summarizes Chinese herbal medicines that may prevent and treat IS by targeting BMECs.
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These include monomeric compounds and single herbs such as flavonoids, glycosides, phenols, phthalides, terpenoids, and
Styrax. Traditional Chinese medicine (TCM) compound formulas and preparations include oral formulations such as Buyang
Huanwu decoction, Sailuotong, Naoxintong capsules, Dandeng Tongnao capsules, and Shexiang Tongxin dropping pills, as well
as injectable preparations such as Tongluo Jiunao injection, Xingnaojing injection, Danshen polyphenolic acid for injection, Yiqi

Fumai injection, and Shuxuetong injection. This study aims to explore the protective effects of TCM against IS through targeted

regulation of BMEC function, providing new insights into the mechanisms of IS and endovascular therapeutic strategies.
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Fig.1 Association mechanism between BMCEs and IS
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BMECs & 16 0 38 85 45 B A BA . (40 skl 4 1, A R ML A mT
Al b OB Y 8 1 L(SIRTL) AY 32 1k K F S BLAY .
/N S50 T R A T A B S T 3 AR 0 M A A A B BIL
il o A AT AT 5T 45 S W, I BH A 37 75 24 00T B i S
PI3K/Akt {5 % il % b i HIF-1a F1 VEGF % ik , M i £ 37
OGD/R it i 1% % #Y BMECs,, fi 1 I 2 1. 3% 25 B o E i BIF 5T
Sl R A B A IR 9T 1S 3R 4L T S0 AR 35
222 FEHKHE O EKLBETRHAS WEM AL NAE
BCLH A3 BCATLT B, B g R 28 A0 I ARG 2% I K 2 TR
I I G P P SR R IS Mk AT ) A RO L S AR
BMECs (47 V5 F, B35 T 58 45 38 T4 97 i e it 453 475 799 ML o)
A AT % 8L, OGD/R 45 3 B 4 L I% 1 .SOD ¥ 1 Fl ik Ji 2 2% fok
HIK(GSH) 75 1 W1 IR 5, HO-1 9 35 2 3% i, T 958 2% i fig
i o 0 Nrf2/HO-1 5 Sl i i i X — 4, BB
+ 340 -

e, JE Y5 I T VR 2 0 N2 4 500 I B 5 81k, 3 T AF
5% 10d B 2 4% 18 fiE 305 Nrf2/HO-1 15 53 % &% 15 H: %f BMECs
B LR E -

223 OB B WO R R K S 2
T A ep 25 41 B b 25 52 05 I DR 22 100 0 I S TR YT R
JRE IS | Jok 2% DA EL T 0 R RS T SUTRIE 9T S D M 0 A S
BBl 2% Rkl M CTRIAR Y K R AY 4o 22 IR, 46 /0 I A9 50 70 T
Vol 48 G 53 49 I AL 1Y) 9 RE I, A B g 1 M A4 1 o X
PR A 2570 2T i 0 368 JEE B X A A0 A5 8L CIRT K B BMECS
RO DRI R, 45 5 R B0, A4 55 37 1 K B BMECs 7E 52 481 CIRT
Je 20 B P B R AR IS 3 TR R FE T R T e T AN [ v R Y A
Oy 3 I i AN [ R R A A M R 0, D B e R R
SOD i 1 , Bk MDA J¢ NO 4 & 4, {37 451 £ ) BMECs; i
TR 5 4 7 0O 388 s 28 i 388 3 7 i 9 5 BT VR FE T e o
A5 Y BMECs 7= AV

224 FHETEMERCYE PRKTE IR R — R S AT R
BN SR AR AL A s 2 PRI LA PR A BT
HFIEIT IS, BEABFIT & B, AT 3 % 12 42 v] W5 MCAO
KB CIRITY , iF 7] 42 7 OGD/R i 5 #i #4i ) BMECs 1Y %
F117', HUANG %57 S T F4T 300 ik 2 4 %t 1S BB 9745,
A AT & R, FHAT 3 A 2 VT I 2 B I MCAO KRR IR A il
AR B T EL PR T 38 v A B T AT 4 22 OGD/R 5 S 45 Y
BMECs 4 Ca® Fil ROS fy FL B I W /b, if g g & I A
Bel-2 .B-i% ¥ 2 11 (B-catenin) F1 43 I AU BE ZE 19 (Wnt) -1 B9 £
ik, N Bax FUBE I A A% B -38( GSK-3B8) Y R 3k , A1l il 480
A I, U A N U T 5 X SRR S IR T RT3 X 1S
A EI7 AL 7] BE 5 Wnt/B-catenin {55 5 45 5, A JHET 3 i
WEHETA YT 1S $R it TRl 2R 45 .

