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The Effect of Repetitive Hypoxia on Production of
Lipid Peroxidation in Newborn Rat Brain

In Sung Kim, M.D., Hyo Jung Suk, M.D., Jung Suh Park, M.D.
Moon Sung Park, M.D., and Min Soo Park, M.D."

Department of Pediatrics, Ajou University School of Medicine, Suwon
"Department of Pediatrics, Yonsei University School of Medicine, Seoul, Korea

Purpose : Among many pathophysiologic mechanisms of hypoxic-ischemic brain in-
jury, reactive oxygen species (ROS) cause or contribute to brain damage relates to their
ability to attack the fatty acid moiety of plasma and subcellular membranes. Because
ROS are generated by hypoxia-ischemia especially during reperfusion period of recovery,
repetitive hypoxia-reoxygenation in newborn brain may result in more severe damage
than a similar single insult. It is to determine whether repetitive hypoxia-reoxygenation
may produce more ROS than a similar single insult in newborn rat brain.

Methods : We compared the production of lipid peroxidation in 3 days old rat brain
following normoxia, repetitive hypoxia-reoxygenation and an equal duration of sustained
hypoxia-reoxygenation by measuring 8-isoprostane-F2 a. 8-isoprostane-F2 a is free radi-
cal catalyzed metabolites of arachidonic acid, which is produced independent of cyclooxy-
genase.

Results : Compared to a single duration hypoxia-reoxygenation, repetitive hypoxia-
reoxygenation produce more ROS (8-isoprostane-F2,) in newborn rat brain (P<0.005).

Conclusion : It can be speculated that repetitive hypoxia is more detrimental than
equal duration of single insult in new born rat brain. Relations between increased ROS
production and brain injury following repetitive hypoxia-reoxygenation should be eval-
uated. (J Korean Soc Neonatol 2003;10:235-240)

Key Words : Hypoxic-ischemic brain damage, Reactive oxygen species, 8-isopro-
stane-F»,, Hypoxia-reoxygenation, Lipid peroxidation

M =

AL A x e Ak A g A = (0] 3]
A A v A S SEA BT BT 146-92 gow 1ol Hutnd SR g elst HIE)
JE A H A ol 2 FZ FA] FrAbel oJEl] ofr|Ew FH e vt

Tel : 02)3497-3351, Fax : 02)3461-9473 SR k&@oﬂ og A Aol Ab ¥ vl S5

’ - b
E-mail : minspark@yumc.yonsei.ac.kr

- 235 -



ool

H A

o)

EECR

m
=

HIES] ofdt
oot
obo] 9l
o] WejAel 717el
el o

A
r

T

W 3]

E

=

AHe)
ot} z
AT % =
2] 3]
19m gou of
° 3177}]]
ﬂ—%g
[e) EH%_

® o]ele]
2yaho|th

o]

