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[ ABSTRACT ] Extending the thrombolysis time window and reducing reperfusion injury
are problems urgently needed to be solved in ischemic cerebrovascular disease. Ischemic
postconditioning provides a possible solution, which has been becoming a hot research topic.
Postconditioning, which refers to a series of brief occlusions and reperfusions of the blood
vessels, is conducted after ischemia/reperfusion. Postconditioning can induce organ's endogenous
protective effects against ischemia reperfusion (I-R) injury. This article will discuss the
neuroprotective mechanism of ischemic postconditioning: reduction of brain blood flow changes
after I-R, attenuation of ROS production and apoptosis, anti-inflammatory, and changes in
pathways involved in neuronal death after stroke.

[ KEY WORDS ] ischemic postconditioning; ischemina-reperfusion injury ; neroprotection

Ji AL LA R R R B AR S TR Y
R, T SRR AR A R e, B R N2 fed e )
PR Z— o FRD T 2 o XU A T A R i
B3R, R S AL 2 2% i O A B B B REA i PR 2
WA RAHIRYT FBeo (EF5E 4 B, Ml ol ot 0K 52 9 3

HETB &L FAE A5 & LEBRAFESERE (No.2010017)

Jei , AR R B S T K 8 T R, 1k BRIV P T A
DR Jb il /R 3 450 475 B H R SS9 AR . 1986 4F:
Murry %5 A48 H Bl i 150 40 380 60 M, B Bl T 45 T
S 52 Z2 AR BOvE A A8 P 26, X T S A kIl 21 2R
ARAVER . T 22U F EAA AN AT TPk, 78

EBBN /A, B, MR AR T @ Hﬁﬁl%g&%-._ ,E-mail: 610797973@qq.com

29.



EERECT N
2013 4= 8 A

WiAHEER

Acta Neuropharmacologica

Vol.3 No.4
Aug. 2013

1997 4,7 Q Zhao %5 N 5E &3 T AT 3¢ F 0 LG i
65T ) S IS IF 2, el Ot el o T &R 5k 1
JE S B AN ME S &t 20 ZAERIBETE, BFEE A
204 R 25 ) 05 3 0 ARG A Y RO R A 3
SEAE A, Ik S I S 3 AR AR I AE ] — A S
b BR SRy 28 ML IS IS N T 926 PR RIS 3 N (remote
ischemic postconditioning, RIP) f& & T & J7 1< Bsf [A]
(IR A R = O 7 VT € 28 NN A (617 [ T i < i =8
il 5 — 25 B R 1 W SRR I S 0, A0 A BB 8 A TR
T L I A s i AR e i R AP VR

1 ZBRER I 5 IE N AR P AL
L1 I 3 B9 el AR A S 3 1 H 7

il 000 3 LTI PR A A I g AL A I
NI N TR R 2R A= =2 B i Mita O o o i - OB 7
155 Ko 1ML figi 5 B B B IR . FE Gao X 5 AR, T IR
UESE T 5 38 7 Dok 4 P 3 5 RS 4 7 IS B, ek /B AE T
o FHOE 238 8 R S TR AR BRI A K i v 2 Jik A
FERGTRY i B 3550, 2 K P4 € 15 B8 30 min 9 5 I 2k
A6 SRR T R A — > W A S L R, T T
30 min J& M I PR 52 2 Sl i i oK P T TS 56 2 HE
J 38 IV RE W8 B HE T LN I, A5 PR S Y T i S
YO A e R IS RD . Wang 2 A 7E 4 ik B 1 A5
TR IRIESE T3 — L7
1.2 W E AR = Wi e

AR ™ P 7 A e - PR L ) EE
=, FRE A ROI0E 7 4 (reactive oxygen species, ROS)
KB K, PN B ROS 19 Bl K 1 15 #E,ROS 7 4E / T
o 7 2 G R o A5 i L - PR T 2 4 4 B AR A I b
PR, ARG EMMIE T, Zhao 25 AR T )5 i b 42 15
I/ S A IO T8 % A B T, R R A R B R B ik A 2E
TN BH ik P ZE 30 min AR Hp JE A L I Gk /DR 4R
e B, 5 Zhao BF5Y 45 S — 5, Xing 25 A4
TE AE Jry kb e i AR Hp e 0L 2 107 RE W8 ek 20 g o ) ALk
Yymgro K BAN, Al - HREE 2 d RS TS
I N T P AR SRR T A 4 A A B Ak T RN A
FALERE L AN, TR A I B 2 d S B R S
JF P/ T A T 2 P T ) 5 AR A WA T IR R i e 75 Tl
A B R bR 2 (TdT-mediated dUTP Nick-End
Labeling, TUNEL) J¢ (5 "' Wang % A ifk— 2L 1iF B it
I 38 I a2 R AR A L €8 2R C BRI A MR, b
PR A e 3R C E A 2R 05 T A R T Y S D
WU A I e LR e Dol XL T A 37 R RS 3
AL A0 ] 3 AR P T DA R 1 R AR Tk B s AR g 1) 2%
BN B R, I i R AT RE G I BT ROS B3 1, U

