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Expression of Nrf2, NO-1 and NQO-1 in rat brain following fluid percussion injury
Gao Mengying' , He Yongchang”, Sun Guozhu, Xu Wei’, Wu Liwei’ (' Department of Emergency, ’Department of
Neurosurgery, the Second Hospital of Hebei Medical University, Shijiazhuang 050000, China)

[ Abstract | Objective To investigate the expression alternation of nuclear factor erythroid 2-related
factor 2 (Nrf2) , hemeoxygenase-1 (HO-1) and NADPH : quinine oxidoreductase ( NQO-1) in rats following
fluid percussion injury. Methods  Traumatic brain injury (TBI) model in rats was established by fluid
percussion injury (n=56). At1, 6, 12 and 24 h, and 3 and 7 d after operation, the water content in brain
tissues was quantified by dry-wet measurement, and the protein expression levels of Nrf2 ( cytoplasm and
nuclear) , NO-1 and NQO-1 were detected by Western blotting. Also, the mRNA expression of Nrf2 was
measured by real-time (RT) PCR. Results Comparing with normal control (NC) group, the water content
in TBI group increased after 6 h, reaching the peak at 24 h and retaining for 3 d, and then dropped (P <
0.05). This was in agreement with the edema tendency in injured brain tissue observed by pathohistological
staining. Moreover, Western blotting result showed the same change trend in protein expression of Nrf2 in
nuclei, NO-1 and NQO-1 but not Nrf2 in cytoplasm. Only after 7 d, their expression was remarkably
decreased but still higher than NC group (P <0.05). The expression of Nif2 in cytoplasm was consistently
decreased after 12h of the injury. In addition, RT-PCR analysis showed that there were no significant
differences in Nrf2 mRNA levels in TBI group at different time points (P >0.05). Conclusion Nif2 is
translocated and activated in rats following fluid percussion injury, indicating that Nrf2-ARE signaling pathway

may be involved in neuro-protection via upregulating expression of NO-1 and NQO-1 proteins in TBI.
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BUAEHEPE SD KB 56 H 44T & 250 ~ 300 g, T
WHLERR LR s Y ot bt B Nef2 2 g fEdiik
W F2& [E Bioword 23 H], Hdi/ ER HO-1 i1 NQO-1 Ef
SEREDUIAN T 56 [F Santa Cruz 23 w), J 8K FMIA% 25 1
FERGA ) W THYN3E = R AR PCR 5 B B4
T TR/ 74 M, RNA SR EU ] TRIzol Reagent
W+ 25 [F Invitrogen 4\ 7] , RNasin ,dNTP ,M-MLVreverse
transcriptase ,Tag DNA polymers F1%¢ ¢ & &= RT-PCR
i & F & [F Promega /A 1], BCA Protein Assay Kit
W F 3£ Pierce 2w, HoA a5 34 4 i F1 & = 7 4 b
4li, Primo R & 3 5y B2 VR 250 AL T 18 [E Heraeus
/5], SDS-PAGE Jist HE Uk i i< B W T 52 [E] Bio-Rad /4
A, ABI 7300 Real-time PCR System ) F35[E ABI A #]
1.2 ¥ o e iR ) 4F

W R BRAR FEHLEC AR 1 70y 6 BREZH (NC2H) G
20 (TBL4H) , Hod TBI 40 48 H, F4% a5 )5 1 h,
6h12h.24 h.3d.7d X5k 6 M4, wHATH

8 HNC {48 H, KERH 2% K I (50 mg/kg,
W B Sigma 2\ F] ) 5 i 7 SRR, TBI 25 4% SCik [4 ] J7
HIVESH AR, T3 B8 0.2 MPa i /EH B TBI,
NC @ ANk B, ¥ B, ATIROEFT i, &R
MR FEBR BRI R R 26 v oK A1 3090 % FH 98 46 Al
FraioRl HTER 20 ~25 CHaFE, B hEa K,
1.3 ARASHREREE

NC 4K BT AJE 24 h, TBI 444 W 40K B30T
AJE1h6h 12 h24 h3dF7dKEHREE S, 7E
10% 7K A SR BE RIS , WSk b SETF P RURN , MAF5 473
XA 2 B2 100 mg fixigH 21, 0 o 2 0 i 5 7K
i AP X IYIEL 3 mm A4 RE A, 7E 4% 2K
P [ 72,24 h e, 5 ALEEAT K 38 B A A i
4 pm Y HE e T4 21208 B0 X SUE 2
B G 2 23 9 R T 1) 43 R WAy (G TR ),
F—1)y Ff} Western blot £l Nrf2 225 (1  Nrf2 fifg 3% 5
M HO-1 & F1 NQO-1 & & iko Ji— 1 L 9%
Y5E & PCR (Real-time PCR) &4 ] Nrf2 mRNA f
ik
1.4 FRAZHEMNZ AR EKZ

