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[BE] HE  HT KRR i A% N B2 #5556 T 2 (Nef2 ) KB AR AR S R F 1 &
A R O IR 2 B 3O R BRI A7 1 AR AP VR R SR R L . AR BEER SPF 2l SD K ER 20
RO R IEE T R IR i R4 (TBL 2H) R 7 M40 (TBL + S 1) Wi A 22 s AL 34 (TBL + C 1) , A
5 H FrIE R B2 AL T RRIERI A PR /K AL B TBT 46 TBI + S 2H 0 TBI + C ZH 3448 J1 F 75 1A 2 i o155 1
PR T A TR A %F%ﬁUQA$£$$1Ei#7J< DMSO ¥%57 (0. 05% ) MIZZE R (5 mg/kg) AHL, 1 d J5ALFE A KB
FEBUR A2, 4RI RNA AR, 8 5 R 5 R A B 81U B (qRT-PCR) £ Nef2 ) mRNA 23K, Western Blot 6
W Nef2 25 H RIS 4&%&@%*&@%%6@ NATHEU TP N 5 (MDA ) Fl3R JE L A5 bk H K (GSH) & i i 4
AL E (CAT) A A AL b AL (SOD) B3 77, BEHER T sie W R ( ELISA ) Aar 75 5 70 — 40 fb &0 & B (INOS) Al 21
ZEAE-1(HO-D) &R, B£8R S5IEWXIRAAMEL, TBI 41 TBI + S 41 K40 21+ Nef2 £ mRNA F7E H k44 i
FHEIN MDA 7 (iNOS Fil HO-1 MTE 713338 i, GSH 7 & .SOD 1 CAT BTG PEIBEAR, 25 A WEME(P < 0.05)
5 TBI 41 TBI + S 20 AH L, TBI + C 41 Nef2 1) mRNA FNEE 1235 K TV 8 2 B, MDA & & (iNOS 1 HO-1 197 J134
F3A% , GSH & | SOD 1 CAT HY& MR, 22 5 W& M (P < 0.05) 1 TBI 415 TBI + S 2H 2 [ 2% 57 JC 1 1%
(P<0.05), &t FHEFXBG R BEA YA MER , EREE T BT N2 /9335, BUB PR ST U
BiAHICFR R , LT AEE BXF TBI A 2R PEF .
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Anti-oxidative stress effects of curcumin on rat models of
traumatic brain injury
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[ Abstract] Objective To investigate the changes of content or activity of Nrf2 and anti-oxidative stress-related
factors in rat models of traumatic brain injury, and explore the mechanisms of protective effect of curcumin on brain damage
and oxidative stress in rats. Methods Twenty healthy SPF male SD rats were divided into 4 groups: the control group,
brain injury model group (TBI group) , brain injury and solvent-treated group ( TBI + S group) , brain injury and curcumin-

treated group (TBI + C group) , 5 rats ineach group. The control group received only saline and anesthesia. The TBI, TBI
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+ S and TBI + C groups were given free falling body brain injury modeling device to establish the models and then received
curcumin (5 mg/kg), an equal amount of DMSO solvent (0.05% ) and an equal amount of physiological saline,
respectively. The rats were sacrificed at the next day and the RNA and proteins of brain tissues were extracted. qRT-PCR
and Western blot were used to detect the mRNA and protein expression of Nrf2. Chemocolorimetry was used to detect the
content or activity of MDA, GSH, CAT and SOD in the brain tissues of rats. ELISA was used to detect the contents of
iNOS and HO-1. Results

MDA ,the activity of HO-1 and iNOS were significantly increased, the content of GSH, the activity of SOD and CAT were

Compared with the control group,the mRNA and protein expressions of Nrf2, the content of

significantly decreased in the TBI group and TBI + S group, with a significant difference (P < 0.05). Compared with the
TBI and TBI + S groups, the mRNA and protein expressions of Nif2, the content of MDA, the activities of HO-1 and iNOS
were significantly decreased, the content of GSH, the activity of SOD and CAT were significantly increased in the TBI + C

group, showing a sigfnificant difference (P < 0.05), but there were no significant differences between the TBI group and
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TBI +S group (P < 0.05). Conclusions

