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Effect of hyperbaric oxygenation therapy on the expression of Bcl-2, Bax and cyto-
chrome C in nerve cells of neonatal rats with hypoxic-ischemic brain damage

Ling LIU, Yu-Jia YANG, Jian-Hui SONG, Jie-Bo LIU. Department of Pediatrics, Xiangya Hospital, Central South Univer-
sity, Changsha 410008, China (Yang Y-J, Email ;yyj@ cjcp. org)

Abstract: Objective This study examined the expression of Bel-2, Bax and cytochrome C (Cyt C) in nerve cells
and the effect of hyperbaric oxygenation ( HBO) therapy on the expression levels in a neonatal rat model of hypoxic-
ischemic brain damage (HIBD). Methods Seven- day-old SD rats weighing 12-14 g were randomly assigned into four
groups : Normal group (n =34), Sham -operated group (n =33), of which the left common carotid artery of the rats was
isolated but not ligated, HIBD group (n =30) in which the rats were subjected to left common carotid artery ligation
followed by 2 hrs of hypoxia (8% O,) and HBO treated group (n =33). HBO treatment was administered by placing the
pups in a chamber after HIBD (2 atmosphere absolute for 1 hr per day for 7 days) in the HBO treated group. The
expression of Bel-2 and Bax in nerve cells of the brain was determined by immunohistochemistry and Cyt C expression was
determined by Werstern blot analysis. Results The expression rate of Bcl-2 protein in the HBO treated group was
obviously higher than that in the HIBD group(64% vs 47% , P < 0.05) ), although it was lower than in the Normal group
(82% ) and the Sham-operated group (79% ) (both P < 0.05). The expression rate of Bax protein in the HIBD group
(77% ) was significantly higher than that in the Normal group (15% , P < 0.01) and the Sham-operated group (36% , P
< 0.05). HBO treatment did not result in a decreased expression of Bax protein. Cyt C was weakly expressed in nerve
cells of the Normal and the Sham-operated groups, but was strongly expressed in the HIBD group. HBO treatment
significantly decreased the Cyt C expression. Conclusions HBO treatment can induce the expression of Bel-2 protein and
decrease the release of Cyt C from mitochondria, thereby protects the nerve cells from apoptosis after HIBD.

[ Chin J Contemp Pediatr, 2005, 7(4) :333-336 |

Key words: Hyperbaric oxygenation; Hypoxia-ischemia, brain; Bcl-2 protein; Bax protein; Cytochromes C; Rats,

newborn

[ YscAR B 1112005 -03 -29; [ &8 HH#] 2005 - 06 —07
[TEH I I X134 (1963-) , Lo 4 I ARG, FIO07 ) SHr A U507 . I0FE 548 5t BE T I 4l PR (g Be T4 , k4 550003
[EIRIES 15, W U0 b g K E A 2 B LR, Wk 4w 410008

- 333 -



BT B4
2005 4F 8 A

T E 5 ARILARE

Chin J Contemp Pediatr

Vol.7 No.4
Aug. 2005

S A LR & i il A4 % 9% ( hypoxic-ischemic en-
cephalopathy , HIE ) J2 ph ~Ffik ife S ik 111 5 25044 o 22 20
WA SE A TS, 4R A 240 I o T 42 b
FEIARWITRA LR R N AL (3.3 C (cytochrome
C,CytC) 7ER T4 rh I E B2 H W12 56
FY L B B R B R 4 (hyperbaric oxygena-
tion, HBO ) 7£ 37 £E JL I PR i i FHATS A7 78 43, {H [
A — 63Tk B R AT 19 R A BIFTE R B v s
SEIRYT T VR R BRI ik 2E 2 P R 2 20 1Y
AT ORI R AR S PR A K R
{2 1 4 i P 407 ( hypoxic-ischemic brain damage,
HIBD ) B0 , AR A7 301 5230 75 1 A dee A PR L 2
AR RAE (ATA) 1) HBO 67, M4 HBO X3
A= KB HIBD #5279 i 28 20 28 48 ffg U 5% Bel-2 | Bax
Hl Cyt C RIKAYFZ

