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Abstract Objective  To determine the effects of prematurity hypoxia and hyperoxia preconditioning
on bilirubin neurotoxicity. Methods  Seventy-two 7-day-old rats in full-term group and premature group 36
in each group  were randomly divided into 6 subgroups control group bilirubin group hypoxia group
hyperoxia group hypoxia + bilirubin group and hyperoxia + bilirubin group n =6 . After the rats were kept
in a chamber of 95% O, for hyperoxia groups or 8% O, for hypoxia groups for 3 h 0.02 ml normal saline
or 10 mg/ml bilirubin at 20 wg/g body weight was injected into the cerebellomedullary cistern in control group
and bilirubin groups. After behavior evaluation at 24 h after injection the rats were sacrificed and their brain
tissues were collected. The apoptosis and necrosis of neurocytes the expressions of iNOS and TNF-a in the
hippocampus were detected by HE staining TUNEL and immunohistochemical staining respectively. Results
The rats in the bilirubin groups appeared to have different degrees of abnormal behaviors such as proneness
tumble limbs twitched rolled and less activity. These behaviors were more obvious in the premature rats. HE

staining showed that the apoptosis and necrosis of neurocytes in hypoxia + bilirubin group were more significant
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than in the other groups. TUNEL showed that compared with the bilirubin group in full-term mice 23.33 +
30. 17 £3.76 was

Compared with the bilirubin groups of full-term and premature mice

4.89  the apoptotic rate in the hippocampus of bilirubin group in premature mice
significantly increased P < 0. 05

23.33 +4.89 and 30.17 £3.76  the apoptosis rates of the corresponding hypoxia + bilirubin groups 27.67 +
3.01 and 34.33 +3.01 P <0.05
groups didn’ t not show obviously increase P >0.05 . Immunohistochemistry showed compared with the rats
0.425 £0.014 was

was not significantly

were increased dramatically whereas those of hyperoxia + bilirubin

in full-term bilirubin group TNF-a in the hippocampus of bilirubin premature mice
increased significantly P <0.05  while the expression of iNOS 0.253 + 0. 009
increased and the expression of iNOS 0.437 +0.024 and TNF-a 0.440 +£0. 001
group was increased remarkably P <0.05 . In contrast in hyperoxia + bilirubin group

iNOS 0.254 +0.010 was not obviously increased P >0.05  whereas the release of TNF-ao 0.416 +0.011
was not significantly increase P <0.05 . Conclusion  Bilirubin aggravates the damage of hippocampus neu-

in hypoxia + bilirubin

the expression of

rocytes by inducing cell apoptosis and releasing TNF-«. Hypoxia and prematurity improve the expression and

releases of inflammatory factors and deteriorate bilirubin neurotoxicity. To control perinatal asphyxia and prema-

turity and inhibit bilirubin-induced inflammation play vital role in prophylaxis of bilirubin encephalopathy.

Key words

bilirubin neurotoxicity prematurity hypoxia hyperoxia

Supported by the Natural Science Foundation of Chongqing CSTC2009BB5067 . Corresponding author Hua Ziyu E-mail ziyu_h@ yahoo. com. cn

T 2 P RV A% B00E R A )L e Y ™ T R
S W RBOLTT SEAE BB i s
W HE BEE DU SSRGS BE | R T
JHFIFE K i 5 5 7 B A G AR ol S A 22 24 kst IR
LLRACREINT S L R AR R s T 2
AL HAEBARMH AL ZH K5 AR PR e Y
WO RER AR S B T B A0
RE QI IR PN ST X4 M E R R i R RN
—SB AL A EEF induced nitric oxide synthase iNOS fib
JEIRVEIR T o tumor necrosis factor-aa TNF-oo ¢ R
ik A MR A AR IR A 0 A
S R B S R BE X IR AT R R 2 FE P 5 )
T HAERALEDE A5 iINOS TNF-o A%

1 #R5FE

1.1 Zh¥aa

LLT B RRUAARE  SD AR R $2M: EL: 15 78
B U H RV A BB B A B O 2200055 0 R 280019 21 d & 1D
FrElE U R A R A0 22 ~23 d - gEPRPESS
TR ST H AR 77 A0 B BRUAR A L

112 PRZRMpRsh skl S5 S0k 4 2
11 CEEMRARRIEIS 1 7 A B/ I SEE B P9 7 5 10 mg/ml
MRLT R 20 ng/g  FEMEH A KRBT ks W
St BUER MIEN TRIT AT Felel TUEish 1 shd iz
WRIAE RS EIIESE R /1M S A B A IR 2D 3R s e G
HICHT A58 405 i afi