Curcumin has an anti-oxidative stress effect on rats with brain injury. It can

reduce the expression of Nrf2, change the anti-oxidant stress-related indicators, therefore to protect the TBI-impaired brain

tissues.
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1.1 SRz

SPF %% SD itk K B 20 H, /AT 260 ~280 g,4
~ 8 JEl W, ph A Ak S 5 B W AT PR 4 E g i
[ SCXK(J11)2013 —024 ], 5255 75 BE AL A6 27 e = 2 B
SRR SE L SYXK (J11)2011 - 178, A #5258
AIWTSE 5 38 B SRS B R AL 7 Bt 2 27 B AR B & B &
(At At 3051201504523, HLITA 9250 B3 75
B E RIS YR A
L2 EERFIRNEE

LW R (FEE , Sigma AF)) # 2 ¢/mL BT
I ( DMSO) J5 PR A7 T 4°C UKAS , (4 FH AR A28
HHER 7K B 2000 175 5% 1 mg/mL" ; Trizol & 7 ( 38
[, Invitrogen /A F] ) ; TagMan 150 %% 56387 &5 ( 32 [
Life Technologies /3wl ) 5 % 1 I i 5% B A5 Tl 0 I
I ( quantitative real-time polymerase chain reaction,
QRT-PCR) i 7 & ( 32 [# , GeneCopoeia 2\ Al ) ; H &
ARG & DAB a0 & (a0, PR
) KA SERE (RHE, ARRAL A7) 2 ) 5 et B
Nrf2 £ siEHTIR R E B-catin HUIA (L HE, CST 24
A 5 A ALY AL (superoxide dismutase, SOD) ¥
PRSI R & i AL AU ( catalase, CAT) i P46
MR £ 8 B (malondialdehyde , MDA ) £ f2:3
A& A8 JFE A2 Bt HRK (glutathione , GSH) & &
IR & (R, R TARRBT SN ) 5 AL R R
& -1 ( heme oxygenase-1, HO-1) ELISA £ il £ 5]

IRGHIgE
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& 5 SR — S AL A A (inductive nitric oxide syn-
thase ,iNOS ) i HX % 72 W B I 72 ( enzyme linked im-
munosorbent assay , ELISA ) K I 3057 & (i, b
PEAYRHLD) .

SEAMAT L4366 BE T (32, Thermo /4wl , Nan-
odrop 2000) ; FS-1 BUFE B 515 &8 (VI3 BB iLER) 5
H A G S i ke (e B FHANER T )
R R( LI, G2FAXER)) s Bio Rad 1Q5 SEHT ¢
JEEH PCR X (3£, Bio Rad) ; Epoch # i & 3L
WEt I+ (25 E, BioTek ) ; B BT 5T 5 i (45
NIKON Eclipse 80i( HA, JBKE) .

1.3 ZWHE
1.3.1 zh¥srdl

¥ SPF 2% SD Mk KRR 20 HBEHL /s DU , 43
SNy T BR335SR 20 ('TBIL) |, Fili 53 473 7 711
L (TBI+8S) Mkt Z2 B R AL BRZH (TBI + C) , B4
%5 H,

1.3.2 KRB i 45 4 780 %) 4 57

FE K R S5 sh PR R A 11T, K K BUCA &
T JPR P T BRI, K DK BRUORE MR 48 0T [, i K
L EBE TG4 4 I, 76 R RN R A AR T Bh
i 500 g LS A RERERE B 1Y 55 em SEAEAR R AL A
FHEATE (FEAS T 1) 8 X o KRR Sk 3B e A ) 1Y
TR BRI &7 A5 T8 3 S By 1 s 94 kg R R D BT B
AR AT SR G2, A R R BB/ 1 L, 28
WA AL SE 125256 v P A B 0 R R 3 A
Iy, IREEHAT IR 2R

TEH X B2 AN 25 7 BRI RN A= PR ER K Zb 3, TBI
ZH TBI + S 41 A1 TBI + C 41349 H i 9% 742Xk 4
i e B T B, i B Y) )5 , TBI + C 4118 i
ST ETE 5 mg/kg(2 o/mL BYBER ] A4 BREL K 7R
B 1 mg/mL), TBI + S 41 i 14 4 DMSO %5 7
( DMSO J5ii FH A 38R 7K # B 2000 4%, Bl 0. 05% ),
TBI 444 A Ay AR BEER K AL B 1 d 5 AbFE T 7
KEIFHUR ALY, B T - 80°C AT, I T a2y
RNA AR AR EL, 59 AN B Bl Bz )2 i 21 22 b
ARRAET 4% 2 BW R 4°C VKA ARAE LU T 22
B R ARG
1.3.3  RNA $EHORZEEE /e A

