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- Aol e Fa, Tl o3l I Wt
o FE e AAES
Aopitgel A o37lel] &b ¥
A}E-ol| =, TGFP (transforming growth factor B), FGF
(fibroblast growth factor), EGF (epidermal growth
factor), HGF (hepatocyte growth factor), GDNF (glial
cell derived neurotrophic factor), heparin-binding
growth-associated moleculeel MK (midkine), Shh
(sonic hedgehog) 5-¢] HAe] Mz - A A
Aoby=lzye waReky wusty ok (Gilbert
1997). wkeba] HopdAtA Y] o1 Al7)el 7]
B2 wEEW 7 g4 gl o a A
7ol HolstA EnlEE EAHE] 3 Aol AFF
A Aelx 22 Qlsf ATl FRALelS] A
Fabgol| Exbo] dofut 7¥ o] 2 d o] oA
ek,
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A2,

A

H7)e) 7)ol
D’Amato 1966) %!
2 Yo7 W

Z#8kaz, hA (Hickse}
'3, A3} W o] (Ritenour 1986)
= AlghEel o3l chfHo=
AFEe] 231 gl Er | A AAst] 2855
gopr} o] 23t WAel =ZHW A, 24

0

A, Bl w AUl mer) e, ¢
Holg, YAARRE, Heds AANNE 534 A
M= AR, 2w, A2 AR
713 9 whe&-=lof (Brent 1980, Hoffman 5 1981,

Ritenour 1986, United Nations 1986, Solomom %
1994, Shiyuki 5 1996, Gilbert 1997) S-o| Jepdt}
a1 3o}

ol el WAe) AT /13 JA 9

€ o 5w el sl BATY Acken

SR el B8 Bae e Ha
Ay AT, BALE BAF HofzAol
& uh, Xolma 252 sha), wlAHH 34
(Smith 1031), Aobd% FoHA, WAF Hohw
Axe) =3} waobd 94 % ebd-A)A AT
ol B3 FX3A (Adkins 1967) So] i
A3, 2Pg YA AlA YAl whA +az
S BNE DN TR e
Wl g Rstm A ol T SAs) °4%ﬂﬂ
(Burston 1951), 1 ~E] R}Fol] 70Re] o
e wZA7) v} 715l Hopayol
31 (Piekos 1969) to] o)A mk, x]o}s) A 24
= ogko) F3} A= wkx] o) 3t o
o] 7)Ao J%HHE va o] ¥4 )
257 o) FAEES) mak 2d2A Y7714
SEEEIE T a.jwoomli—»} FYAE
o] FAHAE f(Rugh 1962), Ml 24 e} -AHEE
o) A, Aol 5o shal, A EATFE) WY 5
371#] 71H o= eo}e) 2H4-3lo= W 31 (Brent 1980)
3} Aol o8 AAlA o4 9 Hlo] (Russell o}
Saylors 1963), 4] %ol Yeht= o33k (Brent 1970),
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Ao U]i]l—— %33} (Rugh 1964) 5-¢] &3 A7E

o] dJs|x o3 glor} opx] mE3F Ho| wel gl
o}

53] 7199 s =g o ARl
o3t Wiste, 7 AgFEL] Fo ue} D}J 54
Z HolMz xZe] 271 F A 4, o3, &
2o 2E2E, 22350 s, 229 i&” °F,
WAl Hetxz|o] A WA A el
ofs] 1 wzle] Azt o= A olw (Adkins 1967)

ZALF AL A B A
ug A Az el Aess Azed Qug
whe] 9% 4 9% 7l (Hansens} English 1957) °‘°ﬂ
Qe Q77 Aozl AR WsES 13
73 77) Ak ) AT A

AZZA Fol 2 ¢

°]

A A= fH eofol A g Ay
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=
oa] _‘?“E‘

2 72 ANl =5k
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1. AESE
2 Age] Aew AYEES 27 (Sprague-

A AB 2 o)
shaA] Ao oF 200+20g A=} HE=
ek o WAL YAE
AAAA ¥4 % whel Y

AF5:3)

s1stel Ay 74138 10
i ANAD

F ogd o} 8Ae] EeElstw e AL &
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e FAIA] 93 Loz Flglom AL Hl
A A 12796 AR 2o 59



— WAMIO| XjopMof| ojX|=

2. HRARM AL
2 AR 9 oARA, DA 9E @
Yol A e odobir] gla) AL AT

ul, 2|opgel| A} Z|epdke] HAEE A|7|7F A 12
dole Foldly, B APAL o7 w3 12.79
o] polyurethane boxel] JolA g ud A=
WAt A b A=A o)) Abg-
¥ ¥ALA o] ER/= 6MV-X (Mevatron 67, Siemens,
Germany)E AF8-3lglon] FAlok= 7x7cm, SSD
(source-surface-distance) 100 cmA 2]l 33 A
AE g1 olleld Azt zAlslgon e
200 rad/mine]=] secondary dose 103 rad, primary
dose 93 rad=. 3}t 6BMV-XA1& w3} 1.5cm Z
ool A} H e (build-up)e] HA= == ot
Hd ol FdsH A =S shleh WA
o] AAL oy E3 (Smith 1931, Adkins 1967,
Gartner 5 1977)& Farste] faje o] on|AddE&
B3l AEl Aopd 7ol HAFE of S | AHA
eo} 2akgo] 7h e A}l 4Gy A3l