22,5 BEFMEOWEAL BEFEO®EALG 7SR S Y
AL S N TSR A S AT WERR S N A CREAR
T FUK o I BRI 2 B, I8 7 3 O T AL KT e AR 500 DK AR 07 A6
B A ELAT VR T ARG S R 0 TR L T LA R R
iE ST I A3 I 5 0 R PN B T BETTY . ZHU ST
WLEE T R Al 0 i ALY IS 51 9 BMECs i 43 19 5% i & H:
TRAE DL, 45 SR 2 B, B A 0 T AL AT k2> MCAO/R /D BUG
AT B TG B, 6 52 M B4 I I, 0 i 6 T RE B 5 kA RS
T 38 0 % AL IR AT LA B MCAO/R % 5 19 S8 AL W i, X 32 %
FIAEH B GSH 751, YK & SOD i 1, F: ik MDA F1 ROS 7k
S5 PR A S S b U, B Al 0 % AL T 2 = ODG/R R
BMECs [ 1, 11 B 480 Ak 07 3, W88 IR HG 38 3 M 5 (B 45 06 T 1Y
SR, B A GE 0 I AL TE PR R R A1 ) RE B 0 P Y 4n i
ROS- it & ¥ & 11 0. fF % H (TXNIP) 4 F () & NLR %
Pyrin 345 1 3(NLRP3) (10 5 | 28 0F 5% 35 1] 8% 75 38 00 T AL
fig 38 4 9 % BMECs [y ROS/TXNIP/NLRP3 {55 5 i J ot 3% 1S
) U0 i 06 A B A, 3 Sk Wi R 7 P JB 7 8 0 T LR T IS S
TH I .

22,6 WEHPHERMA =LY HEFHM=LRBI
[P 2T ool B i S I ER 2 S T 0 O 01 a8 U
PP R = R T B IS A P ) SR R R Ik
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16 A2 i S 10 32 454 A4 i A 08 0 A R AT A I8 T el ol
UG L9 AT o Bl RS EE T M I R ML = R
AP X OGD/R K L BMECs ) BE M52 1), 45 R & 3, 5 HoAlh
4R, WP H S = b A R R R R A e
BMECs [ 77 7% % , .3 1 /2 25 P9 5 40 B W BEL(TEER) i, 14
Jin BBB 1 4 % 11 Occludin F1 ZO-1 119 3¢ 608 B ;{515 ¢ 1 1
B VEERTS S LB m AR TNF-a.
IL-18. ICAM-1 . Ifil & 41 J 56 Fff 53 +-1(VCAM-1) Fl p-NF-«B-
P65 R ik HE I TR X 4R B H T IO B AR T AR 0%
I NF-«B 36 1L , W IR 40 A 52 0 B F (9 28 3%, 3% = OGD/R
HER BMECs 1 5 B I 68 , D 40 e 1l 5 4805 9 A 244
227 CPRUE PR RIS HE S RAT RN
A 2 W AL B b 2 R B R R I AR T R S
B9 5 TR 32, v XU 8 605 A A0 A A0 ol V28 1 L 90 ol /s
MR A 03] o 2 A U T R e 2 R R R FR A L X
o XU R IR 9T B R AT R . HUANG VRS T K
X OGD/R i 5 1 BMECs 41 43 11y 5 ) Sz HopL ], 45 2R &
B, B AE E 12 HE BMECs 19 3T % T30 12 nl ok {3 37
OGD/R ifs 5 i) BMECs i 17 ; b 4, Al A7 508 % 21 o XU ik
Z H0 i OGD/R 5 5 19 4l ML U4 =, $2 % VEGF /K%, %
Notch I Wnt {5 538 I , {12 0F i 4 A8 1 5 35 300 0F 72 3% b KU
A & 38 i Notch Fl Wnt {5 5 3 42 2F 1f 4 A= 1, XF OGD/R i
(1 BMECs # 45 H A (R 47 B o 33 2 55 5L 0 vf XU 14 16 IR
TRYTAE AL SR T8 Y A
2.2.8 4SRN VE SR 8 4% R R SRR —Fh N =k BE
TR R, A T O kR S v 2R G 32 )
S HEF AR =B AR A O O AR T A B
4 WF G E S5 3 45 R T 6 Y RE 3 2o v/ A BE T SR 2 15
KN, X MCAO/R K BB ot it filf 4 20 B AT 43P /R 2. LI
452U I OGD ¥ g 7 BMECs i 1 28 70 i 5t 1, 1 7 o1 4 560
NLEE T 30 25 RO 7 5 WO BMECs B9 G4 VB &5 R & B, 15
3 £6% SR M T A VAL B IR T4 4 BMECs Y Bf 3R 3k b, 1
A3 1 22 0 14 3 P W R T TS 22 ARG IE #5845 BMECs.
IX S AE Ak AL 5 Ca™ VR B AL, N-H 5L -D- R & R 2 1k 1
(NMDART) F ikl /b, 4000 3 o B B0 2D, Bk 14 5 A7
Fhim o AN, 3E 45 Ko FE ST 1 BMECs Hh VEGF 1) %
ik, RN TG AR T (PAF) B 26 3k 5 DL B 45 U0, 3 4%
S4B VE 55 Y TT BE S :F IR 1T BMECs 1938 43 WA 5 5 Sk S I b 28
PR T, HES 43 J5T I AT A R i 4% of ik 1 5 0% S BMECs
% VEGF |98 F1 PAF T I, .35 38 4% 3 £ BMECs 1 fill &
BEVEAE T, DA o] 2 (4 48 405 1 46T

