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w Apul o 2 o] &8 WA = ARA 1" 7 A
me) A 2w
s, MZIAL Ay, Bexl ey, R
AA S e st o pstmA, WA F gt mA
ZEE A eFE S o] 8-3ted HRAMAel 23] vielb Al ehet (apoptosis) S HElH 9 fdAL wEe] &
ol AAZFFezH HAAe 3t 78 T"r‘ﬂa‘ Z1AE 7R A8, 94l 94" AF 2 wiAts E2idte]

ofslar, 10d Ao 27 W=, 0.1, 05,2 122

Gy«] ul—/\]./q < AR A

SLEDIELEELE

e Aty A S FEee] KA AFES] S FAE 953 22 Ads Ao
19y 32 A vz idolst 584 & 2Gyst 56y A LA F2l3HA FFasiglon, ddFgele
g Ak B A, A OE, FAA R Ty Bae U Axe WAk 2AkEke] Fhgtel @l f-2s)
A A A= A
2. 279 Fe|A W2 BAE) s Azt A Asg A3}, 0.1Gye} 05Gyl e 22 Z 2}
E HolA| AT 2Gys}t 5GyellM = AAAAIAAS AdFFeld g2 o HEzedetadrt R,
AR 22 AA) Sl E F3E Zrke FAd 5 Atk
3. e g EM3H7] fls) pb3, WAFL Bel-2, Bel-X, Bax 5o] d ki #4438 23} Bel-X, Bax
o A ZelM = A LA dston, Bol-2% WA Ak F7tel Aatgle] dAT #Fe
& B} p533h WAFLE WAt zAleke] Z7hgtel wiet bl fEe] Z7hstdr).
ol bt o] WA 9 2F] wiRLE wioksle] WML AL H o]2 <lF V]S FAIHAY uf, WA =&
o g &tz wizk %%94 A, A FAde 4, AzeEte] 1w Zoh g A9 §A Al U 8
TR 5 AT o A HETHoz WA A3 AAHA JH Lo Hrke AHEE mdlz o) g
2 59l Ae ‘34,%0*3? HJ*HM 7 Aol Zhas B oWk ol 229 AEAL HF Tl Fash o&dE 4
WE Aoz AzEn.
Soty| gat wkAbAl, vl o, A 713, ]
Moo= & AW oz ¥ASY] PE Aol Qoieh ol
T RAE BT S+ gl el A ey (wh
Wiz} &2 gofolla] HIAM oL} kB T8 o] g ole embryo culture) o]t} (New 1978). ul] x}ul] ofof] =
g 7184 s YRR Q2 EEo A x  AXF(rodents)7} 7P E3I) AREEY @ Fx
EAA AL Aot o W 2> Eo| W77t 98 7]IbdAe] s A 25
j (breed)2] 7S Aol M= WA e] A w7} o} Fotell 2~3Uzk wiekd 4 Sl=k (New 1971). o]
27] o] 71gHEEAel vXe AEst g5k - ekl MiAks AR HEE 5 Sl
*o] AT “F}er)er XY LA AN A E], 19989 Hegenell A Arska }%% hed Arkeh i
wro) o)ake] o] 2ol AL 71843 EdE A 4 glo(Warner 5 1983,
correspondence to : 2 - (14 2|k o] skl 3} <) 3-8k ) Sadlers} Warner 1984, 1985). 3t 7]3 24 o]
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u &2dg 1o £431 4 5 sle] 53] 7139
2oke] Aol Fod we] stz o] 8FHI gl
t} (Copp£} Cockroft 1990).
o] wpAbAd 2 7] % frd Al
oz} <ztedM = o]m]
F9] 3shto ]‘:F(Ha” 1993). wkARA
oA wh2 A Y93l M E 53] ©
%<1 W<} (embryo)rt B o} (fetus)
t Aoz dulA oot (Szekely
Pel AgAle] wAs odgre 4
72 Jehtedl, 8- (high
H]Ef’] Z2 (cell death) 32 4]
, A8 (low dose)S> ==
o] E41¥ o] (mutation)r}
]5::1 %> 3o} (Sheline 1980). 1HA)
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(teratogen) ] stz A4 A7 F27) 9l
A 2)uhakAl (ionizing radiation)S 1 oY x] 7} &
LAt Aol e Aoz B4 s
gt HE AHEEA TAYAE MR AR
7t wE"e o] ellvA] AR AA A=z
DNAd| &4-8 F7= ah, 282 7l5a) s}
o] ety o =z uje BolAst §7]7) (free radical)
7F REE A AL o] fE7|7F v f7]EE AFEHA
717 Hed, )& 242 5% Ade FANE
gdHo2= DNA 5 Ao A8 42 o

