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2 Aol Pal 14796 2T 3
alFHy e s 1606 A7
154n}e] 2 ejo} A= oF 96.3%%.or, WAL
ZAES] HAF JAFEY £ 16509
glole] = 15.79}2] = ejo} HEE2 oF 95.2%%]
o o JAIFHYL] S} o} AEEL w53
ot elote] HF AFS WizLo| 137.50+
10.55mg, A& o] 127.70+8.32mgoez Alg o]
23] (p< 0.01) ko) (Table 1).
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S 1509, S ol = 142 eloly
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Foy] = 1657093, - Hl o] 4+ 15.5v}F]
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Table 1. The pregnancy outcome on GD 14.7 after X-ray irra-

diation

Measurement\Groups Control X-ray
Number of dams 5 10
Number of pregnant sacs

(average) 80(16) 165(16.5)
Number of live fetuses

(average) 77(15.4) 157(15.7)
Survival rate (%) 96.3 95.2
Body weight of fetuses 137.50+1055  127.70+8.32*

(M+SD, mg)

*:p<0.01, GD : gestation day
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(Teble2). 2 we) FEEAelsl AABEAY BHRl6A
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Fi v 1380 T, B elobe]l S 1280k sglont Wl Y ehtA she} dlzpuc

a4
2 ejof EE2 oF 928%t}. A GalFH e FeEAd o] A= AdeE & 5 dden A=
b Ao AEEE Mgso Aol FE A ARG 2= G2 3
& dxFo] 480.00+29.81 mg, A o] 423.80 ZAE] BZRSoA FEAF o} T 28 s}
+4444mg_i AP Fo] A 3] (p<0.01) 2ok #x35] A} (Fig. 1a b).
(Table 3). nhA 157919 tlzZ urlete ww uby 1479
of wjs Wi AA 3 WA Hejxlen,

=13
2. Witz geiEy BEs A E vas AANAt AZADAL 25

™

W 14799 BEzeldT AT ol B T b S IR %&E‘M £ R
2 Ao} sl ’fﬂﬂr —J%—?: AME e
o ko] o] AAHE &S Bylon, A=At
Table 2. The pregnancy outcome on GD 15.7 after X-ray Al 249 3= DH}_-}O]] H]zs}] I Ax7) ¥4
irradiation 3] olh(Fig. 2a b).
Measurement\Groups Control X-ray sh, w1679 HEz wrlee nw )
Number of dams > 10 2 Abele] AL vl Arlsizlom, AEAAL
N oy Prognent scs 75(15) 165(16.5) 2A5& 7)o Y% wvtet s st Wl At
Number of live fetuses 70(14) 155(15.5) ojgf Ao Fxu o] gIlet Tt AdZelM=
(average) 2ol et vhtriAe] Hefde A= )
surivel e %3 %9 et 3 Are AQHT AN B, o) A7l
B ofeuss  si1640+2649 227842486 = APl ® Hres o] Wiete= Wt
*:p< 001, GD : gestation day 2 Abg| e} it Atolat ZA|G|A U AE

AL 242 #FE 5 sl (Fig. 3a b).

Table 3. The pregnancy outcome on GD 16.7 after X-ray irradi-

ation o 1S S

M easurement\Groups Control X-ray _ ‘ _ - _
2 AgdA 2R 27 sioe]e] AHA 71

Number of dams 5 10 o 5 - =

Number of pregnant sacs @ udl daEwdne 2 gdes deide
(average) 0a4) 138(138) AQelM et ApZa e vgA
N(l;:/ne?%g‘livefetu% 70(14) 128(12.8) o] A Wrtete] 4 oA mF Whvlet
73_{,_:5_ 14. 70101 LSS o Al & T 2=
Survival rate (%) 100 928 dEFelnen, I= st _E]_“_r T
Body weight of fetuses oM it el AAsA ghel A Lyl
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Table4. Numerical anomalies of the digits of hindlimbs in the
rat fetuses after irradiation on GD 13.7

Side digital count\GD 14.7 15.7 16.7

4 0 13 25

) ) 3 0 18 15
Right limb 2 0 o8 3
Total 0 59 43

4 0 25 18

. 3 0 15 10

Left Limb 5 0 18 3
Total 0 58 31

GD : gestation day

Table 5. Asymmetry of the hindlimbs in the rat fetuses after
irradiation on GD 13.7 (%)