i 20 i 48 M 26 11 -18(MIP-18) & CC #afk H 1 & ik i
— B FE /NS B A AN A R T ek, 92 508 R LG 4R i
T R T a0 B R AT R 1) S AR RS, c-c stk A
F 3% {4 5 # (CCRS) J&: MIP-18 % th 19 5 2 Pk Z & . WANG
20540 9 S8 2% B30 T 9 W %) OGD 1) BMECs B A (#3451,
T 326 AV T O T 38 2465 SR U S MR IR T OGD 5 S #4311y
BMECs H' MIP-18 F1 CCRS (1% 3R 35 , i 1 /)5 e Joit 248 i 11 38
B WG M D /I I 5 A T Ak i B 5 405 TR O RE A e

P10 BMECs By 8 7t 0 il 4 A o L1ZETS o 4% 34 1 3 4% R0
TE S5 W 0 R S Bk 1T ASE 5 BMECs 5 88 ] 58 J5% 400 B A B4 FH B
SO 4550 % B, IE R BMECs B2 I B 5T 40 i 1) 55 43 W45 5
& 55 0 WoR AR AR S R, E R TR I ST 4 M 1Y 2% 1 B
F AR T 05 BMECs (49 41 I 3 7 Bt i R i (AKP) A
y-45 F B BB (y-GT) B9 36 M, & AR T IL-18 1l TNF-a (9 5%
i8R, — F. OGD #14f BMECs 5% 5 I Ji¢ J5t 40 Jd , {5 37 /6
23055 BT 2, SR 3 ek 4% R AT T, R A
Vo3 REAT 204 W & 5 S TR 5% 2% W1, 3 4% ok v S YR i o
i 1% BMECs T2 2 58 5 240 i 22 11) A4 0L i) 375 5, 484 3 46 40
BMECs il A2 1 I J57 240 M (9 35 1, A1 i0F ph 28 38 SR IR 1 ) 3k,
0 g A R T R A, I S B YA O Rk R R kL 1 Y
BMECs 5 £ I 5t 41 A =22 [8] 114 46 B4 FH T 68 2 Skl 44 461 13
I T EAE AR . R, LR BIF T B % 3 % R A SR A
I PR Hh AT BEXT 1S HLAT W R ITRUT

2.2.9 Tl TR TR G I VPR v 24 A A LA
JRUTHT G, 22 6 24 B AL 20 IR R 24 i W A S R I v v I T
ZHTRIT Mg g 2y, R8s R W KA
FIHE T e PR3 6 35 il 52 6 XA 3 1T L e 32 559 928 v 2
S B 55, 4 3R R R R LA 2 fR B R
FHES L ZHANG %55 5 2R J MCAO/R i % 57 f& P CIRI
R, 3R F N BMECs i) OGD/R ¥ 2 57 & #h CIRTHE L, #8135
T T I R SRR CIRT A PR LD 5 45 5 & 80, A [ 5] 42k 1
TR i S YA R b 2 R A A B TR, i R 8 2 DT 43
A2 TOAE i L, 5 R R (G 58 RE A R K - B 8 R AR
Ik b =z A1, 1 ik 5 3 S R BB 1Y 5 SIRT1 A9 3235, 1 SIRT1
00340 500 A P AN A 35 R U 5 TR M 5 R A R B R AR
R A A W R A A S A A STRIT 1 3 41 o 4 S
N B CIRT, AT B IRYT IS A 259 -

