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GRE] BrY %0 SRR BB il #5455 (TBT) J M 7K fif S /K838 25 11 1 (AQP1) F kI
Fik K90 HUS AR IENE SD K U BEALECT 210 A TR (Sham) 41 . TBIL A5 Y41 & S0 04, 34l
30 Ho SR FH i o 2 A TBIASERY 5 Sham 21 IR/t | BB A4 &, A . B S0 T gL T RIS 4
G M A B3 R AU 5 mll/kg, Sham ZH A0 TBI 41 S S i AR BRERK A H 1R 385 d AN T ARG 6.12.24,
48 h A1 5 d B 6 FAC R IEFT b b 05 7™ B P43 (NSS) 5 BOKN B2 T, A58 Wi 4 S0 BR-A A5 1k 5 SR P g
ARG, B RSN B S5t AQPT BHME R 1K 5 R SR 9 i b S 53t — SR A e OB ( RT—PCR )G A fii e
it AQP1 mRNA ik 5 SR8 A G e BN 56 (Western Blot ) A5 A B2 it AQP1 A KA, &R (D Sham
ZH A5 [E]ANSS $F4339°8 0 43 5 TBI 41 NSS PF43 Bl [B] 28 4 52 TR a3, 24 h ik ()5 B iR ; & Al T
TS AT BH A NSS ¥4, 24 h 15 TBI 41 b B (4« 9.83£2.78 [t 13.50+2.42, P<0.05). @ MhE T
R, TBLAIR R 6 h N R o 28 4t a5 RO BH 5 2560, 24 h ik o Hh i e ™ 5, 22 S5 K b i iR 5 %
sk T s BRI A AQPT PHPE IR B 48T, LA 24 h Af e IR . &SGR TFIAARIS 12 h ~ 5 d 41405 P2
PR H4 45 TBI 41 IH S 0% 5 BRI MsEAL AQPT PHE 234 %: TBI A B Idil. B 5 Sham 4 H#, TBI 41 ik £H 4L
AQP1 [ mRNA FIZE [543 B ] AE 2R TH 25, T 24 h ik 04fE [ AQPT mRNA (27°%%) : 7.50+0.26 1 1,
AQP1 ZE 11 (JREE(E) : 1.986+0.110 F 0.336+0.034, 3] P<0.05 ), ZJG %W F W 5 & S0k T 15 ] B 4 T 9781 fig 21
41 AQP1 ) mRNA FIZE [1#635( 24 h AQP1 mRNA (27%%):5.40+0.21 H. 7.50£0.26,24 h AQP1 1 (JKE(H):
1.246+0.137 £ 1.986£0.110,3) P<0.05). £ TBI KM E T AQP1 mRNA FiIZE 1k [, THES: 5
T TBL Ji AR fi g B4 Bt A 5 LS00 P G v 0T P RESE L IR AQPT YRR, A% TBL J IizK ik, AT
B DA 1R
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[Abstract] Objective To investigate the effect of hydrogen-rich water on cerebral edema and aquaporin 1
(AQP1) expression in rats with traumatic brain injury (TBI). Methods Ninety male Sprague—Dawley (SD) rats were
randomly divided into sham operation group, TBI model group, hydrogen—rich water treatment group (H group), with
30 rats in each group. TBI model was reproduced by weight dropping method. The skulls of rats in sham operation group
underwent only craniotomy without direct hit and with bone wax sealed suture. 5 mL/kg of hydrogen—rich water injection
was given intraperitoneally after model reproduction in H group, and equal amount of normal saline was given in sham
and TBI groups, once a day for both groups for 5 days. Six rats from each group were sacrificed at 6, 12, 24, 48 hours
and 5 days after evaluating neurological severity scores (NSS). The cerebral cortex was harvested, and the pathological
changes in morphology of brain tissue were observed with light microscope. The positive expression of AQP1 in cerebral
cortex was observed with immunohistochemisiry by light microscopy, the AQP1 mRNA expression in cerebral cortex was
determined by real—time fluorescent quantization reverse transcription—polymerase chain reaction (RT-PCR), and the