1 Xg5F*

1.1 ##

1.1.1 &M EZE i AR,
30 em x40 em x 50 em [ EHLIEEE G, PIMI44 A 1
BT em (/ML AN, — A AR A A,
Ty — M EA MR A B K LA CO, B
S5 CY-12C 70 485 204007 I 404, I 4804 T O ~
100% (HUM AL HTAXER ) 5 YLC 0.5/1A #IB2 L
e FEAECRE CHP AN Tk B2 B4R 701 BHRSEAT) 5 L
A (Biorad A H] ) ;3 DYY-ITI-8B £2 He At 284 1 Uk
(AL TS —AUFR) ) ;Eagle Eye T1 BE K BLAR 534t
48 (USA),

1.1.2 . ZXA Bel-2 Fl Bax S FPLIA (M
i) EHUR TeG Fidk, DAB Wik & , s PR &1
HE 2% (NC) 5% R 2 U A= 9 TR A BR A Al 43t
iR C SRbt RBTIAR, b us e Eebric 19/ Bt
Sebii i LAY TR R STT 2 A4 (3 0 4y

I
1.2 FHik
1.2.1 ZHahpi o Bk T OH AR

Sprague-Dawley JCEL (£ [F % — 2 SE 50 s W) )
130 W, MEMEARFR IR 12 ~ 14 g, i g K2E
M= 2B sh R4 it . 4% P T g 5 B AL 53 25
FXTHRA (n = 34) I FARH (S & L HE s kG
FEEEG K, no= 33) ,HIBD 20 (#5584 i /F R H
ML Rice Y&, 0BT S5 L2 B B IKIBE & 8%
KA 272 h,n = 30) ,HBO #{ (HIBD /547 HBO &
¥7,1 h/d,i#%:7 d,n = 33),

1.2.2  JRELL G HIn ) b4 & KRS 2 0
JE A AR B, WSk B, I 37 BIKE i 41 2L0R 77 T
4% Zo S W A 181 7 o 5 (361 5 i 1 B Al LA AR 52 S A
FLRAR IR YT AT AR YD R, H K KA A
AT AR, B 4 pm,

1.2.3 #4540 Bel-2 4= Bax & G 69 &
ik Foe a1 N R ez A AUk ) e Ui

BT R

1.2.4 Bel-2 & Bax %y 3% EH| & Aitdk E
400 A5 A i BE T BEMLILER 5 A PLEF, 11> PR Y
THEL 100 A2, DA BH PR 240 i 7 53 58 R e (o B 2R
FIERRIE . Fn A TG B 200 M =5 P 20 5 < 10% Sy
IV (-) s A B 200 B 2 DR A B 2, s P 24 i 3
T 10 % ~40 % R 55 FAYE ( +) ; FHYEA MR T
40% ~80 % , Yt smEE A R BAME( + ) sARA B
2 i 5 TR A B 40 L PR 20 M6 R T 80 %, Sy ik B 1
(++)o

1.2.5 Cyt C #9423 F= Western-blot #&7] Cyt C
BH 4y I E ST RS BRI OGSOk 7k NC B
B 45 5 R G 0 FRASGHA T FE T AR AT

1.2.6 %it o SRR A Excel 7.0 %K
7, 1 SAS 6. 12 WA 4317, 4 B 55 %% 2 T A1
SERUBIE £ bRl (2 = s ) FoR, MIREAR R L
B ¢ K5, AL R ) 5

HR

2.1 FRALRMHEZHRE B2 EANRIE
FEIE 5 BT A R 9 A 28 4 B TT WL 2 1Y
Bel-2 HM:AH M, B2 T Bel-2 fo2s FHA: 40 it 52 v, #F
LR N R AR SR ZOIR T, 5 A LA o3 A SR AL AR
], A2 A B L3 05 T AR 2 Bel-2 4 i PR 4t
FIRBIEH A/, 25 57 JC 1 % 1 s HIBD 40 Bel-2
FE A R 55 FH PE 32 3% ; HBO 20 Bel-2 BH 4 48 i 4%
HIBD ZHB 3% ( P <0.05) , [HH= (X BN
TR P H < 0.05) , K HFGREM W1,