D FEER U S R R AR T
1.3 HiRIEH

i e AL - P A R M A DG B I 2 — R R
PSS 5 B0 R A S R R AL I ok . X IR
JOT 240 L BRI 20 L 1 4 R A 2 A R R A
R T, 51 A H LR AT S, 3 FE I8, 38 m 1 i 48
AR 375 e, T LG 5 e, 5 AR K i S 3R Y k1 S
TN A e i B BT X 3 4 P 1 (myeloperoxidase,
MPO) B 3E P, # (142 -1B (interleukin-18,1L-1B).
i g SR FE R T oo B9 mRNA B 323k, 40005k 200 i (v 266
BE A>T -1 B IKS, Ja T8 A i 2 5 A G S I
W51 Toll FEAZAA (toll-like receptor, TLR) fyF2ik "%,
I8 DK S M R I, - R A A3 K BT PR PR AU 2 (cycelo-
oxygen-ase-2,COX-2) fy 715" "', I obh, S A ki 5 10
S aE W 38 1 A A% T kB (nuclear factor kB, NF-
kB) 85 Ak 0 i 42 58 46 i [R5 IL-1B 19 )™ 4= ,NF-xB
RE RS 95 2 5 IR G5 TN 1R 1 22 9 i A JoT 25 TR 1Y
FIK, WD S R B IR T A 4% Bl 98 0 4 A 0
DRI, 8 0L 365 38 ok 9/ 48 P 40 L DR] — AT 9 62
e S0 X P 1 2 S I 2 2L A A5
14 I )8 07 4 155 e AL

i 2 v i w22 A R Y SE TS A VP 2 R E S KL A
T 22 5 R - I 2 R T M I i (serine/threonine kinase,
Akt), 22 24 515 1 55 11 10 (mitogen-activated protein
kinase, MAPK). & [1#{ i} C (protein kinase C,PKC),
ATP 8% P ' B 1 i iE (ATP-sensitive potassium
channel, K-ATP), X $6{5 538 B A0 7 1 42 40 Hd 0 7=
PUANME JH T (5 Sl i, BT e T s s
I A 28 TT A .
1.4.1 PKC {55l PKC Kk HPAEAEE D 11 FlH
T, Hop 4% SPKC Ml ePKC ' SPKC T i
SR A AE T2, ePKC M0 38 I 2T 1Y
FEIE224 0 BT 4 S o ol ot 53 % AT R 10 a4
SPKC il IRAE H e 2F e PKC 3T e vl /b P53 1 5
B AR 2% A R A e 1t 33 57 41
SPKC HYHiE"" .
1.42 MAPK {55l g% Gl - FRE R R 20T
Y4715 52 MAPK {5 53 (5 09 18 45, 1 3 B% 6 45 41 g 1
55 V87 8 F BB 1/2 (extracellular regulated protein
kinases1/2, ERK1/2),P38MAPK , c-Jun % 3 & ¥t 3 i
(c-Jun-N-terminal kinase, INK) 2 {5 24> 72 INK,
P38MAPK 2 F A B 1 809 25 v I A7 B A A SR A P £
S AT AT B R BT AN R T A S
SR, JFIE NI T INK AF S8 355, 00 i i i
JEFEHETEBIG Y, ERK1/2 1305 515 2 M 247 90 1F



