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ABSTRACT

Background and Objectives : Laboratory research was carried out to investigate the teratogenic effect of X-ray
on chick embryos, especially with regard to cardiovascular malformation. Materials and Methods : The chick
embryos, 242, 242 and 215 eggs, were irradiated with X-ray at the dose of 500, 750 and 1000 cGy, respectively,
during the incubation period between 0 and 9 days. A control group of 90 eggs received no irradiation. After 2
weeks of incubation, the embryos were sacrificed and examined. Results : The survival rate of irradiated group
was significantly lower than that of control group (62.5 vs. 87.8%, p<0.0001). The incidence rate of cardiova-
scular malformation was significantly higher in the irradiated than the control group (16.2 vs. 2.5%, p<0.005).
The rate of cardiovascular malformation in the irradiated group increased from 9.4% with 500 cGy to 24.5%
with 1000 cGy (p<0.05). There were a total of 33 cases of cardiac malformation, of which 24 were ventricular
septal defects and 9 were complex congenital heart diseases. The higher the administered dose of radiation, the
higher the observed incidence rate of cardiac malformation and the more complex the cardiac anomaly. Also,
the rates of exocardia, exencephaly, beak anomalies and anopia were all increased in the irradiated group. Con-
clusion : X-ray irradiation of chick embryos increased the rates of death and cardiovascular malformation. The
highest dose resulted in greater complexity of the cardiovascular malformation. (Korean Circulation J 2005;

35:402—410)
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AT = Ado| Zbz)F 27K wrElg o, Zkzk A2 AE

] 2.5%1A TEE K Table 1).

NZz2
% 802719] Age F3prlo] Eelon Ol% #@Elxl o
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FATe R AES skt
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Table 1. Rate of survival and cardiovascular malformation among control group and X-ray irradiated groups

No. of eggs No. of death No. of survivals (%) No. of CHD+CVD (%) No. of anomalies (%)
Control 90 11 79 (87.8) 2(2.5) 4(5.0
Total 699 262 437 (62.5) 71 (16.2) 132 (30.2)
500 cGy 242 71 171 (70.7) 16 ( 9.4) 27(6.2)
750 cGy 242 86 156 (64.5) 28 (17.9) 40( 9.2)
1000 cGy 215 105 110 (52.1) 27 (24.5) 65 (14.9)

CHD: congenital heart disease among live, CVD: congenital vascular disease among live, Anomalies: exocardia, exencephaly, beak anomaly,

anopia

Table 2. Congenital cardiovascular disease according to the dose of radiation

No. of survivals No. of CHD (%) VSD (complex) No. of CVD (%) No. of exocardia (%)
500 cGy 171 9(5.3) 8 (1) 7(4.1) 7(4.1)
750 Gy 156 12(7.7 8(4) 16 (10.3) 5(3.2)
1000 cGy 110 12 (10.9) 8 (4) 15 (13.6) 12 (10.9)
Total 437 33( 7.6 24 (9) 38( 8.7) 24 ( 5.5)
Control 79 1(1.3) 0 (1) 1(1.3) 0( 0

CHD: congenital heart disease among live, (complex): number of tricuspid atresia and double outlet of right ventricle, and single ventricle, VSD:

ventricular septal defect, CVD! congenital vascular disease
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Fig. 1. A: survival rate (%) according to incubation day irradiated. B:

750 ¢Gy and 1000 cGy.

survivial rate (%) of groups irradiated with X-ray at the dose of 500 cGy,
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Fig. 2. Cardiovascular anomalies which were developed after Xray irradiation. A® ventricular septal defect (arrow) in embryo irradiated at incu-
bation of 8 days with 750 cGy. B: remote ventricular septal defect (arrow) with double outlet of right ventricle in embryo irradiated at incubation
of 1 day with 500 cGy in left ventricular view. C: early branching of right innominate artery (arrow) in embryo irradiated at incubation of 2
days with 1000 cGy. D! hypoplastic aberrant right (arrow) and left innominate artery (arrow) in embryo irradiated at incubation of 3 days with

750 cGy.

