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[ Abstract] Objective To observe the effect of hyperbaric oxygen ( HBO) therapy on neurological functio-
ning in rats modelling cerebral hemorrhage (ICH). Methods Sixty Sprague-Dawley rats had intracerebral hemor-
rhage induced by injecting autologous blood. They were then randomly divided into an HBO-free group and an HBO
group, each of 30 according to a random number table. The HBO group was further divided into HBO 3 h, HBO 6 h,
HBO 1d, HBO 2 d and HBO 7 d groups which received HBO therapy for 3 hours, 6 hours, 1 day, 2 days and 7 days
respectively. Each had 6 members. The HBO-free rats were also divided into analogous HBO-free 3 h, HBO-free 6 h,
HBO-free 1 d, HBO-free 2 d and HBO-free 7 d groups,and give no HBO intervention. All of the rats were evaluated

for neurological impairment using the Longa scoring method before the treatment and 10 days, 20 days and 30 days af-

DOI :10.3760/cma. j.issn.0254-1424.2018.05.001

VEH BN 610072 BLHS, DU BE 2Rl 24BE - DU A RIS [58 85 FRAEURE 32/ B SR8 IR AR BT A ) 5 AT 4 X ML G
[ B 9 R CEHE )

WAEVEH . /MK | Email ; LRPXL@ 163.com



- 322 - B R A SRR 25 2018 4E 5 H4E 40 555 5] Chin J Phys Med Rehabil, May 2018, Vol. 40, No.5

terward. Results After 10, 20 and 30 days of HBO treatment, there were significant differences in neurological
functioning between each pair of HBO-free and HBO-treated groups. After 10 and 20 days of HBO treatment the aver-
age neurological function score of the HBO 3 h group was significantly different from that of the HBO 2 d group. The
average score in the HBO 7 d group was also significantly different from that of the HBO 3 h, HBO 6 h, HBO 1 d and
HBO 2 d groups after 10, 20 and 30 days of HBO treatment. The average scores of the HBO3 h, HBO6 h, HBO 1d
and HBO 2 d groups improved significantly between 10 and 20 days after the treatment. The average score of the rats
which received 30 days of treatment was also significantly different from those after 10 and 20 days. Conclusion

HBO treatment can improve neurological function after cerebral hemorrhage, at least in rats. The best time to start

HBO treatment is no later than 24 hours after the hemorrhage. The curative effect increases with extension of the treat-

ment’s duration.
[ Key words] Hyperbaric oxygen treatment;

function recovery

Intervention scheduling;

Cerebral hemorrhage;  Neurological

Fund program: A Miaopu Project of Sichuan Provincial People’s Hospital ( No. 30305031041)

i 7K fif 2 B H4 ML (intracerebral hemorrhage , ICH )
J5 e BB LR K v B AR BAR AL R R EURE M AT
B MAR TR EREERNE - O i 9K
FiE R 55 22 B, 55 K 4 (hyperbaric oxygen, HBO) 1]
I e  ICH 5 A9 i 7K Bk SR 42 a2F i 28 1) 6 Y Pk
S EH T, 6 UL 5C T HBO G T G H I i A s 3
FYFRRAOAESY , B M AF i, AW B 7 A
[E 41 A ] FIAS [G] 7 B2 B HBO Y497 %60 it 1l A BRLG
PR DR R T TSR, LAY SRy i PR A s i 1 8 1 4803
ST LTI E R

mRl5 Rk

— EELS

U ST AR RE W) A ( 2€ [ Stoelting A F]) L shWIAE
(MG ZmE A BRA 7, GB150-98 & F Al iiE 4 5 A
TS2210455-2010) ,