Y (R = <Ol e 1 A 1 T B = 2 2
160°C i 7 . BURA TR A LS, T4
RF EAFREL100 mg, BT 2 mL B EP B, &4
FEAH 33 A 700 wL f TRIzol X7 , BHEE 500 )5

FEURE S min, A 140 wL &, BIZUE 15
s, FICE 5 min J5 12 000 t/min,4°C 5.0 15 min,
W 2 AR 558 28 EP 459, il Trizol
I 2 AR ST B VRS R #HE 10 min, B0
. 1 mL 75% CBEPERDLTE, 7% 3 7500 1/min,
4°C L5 min, 55 13, ZiR T8, A 30 pL T
UZE AT, B 1l I RNA ¥ B2 A&l B, 980 4
RNA 37 B - 20°CR-A74 .

P m 1wl B RNA T M 5 | 48 4h
AL UL 6 E T T AT A260/A280 {iE, HA B 1
wL ToHgK VR ZS IR, 24 A260/A280 < 3 i, AT
AT RNA WREEARIN , FEAS RNA e BRI Ay ] fa] 5
B, 3 E SR FIN ) RNA ¥ (A1 A260/280 {H,
24 A260/A280 = 1.8 ~2. Of, RNA ¥k % 3& 1, v Fil
FI5 %k qRT-PCR 325K,
1.3.4 qRT-PCR #:0

PL1.3.3 R 040 RNA AR, 4% Tag-
Man #1935 5 S ) 60 Ul I A5 AT AR | 300 2 Sf 2B
cDNA, DL ¢DNA KB, ¥ GeneCopoeia 2\ w) Y
qRT-PCR 3255 & Ui W 1 247 4, 4 D 45 A Bio
Rad 1Q5 SEAF2E ¢ B PCR X, BT A B14¥ M 26 E
Invitrogen 28 &) & i, N2 #5145 -TTCCTCT
GCTGCCATTAGTCAGT-3", F 7 51 #: 5'-GCTCTTC
CATTTCCGAGTCACT-3', 4" 3 i Bt K B 2R 215 bp,
PL B-actin ARG NS 2~ T EAI N Rk &
SR Z R 20 WL, BEA S e3 3 MR AL,
1.3.5 HEUEARHRIL

BEUIBR A0 A BB 4 27 e o T LA AR P R
KRR B DI/ N (200 mg ~ 1 g ZTH]) 43
Br P EARER I AU 50E 10 5L sh 9
ZHE R P BRI (HR T LA A B R R
TEHBVSP S Th A WS 4, BES AT
A b PR K B 4~5h, 10000 r/min 25 L
10 min, JUCH 2, A SR A S 0Pl
(Fke2 %) B )G BT 100°C KA i K i rh A8k 5
min, 7325 5] - 80°C FP AT,
1.3.6 Western Blot £l

Fi I BCA B8 11 R B 7 3 70) & A 1 BH 5 6 AT
PR SR AR, BULSr BB 30 e FEAS, E4T
10% 1Y SDS-PAGE HEREHL UK 250, FrEHERB R
PVDF f I-,5% BSA ZEi&E 1 ~2 h, il A1:2000
PSR R Nif2 22 5a BB RN 1: 1000 Pt B B-catin
Pk ,4°CiE7% . TBST PYEAK 3 WK, IR 10 min, il A
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1: 10 000 [ FBUR o3 S AL P Bl A 12 19 E P e 1 4L,
FIRMEE 1 h, TBST Ve 3 IR, K 10 min, JIA
ECL ZCHIEH X Bt W5 e IR Ar
s A, Quantity One 44434, LA H BB H B 2%
HY K FEAE AN 2 B-actin 1Y 85 F K LY (8 R 7
FE H B ER AT 2 3k KOS B S E = A
=R

1.3.7 SR AL O S8 A A i)

O3MT R 43 FIAREUES 20 K U 4120 100 mg,
A T B S5 T, A TRV B A R K
(0.9% , x4 ZUARFLE) 10 475) , s B IR B 57 4 41
ZUBYHR, A1 LA (VK L) ,2000 v/min B0 5 ~
10 min, Y5 EIW, - 20°C PIRAE& . 20 9l
SRR Y TR 5 T B A 1 R e 10 BH A kAT
A, T b 2 R R I K BRI 4 21 MDA A
GSH A& & .SOD H1 CAT 3% /1,