Table 3. Congenital cardiovascular disease according to incubation
day irradiated

Table 4. Congenital cardiovascular disease according to incubation
day irradiated and the dose of X-ray

Group NO.. of No. of No. of No. 'Of No. of CHD No. of CVD No. of exocardia
suvivals CHD (%) CVD (%) exocardia (%) Group 500 750 1000 500 750 1000 500 750 1000
0 day 22 0( 0.0 2(9.1) 3 (13.6) cGy Gy Gy cGy cGy cGy cGy cGy cGy
1 day 37 6 (16.2) 1(2.7) 1(2.7) 0 day 0 0 0 1 1 0 0 0 3
2 day 48 1(2.1) 1(2.1) 1(21) 1 day 4 0 2 0 0 1 0 0 1
3 day 24 5(20.8) 9 (31.5) 2(8.3) 2 day 0 1 0 0 0 1 0 1 0
4 day 44 7(15.9) 12(27.3) 2(4.5) 3 day 2 3 0 3 5 1 2 0 0
5 day 64 5(18) 7 (10.9) 4(6.3) 4 day 0 2 5 1 2 9 0 1 1
6 day 38 5(13.2) 5(13.2) 2(53) 5day 1 1 302 2 3 20 2
7 day 48 2(42) 1(2.1) 2(4.2) 6 day 1 2 2 0 5 0 0 1 1
8 day 57 2(35) 0.0 4( 7.0 7 day 0 2 0 0 1 0 2 0 0
9 day 55 0( 0.0 0.0 3(5.5) 8 day 1 1 0 0 0 0 0 1 3
Total 437 33(76) 38(8.7) 24 ( 5.5) 9 day 0 0 0 0 0 0 1 1 1
CHD: congenital heart disease among live, CVD: congenital vas- Total 9 2 12 7 16 15 7 5 12

cular disease
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CHD: congenital heart disease among live, CVD: congenital vas-
cular disease

HPAE ST, A 1771 59 o) 1000 cGy FRARES ol
A A= /\‘O]}J—:’-’H(left juxtaposition of append-
ages)> FHBTAI7IA 299 AT H 2ol e
FA7IA7E %‘ﬂ% 1oflof Tl Al 1of|of A FREE I A%
o] BE71E 290l A SHEE Sl

g2 J|¥(Fig. 2C, D)

QA AddtollA 38712 3 71go] x|l AA| A
= A9 8.7%0]AHp<0.05, Table 2), 500 cGy ZAR:
2 4.1%, 750 cGy RARES 10.3%, 1000 cGy RARLS
13.6%°]1213L, 500 cGyollAl 1000 cGy= Algfo] 7Aat42
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Table 5. Other congenital anomalies according to the dose of radi-
ation

Table 7. Other congenital anomlies according to incubation day
irradiated and the dose of X-ray

No. of No. of No. of No. of

survivals exencephaly (%) beak anomaly anopia

500 cGy 171 8 (4.7) 7(4.1) 5(2.9)
750 cGy 156 9(5.8) 16 (10.3) 10 (6.4)
1000 cGy 110 6(5.5) 37 (33.6) 10 (9.1)
Total 437 23(5.3) 60 (13.7) 25(5.7)
Control 79 0( 0) 2(2.5) 2(2.5)

Table 6. Other congenital anomalies according to incubation day
irradiated

Group NO: of No. of No. of No'. of
survivals exencephaly (%) beak anomaly (%) anopia (%)
0 day 22 1(4.5) 0( 0.0 0( 0.0
1 day 37 0( 0.0 2(54) 1(2.7)
2 day 48 2(4.2) 3(6.3) 2(4.2)
3 day 24 2(8.3) 3(12.5) 2( 8.3)
4 day 44 2( 4.5) 8(18.2) 3(6.8)
5 day 64 1(1.6) 16 (25.0) 1( 1.6)
6 day 38 1( 2.6) 5(13.2) 0( 0.0
7 day 48 6 (12.5) 13 (27.1) 6 (12.5)
8 day 57 3(5.3) 6 (10.5) 6 (10.5)
9 day 55 5(9.1) 4(13) 4(13)
Total 437 23(5.3) 60 (13.7) 25( 5.7)
718 HES 715t tHTable 2), AN whE
7% wre 2t 0olA 6] Wekew], 79 ol 5o
= @ 713 Sl FAasklth(p0.005, Table 3). &
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Al ele] AR 719 WEES SV 500 Gy RARES
6.2%, 750 cGy RAREZ 9.2%, 1000 cGy RARES 14.9%
°]2131(p<0.000001), 5 o]F FARLAA Fo] "AYS3ITE

W A 7182 AF E2E W g9, Fel ol
w d&olgltt. 25 I*J BE 741':4101]*1 71 WES A
A E= 5.5%, 2 5.3%, H&] oA 13.7%, = AL2
5 101510 Tzl Hmstol $eolob Z7FEHp 0.
Table 2, 5), A} AlgFo] Z71E-5E Z1219] A% &
9] 718L& ZUlEl= Ao Qo) EAA soldL
2] OJAOIAIRE IITHp0.005), ZARle] W HPYEL
BEE 79 ol ZARN (0,05, el ofg 5l ©
T ZAREOIA (p€0.05), = AL TY olF RAREA

