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[(HE] BH FiTE kG045 (TBD) KB T E2 M5 T 2 (Nif2) £k I A AR i
B, FAiE W 90 HUMENE SD R BURFEHLECFFIE0 NIRRT RA | TBLAH &5 Z0K TR, 4 30 H.
KB Feeney ¥ H i 75 PR3 o iIl4E TBT ALAL FARAIIFSi a5 AN . & Sk gl & Suiki i 5
HE R S R EUK S mi/kg, B H 1R, 365 d 5 P ARG TBI 445 T A B k. SAHS M T ARG 6. 12,
24, 48 h A5 d BFHL 6 K FGEAT M 2 T RE B IT 20 (NSS), 36 A% I B 103k JR 10 Ky S i 4l 4 48 4. 40600
JE A I I AL S (CAT) S WEH ki 28 b Wl (GSH-Px) 16 1t Ko T3 % (MDA) & 3 SEmF o e i
S - BAWEE Y (RT-qPCR) FER 1 62 BN 55 (Western Blot) Kl Nef2 mRNA FIAZ 2K 1146355 77K
- B (HE) Yo MM SR B4, 55 D NSS W4 BEUK THAARJT 12, 24, 48 h Al 5 d H
NSS P43 (43) % TBI 4P 8 FFF (12 h :9.83£2.32 F 13.17 +£2.71, 24 h : 9.83+£2.79 It 13.50+2.43, 48 h -
7.50+2.07 [ 11.83+2.14, 5d :5.50+1.87 1 10.50+2.43, %) P<0.05), @ TBI RJi CAT. GSH-Px I B A% T
BRFARL, MDA B TRTFARAL, L 24 h i [ CAT (kU/g) : 1.080+0.312 [t 3.571+£0.758, GSH-Px
(kU/g) :9.195+3.173 It 32.385+10.619, MDA (umol/g) : 12.282 +2.896 [t 4.349+ 1.511, % P<0.01] ; & &K
TP AT 38 b 44 0 s, B I F AR 4K . @ RT-qPCR : 3 4145 A ] 45 Nef2 mRNA A2 205
2R L, @ Western Blot : TBI 2R IGZH 2 Nef2 #% 8 F #i8 ORBEEE) BRFARLH B LT, 24 h i5E50E
(0.703£0.262 £ 0.238£0.120, P<<0.05) ; & UK T HLIA G Nef2 #%2E (HFAW 5 T TBL 4L, LA 24 h il
B (1.1104+0.372 11 0.703 +£0.262, P<0.05)., &) HE e, 5% T AR 2H IN4] 2R 25 40 56 5% 5 TBI 2H 4% 58] 45 11 3
ANIFIRERE BB 407 , DA 24 b BB it o W ek 5 5 UK T PRI 054 TBT 20 iz . 518 B &K AT i TBI
KEUIRZHZY Nef2 FR3K , D342 I ZH LU BB A3 , FEALHI T R 5 Naf2 5 S0 R b A AR R 1A G .
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[ Abstract] Objective To investigate the effects of hydrogen rich water on the expression of nuclear factor
erythroid 2-related factor 2 (Nrf2) and oxidative stress in rats with traumatic brain injury (TBI). Methods Ninety
healthy male Sprague—Dawley (SD) rats were randomly divided into sham operation group, TBI group and hydrogen
rich water treatment group (HW group ), with 30 rats in each group. TBI model was reproduced by the modified Feeney
weight dropping method. The skulls of rats in sham operation group underwent only craniotomy without direct hit.
The rats in HW group received brain injury by hitting after craniotomy, followed by injection of hydrogen rich water
(5 mL/kg) intraperitoneally once a day for 5 days after successful reproduction of the model. The rats in sham operation
group and TBI group were given an equal amount of normal saline in same manner. Six rats from each group were
sacrificed at 6, 12, 24, 48 hours and 5 days after evaluating neurological severity scores (NSS). The brain tissue in
injured ipsilateral cortex was harvested. The activity of catalase (CAT), glutathione peroxidase (GSH—Px), and content
of malondialdehyde (MDA ) were determined by spectrophotometry. The expressions of mRNA and nucleoprotein of Nrf2
were determined by quantitative real-time polymerase chain reaction (RT-qPCR) and Western Blot. The pathological

