CHEtH ARl REHE|X| M 258 X 25
Korean J Phys Anthropol Vol. 25, No. 2 (2012) pp. 67~76
Korean Journal of Physical Anthropology

514 do} tjxl 2 Aol AMsZ

e )

o] AR, A5, WL, widad? A7

&4bol] o] DNA 27 #2:9]

A gtm o2 st s 2atwAl, Bejdda i e st SRekr g e Qi
(20114 119 169 M4 201149 49 129 2AA 2 201249 49 279 AR 2<)

25 ARLFE Aot A
h 27)9) £4-e A£2] DNAEAS A

HzAe] wabst

R;;

endonuclease 1 (A

24 S,

AgS 9 94l 1459 9 1554F 3H=Z AHAkx
ZF Bt 2E3AZ F 24x7ke] AE v oA"HeEl 2 wpF el 83t HlolE A& sl|wtEA -0
2 , B 22 3}8Fd A, western blot 5-& A A3k A2

% ZA]of|A] caspase-32] o]

Aol iz} vepaIc,

Mg ST

ZAEAL 5o B
=45l 8-hydroxyguanine glycosylase 1 (OGG1)=} apurinic/apyrimidinic
13} 72 DNA EF &9} brain derived neurotrophic factor (BDNF)2] w3 w3} ulg)

29 o) sz A gloh

Q] A4 £ w2 Aol veske) 2ol ZrlE gl
F S I ADIAAE oI Ao} e BONFE 41 1450 Ao 2] 5145}
of 5 ]

et il
R 017151_1 DNA r-% &40} 2170 eFql e
o

) g Aakazo] o
F49l 714 B elde 2 A7l E gel]

E38714 (10% O,, 5% CO,, 85% N,)ol| 2A|7F i 44
A Ekd -
Zz71=9)t). OGG1Z APELS 91Xl 145

3141 15596l AAkx

sk APl = o] FA FRAE gk

] DNA =43} Al ZAMEANE S71A7]5 252 o]
S SRS AAEH, e Al 7)o wiel whel 7]

HOLET| Y AAkaF, A=

M B

2

ot sFAeelA AR v e A
¢l AF2} (oxidative phosphorylation)ol] 2 @ 3}w],
(sterol), 3 (heme), AuHaE 5-2] AFHAL ol o] &%t}
b AAba 7o) mEEw 5ol BRI FAA
55 WA AARIANE SR o 2N HE W
o= 2} Ak Ao Fed g} (Bunnz}t Poyton 1996).
AabaZ wr Aol o3 H2y £49 Fo A
= oA Aol o3t M=zt 7eRA, S A E

o

lmlﬂi Y

€]
Al

A7 (B)E SR E0ET shol=Tel & £
AR (B o] A7 BAste] olsj A} gles U
FAAR: 71 (el st o) she e} o) sk

ZAF$-3 : anatomy @medigate.net

P22} OGGL, APEL, BDNF

Qo) whal, Al 25719 Z7hel ) AE 24 A
FAPE To] dojuEA] ME 7)S5A )= ‘?4_0‘7]7%/]‘
MZZE =4 9tE=v}(Bergere} Garnier 1999). # A4~
Lol S8 g% We) L4 Ae Fe o A
Al e A=l dAfE ey, HAE s, 3} HA
5, 0 AR, ¥ 0D el AgHos
dojub= Al ZAbE A} (apoptosis) S0 JFL ©]Alek
wheba) w4 He] Aakad £l ofsle et
2z}t #2p S olsl7h @A weiEefo} i
DNA7} Akg}bA ~E# 2 (Oxidative stress) S whom
DNAS] W3 9 A4S fdsl=d DNA2] 4714 4
71 % Tobd (quaning)o] AMEt=™ 8 whavel] 417
(hydroxyl group, -OH)”} %= 8-hydroxyguaninee] =11
$A1717}F AE7] (ketonegroup) & 2| 3l=| o] 8-oxoguanine

