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[ ZE)E/ M5 ( methylene blue, MB) TAZS FERKST AC Bl e M g i PR = ( ischemia—reperfusion, I/R) LGl AL TN
T REMLE] A7k . 64 AR AEHENE SD KERBENL/ M 4 2H (n=16) ARTFA(S)ZH 7 HF i X6k HE (S+M ) 2H. | Jey b P i e i P 1 (17
R)ZH WV HF i TRUA B (/R + M) 21, SR FH R i sl Fie e v 125 1 6 DR By R P i e i P A8 S 2 (R TR U M v S A 3R K
0.5 ml/kg, S+M A FARFAJGIE TS #5 5 me/ke, VR 41 F PR 5 min B IS 37K 0.5 ml/kg, V/R+M 41T P
AT 5 min BERETES T S me/ke, A0 T AT 5 min AFFETE 24 h [2RH Longa PFMEAT K BT REEL I IE4) ; 1T
TEVE 24 h B 2,3,5-584k = HE LU M (2,3,5-triphenyl tetrazolium chloride, TTC) G4 ()5 2 IRAFFEARFR K HT 43 FE s HE Z (a0
SN0 i 17 g B2 AR A 5 Al S Y I e e 0L A0 Mg 2H 21375 12 4 (reactive oxygen species, ROS) &7 2 ; Western blot a2 4141
A2 ARG e 1 A0 i 2H 2R 4% PR 7~ B2 AH 2T (nuclear factor erythroid 2-related factor 2, Nrf2) Fl il 21 2 % & fiff—1 (heme oxyge—
nase 1, HO-1)EHFEIXKF, R 5SHM S+M A, VR 415 UR+M £ 2T BB 2 700 IRFEFEIARFR K T 43 H i
HEZ ROS Tt Nef2 il HO-1 3835 R (P<0.01) , Sl AU B2 oA I g B 2= 40405 . 5 IR Z0AH b3, UR+M 20 )
ZLTIREH RT3 MEESEAR R R L A 43 LE G214 ROS 7 S 4R8I, Nuf2 F1 HO-1 25 3R 3K 19/ (P<0.01) , ffe i 0] fidi 1 o 95 #12
SERAGERIR ;S AN S+M 2 2 18] [RTEFR 2557 LGEHA 8 X (P>0.05) , G538 WV VW T4 BT L2 it oA Bl ded e i e o, T8 0
P03, FALHI AT e Lol Nef2 F1 HO-1 f3R3A BEATIN ROS M & & B HL A bR P E AT ¢
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Effects of methylene blue pretreatment on

focal cerebral ischemia-reperfusion injury in rats
Sun Hongran ,Gou Yang,Liu Danyan

(Department of Anesthesiology,The First Affiliated Hospital of Chongging Medical University)
[ Abstract]Objective : To research the effect of methylene blue(MB) pretreatment on focal cerebral ischemia-reperfusion (I/R) injury
in rats and its possibly mechanism. Methods : Sixty—four adult male Sprague—Dawley rats were randomly divided into four groups(n=
16) :sham group(group S),methylene blue control group (group S+M),focal cerebral ischemia—reperfusion group(group I/R), methy—
lene blue pretreatment group (group I/R+M). The rat model of focal cerebral ischemia—reperfusion was established by middle cerebral
artery occlusion. The neurological deficit scores were performed with Longa’s scale at 5 min before reperfusion and at 24 h after
reperfusion. The pathological changes in pallium of ischemic area were observed by HE staining. Reactive oxygen species(ROS) in
ischemic brain tissue were measured by chemiluminescent. The expressions of nuclear factor erythroid 2-related factor 2(Nrf2) and
heme oxygenase 1(HO-1) in ischemic brain tissue were detected by Western blot and immunohistochemistry staining. Results : The
neurological deficit scores,the cerebral infarct volume and the infarct volume fraction,the content of ROS,the expression of Nrf2 and
HO-1 were all obviously higher in group I/R and I/R+M than in group S and S+M respectively (P<0.01). The neurological deficit
scores, the cerebral infarct volume and the infarct volume fraction,the content of ROS were all obviously lower in group I/R+M than
in group I/R(P<0.01). The expressions of Nrf2 and HO-1 were obviously increased in group I/R+M than in group I/R(P<0.01). The
pathological changes in pallium of ischemic area were significantly ameliorated in group I/R+M than in group I/R. The difference

