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8% A% D 12 HEE T 0% ERFEICTHE LI ARREMBESEET VT v b & DLai, i
SNTEHBREAMIC L BZEILA ML AFHEERNEEE TV E IR L, RIEWEEE 7V ORR
LA ML AFEREREEETVE LTOAMEICOWTHRE Lz, WAEEBERKLIY 12HEE T
0% mMEFEAM T v b (P12) BLUZOHBAKTICEE L 24 HEL/27 v b (P13) &,
B (GERS) 2 L7z S oSGEY R 213 L, DNA Bt~ —» —Td % 8-hydroxy-2’
-deoxyguanosine (8-OHdG) #ZfiEdeta L, RAEZME L. 72, FEYV = A— ME2ERL,
ER{L A b L A< —#5 —Tadh 5 reactive oxygen species(ROS), HREBEEILY (malondialdehyde:
MDA), Bt#Z )V % FF > (GSSG) &%, RT-PCRIEICL ) O # Mk & BEEILKEAS
AL A 1L TCHE % Cu/Znsuperoxidedismutase (SOD) mRNA ZHl%E L, FiERSH I
MbLHE~NDOBILA ML ZAZER L. X512, ROS % B IZFEAE T 5B type 4
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase (Nox4) mRNA #illZ L,
Noxd DEENCOWTEE L7, $OHIGIZ 2 v P — VEEICHART, BHEATRTHEE
(P12) BmL CTw/z. $#i2, CAlL, CA3, ikl (DG) TiZ 8-OHAG B la B o Hg N i3 B
72572 P12 #EFEPN ROS, Cu/Zn SOD mRNA, GSSG, MDA ®iZEMEEAMEEca Yy tu—
WERICHARERICHEMLTEY, P13 TLHMORREELZ/RLA. P12 TOWBNEILA LA
DOFRIFZINETTORE L —FH L Tz ##EE Nox4d mRNA 133~ b a— )V IZHAR P13 O
FAMBET27TRE 2D, MEEERE BRI 2 5KBEREB~O®EIL (FFHERT) 12
X DR VE 2 B B0 REMEAURIB S 2. Ty MM, MR 2 & OMRSHAR A IS B A
12 H (P12) ¥ CTrRMEHG 2 M3 2 RPJEMIBHE € 7 VAL X ) Mo TERIER b L
AFRMEREEE TV E LTHORARETH S 2 LAVRI N,

F—T— R ERERAEAS, BRILA PLZ,

M2 20 AE DO RN R AL O AL IT D THII L
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BWINLCTwa™™, i, FrERERHEEETHY
LNBLMFEIIOVTE L ORI ME S LTV
B0, RPN OWMALRKIRED RIZRE SRV
E4 L OMBEIRINTWDY, AR TG
FfE (ROS:O0H -, H:0; O,” % &) ZEEFHEIL

NG, REEE 7V, Nox4

RIANF AR ECHMT S ERRIZINS
ROS 12349 % PUBRAL Bh B BAE 2 fils 2 T B, Bk
SR K 3 oD 1590 D 72 &0 DR F A 513 ROS A28 &
PRI DONG Y 2% T LBILA ML AL R,
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Fig. 1 Animal model
Hyperoxia groups were exposed to daily cycles of 80%
oxygen (20.5hr), room air (0.5hr), and progressive
return to 80% oxygen (3hr) from postnatal day 0
(P0O) to P12, and then placed in ambient air until P13.