CREC ]
2013 4 8 H

Wz HIEg B

Acta Neuropharmacologica

Vol.3 No.4
Aug. 2013

FIA O, (E At 5 i o 20 0 B A e A R S
ERK 1/2 B2 AL 3 fin, ERK /2 B 12 Ak 184 0 41 198 K i e
MRS A4 DR MEPESCER 0977 A2, XoF fiki e 1t LA
P A0 ERK /2 B R A s o o] AR 3E 48 7 S
W7 DA B AR 2 T ERK /2 A — 4
XITTT, B LA, % BRK1/2 0 J5 %8 J 385 W7 A4 £ 47
AR — 5T

1.43 Akt G5B, Akt 55 GBI TE M4
M R T R P A T A O Ake S RE SR TA
V75 A B O T D s e R R A RS A T RS Ak,
AT DA/ 20 B R T, AR S A% o AL O 5 T
Jiif -3 (glycogen synthase kinase 33,GSK3B), ¥ 3k #%
5 K 7 (forkhead-type transcription factors, FKHR) Fil fi¢
% 12 %5 11 (Bcl-x1/Bcl-2-associated death promoter,
BAD). Akt {5 J& 30 2 B B2 A BOE 9, i RIS
ST IR, WA 10 Yt ARk S5k 0 8 F R A9 B R
fifg & A (phosphatase and tensin homologue deleted on
chromosome 10,PTEN) F1 i & JIL B 4% #1425 7118 1
(phosphoinositide-dependent protein kinase-1,PDK1 ),
4 PTEM Al PDK1 % B2 16 4% /-5 B Akt #8006 3 m, 51
i GSK3B B ALKy 1L 41 ML - GSK3B i LR fk
T GSK3B MY S i PR R AL , 2F - Bk
IR IR BN AR T AR 2 45 5 % BLER IS 38 1
B Akt FOBERR AL Gl 1 2 (R EE I E ) 12
Akt BB GE G ARSNGB S2T6) > i v G e A 15t
JULEE 3- #1F (phosphatidylinositol 3-kinase, PI3K) il
ST VA Akt 057 LY 294002 #8453 BT 1 6 if
I R 20 a2, Akt 15 53 PR TE S 3 I 2
MR EEEH

1.4.4 K-ATP i K-ATP i 76l 5 H 5 K2 43
R A EE MMM MBS, i T ATP 19I5 FE 53
K-ATP 3 ##% 59 1, 3008 175 S i dofe 0L J 365 17 ) 3
TERH ERE S, MG K-ATP 18 B7E 41 i B B9 A [R5
P : A I K-ATP i B I RifA K-ATP i . H
HIXF 2R {4 K-ATP 3 058 19 48k )3z, FEFF et 7=
A 1) A1 B HL O BB A5 RS 0 2O R A1 RIS, BEL LR A0 BB T
Lee %5 N4 18 : — i % BEL A 79 4 51 A IR R0 2ok 438 [t
RELH 7 5- FR LSS ER AR w] LABH 1E 5 e i 3 g ) O 4 4
VY B A S 005 S A 2RI, LR
0 Je 8 N ELA D R - PR IR S SRk
K-ATP 3 5% 70 5% 3E W K-ATP 38 -5 )5 38 15 1
AN EE P

2 RIP {R4PIEAHLE
AR 22 S ol LS 3 BV T 75, RIP AR A )

JE AT B I B AT T Sl i Ak R R R AT A O
Jo BT e ot A B 6 R G i 2% O A R ERL. R 2
F 5T E 28 0 52 JB A RIP S i fJe afn. - P36 3 #6445 A5 (R
PEFRT2 A FRLA 5 1 A 203 B A G, 243
Sl XL 2 G I A e R SRR A7 A AL AR S £ S A%
AR B2, X 2R3 AL Rl et — R AR T
ANk B B AR, WO O I, TR B — A S8 K
Mzt o R S Bm g B SRS RIP RE
O i I L A S 9T o fd BN JBCA RIP 5 38 i
KR S o, A B BRI T A W -
TR AR AT AES RIP (R4 FRESE G A 6 40, of
LR W] RIP o] IR 28 5 3 b —FF , 2 #F Akt BEER 1L,
i Bax 2 F1/KF, e K-ATP 3 i ik, il SPKC
S AR ROS 240, I S P R 7047

3 I

Wi A %o ke AL TS L P 4 ATL i P 0 5 38 34 2 1) o e
I 385 I A AIF 9, J 368 I P o ke o, - P ML 2 2
FEAHH Y, AL 45 - LK ROS g it | Akl 2774 4t
P MM AN T . Akt B K-ATP {35538 F& 098055 ,
2 MAPK {5 538 #% i 2 228, 9076 SPKC A s KA1 FH
P2 3F ePKC ¥, 1H & RIP B4R AL 51 30 AT A B
BRI S T N 5 A B ) B R A S, Bl S
JOF i (A 7D 3 0 Ko BA IR A o it — 26 B