between group S and group S+M was not statistical significant(P>0.05). Conclusion ; The pretreatment of methylene blue can im

prove the focal cerebral ischemia -reperfusion injury in rats,
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which might be related to upregulated the expression of Nrf2
and HO-1,reduce the content of ROS in brain, produce antiox—
idant stress.
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AR R BN RSB T E PR — , Hoh
BRI PE R A o 2RI 80% , A HR I BR T I A ik
PR AR 1, FEAK R it A3t Hh B ik D e — 254
P R Ay A He I PR A5 , o BT PR 4R (reactive
oxygen species, ROS) 5 |2 1 8 A b7 13552 1 A il ke 1.
P HE VR PR A OCBEE AN, A% T E2 AR
¥ (nuclear factor erythroid 2-related factor 2,Nrf2) &
R4 9 BT 48 AL SN JTAF (antioxidant responsive
element, ARE ) JE AL A i 20 Ht AL BT TENA 5% |
SRR NPT LA Nef2 A3 U ARE HE
FEH M LT 2 A A -1 (heme oxygenase 1,HO-1) 15
i, R AL AR 3 , Nef2/ARE € J80A 5 22 1Y
P AR ALV HOE 2R, S R S 1ok il
PRI BERE AL S, 737N CeHisNSCL, 737
T 373.1, A B A I A M Rk i 53 4
2 i 1P T A0 0 vh 2 B DR R TR, S
WA VA A st T A B G ke PR 3 458 8 AL
JETT 5 Nrf2/ARE 18 B A 5C 1 A WARGE , A S50
T R R e e A e o P 3 40 495455 A4 v f I R
WETAL B LG TE Y 5 2 75 RE VU e e A A e P
HETAR 7, WA LR S5 38 Nef2 FTHO-
1 BB AEBT R IEAE IAT OC

I RS

1.1 F%zhd  EF2XA

SPF ZRAgE R BAE IEE SD KB 64 H AT 250~300 ¢,
WAF R EERN R = S s ol W H il (VIR AR A
BT 5 1602042) ; TTC (Sigma 237 ) 3 Sodit Nef2 22 75k
P& (ABclonal 28 7)) ; fedit HO-1 £ i BEL K (ABclonal 2%
F]) s EKit (Sigma 237 ) s RIPA Z4# R BCA 5 1 43 Hrial 5
BB RAEYHEAARAH),
12 Fiagik
1.2.1  ShI5y4 2525 Rl i P T A 45 SD R
64 R HBEYLECT 225400 4 4 (n=16) , 3 5E B FAR(S)
ZH G R (S+ M) ZH SRk P B g ot PR 3 (/R 4L I
WAL (UR+M)ZH , S 4T UR 202350 T B AT S min i
JEs 1 AR BRER UK 0.5 mlvkg, S+M ZLHT I/R+M ZH 43 531 T T3
ERT S min I8 S W H W 5 me/kg, R K i 3l kel 4
T 1 2% R R A i e L P AR AN, 3.5 907K A SR IR T
1 mI/100 g BRI B, A0 RMYE & g A7 30 0E th Dl 1T, 2 88 A5
#2331 K (common carotid artery, CCA) , iE 40 8 3N 3h ik
(internal carotid artery, ICA) ME4MhJIK (external carotid artery
ECA), ECA BEZLE k7 38 10 mm 245302 W7, 2k
JeJe 5] CCA N ICA, T ECA BEE CCA 43 &8 5 mm 4bBYTF

—/MIIE . AER 0.24 mm L2/ Dl ALE CCA 43 X
AEACTCA, F/NII AT CCA 43 AR Z [R5 L ECA, #ATT ICA
Wb Bk e | L Uk SR SIS AE A 2 A K ki v 20 bk, 2R Sk ot
#HES CCA 4y XAk 18~20 mm 7 B3 B IE  FATT CCA Bhifik
Je . T REUIRHESTT Longa P DI RESLTT4Y, Longa 1141 =
2 3 MR FE I RR I, R 2E 2 h LA iR 2 ECA sRimAb
SEEFRETE . S 4L S+M AUARTR AZeAe: , HoAb#EER] UR 41,
122 METIRERIARAETE5r  FREERT S min QI #EHE
PSR SFTF) FI PV VE 24 h BER A Longa PRZTIRES R PP 4315
XA AR TITSY .0 43 MGG REIR ; 1 /3 ANREE 4
AR ITC; 2 0 ATE I X A5 R 5 3 4« A8 i g
554 43 RBE H AT THE, BER,