L3 ghyodl 7 dEFA R A KRR 36 H sgabidlsy
H6 A A6 R WA+ AR WIREE T AT /MK
JEFEM ATES 0.02 ml A= BRERK W4 + IHZLR AL /NN AE A

WS RBIE @A + AR ARE R 95% I %
AR P HFERZRER 3 h /NI AERE I I FE ST 0. 02 ml ZAEFEER K K
S+ AR KA SRR R 8% I AR TP RRLL B ER 3 h /i
FEREI P ST 0.02 ml A HER K A + A RA HIRE N
95% I AR TP SRR 3 h IS /NI A b P9 3 S AR 21
WARE + LR A AR 8% B AR PG 3 h JF /)
HRG B P T S BT R 7 d A R R 36 B 4
bR FE R AR A413F 24 h J5 Wk UK
1.2 KR EA4h 22 FHUR

MEER RIS FIHLE SO 4 Ot D
ARG ERARfL, TUNEL 7 b (0 K6 00 1 8 T b 2 41 A 5457 41 i
T REH AUk e ke U T St 22 2 il iNOS 5 TNF-o 3R3A

SABC ¥ HAER/EWLIEBIH iNOS FiIl TNF-o fpE ik G2t

A& 3ME Lab Vision 2% DAANARIR P 3R 5 (5 P
SR 5k Y)RTE 10 x 40 £ SRR T 5 AN AS 3 28 0L
SOMF AN LB PN R SR I
1.3 %itsa

BAELL x5 o8 NFH SPSS 10. 0 34 Z 410 R H
F2E5 0T PIH ELEH ¢ A e

2 HR

2.1 hipegir 247 K4 T

WA+ IR KA R + AR PR KA A + AR R K
MY T BT HRAE  FE + HaRA mE + Rax
RS + IZT R BURER DU B 375 2 vel /0 45 S 3 b
ZATHIES
2.2 HE (&R EL G mE LA

WA + AR KA U + AR KA AR + AR OK
K U T M 28 AN I A5 S W AR TE % TG S R B8 B g
FIRLT 2 4% 2H G T w20 A0 S A AR TR R BE B R T R BE. [ 1



33 EE L
201146 A 15 H

EE N U NI
J Thid Mil Med Univ

Vol. 33 No. 11
Jun. 15 2011 1125

ARE +AHEKA B FA +2s £l C KA +fescta

1 RRFEXRREIHEMEBENE

2.3 TUNEL A& i B Ad 22 40 i, 8 = oL

EAKE SHEML REH BEAEDHIMEMET
KB 2R PESHIN0.2694 F10.7979 EHHH + 0L
RAMEE KA + RO RAWT-FH BT E P=0.0295 1M
R+ MAaRAEMOFZFHTLHARZES P=0.1085 Fr=
HU L S5 R

AR WrEH A + R B RE + HaEg F
FER AR + ANZT R A1 I 1 22 400 0 0 T SR 35 e AR g A 2 A 4R
BFE P4 0.0008 0.001 1 f10.036 1 LA 2

m A E Ik m AR g IR ERRER K
40 DAL R BEALREK 3 %’fugﬂﬁﬁ?
abc

338 PR

a

o3 (9%
W (=)
i

T T A TR
o 8

—
w o
]
!

0 A L=

a P<0.05 52 A%+ Fais b P<0.05 5% =% & +
feerZarbix ¢ P<0.05 5 R AR +lmerFaibs d P<
0.05 52 A&+ e ks

2 TUNEL E# il & 28 K R i 5 40 &2 240 A T PR3

2.4 %R AL oAb 2 dm i iINOS & A
EASH SEAHMLIE (KA INOS ik 8 E T
P <0.01 EERATHEFE P=0.0571 S¥4E+H
EAMLI R + HLL KA INOS FRREETE P<
0.01 iMimA +HaORALXREAE P=0.9642 FHp=K
BRI, R A + AL E 4 INOS Fh R 2 H W
A+ RaORATLBEES P=0.9642 UK 3
2.5 R AR Y 4 4 e TNF-a &Gk
EASH SHEAHAME IRAH R AL TNF-o iR
TCREA PEAMN0.9444 F10.6929 SEA + HAE
AR R4 + IRLT A AR 4 + IRLT R AL TNF-o ik R Y
BEWAE P<0.01  REPELYIHE SREM BEEE
+ ALY TNF-a RIERBEHFE + MAaZHA B ETS
P<0.01 L4