27]31, o] HE4FellA] DNA, RNA, T, A

B

[e)
2] 9]

E 3F 5 4% Azdited Zels degA =
o} (Yau 1981).

HIARAS QIZE 9 AR FEL eeleA] AR
off (growth retardation) 7+ dub &3 ¥ oz},

A7 A B A= AHAE-8-2] 4 (mental retardation),
z+-ow]g] = (microcephaly) & wFAbA 3w 25) =
(spina bifida cystica) & do7]x1, o] 9fo] W=}

1:0

P

(=3
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A}

(cataract), ] AA72 = (cleft palate) 52
dozltiy BHiEe] gloh(Brent 1980).

o] AFollM= AY AL AL AT »
o= i Ap P S ol gsked YAl F whAbe) A4
w9 23l Rl A wkabAe] 28] U=
Azgers o 3 fA4 TRl SEeA

°]

o

=1}
=

A =22 Sprague-Dawley A
o] g3ttt Aol 1~2mlg]e] 7]
ulg]e] b7l IAFHE g e dx

8ol AEBAALE B3l Aol A2
SEREEET S

2. HYX}ul 2k

o] Algel|a] b 102 wjA}e] wjeel] Alg3t
e wbA) 9o wiA}E 48A]7F Sgb woksl= u}
3o = (1996)°] HFH} 7ok Al H= by 9
d oA 9A¢l] oE] (ethen)= m}H 3] ¥ A7

Az AA S &2l e HBSSE-9 (Hanks' Balan-
ced Salt Solution) £l A ¢t3}8- 7192 AgH S

71 &< ot AN F A4} s A&l
o, Zo] ‘5}7}1—% 3] 4 (EM forceps)o.z eb=but
9 go|Al 2 EntE A7kt v A= Fujinaga 5

(19920 AAT A7 w2k 2fstel gt

o B2 A9 EAglo] wixE A5 4 9l
Qom, %ﬂ“ﬁ—/} Az z2 oL} Blo|Al2Eut-S 7|
AT w £4E e okl A Al Qs H4l
FHelA wlE 4 F ks A2 w7z 2e¥
A 7He 24174 dA] kbt
3. kol

L) 63%‘% wme = R8sl 56°Col

gk 100% ¥ Aol 3HAYA)| (100 ug/
,1001U/ml U Ad=R)E 9& 7
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AEP g U}El"l FellA 7~8
AARY = 3m A=
Q& % alslch MHE1E SOm B
conical tubeE ARg-3}az, 6mle] ujjofell & ol 3~
4n}e) o] wiRbE ) oFshed, Wiz 1mbeledk 1ml o] A4
o) wjopel & Abg-shaleh wiok 303 Aol 2% F<t
WeF7IAE Fo wjekgode] ZIAzE k7] Al <}
o] H =% sty

4. v AH

ek Al s ke AR o 5% o]AbsbelA
5% AbA 9 90% A4e] EVIAE AHgsiel e
wl ek 12A17F & ZEe- Z|A 2 GA] A gl EA 10
9] (dlleF 24417F F)ol 5% o] Abshela,
20% AbA W 75% A 4o EIV|AE vpEglon,
36717 F whA] Al 24417 Fol AEEH ]
Az At i FE7l= gk YA REH =2
2710 FE e F ublE Dol VA9 w2
< =gk} wlek~7] (incubator)el] E2]3]41 7] (roller
rotator) & 93 &x7} 3I°CE F-A5t == slglh
31417] Slell WFE71E 3 3 309 A7)
o, 2 119 94 8Aof| 484]7ke] wioFS Wl