N w7 LY D

B AFE HETE Sprague-Dawley (SD) KL 60 H |
KT 250 ~ 300 g, H1 P4 )14 A B = Be 55 56 sl ) 00T 52 i
PEOE[ S A P21 AT ES . SCXK (J11) 2013-15 7, 43 %€
TSR0 AE N BREE 58 3l ) S 56 38 P, DA o e pek i
FEIFH A SRR, ¥ SD K EL 60 H #8854 B HL %L
FRIEWHLY A 2 A KA, BN #E4T HBO A7 AU G
HBO 21 fi 47 HBO A7 AY HBO 41, HBO 4 4% i
MLyE R Y)JE HBO A AR E] 43 5 A4,
&R IS 3 h JFER HBO JAY7 AU HBO 3 h 4 ; i #
WG 6 h FFhh HBO JAY7 1) HBO 6 h 41, i AR i T fe
1 d JFE4 HBO VAT HBO 1 d 41, i # TG 2 d PG
HBO 347 B HBO 2 d 4, ¥ DI J5 7 d FF4R HBO R
JTIHBO 7 d 4, AW 6 H KRR ; Tt HBO 4%
W8 HBO 41/ 5578 5 AN d] (3R H: 32
HBO 497) , 4455 HBO 3 h 41, JC HBO 6 h 41 . &
HBO 1d 41 . JC HBO 2 d 41 MIJC HBO 7 d 4, B4~ W41

6 HRH,

=R O A RS R 3

JG HBO 411 HBO 41K L3425 I 1 WA 45 4t
T 1Y B A Bl ik B 3 ) 7R A s ot A A | LA o] A
TriEAnF OB sh kA i —¥K KRR E A, FH 10%
KA SAE (3.5 ml/kg M) R AT M6 JRR e , A0 MG [
FE AR B8 & Bz AT U 11, 2% 58 9 A i A I
ik, g5l Lo, AR AL 50 L fc: 3 5 4% 28
JRe Bl kAl B 50 WL B AR 3l ki, 25 FL K 3l ik 3 o0 g
A R IR QST AR E 18 AR 5 A AR i —¥ K B AR
FMOZ [ 72 AE 7 AR 1 A L, I I B ST AR E T A
W B4 T H H 1) R OF T G 2.4 mm, Sk /507 0 87 2= )
B, HEE TERYIFY 10 mm 478 10, 3% B9 W
SRR ol i B % 5 T X s T X S ARG B — EAR
251 mm (/AL AN SR i R s ol i O A B
[ 52 0 ) i PR PR 1 S AR B ik L, TR E R
5.5 mm, ZEETE T 15 b M (355 #2110 pl/min) |
FRE 7 min S5 P DUAH R 30RE R S AR 35 Wil e, BA &
10 min J5 2212 P 5t B 0 B S E 0 S R A
R AL T 24 CHEEPIREE R RS
G LR IEE . SRR ’%%/EE\ Longa P
XA R RAEAT R4, BBR 0 40 F1 4 43 B9 KRR,
1~3 Jr B R i A i 2

LU= DS = B

HBO 2 K BUCR R AR 15 72 328 S0l A R 2 vl il 18 19
YL 2l AN (P AT IR 5 TS2210455-2010) 47
HBO T, & ¥ K BUE T2l 000 1, A Pk BE 22 ~
24 °C, A PEAE 10 min, HEBRAG P HAL K, ik
15 min, MIUE S 0.1 MPa( Z6%F & 2.0 ATA) | F& W 4
460 min, H: [6] FH 40 42 i <. 10 min, nﬁﬁéé;ﬁﬁ,
15 min NA) 3 25 6, B R T 1k, 10d 1 A4
SRR, LT3 MY, JCHBO A KRE TRk
AP, H T 23 A XK BB RR R T RN Ak B LA A



PR B PR A SR 2R A 2018 4F 5 H 4 40 %5 53] Chin J Phys Med Rehabil, May 2018, Vol. 40, No.5 - 323 .

() SIS R A EE S5 F , R TI 1 k,10d 8 1A
SRR ST 3 AT R, IR AR T AT A UL AR
SIPITERE N AT IR . HIRITITRE, 43 4 SR
[B) S AT ULER RYT T JARYT 10 d J5 JIRYT 20d )5 R
J7 30 d )&,

R BRI 2 D) RE BB T4

S ITRIF T 69T 10 d J5 877 20 d 5 JARYT
30 dJF 3k 4 4Smfia] ECR ] Longa W40 %6F 2 20 KR
BT A IHEE B IE S . 0 43 A IA M & ThRE B ; 1
3 AR RTIIASBE S8 28 B3 2 43 AT E B, KR X
W B 53 3 SR AT A B, R BB AR ) X A0 (o e o) ) it
;4 7 WANBE A EZATE , A BIRTER,

VANRS WA k=S i)

K SPSS 17.0 WR&e i+ A4 847 B o3 A, 1 i
PERLERH (7+5) 7R, W ANOVA XF 2241 15 Bkt a]
PPECGHAT T 2500, K e K MEH « = 0.05, LLP<0.05 K
ZERAGIHE XL,

