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Abstract

BACKGROUND: Cerebral ischemia-reperfusion results in the breakdown on blood brain barrier, leading to cerebral hemorrhage,
brain edema and the aggravated damage of brain tissue.

OBJECTIVE: To summarize and analyze the effects of associated molecules on the blood-brain barrier damage in animal models
after cerebral ischemia-reperfusion.

METHODS: A computer-based online search of PubMed (2001-01/2011-12) and CNKI (2006-01/2011-12) was performed for
related articles with the keywords of “cerebral ischemia-reperfusion injury, blood brain barrier permeability” in English and Chinese,
respectively. Researches on cerebral ischemia-reperfusion injury and blood brain barrier permeability were included. Repetitive
studies were excluded. A total of 17 articles were retained.

RESULTS AND CONCLUSION: The molecules associated with blood brain barrier after cerebral ischemia-reperfusion injury were
summarized from many aspects, such as inflammatory infiltration, matrix metalloproteinases hydrolysis and aquaporin opening.
The blood-brain barrier function is regulated by many factors and many links. The 3-hour time window of the blood brain barrier
opening after cerebral ischemia-reperfusion injury is crucial for the emergency treatment of ischemic penumbra. The later repairing
effect of matrix metalloproteinase may provide basis for the drug innovation.
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MR R miet) L RE 2 ERIEF 4605, 18 RA
RY K, R E O A = AR 2 A2 A LK
EHEFFE, BBIE12 h 24 h, ALY EAneh
B, SMBA, F LAV mIA T eI IR, e
foAZ R, Btmn B R IE 69 35 5 MARBOR, SRR T
Bi. Bi#IE 48 h, Hedn X fmsH 48 7 A M AR &,
KE AP 2 Ao R taf0IRIE . AR, FHT JLIE 2R 4R
TR EQDRIT @I, IR R i B R i Ae H A
ML, ¥ b AR mieH AR, ABiEE
72 h H4 46855, bt THALEIREE,

Fi b ot PO 2 5 o iz B 6 S fE L B B . AR
FOL R R A AR S K AR T SRR A AR
A, 38 I AN AR AR K A A A o i B A i
PR, R I o B 638 A R B Bt B BRI
YT R AR K, S BEE 3 h, winAE @SN
Fr43hn; Bz 6~12 h, oo fisi FRE R 54 2 375 A
FIEE 24 h, d e BB g £ 50, e ZE 48 h;
FHE 72 h DB i BIE ey @ik izdis ., 425
Yang #= Rosenberg®'CIR /& fu fif 5 [ i i M AF 7, 04 4%
R, RS B ERAG T, IE o B A
A 3N EITE, ATlE R R AR & SR,

2.2 PR A S I B R RE SR G L 4

221 KERT FshFEEHE, P m.
B IR o5 K E ok &K KR B F, 128 mie
A~E . IFJEIRSLIE F (tumor necrosis factor, TNF). #m
Jam FE B . o s o F . B AL E G
1 (monocyte chemoa- tracttant protein -1, MCP-1)%
R IR, ARG MRS N K et A, AR IR i B,

G amiei& 1B. G @A 6. TNFa 23 £+ %
BB S A AN E M mILE T, SRR K IR An
TP BN ERRERT, ThE sk B EI6)
KIERFL, ¥&hndnf FrlEidiEMe, @ @iedk 18 Tk
F AR miL LA T ey Rk, RE G m e R I Ak
%, Ao fm AR5 . Diana Amantea % &
minE 1B sk 1 h B, fdkd X % 95 RS Anik;
Hedn 2 h FiiE 2 h B, fEdkdde R A 03 49 Rk 3

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

B3, AL bk fn S B o 5 B 44 B R AFe R K P
B mioANE 6 2 —Fr 2 ey BEsE R Y, LA
BithidseF RAFEE N ERR, EF & RE RIKAKTF £
R G min ik 6 xhih 2B R AT S B 094k
A, A2bkik & @mie~E 6 &2 5 N e Bl 2 U 4n
RN K e ity . B hEFampnit 6 F
TNF-o 7K 5 4k do b i 4 o Fs 48 %8,

AR R EZ I T Ak smpe ikt & min % 17 #=
& mik 23 AL sk BEEHG. CIRE1d, @
mip~& 23 £ix¥%m; CIRE3d, @i 17 &
iR, THEmet A ZAd, CRBGHARRE. BT
& miei& 23 257 CIRIMG 2 BH G R, Ma
e ~%& 17 WA CIR 445 /& Bk do -1 i Ah 2 TUAR
d Atk A MCP-1 o &t A% 8 stk o B2 /5
8 K IE R 69 FEAE A ALK IE. MCP-1 224848 g &
ta R B AR5 o T R R A, L KIS @ e
% 8 Aamiati iR, MmAL s fobs fmARA,
MCP-1. & @mfe/~% 8 Hiuiketb/a Tt @ it
#, KRAARRIERA G TR e B,