changes were observed with microscopy after hematoxylin and eosin ( HE) staining. Results (D NSS score:
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compared with TBI group, NSS in HW group at 12, 24, 48 hours and 5 days were significantly decreased (12 hours:
9.83£2.32 vs. 13.17£2.71, 24 hours: 9.834+2.79 vs. 13.50£2.43, 48 hours: 7.50+2.07 vs. 11.83£2.14, 5 days:
5.50+1.87 vs. 10.50+2.43, all P < 0.05). @ Compared with sham operation group, the activity of GSH-Px and CAT
in TBI group were markedly declined after operation, while the MDA content was elevated significantly, especially at
24 hours [ CAT (kU/g): 1.080+0.312 vs. 3.571 +0.758, GSH-Px (kU/g): 9.195+3.173 vs. 32.385+10.619, MDA
(pmol/g): 12.282+2.896 vs. 4349+ 1.511, all P < 0.01 ]. Compared with TBI group, the parameters in HW group
were improved, and they were similar as sham operation group. @ RT-qPCR: no significant difference was found in
the expression of Nrf2 mRNA at each time point in three groups. @ Western Blot: the expression of Nrf2 nucleoprotein
(gray value) in TBI group was apparently higher than that in sham operation group, and peaked at 24 hours (0.703 +0.262
vs. 0.238 +0.120, P < 0.05), and the expression in HW group was obviously higher than that in TBI group, especially at
24 hours (1.110+0.372 vs. 0.703£0.262, P < 0.05). (3 HE staining: the brain structure in sham operation group was
found to be intact. However, there were different degrees of pathological changes at each time in TBI group, especially
at 24 hours. The pathological damage of brain tissue in HW group was significantly milder. ~ Conclusions Hydrogen
rich water can up—regulate the expression of Nrf2, and reduce oxidative damage of traumatic brain injury in rats. Nrf2

can up-regulate the expression of its downstream antioxidant enzymes, which may be the mechanism of the upregulation

expression of Nrf2 in the study.
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LT K RO | G e T i S A5 A i
BB AG L B o6 i 8 BT 45 4 (B HCAE TBI 46
AR A3 B FE LRI I A WA DGR . AR S50
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1.1 FZARHS G wEUK (b ) A IR
FBRAE), Nef2 F1 B - WLhEE T (B —actin) BI1¥&
B (R TAY) TRABRA R, 5O R
& FiFEE [ v (PCR) TR W (35 [E Thermo Scientific
ONFD), R A S R E AR BGA T & (Rl
WIRHE AR T, BCA BRI R & (1
7 RAYHARTEFE I, /NPT K B Nif2 #7E
Piik (321 Abcam 723 F)), St K R4 A 3 (H3)
Z PR I 2EPUNR B — 0 (1 Abmart
N ED, A2 RO & (32 Millipore A H] ), i3 %
& (CAT) A e H kit E ALY (GSH-Px). 1N
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T (MDA) UR & (Bt @ E ) TS T )
1.2 SR B K 90 HIE TS SUSAEEYE SD K
B, AR 5 250 ~ 300 g, FHES = R2E LR sh b
DAL, S A HEIES : SCXK (%) 2012-0011, %
BEALEC T RIS B TR TBI 4 & 2K
T, B 30 H.
1.3 TBI R0 ) 48 J% 0 20 A0 33 . s 7 5 10% 7K
A ABE 3.5 mL/kg JBREE K BUS , [ o 7 44 € 7
IS E SRR R Feeney 1 F 75 1448 5 il /E TBI A5
O PR AT 5 AT A ik . E A
KA TR TS A H R RS 8 0K 5 mL/kg,
H 1K, EZES d 5 TBLALRRF AR A H R s
St A PR K JELE 5 d