AQP1 protein expression in cerebral cortex was determined by Western Blot. Results (D All rats in sham operation
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group had a NSS of zero at each time point. NSS of TBI group was obviously raised with time prolongation, and peaked
at 24 hours followed by a lower tendency, while the score in H group was significantly lower than that of TBI group, and
the difference was the most obvious at 24 hours as compared with TBI group (9.83 £2.78 vs. 13.50+2.42, P < 0.05).
@) It was shown by light microscope that in the TBI group there were pathological changes in cerebral cortex, including
obvious irregular arrangement of nerve cells, cerebral edema, obvious bleeding, especially at 24 hours, then the cerebral
edema became vanished gradually; and the positive expression of AQP1 in the pia mater at all the time points in the
TBI group was significantly increased, and it was most obvious at 24 hours. Compared with TBI group, the pathological
changes at time points of 12 hours to 5 days in H group was significantly lessened, and the positive expression of AQP1
in the cerebral pia mater was reduced obviously. @) Compared with sham operation group, the mRNA and protein
expressions of AQP1 in cerebral cortex in TBI group were significantly elevated, peaked at 24 hours [AQP1 mRNA
27**™): 7.504£0.26 vs. 1, AQP1 protein (gray value): 1.986+0.110 vs. 0.336+0.034, both P < 0.05], then they
gradually declined. The mRNA and protein expressions of AQP1 in cerebral cortex were significantly decreased after
hydrogen—rich water treatment [24—hour AQP1 mRNA (27 **%): 5.40+0.21 vs. 7.50+0.26, 24-hour AQP1 protein
(gray value): 1.246+0.137 vs. 1.986+0.110, both P < 0.05]. The up-regulation of AQP1 mRNA

and protein in rats' cerebral cortex after TBI perhaps participates in edema formation which might be involved in the

Conclusions

pathophysiology of cerebral edema in TBL Early treatment with an intraperitoneally injection of hydrogen—rich water is

capable of attenuating the extent of TBI-induced up-regulation of AQP1 mRNA and protein, alleviating cerebral edema,
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and achieving its protective effects.
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B3P it i 453405 (TBI) 2405 2 /6 T 2 —,
Gk R MERR I B R R P E e E R 5 I
K Ry AR WL 9 0, T 5 | A A 2 2 K | Az
JE SRR AR N R A e i — 20 Ak,
SECHE B B AR AR ER R B EGTT K
) FH A AR BB K B R R
S BT ROT AN L, W] 28 4 0 22 A ik 7K e 2
BCh ARG TR Eh 2 & AR, EA
TRAEIS /D TBI K BN Z 5 /K i, DAk i, A 3
M BER R (BN M A A . K
WIEE M 1(AQP1) 5 TBI J5 i 7K B i & A= Fi i B
HYIAK . ABIE B AETETT & SO TBI K B
NG Rz K P AT AQP1 2k A5 M S HAE R
1 #R5A%E
1.1 SRR EhW B oA - (EERRE T SR A M SD R
L 90 H IR HE 250 ~ 300 g, HH 45 = ZE 15 K2R S0
) o $E L, A A% IE S SCXK (42)2012-0011,
e B AL B 5 3R 75 4 KB4 4 TR (Sham) 41
TBI 4 s SR T T4, A AL FF4% A S5 1 R] 54k
6.12.24 .48 h F15d5 ML, BT 6 H,
1.2 IRV A KA . A 10% KA SRR
BB S 1 TR ST AR E DA | SRR Feeney
v [ T MR o A TBI A S Sham 4H AL TT /50
DU S B R4S AN . & ST AL

RS 2816 T 5 8 Ak 5 mL/kg, Sham 26 #1 TBI 2H
BT AR IEK R 1R S d.