JEa g2 TNF-a 2 ZAA KR LR A £ 40
& & FP en RO BIE B B Rk S B TNF-a i it do i B
E#ATHR, CIR &, TNF-a 44 T4 KA LA
Wy B CARAE S, — LT E TNF-a &5 275 2
Rt oE R KSR, BA R, R g S
B. TNF-a 69k N2 5 EA K, EATFARMNE R %
#9%em, TR S AHAE A TAYZ A kA fE. MR
A wREBS, Ko 2 5L NS b BEE 120 F
¥t %, 24h KB R SME, MEPRS TR, ARk aii
HidA2F TNF-a 22 £F % 2 5, Am i34 1F
B, v, EWAEATRAENSTEY, ATHRL
R HEHAHREER . AR, TNF-a. &
fnE A AL EPRAERE 24 h WEAEF R
Fadn A 6y K-FRPREF &, BEHRES EREZEM
%02 35teA e 2 o T2 K R ARG R AR

Ji b dn B RN, FHmE T AR THR
K, LK RERIER L, FHE @IBEEW . REFE4S,
XS fn iz B ARG 04 Fhak . fm e B TR K M m e R
&, sH& ol AAAER, 184E G fa it Ae R R B Rk A
FWHT. MW Te@kEFER. EoEFRLERES
RRHRZIE G RGN TR @mine5Em . RE,
it CIRlI 98 A AR, A RKER O KB, 57
REREREOB. A H & A F A v GBS~
ST xRN IR,
222 R4 B %& & B (matrix metalloproteinase ,
MMPs) MMPs & —Z044R #1 09 B- & KB, 45 8 F 4
HuatiER ok, EMILT IR @i R, AR
ABEAEYTRIFELEEZHEN. £ MMPs ¥ B ik B

2849



@ '27:2 wucrrerong

IRFEE, L L PR T SRR ML B e 1

AMMP-2)#=88 Iz B B(MMP-9) 4% F4 g fis dn 8 1 & 4m it
RRIE, SR bmAREI R KPR A, AIREEVE A
IR R F o st AR iR B, 5 oo i B[R K A
% oh Fm.

KA R LI ZO-1, claudin-5 #= occludin £ 4 #
G RIEE 2 RS, LT MMP-2 f= MMP-9 4
#2014 Yang U K Rmsk AR A AR F £ I, CIR
24 h /&, EH R A RE R AN RE]EFiEE, L4144
A MMP #7415 BB-1101 BT %) S %iE 4, Hik,
MMP-2 F= MMP-Q =T s s fixi 5 [ ofn & H i A 1 58 34 825
W, SBR[ R A M e, 45 R — o @ A E R KA,
B —7 'R AT K de JOor B F 8 i o i R, 3
HIWMA LR —F 15, Yang = Rosenberg Pars 4
Ptk dn 2 h Bz 3h A= 48 h, ffm Gk, &
T MMP-2 /K-F-38 & 5 do s 5 6 K P30 %, £ 5 d
Rk &, #7 MMP-2 THt5 CIRI B 216 248 %
7 MMP-9 ¢4 %A Lif 5 £ 48 h 4 o il B [ 7K.
223 KiBEEZEH 4 KiBEEEG4RFIRATE R G
R ZKAEERG, BA SRR, sSEREA
KPBAREETZTZNER., KBEES 4 T 250H T
Ao fisi B2 2 T SR m IR R CE , AR IR 2 4R 49
T 2EY., Y FREASRE AR RT, FRMmAEEK
BB A TREEFY, M F BRI R A, KB &
B 4 f2 KA TS AT AR AR KR 4 ARG i B
MK, ffEFEARIR, A R R KRR
KIBEZRG 4 KKK A0, w Kk oA KPR,
#ix# 2 EH Ribeiro £ & s % MCAO 30 min
B ERGAER b B R F#E 48 h BTARIL R i M4 4R
KiBEEA 4R XARKS, TIdHEEZEFTKE, 5
JEK AR A BEEAH R AT AR AR —B, 4R A
KB EEG 4 ik Eif, KBEFK, KEKSTFR
NEILA TS R IR KAY, G, S X £.4m a8 AR
wm fo B JE) ) R dm B TF 46 AP AR, 3| AL o i B BRR, £
o 3B MR A, fn RIS, A B 6 KA,
224 i AAEAF—RAR. hENEZEKE
T. BREHEES. B0fEFZAHETAE R, BE
Eoimn B FE M, RAR A R AR KT Z A

3 1ig

ik dn B 25, BATAIATR S &P EE R T afd
o G dg Reh, e fim R M A Rk IR TR R %
R& %KY, ERRAA EEAEA, F8 b5 FE3R 1%
FaffKAY;, A THRELR T, 40 MMP-2. Ki@id%&
8 4 feofn i GEAR AR o RCA R TR, RREANE
Bith AR BT A A RRAER . Bk, $&2%HFHR
PR3P oo fisi B [ 5 A o 3 6852 16 R4 I B b il o % R

2850

8 E 2.

4 SETH

(11 F55 MR A M5 B2 72 STt R[], BB 252405
24, 2011, 38(3): 201-205.