HE x400

0.6r =WAHEHESKe WEMHOE o KEHEREK
RAIAL R m SEHEIE ks AR
d
0.5 b
A 04' a c
ﬁ = L
Z03
wn
o
z
0.2
0.1
0 ]
EH LIS

a P<0.01 52 Astmeaits b P<0.01 52 A s &4k
¢ P<0.01 5F=xmaitix d P<0.01 5% = hesr &4k
B3 GEBANEUESAKXREDHEAMAMINOS Rik

A+EHEK mE RO E ofUE B

E2
AR R mE K ME AL R
P

mi

0.50, "%
0.45 a a

" 0.40}

3035}

= 030}

3

2 025}

z

£ 020
0.15
0.10
0.05}

0

A R

a P<0.01 5 AflesrEaikiz b P<0.01 5% = Eabs
B4 REALENEZEZHAAREIHEMM TNF-a Kk

3 it

A LB R BT A LI DL I PRI G R Y
R BT R AT B AR LT K AR R R i © (S B
2 RS2 B FIE 21 2% MM 2 DL 5 | B A LBL21 2% i
R SEEER B R R R ITIE
BEGRHNEAE S HEBTESNERE B~
BBl = 22 8 A e LAETE Rt I R g s
ZERE (HR FI TR R A SR X R AL



5533 &5 11 B/ = F E K % % WM Vol. 33 No. 11
1126 2011 46 A 15 H J Third Mil Med Univ Jun. 15 2011
19-20

R TFER W A I B

AR 2T 22 A RE A fof 5 IH 21 22 M A ™ LB
FOL R ILE AR AE A E SRR R
B 55t K B WAS BUAAAY MLK5R B Lk
PRI, BAR (0L bR R E— 2B IR )0t A
i T ARG ER IBLT R W R B s AT
W e H R B TUNEL A6 45 7R 1 25 #h 22 41 i 0
TR UUIHER = R AP N 0 R ZT R ph 2555
PEE SV 35 Amit 25 ° $ I AT KRBk HA S4E
WAHSC A RIUBMEAN—3  Lesuisse 45 ° A BUR A &
AP T B — G TR PR 2 I R A VR S 20
BIPHIET A e — M A AR endn i A 5
e FERNA ARG Rk " Hilk Bye
AT RHET 28 0 163 5 (1) 18 2 SRR A — e R R
T AN BT LT 25375 e A ) T A 28 v A ) 1

BRSO il SRR fE R L
H A AT L A ) LR S M T
BT FBZ— MR RV ] Jid i 2oo
fe il HARZ A N i F iz AR R AR RE Y
U R RTINS e N SR AT Y
IS IEZIR i S B 3E i A8 21 2 K1
T HFEME R AR LS A IRL F b nl e om & & b K
B SR AR A EG S 00 Ach L o s I A4 R %o EL £ 28 7
By e SR ARZT BB SR RAENZ 7" Falcao
EHEN GRS R — IR BELR S ECA BT T RE S NS 4
A Y ARSLIRIR B R R RS R R Bk
Ao B E A DS T RS O R
AREIAEXT R oo s E s e ™
2= AL U HJE R L&A IR L K k5455 1) fa B
PR S—J i RERNEER S A e R4
JUJEHRE B B WA B 5= J LA HR il oG 25 s 46

Pyt SArbdE SBURW] LT AESE T E R L
A G B R SR ILAE P RERG I AL 3R i 2 7

PERY S REME R R RN FR A R 28 AR G Y R 05 T g
it I AP T S AT IN E A AR5 RS e v B2 450 48 h
ARV EE R M LA AR T
JRPET-IG ' BFSTEROR R R IR RS S
LA T T ARSI WARWER3 h R
5 i S 2 AR TR B TR s A IR R
PRI 0] BE SRR ] ShEARTIA R A
S AT K i v B AR SR AR ISR TR A AEUE T LA
TNF A TNF-o F1 TNF-B Pifi B BAIER
AL AE W~ DI RE LG X s i g S R E T
JEWNT FERERCARIEAN FIAFE 228000 TNF-o 7E I/ T
Sl RAE RN PR EEEA © R g TR IRLL
FH KPR RAE N T A K2 2800 M 8P i
RN RH 2T 22975 4 19 TNF-o 580 73 %08 T8 0 4k