ARSI TP B YA BT EAT G S B bR
1.3 KHARHR KI5 « T ARG 25 e [a] 5 W7 Sk b SE K
B, BB JR) i R ik I A 2 o
1.3.1 IR BB AR B A - 25 A i ™ &
FEITAY (NSS)'7 Rk B NSS ik HEF 71T AR, NSS
W3k 0~ 18 43, A (H s R i
1.3.2  MEHZUE KB < B b K B e e 41 41
2 mm AR AL, 95 CHEE THERNLE 48 h 21H
FGART R AR 2 Ak IS K =18
ik — ) /R X 100%.
1.3.3 AU L E AQPL £ H 3Rk
BB AL 2000 B, i BRI, 287  AQP1 4 B 5w
PR (BB FL AT S BUR o A A D AR i 1eG
(IgG-HRP) U5 aE  Vhik . Y B, 65T
WM EE AQPL [H M R ik 2 E AR . i H Image—Pro
Plus 6.0 B T AQP1 & I FRE e 1 A, IO
PIWotRE (A) .
1.34 S ¥ 5 - R4 W 4E IV (RT-PCR) 4
AQP1 mRNA ik : H Primer express 6.0 2 Oligo 6
WA, AQPT JER 8B K 51 44 it
AT A THRARAFSER. & TRIzl ¥
PRI Hz 57 5L RNA, S % 5845 B eDNA, PCR X
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MR ZIATE 20wl 5 VAR : 95 CHIAEM: 10 min ;
95 CAEM: 15 5. 60 CiR Kk / IEfH 60 s, P34 40 M
560 CHEMH, REVOCIF S, IR X BRI
i M 2R AN 5 4 Sk, DL 2724 Bk AQPT
ki, DI IR N 350, TR I R R A 8
1.3.5 8 F 5 500 B b i 55 (Western Blot) & il
AQP1 35 ¢ 45 Ui 2 21 40 g 3% 25 1, BCA
T AR E . AR AR Rk B
AR S, o0 ) 5 S bt AQPL A B -HILBh & A
( B —actin) —¥i . IeG-HRP —HifEH, Bfb# ROER
N (ECL) H#hEEG, H Image Analysis &G0 K&
R EEAE, L B 5 N2 B KB E LU
(SIS

1.4 Sitef)5ek  fd ) SPSS 17.0 B -4 7 80 7
BrL TR PR AR + ARifEZE (R +s) o, LRI
PILLECH ¢ Ko, 2 AR AR BB L 3 P B R 22 T 22
T 5 P<0.05 HERAB G EE L.

2 % R

2.1 NSS T4 (% 1) : Sham 2H 4% 5[] g5 NSS 143
3k 0 43 TBI 41 NSS PF43 Bl A J5 5[] 4E 4 3% 5 T
151, 24 h IRIGAE J5 R T REAIR 5 25 ) s %8¢ Sham 20
AR T (¥ P<0.05). & AT 14l NSS 145 Fifi
AR S I TR R 2R LR AR A 5 5 B 6 h A4 B[] 1
NSS PEAFI I AT TBI 41 (34 P<0.05).

22 MNZHZ 5K E (58 1) : Sham 2H &0 6] 500 2H

AUE KT A5k, TBI A NNZHL &K A S
I (] B T, 24 h ik WA S 3B W RAIR 5 4% It
(1] £ F4 %5 Sham 2 B ¢ 7 5 (3 P<0.05). & AW
THLHBR 6 h S5 [A] Al 2 20 /K 34 B A
TBI 41 (¥ P<0.05),

2.3 K4 SU BEAA AR « Sham 4145 a] 5K FROK
ki Bz 5 X2 7 B b 9 P 2 k028 (161 1A), TBI 4K B
KW Rz 5T TR 6 h B B S i 40 i HE 31 256, OF
R LA IS MK i Ay S, A B 2 A TR K e 4 YR
ARG 5 24 h XK b ™ 8 (& 1B) 5 48 ho il A
PEA IR E FEA R , th 2 N K P F LR 3R 5 5 d
i G A ok B AR (AR B HE S 2L . & ST
WL ARG 6 h M2 200 B4 o 48 5 TBT 2 AR, Bl
J5 MR LA A 5% TBI 2B 8% (1 1C),