ARELGG YA B TR G s R BRI
1.4 SRR LA TV A A5 TG 6. 12,
2448 h 2 5d AbFE 6 IR, B Okt i 120 Ke o fing
HAEH
141 MWEINEEGBIT I (NSS) « % 24 K B AEALSE
IR NSS 343 Miz 8l gt 5 iR 4 A7
TIPEAT TBI 5 A2 S REBATIR AL, LA R B
AR AR AR . B 0 ~ 18 40, /B0 i, Ui
P22 Ty g A2 10 R B ™ E
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(RT-qPCR) & i 41 21 Nrf2 mRNA 35« BB 4
P05 kL i Fe B R ZH 27, TRIzol Y232 UM RNA, 2
A B cDNA, i FH 2 0 5 ' e (7 E AT AR 11
PG E B PCR I, Nef2 51 ¥ 9. b 5'-CA
AATCCCACCTTGAACACA=-3', K i 5'-TGACTAAT
GGCAGCAGAGGA-3'; B -actin 5| ¥ J¥ ¥1]: I ¥i%
5'-TGTCACCAACTGGGACGATA-3'", F il 5'-GGGG
TGTTGAAGGTCTCAAA-3', JH ABI ViiA7 5% B} 2¢
S 8 PCR AGHEATY 1S, R AR R AR BUR 20 ul.
PR .05 C AR YE 10 min, 95 CAE 1 15 s,
60 CiB K / FEAH 60 5,42 NG LAV ik ih ZeAsr
SIS L, B -actin NS IR, 2744 kit &
Nrf2 FYFRRT ik

144 HEHAFRAEETIRE (Western Blot) A6 i
L Nef2 A% R TR GRS A4 Okt ] i Bz S5 i 28
2, 4% A0 A% 5 A0 A o A R IO S A 3 4
BUZHE M, BCA EIERHWE ., AR 40 pg, i
il 10% 4 B A 5% WA BN IL L+ =
Tt LB IR — SR VN I 19k e B i FEL UK (SDS—-PAGE),
BRI IO, T 5% BRI £ 2 h,
VRIS /N B BT R B Nef2 B5E BEbLAA (12 3 500),
RPTKE H3 Z 5 BEPLA (1:5000),4 Cit i, H
FkiR 20 PBERRERLE v (TBST) BERE 3 U, A
AP0/ B — P (1:5000) FiRFFH 2 h,
TBST VEAR , 28 g% b & Ot b (i 6, B B Ak
2R ICALES G, R A Chemi Analysis 30453 BT K
JEE, L H M EH S NS H3 K EHE LEFRR B

B R B AR ek

1.4.5 X120 FE 0l AR « BGHS A5 15k o] 30 Bz o
G ZH 2, 10% I 7K 50 8 5 A 3 D0 A, O3
ARE - LD (HE) et Ui PSSzl Az .
1.5 GiteF)r i W FH SPSS 20.0 A1 A4: 2 i i
S B S AT IR S TER S, B4 & IR a0 A, L
BB+ bRdE2E (x+s) Foom, PHALAR & HL 0 ST,
FEAS ¢ K90 5 2240 748 o U CR FH R R 200 Wr, O
P55, AL G LA LSD K86, 7 25 AN 55
Dunnett T3 K346 ; P<<0.05 AR A G H¥E X,

2 7% 7

2.1 NSSPH4r (£ 1) ARTF AR HI] 25 NSS P53
¥ 0, TBIA S & ZK T 4IRS 6 h NSS ¥4
TG it#25% (P>0.05) ; KRB 2E K, & 2K T
ZH NSS PFor Bl B R, AR5 12, 24, 48 h J2 5 d I
NSS PE43FB] A% T TBI 2 (P<0.05 8, P<0.01).
2.2 505k R AL 41 CAT . GSH-Px I P Al
MDA i (£ 1) fBF A4, TBI A& EoK T
2H 6 h i CAT. GSH-Px ifi P 2= R L4t it 24 X
(¥ P>0.05). SEFARYILE, TBIHTARE 12h
e CAT, GSH-Px Jf P B B FEAIK, 24 h A AE (3
P<0.05) ; HEUK TR 12 h 2 CAT, GSH-Px
T PRI % TBI 410 W FH s (3% P<0.05). TBI4IAR
Je A IR MDA & i 8 AR B 5,24 h
IRIE(E (¥ P<0.05) 5 1111 & Z /K T T A5 45 B 1]
S5 MDA 5 s 3448 TBI 418 B FEAIE, DL 24 h B8
& (#] P<0.05).