F1 MARMEMEE Bd2 ERENRE

Gl n_ - bevr HIHER
XA 34 6 28 8
RFALA 33 7 26 79
HIBD #1 30 16 14 47
HBO 4] 33 12 21 Gaabee

a 5 HIBD 4L P < 0.05,b 525 XTI L P < 0.05,c 5
FRALE P< 0.05

- 334 -



Eiyi

B4
2005 4F 8 A

T E 5 ARILARE

Chin J Contemp Pediatr

Vol.7 No.4
Aug. 2005

2.2 FRALAMHEZHM Bax EAKIKRIE

Bax £ [ 505 FH 14 200 o, 522 2 e, 57 7 40
K, G fa EBURDIRBUAR R 78 1E 8 2R KRG
PR 2R Bax FiR%55 , 1 U055 BRI 400 5 i AR
ZH ] UL A0 A A i B 2 B s HIBD 25 Bax 43
AR B34 2, 59 FHME; HBO 2H Bax Ao fH PR 40
fu%s HIBD 4 N R, H2ES TR FEMHE(P >0.05),
HBO 20 Bax %35 BH P 40 it w5 T 25 1 6 B4 R T
AR (P <0.01 F1P<0.05), FKLHFRHEHWFE2,

x2 BHEHXRMNAL[MEMME Bax EHKIRIE

Gk n_ o= ser HHERS
25 FX IR 34 29 5 15
BFARL 33 21 12 36
HIBD 2 30 7 23 77
HBO 4 33 11 2 670

a 5 HIBD A P > 0.05 ,b 525 (st id4lbss P <0.01, ¢
SEFARALE P <0.05

2.3  Western-blot # il X FR i 25 22 ¥ £ 2 B@ Rl 3%
Cyt C HiRi%

25 1 X R A 28 200 B B 2 AN 55 BH A B Cyt €
Tk, BFARY Cyt C R IRF 2 (X IR 9,
HIBD 4 i 3% Cyt C () ik fwik, HBO 41 ) Rk
HIBD A5, W33,

&3  Western-blot #ifll & 28 X B i 20 LR 4 22 I B B 3% Cyt

CHIRIE (x £5)
sl HEEBE(x £ 5)
25 N AL 1
BT ARH 1.31 £0.023
HIBD 41 2.47 £0.016
HBO £ 1.55 +0.012°

Ak NC B 1 451 LA E S BACE AL JS , LL2s A IR 40 2571 8
T 5 A, HAb SN (ERR LAIZ S IBE T4 2. a 5 HIBD
b P <0.05,

3 it

AL HIE J2 phy T ™ 30 dofe S afe i 40 ft 22 40
B A RE A A A R, L B A AR e 2 2R
ZRANMI A K Bh D P 28 R R ) RETIORI AR L el 2 Y
FRASE B LT T AR IR SE R T, BT
KA RBIFSE Lk 52 40 94 T 208 2 L HIE gEfdk
Mz E R — R EEE R W TR R
52— SO OCHE [ (Y I 45, L Bel-2 2 U T 4 )