1.3.8 fiZHZish HO-1 F1iNOS i J1 46

3T R L RRECK B ZH 4T 100 mg, il A 10
RTINS 0. 9% A HEER /K | 1 F R AL 5K 20 40
YRR, A3 R AT (VK ), 2000 r/min B 0
10 min, W& BIE W, #% 88 HO-1 A1 iNOS A9 ELISA
R G B B AT AR B S A o AT AR R
O3 e AR EFL 2 AL (TEEE AR ) R A AL
A3 RARUE SO WL ARS8, 40 L K
o BRI AREDUAE S AL, REINAE & 10w, B 5
37CIEIIEFAATRIEE 5 min, K5 M 40 Uk 15 O B
30 A5 LARE T, 4 R BAR R, F WR AR T, i e VA
B30 s, UM, R S W BT, INEEAR AR, A
fL 500 pL,zs [HFL, AN, 37°CHEE 3 min, YRR
B MA A (A W50 wL, B W 50 plL, K A WA
B&IR~S)) . 37CHELAGELIE WA 15 min, B
2EE R BEFLAINA 50 L AR &R, B e
FLAR A EERE T ARSI I ' B (0D i, % K 450
nm) ,JFBRCE S HESL, SEEEE A B . 23 AR i
Mgk, For i AR An-An e R B A A BR-OD ., AR
P bt i 24 T I0 A R i OD {FLJIT X6 1o A R
SRR B SRy Xof g R FEE {1 3 LA R A A, AR i W
PRAEAY A ZIT K BUIG 41 21421 3 W HO-1 ,iNOS
(35 77
1.3.9 el Nef2 1335

WU R AR YOI — H 28, —H 28-100% JoK 4
5 ,100% oK £ BE95% oK LB, 80% Ta/K L BE,
70% JoK ZWEF B 4% 5 min, BEJE RS N HEAT

PURBE S RZR R ITIR B 5, & 5 min (B
HCEEFTBETRZE i b ), (BT AL R R 2 PBS E
Ve, 33 W, R 5 min, 5558 b 8 T A1 215 LAY
PBS, I3 £ 1] ,37°C , 30 min, W /K 4538 1 20 215
ML, b5 I —PiEE ,4°C A, 58 2 Kittr
PBS w4t 3 ¥k, BIK 5 min, 8T 41413% PBS, ¥
B _9i,37°CHFH 60 min,

PBS e, 3 3 Yk, AR 5 min, fin i 65 (i B
J7k 1 mL K LA AL T AR B 1
) C) RS, WK YE 10 min J5, TRAKE B 4y, K
HP e A IR UOCA 70% TEoK 218, 80% TG
KB, 95% TEIK LB, 100% TooK L BE-—H 2K, —
2R, 4% 2 min WD) R 8 138 U b o e e
R, AR T REEIER (x200) , Nif2 35 &5
) 2 R I 5 R P T B U4 2 5 A% 2235, AR 4l PH 1 4
PRLAE 450 28 220 W b BT o L A5 R BH 1 4 2 £ 5
JEFE S IR A A 42 B A AN BG4y, B 40 i
<173 01 55, HEA ML 1/3 ~2/3 S 2 45, FH
YA >2/3 N 3 43, B: 40 M B (R il 4y,
TCBAYE R LU A O 43 PR BB 1 4 AR 2
S RN 3 4y, B =A xB, A xB =0 KK
H(-),AxB=1~2HWH(+),AxB=3~4%H
(++),AxB=5~9K(++ +),ZPFERITFITH
FRBE = A0 FRH AR N B AL B R 4745 O,
1.4 SHitFEFE

Ph SPSS 18. 0 Seit=# i #eAT 5Bk oA, 385w
B LIAEL £ FRUEDS (v +5) Foom, BT o 1F S
¥, WIZHIA] A SR A R4 ¢ A, 22 40 ) DU SR A 2R
P& )5 2293HT (one way ANOVA) + LSD-t ¥4, LU
P <0.05 RREFAWEN,