Y, WMEAMICLVIKHER A IR EE S
D, ATENCHIRREEENBNL L EZ 5N TW5™,
72& 21X Gerstner B. 51% 3, 6 H#FT v % 80%
FE 3 24 WE A X W7, Schmitz T 513 6 H i
25 AS WE 80% MR AMIZ L DY, WA Iy ¥
WA EDIHZ 52 L2 HiE L Cnh. EEEEAN
2K AMAER b L AFHRMEIEEEE TV OO 72
DEAMERIRESLRBFMORE;THONL TN 5.
F 72, JT4EROS # FEMAYICA T 2 BEERE L
TH SN Twab NADPH + & v ¥ —+¥ (NADPH
oxidase: Nox) Z2WTiEH L72. Nox 12X % ROS
DA X RN TIHERER 2 AICEH T 572
DO TR T22/] [&] oBfEsrfki-ns.
iz iz, W< OO FETT2HY, Nox 7 7
I —EEHELTWBEY. Noxd ik MEFREIE
FEH 5 Nox & LTSN, HhKIZHWTERE
T 2 — R M OB FE O HIENZ B A > TV 2 W REE
ARBENTWALY, RIMFEERED~ 7 2 DD
BEZEAEAL B X OV 2R B3 L2 B80T B il ZE A
Tl&, Noxl % Nox2 Tlx7% £, Nox4 FEHAFHI &
N7z, Nox4 IZX AMALA b L A5, fhsfilie 7 K
b — > AR MBS MR & A U CRifs i 2 5] &
#2297, Noxd KIE~< ™ A TIZFNS DOREEY:
DGR SN MAERIL A b L A2 X B s 7
R — ¥ 2R MREBEEZ Noxd 2S5 L Twb 2 &
PR R SN, KRB (oxygen-induced
retinopathy: OIR) EFNVJ v M, AEEIS 12
HinE T80%MKEICTHEL, 13H~ 18 HiE T
KAPCTHETLZ LICEDERTX .
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AN, OIR EFNVICBIF A48 X0 12 HE D
80% R FAMEE (P12) & 5 N2 80%H 5 20%
IR # KT L2 IREE (P13) CTOMMNERL A
L AZALIZAEH L, OIR &7 Vo fkkEEE 7
ELCOAEREICOWTHE L7,

MR 7 &

1. SREAWNETIVER

EEEFEAN T v MIHi AT Sprague-Dawley T v
b&, AEH%H> S H# 12 (Postnataldayl2: P12)
FCHH 80%MEFHE T 205 Wi, KA T 05 K,
RT3 IF [ 221 T 80 % ME & B ISR 9 B C i
HL, TOBRKRAPCT24RMEETL (P13), fFR
L72%, B AMIZ1E OxyCycler model A84XOV
(Reming Bioinstruments compay, NY, USA) % H
Wiz A 12 H (P12), 721313 H (P13) THr
B v M2 65mg/10 g body weight ¥ k73 )b
Ey—F b s (VA R_RyF)b, i slspk
Xafh, ®) #ip. &5 L, B&LA (Fig 1).
EHIOKETHRERD L L, WS LIERIC
w7z, REBIIIAR B Y I Ble (|2 260 & 5t
L, AKRZECHERML 7.

2. &hydroxy-2-deoxyguanosine (8-OHdAG) #:f

WL 7-E %, 30% A 7 1 — R %41 phosphate
buffered saline (PBS) T 48 B E L72. D1k,
HGHLZ222AF VT % v BT, A7 u—AREEM%
O.C.T. Compound (Tissue-Tek, Sakura Finetek
USA, Inc, CA, USA) T LfREFE CHAL,
—80C TR LEBRICHW., 72794 F A% v b
ZHWT40um ©F v MEEROI 2 /ER L, 4 %
DINFHENVLAT VT FTHEZEL, anti 8-OHdG
(Nikken SEIL Co. LTD., Tokyo, Japan) THEi#ki%,
TIRPUARIZIX Alexa 568 conjugated goat anti-mouse
(Invitrogen., CA, USA) #fiH L7z, BEADA A —
VI ES L - -S> X 7 & (Al Nikon
Co. Tokyo, Japan) 2 X D L7,