SRR

5. HEALM ZTA}

Ak okl 4ol 9l Az iy 109 o4
104]9]] H]—/\].Ad& _/—,4_43}95\:}_ ALY A= Co 60
ZUAE o83 ¢Ru %A7] (ALCYON)Z
Abg-ske] F4Aeko] 0.1Gy, 0.5Gy, 2Gy 18]35
Gy7} =4 Aoz RE] 60cm AZoA y-ray=
w@}s}aﬁﬂr.

& lAe 560 Belr} A
M10, Leica, Switzerland)S ©]-&-3}<3
7:_ o, wjAke] w2l e, By
ko) B, ) ems) e
A, 24 29, FAATH 4 A 8

AN FHoz Awsted Agsact
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7. &%

x| B2 W

w] 2}= 4% paraformaldehyde-0.1 M phosphate
buffered saline(PBS, pH 7.4) = 4°Col| A 4A|7F E<t
TAEF . A ] Bt wiAE= 0.87% sodium
chloridez. 33t 50% o "l d 2o 2027+ =]
sk & 70%, 95%, 100% ¢ =182 $=A = 1584 3
z}a] &3}, histoclear2. 77 34| Z . g2l o]
3084 3k AFAIZ F Zejsiolct getd &

=& 5um Tvﬂi 2pd3te] poly L-lysine 2 3%

e &glo]l=Z2 A (DAKO, Japan)ol] <l & 56°C
2 $A=E dry ovenoll A 17]7F B9k A=A F
8. M=EZEz AN

M ze=taA= TdT-mediated dUTP-biotin nick
end labeling (TUNEL) & o]4-31e] <1413},
24 o] Fof Gl &obel =t 37CE R P2l
oA WA A e AAS T, FeTEe A T,
10 pg/pl proteinase K2 Ao 3087 A&tz
FR52 FASGT olo] 2% FAaE Aol
sta Z2F52 Aolvle, TdT buffer2 = xiﬂtf}
TdT<} Biotin-16-dUTPE 5uMe] FHF =
2ste] Aol W3 3T°ColA] 1417 Bl
SAIFE. SA] TB bufferz. 4 8ke] wk-g-2 A=A
N, ZF42 AL T 2% BSAd Hstdd.
olo] Z=H=2 44|35l az, phosphate buffer solution
(PBS)el] 3143t Vectastain Peroxidase Standard
ABC Kitz 37°Cel|A] 30%7F ul-2-A|H ). PBS=
FA8t Z=7F4 =<l Diaminobenzidine (DAB)
2 WA o] FRFE FAHE methyl
green == Mayer hematoxyline 2 djxzg4-& 3t
F, 44, I e AR s B e

= PAst.

rE i-{o\

ArE o] EAM (Western blotting)

27 B3 M43 5 SDS-PAGE=
#3+3}ed nitrocellulose 2Hel]  blottings}sd =} Blott-

inggt nitrocellulose =2 5% ©x] 947} &% <l
Qg oz ALoA 4NZ Aelsha, Atsha
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Table 1. Effects of the radiation on the morphology of rat embryos(mean+S.D.)