2 R

2.1 Nrf2 ALK FE mRNA F1E BRI

DUZH R 20 21 Nef2 (9 mRNA FIAE 1 % ik 7K F
BRI, ZF AR EE(P<0.05), SIE®EX
WAZH A, TBI 2 \TBI + S #H ki 204 Nrf2 mRNA
M A RIRKEI T (P <0.05) ;5 TBI 4 X
TBI +S 41 %8, TBI + C 41l ZH 21 Nef2mRNA F1
L FRIBACE W] B AR (P <0.05) 11 TBL 415
TBI+S HILKZERITCRENE(P>0.05), Nif2 &
M E35KF- VLK 1A, Nef2 mRNA 63k 7K F- VL& 1B,
BN 1,
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1 N2 FERLALUF ) mRNA I 3RIE (0 =5)
Tab.1 Expressions of Nrf2 mRNA and protein in the brain tissues

51 Nrf2 # A 3R3% Nrf2mRNA #ik
Groups Protein expression of Nrf2 mRNA expression of Nrf2
1EH X BEZH Control group 1.00 +0.04 0.82+0.18
TBI ZH TBI group 2.41 £0.32" 1.51+0.24"
TBI +S 41 TBI + S group 2.25+0.23" 1.46 £+0.22 "
TBI + C 41 TBI + C group 1.54 £0. 06* 1. 15 £0. 09%
F 53.390 13.932
P 0. 000 0. 000

L5 ER SR AL, *P <0.05;5 TBL 41 TBI +S 41 H 4%, *P <0. 05,

Note. Compared with the control group, *P <0.05. Compared with the TBI group and TBI + S group, *P <0. 05.

A
[ S S e N
3 -
= T *
Xz
® o 2 4
o S-Q\_ #
ks
o5 3
A |‘|
(=]}
0 T v T o
Control TBI TBI+S TBI+C
B 2 =
*
x5 s d
A #
28z 17
S5
£%
0 T . T T
Control TBI TBI+S TBI+C

T SRR XA A, *P <0.05 ;5 TBI 41 .\ TBI +S 41 L4, *P <0. 05,
1 QRT-PCR 7l West Blot ¥&:illl Nrf2 f) mRNA F
HHRBKF
Note. Compared with the control group, *P <0. 05. Compared with the
TBI group and TBI + S group, *P <0. 05.
Fig.1 Expresssion levels of Nif2 mRNA and protein
detected by qRT-PCR and West blot

2.2 FNZE42h MDA ,GSH,.SOD . CAT & 2/iF
T

DUZH figi 20 21 s MDA, GSH ., SOD |, CAT & /1%
PEREAR I, 2 R A B EME (P <0.05), HIEH
X} BEZH He %5, TBI 20 A0 TBI + S 4 ik 4 21+ SOD |
CAT %M, GSH 1y 1 i R, 1 MDA 1Y% 2t
FEWAN(P <0.05), 5 TBI 2 TBI + S #H [t4%, TBI
+C 4B 214 SOD  CAT 7% ¥, GSH % & it
FEREHN (P <0.05) , 1 MDA 7 i B E AL (P <
0.05) 1M TBI 415 TBI + S 4 i & 7 LW E (P
>0.05), WLIE 2 Figk 2, BP 28 23R 7 Al i 4
il 21 SOD Ml CAT 1% 1, GSH & &1/, MDA &
SRR, W A 43 T B0 B LA I SO S R 1Y
2.3 WAL H HO-1 #1iNOS 2 8%

DUZH i ZH £ 4 HO-1 1 INOS & 8K i, 2%
S BEME(P <0.05) , SIEWXTIRA AL, TBI
ZH A1 TBI + S N ZH 4% HO-1 F1iNOS & 514
FEHWAN(P <0.05), 5 TBI 2 TBI + S #H [44%, TBI
+C AHLHLZAY HO-1 F1INOS & B EFRK (P <
0.05) , 1 TBI 415 TBI + S 41 [L# 2% F o B VE (P
>0.05), VLI 3 RN 3, R # R 0] 30 5% Ik S5
FrEU HO-1 A1 iNOS fl & 5,

®2 fAMEX R BRI MDA | GSH SOD \CAT &t/ TR PE Y S (n = 5)
Tab.2 Effects of traumatic brain injury on the content/activity of MDA, GSH,SOD and CAT in the rat brain tissues

