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Abstract

BACKGROUND: Ischemic postconditioning may motivate endogenous protective effect and inhibit inflammatory
response after ischemia/reperfusion, but the specific mechanism is still unclear.

OBJECTIVE: To investigate the effects of ischemic postconditioning on Toll-like receptor 4/nuclear factor kB
signaling transduction pathway and interleukin 8 expression in rat models of focal cerebral ischemia/reperfusion,
and further illustrate the neuroprotective mechanism of ischemic postconditioning.

METHODS: One hundred and ten rats were randomly divided into sham group (n=10), model group (n=50) and
ischemic postconditioning group (n=50). Focal cerebral ischemia/reperfusion rat models were established
according to Zea-Longa method, and then subjected to ischemic postconditioning, i.e., middle cerebral artery
occlusion for 2 hours followed by 3 cycles of 15-second reperfusion/15-second ischemia. Model group and sham
group were set for comparison. In each group, rat neurobehavioral deficit scores were evaluated, and rat infarct
volume was measured with TTC staining. The expression of Toll-like receptor 4, nuclear factor kB and interleukin
8 protein in brain tissue was detected by immunohistochemistry. Their MRNA expression was detected

by in situ hybridization.
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RESULTS AND CONCLUSION: Rats in the model and ischemic postconditioning groups all presented neurobehavioral
deficits and cerebral hemisphere infarction on the ischemic side. At 6, 12, 24, 48 and 72 hours after reperfusion, the

neurobehavioral deficit scores were significantly decreased in the ischemic postconditioning group compared with that in
the model group (P < 0.05). The infarct volume of rats in the ischemic postconditioning group was significantly decreased
compared with that in the model group (P < 0.05). The expression of Toll-like receptor 4, nuclear factor kB and interleukin
8 protein and mMRNA was increased at 6 hours after reperfusion and reached the peak at 24 hours after reperfusion. At 6,

12, 24, 48 and 72 hours after reperfusion, the expression of Toll-like receptor 4, nuclear factor kB and interleukin 8
protein and mRNA was all significantly decreased in the ischemic postconditioning group compared with that in the
model group (P < 0.05). The results confirm that ischemic postconditioning may inhibit inflammatory response induced by
ischemia/reperfusion, and play its neuroprotective effect by inhibiting Toll-like receptor 4/nuclear factor kB signaling
transduction pathway and down-regulating the expression of interleukin-8.
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A[ES: SCXK(%)20100010. S5 ik sh i & T 5086 =
NI ZELE, ¥ bR Yok, fEHYERL2 h, sE
KR EE(2242) C, XL AE65%, T SRR AN
RSLANE R = E A MAG 1 O T B LRSI $e S 1k
B AR CEERE,

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

R I fE A3 ik TR R I R AR ) 2 SR AR R AR
WA KU

2, 3, 5~ ARG —IRELDUBMTTC), FERRIR 22 Sigma 22 H]
— ZWH(DEPC)

DAB %t IS, A A TR I B HAE ) TR IR AR
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SPSS 19.0 IBM SPSS software 4\

1.2 #HF*
1.21 48 RETFEERE ZIBR31, HF 4% K110 4
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Je 220K AR PR TR 4 6, 12, 24, 48, 72 hilks
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SR AR 26 28 0y SUATE P - @i ) Ab #E A
PR AT FAR L SRR . K52 e Zepe ik
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N A I N AR K () S B SR SR S 3N 1
(37.0£0.5) 'C, ARJ5FHIEMIE.
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1.5 ka6 E  F A HALG K B e I 1A 4
bt, IS A LALOY% K A G I e vE S BRI, A
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P, U0 F R AN0.01 mol/L K MIMEIR £h 28 it T
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W1 : 200 AR EE ) —Pr(FpiTollFE 52444, k% [K1kB
P65, Ml F8H L FEYLA), 4 CIIA WnEYFE i
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BEBMEDIF . S, B NNV . 25K
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SR S SR A A BB R D BH G L, B
HUVR AR B . O R AT, BRIy
SEAEARAEBE T B ALIE PR AT A BT LL J B X ALY, R S5 7
BT T (4001 ML) 16 4% dof 1 k1 J) PR SAN AN 34 82 R AL 1
BRSNS IME A5k V) (R BH 40 4