3. BALA b LA~ — —lE

KETH L7729 v MEA» SR 2L, EHIC
WAREEF % W Caliks L7z, ROS, malondialdehyde
(MDA) =% Proteinase Inhibitor Cocktail (3373
ekt HHD PBS (2000 :1) T10% €
VA= MEERLAE L7, ROS OHI%EIZIE general
oxidative stress indicator 5-(and-6) -chloromethyl-2",
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7’-dichlorodihydrofluorescein (CM-H:DCFDA,
Molecular Probes Inc., CA, USA) % H w721,
CM-H,DCFDA IZMIlE NI AF - B T X 7
F—XIZXoT2, 7-Yr7uurzit Ly i
ZAb L, MFEANROSICX B LS Cattto 2,
7-VrzuuzvtlyrvAf ryeA LA 100 um O
CM-H;DCFDA 50 ul % PBS 1 ml {2 L7, gk
10%FETA— b 2012, 100 um @ CM-H,.DCFDA
Wi 50uldmimL, 37C T Mg v F 2 X—
1%, JhAEE D% 488 nm, 2 9% £ 525 nm THG
WRIE & 467 L — b1 — % — (Berthold Technologies
Gmb&Co., KG, Bad Wildbad, Germany) TilllzZ L 7z.

MDA # 1 MDA-586 Assay Kit (Bioxytech
International, Inc., CA, USA) z=HWTHllE L 7.

GSSG (E&Mb# Glutathione) #=#i¥ GSSG/GSH
Quantification Kit (Dojindo Molecular Technologies,
Inc. Kumamoto, Japan) ZfifH LilllE L7, #HED
SRS AR 100 mg % 5% 5-A VA1) FOUEE (SSA)
(FEAi e T3k at, R0 KW 500 ul Tk
EVA— ME, 8000X g TI04MELL, Hoh
72 b3 & #AKIS T SSA IEED 05% 127 5 & 9 AR
L7zbox ke Lz, ¥ v /%7 #1id Bio-Rad
Protein Assay &3 (Bio-Rad Laboratories, Inc., CA,
USA) ZHWTllE L7,

4. Cu/Zn SOD B &£ Uf Nox4 mRNA llE

WHEAEY A — b (1mg/10 ul RNAlater RNA
stabilization reagent, QTAGEN, Hilden Germany)
2558 L 724 RNA #, RNeasy Mini Kit
(QIAGEN, Hilden, Germany) % H W CiiiizE K
& (37°C 60 5[, 93C 54-Mmz) =47\, 45
N72cDNA %# PCROT7 7L —1 & L7

Cu/Zn SOD, NOX4 RT-PCRH®OF 1) TX 7 L
FF T I~ —=T7% A >~ LT, Sigma Aldorich
(Tokyo, Japan) & 9 AF L 72. Cu/Zn SOD (2
HAL7794~—1&, 5-GCGTCATTCACTTCGAG
CAG-3 (forward), 5 -ATAGGGAATGTTTATT
GGGCAATC-3 (reverse). B 7 7 F ¥ (5-TTGT
AACCAACTGGGACGATATGG-3 (forward),
5-GATCTTGATCTTCATGGTGCTAGG-3’
(reverse)) OFEBl A WNHEE#E L LCHlE L 7.
RT-PCR %, Omniscript RT & » b (QIAGEN (#%))
ML, Cu/Zn SOD o¥glg i, 94C 30 #
i, 56T 30 #1, 72°C 60 #0/, ¥4 7 Vit 30
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P A2 NVTEBLE. T2, BT 7F VL 254
A4 7 VCHIEL72. PCR AERWX, 2% 7 Ha—2A
7 VAZ T kB L ultraviolet transilluminater 12 T4%
Ny FZEWHALL 72, 2N FOMEEE L Scion Image
Version 4.02 software (2Tl L. Cu/Zn SOD @
MERE & B-actin MDA R ML, v hu—)
BT 5% TFRRLZ.

Nox4 IZHW727 94 ~<v—1%, 5-CTTACCTTCG
CGGATCACAG-3 (forward), 5-TTGCTTTTG
TCCAACAATCTTC-3 (reverse). 18s mRNA®
FB A NI & LTl E L2, Light Cycler
TagMan Master mix (Roche Diagnostics K. K.,
Tokyo, Japan) Zf#if§ L, Light Cycler TY 7V %
4 LA PCR # 7wl @ L7z, PCR Kt i%, 95T 10
51, 95C 10 #bR, 61°C 20 #/1, 72C 1 40f, 3
MR A 2 VL 359 A4 2 VCHER L 72, ik
LightCycler software (Roche Diagnostics K. K.,
Tokyo, Japan) TZ#r L 7.

f& R

DNA b~ — 47 —Tdh % 80HdG 12 >~ b
O — VERIZHART, EERFAME TEE (P12) B
MU Tw7z, ¥12, CAl, CA3, IRl (DG) <
BT % 8-OHAG Pl OB AE 72 5 72, &
MRF AT 24 RE 2 (P13) T® P12 L [AHkD
iR EZRN L7 (Fig 2).

