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Abstract

Objective: To study the effects of different oxygen uptake time of hyperbaric oxygen on perihematomal ede-
ma, expression of aquaporin-4 and superoxide dismutase in rats with intracerebral hemorrhage, for exploring
the best oxygen uptake time of hyperbaric oxygen.

Method: 125 model rats were established by collagenase-induced cerebral hemorrhage and 5 Wistar rats served
as normal control. 125 ICH rats were randomly divided into the control group (without intervention with hyper-
baric oxygen after brain hemorrhage, n=25) and the experimental group (intervention with hyperbaric oxygen af-
ter brain hemorrhage, n=100) (divided into ICH+HBO 40min group, ICH+HBO 60min group, ICH+HBO 80min
group and ICH+HBO 100min group based on different oxygen uptake time, n=25 for each group ). After 1
day, 3 days, 5 days, 7 days or 14 days HBO therapy, rats in each group were executed at the same time
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point . The drying wet method was used to determine the moisture of brain tissue around the hemorrhagic fo-
cus. The immunohistochemistry and xanthine oxidase technique were used to detect the expression of AQP4
and SOD vitality, respectively.

Result: (DThe water content of brain tissue around the hemorrhagic focus: The experimental groups has the
less water content of brain tissue when compared with the control groups at each time point (P < 0.05).@The
expression of AQP4: In the control, the expression of AQP4 increased at the 1st day after ICH and reached
the peak at the 5th day after ICH. After that, the expression of AQP4 presented decreased trend. At each time
point, the HBO experimental groups showed less expression of AQP4 compared with the control groups (P <
0.05). There was the largest decline at the 7th day for the ICH+HBO 60min group, which produced the statisti-
cally significant difference compared with the other three groups(P < 0.01).(3SOD content: For the control and
experimental groups, the SOD showed the increased trend that was consistent with the decreased trend of the
AQP4. The ICH+HBO 60min group has the largest rise and shows significant difference at the 14th day when
compared with the other three groups (P <0.01).

Conclusion: HBO can reduce perihematomal edema and the best oxygenuptake time is 60 mins. It may be re-

lated to the decreased AQP4 expression and the increased SOD level.
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211 AL IR AL 5 0 RE A TA] A HL 5% - HBO S5
21 0 Xt BECZH 45 A B R] K S Y R R Al
(74.35£0.67)%, Z 54 B EEE L (P<0.05), X
HEZH K BRI ZH UK & B AE ICH 56 1 RIF IR+,
FIRBHNEE(HE 1 XMLA B EEES, P<
0.05), 55 3 K—55 7 RIFELAER R K (5 3 RAIEE
T RANATC R E 225, P> 0.05) , 5 14 KEF AR
B EEH 1 KIKFE(P>0.05), HBO 45 52560 41 A [R] it
(i) P A28 Ak Ea BRI BR AT R BO ], ORI A1 40K &
T HooF BEZH BRI, ELERS 14 R IRk & ST e /b
HE1RA B EEZER(P<0.05), WEK,

2.1.2 ARSI A A ) K i A 7E ICH+
HBO 40min . 60min . 80min A1 100min 20 2 7K & M\ E5
3IRFFURAD , HEF 14K A G TES 7 KR
HE, 551 R B3R ESRKEEAREEES
(P<0.05),1fii ICH+HBO 60min 415 H:Ath =2 Fr4%
AR SRR R E B, TR R 14 R(P<
0.05). W1,

2.2 AQP4 KR HI

221 EEARA SR AL A F s IEH ALK
LA i 2H 21 AQP4 5 1 8.93%+2.62% , % IR 2H F1 75
JE A 52 B 4 4% E] 5 AQP4 5 B 3 T IE W 4,
ZESA B EFENEE L (P<0.05), %A KK AQP4
FIRTEICH ARG S 1 RIF AT, 55 3 REFEF
BSOS KRR, 2 SR W T R BE 7 R IR R 5 3
KA, 565 14 REFIAZ 255 1 KK & R A ST
2520 AQP4 KA AR AL HLEE 55 X0 BRAE KB R] 1B
FEAR IO B2 P FRIB AR, U HAE RS 5 R—55 7
K AQP4 F IR, 55 14 RIFFRMLTFEHE 1 R4, 2
SHAREEE L (P<0.05), W2,