E

oz

e

r‘lOr
mﬁ‘arf >

I

it

|
L

No. of No. of No. of
exencephaly beak anomaly anopia
00 750 1000 500 750 1000 500 750 1000
cGy Gy cGy Gy cGy cGy Gy cGy cGy

Group 5

0Ody 0 O 1 0O 0 0 0 0 0
ldy O 0 O 1 0 1 1 0 0
2day 0O 1 1 1 1 1 0 2 0
3day 1 1 0 1 1 1 0o 1 1
4day 1 O 1 1 2 5 1 2 0
5day 1 0 O 1 3 12 0 0 1
6day O 1 0O 1 1 3 0 0 0
7day 2 2 2 1 3 2 1 3
8day 1 2 0 0 3 o 3 3
9day 2 2 1 0 2 11 2
Tol 8 9 6 7 16 37 5 10 10

(p<0.05) A CE FASHA 7o) UUTHTable 6, 7).

1w
MEY AT N L2 N AC10EN XM

Az A 7139 el %780] A UA] LA
A 2 QA7 YRlo = it A AHgRith o
T IRl 12y 7B ﬂﬂo]x}ﬂ T o] 2214 718
o= Ueth 1A B WA ZIFolst Hi(io) ofde]
Qlojm, WA} Ei= gALe olito] o3t Ao gA FAgT
228 e QA 718 BiA7I(IEAED) F2f ool ¢
le® Hjoprl WEsl= E% a4, F5 o WA
o] 9 glof ofsf A1 A «]U]iq

WA o= o] 28} WA} Blo] 23} BPAMA o] Qlrt o]
23} WAPE XA b 22 gRel dubd 9o
EpAo] Qlet H|o] 28} WA o] 23} WA EE} 22 of
YAE 7H= WA S 2 233 MRI, #lo]A, A9 5
ojm gloto|Al= Aol ko] gtk o] 23t WA k&
= 7199 kel QLo W B} 39S 77 9)
L 7ol WS, HAH Wl oo 2d BeR
et 19779 AHE =A 2 FRISDE vlawstd S54
% rad= gray(Gy) 2 S7HA%F rem& sievert(Sv)= HH
¢t =1 Gy=100 rad?} Za1, 1 Sv=100 rem¥} Zt} X
He olest WAel Ao Zde WA @ 4 9
o}, AR IR e o WolE Attt wehbA

AR AR B P 2 AEY Aol hstel
QuelSe Wi, 4R 4R HEALAN e 4
Sl AL @k 0,01 W AW EmSv)E How, A3l
pApAIeEel 2.4 WeAHES] 24080) 1450 Eutstol

Al 37 iet. AR 719 2] duAE
0.3 WIAHER H3laL Qlek
o]H A%of AME 500~1000 cGy 2] Aake AAjo] =

r\l rO oL,



Sung Yup Moon, et al : X—ray on Cardiovascular System of Chick Embryo 407

e 4 3 3

AHgehe Ak wlasle 4170 o & Sl Aol Ziole
% 3000 cGy Ax 183 2.

< U ol ) olel g, w2 s

ARl AMEl fegold),

HIECIMS N T 2 2ot T|E 2

A A% AL A= =] (splanchnic mesoderm) 2
28 Az

Hamburger—Hamilton(HH) 107](9~10 somite A|7], gF
33 334700] §3E A4 Hro] she] T olso] 4
Zap7] Algeha, Aol 95 el BASRE A%
2 (bulboventricular loop) ®4J7](HH 10~117], ¥4 33~
45A1ZDE Ak 3 - % HAlo] B Rato] THgslEA A
FURSE GERA MY WO olFHORN Hasy)
Aegol £ Wt s A4 1e 44710 1
= AAA =, HA FA49 ¢ Hd= HH 32719 A
ofdeh " A 713o] 7P & A7) A7) 597 1084]
7P(—b%§}7l 4590014 112417t Ao], & HH 26712 L&A

=

=

A A T Fol QoA WA AL B 2
slel BR0] Bojg7 AxA] AR 7|go] SHlEl= Aoz
=] =]

deA k. vlAl 2YE olgslo] thEmoz whyst
2o Boown giEY 78S 242 4 9" Nim-
ustine(ACNU)2 39= Aol Folslo] F=m7Htruncus
arteriosus) 2 GHFAZ = 9lom ¥ Rs} 80| 7kE AlE)e)
Aol 7] FAE 527k 7kete] S4 APAS L
A 4= 9l vilel S84 okEo] AEuAe] FAst
& sl A Ak 713 dhs 719 5 g @