1.7 RALZ AT X AT R R TolE % 4k4. 2B T
KB. @@ An%8 mRNA U IR & Ui WA At 1)
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60 min; JEINSABC, 37 CHE20 min; iAW E i
1L, 37 ‘CHFE20 min; DAB&E (30 min, 7Kt Hf[#H.
JaiF AT S B AN M R R EREE A, BT U0 YA
Fl—ai e [ —BOR ST AT, 5K SR A %
T B AL I B AT A BT AL T X ALY, AR S AE A B
(xA00) I F5 S i Ak J] [ 54N AN 32 482 PR A0 B 1550 BH 1k 4 i, B
P48 R 5K D) A B BH I 40 i %

1.8 2T HALKRMEATHEI HFEA
L AT B X TollRE 32464 K% DK 1 kBAT 1 41 il /> %8
A FIMRNARH P40 i -4

1.9 %itFodr  KISPSS 19.0% A k4T G il 2 ik
L, RO R I XESTRIR o 4NN I ) 25 2 1) H AR A
t RS, 2L A AN A B D) 2 18] B SR B IR 28 5 2290 T g
4, P <0.058 %70 RE RN,

2 %8R Results

21 ZRFHMIBEHSA LRI ANLALIURE, EBS)
BR31H, ZET-shil ik AT b E e e FR A, i
PRI K 78% . T AUIN110 H K RIS BT, R
P DB,

2.2 AR M PPEAT N EVE S TG ARFUR I 2R -
L P i, SR ZH R i I i Ak B 2 S L TS [ R
ZRINREHL G, BRI T A R ALK AR A5 I 1) R A AT R P
Iy BRI 2 AT N P 2 S 25 BRI (P < 0.05); 2P b, Al
YR f5 Ab FRAN A AL VP oy 2 S E W E R X (P >
0.05; F1).

TTCHA IR, BT RUAWAIFCL:, AL RN i
JEALFRAL AT WL EAAE A, EEAL T, T,
LR 20 A NV 4 EE A, e i i Ak B 2 4% 3V 2H BB AT AR R
kMNP < 0.05; B2); 4lp9Lhig, BIRGFH i 5 Ab 2
2H A0 A AT A AR AR 72 e A7 B 35 1 3 (P < 0.05), A4
Fitl ifi f5 A 4024 h (A A0 AR I S K1 LA T 4L
(P <0.05; F*1).

2.3 Bk sk dn B AR A K R A TR o KR R TollAE %
R4, ZBTFkB, @miiN£8%afmRNAKEEL BT
ALK BB 57 it X A /b e Toll B 52 464 8 1T FTmRNAPH
P41 o AR 21 R I f A 2R 2 H 4 0 At A S B e ot A 0
TOURE ZEAT: Jo] P X SRR 35 1 v, PR ES his s T,
24 hiEE| s, Bl Ab B2 25 0 20 Toll B 22 144 5 A1
MRNAPFH P40 4 K T B AU Y IV 4H(P < 0.05; §R2,
B3); 41pybbde, BEAA & A ) 2 AT B TE R (P <
0.05), #RAIZ] 124 hilV ZH Tollkf: 52 /447 A FIMRNAFH P41 i

P.O. Box 10002, Shenyang 110180 www.CRTER.org



ST S LT A EE AL PR P T BT B B AR FTN ) 55 8 HI e @7&2 WWw.CRTER.0rg

gi;:;g;(i | Bl FEEE 4L 50 J A | AT S
R 6, 12, 24,
o kLB a8 72n | 7| BESEIBUO
e 1100 4 [P ;
o Lt pit) il J5 AL FR4] 50 1 e SR
o S BRIAT || SEAGULERIE (135
o | VRO HUR
{T A4 10 1 o
A | A AR MRNA Jeik

B1 LEREE
Figure 1 Experimental flowchart

2 BETI2ZAh XREEARTIC RBER
Figure 2 TTC staining results in brain tissue of rats at 24 hours after reperfusion
Bl B A BT ARYL, B AR, C S5l SERILIAHLE, Bl 5 b3 214 W AP0 AR I 208/ o

BERAL(EH) B4 (MRNA) et 5 Ak BEAH (K 1) eIl 5 AL 4 (MRNA)