MBAEA b LA~ —H —EhR R %A Table 1 1Z/R L
7z. WA ROS DI, SMFEHMATPI2:
87.06 £6.95, P13 :77.92x4.63 Fluorescence
Intensity (FI)/mg protein & 2~ ba— )V (P12 :
65.74 =5.02, P13 :63.58 =245 FI/mg protein)
ERBLTAHEEICE» o7 (n=8, % :P <005
vs control). MMERFEAMAE P13 @ ROS 13 P12 121k
LN ETH - 7.

Cu/Zn SOD mRNA #1i%, P12, P13 IZBWVTH
MFEAMBETIX, ThENn154+18%, 153*£11%
THY, MHAIBWTI Y b= VHICHREE
ZEd o7z (n=5 % :P <005 vs control). I
Y hu—n#Eo P12 ® Cu/Zn SOD mRNA/ B actin
mRNA 1%, 152018 Z/R L, P13 Tix 1.39+0.10
ZR L7z

GSSG =& = E = B < P12 (041 =0.10 pmol/
ug protein), P13 (042 =*0.10 umol/mg protein)
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Fig. 2 80OHdG immunohistochemical staining in hippocampus
Representative image for hippocampus at P12 (A), P13 (B) in control group, and P12 (C), P13 (D) in
hyperoxia group. 8-OHdG staining show increased oxidative stress (bright red spots) at CAl, CA3 and
dentate gyrus (DG) in hyperoxia group (C, D).

Table 1 The levels of oxidative stress maker in hippocampus at P12 and P13

ROS Cu/Zn SOD mRNA/
L . . GSSG MDA
(fluorescein intensity/mg B -actin mRNA . .
. (p#mol/ mg protein) (mmol/mg protein)
protein) (% of control)
P12 P13 P12 P13 P12 P13 P12 P13

Control 65.74 =502 6358 *245 10013 100 £19 018003 019£002 026001 026=x0.01
group

Hyperoxic 87.06 695 7792 %463 154 =18 153+11 041£010 042£010 035*x005 0.34=*0.02
group

number 8 8 5 5 8 8 5 5
*P value < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 N.D. < 0.05

*Significant statistical difference: *p < 0.05 vs control group. Each value represents the mean * s.e.m.
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Fig. 3 Effect of hyperoxia on Nox4 levels in
hippocampus at P12 and P13.
Data are expressed as percentage of control
(Nox4 mRNA/ f3-actin mRNA), mean £SE, n=
5, % :P<0.05. Closed column shows control
group and open column shows hyperoxia group.

P12

HZay e — VBT IS L 7.
% : P < 0.5 vs control).

R A BED MDA 13 P12 : 0.35 % 0.05 mmol/
mg protein, P13 : 0.34 =0.02 mmol/mg protein 3t
W3y ba—VERZHAEIMLTB Y, P13 TIEA
BEICHML7: (n=5 % :P <005 vs control).

i F M Nox4 mRNA #1%, P12iZBwTa ¥ b
O— U, SRR ko 7205, P13
BwTaryrae—v#%100% (100£61%) & L
7l X, BEREAMEETIZ270£38% L), AE
WZHI L7z (n=4, * :P <005 vs control, Fig. 3).
IV Fa—V#EO P12 D Nox4 mRNA 1%, 0.21 £0.06
L, P1313£024+004 /R L 7.