%
A

kel

Sl EH7]%—94

T T
Lawrﬂul.
‘WL.AOHTHLE:_
}%mﬂ%
N O SM._ <]
‘Q QO .AL ‘mWT‘uAI]
Llﬂ%]i = X
N .E. o EE Z,o i i~ L.q oF b
%iLimoﬂ 7 Hﬂwmﬂ 2, X
ﬂ@iﬂ__m i e T e o Mg
< ,..AJ‘MﬂLA,,_ — MJ@L oﬂ.mﬁm m SH o ¥ L =
—_ W< W 10ﬂ[<1r J..ug-
mﬂaﬂ%hwﬁ £ 1&%% .rumﬂi,wuzﬂﬁr,ﬂoﬂe
CUC N N & | o W . o oS g = i Mo R g o «
B 2 TELF gﬂufsom = B
oroOoo% 5 5 Eooxqor@ ,m_wv Zlmﬂ;ﬁoﬁﬂnﬁ_%ﬂ
— = 8 Lﬂdng;a G uﬁﬂOeqadﬂ N %
—_~ 7 K X 8 N
%mﬁq@wﬂno& 2 E%@r%% __AA__E%ML_.%OEMKWEﬂmWWM%M
S mﬂar.® qlaﬂfﬂ m_x1lmr% ?355%ml
" wrow.mo.EoJ ol Qnmmé]? uodpwro%ewHﬂ.ololroﬂﬁe
&rﬂ m@ R o o s ; o J.. i HDW_ oo ° B o o a0 & T & © Ho
! <A - - 1 N - 3| T N >y E o Md_u ) i N d]ﬂ S — B ek ™ ny 4 A — 7
gy Yy K mbﬂ:o ma.qoﬁfépzaw%sewﬁ%y
ﬁﬂmhisﬂmﬂ_uﬁﬂAﬂé tmﬂrofw, e E x5 e
2 Ho of s B Ny < Rr 1o ZMU i % QC Wm Lh_ ,cl{u g So T M ,m T = Nl
RS = A E}Hﬁah mH_sV Mwognunﬁf %Ammﬂ_zr
~ ~ el ao"_i = g . 0 =
B )1wﬂk1 &3 aT D % S B
T .IAE;.QX_u .m%o], o) o ,_‘._%l o}
TEw goﬁiSMOMWGM%@ﬂmanim
IZTE23 a%ﬂﬂm>m%mﬁ% a%ﬂ@ﬂmggm
ﬂo_fe Sl urmﬁ.@zpozm MH@L Eomﬂ,ma
TR =0 W iy iy HOR A W © * o W W I = Mﬂ il M — m =
X }Eu.ﬂamﬂ ﬂl.manMo% ,mem
9 = ) R A £ 3
JW o= Aw/ m_. = w < I w@ 5 = o0 © = R Nk < 0 = o]
5 2 S o F rEE dears cETEEE o34
]o# F;]Fﬁo]oﬁn_:w = —_ A <0 ‘ Hfﬂﬂqzo < ® IS
o ©° I 0 K ey G
wwLW%@aﬂH%m T B AR, 5 Sl S A
onﬁuoﬂ%iﬁ1uﬂ@m.%ol,q 5 3wk
v P oW ﬂowlf_g“oﬂ_} o T
%.X&WE}EQﬁL%Oﬂhwm °E
n_,_ﬁudror < _zQu7;x Mowﬂxoqoi ﬂu_l.aa N Wﬂ_ <
qm%o_ﬂﬂ@myﬂﬂ ﬂéﬂﬁmﬂxg R G
o I modﬂog = < iuw@ ™ A N W E B oy = e) - N
il L il < d.ﬂ‘ﬂz;1 Zo o ® oy
T B TF = ol ok S Y o 7! e
ﬂi%Lo,mo]_l ,oquﬂtoﬁ A EEA] 4 o
wuii qi.gﬂL@maﬂwg% s B TE s w 5
K ii@ma@w@ Mqa%%@ 31 CET <
X 5z nnm = = ]imﬂuﬁ 0 Al rol =0 o X oy
iiﬂn% il ema&wmomoamﬂwr )| mcw_a do T
Y MV.# X “mu ‘V OE .ﬁ S~ B o= iy o E] |1h_ ~ v O q
A7A.w il = . o el o EEL
o HEZ X % NJ%J%org lei,.w Muo Ymox iu;o
_;mqagﬁaaﬂa%le@m% = gwz 3+ o
LQHEH.#‘W.L‘%]EI_OIPL@A%AIMQOE B aix_me 1] ‘IL#.E
ok uﬂfwugiym@ﬂa o T =
X ox 0 ~
e Yo o Qtll] ,ﬁ = =
W %ﬂ%luw%eu b >
ﬂo,.rﬂ]MorLli‘_ Waadl 20 - &
=) > BN Wy of S p) N %
%0 W ﬂwo — = E oé
S s#oio = B! i
o_n.,l-y} <0 qm}ﬂ.: H T
- = T 3 =
sl = B h B2 io;%
) K ~ o 75 A._ —
- % —_ =2 o) o
T P K T v
MLM = R B
= r 5T
=