A 4
A 5178 L
LI

Toll #5244

¥ kB

AN % 8

3 AT 24 h BAXBRITM ERE Toll #32k 4. #%EF «B. BN 8 EA(RBALLFRE)T mMRNA BIFRIE(RAIZZ, x400)
Figure 3 Toll-like receptor 4, nuclear factor kB, interleukin 8 protein (immunohistochemistry) and mRNA expression in the frontoparietal cortex of
rats in each group at 24 hours after reperfusion (In situ hybridization, x400)

Pl s MRS ZE RN I 5 Ab FRA Toll FES2 4K 4. KT~ kB FIAIAA 3 8 BX TR MRNA A T FHERE 24 h ik Ugfl, #RA IR FRiEB T
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Table 1 Neurobehavioral deficit scores and infarct volume of rats in the model and ischemic postconditioning groups

Eizna 415 THETE ) (h)

6 12 24 48 72
P D RE Sy [ Ricke] 2.240.6 2.3+0.5 2.520.5 2.240.6 1.940.3
(=10, %) [EQUINEY GELIES| 1.4+0.7% 1.5+0.7% 1.8+0.4% 1.5+0.5% 1.1+0.3
TR ZEAR AR A 179.9+9.5 183.1+11.8 209.8+12.1° 181.4+11.6 175.4£10.9
(n=4, mm® QUINEP S IEE] 156.5+10.2° 159.2+10.0° 187.9+8.8% 160.9+9.4° 151.3+7.0°

F: SHMAUMIL, °P <0.05; RN IHE 4 AR A4, °P < 0.05,

*x2

IERIAFIER I 5 A0 ERLE K FREATI A Z R (X Toll #5254k 4(TRL4). #%EF «kB. AN % 8 ZHF mRNA PRIEZEAEITEIT L

(x£s, n=6, ~/400 f5HLET)

Table 2 Positive cell counts of Toll-like receptor 4, nuclear factor kB, interleukin 8 protein and mRNA in the rat frontoparietal cortex in the

model and ischemic postconditioning groups

fabr 4159 FERETE I 1] (h)
6 12 24 48 72
TRL4 & AL 12.6+1.2 13.5+1.4 16.4+1.7° 13.7+1.6 12.4+1.3
Gl IfiL 5 AL R4 8.3£1.4° 8.7£1.2° 10.6+1.5° 9.2+1.7% 8.4+1.3%
TRL4 mRNA PR 12.3+1.4 13.9x1.5 16.7+1.8° 13.4+1.2 12.6+1.3
L5 AL 3R AL 10.1+1.22 11.2+1.4% 13.7+1.5° 11.5+1.22 9.8+1.3%
%K kB EH A [ Rive | 9.9+1.6 10.8+1.2 14.4+1.6° 10.6+1.8 9.6+1.4
(B ifi Je A FE4L 7.8+1.4% 8.2+1.8% 9.1+1.1% 8.5+1.4% 7.7¢1.3%
A F kB mMRNA AL 13.6%1.2 14.4+1.4 17.8+1.6° 13.7+1.4 12.7+1.3
i i b FR A 10.6+1.3% 12.2+1.4° 14.7+1.5% 11.5+1.2° 10.741.1%
H4iffisr2 8 i AL 16.2+1.4 17.2+¢1.2 20.7+1.6° 16.9+1.8 15.9+1.4
L5 A 3R AL 13.1+1.6% 13.5+1.6° 14.0+1.3° 13.8+1.5° 13.0+1.2°
H 4L/ 8 mMRNA e itk 18.8+1.4 19.6+1.2 23.0£1.4° 13.7+1.4 12.7#1.3
Q=Y GEL E 15.1+1.4% 16.4+1.3° 18.9+1.2%° 15.7+1.5° 14.9+1.2°

Fork: SRMAML, P <0.05; 5RIZNIADL 4 ATA 44, °P <0.05.

S T HAR IS A SO ZH(P < 0.05). BRIfil 5 A BEZH TollFE 32
PARATE [ BHPE S i B07E 25 W 4L 22 5 E B R P >
0.05), fHMRNAH 14t H 7 #5720 1] 1) 2 A Sl 3k i
(P < 0.05), il AbFEL HF24 hillZH TollFE 32144 mRNAFH
P40 s A W 20 22 (P < 0.05),  WLER2.