Aagom Qelol, Ex 7AWl Astel w5old
G glom Y 7 do] okE® ofd UFe Y s|AE, T
Lenpale, S|AERIo] ofjt A= it

OFE 9lof WAOR 8 ABOEL 2 MoV ZA4RHne-
utron)E ARESFY] 50 Gy, 75 cGy, 100 cGy2}t 150 cGy
ARg3lo] o5 ™ =219 (coarctation of aorta type) AA
FAAEe AT Bt ek’ S84 AARQuality
factor)7} XA19] 19] H]gf 102 AESHA T37| 1062
el glek

HPAPAL B ) S B Aol A9 I AR A
4ol ek, Aol wWat Aol7} glo] & A} Algo] 2
ole AMEkgo] o MESIA Fal= kAt Ak &
THoxygen effect)= WA THpAd Akd F=of Bl st
= oA Akar} Hew wAe] Aol Z71EE A

olm, 1909y A=

i)

L Ae ZARSHE AR Aol
H
[e]

Z7leka, S el F7Kskd WA Aol Fvket
o Qe uhe ol Aol glol mlk Sl

o

ol 3 A o 71 o 1 5 Aol i
chal Seoblet, AER1) Wtk 144e) Hol7t glof o
WO R 87] $717k Aol K Tl MY7E Al
e A e Fol e Aot ol 2o
Folekw Aol utet xfol7} Glet. A% FHo| 3]
FEEch P ARl gk, B4l 98 B Wss
A EEE S R A AR el 9% ulX
ul 71 Aolrk Qhom WA Aol SNt

HIER SESATIO Tt XM ZARE 1@ 2 DA 3
£29] A9 AIHOT PAKE 100 Gy Folo 713
3} Aol L), SPYAl IS G RolA 37bA) o
A, = 2} A7|(preimplantation), 7|34
enesis), EH|o}7](fetal stage)Z UHrH FHo|A+= ZZF 0~
5.5, 5.5~13.5%, 13.5~20o|c} ™ o] Ao SAe
2 Ak 3 oF 2A7F ALt The AR WAL U
SR ke oF 155 to] o] ojba] 44T
ARk % 217k 155 Yjof whabe] syrjito] 1A ek
o1 g BAIE Sl Slg) HAAE Fsio]
3} gro] AJato] 7psEr 42 glom, 2wt M4

/d7](organog-

_1

|

[

°

> ofl

gl

Fol g GPE 71T Aol 2y WN(HE 5
0-8 Aol WAHID) tedHiE Afel 4A

irzd

10 @ ofh rL 10 @ ox o o .
o —L N
o o%
T
it o
L
!
(-2
i) -0,
fn o2
o OOh
o°|‘
£Q,

o
.>,i
L’i
rir
o
o
fu
W
ST ul

%ﬁoi e S A1

- uiui
2
o
S~
O
=
ox
)
o
2
N
N
N
>
Kl
n@'

Jlm °g=
o

S

4
oL

4
o] o=, FA| 2 Lol 4ol Hlid A
A 2 g 2710 AL obf ol Fel A9 %
b Ro] AN 2ALE ShE o] "ol Maisle] gick
Aol 24 1718 Aols] ofdm, saskoz Aol
2 41erE o WA A4} 60,0000 o= ukel7]
A wof gtk B AReld Haple] @] A XA 24
2 o ARToA AEEO] T e 42,3019, of 7
o AR Aol 44 719e] glolow, du 719 2
o, A & 30, ¥ 9 Lo)7h wAElh Rt 1909
ARG 4% et 95 0909 A7 T9)0] ) S
71 71l XA 2AE wow 24 A Aol M &
A2 apgol g, MR 9ol s ek, 7
Bo] Me 1 7)3o] FAEE A7lel GRS wom 1
et 202 o) ARS8 4 o3 AAF A
sl QAAR) Ao] F BAolL 7|FHE WPE B

2 oox (B



408 Korean Circulation J 2005;35:402-410

7F Slek FH(mouse)E 8L RASHH ] HE 22 HA
78A1e] ot AQlH(micropthalmia) 2= =98] oFgol A
7131, 9dof AFSHA A} 59 o], 10Ul ZAFsHE -
Az} A3 olA), 1Y) RAVSHH A%FZ(microcephaly)
3} pAGe] ALY ARge] A 4 T 109% Hol
Zpgo] dojuial 10~43U Afolof of2] 7|he JAshL &
5] 25~37L Afo]7} RIZFSte] o] AlZ|ofl WA 2AFSH
A 710] & fFETh ARgelA A d4l719] 1/15
of afFst= Al7I7E AR v SRR, FollAl=
1/30)| 3Fsh= Al717F BAbAoll Wizdsict, Abee] Z-9- 40
Uo] AU BpApA o] A7HAdo] AXIeh AR Af- A
= 2] SFAEA o]l AA| 28] ool EskA|
W o= FFAEAE sk Al7I7E YAl Hla