LI WF I E AT 30 AF R BE vk Bt - FEE
495 1 fF 5 DA BBk 1t 9 355 107 38 e 0 i 3 1, P A A8
fiAe 25 e s N RIS E Y IR U 1E R | RIP 548
& AT, BT M4 2N i R 2 A8 m] F i K i 5
Je 18 5 2 AT R, 25 W) JE A N AT & RIP 5%
ARG PRI AN R, R ) 2 24 0 0 38 I, e M 4 it I
e 3 7 AL ) 38 o DL G A I i X 7 9 o M e ot -
T P A R D It P T T TR A
AR R, 38 TR A A ATRIT R o A S
O 28 R B2 2 58 R — A IR, AE T 2T R
S 25T R 5 AR AN

Z % x #t

[1] Murry C E,Jenings R B,Reimer K A. Preconditioning
with ischemia a delay of lethalcell injury in ischemic
myocardium [J].Circulation, 1986,74 (5): 114-1136.

[2]  Zhao Zhi-qing,Joel S Corvera,Michael E Halkos,
et al. Inhibition of myocardial injury by ischemic
postconditioning during reperfusion:comparison with
ischemic preconditioning [J]. Am J Physiol Heart Circ
Physiol,2003,285(2):579-588.

31.



»
553 %50 4 Wi HIEg B Vol.3 No. 4
2013 47 8 H Acta Neuropharmacologica Aug. 2013
[3] Andrew Tsang,Derek J Hausenloy,Derek M Yellon. 2013,10(7):283-287.

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

Myocardial postconditioning:reperfusion injury revisited
[J]. Am J Physiol Heart Circ Physiol,2005,289(1):2-7.
Zhao Heng. The protective effect of ischemic
postconditioning against ischemic injury: from the heart to
the brain [J]. J Neuroimmune Pharmacol,2007,2 (4):313-
318.
Zhao Heng,Robert M Sapolsky,Gary K Steinberg.
Interrupting reperfusion as a stroke therapy:ischemic
postconditioning reduces infarct size after focal ischemia
in rats [J]. J Cereb Blood Flow Metab,2006,26(9):114-
121.
Gao Xu-wen,Ren Chuan-cheng,Zhao Heng. Protective
effects of ischemic postconditioning compared with
gradual reperfusion or preconditioning [J].J Neurosci Res,
2008,86(11):205-251.
Wang Jing-ye, Shen Jia, Gao Qin,et al. Ischemic post-
conditioning protects against global cerebral ischemia/
reperfusion-induced injury in rats [J].Stroke,2008,39 (3):
983-990.
Xing B,Chen H,Zhang M,et al. Ischemic post-
conditioning protects brain and reduces inflammation in
a rat model of focal cerebral ischemia/reperfusion [J].J
Neurochem,2008,105(5):1737-1745.
Viera Danielisova,Miroslava Nemethova,Miroslav
Gottlieb, et al. The changes in endogenous antioxidant
enzyme activity after postconditioning[J].Cell Mol
Neurobiol ,2006,26 (7-8): 1181-1191.
Eo W S IR S ) - e s L c 7
JG &G R AT e Fm [J]. 7 B EFF 5 E,2012,32
(15):3221-3223.
B, WK, RE S — BARA D AR B 2 22 5
Ak - FRERGGRPAER [T 6 RARBZRE,
2012,28(9):901-904.
Wang Qiang,Zhang Xiao-feng,Ding Qian,et al. Limb
remote postconditioning alleviates cerebral reperfusion
injury through reactive oxygen species-mediated inhibition
of delta protein kinase C in rats [J]. Anesth Analg,2011,
113(5):1180-1187.
Nemethova M, Danielisova V, Gottlieb M, et al. Ischemic
postconditioning in the rat hippocampus: mapping of
proteins involved in reversal of delayed neuronal death [J].
Arch Ital Biol,2010,14(1):23-32.
i AERkr, T, F . Msh - BHEESRGE K
MR ST AR B 69 B R [J]. F B R B R 2

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

BaE, I AT R, Bh B P AT B B R R
B TN-a A= IL-1B R £ % [J]. F L E 3 % £,2012,27
(8):319-323.