[2] Hawkins BT, Davis TP. The blood-brain barrier/neurovascular unit
in health and disease. Pharmacol Rev.200;57(2) : 173-185.

[8] RV, EARE. Rk /RSSO AT IR D). BB ERA,
2010, 16(18):2786-2789.

(4] Sehoids, 7 B S0 A KB AU i VR I L o B S A
AR 5 I S100BEE ARSI AA] . DY % B K22
%,2006,27 (10):902-904.

(] B HALIT R, S5 KB R AL P v O i o 3 1 )
AR LR R RO IA MR R V). P E Bk 2%, 2008,
16(7):510-512.

[6] YangY, Rosenberg GA. Blood-brain barrier breakdown in acute
and chronic cerebrovascular disease.
Stroke.2011;42(11):3323-3328.

[7] Amantea D, Bagetta G, Tassorelli C,et al. Identification of distinct
cellular pools of interleukin-1B during the evolution of the
neuroinflammatory response induced by transient middle cerebral
artery occlusion in the brain of rat. Brain Res. 2010;1313:259-69.

[8] Tuttolomondo A, Di Raimondo D, di Sciacca R,et al. Inflammatory
cytokines in acute ischemic stroke. Curr Pharm Des. 2008;14(33):
3574-89.

[9] Shichita T, Sugiyama Y, Ooboshi H,et al. Pivotal role of cerebral
interleukin-17-producing gamma delta T cells in the delayed
phase of ischemic brain injury. Nat Med. 2009;15(8):946-50.

[10] McColl BW, Allan S M, Rothwell NJ. Systemic infection,
inflammation and acute ischemic stroke. Neuro-science.2009;
158(3): 1049-1461.

(1] SRR R P 1,4 b PR B340 J K SRU B2 S TNF-a
JIEmRNA I FRARR[J]. pHE AR 22 5%, 2009, 25( 6):
647-650.

(121 XUeA:, B 2 AR A o I TV ) S8R 3 737 B B s e
LVMEPYER]. M2 243&, 2007, 32 (10):1051-1053.

[13] Rosenberg GA. Matrix metalloproteinases and their multiple roles
in neurodegenerative diseases. Lancet Neurol. 2009;8(2):205-16.

[14] Feng S, Cen J, Huang Y,et al. Matrix metalloproteinase-2 and -9
secreted by leukemic cells increase the permeability of
blood-brain barrier by disrupting tight junction proteins. PLoS One.
2011;6(8):e20599.

[15] Yang, Estrada EY, Thompson JF,etal. Matrix
metalloproteinase_mediated disruption of tight junction proteins in
cerebral vessels is reversed by synthetic matrix metalloproteinase
inhibitor in focal ischemia in rat . J Cereb Blood Flo w Metab.2007;
27(4): 697-709.

[16] Ke C, Poon WS, Ng HK,et al. Heterogeneous response of
aquaporin-4 in oedema formation in a replicated severet raumatic
brain injury model in rats. Neurosci Lett.2001;301(1): 21-24.

[17] Ribeiro MC, Hirt L, Bogousslavsky J,et al. Time course of
aquaporin expression after transient focal cerebral ischemia in
mice. J Neurosci Res.2006, 83(7): 1231-1240.

B0 LiEHREBIZFRMNF FHFHAHE R
H4(slg08032).

EZTH: F— A ME T RAGEEFA AL .

FYZEIHSE: AR BAEST ] REAR KB E R
TR A AR A 4 0 B R A AR B

RIBER. Ky BACTE A R AN 2.

PR B A E: Itk Fol i e K & % NTRH &
BRI, RAFEHAK @A TRIAE, M s MecE,
BBB ) 83K .

LA A S, KRR T eEE, AFLE
€ B ) KRR VA BOKAE 8 B ) 69 TT AR S 77 @ % 45 b dn B
IRt G AR K T AE], R ZEE S KA
¥ o i B S

WG fFRIE X : Ttk e P 32 )6 oo f R 4R 4 9 F
AU A s R 25 4 6 I B ot b o 2 o R AR T #7 69 3247, CIR
J& BBB FFik#y 3 h B I8 & Lok B4k dn 1 A KA
&, MMPs #2116 5 A8 7 =T 2 #7 25 A1 R R ABMRAE .

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