BT InERLL B T ARSI TRUESE AHAL
HolE L4 TNF-o A8 EFm Fr=nlinE i
ARFEFH TNF-o Fik RIS HGE LT Z Al
LRI AN NF-kB 31k Fakdng ' (RE Fab B A&
BN AT REE A 3G NF-«B {# JHLT &35 () TNF-
AN mEHM A ENE Y AR R al
TR TR vk B 4 3 h R RE S I D s 2 A0 i
TNF-o F3A 5 PR 0 S S e B mT B S 34 i Ap 21
FiHETN TNF-a 235 IR JBLL ZA R 2340

ESR AL A S i inducible NOS iNOS |~
AT ZMAM fFEhRMa 25N NOS NUAF
2 i 11| = A 5 1 1= 0 2 o7 P v | 2k S
IRl h 2 DA AN R A i I 4 A
NI ST A LR A AR R S R R 2 i i
iNOS 7EAEHURAS T ILEARIL BRAESIN F PR
SR PR S AR N AL R a0 IL-18 TFN-y TNF K& &
JEN AR Z M THm JA o) INOS ik NO & a5 —
ZANBEHEAEN BAREMAAMBEIREMBET &
WFoE s e MO R KEARTE 3 h Rl
AN T INOS Fik iy i E TH i WA R + 1
LI ZH INOS ik B I FH w5 A N 4L IR A Tk A —
M OARE AtEAE 8 A SRTRZELSh F OB
T34 5 h Kl A el &G 2] INOS- IR #hZE 4 26
3RIAFEE FT RIEAMNIE P BHUEL KEE T
A INOS ik smAnLT R4k

L LRk BT T fEEad i S TNF-a 25 4 0E K
TR AR A TSR AW ] R
S BN 4 RE P F- U0 TNF-o F1/8% iINOS i 8 i il il
TR RE (EAR RN o O 2T 2 pp 22 i Pk () 5
Wil R 55 SR TR B A I B R e A 0 TR A L
Wiftd R T RERE R W E S AEHA
Vel /D IR 2T 25 o 40 140 e i AR 2 ORE IR R T
AE S A R 7 36 FRLT 2R 15
R TR PR A R L 3 B B LIS O A R B
T LT R ALRHIF ST 55 50 54 . B A 1 52 et 2 o 4
S

% 0k

1 Gourley G R. Bilirubin metabolism and kernicterus J . Adv Pediatr
1997 44 173 -229.

2 XS e R LEEMIZIE 1. ANLaREY: 2004 11 3
196 - 197.

3 Ver P Grojean S. The toxicity of bilirubin to the central nervous sys-
tem J . Arch Pediatr 2002 9 10 1074 -1077.

4 WIS MG AR AR /NINHERE M S B L R RS AR
REBEZLRR AL M T . ERERIR %4 2008 33

2 177 -181 244.
5 IpS ChungM Kulig] et al. An evidence-based review of important
. Pediatrics 2004

issues concerning neonatal hyperbilirubinemia ]



F33EH M % FOE K ¥ E R Vol. 33 No. 11
2011 46 H 15 H J Third Mil Med Univ Jun. 15 2011 1127
114 1 el30 —el53. J . Clin Perinatol 2002 29 4 765 -778.

6 EFA WHER U R LR R G R fE R R T . 16 oV 2B Uk BE R IE HOBT AR KU s T . h
hEAFRES 2010 13 27 3032 -3034. # LB} 247 2000 38 6 390 -391.

7 Falcao A S Fernandes A Brito M A et al. Bilirubin-induced immu- 17 AW SEFH. = REX LT R A R S e g R T A
nostimulant effects and toxicity vary with neural cell type and matura- SESCIZER ) . BE SRR RS SEIR 2009 31 18 1770 -
tion state J . Acta Neuropathol 2006 112 1 95 -105. 1773.

8 Amit Y Brenner T. Age-dependent sensitivity of cultured rat glial cells 18 Basuroy S Bhattacharya S Tcheranova D et al. HO-2 provides en-
to bilirubin toxicity J . Exp Neurol 1993 121 2 248 -255. dogenous protection against oxidative stress and apoptosis caused by

9 Lesuisse C Martin L J. Long-term culture of mouse cortical neurons as TNF-alpha in cerebral vascular endothelial cells J . Am ] Physiol
a model for neuronal development aging and death J . J Neurobiol Cell Physiol 2006 291 5 (€897 - C908.