£ B

S L2 AEEY»S 12 Hils (P12) FTO
HIRFAMET VI, EEED»S 5 HElE T80%
AN % 1T L7z Kurul S. 5617 & [F U < #5112
BOWTBILA ML AZERL, RERLHEICHET
5 gk R, CAl, CA3 #HI @ DNA 45 A4
M2 ZEePHENE RS

Z v ;PLARBPER K D g8 L 72 oligodendrocyte
72 FEBR T 80% MR FEIT T 6 eI R #E% X b
2 ¥ F Y 712 superoxide (Oz7), W M 45 Wj 12

8,

(n
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ROS 2s#m L, MseixsmL 7z. 2 oML IX
HET—E¥RSOD ZHRMT 5T LICLipHish
720 bhbhoOMHWIZEFTVTIZAEEERDYS 80%
B &) BRI X DM ROS XML, iz
R X < AHMEN Cu/Zn SOD mRNA 258 L 72
bOLEZHNDL. LL, BEBEEAMIZE ) GSSG
T b= VICHARE 25722 & D B INNERIL
B PH IZER L NE T W2 s SR B, Ch
A% 6H (P6) v k& 12 Wi 80% ME M T
B2 LY MNPIBRILE T4 L B2 Vs
L72& w9 Bendix L 5OHEH® & —FK L Twab.
A, FREGBE LW E LT MDA BZ2llE L7z, IE
WhRMERICBWTH MDA BR#HWE LTHEAET
L, BRFEAMEAIOSBILA ML 2L L,
MRSz % < &N b L MARHIR®R (Vv
JRE) OB\BALRIGR T A b= A2 X ) MDA
EABINL 72 L HEM X4 5. Solberg R S Iid 4+
& % AR ARSERE A S BRZE (21, 40, 100% %35
Br), 9 RERIT2IC 100% BR % 30 434 5- L, RiSERATES
G ORI (neuroprostanes, neurofurans)
DZEALZ BIEE L7219, AR AR V8 PR E o B
H R A IR R R LY (8-isoprostane) X FE
BE Tl 2 WA EREIBEZ ICHREREICEHETDH
09, s MDA OBIAZE A8 Rl 53
HNZBD B L) D & )2V EBRE . 100%
MRFER G X MWRALIFE 2SHN$ 5 2 & 2 S8R
BomE LBERLEOGREE RE L. 6 HEO
Ty M Q0WERFEICHERET H L, B 12 RHEIC
\ caspase-3, caspase-2 {HTEDSER ICHIIM L 72 & ¥
HLTHB?, Tk xMRtismys 2. b
b DNABALA b LA —Hh—THh 5 8-OHAG
et 12 X 0 #EE IR, CALl, CA3 (B flie A
BETAHZEZHOMIL. ZNIEEEBREARIC
0 F v Mg CAL & iR 35 1) % Bk 2k
MO 7 R — 2 ARMRRBLENAE LT 5 2 L1617,
~ 7 AHEE CAl, CA3 TIXMIIE OE AN L 7%
D, BIRMOEAIKE b &) EELAH
e =LY,