O]%_

=

=

1 20X
20 ¢
me]
thi
hin layer chr
omato

graph

y

A=
h=

- 236 -



g

12

=
=1

. y=0.11670n{x}+1.1295
" R“=0.9555

g

Absorbance [%)
oy
e

a0 | -,
i
TR
20} o ]
ol i i i |
1.0 10.0 100.0 1000.0 10000.0

Conceniration of B-isoprostane {pg/mL)

Fig. 1. Typical standard curve demonstrating the
sensitivity and accuracy of the assay.
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Fig. 2. Mean levels of 8-isoprostane-F2, in control,
continuous hypoxia, and repetitive hypoxia group.

)
40

2. NZE} XIS MALT Y uhEs Hakamol

Hlm

M2 FA(2Y) & 1 8-isoprostane F2a &k
< glETelA 20521939 pg, A&EA AAbied A
52274375 pg, 83l HHEA Aakito A 6166+
500 pgo® wFEwd A&HH Aikhwt P oFed
WA Aakagtol A Zb2 PRk 0.005 ©lstE F A4
o2 o3 AolE HITHFig. 2).

3. XI&5E MitaFn HHEX XAAFZIO| Hlw
(Fig. 2)

T2z 7 A AxE HIE

rlr
2
1z
o
°
1o,
o
o
(=}
RE

WA, GF M ArhH], A Sues

= =
24 5ol wdHels e 2
1)
=4

2 VBTA =

A0 weA olel mE A o R Awm,
2 FHF ARl Be o] slEeld g
AL ALHL Qo ofARA BEH A7, F A
e aTH, BR AE 4A, A A L A,
Hnge] x4 o] dAY olgle] Suw W] A