123 TTC G0 )55 iR E AR AR R L 40 Lt P50 )5 45
ZHREALIHIR 6 R B, Wik AbSE I 2L i 141, 1A -20 C
VKAA TR TR 30 min, VRFREIR T A1 170 J5 I A -5 0058 X ag
LAl A SAL T SRS T AT S AR 2 TR A
WAy 5 540 . Bk iE A 29%TTC i ,37 CF
R EIF R 30 min, YOS IUR NG AT 4% 2R RESE R T
5 24 h JE G, EUG P4 (XK o0 IE# I, 5 A X
HCOAAESEIX W Image—pro plus 6.0 G531 54 (Media
Cybernetics, 32 ) T A SR BURBBIS LA T H 43 1L

1.2.4  [ZHLETE IO M HE Jett PESY IS 45 4L FEHLIER 4
SUR B, BRI S 2 20 0 24 AE VR Sk BT P A O B 2R B
IKTETE Ok, Rt M BE 2 4% 2 5 RETETE 16 2, 2SR
AEEE | WL BT N2 2 4942 B TR vb ] i A, TEaE
A SEERD) o HE Yei)5 o B i (Olympus 2%
], FAR) T USRS LA A 1 S5 B A A

1.2.5 ALFRIGEGTINAZ ROS & it PR E 45 LBEHL
I 6 HK B, JRRER S TG i MG 2 238 50 o0 1 2 4y, A ikt
FEIREE P 1 Ayl ZH 20 400 wL (1 PBS ¥ TRAT 10 pL
B KA (5 mmol/L) B 1.5 mL &.048 A Glo-
max-Multi JR P45 2 D)8 & OEKEM AL (Promega /A F] , JE[F)
HRARGEI , S S RE B S min, BEAMEPINE 1 ARG SR A
(RLU) , 22 (A0 2575 S (B R B RLU SF344H ., AR 5 s X
LD IR ZURA 80 CHERS 24 h JEFREUKLL AT,
DL RLU “F34ME S5 H 20T 8 LU S B ROS F 167,

1.2.6  Western blot ¥l Nef2 #1 HO-1 ZEAFEis B 1 /3Gl
MM AL LU A i 20 25030 SRR ), R 28 R
FABUEFE A 50 mg BT B ELAY SDS-BE R BE B I -
PEATHLIK KB LR 15682 %2 PVDF L 364 2 h, &
SIMASRST Nef2 22 FEREDTLR (1:500) St HO-1 £ sEkEdT
A (1:500) , FPL B-actin ZHFEHLIR(1:1 000)J5 T 4 CIFE
R, W HIMACES TR 126G 2Pk (1:3 000),37 CHFE
1 h, 525 254 T Quantity One I3 MK 1 (Bio—Rad 2%
A, 2 D) IR SR EE M, DL HARER LA B-actin 19K JE(E HLIE
YE BRI

127 ARPEEH UL AR N2 1 HO-1 BB 365k e 4%
IR e PURIME R 5 I — U T . it Nuf2 &2
FEREVUIR (1:50) At HO-1 LRI (1:50) 4 Cit A
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TN —HT,37 CWE 1 h, O ZY BUKEE R b i
BEWEE e B A5 BT (400 x ) T BEATLIBCH i 00 A 5 5t 5 > 4L
K Image—pro plus 6.0 G AL: 734 BA - 4 0 5 25 s 4 1H
(optical density,OD),
1.3 %itgodr

K FH SPSS 19.0 B3 D80 , LA + ARifE2E (v £5)
177 2RI PO, 4R LUEBCR AR 2 22007, s
e Je 743 2R Fl 8 51 5 25 534, 4L IR 22 5 LUk
1SD— %, K387k a=0.05,