1

TR (Sham ) 41 (A ) kG Bz J5i TC B b o 302 A2 5 Q3
PR 5 (TBD) AR (B) K B S5 200 it 45 44 45 1 b 35
L, ML R 2 A0 A K I 5 B T (C) J Bl
M TBI B B Es HE et Sk

E SR TBI K RAS&ETIE A NSS ¥4 . ImALAE/KE . AQP1 AR IER AQP1 mRNA F1E HRiEHIZME (X +5)

ZH 51 PR NSSIEF (43) ML G K (%) AQP1 FHPERS (A M) AQPL mRNA (27%4“)  AQP1 2 A KFEAE)

Sham 6 h 41 6 0 77.35+0.22
Sham 12 h 41 6 0 77.44+0.32
Sham 24 h 41 6 0 77474033
Sham 48 h 41 6 0 77.46+0.16
Sham 5 d 41 6 0 77.53+0.39
TBI K21 6 h 41 6 1216 +2.48% 80.67+0.82"
TBI A7 12 h 4 6 13.16£2.71% 82.88+0.76 %
TBI A% 24 h 4 6 13.50+2.42% 84.83+0.67
TBI #5144 48 h 4] 6 11.83+2.14 % 81.28+1.44°
TBI A 5 d 4 6 10.50+£2.42° 79.98+0.61*
EEW T 6h 4l 6 11.00+2.82 80.27 +0.64
EEW T 120 41 6 9.83+2.32" 80.52+0.65"
AT 24 h 41 6 9.83+2.78" 80.78 £0.62"
WA 48 h 41 6 7.50+2.07" 7972+1.18"
EEWTH S d 4 6 550+1.87" 78.78+0.65"

0.278 +0.005 1 0.330+0.040
0.278 +0.004 1 0.335+0.037
0.274+0.004 1 0.336+0.034
0.282+0.004 1 0.343+0.283
0.283 +0.005 1 0.341+0.029
0.307 +0.002 2.51+022° 0.821+0.0042
0.335+0.002 6.20+0.30 1.694+0.100*
0.417 +0.006 * 7.50+0.26° 1.986+0.110°
0.333+0.010* 5.38+0.22° 1.323+0.116°
0.309+0.006 246+027" 0.846+0.065*
0.303 +0.002 2.39+0.26 0.816+0.014
0.314+0.001" 4.48+0.29" 1.080+0.096 "
0.342+0.003" 540+0.21P 1.246+0.137"
0.305+0.004 " 343+0.18P 0.814+0.100"
0.297+0.004 " 1.39+0.26" 0.477+0.058"

T TBI B MR 5475, NSS S 235405 P 5 B 3743, AQPT SAKGEIE R 15 ST (Sham) 4RI LA, *P<0.05 5 5 TBI 4RI

He#s, PP<0.05
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2.4 AQP1 BHPEF IR (32 15 & 2) : Sham 41 415} 1]
SAE B AL A /1 AQP1 BHEFR 3K 5 TBT 4145
BFE] S AQPT PHMEF A% Sham 41 I £ (¥ P<
0.05) 5 & W T 7 J5 R B S A AQPT BHAE &
SA%E TBL 20 B/l , 12 h B R EA G HHE
(¥ P<0.05),
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B2 HHETMESAREARE 24 h HLUKEEEN 1
(AQP1) BHHEF IR (AR ) TR (Sham) 41 (A) FfiR
JEEA AN AT Dk AQPT BHMEFR 3K 5 O 473 1 i £ £ (TBI) A5
T (B) HR P4 A5 BH 649 AQPT BRYE 638 5 & AT
20 (C)AQPI PHIEFEIRE: TBI AW i/l fpgdife W&
R

2.5 AQP1 mRNA ik (58 1) : TBI 41 AQP1 mRNA
FEFARJG 6 h BIEH 2 i, HEBEA J5 B 8] 2E 4 5%
WiFt i, 24 hikEIEEZ AL TR H 5 d BT S
T Sham 41 (¥ P<0.05) ; H AW T )5 12 h 2 K
Jidi 2 5t AQP1 mRNA Rk TBI 419 W T, 22 &
IR Geit4E X (H P<0.05),

2.6 AQP1 FHFEIA(GR; E3) : Sham 4H fiki 121
A K19 AQPL 2 K 3k 3 5 Sham 41 L 3L,
TBI ZHARJG 6 h K414 AQP1 & [k BN P ah 14 s
24 h K E S BT RS d BHTEER ST Sham
4H (¥ P<0.05) ; & ZW TG 12 h & AQP1 & 1
FIRIHE TBI AW R FEAK (34 P<0.05).