T FES RSkl 718717 A FEel Bl 4]
Y 4= otk 2 A3 A AlFjollde A7 AR
of WAL, ol= sk s=E Aes WAl S

=)

P1BGA7] ol dobrlel WAtE ZAkstd 7] g &
W THsHo] Woul Alge Aoyl Mg w27
of H]s) TAlepolTh AlHE F4F F 27 ol WAISHL A
A} gol7h Lhebd 4= olizel, A Aol UAIAR Aol

wolnl

717ko] Zofzich ueba] Abdero] Bow YL 7]
9] So|wr} Z7hsl et P Fe] B
Aol Aolal 4 9la, EF AEgo] AAHEE 7]F

052 BolE 4= Ik, weba] At Aol 4l
§ 719o] Aol Aaker 4 glck
S 231719] vjofellA] WA Alel T 7o) &
i ARG Pk 2 AR ok 24 F 19 9
otk Algre Z3T} 48 T} SAol], 24} F 2~
59 Apolol Hiz ok A Aeloh 45t ol
o}, ke s £3) Aol 78S Kol 7|7} At

Rap7lo] whE 24 muke Awpe, ovbdow g
o] ufohz 29lef HlmA] WA ARHE Lrehitht 20
o Apolol] Z<eAlo] 43| F75he, 1 5 1507k A3
Kol Z7Fslekrt 17l thal 2h4Ao] F7bskedehe B
7 glom], oolell WhAb AakAol Qs Ao A=
SA¥et el giet,

B AR XA ZASHA gk xRl A AER

Al

< 87.8%01% o, o]z & oA HARH muiwl U
oA 50% mlgke] W A AR sty &2 A
B &gl Lkglet. ofefdt Aiks Ra} 250 4 A
HE 2ARIglenz 2% olf WAsk: AME €9
UL, zbe] Ay 9 £y Ho|=R dEshes 5t =
Zro] QAL TS HAbhe 2R SHA 97 wie]
ok 253 oo BE Arfute diem T AL 2F ol

Bofek A ahstel ATstaslel 2 Aol A
ARl Aot A AZIE & 4 Ga E Ags] St
of 5717k ofelgick 25 mlwke] Thare U Ho} Al
2 A7 0= Anly)7t ofga, shet 13 B G4 5o
XS B Folub A o] ZHsT 4 US Holtt
Slst] A Al A5 uk2 Avel WSt @ Ao A
248 4= glovt, Feld T 4 ol B9 SRS
Zo] ST AL weksoloA] W2 ule] kel 4
ol ofgim, vhel TuskElw el Raplel AAuolol
8}, ol Qlstel ool Askd 4 gick

e} ) i=}
% 719] 4FZAE0] FUSH] uiRole WA £Ajo]
ofs thEe 71ge] wie] Frhstuz Eue] /| qelE
g Fol RAB HETS 4 A
= oA seld 5 glonR /| ol

o

s

Xo]—

N

199 et BaE /19 Aol ofe 74
Tk, AL M) 271wt A4 713 N
o] Z7leknh, xAe) S T8 o F7HAA)
A18e] o] 27V TKsAol e, A
St A 718 Aol AT S Sk
ARolAe B8 AR 719 3 AAFAEEY
ARIE7E 7.6%, BEA 7189 WA W=t 8,7%% tt
15dof Hsto] Aiet A-87Fe] wapql Fojof ot
%ol 14,3%9] RlE=g HAgslct, -89 =afvl
A WA A BT ok AAEA AU of
3 ofEol o3t 7192 o] e ts i A
5o 71go|lch " Kawamura 570] 3}o]
(White Leghorn) =4@to] SA A Hneutron) A}
o= dEH 7190] wWeken, AAdFA4:9
conal type®] HAEAAEIqt XS A
Aol ARAFlow type) HAHFTAEETL
high type) AASAZEC] B WAYSIGIT) o]
XA 2Abe] EAGOR A 4= Qlrh
1ol F3l7leof 7] A XA 2ARE #aL #317]e
ket AejollAl= A% 71Ro] WS kAl

oo 32

o

T+
= d

A
T

RO e
o oX

ol =)