K1 FEUKX TBI K EUNAIG G AR R & NSS P43 JkZHZH CAT. GSH-Px i 11 MDA & &
DI K Nrf2 mRNA | Nief2 2 8E H R BRI (x+s)

- Shkc  NSS PES> CAT GSH-Px MDA Nrf2 mRNA Nif2 #% & H
ZH 7!
(H) () (kU/g) (kU/g) (umol/g) (2744 O EAE)

BFAR 6h A 6 0 3.565 +0.865 32.787+11.860  4.430+1.373 1.106 +0.222 0.237+0.139
HFEAR 12h 4 6 0 3.584 +0.889 33.147+ 9.035  4.304+1.651 1.107 +£0.407 0.235+0.129
BFAR 2404 6 0 3.571+0.758 32.385+10.619  4.349+1.511 1.128 +0.288 0.238+0.120
TR 48 h 4 6 0 3.556+1.040 32477+ 9.662  4.427+1.308 1.106 +0.263 0.238+0.129
MFEARSAH 6 0 3.564+0.651 33267+ 9319  4.419+1.375 1.112+0.293 0.233+0.115
TBI 6 h 41 6 12.17+2.48 2.681+0.630 24363+ 7.295 6.645+1.867% 1.151 +0.431 0.402+0.138
TBI 12 h 2 6 13.17+2.71 1.927+0.523" 17325+ 6.178"  7.309+2.255° 1.118+0.536 0.432+0.124%
TBI 24 h 2 6 13.50+2.43 1.080+0.312" 9.195+ 3.173" 12.282+2.896" 1.157+0.415 0.703 +0.262%
TBI 48 h 2 6 11.83+2.14 1.602+0.572° 12927+ 4.936"  9.785+2.075" 1.126 +0.274 0.465 +0.160*
TBIS5 d 41 6 10.50 +2.43 2352+0.744*  19.798+ 6.522*  6.487+1.879% 1.121+0.297 0.427 +0.142%
BEKTH6hd 6 11.00+2.83 3.038 +0.665 30.207+ 5.391 4,036+ 1.593¢ 1.170+0.434 0.607 +0.188°
HEKTH 12h#H 6 9.83+2.32¢ 3.028+0.592°  28.073+ 6.808°  4.694+1.739¢ 1.174+0.335 0.610+0.161°
HEKTHi24h#H 6 9.83+2.79° 2360+0.343% 22943+ 30167 6.367+2.254¢ 1.168+0.375 1.110+0.372°
BEUKTH 4804l 6 7.50+2.07¢ 2.585+0.495¢ 27213+ 7227 5.241+1.3861 1.141+0.319 0.665 +0.186°
UK TS d 4l 6 5.50+1.87¢ 3300+0.776°  33.417+12.112°  3.831+1.202¢ 1.158 +0.348 0.615+0.179¢

T TBI A5 P I 53475, NSS S & D RE B E 43, CAT it S AL &, GSH-Px S 4 bk H IS S Ak ), MDA SN 8, Nef2 24
i B2 AR F 2 5 SIEFARAFDILE, 2P<0.05, PP<0.01 ;5 TBI 41 LhEs , °P<0.05, PP<0.01
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2.3 kR R BT Nef2 mRNA ik (6 1)
3 GLASIHIA] 55, Nef2 mRNA 3k L 22 R 041124
B (#P>0.05),

2.4 PR R RS Nef2 BRI R GR (R 1
K1) ST R4 A, TBIZHAJS 6 h liZHZ Nif2
B ARBZEF TSI E L (P>0.05), A G
12, 24, 48 h F1'5 d B Nef2 BB R IA 0 B T
(¥ P<0.05), FFF 24 h ik &g, &SR T A4 AR
J5i 6. 12,24, 48 h A1 5 d i Nrf2 #%25 FH Fk 0 i
BT TBLAH (39 P<0.05), V4 24 h F: IR,

AR 4)

BFARA TBIZ BEKTWA i
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AN PRV — - 68 000

*}{Nﬂ? 48N m— S | — 68 000

#ZNrf2 5d — — EE—— (8 000
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E2 AHJCH 2, TBI AN HEm0 , H3 A 3