H:l _L|.4
Tn



68 o|azxl, A =]}~

o H:
oL mo T o

ks, 278

—_o O

Ho

o] YA =7|= 3k} 8-hydroxyguaninez} 8-oxoguanine
o AbahA) e, A9 24, A2 o] AL el
ol ot Al zElxr wWel AZ(Chung 5 1991,
Yamamoto 5 1992). o] W&l® 97)e)A] gelg 8-hy-
droxy-2’-deoxyguanosine (8-OHdG)-2 Als}A] A E= A
9 DNAS] &4 A=E ool A 22 o845 Q
ou, el w3} 9l AgASke] Fast wifexls F
x| 3 9)vh(Kasai 5 1986, Suzuki 5 1995, Tsurudome
= 1999).

AEE DNA £402 Q18 44 Holg WAs7]
#l3l 8-oxoguanineg A| A fHsh= 2 LEfl = A
A 4~2-(nucleotide excision repair, NER), $17] &A| 4=
2 (base excision repair, BER)#} 7+2 ulojA| A2 7}
3 9lch B3] A1AM Z|A 8-oxoguanineE A A3}
53k BER 7|1A2 A7 54 o2& AAMEEA
< Wb F8F WAz 283 HEEL 8
oxoguanine DNA glycosylase 1 (OGG1)-2>- DNA = XE]
8-oxoguanine- A A 3s}x apurinic/apyrimidinic endonu-
clease 1 (APE1)->- OGG19] ztgo= FAE AP 39
(apurinic/apyrimidinic site)2] OGG1E *]3}8Fo = 4]
OGGle] m4 &Ae $7HA71+= 9&E 3o} (Boiteux
¢} Radicella 2000).

49 DNAS] % 7lde AR 25 Absh
ez ARAZ FAREE $A5T A
A3 F8F Weir|Ad oot HEA A7AAE Sl
g FEAYPL Levine(1960)el <]3l xzeksl AAbaZ-
3 & (hypoxiarischemia) ==& W53 wpfdt A=
do] qgtE]e] AMGH I 9lom, o5 nigtoz thoFdt
frazke] 2 st gl ofE|shy dAg-Ee] A& 9l
o} o]ell AR PAl Foll YA oz AAkaFel =
=3 diote] HzA A MzAbEAbe] o) WEts &
913} 8-OHAG, OGG1, APEL, brain derived neutrophic
factor (BDNF)2] wal wists faghozy g 3l
AN A AEA Ak whel 7] A e s Al S
T A B AFE AldE

ERETT

2 A7= 98] QA1 Sprague-Dawley £2] 315 12

2 A3 =5 ZFA (Daehanbiolink Co., Eumseong,
Koreg)ell A F+13kieh A5 AW &%= 22+3°C,
5= 50~60%, et 7715 12712 7o =4

2A17F = 4AAI7H A A4 (10% O,, 5% CO,, 85% N,)
=37}~ (Air Liquide Korea Co., Seoul, Korea) S 2t
5L BRAZT. o] F APFEL AR $7 24
AIZE Bt 31517 F ododH =22 alF ARl o2 A
E3led gots A&t AEE wHote] AFS AHY
#]-¢-(OHAUS, Pine Brook, NJ, USA) 2. =43t & %3]
2] W western blot-g- A& 5}93 o}

=

1=
SO
0
B
N
e
B
i

3-aminopropy! triethoxy-
silane(Sigma, St. Louis, MO, USA) o2 Bl % £zl
=gelao] 3aelss.