JIr PR AR S FH U8 4R B R TR K 47, B 434 K
(43 EEAE 0.0 00 1g) FREGE T (W) , 148 110 CHH
TRIEFIHLIE 24 h JFFRECT A (D) o N A i
A& K = (W =D)/W x 100% , 118 H i 41 20 &
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1.5 & atem E Nif2

et E H A2 AL Rk T, FEL R .
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PSP 2ok S A Al 5 T N L LU 2R LT 30 min g i fiT—
Pr Nef2 FBEWE (1:100) ,fE3E T (37 C) ¥ H 2 h,PBS
VeI P AE R AU 16G IR T 30 min, N
X5 SABC, =& 30 min; DAB g, EE T 20 min; /it
K GER PRI E R Gt IR Rl —41 R, 4]
FHIE I E 103 A1 PBS ACE — /e & , oA b 3R [
o 1V H Image-Pro Plus 6.0 E& 38 R4, & FHME
Jea X SR BDOEE EE (10D)
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WA TR S SRATAOR S AT 5T K 4 °C R iR v R
20 min, A Z IR KR 2 — B (NP) 40 W RI 212 %
10 s JFoKEE L #HE 1 min, BCAKIER 25041 10 000 x g
B0 3min, FRWAAKR MK EA, TREIEDINA
200 pL BRI IR B, B HIRS), fE4 CTEGH
fi#t 30 min J5 , IR ESCHL 12 000 x g B0 10 min, )2
HEAEREIEEA

BCA &2 1 A i 3k 5] 6 ) e $R ) 42 3K B
FREE . Zead AR FTK % PVD B, BE R 4T 4 R A
W5, 5% Wi fs 4= 0% % i B AT, A — BT Nef2 F B
(1:500) \HO-1 BAHTHBEM (1: 500) \NQO-1 FAALHT E
W (1:2000) ,4 CHEF LR, A HRP ARiC A EHT R
IgG —Hr(1:2 000),37 CHFAE 1 h,ECL {1, RHE
UVP S 30 I A, RGEH s A UK B A T
3
1.7 B k2% PCR 40 Nif2 mRNA %345

#% TRIzol $EHUAM M . RNA & 5 cDNA | H 193
B %51 . Nef2 |35 4. 5'-TTCCTCTGCTGCCATT-
AGTCAGT-3"; FiiE5#:5-GCTCTTCCATTTCCGAGT-
CACT-3"; i Bt & J& 215 bp, B-actin F{iF 5| #.5'-
AGTGTGACGTTGACATCCGT-3"; F i 8| #. 5'-GC-
CAGAGCAGTAATCTCCTTC-3" ;3 471y K/ Ny 150 bp,,
PCR J i 55447 :96 C 4 min, $RJ5 3 26 i :94 °C
30 5,60 °C 30 5,72 °C 30 s, dL3647 40 MER 563 &
72 °C 30 s WAESNAE T, [T 34 KL B-actin {74
S, % H LR 10D fH/ 2 B-actin ) 10D {f
(RQ fH) , AR mRNA FHXFFEKF ¥ RQ (EHH T
Gitsrir .
1.8 it ot

K H SPSS 13.0 e it 44 X £ 4k £ 17 53 Hr , Fdls
Phx s B3R, IR 200 bR 2 4 39%k, %
I LSD Kt A A [a] Hh g, P < 0. 05 =5 H g1t

2 HR

2.1 BRAMEESKETNE
TBIJ5 1 h, TBI 21 & /K B T, 45 NC 4 1L

ZREGITFEX(P>0.05),6 ~12 h B] BT+
(P<0.05),24 h ik %505 (P <0.05) ,3 d JF44 T 1%
(P<0.05),7 d @& FIE# (P <0.05,% 1),
2.2 AEFRR

RAEE &I TBI 20 K B ks s kA A AR R RiHE:
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A FE I O IR fas H IR A 2 P S O

AR T A B NC 20K BURE | A 2 S bR A 52 %K
MAANMHEINA T S IE R A RIR YL A
SERE, TCH I K i S5 20 A . TBI 28 figi 2 2 bR A
1 h 0] ULBA I P 5kt e bR s o, (R 45 0 k) A 22
YA A H R A AR A 1 56 h 40 kAL 2 i,
JE B b 28 A L A T R IR 3 2 A A e I 1 T
B Ko 12 h JdRzs ke AR PR R INEE , 24 h B ph 28
0 AR R ] 0 38 K, MR g IR kA R i s A A
HAZZA M B 3E 22 A I 20 B A s 2ot
K e 240 B ] LK e, TRIBR AR B, 3 d b 3 A g AR
PEFNZK PR BT A s (1) ,7 d Bk i B g g
B ER A0 B A
2.3 N2 ARRALEFHHERE