2} 5] Groups MDA ( pmol/g) GSH( pmol/g) SOD(U/g) CAT(U/g)
1EH X HBZH Control group 2.4%0.7 1.98 +0. 21 17.75 £2.18 2.45£0.27
TBI £ TBI group 8.3+0.4" 1.05 £0.35* 13.44 +1.87 " 1.07 +0.17*
TBI +S £ TBI +S group 8.1+0.4* 1.01 £0.31"* 13.90 £1.95 " 1.09 +0.19*
TBI + C #H TBI + C group 3.2 +0.3% 2.01 +0. 42* 16.27 £1.77* 2.77 +0.34*
F 230. 642 14. 263 5.417 62.914
p 0. 000 0. 000 0. 009 0. 000

L5 IER SR AL, *P <0.05;5 TBL 41 . TBI + S 41 b4, *P <0. 05,

Note. Compared with the control group, *P <0. 05. Compared with the TBI group and TBI + S group,*P <0. 05.
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254
D Control
. 207 B
QL
@ 2 . [ reres
= *
Q -
I’ﬂ% S 1 | E=3 tBiic
o
LU
E 2 104
g8 S
i g —
g 5 —
O ) —
— # ;
— LR * ok E
0 — H p—
MDA GSH SOD CAT
(umol/g) (umol/g) (umol/g) (umol/g)

T 5 IE WX HRAL AR, "P <0. 05555 TBL 41 TBL + S 41 Hu#, *P <0. 05,
B2 KL MDA (GSH . SOD (CAT & /i LR
Note. Compared with the control group, “P <0.05. Compared with the TBI group and TBI + S

group, *P <0.05.

Fig.2 Comparison of the contents of MDA, SOD and CAT in the brain tissues

®3MHMEXT R EGALZ R HO-1 F1iNOS 1 & BRI (n = 5)
Tab.3 Effects of traumatic brain injury on the HO-1 and iNOS content in the rat brain tissues

2} 5] Groups HO-1(Pg/mg) iNOS( ng/mg)
IEH % R4 Control group 186.20 0. 72 66. 68 +3. 46
TBI £ TBI group 293.42 £3.19”° 199.37 +3.48"
TBI +S 4 TBI + S group 287.22 £5.02" 202.83 +4.78"
TBI + C 41 TBI + C group 191.17 £3.27* 95.28 +3. 18%
F 1483. 011 1734. 844
P 0. 000 0. 000

5 IEH X BR AL [L 4, “P <0. 0555 TBI 41 . TBI +S 4 [t4%,*P <0. 05,

Note. Compared with the control group, *P <0.05. Compared with the TBI group and TBI + S group,*P <0. 05.

350
. D Control
300 Ll
F = =k
ﬁ 5 250 — (I rBi+s
T3 —] #
s 200 —] - E=3 tBic
g 2 —
z —
g1 —]
oS — #
£ 100 —
we = :
© 50 — :
0 = =
HO-1 iNOS
(Pg/mg) (ng/mg)

H S IE R 4L ER, *P <0.05; 5 TBI 41 TBI + S A It
®,¥ P <0.05,
B3 Mg4d HO-1 F1iNOS 28k
Note. Compared with the control group, “P <0. 05. Compared with
the TBI group and TBI + S group,*P <0. 05.
Fig.3 Changes of HO-1 and iNOS

contents in the brain tissues

2.4 SEALKEN Nrf2 Rk
PUZH G ZH 20 Nef2 B 2 Rk HL A, 22 57

F4 LR MINALLU Y Nef2 235 (n =5)
Tab.4 Immunohistochemical detection of Nrf2
expression in the brain tissues
£ 51 Nef2 T #GK (45)
Groups Protein expression of Nif2 ( score)
IEF X HEZH Control group 1.52+£0.43
TBI ZH TBI group 8.34+0.30"
TBI+S 41 TBI +$S group 7.89£0.25"
TBI + C 41 TBI + C group 4.01 £0.74*
F 253.06
P 0. 000

T HIEH X IR L, "P < 0.05; 55 TBI 2 TBI + S 4 [L#¢,7 P
<0.05,

Note. Compared with the control group, *P <0.05. Compared with the
TBI group and TBI +S group,*P <0. 05.

HEEME(P <0.05), 51EH X IZAH G, TBI 41
FTBI + S ZHMKZH 21 Nef2 19 2R 1 3238 o S5 1 (P
<0.05) ;5 TBL £4H . TBI + S ZHAH ., TBI + C ZH /Y
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Fig.4 Immunohistochemical detection of expression levels of Nrf2 protein in the brain tissues
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