2002 511 9-23. 19 Zhang T] Hang] Wen D X et al. Hippocampus bel-2 and bax ex-

10 Roth KA DSa C. Apoplosis and brain development J . Ment Re- pression and neuronal apoptosis after moderate hypothermic cardiopul-

tard Dev Disabil Res Rev 2001 7 4 261 —266. monary bypass in rats J . Anesth Analg 2006 102 4 1018 -

11 Watchko J F. Kernicterus and the molecular mechanisms of bilirubin- 1025.

induced CNS injury in newborns J . Neuromolecular Med 2006 8 20 Gordo A C Falcao A S Fernandes A et al. Unconjugated bilirubin
4 513 -529. activates and damages microglia J . J Neurosci Res 2006 84 1
12 Vert P Grojean S Daval J L. Combined neuronal toxicity of bilirubin 194 -201.
and hypoxia. Study of cultured rat neurons J . Bull Acad Natl Med 21 ESE HFHL AIMSME S IR Y R B O SR Tk B
2001 185 8 1417 — 1426. BIHARFE WS MZAMBEE T ] . B=FEER¥ER
13 Grojean S Lievre V. Koziel V et al. Bilirubin exerts additional toxic 2010 32 16 1754 -1757.
effects in hypoxic cultured neurons from the developing rat brain by re- 22 Dawson TM Snyder S H. Gases as biological messengers nitric ox-
cruitment of glutamate neurotoxicity J . Pediatr Res 2001 49 4 ide and carbon monoxide in the brain J .J Neurosci. 1994 14 5
507 —513. 5147 -5159.
14 Falcao A S Silva R F Fernandes A et al. Influence of hypoxia and 23 k. BsEG wadT. MERBTEGCE S AR A RS
ischemia preconditioning on bilirubin damage to astrocytes J . Brain MUE ) . WS RASORAGE 2004 122 88 -90.
Res 2007 1149 191 -199. WA 2010-11-11 B[l 2010-12-20

15 Hansen T W. Mechanisms of bilirubin toxicity clinical implications 7 éfF V.2 /-%

EAE 12 R e
ST AR LA e ken 2 TR
BEREE VAIRFFSR TS GEOLR R AR AR A S AR T 2 B B R0 2 SR R T AR S22 S 44 G
S FARIT LA DT O 7D ¥ A AT IR LR H

1.3.2.2 RprBe SR SR R A2
izl AR AR TR R A X R RO R S T T S Y
FE PR LIS ff kT LM X UL AR
WRAR IR VNGRS BTG T 8 SO R AT 2l 251
WAL —HIMBES RaL iRy

1.3.2.3 RIEErEBL 7ERBRERBRLAL HFQI DR A
S A FFBAT IRl A AURE 3 d JEPRERZb A g0
5~7T dARERRS FORFERINREE R W3 ~5 min J5
RS RS OIS R AR LB RS A L
At BEMBUE A X SEREIR 37 B B0 K i Ak
B[R A B

1.3.3 JFFARAES B

1.3.3.1 & fEPRERR YR SEEETHREAA R 2
WA A PO Al IR 25 T DAL &

1.3.3.2 ZPERCHHER L AR 4% B E BRI R E
SVERURPER N, AR AETERITIR 12 ~24 h N A3 &
A MERE RZESE RN REABUK WEIGIT KRR £
Al i 2

1.3.3.3 kAP AT TIRUK BESEIRT R
KRR JCHREEAMT OIS R R A AR fi
FLAERASAL OBy P v s g R R A 2 I B R
e LI 2 IR R

PO 3 R T T B

1996 4F 9 A FeBe % 1 IE M5 | &5 OUR Jighk s 7]
#2008 4F 6 H ] FrhLIHRTF N RS 1 205 i) iR e
PR AIE B 95% L b I R 2R R IR B B s P AR AR
EAANH TR EALER IR R 36T
FERZEMRDE * IR A B A AT I T AR R
BORHET EEEAE SRR TR R TR S LR
R S EINAITY KI5 HAG.0WEE Bl ifk
SEYHL N BEE AT BE A E IR & i 45 T A OC 4R
S A BT S IR R R IR T RCR:

&% 3k

1 BRI AROKSC PROGAEE. ST I DA YT I A AL 98 i R 4 A
b OB EZEBE R 2000 22 8 793 796.

2 KRN A SKRESE AF. NI IDIE T IR 2 R RS I8 T0 i
RS ) . SERE M AT REME L AR AR 2009 22 1

50 -51.
30 XUERE. BRI TIGYTE ML dbat AR LA R 2006
302 -309.

4 A Gk T REAR. OB WO R y — T AR
T . NEENEZERESEIR 2009 31 1 223 -225.
I#5 2011-02-15 f&[E 2011-04-06

it EE