9
o= l‘l-ﬂi

m>~
i)

N

et o
=2

i
1)

ot

L

o B
my
flo

r

>,
juid)

o

Fﬂﬁrﬂ
1o o

kI oo oft KU (M B (M omx o> fuow
o
E P

o3

o o
I

i)
Wi
Al
<]

i
ot

N AR R
NNDF i‘r_,Ju:
»]‘ﬂm‘;g—‘?‘l >
mrlﬂlﬁd
ﬂﬂ}‘)‘qu,
_‘>:‘-\—'
f;;rlrn%

(o]
NN
ZQOBL
igxe

2 5
5
gt
I
o
Tije
SEEN
dyl'mo_gll
n;;m]o
OT‘HI
\l;&
T

rh
M
n |
=2
>
>



Sung Yup Moon, et al : X—ray on Cardiovascular System of Chick Embryo 409

gk 2ol glleh ER7Ig o R AR w4 570, SiE
TeA7IA] 371 T 1707 Al AlolEEd(eft ju-
xtaposition of appendages)S FHEIXAIZ|A] 24 AF
it wHH o] FHEHH7IA7E SHEE 1o, A4 199
A SREE QAT Aol2td S AlolAIN e 447199
HAzZ oA o]onz] E3] =4 qid ALYyt k= AF
A waol A wok” a2y 2 Adeld 44 giEw A
QI AfF R vE = glolth A EEe] B3R 2
ool Ebe|e,

XA ARESE B AFe ARl XA 1A okl E
& Besty usE Y Qosld g ABO
QP Fol AT oI AoA /132 FHT A
2 moju], ofgo] ojgt Helse] W of 4
S SR FASD] il RARATH 10
igs 27] 9l o B Ag o] aqtHe 2 A

J g bl

%, 5] o4F = Ado dis) AR A% g
2 sto|=&51E|E(hydrocortisone) AlEfo Al 4 LA 5=
< off 84.8%7F YERLH, o= & ARxWE E= F
F(mesenchyme) 9] 40| A7 Wiou * FmA|
2E ﬂ 2(homocyteine)ol] &JaljA] AZZAeH(apoptosis)S &5
AUEba AeT) A g% So] whasteict ™ DaiEl il
antin)°ﬂ oA A7 gZo] 10%ol4 BAstgiE ™ = A
ol oaia] A gEo] AE Al 5.5% A UEREL,
d7190] FHEE o=

Aol A2 ] gE2 W A 01]*15 A # 71 7]
P2 ofyoA] Bt 5.3%0A WAYSHGTE Fa| ol H
3} 5 o] % RAREOlA FEHAH(p<0.05), 1000 cGyE
ZARSE FoflA Wol IHEQITE = AE2 7Y o]F A}
ol A o] A THp0.05).

D el %* 7o

2> Ur7W77]9} EHUH U= FAoly

A 25E 1200 m ool Qe 1175 ’&E«l 4 }OP 57
%4 Zx]Z= W G AERFo] Q19 r,}_or Z5 ok A
o] o wrg Jepdt) ol oF 500 cGy<] 3t
ubA T} 200 Gy 2] FAAALS ‘#Miﬂlﬂ} ek WA
Sl PAE 9w AuREE 5 oGy nlvtold £A4F
Hol AHom, 5~10 cGyoli= &5k, 10~50 cGy

U>’
ﬂJIl‘l
flo
19

d{o

QJAl 17]0f] gAke] 9J3o] Z7tebH, 50 cGy oA A
A7)0 AA o] &t} Ao WA AXE &
EHOMI U 2JA E= AR & Ak &Y 0 4Gy, ©
%L@‘ 10 4Gy, 9= 85 29 7.2 mGy, 25 &
cGy, # 271 0.3 mGy, ™ A7 6 mGy, B4
%LOS 8 mGyo|t} UEFoF 7|go] uhyEl 4=
2+ 10 cGy Arola, AR o= 10 cGy ©]
%A AL 100 GyE do]

r[r

sl
o l‘>“

%
j“‘

o

s
OS': L )
- ol)ln
[‘_l..