2.1 AVZDhReskiFH

TRy 255y BT R n |, N TR ) o5 i i e T g
KPPy 28 5 HA G 7 L (F=94.697, P=0.000) , A~ [ /3 2H
Z IR PR DR BRI 43 22 5 HAT e i34 8 L (F=449.298,
P=0.000) , B [B] F1 4328 X 4 28 Dy e i 2% PF-53 4776 38 B 52 1)
(F=68.030,P=0.000), 5 S 411 S+M 4153 HIAH AL, 78 2 4>
I TR] A5 /R 4T I/R+M 2 B 22 T BE B 2 1143 BH i
FH (P=0.000) ; 5 /R 4AH L, FRET: 24 h B /R+M 41K R
TEG Y LA B 4% 22 D) R i 2 143 W) b P41 (P=0.000)
S A S+M ZHAE 2 AT A (] 2R 2 DI RE B G 1 43 25 5 0
Geit2EEE L (P=1.000) ,1/R 20 /R+M 4110 #l 28 Dy B BRI 1T
A3 FREAERT 5 min B 25 50504 L (P=0.623) , T3 1,

F1 BSHABHEINEERRIESHLEER (n=16,x£5)

Tab.1 Comparison of neurologic deficit scores among various
groups (n=16,x s )

415 FRHET 5 min FHETE 24 h
SZH 0 0
S+M4 0 0
R4 2.37 £ 0.50" 3.75 + 0.45%
I/R+M4 2.44 £ 0.51* 2.62 +0.50"

Tia, 5 S 4 A, P=0.000;b: 5 S+M 2H FL#, P=0.000;¢: 5 I/R 4H
4, P=0.000

22 TTC 3 &5 iz stk R A B 41k

S LA S+M ZHINZH LRI A TTC Yt ) 1 5L 40 i oA W
FEFEAL , I/R 4LA1 /R+M LI 4L 2] 0] 0 Sk (o i Ae AL
7 5T s R R 4 1K RN AR JE IR FR (F=1564.697 , P=
0.000) FFEFEARFR T 43 e (F=2543.807 , P=0.000) 2 547 5 i
RN, 5 S U S+M 4 AH L, VR Z1F0 VR+M 2 inifs
FEARARI 3R SRR R 43 L BT (P=0.000) ;55 1/
R ZHAH L, VR+M 4N A8 AR A /N (P=0.000) AL
43y LR B (P=0.000) ;S Al S+M 20 2% 5 L4 it 2478 X (P=
1.000) (& 1,3 2),
2.3 e M In R R R

S Y11 S+M 21 fiki Je STl 28 oo AR HES | X% JE S IEH
MOAZ Y ML g AT vT L /R ZEL SR ot A0 A S 25
PR, BT i, e 2600 % A I 8 IR B | B 11 4, i I g

TRPERGSR . 5 VR AR, /R+M 2H il 2 i iF i & ook &2
SRERE R (F 2),

B.S+M 4
E1 HEXRMAR TIC LBER

Fig.1 Results of TTC staining method of rat brain tissue among

various groups

C.UR#H

D. /R+M 4

F2 BERKBREEEREEESLMLEE (n=16,x+s)
Tab.2 Comparison of infarct volume and infarct volume fraction
among various groups ( n=16,x s )

251 A AEAATR (mm® ) BESEIARE 43 b (% )
S#H 0 0

S+M4H 0 0

/R4 1852 £ 8.1* 19.9 £ 0.7*
I/R+M2H 100.5 + 7.5% 10.8 £ 0.6
FAH 1564.697 2 543.807

P 0.000 0.000

a5 S 41 H#E, P=0.000;b: 5 S+M 41 [L#%, P=0.000;c: 5 /R 4
He#z, P=0.000
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A.s4l B. S+M 41
RSty T P TS B\ TIN5
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- ” . P L4 3 d ~
et oy Fo’ 0 - Fi® eV s -~ A
‘ Rl 2 L X, . La il
o £ o= e W, ay . .
- N: B e 3¢ S JAL VNG
Y= . - - N A »Y Ny
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X, e o TR RA -
A ¢ S 3 1 ° va ‘.
- » - 4. Le
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C.I/R#4 D. /R+M 41

2 FEKFRERIMMAERE R HE 4R (400 )
Fig.2 Pathological changes in cerebral cortex of ischemic

among various groups ( 400 x )
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24 b ixsag ROS 4%