Control 0.1Gy 0.5Gy 2Gy 5Gy
Diameter of yolk sac 3.59+0.55 3.53+0.58 3.38+0.26 3.35+0.43 3.16+0.59
Crown-rump length 2.77+0.27 2.81+0.22 2.77+0.25 2.45+0.25 211+0.27
Number of somites 21.82+151 21.18+1.38 20.65+2.29 19.00+3.82 11.23+6.68
Number of branchial arch
1 0% 0% 6% 12% 24%
2 88% 100% 94% 88% 76%
3 12% 0% 0% 0% 0%
Rotation
No rotation 0% 0% 0% 6% 21%
Start 0% 12% 6% 12% 47%
Completion 100% 88% 94% 82% 24%
Otic system
No development 0% 0% 0% 6% 12%
Otic pit 0% 6% 12% 18% 53%
Otocyst 47% 35% 35% 47% 35%
Endolymphatic duct 53% 59% 53% 29% 0%
Optic system
No development 0% 0% 0% 6% 41%
Optic sulcus 24% 24% 24% 47% 47%
Optic vesicle 76% 76% 76% 47% 12%
Upper limb bud
No development 0% 0% 0% 6% 41%
Low 0% 12% 24% 29% 47%
Crest 94% 65% 64% 65% 12%
Semilunar 6% 23% 12% 0% 0%
Closure of rostal neuropore 100% 100% 94% 94% 94%
A sl §-AA} AFE (53, WAFL, BCI-2, Tubulin) S| A9} 7ok
o Wg Uk Az 142 sk o8 A ST ol AP BzPel A £
stz o)z &A= 1417+ X &3 & chemilumines 3l x}o|7} 0;104_0_1/} wEEbe Fke] e Ale
cence o= A uhgS WAAFH. o] A o 32 5Gy AP ZoNA FHaE I3l (Fig.
el 27 EH] St A7) (densi- 1)l Ak vm w7 ol 2Gy2} 5Gy Alg 7ol 4]
tometry) 2 nitrocellulose =Hel] &€ bande] % oA FAaE e, E— 3] w2 =77 %
& 3oz vehfo] fAA A BeS BH asjely, BEAe] S w3 56y AWM fo
skt A ZaHch AFFolel Ak s,
AT, SN % T3 B e w3
AR ZALEF] Tkl wheh fosHAl AdEE
R nye} AT dAdE FoI7 Folg no|
A= ekgror}t 05Gy, 2Gy 223 5Gyel| A 7zt
1. =804 2 o| 88t e =3 gk el H o] H 7} o] Fof A 2] skt (Fig. 2).
A‘Jz—v ZTol| & \T_}:iﬂ-z 9] 7ol ullx
A 82 dxzZellA] FEFmu o] e, wjate] 0 mE|O| SENE Wa S
wElg o], BEAL] 4, AdFgole] 4 izt
A, A eE FAA LT YA, 2o 28, o Hz27e] A Azedet A7 3] T3 B
A7 TR Hs e F& AT A Tablel B, w4z wpERE, ARRMIAA, MEo] F2h,
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Fig. 1. Day 11 rat embryos within yolk sac cultured for 48 hours ( x 12.6). A. control, B. 0.1 Gy, C. 0.5Gy, D. 2Gy, E. 5Gy, em;
embryo, ep; ectoplacental cone, ys; yolk sac.

Fig. 2. Day 11 rat embryos cultured for 48 hours( x 25.2). A. control, B. 0.1Gy, C. 0.5Gy, D. 2Gy, E. 5Gy.
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— o M, UYs Hex, MY, Il —

AFwel, A7 FHF A FskA A=A 7F FEEH SUHEAEE S 5 U
, & Tdell A 5~ 10709 MRt} 32

e 749 01Gys} 05Gyo M= =23}
T 2t 5 HeolA] kANt 2Gyel| A k3t F7tsk
Hom, 5Gydll e A Frlslde. 53] A
A7 QIFEFoldlA W 0] M EzE A
E AFFE 5 sddem, AR, AR SelA=
0.1, 0.5Gy+3 wjwslsl & W MEDtaA e &

Bcl-X¢} Baxe ZE AdFolA A3 Lol
=2 ket (Fig. 4). Bel-2= WA 2AbEe] &
Zhell Agle] 4T ] WHE Bl 99
AA F7HaE A p533 WAFLe|Qld] o] &2
AR AP Rl F7HERA RSl Skt
E 7oz yehgr 53] WAFLS 0.1Gy, 0.5Gy,

Fig. 3. Day 11 rat embryos, TUNEL stain ( x 100). A. control, B. 0.1 Gy, C. 0.5Gy, D. 2Gy, E. 5Gy. Arrow heads indicate apoptotic
bodies.