# X

— 2 R A ALK FRAR T BE 401 HL 3¢

HBO JAJ7Hi, HBO 4% V.4 5 JC HBO 45V 41 K Kl
MADIRETE 7 i 22 RG24 L (P>0.05) 5
HBO 477 10 d.20 d .30 d J5 ,HBO £H4% WV 41 5 J& HBO
HEA AR R4 8, 22 5 38A Gt 8 X (P<
0.05)WL(F 1),

. HBO H & AR AR} ] K R 2 D RE T
A

HITHT RYT 10d J5 /YT 20 d 5 3RYT 30d )G,
HBO 3 h 415 HBO 6 h #1 HBO 1 d 20 K B # & ThfigbE
Iy HEE, 22 TG E L (P>0.05) 57AY7 10 d J5 .
JRJY 20d J5 ,HBO 3 h 415 HBO 2 d 4 K Bt & Ihfg

PEor He#, 22 A Geit 2 5 L (P<0.05)  HEIR YT
30d J5,2 Wl a2 55 BG4 8 X (P>0.05) ;3677
10 d J& JJAYT 20 d J5 JAY7 30 d J5 ,HBO 3 h 415 HBO
7d ARBRMEIEE 0 i, ZRWHE S FE XL
(P<0.05) ,FEULER 1, WGI7HT AT 10 d J5 3AYT 20 d
J& JAYJT 30 d J5 ,HBO 6 h 415 HBO 1 d 40 K el zh
RetFor tbise, 2RI #E L (P>0.05) ;i/Y710 d
J&5 JA¥7 20 d J5,HBO 6 h 415 HBO 2 d 40 K RApZ1h
REVEAr LR, 2 R A Geit#3 L (P<0.05) , (HFER
J730d 5,2 WH H 2R TLHEIT4E L (P>0.05) ;74
J¥10d J5 JRYT7 20d J5 IR 30d J5,HBO 6 h
HBO 7 d 4 K A& I REPE S e, 2 R A Gt
B (P<0.05), 16J7 10d J5 3497 20 d J5,HBO 1 d
15 HBO 2 d AR AL T RETE 4> i, Z R A 5
THEE L (P<0.05) BAEIRYT 30 d J5,2 WAL 22 5
TG X (P>0.05) ;3897 10 d J5 3697 20 d J& .
IRY7 30d J5,HBO 1 d 415 HBO 7 d 41 KR P& TiRE
W, Z R AR X (P<0.05) . iAY7 10d
Ja JAYF20d J5 3697 30d J5,HBO 2 d 415 HBO 7 d
HRBMAIIRE I L8R, 2 5 A G %8 L (P<
0.05) , HAREE L 1,

= HBO 4145 WA [R)7 # 4 N K B 2 D e T
Gy HLEE IR 25

HBO 3 h #H HBO6h 41 HBO 1d 41 HBO2d 4 4
ANLH AR B HBO 1697 10 d J5 546 HBO 1697 20 d
Ja REMAEIIREIE L, ZR WA SR L (P<
0.05) ,HBO 7 d 4 Kl HBO 677 10 d 57 54H N HBO
1BI7 20 d Jo KBS ITNREIEor iR, 22 R RS i
X (P>0.05) ;3697 30 d J5,HBO H44 W4 54 WNIRYT
10d #1120 d J5 Lh#e, 22 538 A G55 L (P<0.05) ,
TEWFR 1,

£ 1 HBO 45JC HBO 4UARFI A AR RV [R)7 72 5 R 8B 97 5 R R DI RE PR ELAE (43, 7s)

2157 HE VRYTHT AT 10d )5 WBIT 20 d 5 BIF30d )5
HBO 3 h # 6 1.83+0.98 2.17+0.75 1.00+0.63 0.33+0.52%%
HBO 6 h # 6 1.83+0.76 2.33+0.52° 1.33+0.52% 0.50+0.55%¢
HBO 1d 4 6 2.17£0.75 2.50+0.55* 1.33£0.52% 0.67+0.82%¢
HBO2d 4 6 2.00+0.89 3.33+0.520 2.33+0.82:0d! 0.67+0.52%¢
HBO7d#4 6 2.50+0.55 4.00+0.00d 3.50+0.84bcde 1.83+0.75cdele
Jc HBO 3 h £ 6 2.50+0.55 4.0020.00 3.17+1.33 2.67+1.21
JC HBO 6 h £ 6 2.50+0.55 3.83+0.41 3.17+1.33 2.17+1.47
JC HBO 1 d 4H 6 2.33+0.82 3.50+0.84 2.67+1.03 2.67+1.51
J& HBO 2 d 41 6 2.50+0.55 3.57+0.52 3.00+1.10 2.50+1.64
Jc HBO 7 d 4 6 2.33+0.82 3.57+0.82 4.0020.00 4.00+0.00