Ji 20 Hras A ion 4 4R BRB M 4 28 ROS & &
S X (F=493.612,P=0.000) . 5 S 41HI S+M 414
S LG, /R 4180 UR+M 421 41 ROS & = B 8 75 (P=
0.000) ; 5 I/R 4AH LY , /R+M 4102048 ROS & 2 B i P A%
(P=0.000), S 4LHI S+M dIKZHZ ROS S E R G4 E
X (P=0.988) (% 3),

#= 3 FHKR Nrf2 1 HO-1 ZEAFRIXKFRK ROS S EMLER
(n=16,x+s)
Tab.3 Comparison of protein expression of Nrf2, HO-1and
content of ROS among various groups ( n=16,x +s )

2157 Nrf2 HO-1 ROS(RLU/mg)
S?H 0.35 £0.02 0.24 +0.02 1.65 +0.07
S+MZH 0.35 £0.02 0.23 £0.01 1.66 +0.11
I/R4L 0.47£0.02"  04720.02"  518+0.29"
I/R+M4 0.67£0.02"  0.81£0.01™  3.59%0.20™
FAH 381.435 1601.942 493.612
PAY 0.000 0.000 0.000

Hia, 5 S A HE,P=0.000;b: 5 S+M 4 Fu#, P=0.000;c: 5 IR 41
A, P=0.000

2.5 Western blot #&m)|

J7 2T a4 21K BRSO 20 28 Nif2 (F=
381.435,P=0.000) Fil HO-1(F=1601.942,P=0.000) % |13 ik
ZSEAGHERE X, 5 S 4L S+M 4153 BIHIE, VR 4150 1/
R+M 44 Nif2 F1 HO-1 25 1383k 119 (P=0.000); 55 /R ZH4H
He, I/R+M £l Nrf2(P=0.000)F1 HO-1(P=0.000) 45 FH F ik 18 5
(P=0.000);S 415 S+M 41 Z [A] Nrf2 (P=0.543) F1 HO-1(P=
0.735)ERBER TG I L (B 3,%3),

SH S+M4 /R4

I/R+M4H

B—actin

3 HHEKXRELmMMAGALR Nrf2 & HO-1 EARIEKTE
Fig.3 Protein expression of Nrf2 and HO-1 among various
groups

2.6 SEMBALFLER

HIXT T S A S+M 4, UR L A1 UR+M 4 F 3 24 h
KEBRIMMALUF Nef2 1 HO-1 8 1R IR Z  Nif2 1hR
BRI Y O TE A% A I 2 L T 2204 SR R 4 4

B Bt 1AM G 2H 27 Nef2 ( F=684.137 , P=0.000) Al HO-1(F=
348.770,P=0.000) & 1R A KT ZRBAGIFE L, 58
2R S+M A5 IR EE R 20T /R+M 4 Nrf2 HO-1 ZE 13
KK S 38E (P=0.000) ; 5 IR 440 EC , T/R+M 4 Nief2 (P=
0.000) Fll HO-1(P=0.000) %K [1 #5145 ;S 45 S+M 44 Nrf2
(P=0.195)F HO-1(P=0.234) ik 2= F TG H2 5 (K 4,
Kl5,%4),

C.IUR 4 D. I/R+M 4
4 EANEREEAXRMER Nf2 ZEHZRE(400% )
Fig.4 Immunohistochemical staining showing the protein

expressin of Nrf2 in cerebral cortex among various groups
(400x )

C.I/R 4

D. I/R+M 4

B 5 SEANLEREARMDMERER HO-1 EAMRIE
(400x )
Fig.5 Immunohistochemical staining showing the protein
expressin of HO-1 in cerebral cortex among various groups
(400x )
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F4 FBHEKBRMAL Nrf2 F1 HO-1 XZEHEKER (=4,x 5)
Tab.4 Comparison of OD value of Nrf2 and HO-1 among
various groups(n=4,x =)