-y
p53

WAFL 7 — a— o il

o
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0 0.1 0.5 2 5 (Gy)

Fig. 4. Radiation-induced gene expression in rat embryo-Western blotting.
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Fig. 5. Radiation-induced gene expression in rat embryo.

2Gy, 5Gy A Zzk Pz 7.24), 6.34)], 9.9
W], 11,30 2 227}l c} (Fig. 5).

oo
o] ARSIAE B4 02 2Ae] W WAl
Y 119 A7 48N WS, e F %

%_
A 109 ©Ae] 7+7t 0.1Gy, 05Gy, 2Gy 2 5G
°] ®Co-yHARA el =ZAIZ] F, wizl el of
| Wyl dejue, 2AhHo A A Zzebete] i
ol ofW g w7t dobr , EF ofuf
W EE FAA AHEE A sk
19303 = 3k~eo] Jollys} Lieure(1938),
Nicholas2} Rudnick (1934, 1938) -l 2|3
2 FA) o] o] wixpul kol AAF3E o, HA wl
A eFell A WE FAAA wioFets B g
] (rotation bottle culture)e] F2 A& 31 g9low,
Aguge] WA westn A3t FAs] o
ol 53] W wiAE FE A% b de A

<

e

&0

£% 37 ¢)o} (Shepard 5 1987).
o] Agell ARg-® wiApu Y2 éil A S
AR WP} Row, w2 F2EL A7|7F 23}
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371w e] BER A7l WA Sasle]l &
A AW F 2~39 F<F wopehe Wyoleh
o WpgE ok Fo WS A2 BT S 9
3 gahe g e MAE A S
24 B9l B4 e AT 2 =gl
e, S Ashe B0 w2E2A7E 7GR
Aot m3hE nek £4obl @ 4 sl (494

5 1006). o] AYol AL w4 A AL 5L
HBSS 8915} Ao} Mooz g3 om, vl
At w4 7 AL A4S Wsh 2ol

Aok 28, wiekg7) 2 125ml g-=ko] ¥ w4l
50ml &-2k2] conical tubeZ Alg-3}ed gF ol wloF
T 4 e A e EQAT B o2 A
w ket ol ol sl

wjofel T 1 Az ARMoz Ao}
skt o] AFoA= WA 99 wiAE 48A17 F
oF wjekalS o] ujef AlZ X o] Ihe 7}AF A
Z—]g].ﬂ] /\]—-g-E]L ;q:zo] cqa]ch:%ﬁo] E_H24_4
5 uAke] A <km, 1Fgeld] 4 FeEe
3, o] g A, A2 FS] ¥4 55
Z 4 A =3}l (Browns}t Fabro 1981).

) unx}uﬁow— F2 7195 BepllA 719 &
2 7]** S “L°l *}JQ—EIL SATh. Hl el ok
& 4 4 Y, =

AN
L

1o
HvT =

rxi

}
= s 2 Qo
Ao o A=7F Qg g2 A =% 7
| el A" AgrtE AL 4 3l
o] A7} et Aot M) Ao}
Aol sl

7o M7t wizte] 718E #

=
/\}\
3

o rulo

w3 o
N

Wl S gl AALS 1041 ERIube|e| At A
A4 78S doe] A wIRozmn AXH

7] Al=Feted ar (Gregg 1941), HletRl A 2 e] AA
A 78S dolw =59k (Warkany$} Schra-
ffenberger 1946). Q7| A} AAHA 713 & doy|=
As2E AP, 3 (ﬂrﬂxﬂzu}olap, A 5
Amel G 2ER (& Sl ), o 9 e
37 3}shE-= (aminopterin, busulfan, thalidomide)

=) o»u—



%ol &=A 3l (Shepard 1995).