FE NC 21 Nef2 JH: 32 %2 32 58 7044 28 70 RIS ot 41 ifd
RS . TBI 2, Nef2 ZE 454 0 i) e o3 v 3R 58 228
TE P 28 0 5 J5 240 A ) LA R R v A R A B i
YiJG 1 h FFaR3E S 6 h ) 12 h B #iHE & 24 h k5 E
U Bl IS RS . 5 NC 21 H A & i a] 5 3 vy, 22
SAGIFEX(P<0.05,5%1,K2),
2.4 N2 (o /Metz) &G HO-1 & g 2 NQO-1 &

EY A R L BT v

Western blot A6 4% 5 i 755, K FRPAA53 Ak S 6T
LT IR R R Nef2 B AH AR s, NC 41
JId Nef2 5Bk, TBL 40 [ 12 h FFUATRSERRAIE,
5NC xR A5 2= m L (P<0.05,5% 1), NC
ZH A% Nef2 /35K TBI ZH 4% it ] 5 Nif2 25 113535
B LE, A Th FFiRTHR 6 h k23855 ,24 h 355
3 d BFREAR, 7 d JE B SRR (BT T NC 4, 5
NC Xt 2R A G #E X (P <0.05,5K 1,K4)

®1 FEAXBRAEME SNEKEFR Nef2 (f33R/##%) ZEE K mRNA HO-1 h #1 NQO-1 EHHEXTRIZELLE (n =8, x£5)

20 51 i & 7K & (% ) Nif2 411k M3 Nif2 Mk Nif2 HO-1 NQO-1 Nif2 mRNA
NC 2 78.07 +0.97 0.246 +0.03 1.44 0. 16 0.23 £0.02 0.20 £0.08 0.15 +0.05 0.21 £0.02
TBIZH 1h 78.24+0.66 0.36 +0.03" 1.42 £0.09 0.36 +0.04* 0.310.07* 0.34 +0.09* 0.24 +0.05
6h 78.98+0.52° 0.59 £0.04* 1.45+0.18 0.51 £0.06" 0.52 £0.08* 0.45 +0.12° 0.23 £0.02
12h  81.88 +0.75° 0.87 +0. 06" 1.32 £0.17° 0.62 +0.05* 0.61 £0.05* 0.54 £0.10° 0.24 +0.04
24h  82.98+0.62° 1.29 £0.11° 1.03 £0.16° 0.83 +0.03* 0.80 +0.04* 0.62 £0.13° 0.25 +0.06
3d  82.06+0.72° 1.05 £0.12° 0.84 0. 14° 0.61 +0.02° 0.78 +0.06* 0.51 +0.09° 0.240 +0.07
7d79.04 £0.54° 0.43 +0.02° 0.56 +0.08" 0.44 +0.05* 0.45 +0.06* 0.42 £0.13° 0.23 +0.07

a; P<0.05,5 NC 20t
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A: 6 h;B: 12 h;C; 24 h;D: 3 d
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3
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«36x10° C

—42x10° () B

20r  OnNc4l O1h Beh E 120 E24h B34 H7d

AR R B

A a3 Nif2 A= HO-1 & & ;B #Az Nif2 72 NQO-1 &% & 1: NC;2: 1 h;3:6h;4:12h;5:24h;6:3d;7:7 d;C. ¥ 2 &5
MR a:P<0.05,5 NC 4Lt
3 Western blot #& il 7~ [5] Bt i8] &% ff1 3% Nrf2 #1 HO-1 | B M Bi4#% Nrf2 #1 NQO-1 EAMERIE

Western blot 461l £ 5 i 715, NC 25 K Bl 4H 41 1,6 h dkgiii ey 24 hakE|Eig 3 d BFREAG,7 d S5
HO-1 #1 NQO-1 & H A /bR Rk, TBL A4 B E) 5 WK, BT NC 4,5 NC X)Lt 2738 G i1 2F
HO-1 FI NQO-1 fE A4 L, Hp T 1 h FFip Tt B (P<0.05,%1,K3),
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2.5 Nif2 mRNA ERELR Feysh S REA

SERFHEEAE it PCR ORI 5 5L i 7R, NC 41 Nif2
mRNA £ /D235, TBI 4B ] &5 Nef2 mRNA ik
KFTCHH B A5 Ak, 5 NC H L £ R G it 2B X
(P>0.05,31),