2H 5 Nif2 HO-1
sS4 0.32 £0.01 0.34 £0.01
S+M#H 033+ 0.01 0.35£0.01
I/R4L 0.47 +0.01% 0.48 £0.01%
I/R+M#H 0.60 £ 0.01* 0.55 £0.01%
FE 684.137 348.770
PAE 0.000 0.000

a5 S A, P=0.000;b: 5 S+M 4 4, P=0.000;c: 5 I/R 4
H# , P=0.000

ROSJ&E—ZEHLIAH BRI 09 A SR 7=, (46 R
B A B G A RS S S A
O3S P AR R A EE AR A i e R
PG B AR P AR R b i ROS 80 L
A TR T HUA AR S RS 5 R R BT AR
J LA K AR ) it S A, B R A B RREE A | e 2 S0
ZSICIIPET R IRFEN . Nef2 J& T —Fh s G R s b s
S PR 2 AT T A N T8 1Y DG BRI - 2B FRIR
A F Nrf2 5 Kelch B¢ ECH #5445 F1-1(Kelch-like
ECH associated protein 1,Keapl)AH45 & ANt A4t
B R A P | LA SZ 3] ROS Tl s 28 1
WEBRALAE P N2 5 Keapl fif 85 3 AL, {2
ARE 5 R 45 %) 1 AH A 22 HO-1 45 i R 83 0
Y A AR BT, HO-1 22 5 mLr =R
14 PR 3 il ] s A S HLAR 1% ROS - B3R5, AT BEL i
TFES ML RS INSAASN, , A I LT 2 A IR 2R Al
CO h[m] & AFH AR BT 20 ML TR 8 T 2R
SEVE RO, 7E Bl AR SIS AR S A S g rh 4 2
WERH 3% Nef2/AREE ¥, EE Nef2 il HO-1 2
FEIR AT LA AU 7 80 i it 0 P A 512

W EE I PR A FH EL R 100 4F, AT EZEH T
IR RN LT 1 RE R AR R AR R
FH 8 A g 2 v A e G A 475 | AT R R T R
(Alzheimer’s disease, AD ) %5505 Hh I B0 H i AR 4
YEFAU, Stack ZWF5EMA BITE AD BEAY/ N BB 2H 21
IV AT LASE A S Nef2/ARE 38 2% 8 Nef2 A
HO-1 25 IR IREE ALY, , 22 28R 1T
PEIGAS o K BURy A il it P8 A ABE AR v ST HH
WS EA S EIH N2 A HO-1 A #£iAAH XM
PRBE T s AR WA

ARSZIG R T A A H sl kAR 2E 2 h S5 PR A I
ML ST R R A e P AR Y | 2% SRR
FRLE R LI H W 5 me/kg I8 I v B b FiAL R 7 =
FHHETE 24 h B R 4K B 2 D RE Bk 2k B B HE
Yfh i S 0t 00 A Rz 5 BRSBTS, TTC Yt f
SN G 2 227G B R ARAE , $ AR AL ST T ; S+
M KA T8 bR 5 S 4l JCHH B 22 AR R TE R &
A R I PR Y BT, S R FH A I H R A B AN
5 | A S K 3t R 2 4643

SCU 25 T R #E KRR b M ke o PR
24 h )5, Bl G ZH 2 ROS & 2 B A = Nef2 1
HO-1 Fek /K4 Nef2 P T W] A a3k, &
B g 3 1 FEEE 1 5 oot H ROS S8 48 AL I R 2
A4 Nef2 5 LR, e ot T A AL B HO-1 &
F 2238 X T A R 3 B B 2 2L 4 , X LA
PR PESTE AN B A R SO . AHXT UR 4, UR+M
ZH R B VERT 5 min VTP W5 20 6 s 3 5, P
J5i 24 h IR D REBIC T4 B B FEAR ik 4 2R AT
PR R e it A0 G iz S5 BRI 3 A 2, i S Y
WA A B AT el A A LR ek b e, T 54
Western blot Fl6g e 414k 2445 I 7 | W Y s Foiak
AT DA — 20 Lk 0 i 2H 28 Nef2 F1 HO-1 28
F 9235, [l B S i A is 0 21 ROS &1 FF%, 4 7R
V. FF 7 R R Ry e A i e i, P 3 5 45 b R AR T
DL R Nef2 A1 HO-1 (1 33k 7= A b S8 AL N 3
EHL,

2E FRTIR 7 H T A B AE A% a2 K BRUR A
i gfe i P A, AL AT RS R Nef2 FTHO-
1 R FE D IS ROS B35 & dde Ak
ISR G

Z % X #
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