1 ;5 [FA ARHE] 5 A9 TS HBO 4H 148, * P<0.05 ;5 HBO 3 h ZH 148, " P<0.05; 5 HBO 6 h 4 [£#,°P<0.05; 5 HBO 1 d 41 IL#:,P<0.05; 5 HBO
2 A HHR,°P<0.05; 54U NIAYT 10 d JR HL#E, TP<0.05, 54 NIAYT 20 d J5 HLER, ¢ P<0.05



- 324 . B R A SRR 25 2018 4E 5 H4E 40 555 5] Chin J Phys Med Rehabil, May 2018, Vol. 40, No.5

i

ARBFFELEJ R, HBO 4 4% 30 41 K Bl #2850y g
RO Y58 IR — v A B[R] B TG HBO 2H 4% W 419 711,
HAEWAH K, 250511222 L (P<0.05) ., %
S5 R  HBO AT B3 it am A BR A A 28 1) Re
FERE, AF5T 2 B, B K B 2 B o I b 8 0 48 3%
AT 4 O BT B 4k & B 8 05 ) bR, TICH R
(24 h o) K b Sk 200 A i 2 AR 1 R A S0 A0 e
BEPE ARG A 1 5 359 (24 hJE ) D)2 i % 5 E ( blood -
brain barrier, BBB ) il U1 T 25 14 ML 78 Y5 ki 7K B, i 7K
e g 7= A R e R s S O IS R 48 T e g A e
HEPRZE PRI AT il A Bk %) B 96 R I PR L B A
JrRyE Y A SR S2, HBO 4 7 AT 5% i 7K
Fifr, DT 9B K B 28 ) e R4 AR (R 9 18
B, ER TSR i A BRI e A A ) 3 K 2 B e
ZLDJRE AR T E, PR R R R T AR A
ARV IE X 4™ 1 2 Y pe kil , TR —E
AR B RO

ABFE 45 B0 B s HBO 3 h 23477 30 d J5 Hopd
ZINREITE N (0.33+0.52) 40, S WIEIF 10 d Al
20 d J5 LAk HBO 7 d 413097 30 d J5 HA, 2 384
Giil#m L (P<0.05) , %45 B, HBO A AR} [H]
MR TR R KRR 2 T BE VT A A, K R
DIRER kA% . HBO 2u3% b 28 Ty RR Sk 45t o] 5 9 H1L il
WF . OHBO AT A 2l B8 = A i f i Ao & el i it
T B A 3 I kLA SRR AL YRR T e
TCAAR i A R P B T R A Y PN IR EE il
Na*-K*-ATP [iff (0 P3G 157, B A0 Hilg 1 48 iy e oz v A
17T 335 2 oft 26 440 B A A5 4050 s @ HBO AT ICH K B
LAYl okt &) ] 7K 38 38 8 -4 (aquaporin protein-4 )
(335, FRAIR AQP4 XoF ifin fixi 5 B 114 0 IR 4 T, ol
Ik J& Rl 7K B, AT A2 0 i 2 T RE R IR R B
HBO A 38 1o 386 i 48078 i 25 29 P4 A0 o7k B B 8 v i
AR AR IO S A I 37 DA KU/ i I I PR
it PN 45 3 A58 A 7K i 20 0 g S4B R ot 9 9 T A5 B
Pk LT G ES 0 g 4 - - i ke 4 1Y) S
PEFR , DT ARG H il J) L L 2R A K & i @
HBO it 0] DL 3 42 i i 45 3 A2 A0 G B F 3 i
I, AT A 2 ot e ] 1 I A8 A A 2 TR A e
L 1 SR 08 L, o 2 M 2L 4 R e 25 4 L B ol
S, DR o 25 A0 A 2 B R A B0 A o e R A
A 18 M+ A 2 e 2 T R RO AR Y