2210 FHAFIBZEHBR GBS ZHREH IS
IR T T 1 2 2850 o P T T S R0 I R L
f i wh 28, it I et 0 R OE B S RS S
22 Ty 1 T A T P B T LA RN PN B LA ) 6 B RS N 4
b, IF ek i A AL, kR EIWE TN S
1 % %} OGD/R #5145 5 /I B BMECs 3 5t X % M8 fiE 1 1
R K ML 25 R A, 5 A4l H g BRI 4] BMECs (9 41
S0 20 T A% S B AN I B I A P 4% 1Y) 45 LR B 3
REAR s SR AL AL B, S O 5 2 W I8 0 o vk B 43 1
2.5.5.10 mg- L™ i 20 I3 7 L 40 M 1 B %6 5 4R i a4 I A5 1)
46 1) 45 TBUHE B I AE N B AR K P ACVEGFA) | i35 2E Bl
Z-1(Ang-1) Ml Ang2 W EA XL EY B ZE FJ, HIEHE
W BE AT 3 X URIF 5T I 1 B R 2 £ g e Rl g B
# VEGFA ,Ang-1 fll Ang-2 25 (1 [ 15 , A1 2 % BMECs 119
WO BE 1 R RE 7 R RE T L ARk IS JE A R A
2211 #AEMENBE #mAEMKENRRERLS FEL
HELBR - 3 ol /5 2443 A i ke, SR T IR R ) & 010 T8
JET A IE B UE ST, 35 S A S VRO R O I A A 1 B0
WA 26 0 AR R 08 k0 ) R R B TR 1S
5568 0 9 359 S T BRI A 1 0 42 40 L L ARLRL A B R K R
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ML EE S . CAO S MLER T 2k /<& Ik i 81 W X OGD 5 %
f BMECs #1177 i B2 1], 45 51 2 0L, 5 /52 Ik 7 3V TR AL
Al L4 % bEnd.3 B9 41 A2 7% J7 Al TEER {i, 982> OGD J& ZO-1
F1 Claudin-5 (W Wi 24 1 5 i , K &2 ZO-1 F1 Claudin-5 [ 3R 1% 5
1M HLfi 5 35 40 ) NF-«xB/NF-«B p65 [ % 15 | i /2 1k F1 i 5
f7, FER ICAM-1 4 AL -2 (COX-2) Y 3R A FINO By 7= Az 5
Bt Z Ab #5899 W AE 0 i TNF-o IL-18 I IL-6 1Y
mRNA 7K, & 2540 i) LER 28 1 48 (MLC) % 2 4k 1 40 g
B 2H , 3 FE A 3 OGD Y bEnd.3 ' Rho JC I £ 4 th 12 jig
I 1(ROCK) 1Y 35 51X S8 R IR W, 25 < Bk 4
K e 38 1 4 45 NF-«B/p65 #l ROCK1/MLC {5 5 i % , 9 5%
OGD 55 1) BMECs i {7, >4y {ff F 25 < &2 ki 5 OA 7 1S 412
HET 2 AR
2.2.12 WA FE TR B A0 3 T G R LA KO R 3] Sy TR
A7 E ) W R b, 32 A I Bl A S 2 I A O
MR BESY . 25 B 7T F W, B A 3 7 S TR EL A AR A [
P PUHE AR R A IV B AN B 1l I ) ) A A AR
FHPT R, )2 T IS AYIA YT . SUN S SIS T I i i
TE TR0 B2 R A LR, 45 R B, A I3 T S R B
bEnd.3 A9 40} 1% 1 A1 Bel-2 19 363k, B AR U1 %0 8 e K & A
fit -3 (cleaved Caspase-3) i & 3k , M il ROS F1 4 b {4 8 S 1k
Wye e e T 40 08 T BRI =2 A B 103 T e
0 TNF-o . IL-18.1L-6 . i & % — 4 fb & & B (iNOS) .
ICAM-1fil VCAM-1 i 43K , T 5 i 28 L o A g R AIK
NF-«B p65 Hl VEGF 3 ik , AR 41 i S5 5 V85 25 A Bsg 1/2
(ERK1/2) F1 «B ) il 2 1 (1«B) ¥ B 8% 52 1k K %, LA
Claudin-5.Occludin il Occluden-1 £ i5 , f£ 3 OGD/R $i1i J5
(9 TT 2K 1, WA %% A% BBB (138 155 1k , 4k 97 BBB 1 58 %
P 5 b AR FT 45 SR U T B 0038 T S RO/ RO'S 2k ki Ak
A SRR A 7 A A0 20 O T R A A0 IR T i R kL O
3 A 4TI 8 1R M I BBB 11438 3% 14, b7 1 BBB il , A
i % OGD/R i 3 61 147 BBB 1) Bt i % i fft 47 16 FH o 3 551 i
SEE R T ML E VE AT IS TG IIE T . T2 & 7 Kt
I8 ¥ BMCEs ¥R Y7 IS (19 fF 53 A5 8 K A FH AL il L A4 L 38 5
HH RSB o A
3 RHEERE