3 it

Nrf2 J2 T4 A8 & B — Bl 3 s IR 7, S Ak i
I R B G T L Nief2-ARE {55 1% % 5 F i
U — R B PR A LR R B it S A
R TRAEAMNMEE AL A RN At
NG TR T S — SRR R R RIEE DR B
T RPEVETT PO BT sh kR AR AL B i R e
P53 AT 2 AL 55 T AR, 76 TR b 28 R e g
(A 257 e F 25 A3 20T o L B 45 7 T
A 5 Nrf2-ARE {553 % K H iz R 7 19 305 M A &R
S S

A 451 475 11495 B A B A 4 D A M 495 TN 4
M3 , B T BRE LM sl RS, J5 & b e
JA S — RN B | Y 4k & 1 AT MR
2k 2 P At 0 2 I PR T A% s, O R A et d5ke
S & R TG PR SEURT PR 3, il 2 g it S fk , B A
Jo R KK A TR B W 2 55— R4 W A R SN,
InE LRI, HO-1 F1 NQO-1 SZAILAA Py 4 S8 Ak 1z 3%
MR RwAr R, ol s KBt E A m S
PURAT RIS . —F YR T A6, 7l
BRI RS R R R BT, RS EMHLT
FORRPEA 1 H R EE R, B T i b A Ak RE
1R AR E RENEIN AN 2R, K s o
A PUAACREE S A0 N B LB 5 e T B
R NQO-1 LTV AEAE T EUA% A Wy 200 M 14 3 2K 4R
I, {5 B NADH = NADPH 1E A v b4, 4 AL R
W) 5 e M AR DR, R AR R AT AR 4 Bk ek —
5 HEALE F N ROS #5774 , R HEHTE AL i
YEHIY" o ASHIFFE Western blot Kl 48 @R | W0 nhly
fiJG HO-1 1 NQO-1 Z 1F 1h FFIG T+, 24 h ik %
U3 d BFTFARFR AR . A3 B, 5 I UK & &
MLz a3 —F, 7R XS TBI G — &R 51 1%
N ) A R R 2 A 5 A R AL S B T N R Bl
PP, 815 S HO-1 Al NQO-1 25 11 A1 = ok 3y
s T H A BWPLEILRE S S GiRE T, S5 MRS
LIRS IE P2 3 BN

Nrf2-ARE {553 {38 1 4% F i — R8P A ik

TRt B TS DR 19 2 ok S AR LR P E T, Her HO-1
I NQO-1 & Nef2-ARE {553 422 19 3 B2 3 0
PR ARHFSE & B TBI AL Nif2 [ 12 h JFIAH54E
AR, A% Nef2 U F 1 h JF 84 TH 24 h k55043 d
IR, 47 Nef2 7 w5 407 b b B0 N2 9 Y
KM%, 454 HO-1 Il NQO-1 & [ 15 5 k%
Nrf2 (R IR 3 — Bk, $ 7R 76 W i afi Mg 452 405 o ot 30
Nef2-ARE {5 538 B4 KR W R 7B 0s , iTRES 5 T
H B2 B i B2 . Zhang 26" BF9Y R BUAE
e IR0 55 R UG 4 40 e Nef2 HO-1 il NQO-1 23k
PashEs , NP Nef2 0% F 5 HO-1 F1 NQO-1 3k i —
A, MDA ¥ 2 MPO Ji5 P Fl ROS 5 4 HH B R AIC
Yin 260 5% B L5 R BUB A S Nef2 R HO-1 %
H mRNA 2530w I Nef2 3840 30 B s A1
W 35, B0 7K b R B R R 25 T BEE 43 B L G
Chen %" Y5 [ AT A R v 1 3E 52 Nef2 \HO-1 A1
SOD 7K 135, 18 Nif2 F3kAEAZIY =5 HO-1 ,SOD &
(1353 FIFAR NF-kB AT MDA 335 , Vol 4 i 451 56 4 fig
B, Li %5 HFIE A AE /N B, & PR Nif2 3 [
515 HO-1 BRAR AN 96 P PR 7 e 1A 480 5 , S S0 A 4T3
FBII R B A, (S — 3R A AR5 & B
VR b5 Nef2 mRNA 7 TBI (14 36 1 B 15 [ 25 46 16
W25 55, DT Nef2 S $E00E FTT R 6 A 7 L R B )
IR, AR 2 75 e R 3 K S, 55 00 9 0 14 205 S AR —
P, T Yang S5 & LK RO W o3 bk 1) 9 IR
Nif2 25 11 S H mRNA Wk 23 5, 261 Nef2 4595
P B AT 2 A A 2 SR KT AT 7 5 53 S K F-, T fE
56 S R RNV E R AU R A 56

B2 ARG Nef2 LK HO-1 \NQO-1 75 &
b 5 rh e AR (LA TE T T Nel2 e LR IR
AT RELE B3 AU 453407 P e F 2 AR o
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