AR FAR (xylene)} DA A FEo| ofgkE
(ethanol) & o|-g-3te] stelel 2 P42l & hema
toxylin-eosin ¢3¢ AAlskgiet 9AE bl 2499
2 e B3l A& vl & Synthetic Mountant
(Shandon, Cheshire, UK)Z- o] £-3}o] 2-913}93}

5

H o x2]38kd L avidin-biotin complex (ABC) 4}
o -

=

7] §18) duletd, S AR 2AEES 10mM
TRk 2k (citrate buffer, pH 6.0)o] w7} 7192
£ skl 37 = 1Akl 2kE2] 91 4= (phosphate buffered
saling; PBS, pH 7.4) =2 A|x3 =xdHE& 3% H,0,=
2077 Agated 24 el EAlshe JAkst a4 (perox-
idasg)e] &S JAAFHH. PBS2 2AdHAS AL

S A A A g9l (10% normal goat serum, 1% bovine
serum abumin, 0.1% Triton X-100 in PBS)-& % &}«



1}\]7‘1- Eq} u} .9.}\]7;] H] E_o]zl '&]—0 -‘L;q] H]—.@._% q]x_]]
AlZ] & 1z} 3}A) (rabbit anti-caspase 3, 1: 200, Santa Cruz
Biotechnology, Santa Cruz, CA, USA)E 7}3te] 4°Ce
/q 124)7F St e A|Zc) PBSZ. 2AAH L AL o
S ABC7} B35 23} 844 49 Kit (ImmPRESS™ re-
agent, Vector laboratories, Burlingame, CA, USA)E A&
shed AlZelA] 1A|7F F<t vESAIZ T PBS2 24144
£ 3+ & 0.05% 3,3'-diaminobenzidine tetrahydrochlo-
ride (DAB, Sigma) £-1& - 3le] An]As}elA] 1A
Y=g Beld F FRez AHsgc Bae]
=AERE & £93 AHE AR 95 Synthetic
Mountant (Shandon) & o] 8-38}¢] 2-s)gic) S u}
A z=AAHE F3Hen) 7 (Olympus BX-50, Olympus,
Tokyo, Japan) o2 $H23}9] o, x| &d7} 2} (Olympus
C-4040Z, Olympus) & ©]-g-3}e] ARxlS datgiet