Side\GD 14.7 15.7 16.7 Total
Rightlimb  120(76.4) 65(41.9) 30(234) 215(48.9)
Left limb 95 (60.5) 30(19.4) 10(7.8) 130(29.5)*
*:p<0.01, GD: gestation day
13v}2], 16.7%6] 25v}8] yehgton, 9152 1579

ol 25m}e], 16.7d0)| 18n}e] by, wrtete] 374
9l 713 92=o] 1576 18], 16.7Y¢] 15
nl2] 9 %2 15796 15012, 16,7 10v}2]
gom, wrlete] 274l 713 & wuld-> 15790
= R_Eé% 28n}e], 92 18vle]9y, 16.7Y0= <
Z3t 1% gEoA 3utE|R I =gl dE
=z mﬂ, 1579 225 59u}e), 1% 58u}e]¢]
olafo] A=, 16.7Y M= 2EZF 43u}
9% 31nfe]e] A oAbe] FAF G A A
22be] 1020124 ar, ko] 89nlE| 2 oFZ:
%A Apol= HABA| dgkont, 53] o
oM e do] 28miz]z ¢Mte] 18ulE|Er} ¢
o] veht o2e] 713e] F o] Alg o=
A 7= ol et (Table 4).
ket e o] Aol el L2 F v
2 o] 9l o= 1470 120m}e], 157U 657}
16.7l 30m}E]9l L, Zol| vl Ae] Q& <l
14.79¢) 95u}z], 15.7e] 30n}e] 2 16.7Yo
10me] = Jeh} 2% 2% nls §-2)5H (p
<0.01) go] Yelytc)(Tables).
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Aol = caspase, NF-kB, Bcl-2 &+, sphingomyeli-
nase, DNA ¢} mlEZ=glols AHulkdl= &4 & o}
3 AsAGEA] Fe3ta ol Ao e
AUk A, N ZE olol H-g3h= o7 7AE 2w
P Aoz deA Qo oekst AEH A o
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A=t (Allen 5 1998). 7 ol 2 ICE (interleukin-1f
convertase enzyme) -+AAS wjeF =gl 3F A=
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Legendsfor Figures

Fig. 1. Confocal laser scanning micrographs of apoptotic figures at the lateral border of developing digit of the rat fetus at GD 14.7. 1a:
control group, 1b: experimental group. x 400. Apoptotic bodies(arrowheads) were decreased markedly in experimental group.

Fig. 2. Confocal laser scanning micrographs of apoptotic figures at the lateral border of developing digit of the rat fetus at GD 15.7. 2a:
control group, 2b : experimental group. X 400. Density of apoptotic bodies (arrowheads) was similar in both control and
experimental groups.

Fig. 3. Confocal laser scanning micrographs of apoptotic figures at the lateral border of developing digit of the rat fetus at GD 16.7. 3a:
control group, 3b : experimental group. X 400. Density of apoptotic bodies (arrowheads) was similar in both control and
experimental groups.
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Abstract

Changes of Apoptosis After X-irradiation During the
Hindlimb Development in the Rat Fetus

Won-Sik Kim, Soo-1l Kim, Moon-June Cho?, Geun-Ja Cho? Seung-Ro Han,
Dal-Sun Cha, Seung-Taek Song, Hyun-Woo Kyeong, Jeong-Ho No

Department of Anatomy and ‘Therapeutic Radiology, College of Medicine, Chungnam National University
2College of Visual Images and Health, Kongju National University

lonizing radiation exerts harmful effect during the limb development, but the exact mechanism is still largely
unknown.

In this study, 2 Gy of X-ray irradiated to the rat fetuses on gestation day of 13.7 when the hindlimb buds appear, and
sacrificed at GD 14.7, GD 15.7 and GD 16.7, respectively. To reveal the changes of apoptotic figures between control
and experimental groups, TUNEL immunohistochemistry and confocal laser scanning microscopy were carried.

Mean body weight of fetuses of irradiated groups were decreased significantly compared to the control group.
Numerical digit anomalies and asymmetries between right and |eft sides were increased significantly in the irradiated
group compared to control group. Some digit anomalies were increased significantly in theright side.

Radiation-induced decrement of the density of apoptotic figures on GD 14.7 was presumed to be related with foot
and digit anomalies.

Key words: Limb development, Morphogenesis, Apoptosis, Confocal laser scanning microscope
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