LSl EBEAMNE T IVIE, P12 T80%M
D SR AT 20%EFE) THESND L
W RV KRR IRE L 20, HEEICB VT
[RIfL | (VIR E LB E# 2 5 h55% K
FEEIZBWT, BEAMMKT 24 K% (P13) 12
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(39 Nox4 mRNA 2328 HIN$ 2% 2 L2VR &S
N7z, Nox4d IZA—/N—F FH A4 F (0,7) ZAEK
TAHHEZTH Y, Noxd WMNIIMILA b L X % ifiE
T4, P13 TIE, T v ME, EEBERED S KEAA
BEI$T A5 XD, HATIEHERLH,IZROS R
GSSG AT 5 & # 2 TWwWiedh, P13ICBIT A
NODMEIZPI2 L AETH 72, BEEFEIRENS
KENOBENE, BRBEOLMBIKTIAAELZS
2R, TNHSORLA ML AR —H — D Efl %
MLz EZ oD, BUEOBEBEIRED S KA
(20% %) ~OBEN, BEREOLAMAKTT
HY, MXAICKEIIRE L 20 [hHE] & H5%
DEALPEL - EZOND. ZDHKIE, Fr 12K
MRRRBICEIS L, MRk TR &
FIRRICER R AMIERG S, 20% MR ICEIS L7z £ 2
bND. Tz, BRNERIE LA AR F
T CTH 5B IR RIRE (RN 22 5K
BEIRE~ MBI (FER) &I bar k7
EESEL, A== FH A4 F (0,7) ZHEET
LF#TH 5 Noxd AN L 72 fetkasd 5%, AR
FEEAE R T ERBEAMNTED Noxd OB P13 T
ay bu— VO 27 IS, NADPH + %
7 — B A SR ERE TV T v MCALE S
% & Nox4d O & MTIRED/R 24, Noxd 'k
MM ICBWTEBILA P L ADTLRFRERE %2
Z5HEDHENS G, RIS X Y EH L 72 Nox4 2
XDAETZZMILA b L AR, ML PG fhkk
Miamtz2HE LT bRt H 5. F 72,
Nox4 13 K i /I8 M 5 P Bz Al <2 i 4 P Rz sl 27 12
BWTHILA b L A2 X B TNF-o 4 % P L,
7 7\ — AL & S5 A T REMEARIE S
TWAH, BI—HHERIC X 5 CAl OMRZEN %2
WS L2 ELMBEEINTVED,

T h R T A BN P iRRHE O A BEL
MHETTHICIE10 HEEZLEE LTWEY, /&
#%3H (P3) 713 P6IZ80%MEE 24 R &% L
7o AR T PIL SRR A BELIZIZE A
EHeF S P AN D TR IR L
Weg5<d Y, UKD GO 720 OWF LA
THILA P L AZIFEY, MEMBO7 R b= 2
&R CoEEIRERE TN
L L CHNAWEEELH 0, BEdE 2 I3 5
IHBEREERPLG LD B E TV % TR S

v N ORNERIEA ML A
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PLEX Y, T MK, IRERZ: & ORI A
TAHEKLI2H (P12) FCTHEBEES ZHMET S
LR APEREEFEE TV S v MIBWT, MOT
BRALA b LRI X ML 7 R b — 2 ZAHHERR S
Nzt Xb, EEEFLVELTHIRHTRETSH
b EHhRENT

F 2B R
AWFFEIC B L BAR 7R & FIaR AR 20 o,
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Abstract ——We evaluated whether the retinopathy of the prematurity treatment model, which main-
tains neonatal rats in 80% oxygen up to postnatal day 12 (P12), is utilizable as a brain damage model.
The rats were loaded in hyperoxia-normoxia cycle until P12 and then transferred under normoxic condi-
tions (room air) for 24 hours (P13). Rats at P12 and P13 were sacrificed and the hippocampus was re-
moved. Tissue cryosections were prepared and oxidative stress in the hippocampus was assessed by im-
munohistochemical staining for 8-hydroxy-2'-deoxyfuanosine (8-OHdG: a DNA marker for oxidative
stress). Furthermore, reactive oxygen species (ROS), lipid hydroperoxide (malondialdehyde: MDA), and
oxidized glutathione (GSSG) were determined. We also assayed Cu/Zn superoxide dismutase (SOD)
mRNA and type 4 nicotinamide adenine dinucleotide phosphate oxidase (Nox4) mRNA. The amount of
8-OHdG positive cells increased in CA1l, CA3 and the dentate gyrus in the hyperoxic group. At P12 and
P13 in the hyperoxic group, ROS, Cu/Zn SOD mRNA, MDA, and GSSG levels were significantly in-
creased. At P13, the Nox4 mRNA level was increased to 2.7 fold that of the control group. Nox4-mediat-
ed oxidative stress may lead to a neuronal injury. In this study, the oxidative stress markers were in-
creased in the hyperoxic group at P12 which is a necessary period for maturation of neurons and retina.
These results corresponded with other previous reports on the oxidative stress-induced brain damage
model. Therefore, this encephalopathy model was thought to be a possible model for the study of health
maintenance of the premature infant.
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