BT ARG BRI 57 o X A% PR kB & (1 HImRNABH
PEAH I AR o FREEVEG h, AR 20 R i f5 Ab #1241 BH
PEAN M AL T S, 24 hik g, A8 H oA e K BRI 20 T
A58 A0 A 8 321X o 5k ol i Ak B 4% W 41 A% IR T kB AR (A1
MRNA BH 1 41 i 55055 4 0 41 N W 41 8 3% PR IR (P <
0.05; %2, E3); AANLhE, BIRILL K AR Z 554 W
FHMEE X (P < 0.05), #MYIH24 hilk 4% K FkBE 15
MRNARH P40 i 2 2 T H A 41(P < 0.05). Sl Ab 2
4 H A% PR 7 B AR 1 BH 1 40 A 5 I A ) 1) 22 R O
PR (P > 0.05), {HHmRNAPFH 41 i %5 7E % 0 26 7] (1)
5547 W E R (P < 0.05), &I f5 4b FE 4 24 hil 4
% kB mRNABH P 41 fg £ JLA W 41 8 25 T s (P <
0.05; %*2).

T A 21K BT P R T X1 40 B A 35 8 1 R
MRNABH 41 i 5 LR o0 A o AR RS AR it i Ak B 401 B
I i LE R ZEAL F B DX 308 0 2 0y, RS hRIA T

7942

24 NIA B s il T A BRAL AW 4 (A 4 A 28R
FIMRNARH P4 g 2 5 5K TR N 41 (P < 0.05;
2, E3); AN ELEE, BRI AL ) 22 AT B T
(P <0.05), B H24 hill 41 (1 40 g/ £ 845 FIAIMRNA
I 4 4 O 2 e T A 4H.(P < 0.05) . Bl J5 Ab P4 A
I J A 25 82K 11 BH M 40 i £ o1 & W 4 [R] ) 22 I 3 R
B X (P >0.05), {HmRNAPBHMESNHEHCAE 5 410 (1) 2 5
HEEMRE X (P <0.05), i jEabBEgl 24 hily 4l (40
Hl At %58 mRNARH ¥ 4H M £ S W 41 5 T s (P <
0.05; +&2).

3 i1i¢ Discussion

g Tl A B e, ot Ak B 0 s e o
JE TR JERE RN, I D AT ZR AN R ZE PR T, RE S IOR P U
PEARA /RS © 23, L s AL - s I i 370 4 A0
REt AR, A4 I i e b 1) e ek s I o Ak, ek
AR IR A K ] Caspase-33 I LK 1) 44 Jfa (6,
FCMERIR AL A 28 k33 i 2B 582, Zhao%: ™
2006 4F (11 57 H 23 591 ek 34T K B AR XA 250 s 50 ik % 4]
15, 30, 60 min, JHF¥IFH30 s, K5 T LABIL 5 Ak
FRALEE, BP0 S0 Sk JE 110 sIFFI30 s, AEFR3IR. &Y
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FRIL, Wit ZEARR 53 5198/ 80%, 51%F117%, iF Lk
I A FERE SR A G SRS T BE. 2007447 i 5T
KK BRI o e i AR, R TR o A B O A A 22
PR FH (1 B A N ) S FEEVE A5 /8IS s, M3,
SCE S E N AR, Sid ) R TSE, Tl e K R IET
PREEAT R 2 VP43, DN ek o A 0 A LI i o ok 1. 52 £
A%, UESZ3AMIEIA I FEHEVELS s/BI15 s Bl ifn i kb BHS it
REfE I B IR AL A 2 AR 1

TollFf: 52 A4 — P A 5 A Sz Ak B 1, LA
i3k B A BERE 1L Bl T 45 & (MyD88), il ik MyD88k
AR, FEAL RN, R S R A Y %
5 54L S G0N TollFESZ A4 —MyD88— [ 41 fild £
FE1 A B (IRAK)— 81 8 JE IR 7 32 AR H 26 R
6(TRAFB)—kIB— 1% K TkB iHLPY; 2 Fikfs 516 il %
PSR TRBJG, FIAIRA 2L, A FE6. 4l
38 A R 43 B PR VR B DR - A5 9 At 41 i DL 1 K
B 25 400 N LU AR s T 2, sh seataiE s,
TollFf: 52 A4 At g R B LI FREEE: I 1R R S AR R R A 22 Ty
AEBAR VT2 W) AR T TOIKESZ AR AT g 1E 7 KRS, 88
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