A Hixtsy
Sham 241 TBI 41 T FiE

pactin W S S )
Western blot i85 [ i fr s EP R 56 AQP1 RKIEEEMA T, B —actin
1 B - WIBhE A, Sham TR, TBI 2 Q005 i A58 2H
B 3  Western Blot fil#$ 20 R FRAG 24 h KRt AQP1 85 &35

3 3 i

H T TBI J& 4k & i K b A ML 14352 2% , A7 1
i B 2 56, 5 8 2 U | IR B2 U | 4345
LU0 2% DR 114 IR 7K T e 2

YIS T A5 ZEELE RS Y, T AQPs 1 & 3k I
AT A IRIESE
AQPs J&—Z53RIK T Z P 4 M i = 18 5 | (KT
A 5 53 1 2K 1, BE P s k7. AQPL
T A TGS, 7 M ks DA TR | 25 45 IS A 4K
oG 55 45 b 63k, 5 Na'=K"—ATP fifg-t [ 5 £ T i 20
YUt 2 5 I U A A B AT, R I
K RS T4 0, AQPT 7R B P L DU SRR T
AFAE, — R 6 IRES A Bk eE . A
FEUESE, AQP1 2 1 TP I L4544 v A FoK 4+
BETE S AQPT L5 H b KL P S BRI K 43
TR EBEHLR ' B BRI R, AQP1 5 TBI
Jr A T 2 e 5 TR AR e
ARSI 45 B R, AQP1 1 1F R BRI iz B
Hh /D 8 TR T 5 VAT % B 4 o 2B Ak
5B S R —F, B4k, TBI 41K KL NSS 3T
43 K B 25 e B S G0, B R AF e R 22 T e il
AR AT 5 2LV H gt R 7R, TBL 5 6 h B2
PRSP AR i Ay S R B 28 20 B A B TR
BB K I, 24 h kR, Bl S A EHEIR 5 [FIEER
Jiki Kz Bz AQP1 #Y mRNA Je 4 3Rk B L #5 NSS
PO | T ZEL 2 7K Ros B2 ks — 3, T AQP1
£57 TBIJGIHEUK I & A SR e,
WG, W A SRl I 9 SO A 7T 58
o AT A bR BT T SRR, MGE AN R R 5 |
R A AR AT RO B AR B A A A
U R E 2 AT T T e, B
ST L R TBI K UK AL SU% R+ E2 A%
IR (Nrf2) AR5, D308 06 20 2 48 A0 17 s B ) 7K
Jib . HL SR PRS2 . AR DA 3 1 2
AQP1 Fak W B , BRI & SRS TBI 5 il
KB EIRIL , 25 5 R, & ST AL NSS ¥F4 | ik
MBS K K AQPT 3k 1 35 BRI, N4 20 B 27
R BRI . FRATTHEIN B SRR R AR 2 2 UK iR
fit5 H NI AQP1 mRNA K %K iAA %, (HH A
A SR s M ANTE R BT b — 2 IRARIESE . 34b,
AW TWHARG 6 h NSS 143 4 415 7K & K
AQP ik 5 TBI ¥4t #2255, il iS5 TBl 5
G2 B3 T, o B SR TR 35 A K
Zi I, TBI FIRIA il 21K ik K2 AQPT mRNA
FIVER kI g 5 L0 s e 5 o OV mT T R
BT AQPT ) mRNA S8 (3R, 5% TBI 5 k2l
UK, s 2 i A4 7 H
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