,Bel2 FLPR K % 51 Bax /E S Bel-2 #HfZ ,
SEARPHTIE, Bel2 Fi Bax [ Lb ], e 52 200 if 57 )
AT RIS 5 5 R AA TG A 2P T2, W Bel2 HEH £
IR ORI AE TS L 1T Bax K 3Rk LR 20
JgE T, HBO AR HLRAE T 1 A RAEF
355 vp T B 5 PR S TR A 4l 4R B REAE LA Y
I AR B R, 00 4R A3 R G T, ot SR R R ) 4
5% , HBO J477 A e 36 ML AAR X 480 ik 45 BURR) ol 3
G P St SRR B, D2 o 63 47 R A 32 45 495 I i 28
MR, ARSLER 45 R HIBD J5 # 2 40 i
Bel-2 Z AU 55 FH M 238, 1T Bax 38 29 [HPE;
HBO 757 J5 #2840 il Bel-2 27 iy Rk %8 HIBD 41
BRI 2, 25 A W (AR T 25 o6 R Al
FARY, Bax Fik7E HBO £H#¢ HIBD 4 F %, HZ F
O, HoE TS A BRI T R 4, S &b
P27 HBO 77 0] 7E — 2 B2 B U e ke S e a2 A
Bt ALk T EE S HBO i 5 T #4411 Bel-2 &
IFRIBHE A X

Cyt C M4 L rp b T i) — R AR E
I, 22 T ER R P IS L, P A 3 TR i A, 7 it 2 A%
BV BRI IR A B Cyt C BIRIT B ARRIAR N, 5
AR M £T 28 o P L 285 5 T Il 52 4 45 B RS 1 Cyt
CH7Y Cyt C BRZ: 5 40 M A ST W 3 A1 , 28380 AN
FRAME T R E AT . A BIOR Cy
C O BIEAMNFE IR AN, B Cyt C A5 S:40
LA T2, D rh 2B Cyt C BTE B P i A REARE
P e LA, TR T, FHT A Cyt € T 3R]k
EHAAE ST IR E , AR R T, B Y Cyt
e 3 T M AR Y Cyt C e AR R AR 2
IR R IS8 & B HBO YA YT A I8 4% bl 25 40 i 2%
LRSI R 1, R IAE HBO 1 h 240 i 2 ki
RS HIBD 4 %2, ZeRifR iy 254445 HIBD 20 5¢
R ARSI Western-blot #aiilj 45 5 HIBD 4 i £
AALAAE Cyt C (AR O IR AT AR B i
B, HBO 697 5 Fak BRI, PRI 4EI HBO X fik 48
SR i B 425 (B R T AL T BB e T 2
MIRE AR, B T4l T2 A Bel-2 1)
Tk RRE T LR R Z548 , ] T A A E 7 M
HefL(MPT) B FFjil, BHAE T Cyt C MR ZRbE AR B ik A
MRS 25 L8535 M3 W HBO IR X6 s i
SR I T B B 2R AN O T T B A B A
A3 HBO JGY7AE — BB b ] ydi e e Al i
SEY I L

- 335 -



BT B4
2005 4F 8 A

T E 5 ARILARE

Chin J Contemp Pediatr

Vol.7 No.4
Aug. 2005

(1]

(2]

(3]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(& % X #]

Dhar-Mascareno M, Carcamo JM, Golde DW. Hypoxia-reoxygen-
ation-induced mitochondrial damage and apoptosis in human endo-
thelial cells are inhibited by vitamin C[ J]. Free Radic Biol Med,
2005,38(10) :1311-1322.

Nutt LK, Gogvadze V, Uthaisang W, Mirnikjoo B, McConkey
DJ, Orrenius S. Indirect Effects of Bax and Bak Initiate the Mito-
chondrial Alterations that Lead to Cytochrome ¢ Release During
Arsenic Trioxide-Induced Apoptosis[ J]. Cancer Biol Ther, 2003,
4(4).

Thees S, Hubbard GB, Winckler J, Schultz C, Rami A. Specific
alteration of the Bax/Bel 2 ratio and cytochrome ¢ without execu-
tion of apoptosis in the hippocampus of aged baboons[ J]. Restor
Neurol Neurosci, 2005, 23(1) :1-9.

Zhou LL, Zhou LY, Luo KQ, Chang DC. Smac/DIABLO and cy-
tochrome ¢ are released from mitochondria through a similar mech-
anism during UV-induced apoptosis [ J ]. Apoptosis, 2005, 10

(2):289-299.