- 237 -



oy w
Eowhuhﬂﬁﬂﬁ T W
o B 3 4 1o Y AN
ﬂLAﬂm;ﬁ %iﬁi}y%ﬂmQ
E]:A& LlL.A ‘AL‘lq _V»A..#‘Nr\_‘mq
M a9 = g oor % w o I e R~ Jo ™ o N
- T T 7o o <0 LB ﬁzl}yo,%il
s < o W %o RO ST b T o N X N4 EmEE Ly
1.%42 oy os ANr zz@Fdet %in%1 = <X T oE R BT
ET~ = E 7 A %o o4 C B9 S T N A e T ® T ~ o &R T R
XL 1a b Srogirag: soorEREE T4IE
— — R < < o r on X Sl ) £ -
mLmAT_wrluq Mﬂmimﬁkﬁﬁi&bx&ﬁaéﬂﬂ R B o W 4w
< B O% o o o [, %o A T® 2 0| | ) = Tr gl yp o e X N
o T P%dwﬁ&ﬁmmﬁ T J @11%%@%74 do F = & T N
= X g X 5 = Jyomr X ] a4 = N %0 < oF H o= 4 T
L o _AoaALXat]S — aEL.]ano < Ll.EddllrE 143.7
17T = K o T T ) < e HLd ~ Mo 0 X X Ny - XK = <2 0 = z.L £y
ﬂﬂw_ﬁﬂ%mz@iisﬂwmﬂﬂFvﬁt__*ﬂwﬁﬂﬁia&f o n Py B
T O w@%ﬂzﬁagvetHm&%mﬂ%%wwﬂﬁﬂﬁmur« T E o
! ~ —_ .= 8 0 7 — g = — X
a ?H?mﬂx%ur«dea%anmmy ﬁaAuuuxlsﬁﬂ%Jﬂﬂ @ E ST
R Bl 88111%4%@3]0%& 4 ECT I CS Tx° T )
= < o] w0 T o C 2o i —~ " a _ o) = ~ =2 ToH N < o X n T W
" = SO T = 0T g o o? 2 N R d o <A X T Plo ~7 = L
— N o W — o < _ o -8 71z11or ]E)ﬂ o .VA07__02
oy X o ol = w 5 & B ™ ~
- T oﬂJJmﬂ@'ﬂ%AoMiﬁSﬂ%%l7%x 8 oR ﬂﬁﬂevﬂ_/ e X
2L 2T LT w@%%ﬂ@%é7ﬁi »oﬁﬂmﬁ%m ﬂ%ﬁi%%i%mﬁ%ﬁﬂrAa&
eEﬁ%@ﬂ%&ﬂ@%%ﬂﬁ%wiﬂn%ﬁ,mjﬂ%ﬂL%WJ GRS .
~ < N T = ]yl i‘_ i ol N O WAJ H A T H_W s~ ~ MI g _ LE X <) oon a
@ﬂi;qu% R G S 5 g g ﬂ%xaoq%;.ﬂoq %
TR T Aoﬂmemu%ﬂ%mﬂé&% E_sLﬂﬁPHHmorﬂaalﬂﬂﬁﬂ%oﬁ%x%&ﬂ
T Mo At —_— < oF " OW b3 o ¥ T of .Eﬁ \M ‘;b NS R S o HL N| RO PR 4r TR Nlo
X X = X < = < W N R R’ M=z Koy X ol
x%%ﬂﬂﬁ%%wwm_ 7 o 23 IS S
- = 5 = R oz oA N Xo— e I o K = Bk
H]w\ ,AE K HT z.#o T =O .i ,mu ECCS l_m.L ﬂ_.ﬂ Lﬂ. Nro ° N 4 ar OL GE < 7o
9 _ ; S R T
ooy L HFT T T EE A T o D bo
Yool Xzt ) m%M%mEJ RGOS u%yﬂ»o%
M N = - wwo.mﬂmqgo_huw%& SIRITE
%é@%ﬁﬂ@' @wﬂmﬂ.m%aovﬂmwm‘mﬂdrdlﬂ&mﬂ.mméz.
T OF O 8 o < o = N 1Au; g ~ - 2
T e nqmsmmhxwgnﬂ11o} WEgT Rowose g
o) — o = X _— 8 8 s i o < o ~ g © ol oF = S N of
F 0 B g M < Jnxﬂ,w}y BT T W de T F oo H T2 o W4
° do o ~ = T 5 & 5 < w0 W o = M = % 8 o o EE m X = U KO
TN <X QQ%.@ch ﬂ@o}ﬂ%%@MHbﬁugmai@ﬂa%@% S R
QQAL%,% el ,Llﬂoﬂ vnAvo M yﬂ.ﬂ;,lo_ﬂ o i MA Re) \_ﬂ&! W %o 0 Exw ;o,]%l, 7
@Lﬂo%%ﬂm ouauo%iu%ﬂo w2 mﬂ%mﬂuo]mﬂl}ﬂo_%ﬂ‘é? nﬁmeaﬁlﬂﬁ
el O 0 Ta L &4 uozAﬁioﬂﬁﬂ@Lo ARG ° %m{h}mmﬂ;o
® o o) @ 4= oo s = by mﬁ 2 oy - of 2 ph e s Myu N - H = &E T 11Er ERRCSA % W R
‘m.ﬂ = ﬂAro . . i‘_ :AL ‘_lw_wL Lf X = < @ Z.o @) o = 1v_AI W__.;_ ‘_Ir_” ﬂ_mo 4 o} ‘Xle E 70 “AI_” ‘_HV| v ol ,._f lﬁr_._ m 9 O#
iﬁfﬂtﬂuﬁ.]@ Ew]uawv;urm Wdldru,lgﬁwu%%wewﬂlﬂﬂxWzﬁvﬁe%ﬂmﬁwmwmmmﬂ
&ﬂ_}g%oﬂ u}oveAaﬂH%JﬂLﬂt ® K o fooxzE X o 23 22788
= ° W= - L 9T o 2T o 0T o P s e o T o P 2 A% s 3
nE o T T W X o Z oA o Mo Juts) nM I & o o = iy T BT X =0 Bo T L e + 9 s
ﬂ,%>.m,m24% z.lwrMMM1A@mﬁ&ﬁ%ﬂﬂﬂé%ﬂaﬂ;ﬂa.mﬁﬁ%zm&ﬂe.mme
i o 0 R D = 2 n —_— o 1r‘_3,5]1 o R n LS —
_mmowm“%%mmz%ﬁzl;%mw%ﬂmg%%momgwmmo]ﬂﬂwWﬂ%mmx
oK =k = .11ﬂ¢vﬂ bnoaumﬂ 0 D ]]Ll < o0 _ o O
wx D ey ERE ﬂc&m.@ X B wr%wndroﬂr.gmv7ﬂr.unu ﬁd%%mﬂrﬂmmi
T o mo = t, K o~ o o > - = MﬂUﬂ = = o 7 = o © == =~ ® ORI s = XS n|
@.&mwqucimﬂmocuuumne%manodrﬂmoi%ftA&ﬂ.@i%%frm%%mﬁﬂ
) —_— o T -~ —_— [ = \rE T
T e ﬂﬂ&ﬁﬂo%a.mﬂoléﬂi%xﬁz e R %mryaLlwéé
= T FK 7T < o = = " iod = X % n —n Ik T R’ hL.HC]mMo
%o Tk ~ TS w =~ il _ jod T K oy @ iy el g ) S ~
~ N — S o & < ~ o} =n e 7D‘;|&|£L NS T T _
L S Mo< s ® oo ° ) = ™ 11_ﬂru,_ﬂg|aﬂ
81 2 8o =T < Moo g T o ~ RN W T om P ST o
Agﬂ@%hgAo%ﬂm%_:ég%égxmoTMﬂoﬂ
AdréﬂmeT%mr%Qa;uW%mnn,nouhﬂﬂ
— %m.‘_ﬂomoﬂmw:mumﬂdr.ﬂﬂwﬂ
oeﬁo..mﬂollﬁo,wﬁov
R e