A oA 7F 240 xRt Ealel
FrEe] B4 Azatgsted, gkl Ao &
9ol ule} 3 &3} (photoelectric effect), TZE&
7} (compton effect) & A AJ (pair production) =-2]
32 YehiAE, 23 mdyAE 71 AzE

WEgeh A FeE 8 xE3 NlE W &
5 Wizt eete] AY7] (developmental stage)
S wet ooFgt A4Sz 3k (Brent 1980,
Yau 1981, Michel 1989). WIAJH & o7 Fo] T2
oA EdWeldz wkdoz gy, 7)¥S

rukgko} (Sheline 1980, Shepard 5 1987, Bruni
1994). vwkAbAdell &gk 7]3 Ay 24 1A
ol = ARE Wk oA ohekst e =24
2 A2 A BAHe] Fasl

o] Alge|ME WA 83 F7tel wel 8714
71% Aol feJatA wde] Ade] vebytth
o] A= Devi 5 (1994)0] A 1159 w}-g-2of
A 005Gysl|A] 05Gy7tA] ¥IAAS ZALSHSIH
Y, 0.25Gy o]alel| M= F38 AMYE SR EE
A de] glad o, 0.5Gyo A T3 A o
vebdas Bael g8k 9lo 53] 26yt 5
Gy Aol A A3 A e5e] whde] 2]l
o] = A2 Anniko 5 (1989)0] w29 HA
7)o 1~2Gy9] HAAE 2AEIE o 479
2284 W3y} WA s tHE Bae) AT

zAo sk e W3t BA oA Age] A
$ 0.1Gys} 05GydAE HzLd & 2olE B
o] A ATk, 2Gyell M Ml Z&re Ao 427 oF
7+ Z7Vekel e, 5Gyd M= FEEHA S8k
273A- QlFgoloA B2 49 &A

5w
AR e FAAE FEH

g
=

el 3o Amsl e)m wab Qe wWe)
ebd Balla 5 (1893)¢] wwsh fAlsIAE. e
WA 1198 mhgse] gAAE 2ARIEY 4
7+ ol AlZee] Feial 27sln 24 F
R 718o] SEn, o2l q dape] HAA &

x
Al

A=

v
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2%, d2d, 747 —
o3} A glEhs Wang 5 (1999)¢] Azhsh= 9
3l 7ol ek

o X} =]

Alzetete] A3 ql FeA W= A
FEAZ Y5 ANEHe 5%, DNAS 243}
Azt 2419 23 Foloh (Wylie 5 1981, 1987).
o|23t 54 ZF DNAS| 2A3= M zeee] deof
v ol HlZe] el EA o=z 18597142
geFst gz FAsEY Ar|dgezr {7
ggold 4 gt} (Sellinse} Cohen 1987, Enari 5
1998). webr] A w2 7% DNaseel 23 DNA
AAstE Nz Aoz Agstar gl shA
DNA A3} A& &<ldh= TUNEL Aol A
T A EZEE G GAEIHE FH T o8 AR
Z7% (Grazl -Kraupp 5 1995, de Torres 5 1997,
Kim 5 1999)¢ welsld DNA A3} A zetet
AT If3HAl dolubs #AFE obd ez Wl
o]zt

o] Ago M= MzeteE 2-s e #
]

9

ey

AEd

S
S 9ls] P53, WAFL, Bel-2, Bel-X, Bax

9
M

o] W3ls A BRIt Bod-X, Bax: RE Alg
FollA AF EAHA] Ak Bd-2%& W =

Alere] Z7hsh Abaglel UAeA waHAo
P53} ASGL-e WA AR ES] F7)el] uhel &
o] oAl Frtstadet. 53] WAFLE 0.1Gy,
05Gy, 2Gy, 5Gy ZAA] 7tz dj =22 7.2, 6.3
v, 9.9vl], 11.3v] 2 Z=7}3}9i )

WA e 2% A ZoA 7 WA HEE
M 28] BA7)% FAI HEF7]8 A et
(Little 1994). wpakAde]l ]3] vepts AZRhSo
2 DNAS £AF & oz} Gl checkpointel A=
ko] 2A-el| Fesh= ps3Ee] FUt 9o
w, p53& MDM2¢} WAF1S 3ksl= dhokst 43
B9 A2 gA3A)7IY) (Brugarolas 5 1995,
Xugl Morris 1999). WAF1-2 cyclin-cdk £-3}4) <))
ZAgsle] v Z o2 pRb, E2F 531 &
AR =4 iAo HQlAabst whe-g qAIg ez
AZ7} DNA & 317 23l=5 3, 23 A
XX G17]9) HEA = (Nevins 1992, de Toledo
5 1998). o] A HkAbAde] o3 fx=%¥ ps3
I WAFLe] F7h= whabAdel] =23 A ZoA]
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— AR 28k 71" —