30 o
(=AY
I o2

O o>
- °% :
oX, =
oN &
ek
oZ
moi‘
4
N ;o
_L

1ot

sk

42l oAM= REEA] UW“* 44 F71E 2
of 7/1

Shet. Eljob 71 o]
cGy oJAtolm Al Fx 63 £ 10 cGy(0.1 G
S8e a8 o Qo i
A7 5 Gy olstolt), ofEal ARl &3] 71 3 A
doll Hish EEA dHAM AT e A SRS 8
o] gsial qlth. oAk= YAlE AEAZE WY HEE=
Akl whE SREE A SAtelAl LeElar, WAl 9
gk Zlo] ofyol Au|t 78S sk Efjole] 4~6%0f
/\J] 710:101 H]—}\g?ﬂ- 2= 01_’1‘7_7 10 cGy B]E’_]—Eﬂ HOP/\}/S%}EE L
A A |ole SEskAl drkal 2dstoof gt

o>" o K

}

><vrlr
r_t
do0 g 10 o

oz

o OF
i =

A
Alee] M A] XA 2] T A 718 55
k<]

A U ET 71Y STt uE V1YY BRE @) 9
sfo] AAsioict Eak AR 9)o] 718 WAl sl &
Apsteet,
=13 E .

Bro] Sehe QIRBplo W] At Hablo] Wit 1
A 57e 9% $7 + | 10740] Ao thirol, oz Al

&71<7] Linac Mevatron KD(Siemens, Germany) 6 MeV
XA1& 500 cGy, 750 cGy2} 1000 cGyE 22 ZARBIL

XA ZAE B1X) ke AR tadom Sy, 7 2
o 2 20709] TS AFESIAT 25 ol BB
& AdE Agelel xewden nysA, AT Al
afoll skt

T

1

2AREO) RS HAHOR 62, 5%01901, thEo] A
L8 87.8%°]tHp<0.001), FA} ATFo] F&ps Y&
£ 70.1%004 52.1%5 IS 2H231eHp<0. 000D,
H L B 199 PR A A 16,250l
0.005). AIEW 7|3 WAEL Aol AT4E F7Iokdn
69 ol ZAZOIA 7150] F2 HABLITHp0,005). 4]

% 718e) YRS A= Are] 7.6%01UT(p<0.05), %
A} Aepo] Au4E Az Aee] 5.3%004 10,9%% 27}
aloitt, 69 oW TARZOlA A 7|Fo] 22 ubely



410 Korean Circulation J 2005;35:402-410

THp(0.005), A} Hleo] B4 AABEAAES| 277}
Zela Bad71go] e Agke nalt A% 713

THe At ‘%Eéiol 2478013031 E317]17 0] 97H°l§’ir/}
S 7199 BRAES AE A 8.7%019431(p<0.05), =

Ab Adwo] A5 f‘él& 71gol S71skaL, 64 o] =
AREOIA F2 AYSATH(p<0.005). B3 71F2 ¢

2
)
o
)
]
=

N

[e]
o
R VLAY A5 3 3
05] =)

=4 = .
13.7%, & &S 5.71%01900k 2AF o] F1AE F
7hel= 7] 9191em(p<0.000001), | HES 7Y o],
A

l
Fo 59 o, & AL 7Y ol

e ol 59 ol F X4l 2kl
FAROR felek F7tshoict
2 E:

A Y B T A W e FA4o] Rt Al
of XA 2AP 3 =S
ARRlA] o] Sl 2AF Algpo] 27kl et A
.J__go] 7(40—1;(]_]“_]_ = H]- /g;g- 7 A&} g
ol AAA 71¥=
7k E7hste.

o HO XA A AR 7T,

_ﬁ

>
o
i)

REFERENCES

1) Han YM, Yoo JH, Choi JY, Seo JW. Pathology of cardiac ano-
malies and systemic edema in the murine fetus with trisomy 16.
Korean Circ J 1999,29:612-24.

2) Fang TT, Bruyere HJ Jr, Kargas SA, Nishikawa T, Tagagi Y, Gi-
Ibert EF. Ethyl alcohol-induced cardiovascular malformations
in the chick embryo. Teratology 1987;35:95-103.

3) Gilbert EF, Bruyere HJ Jr, Ishikawa S, Cheung MO, Hodach RJ.
The effect of methylxanthines on catecholamine-stimulated and
normal chick embryos. Teratology 1977;16:47-52.

4) Hawkins JA, Hu N, Clark EB. Effect of caffeine on the cardio-
vascular function in the stage 24 chick embryo. Dev Pharmacol
Ther 1984,7:334-43.

5) Hodach RJ, Gilbert EF, Fallon JE. Aortic arch anomalies associ-
ated with the adminstration of epinephrine in the chick embryos.
Teratology 1974,9:203-9.

6) Hodach RJ, Hodach AE, Fallon JF, Folts JD, Bruyere HJ, Gilbert
EF. The role of /F-adrenergic activity in the production of card-
iac and aortic arch anomalies in chick embryo. Teratology 1975;
12:33-45.