- 238 -



bal

R N e I R e
Adelrt. G o] ¥
T ARAFT 93 HEGS
Aozl H= olel 9
g A St ol
AT Hoh v

o,

8
ki3

=

X
A

%
gy
X o
©
N
ol
ol
fo
=

©] 3|

r

e
)
2
-0l

o kA

o
o o

i)

N
alt
=
N oz

o>

prostane-Fo, & FE3}o] vl £2]319)
A 1} : 8-isoprostane-Fy, = thZE ol
PO R e B | =S R PA D s I e
Aig BYlom, A&A Adatel nlEiME A
Arbaatoll A fFolaAl w2
2 B A4 s ol
e 7}
=<

s
4

SN

24

_,4
offt ;
o

27

rat

1) Vannucci RC, Vannucci SJ. A model of perinatal
hypoxic-ischemic brain damage. Ann N Y Acad
Sci 1997;835:234-49.

Cao W, Carney JM, Duchon A, Floyd RA, Che-
vion M. Oxygen free radical involvement in is-
chemia and reperfusion injury to brain. Neurosci
Lett 1988;88:233-8.

Waters KA, Gozal D. Responses to hypoxia dur-
ing early development. Respir Physiol Neurobiol
2003;136:115-29.

Keunen H, Vles JS, Van Reempts JL, Gavilanes
D, Hasaart TH. Effect of repetitive umbilical
cord occlusions on neuronal brain activity mea-

4

=

sured by the cerebral function analyzing monitor

EEERT R

5

6

7

8

9

10

11

12

14

15

=

=

~

=z

=

=

~

~

=

)

16)

18

- 239 -

N4

o

and histologic outcome in immature fetal sheep.
J Soc Gynecol Investig 2000;7:218-23.