B 1 Werstern Blot £l 8% 2H K Fs,
AN[RIAHA] 5 Nef2 B2 1 ik

2.5 kb B B U B « AR T ARG A
] R IR ZH ZR A R SE B, TC R I A B, R DL A V240
R4 o TBI 445 I ] GUIKZH 20 BRI REE A1 05
I AR ES R REIR , Jey K i b i, a5 ) LK it
T, A8 S R 2 1k MR 5 LR 24 h ZH 21K
i i f oA WA, MR TTHE BRIRAE R . R UK
T8 TBI ZH B s, K i i SRAE A
IR T
3% it

TBI AL G475 L A S A At AN B I 4 2k
TG . AR AN R A AR R B — 251
A AR it e B A0 P 2B BN, DR M 45 47
SR R O3 U AR OGR4 4%5 L 1
T VE R PR TR S SN ZRL A 0 A
SR AITR Cir Y T S N IR A TR €
SRR R APEIN AR O HIAZ O BRER AT . TBI IS ALIA &A=
AL, 1 P R R R, A HLAAR T B A
AL/ PUEAAL R G R AT, SURNR R H T DNA

SE AL B AR 07 , F  A gE  RT A
PR IO I PT R SR A Ak A M A 47 P TSRS

AR REETE R At AT A R B 2
T, BEPE Y B AN & T ARV E R, Rl R
BRI / B (UR) #4455 TBI J5 B | Breda i
I FR) 2 A 22 R HL AR 2 LTI /R 45
AU TR R W], B SUK BRI S AR 2
) IR 51077 BI04 Ay e 2 L R B 1
R | N S A I R IR E T ARSI
Ja B Kz NSS P43 25 5 o, MR T 5 SRR, K
SRUBRH475 B SR, AR | af  PRAE B Bk, NSS
RO T B A S D RE B Wk &2, 4 I & S0k T BE X
TBI J& M B A D Ve

Nef2 J {2 AFAE Tl il B A & R 4%
Y AUER T N, S PR BT S AL 068 % Nef2-ARE
M S T R B A s PR T, N2 BT X TBI S 48
AR AR O AP Y Nef2 58 PR AT i /)
B TBI J5 2 ShigRans 2, LIRS, Nef2 32
FrE S A (Keapl) A9 67 P R4 , Bl B ] T 44t L o
PR R IR s EUT I T, A 5 9 R 1 1
() Nrf2 5 Keapl fEARIE IS B 30E , B0 T 5 40 A%
L/ ARE 256, kA 8 R PR TR, Kk
PRI 5 Nef2 B30 A A AT 38 5 W R
Nrf2 fiff Nrf2 5 Keapl fif##RIK , i v] 3 &1 Keapl
R B R SR L T LAY Keapl R RIS, T
N2 5 Keapl fEREEE > AWF50 45 R Bow,
7E TBI B Nef2 A 980 |, (A5 191 Nef2 7KF R R,
eI TBI J5 47 BEFF S fa s Hfs Nrf2 ZE 57 5 3238
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S K B, HAE TBI S UM R 0 45 1T fig 23 1ot
PTG I AL ZR P Nef2 RSB AY 5 BI040 )5 A B A FH i &
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B RIAI B A B % RS Hong 21 BFSY 45
AR, FRATHED, TBI 5 Nrf2—-Keapl —SIAT] fig
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SRJE MR, BT LA Nief2 25 FH i B[R] B, Nef2 mRNA
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L0 ot R v 20k P 2K BRI 44T P N2 636 1)
WA IRATE X T e S50 IR R A
XK MHALH A Tt — oY
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o7 SR, Nef2 S5 o7 P G DA B s AL G S A R
BRI 32 1, CAT. GSH-Px 1% PE32 48 H 3 |

BT 48Uk s e T REARR, B2 05 5 AL BT
LA 3h PR B AL ARATS Ak F 4R fk 7 R Ak R
BPIRAS, BB T . Hong %52 %31, Nef2 2
FISERR BT T TBI KRS , Bl 22 Nef2 #2851 K
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Bt S, T ARSI ] A A3 TBI f5
5 d, IR B SR IO TSR S IR R
K T ] 25 ff =AU TS I sl IS, i A
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F GSH=-Px ({51, MATHTSE B 4% TBI K B A Ak i
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