222 A RESLE A A A : ICH+HBO 40min
60min , 80min 1 100min £1 AQP4 3k M2 1 KIF1h
Tt E S RET R, 55 7 KRBT ST IR [ RE, 55 14
KI5 B 22 55 3 R a2 1 RKF-. Horp ICH+
HBO 60min 41 7E4f5 7 K T I AQP4 [l & e K,
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IRE A HAS = IR (P < 0.01) , BB 2 440697
B [A]SE K AQP4 FE4E T [, £ 55 14 R LA [l 42 %]
13 KF, ICH+HBO 80min 2H 14 Kbl ik A A
1 60min 2H .3 . 55 14 KT AQP4 ()3 15 (i HBO
60min 215 HBO 40min Al HBO 60min Z1 A {2 &Pk
%5 (P<0.05), 5 ICH+HBO 80min £ 7% 5 A H i
(P>0.05), W2,
2.3 SOD kAL

TE 8 2H K BN 41 21 SOD & 4t 125.60%+6.35%,
i H S S B A RIS HE 4 45 B[] 5 SOD 75 12 34 1y
FIEHH, 250 BEEE L (P<0.05), XTHRLLNG
4 ICH J5 55 1 KB SOD ik, {H2f 3 KiH
U R RS20 5 5 R (55 3 KA 5 K555 1 KA
A B EEER P <0.05), 55 7 REH 14 Kz #iH
THENES 1 RS (55 7 RFNES 14 K555 1 KA

BEWZER,P>0.05), mEALKA SOD ALY
X BRZH SRk S — S, AR L iR B B, S ) R
M ZERBFH(P<0.01), WFEK3.
Bl 22 8], KR 2765 14 KA 3 SOD
TRk, 583 RANF S KRAREEFA BE
P L (P<0.01), ICH+HBO 60minZH7E45 5 K—
557 KR T R—55 14 K 0] T+ B AR A T A 5256
ZH AR AR B, AR 14 R 5 HAL =411y
BESHEAREEZ X (P<0.01), HAKAMN
A, LB EERE X (P>0.05), W3,

3 iTig

ICH J& Fh LA %F Ak 2H 2R 0% B 4 1308 R 1T e
TCILAE PR P o i 4 ] L I 2 21 Rt P )
R I R4, K P e I ke SECAE T A TCHL i i1

®1 ATEAZEKRALKSERILE

(x5, n=3,%)

2103 Ist day 3rd day Sth day 7th day 14th day
ICH Control 83.32+2.13 84.06+2.34 82.86+1.62% 82.59+1.71% 82.494+2 25545
ICH+HBO 40min 80.70+1.85 80.72+1.79% 79.98+1.74" 78.94+1.68 78.31+1.6
ICH+HBO 60min 79.42+2.17% 80.08+1.77% 79.77+1.68" 77.92+1.55 77.86%1.6
ICH+HBO 80min 79.47+1.73"% 80.45+1.81% 79.87+1.69" 78.46+2.27 78.13+1.82
ICH+HBO 100min 80.49+1.78" 80.22+1.76" 79.47+1.67" 78.93+1.74 78.73+1.75%
EHH 74.22 73.43 74.17 74.69 75.26

D5 ICH Control # H(P<0.05); @5 [RI41 N ICH 1d group #H H(P<0.05); @5 [F41P ICH 3d group AH i (P<0.05); @5 [F41PN ICH 5d group
A EE(P<0.05); @5 [HZH N ICH 7d group A H(P<0.05); @H:4y 34~ 7d 528640 5 ICH+HBO 60min 7d group H.(P<0.05); DHAY 34~ 14d SE56:4H
5 ICH+HBO 60min 14d group H(P<0.05)

(x5, n=3,%)

R2 AEHEZERKALAQPISEHILLE

ZH 5 Ist day 3rd day 5th day 7th day 14th day
ICH Control 14.89+1.33 17.34£1.42% 19.89:1.28%% 18.18+1.18% 15.75+1.57%%
ICH+HBO 40min 13.76+5.22" 14.12+7.447 16.11£2.1872%¢ 14.3245.45'
ICH+HBO 60min 13.39+2.98" 14.49+6.63" 10.56+2.21" 8.25+2.31
ICH+HBO 80min 13.59+3.19% 14.17+3.94” 14.41+0.97 10.38+2.28
ICH+HBO 100min 13.96+1.27% 14.87+2.21% 16.21+2.01"% 15.56+3.291¢ 14.2542.717%¢

NGE 8.53 9.24 7.78 6.99 8.15
DS ICH Control £ Hi(P<0.05); @5 [MI4L N ICH 1d group A HL(P<0.05); @5 R4 ICH 3d group A HL(P<0.05); @5 [N ICH 5d group
HH(P<0.05); @5 RZAN ICH 7d group Ml H.(P<0.05); @4y 34> 7d 528640 55 ICH+HBO 60min 7d group Al HL(P<0.01); DAy 34> 14d 5256
205 ICH+HBO 60min 14d group 4 H.(P<0.05)