WAF1ol| )&l p53 )& A ZF7]9] AA7} doiyd
o}= Di Leonardo 5-(1994)¢] H .31, 18]35 9 A] v}
AtAdell &% A2e] Fo G1l7]¢} S7]ellA p539]
=A% 37 WAF1e] W3 o] Z7)3th= Komarova
= (1997)¢] B9} dx|3he}

de Toledo 5 (1998)2 A &2 (1.2Gy)e 2= 44
2] wbal ofAtel]l Alzbet wWiElg X sl oW
Fdel g (7.2Gy)} vl vebgeta )
A, o] AeME el 2AMSFF] Ft
ol wet A=A FAAe] WA= ST H. o
A ze f} wApu oFoleb= vk W
o] EA3 AHS 2}
o= AyztEld
Y 99 317 wiALE wl oFated
2 Qs 73S HEs| w
=32 Wizt g2 A
Zhas, Al zekete] e ot 9

& T 33, ol
o3 HAA 7
o] 44
Aol Zha 2

o 223 o149

T
o o

VR
T

Lo
o Mo
o o &

o —
o

L

e

M=
v 5ol
o

S
=3

2
T

2
T

ol

W34, oldl g, Ao, FH7) L 2F ] i Apul oFell A ul
oFexe] Wstel o3 f=%¥ apoptosis. o gkl H-3t3]
A 29:409-418, 1996.
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Abstract

Development of Model System for Radiation Induced Congenital
Malformations by Whole Embryo Culture

Hyoung Woo Park, Jin Sil Seung?, Myung Hee Kim, Eun Ji Chung?,
Eun Young Seol, Byoung Ki Yoo

Departments of Anatomy and *Therapeutic Radiology, College of Mecidine, Yonsel University, Seoul, Korea

It is known that radiation can induce various kind of mutations, cancers and congenital malformations. Day 9 rats
embryos were cultured by whole embryo culture method and irradiated 0.1, 0.5, 2 and 5 Gy at day 10 to study the effect
of radiation on the development of rat embryos. Haversting after 48 hours culture, the morphologica changes and apop-
tosis were investigated. In addition, we assessed the expression patterns of p53, WAF1, Bcl-2, Bcl-x and Bax.

Compared to the control group, no remarkable morphological changes were observed in the low dosage group (0.1
and 0.5 Gy). But at high dosage group (2 and 5 Gy), growth was retarded and the heart beats were weak. The crown
rump length, the number of somites, and branchia arch were decreased and the rotation of embryo and development of
otic pit and lens pit, and upper limb bud was delayed significantly. Especialy in the 5 Gy group the most of external
morphology were difficult to discriminate.

In histological observations, high dosage group showed marked increase in the number of apoptotic bodies in the
optic cup, trigeminal ganglion, pharyngeal arches, heart and small intestine.

In western blot analysis, Bcl-x and Bax were not expressed in al groups. Expression level of Bcl-2 was constant
regardless of the amount of radiation. Expression level of p53 and WAFL1 increased significantly in accordance with the
increasing amount of radiation. Especialy, WAF1 was expressed 7.2, 6.3, 9.9 and 11.3 folds more than the control
groups when embryos were exposed to 0.1, 0.5, 2 and 5 Gy, respectively. Considering WAF1 arrests cell cycle, we con-
cluded that cell cycle was affected most sensitively to radiation injury.

From these results, radiation showed growth retardation, decrease in protein synthesis, increase in apoptosis and ex-
pression of related genetic materials. These results may be used as a standard to test the effect of drugs for reducing and
protecting agents against deterious effect of radiation in developing embryo and fetus.

Key words : Radiation, Whole embryo culture, Congenital malformation, Rat

303