25 1 iR, BMECs A& IS (1 JCH 0 0, 76 M i 55 19 18 42
Aefr o R HERG CERVE T . T A T F A R A J5 , BMECs
i i B 8 R AR 1R AT 4 2 BIBR AR . Rk, SR
BMECs I fig 8 b Y i)Y ISHFSTAY £ 2 1) . ey &
T, B 2 SR AR A AN RSN A L Y 2 R AR R
PE, H 2B A PR A 1 56 . N IR AFSE R G , h 2
AR AT ELR T 2 ) B T LR R BMECs (9 4 37 4 3 22
S A T £ A O B T E I, AL 45 HOR B+ PISK/AkY
mTOR , SIRT7/VEGFA ,Keap1/Nrf2 ,RIP1/RIP3/MLKL , Nrf2/
PI3K/Akt, HIF-1a/VEGF, circDLGAP4/miR-6085/GDF11,
SDF-1a/CXCR4, Nrf2/HO-1, Wnt/8 -catenin, ROS/TXNIP/
NLRP3 1 ROCK I/MLC % 3R S2 B . HAR P HLH £ 2w &
03] 5 RE SN 5 AR N B0 A B WE S T A E
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BMECs ¥4 78 5 1l 35 37 2, L K 4k F5 BBB 5¢ P LU ph 42
BE PRI K I 45 Fh b T L e 24 SRR R A 1 R E S et
Z 0 5 £ 00 % D[R] R ¥ BMCEs T fg L 2 — FlRIT ISI A
AL LA SR SR (B AS T R IR A MY IR R H R
IRk WA

SR, M AT AN A TR, Eoe , WA KT
PE 245 1 2 BMECs ¥ 97 IS ML 19 W58, 2 86 vh T4 Mo 4 1=
A SIS K ML A A DL AR, A7 A WL R R IR
AT PEAS I B T B (31, 7 0 AR T Rk A T A
CHL T T8 R SE RS R WSS . R B T 2 T A 4
BMECs [ #F 5 #0 BE =, B AL fR AT AN REERA , 2 500F
i = 0 B 1 2 i) B I S L UE T AR LR . TR, 26
RLAIF 5 v %ot [ — 245 9 ) S5 0 90 ok Rk B e = 8 — B, AR
SR W) 1 2548 ) 2R AR CAn R D9 AR 55 W0 ) B e 4 M T
Mo R i H, 254 = X BMECs A 5 8 i) & — M i
TRAKRGT . BEAh , BUA B 9T 3 20 3 A 1 0 15 2 sl 4 1 0 4k
SRR T, B2 AR PR it 56 6k R 96 E , B Ik A G 24
WAE IS B h 1 % 2V 51 AT R e . e, LR
HIF 5 I #8714 v 24 B D 52 ST 1 TR A 538 B R sk
HFZ R B BT — L EY . BT, Kok
WESE AT T3 T FF JR 22 )2 Ok (4 B - s -1 K ) L 22 48 B (43 F-
UM -2 21 -2 (A R 2 W (1 -IV D) il AR 58, 3 R v 2y
ok T 5 IR R 4R BMECs (R 58 ) BE 5 IR B 45 4 e 5
P 85 20 390 00 1 440 700 5 2 B T L VR O T LA FH AL s
S 24 0 1 R P 24 A Bl g 2 (s a3 A ARG HE ) 22 A
TEHBIF 5 5 #b 30 22 Tl R REAS 19 BEATL G BRG PRACTS . b
AR A B T 0 s A 5C 245 W 1ol G PR A e Ak s R, R P B
245 15 A 1S 42 L B 4x 1 | S ST A B S AR A R B LR XM A
JERME . B2 AR SCRGLER T TR N AP 5 vh 25 5
A LBtk v 25 K & 5 il 390 38 o U 5 BMECs 34 97 IS 1 & if
G, MG EBORTE R IR M R i R BRAE S PR B AR
R 25 3R 9T 1S TR W 5 NI OR B Ak 4 Ik S w0 ) B
S
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