®3 AEAZEKEAELSOD SEHILLE

(xts, n=3,%)

25 Ist day 3rd day 5th day 7th day 14th day
ICH Control 106+14.74 94+10.77% 95+12.46% 99+15.12 101+12.77
ICH+HBO 40min 115+12.68" 98+16.59"% 102+13.36"% 105+£12.21%% 109£12.118%¢
ICH+HBO 60min 111+12.08" 101£16.63"% 103+13.63" 108+12.21%% 116+12.37
ICH+HBO 80min 113£13.19" 102+13.84"% 101+13.87"% 105£17.95* 110+12.7
ICH+HBO 100min 109+11.87" 99+12.45"% 100+£12.21%2 103+3.29” 107+15.76
IEH A 121 117 132 128 130

D5 ICH Control #] H.(P<0.05); @ 5R41 N ICH 1d group #H.(P<0.05); @541 ICH 3d group A Fu(P<0.05); @5 A4 ICH 5d group
A EE(P<0.05); @5 A ZH N ICH 7d group A1 H(P<0.05); ©@Hi4x 34~ 7d 528641 5 ICH+HBO 60min 7d group 1 H(P<0.05); DHAY 34> 14d 525
2 5 ICH+HBO 60min 14d group #H k. (P<0.01)
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ZUK R R 22 T RERE A ) B R R

i 7K Jih 2 TCH Ji5 /i N i 28 02852 5 — R T 1Y
HUFR i ICH J 4k & P50 i £ bR s,
A 3 A T 2L 7% AL AR AT Ao 2 200 i P B8 2 L
A5 . Zhao 253 1 ) ik 451451 )5 AQP4
FEIR I 2 e BHAE Wi 00 493 F 49 Bz o R o i o e 96 0]
AQP4 [ F iR 3G 8 , e W HAE A F2 /K 4338 12 i fii
R AR B9V . Warth A 2529858 & B AQP4
FEIR KT 85 1 i 5 o 5 1 P 388 o R i 7 e
AT AT 5 0 RS S s Jay P v e ot R Jii 7035 e
{40 XL A5 V2 i 7K e 55 AQP4 ik K- 1A 6
0 LR O 7 e i S L U A 7 e 2 P B
PR O AR I R 2L 3 11 B B T 8 PR B TR A T
AQP4 3K B T A 2E T 40 i #5745 751 i 2
LU RK . Gu YT %Pk A AR i g 7 K SUIR H
MAEHY & B AQP4 215 i HH 1L S5 i 7K Jhf A R B, Dz
FH AQP4 J 1 390 T LAYSAE i i J1 T ) A 7k e, A
AT & B HBO 1T DL R0 2 i 4 22 i 1 1
Ji Bt LA K B, AL AT e 40 o i 21 21
IMkEJE Bl AQP4 H A 7KEAT 6

ARSI R, AR FICH G5 1 K AQP4 ik
TR T, IS 55 3 RIR B, 2 )5 BT .
ok & s et —3, k-2 WuE T AQP4TE
ICH J& ki ZK b (4 T2 il A v & P B MVE T . i
1oy AEUIR T 4H 4 TCH X BE 2 17 i 20 2K & = I
AQP4 kI HIs/ (P <0.05), KHIEEERITM
il 7 ICH A BB Y M ifit L ] AQP4 18 3635 , I %
T HE Ik JE R AL 2 A K . ML AT e
FEARYT I AQP4 R 1K , FEAIR AQP4 X it figi 57
s P A DRV P il 2 A1 ot A o o A AR T 5 | 14 1
EVEPE R A B A 2

BHEFE R, B L R 7K i K ] R Gt . v
1 R R KRS, A A T A
K I EE o ER ™ A BN S EUIG 0l S 4k A
P14 , (pf D B A E— 25 N EE . SOD X F-f
MUASEAL SHEL RS bk A ISR 20
FEMEH . MK SOD KT 5 [ H & i 2 M
FHOG , FLART- g = A0 AT ()22 S BRMLAAR 9 1 Pl A %
Tt o A LI g 2 W R AR AT DL ) 9 Y SOD
VI A i | D = s B Dt S 1 il S