Feng Rui,Li Shu-qing,Li Fan. Toll-like receptor 4 is
involved in ischemic tolerance of postconditioning in
hippocampus of tree shrews to thrombotic cerebral ischemia
[J]. Brain Res,2011,1384:118-127.

FAHE K, TR T, F . S5 =g TLR2 /553
B3t KR o BRI AR AL 09 R P AR [J]. P RS F
% %,2014,34(5):1291-1292.

B, FRE J 3 A A o A e R B e Toll A
ZH ARG 1] P E R AR & E,2012,35(2):
2025.

FREH, KR, 25,5 .
WA e B4 B -2 W #ee [T].
722-726.

B dn g 4L T AF KR B B R
2ok L5 4k e ,2013,30 (18):

Li Hong, Yin Jin-bo,Li Liao-liao, et al. Isoflurane
postconditioning reduces ischemia-induced nuclear factor-
kB activation and interleukin 1B production to provide
neuroprotection in rats and mice [J].Neurobiol Dis,2013,
54:216-224.

Giacomo Casabona. Intracellular signal modulation:
a pivotal role for protein kinase C [J]. Prog Neuropsy-
chopharmacol Biol Psychiatry, 1997,21(3):407-425.
Takayoshi Shimohata,Zhao Heng,Jae Hoon Sung,
et al. Suppression of delta PKC activation after focal
cerebral ischemia contributes to the protective effect of
hypothermia [J].J Cereb Blood Flow Metab,2007,2 (8):
1463-1475.

Takayoshi Shimohata,Zhao Heng, Gary K Steinberg.
Epsilon PKC may contribute to the protective effect of
hypothermia in a rat focal cerebral ischemia model [J].
Stroke,2007,38(2):375-380.

B, AN, AR, F L IR B Bl S A B AR R
SR B o - E AR AL P 69 AF R BT AR AL [J]. F B R
25505575 ,2014,19(8):841-845.

Gao Xu-wen,Zhang Han-feng, Tetsuya Takahashi,
et al. The Akt signaling pathway contributes to
postconditioning’s protection against stroke;the protection
is associated with the MAPK and PKC pathways [J]. J
Neurochem, 2008, 105 (3):943-955.

Nik Sawe, Gary Steinberg,Zhao Heng. Dual roles of the
MAPK/ERK1/2 cell signaling pathway after stroke[J]. J
Neurosci Res,2008,86(8):1659-1669.



53 %5 4 Wi 42 R Vol. 3 No.4
201348 H Acta Neuropharmacologica Aug. 2013
[27] Liu Jing,Xu Qin, Wang Hui, et al. Neuroprotection Postconditioning with isoflurane reduced ischemia-induced

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

of ischemic postconditioning by downregulating the
postsynaptic signaling mediated by kainate receptors [J].
Stroke,2013,44(7):2031-2035.

Zhan Li-xuan,Li Dan-fang,Liang Dong-hai,et al.
Activation of Akt/FoxO and inactivation of MEK/ERK
pathways contribute to induction of neuroprotection against
transient global cerebral ischemia by delayed hypoxic
postconditioning in adult rats [J]. Neuropharmacology,
2012,5(63):873-882.

IEF,RE, ZAK,F . ERKI2 #E AL R RE
J6 R B B AR 3 VR R [J]. W6 R R BE S 2 E,2012,28(1):
68-70.

TRZ A, FRIE, TR R A . Bk o )5 AL B AT Bk e B R B G
J& ERK1/2 A= Akt B B340 B Ah 22 tm oL R 1 64 % vk [J]. AP &
W5 A EE,2012,7(5):175-179.

JEIP A, A4 . PI3K/Akt-eNOS-NO 43 % il 38 15 fisi 4 oo
Jo i R AR R B [J]. B RAY 2R FAY 2 R A&,
2013,40(1):67-70.

AR, R, FAR, S B B AL B ER AR IR ARG 4
I3 i B b AR A5 KRB BR AL R A R I 3B Rk ¥
wf [J]. P E 25 4% ,2014,29(6):1957-1959.

Zhao Heng,Robert M Sapolsky,Gary K Steinberg.
Phosphoinositide-3-kinase/akt survival signal pathways
are implicated in neuronal survival after stroke [J]. Mol
Neurobil, 2006,34 (3):249-270.