Hoffman SW, Roof RL, Stein DG. A reliable and
sensitive enzyme immunoassay method for mea-
suring 8-isoprostaglandin F2 alpha:a marker for
lipid peroxidation after experimental brain injury.
J Neurosci Methods 1996;68:133-6.

Vannucci RC, Perlman JM. Interventions for per-
inatal hypoxic-ischemic encephalopathy. Pediat-
rics 1997;100:1004-14.

Vannucci RC. Current and potentially new man-
agement strategies for perinatal hypoxic—ischemic
encephalopathy. Pediatrics 1990;85:961-8.

Fellman V, Raivio KO. Reperfusion injury as the
mechanism of brain damage after perinatal as-
phyxia. Pediatr Res 1997;41:599-606.

Hallenbeck JM, Dutka AJ. Background review
and current concepts of reperfusion injury. Arch
Neurol 1990;47:1245-54.

Lees GJ. Inhibition of sodium-potassium-ATPase :
a potentially ubiquitous mechanism contributing
to central nervous system neuropathology. Brain
Res Brain Res Rev 1991;16:283-300.

Siesjo BK, Bengtsson F. Calcium fluxes, calcium
antagonists,
brain ischemia, hypoglycemia, and spreading de-
pression : a unifying hypothesis. J Cereb Blood
Flow Metab 1989;9:127-40.

Hagberg H, Lehmann A, Sandberg M, Nystrom
B, Jacobson I, Hamberger A. Ischemia-induced
shift of inhibitory and excitatory amino acids

and calcium-related pathology in

from intra- to extracellular compartments. J Cer-
eb Blood Flow Metab 1985;5:413-9.

Clark GD. Role of excitatory amino acids
brain injury caused by hypoxia—-ischemia, status
epilepticus, and hypoglycemia.
1989;16:459-74.

Waring P, Kos FJ, Mullbacher A. Apoptosis or
programmed cell death. Med Res Rev 1991;11:
219-36.

McCord JM. Oxygen-derived free radicals in
postischemic tissue injury. N Engl ] Med 1985;
312:159-63.

Slater TF. Overview of methods used for det-
ecting lipid peroxidation. Methods Enzymol 1984,
105:283-93.

Gutteridge JM, Halliwell B.
and mechanism of lipid peroxidation in biological
systems. Trends Biochem Sci 1990;15:129-35.
Morrow JD, Roberts L], 2nd. The isoprostanes.
Current knowledge and directions for future re-

in

Clin Perinatol

The measurement



19

=

search. Biochem Pharmacol 1996;51:1-9.

Morrow JD, Minton TA, Mukundan CR, Camp-
bell MD, Zackert WE, Daniel VC, et al. Free
of
vivo. Evidence for the formation of D-ring and
E-ring isoprostanes. J Biol Chem 1994;269:4317-
26.

radical-induced generation isoprostanes in

20) Morrow JD, Roberts L], 2nd. Mass spectrometry

21

~

of prostanoids : F2-isoprostanes produced by non-
cyclooxygenase free radical-catalyzed mechanism.
Methods Enzymol 1994;233:163-74.

Waters KA, Beardsmore CS, Paquette ], Turner
GA, Moss IR. Electrocorticographic activity dur-
ing repeated vs continuous hypoxia in piglets.

22)

23)

24)

s g - wl g —

Brain Res Bull 1996;41:185-92.

Tan S, Zhou F, Nielsen VG, Wang Z, Gladson
CL, Parks DA. Increased injury following inter-
mittent fetal hypoxia-reoxygenation is associated
with increased free radical production in fetal
rabbit brain. J Neuropathol Exp Neurol 1999;58:
972-81.

Laferriere A, Moss IR. Age-related electrocortic-
ographic and respiratory adaptation to repeated
hypoxia. Brain Res Bull 1994;35:97-9.

Schurr A, Reid KH, Tseng MT, West C, Rigor
BM. Adaptation of adult brain tissue to anoxia
and hypoxia in vitro. Brain Res 1986;374:244-8.

- 240 -