J7 NO 5 25 8, 1855 ATP RS 1 , M i — 25k
R MK A 2 A o XA R S TR A £ £
H R AR YT RN E IMLZT 40 L SOD 45 1) & 8 4k
R 5T 2 R A SEIG R 1 R SRR S 2 5 i) A
P49 £ SOD %t , il A Jt/ b sl ol A eh 3=
A T SEBLATT RO, I IR bR R EUR YT AE A
TR AL T H e LA

AR, SOD ik 5 AQP4 EHL “ 1 " — 3
P, BN 2H7E ICH 5 1 K SOD £ fir 63k, ICH 5 3 K
—H S KT FHEERIT, 25 %8 T, NGRS
PR B i LAY B i HL SOD 5 2 X i AE K
SOD #H— 2, NS4 rhal DL B, 28 3 e AR YT
J BB A A K R L, $2 55 SOD /K-, XL A e
I, b7 k2B i . IR KR SOD 5 AQP4
PRFFFEX AR RS AR AR K

W58 R B, 103 e S0 7 AT LA il i 24 21
P 2 A LR 2 R T BRI, PR T R ) Rk
I FL 3 340 SOD 1 & &, bl B el 638 5k, 0
P2 A, AR SR ) R pR 22 D RE R AL

WEFE A HBO Y37 XA T I K i 45 7 Tl
SEARE B LRI, ILHLE] AT REAE TP 23k 2 1
(N ZHE, BRI 2 2 AR A o Tl G A R
PR K g, B AT AR, JR T SOD kK, 1
Bel-2 FRRE EIHT H UG SR T MER. &
FE A E G AE 230 TR AN PR UE ST DA 5453 )
I 01 U T D W o ) = R 0 4 o Al
i H 1M ) 4 455 R 42 HBO 347 J5 ICH i [ fiki 2H 21
AQP4 [HFEIRFEAL, M7k 7% 1t T B, #5278 HBO 7E B
A PR R IR R L e o A A TR, A5 1 A 3 o
(AR B DB A /K iy TR B SCEE . FRATTHT A
FRIAFF 2 0 IE S — W

H TR T 5 S A [ ) SCikAse b I IR b
1o R BEIA T I M5 A5 1 48U B [1] 225 60—80min'",
FEIRYT SV L A A v R BAF 5 r i F SER RU fa]
KZHh60min",  [EPEMFSY & BLAE UG5 17 (trau-
matic brain injury, TBD) A7 H 1.SATA Z50F Tl
44 60min A X241,

A SCHRIE 1 WLEZ A ] B A HBO I 97 X6 fiki 41
A5 IR R TOE IV Jg Jo0 ot 426 0 R R 5 # 1 5 i Y A5
30—60min W 42 HsF (] £ I8 420 (8] 90min , R A Ul 4
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s 1] 90min K R A 28 0 I R S 25 #A AT A 493, 30—
60min W S B[] K R 2 e B A B KA, % & PT i
K] Ay W AR ) 54 Al SR AR 300 A G . AR &
B, ARSI R A TR AR I T X0 B, (E R SR
[i) AF 0T 66 ) 40min 20 458 BR A8 A0 IR A An LA 24
XA Bl I S [ 66 R 1 e AT s ) 6 A 8 30 e
FERTRTTRCRAT I 5 T AU ] A X404 9 100min
21 J2 M ¥ 60min , 80min £ AQP4 & ik A2 Ji B 14 iR
BER T SOD & 35 BE 3G I i) i B2 K, 4B JRL 1AL, mf
B b $E B0 i AL AL R O, (HAR
SEER AN BT T M A I EE , HREHR 4iE AQP4 FI
SOD [ IE - T HEM , BHAfA A4 I RE A 15 Tk — 4
WF5E . AHIFSE % L 60min W 420 A] 2H Fh AQP4 3k
FEEEAH T H A 20 5 AIG , SOD # AL A He T HoAth
ZH I R AR 48T 1] 60min B, R B 407 b S5 A1 i
K ek Rl A2 ) P X 2H 2 A 454475 , 8Omin ZH 78Dk
B2k AQP4 ik K34 i SOD ik Jr i i As 4k, 1
FHYRF 60min 41, fELA T 40min , 100min W 420 ]

ARSI 25 LR 8 H ARG el ot g A
Hh I ] ARG 7K P A B A A5, L nT BE ML 5 R A1
HH I T L 2H 2 AQP4 1) 2 15 A4 7 SOD ik
A K, I HER /R 76 Bk 0l 6h 17 i ER YT 1E
2.0ATA J&J7 JE 1T, 60min W 48 i 8] G T 40min
80min A% 100min Mg 420 [a]
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