6. Western blot

T 2ol sls) Fae] 9 w w AR efol
5 % 38 4C 3

stel A i 2A & elsas %1 24 A% 4
gz B & ARt SRS AlAs
modified RIPA buffer (50 mM Tris-HCI, pH 7.4, 1% NP-
40, 0.25% Na-deoxycholate, 150 mM NaCl, 1mM EDTA,
1mM PMSF, 1ug/mL Aprotinin, 1pg/mL Leupeptin, 1 mM
NagVO,, 1mM NaF)& 7kste] 4°CollA] 3037 b
<& EZ3ch ghRle] =2 wpxl F 12,000rpm,
4°Col| A 3057 9Al2e)sle] Ab=ole Ta} shel}.
Bradford A4S o] &-3}e] whlaks- 30ug
o) whAg 747t Asted H17]9% (SDSPAGE)E A
ABtgeh A71d5E wH F Ao AAE whude
polyvinylidene fluoride (PVDF) membranes]] A o] A]71
& 5% &2 2589 (5% non-fat dry milk in tris-buffered
saline with 0.1% Tween 20, TBS-T, pH 7.6)¢l] &7} B &
o] A9l 3}¢l-3kx) ¥l-2-& IA| A FH ) PVDF membrane s
TBST=Z 10%7F 33] A& & 1} kx| &< (in TBS
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Fig. 1. Analysis of the weight of the fetuses. The fetuses of each
group were randomly selected (n=12). Maternal hypoxic stress
could cause fetal growth retardation and this influence was more
significant at early stage of the development. E14.5 groups were
exposed to experimental conditions at the postconception day 14.5
and sacrificed at the postconception day 15.5. E15.5 groups were
exposed to experimental conditions at the postconception day 15.5
and sacrificed at the postconception day 16.5. NX, normal control
groups exposed to normoxic gas, HX, experimental groups exposed
to hypoxicgas for 2 or 4 hours(2H or 4H). Data represent mean+
SD with statistical differences(*, p<0.05 or **, p< 0.01).
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Fig. 2. Hematoxylin-eosin stain of the cerebral cortex of the rat fetus. In the hypoxic injury treated groups, the histologica findings such as
the morphology of the cortical neurons, structure of cortical tissues, thickness of the cortices, and thickness of cerebral tissues were not very
different from those of the normal control group. The thicknesses of the cerebrum and the cerebral cortex were statistically analysed (n=5).
The hypoxic stress did not have significant effects on the growth of the cerebral tissues and the proliferation of the cortical neurons. The
symbol Cx indicates the cortical zone of cerebrum. Scale bar=50 um. Data represent mean=+ SD.
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Fig. 3. Expression of caspase-3 was localized on the cerebral cortical neurons. Under high power field ( x 1,000) of light microscope, the
caspase-3 positive cells of each group were counted (n=5). The number of theimmunolabeled cells significantly increased after the hypoxic
injury, but there was no dose-dependent relationship. Scale bar=50um. Data represent mean+ SD with statistical differences(*, p<0.05).
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Fig. 4. Results of the western blot analysis of the 8-OHdG, OGG1, APE1 and BDNF. Expression of the 8-OHdG, OGG1 and APE1 were
increased by hypoxic injury and these changes were more prominent in thegroup which weregiven hypoxic injury during four hours. Con-
centration of each primary antibody was same at ratio 1: 1000. Beta actin was used as a loading control and scales represent relative band
density to beta actin with statistical differences(*, p<0.05 or **, p< 0.01).
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Aole] Q1% %5 o] A} (cognitive function disorder), 7H2
. *175‘74] o4 5 AR Ane 24D 4 ek
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paate]l Helsd 4xe vehd AESe] £U%
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A ol BAl el $REavl ek AL 8
oxoguaninee] f-3j3h B MY AT PE WS
3= Aolth 2 OGGL F-3x}e] =2 A} (promoter)
BAAI OGGLle 3= 4} (housekeeping gene) 2]
stz ke 1 gl e hOGGL promotor 9]¢l Nrf2
AZEL17E leiA AbsbA AEE X6 o 24" 4
UE 5% AYa slet(Dhenaut 5 2000). AHEH 2~
EF 2ol 28 OGGL &A] Aol HAFQIA} (transcrip-
tion factor)2] AlFz}ek<dut-2-(redox) 243 DNA 3] &)
#2335 )5 &49l APEle] M- oz Hoddt
% 9Joh. DNA BT &4 APELS ALstA A E A4
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ol 4 =X Ay Y 2y, XA 29 gy
P2k (cold injury) 22l SollA] DNA 3 &Alo] 1}
ehi] Aol APELe] 7t RS Al £4 F APEL
o) Wt AzAEAe] A Abele] WAL BAE
A Askar ot HeLa S3 Al =5 2 WI38 A -f-=2x JIEF_OJ]
A BAAARE e A o] 2l 3HEE
of ¢Jsjx] APEle] &3] fx=¥+= ubd (Ramé\n
1998), HelLa S3 M| 25 X] o} 44k (hypochlorous acid,
HOCH e 2 X 2]slH OGG1 mRNA2] §-%= ¢lo] APEL
mRNAS] W&t dx3] Friskes Aoz dwlA 9l
o} (Saitoh 5 2001). oJ2] B w5 A|A]¥ OGGL ¥
APEL o] Aoldt Ao ztzte] Aol A4%
T ECE REOIES DI ER R
#9 Zow A7Ed