Giuseppe Pignataro, Robert Meller, Koichi Inoue, et al. In
vivo and in vitro characterization of a novel neuroprotective
strategy for stroke:ischemic postconditioning [J].J Cereb
Blood Flow Metb,2008,28 (2):232-241.

Zhou Cai-feng, Tu Jing-yi, Zhang Quan-guang,et al.
Delayed ischemic postconditioning protects hippocampal
CA1 neurons by preserving mitochondrial integrity via
Akt/GSK3beta signaling [J]. Neurochem Int,2011,59(6):
749-758.

Wang Jun-kuan,Yu Li-na,Zhang Feng-jiang,et al.
Postconditioning with sevoflurane protects against
focalcerebral ischemia and reperfusion injury via PI3K/Akt
pathway [J].Bran Res,2010,1357:142-151.

Shiv S Prasad,Marsha Russell, Margeryta Nowakowska.
Neuroprotection induced in vitro by ischemic
preconditioning and postconditioning: modulation of
apoptosis and PI3K-Akt pathways [J]. J Mol Nerosci,
2011,43(3):428-442.

Jeong Jin Lee,Li Liao-liao,Hae-Hyuk Jung,e? al.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

brain injury in rats [J]. Anesthesioogy,2008,108(6):1055-
1062.

Yang Ze-cheng,Chen Yun-bo,Zhang Yan,et al.
Sevoflurane postconditioning against cerebral ischemic
neuronal injury is abolished in diet-induced obesity:role
of brain mitochondrial KATP channels [J].Mol Med Rep,
2014,9(3): 843-850.

ERB,REFE, T, LGS )E E 8K RS
ARG JE MIP-1 Rk #y %o [J]. PELRREF L&,
2013,23(8):24-29.

R, REF, TNV, F . R 5 E Bt ke | B
HEBAG R AER BT[], B A EA R S FIR,2013,
34(6):844-850.

BE, R, 8 R, IZ R o B & R A B K B
f FEESYG [J]. PEIZ AL R E,2012,22(8):1824-
1830.

Samit Malhotra,Isaac Naggar,Mark Stewart, et al.
Neurogenic pathway mediated remote preconditioning
protects the brain from transient focal ischemic injury [J].
Brain Res,2011,1386:184-190.

Josef Anrather,John M Hallenbeck. Biological networks
in ischemic tolerance-rethinking theapproachto clinical
conditioning [J]. Transl Stroke Res,2013,4 (1):114-129.
EWE L ERE, 2R, F R A G 1E T i
A Hea 1], AR m 2 &, 2013, 7 (6):305-308.
FEG, FUU, T, R B AL 2 A i b
HEBAG G A Hoa (1], bR % kR & £,2013,
30(9):772-776.

Zhou Yi-lin,Nancy Fathali, Tim Lekic, et al. Remote
limb ischemic postconditioning protects against neonatal
hypoxic-ischemic brain injury in rat pups by the opioid
receptor/Akt pathay [J].Stroke,2011,42(2):439-444.

Sun Jing,Li Tong,Luan Qi,et al. Protective effect of
delayed remote limb ischemic postcondition:role of
mitochondrial KATP channels in a rat model of focal
cerebral ischemic reperfusion injury [J].J Cereb Blood
Flow Metab,2012,32(5):851-859.

Hu Sheng,Dong Hai-long,Zhang Hao-peng,et al.
Noninvasive limb remote ischemic preconditioning
contributes neuroprotective effects via activation of
adenosine A1l receptor and redox status after transient
focal cerebral ischemia in rats [J]. Brain Res,2012,1459:
81-90.

Zhou Yi-lin,Nancy Fathali, Tim Lekic,et al. Romote

33.



553 B8 41 WiEH g B Vol.3 No.4

2013 47 8 H Acta Neuropharmacologica Aug. 2013
Limb Ischemic Postconditioning Protects Against Neonatal feasible strategy for focal cerebral ischemia-reperfusion
Hypoxic-Ischemic Brain Injury in Rat by the Opiod injury : remote ischemic postconditioning [J].Neurl Regen
Receptor/Akt Pathway [J].Stroke,2011,42 (2):439-444. Res,2014,9(15):1460-1463.

[51] Liu Qiang,Zhou Sheng-nian, Wang Yao-dong. ef al. A