Calvert JW, Yin W, Patel M, Badr A, Mychaskiw G, Parent AD.
Hyperbaric oxygenation prevented brain injury induced by hypoxia-
ischemia in a neonatal rat model[ J]. Brain Res, 2002, 951(1) :
1-8.

Rockswold SB, Rockswold GL, Vargo JM, Erickson CA, Sutton
RL, Bergman TA et al. Effects of hyperbaric oxygenation therapy
on cerebral metabolism and intracranial pressure in severely brain
injured patients[ J]. J Neurosurg, 2001, 94(3) ; 403411.
JElEE S, X5 Ty IR i SO0 G ki PR I T CAL X
MZ T T IR ST [T ] o 0 A B4 4%k, 2001, 17
(1) .82-84.

W B R, BT R TR T S 0 T A A ol Sk o A i
BURIRFFELT]. hE LR, 2001 ,3(4) :352-354.
AN A T3, POk v R SR A DR B 4t it A Al
PR ERILT]. 2R LFR A 5, 2004, 12 (6) :466-
469.

XU, 4 T % T H SR 7B A R Bl S sl o P 4 47 1 2
L ROCHRT]. hE 2 ULFHR 2001 ,8(4) :355-358.

Rice JE 3rd, Vannucci RC, Brierley JB. The influence of immatu-

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

- 336 -

rity on hypoxic-ischemic brain damage in the rat[ J]. Ann Neurol ,
1981, 9(2) :131-141.

Ott M, Robertson JD, Gogvadze V, Zhivotovsky B, Orrenius S.
Cytochrome ¢ release from mitochondria proceeds by a two-step
process[ J . Proc Natl Acad Sci U S A, 2002, 99 (3):1259-
1263.

Beilharz EJ, Williams CE, Dragunow M, Sirimanne ES, Gluck-
man PD. Mechanisms of delayed cell death following hypoxic-is-
chemic injury in the immature rat: evidence for apoptosis during
selective neuronal loss[ J]. Brain Res Mol Brain Res, 1995, 29
(1):1-14.

Hale AJ, Smith CA, Sutherland LC, Stoneman VE, Longthorne
VL, Culhane AC, et al. Apoptosis: molecular regulation of cell
death[ J]. Eur J Biochem, 1996, 236(1): 1-26..

Korsmeyer SJ. Regulators of cell death[J]. Trends Genet, 1995,
11(3):101-105.

ZERACL BRI WA ESE M. B RIERREBOR R
11,1998 3.

Yang J, Liu X, Bhalla K, Kim CN, Ibrado AM, Cai J, et al.
Prevention of apoptosis by Bel-2; release of cytochrome ¢ from mi-
tochondria blocked[ J]. Science, 1997, 275(5303) ; 1129-1132.
Gadaleta P, Perfetti X, Mersich S, Coulombie F. Early activation
of the mitochondrial apoptotic pathway in Vesicular Stomatitis vi-
rus-infected cells[ J]. Virus Res, 2005, 109(1) : 65-69.
Zhivotovsky B, Orrenius S, Brustugun OT, Doskeland SO. Injec-
ted cytochrome ¢ induces apoptosis [ J]. Nature, 1998, 391
(6666) : 449-450.

Liu X, Kim CN, Yang J, Jemmerson R, Wang X. Induction of
apoptotic program in cell-free extracts: requirement for dATP and
cytochrome c¢[J]. Cell, 1996, 86(1) :147-157.

Kluck RM, Bossy-Wetzel E, Green DR, Newmeyer DD. The re-
lease of cytochrome ¢ from mitochondria: a primary site for Bel-2
regulation of apoptosis [ J]. Science, 1997, 275 (5303 ) 1132-
1136.

XE BT 50, PR ARBINE , RN, 55 X8 A= Bl HIBD
MRTIPh IR R A DRI AE T[T ]. /N L2 = 27,2004, 11
(6):363-365.

(ARG TH)