ZE BT, B KRR Y HBO IR 97 AT R AR N
i K B D BRI 43, 2 HE M DI RE R R &, #H I
APRRILIN A, HBO i H 1L i 1fi 45 952 9 ) 93 i B

¥R oA E 2P, B AR f A AR 8 R AT
T2 HBO 67 AT Ik B B AF ST RL

2 % x #t

[1] Calvert ] W,Cahill J,Zhang JH.Hyperbaric oxygen and cerebral physi-
ology[ J]. Neurol Res,2007,29(2):132-141.DOI: 10.1179/01616
4107X174156.

[2] Staykov D,Wagner I, Volbers B, et al.Natural course of perihemorrha-
gic edema after intracerebral hemorrhage [ J ]. Stroke,2011,42(9) .
2625-2629.DOI: 10. 1161/STROKEAHA.111.618611.

[3] Lei C,Lin S, Wu B, et al.Lipid levels are regionally associated with
cerebral microbleeds in patients with intracerebral hemorrhage[ J].J
Stroke Cereb- rovascdis, 2014,23 (5) : 1195-1198. DOI; 10. 1016/].
jstrokecerebrovasdis.2013.10.016.

[4] He Y,Karabiyikoglu M,Hua Y et al.Ischemic preconditioning attenu-
ates brain edema after experimental intracerebral hemorrhage [ J ],
Transl Stroke Res,2012,3 (1) ;180-187.DOI; 10.1007/s12975-012-
0171-z.

[5] WA, LTt 4O Se g e o 1 i K B iRy P FERI LT ).
BEA,2004,19(2).

(6] ZFHHE 243y R R E, 55 AN R A 0] 55 He 48010 7 X0 S 6 14
G £ L B Lk ) K i B AR B R 1 -4 Rk sz [ 7],
[ B &2 R 242435, 2014, 29(9) :810-815.D01:10.3969/].issn. 1001 -
1242.2014.09.003.

(7] ZBFEME X SO, PMBERE, 45, e He 00T 2t it i 28 25 A e o
SE SR T BRI AR IR [ ], P XU A R e A
#,2015,32(1) :60-63. DOI; 10.3760/cma. j.issn. 1674-4756.2017.
05.036.

(8] FRMEFY, TR, R T, 5. i R IR YT X 2w i il 2& 5% BD-
NF KA Ans 2 I RE AR [ J]. P IR SR o 253 , 2016,
19(6) :64-66.

(9] HAM, vaRI S, 225k, 55, SWI PP K BN 1 10 A5E H5Y it fiep 33 A5
PR ARG [ J] . E P R 4 A AR A A4, 2014, 12( 1),
DOI:10.3969/j.issn1672-0512.2014.01.005.

[10] Zea Longa EL,Weinstein PR, Carlson S, et al.Reversible middle cere-
bral artery occlusion without cranectomy in rat[ J].Stroke, 1989,20
(10) :84-91.

[11] Zhou W, Marinescu M, Veltkamp R.Only very early oxygen therapy
attenuates posthemorrhagic edema formation and blood-brain barrier
disruption in murine intracerebral hemorrhage [ J ]. Neurocrit Care,
2015,22( 1) ;121-132.DOI 10.1007/512028-014-0013-9.

[12] Lin KC,Niu KC,Tsa iKJ,et al. Attenuating inflammation but stimula-
ting both angiogenesis and neurogenesis using hyperbaric oxygen in
rats with traumatic brain injury[ J].J Trauma,2012,72(3) :650-659.
DOI;10.1097/TA.0b013e31823¢575f1.

[13] Lim SW,Wang CC, Wang YH.Microglial activation induced by trau-
matic brain injury is suppressed by postinjury treatment with hyperbar-
ic oxygen therapy[ J].J Surg Res,2013,184(2) :1076-1084.DOI; 10.
1016/j.35s.2013.04.070.

[14] SRBIHT, 2400 1F1 38, 45 e e S0 R 100 2 R A PAY 1 835 A= 1
TR I [ J]. h R fi i B2 5 SRR 2, 2014, 21
(5),306-311. DOI:10.3760/ cma.].issn.1009-6906.2014.05.005.

(&1 H 11 :2018-03-25)
(AR SC o - Brt)