7) Gilbert EF, Bruyere HJ Jr, Ishikawa S, Cheung MO, Hodach RJ.
The effect of practolol and butoxamine on aortic arch malfor-
mation in S-adrenoreceptor stimulated chick embryos. Teratology
1977:15:317-23.

8) Kuhlmann RS, Kolesari GL, Kalbfleisch JH. Reduction of cath-
echolamine-induced cardiovascular malformations in the chick
embryo with metoprolol. Teratology 1983;28:9-14.

9) Kawamura T, Takao A, Ando M. Spectrum of the coarctation
type of ventricular septal defect in the chick induced by neutron
radiation. In: van Praagh R, Takao A editors. Etiology and
Morphogenesis of Congenital Heart Disease. Futura publishing

Co: 1980. p.235-50.

10) Hamberger V, Hamilton HL. A series of normal stages in the
development of the chick embryo. J Morphol 1951,88:49-92.

11) Rychter Z. Experimental morphology of the aortic arches and
the heart loop in the chick embryo. Adv Morph 1962;2:333-71.

12) Chon Y, Masahiko A, Takao A. Conotruncal anomalies produced
by nimustine hydrochloride or bisdiamine in chick. In: van Pra-
agh R, Takao A editors. Congenital Heart Disease: causes and
processes. Futura publishing Co; 1984. p.237-47.

13) Chon Y, Masahiko A, Takao A. Spectrum of hypoplastic right
ventricle in chick experimentally produced by electrical Shock.
In: van Praach R, Takao A editors. Congenital Heart Disease:
causes and processes. Futura publishing Co; 1984. p.249-64.

14) Jaffee OC. The development of the arterial outflow tract in the
chick embryo heart. Anat Rec 1967;158:35-42.

15) Bruyere HJ Jr, Nishikawa T, Uno H, Gilbert JE, Gilbert EF. Pul-
monary stenosis with ventricular septal defect, common aorti-
copulmonary trunk, and dextroposition of the aorta: morphologic
and qualitative physiologic effects in caffeine-treated chick em-
bryos. Teratology 1986,33:119-26.

16) Grabowski CT, Paar JA. The teratogenic effects of graded doses
of hypoxia on the chick embryo. Am J Anat 1958,103:313-47.

17) Gessner IH, van Mierop LH. Experimental production of cardiac
defects: the spectrum of dextroposition of the aorta. Amer J Ca-
rdiol 1970;23:272-278.

18) Gilani SH, Jaffee OC. Congenital cardiovascular anomalies in
chick embryos exposed to x-irradiation and hypothermia. Am J
Obstet Gynecol 1971;111:47-52.

19) Fang TT, Bruyere HJ Jr, Kargas SA, Nishikawa T, Takagi Y,
Gilbert EF. Ethyl alcohol-induced cardiovascular malformations
in the chick embryo. Teratology 1987;35:95-103.

20) Russell LB, Russell WL. An analysis of the changing radiation
response of the developing mouse embryo. J Cell Physiol 1954,
43 (Suppl 1):103-49.

21) Perry MM. 4 complete culture system for the chick embryo. Na-
ture 1988,331:70-2.

22) Perry MM, Sang HM. Transgenesis in chickens. Transgenic Res
1993;2:125-33.

23) Rugh R. Low levels of X-irradiation and the early mammalian
embryo. Am J Roentgenol Radium Ther Nucl Med 1962;87:559-
66.

24) Rugh R. Why radiology? Radiology 1964;82:917-20.

25) Rugh R, Grupp E. Inonizing radiation and congenital anoma-
lies in vertebrate embryos. Acta Embryol Morphol Exp 1959;
2:257-68.

26) Koo BS, Kim NS, Kim YJ, Moon SY, Lee H. Teratogenic effect
of dopamine on the embryonic chick heart. J Korean Pediatr
Soc 2000,43:913-9.

27) Freedom RM, Harrington DP. Anatomically corrected malposi-
tion of the great arteries: report of 2 cases, one with congenital
asplenia: frequent association with juxtaposition of atrial ap-
pendages. Br Heart J 1974;36:207-15.

28) Kosar K. Malformation spectra and embryolethality following
intraamniotic administration of glucocorticoids in the chick em-
bryo. Anat Anz 1990;171:211-7.

29) Li Y, Chen X, Zhao X, Hu B. Relationship between homocy-
steine-induced apoptosis and teratogenesis in developing avian
embryo. Wei Sheng Yan Jiu 1999,28:275-8.

30) Singh M, Shah GL, Singh KP. Teratogenic effects of dilantin on
thoraco-abdominal organs of developing chick embryos. Indian
J Exp Biol 2000:38:1026-30.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