FHZ o8 A7 24352 OGGLl3} 8-oxoguanineo] Wt
I AN FEIAR AL 7eA S AlAsk e,
AEe] g9k xA), AR 22 "W QMM EFE S| A]
OGG1 §A- o] =« o7} A (Chevillard S
1998, Audebert 5 2000), 8-oxoguanine -7 53 A&
o] QLo xpein Boiwle] WA Fol Frhske] Wersh
e FAF 4 9ee Ak 22t 0GGL 44
22 A AT AF WA 2pdH wgle] FrtslA] gkow,
A716l] ulel 8-oxoguanine drefo] Z71E|R] 7| = 3}
FAAtE AAR ohg2e)
A w2 A= 8-oxoguaning §=E-0] o] Fo]z o] H
15 ¢l 37 (Klungland 5 1999, Minowa 5 2000, Osterod
= 2001), QA o] OGGL £]2] AP ZHE--(transcrip-
tion coupled repair) 5 o2 WA EF7) A S gt o
T7} o] 32 gle}(Le Page 5 2000).
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A3 AN2F £l 23l caspese-3 el A E]
Z7k9: AL selstget ol wAlZk Aas 37
w21 A HollA s Aad el AT vt
ohiet AAAZ £ AEAEAL fEdohs
Ag ANk 2elm UY Aol M caspased A
AZ 58 G243 FAZ o] B9 T 2
AE 58 A P22 A st 27
FASE W AaFE 4 FETIAE Y4l 155
d ALl A o= caspase-3 FA M=ES 47t
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3} o]efzl 2 ARAE} (re-
oxygenation) el 4] Al Z Wel|A] wFst ROS7}
AE L o] Z 2l DNA &4} Ml ZAE A AA 8-S
vepdeh AakaS &4 92 7% OGG13 APEL
o] Wao] F7lE ROSe| 95t 7] &4l w3t =
TF71- o] &A43tgS A A g OGGL12H APELe] 3l
o] ATl xZEE Alzte] v 71 H9olA 23]H
o ZA Z7H A AAaZel 4X7F 225 el
A= R A caspase-3 AFA AHES] F7E A9 e
AL AArTo| dA AIZE ol xEEHW AAME W
oA el Higt B3 wAUZe] Azt ozR A
FAEALR ] A3l k3td 4 9SS FEA L
o3 F8-L FAAH(sublethdl) 2] AbshY ~EF
2% 233 DNA 4ol gt wpe] 714 &34
Z 4 ook FAe = 333t (Coyles} Puttfarcken
1993).

2173 A7 @1 A} (nerve growth factor, NGF) ¢} BDNF %
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Expression of DNA Repairing Enzymes in the Cerebral Tissue of
the Rat Fetus After Hypoxic Injury
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Abstract : Hypoxiais one of the major causes of neonatal mortality. Hypoxia-induced tissue injuries are resulted
from complex mechanisms such as DNA damage and apoptosis. In this study, we aimed to elucidate the changes
in the expression of DNA repairing enzymes such as 8-hydroxyguanineglycosylase 1 (OGG1) and apurinic/apyri-
midinic endonuclease 1 (APE1) and brain derived neurotrophic factor (BDNF) in the fetal cerebral tissue after
intrauterine hypoxic injury.

For this study, pregnant Sprague-Dawley rats were exposed to hypoxic gas(10% O,, 5% CO,, 85% N,) for 2 or
4 hours at postconception day 14.5 and 15.5. After 24 hours, the animals were anesthetized with ethyl ether and
fetuses were obtained by laparatomy. Hematoxylin-eosin stain, immunohistochemical stain, and western blot were
employed for analysis.

The caspase-3 immunolabeled cells were significantly increased within the cerebral cortex after hypoxic injury.
The expressions of OGG1, APEL, and BDNF were also increased in the cerebral tissue after hypoxic injury at post-
conception day 14.5, in a dose-dependent manner. However, the expression of BDNF was significantly decreased
in the cortical tissue exposed to hypoxic injury at postconception day 15.5.

These results demonstrate that fetal hypoxic injury induces apoptosis of the nerve cells and promotes the expres-
sions of the DNA repairing enzymes and neurotrophic factors. In addition, these results suggest that protection
mechanisms against hypoxic injury alter along the progression of the fetal development.
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