3. YitEn|FEA 2y
Y223 AFZS WA 13.5,14.5,15.5, 16.5,
17.5,18.5,19.5,20.5 ] 747} 6m}2] ¥ ethernts]

NEaT A AAS DR8] Aerldss e
petri dishel] W31 QAFuU e} A= gofo] 4=
A%, AEols Azajel Axwnle] 2715 A
Az & A& AFsden, oo A Ar| 7 el
A 913 AR e BAS ST

o] F U o= MRS Adtsle] Fetdy|
7 DAL 93 10% A =Z=ullgd (neutral

formain buffer)ell TAslT AR ejol= w2 rs)
Z 2.5% glutaraldehydeo] wA3l3iw} 10% 4 =
e 1X451 AgdIs A=
Al F olF 7P ABE
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%J P
4. SHRIH| A Wy

2= gole] WS 2.5% glutaraldehyde (in 0.1
M phosphate buffer, pH 7.4, 4°C)ell <} 24|17} A=
S A F 1mm’e] =7)2 A sk A
A% z#4 0.1M phosphate buffer (pH 7.4)el] A=}
g & 2% osmium tetroxide (in 0.1 M phosphate
buffer, pH 7.4, 4°C)ell A 1A]7} St Aeteidr] &
aAstg Y A H 4°C2] 50, 70, 80, 90,
95% ethanol, A1-2-2] 100% ethanol-g- ©]-8-3fo] A=l
Aoz ©43la propylene oxidez XA Zh =
= epon 8125 A}£-3151 1 7 3HA) 2= dodecynyl
succinic anhydride(DDSA) £} methyl nadic anhydride
(MNA)Z 283193 71&EA|ZAE= 2,4, 6-dime
thylaminomethyl phenol (DMP-30)-& Ap&-3}3]t.
¥ 22k g9l x]3le] Byt 3 propylene oxide
: epon mixtureZ} 1:1, 1:2, absolute epon mixturez}
HxF dle] 747 Aoz FFAFH. o]g
= £3to] B5 F A8F eponel] Evfsta 327
o] Yo} 37°CollA] 12A]7F, 45°Col|A] 1247 18|22
60°Cell 4 48417k et FFAI A

ZrHHH 7] (MTXL ultramicrotome, RMC, USA)=
A}ﬁ?‘s}m] 1um—‘7‘—711]94 ZFzuPd 9 (semithin section)

< A2k = toluidine blued A& 3led F3t3dn] A
o=z 3eldt & Hu}sl BOE €lste] 60~80nm
A 2] ZubA A (ultrathin sect|on) 9= uranyl
acetates} lead citrate® o] FgMsle] F3pA A3 n]
73 (Hitachii H600, Japan) o= 2+aHs}¢]t}.
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ehdon djel] whE AJEEL] Wsle] dAI B
F2 #sick(Table ).

A gjobxl o] W By, R WAk
ZARZA A 135Y6)l= 247t 75.00+0.58 mg,
45.80+0.85 mgo] ¢l ar, WAl 14594 =
148.29+1.08 mg} 112.40+1.21 mgeo| gl e
1559 7t7b 261.13+2.68 mg7} 202.30+1.51
mg, %A 16.596]= 77} 432.79+1.02 mg}
342.974+1.99mg, WA 17.5d6]= Z+z} 79552+
121 mg3} 544.25+1.83mg, 44 18596 7z}
1495.58+1.52 mgz} 708.33+4.32mg, ) 19.59
o= zbzt 2208.31+5.49 mg=} 1010.30+5.43 mg,
HhA) 20,596l = Zbzt 3512.36+4.30mgzt 1310.07
+545mge 2, RE A oA dlFTol uls ukA}
A 2ARE glete] A Fo] f-2l5H (p<0.01) FHA3}h
St} (Table 2).

77}

!

W4 1359] STl Aokgte] FEHA
wHA] 2 opEks 3 A1E)7]) AR 0w, X]olrte] =
e 3~429 fWHe sz FHY SANZES

Table 1. Number of pregnant sacs and survival rate of control
and X -ray irradiated groups

Pregnant Live Suvival
GD Group Dams sacs fetuses  rate(%)
135 Control 3 42 42 100.0
' Exp. 3 40 30 75.0
145 Control 3 42 42 100.0
' Exp. 3 41 32 78.0
155 Control 3 40 40 100.0
' Exp. 3 42 34 80.9
165 Control 3 40 40 100.0
’ Exp. 3 40 34 85.0
175 Control 3 42 42 100.0
' Exp. 3 40 32 80.0
185 Control 3 42 42 100.0
' Exp. 3 42 32 76.2
195 Control 3 41 41 100.0
' Exp. 3 40 33 825
205 Control 3 41 41 100.0
' Exp. 3 42 34 80.9
Exp: experimental group; GD: gestation day
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o] 13 71 ot} Z)A )] 2~3%9] 7|7} 2
FHEER " Aopd IfHzE FAFe ‘}l"*t‘r
Zop# 71Ae} viz elefjel = TG EE ] F9
of A" A& HFFE 4 U= I A =
AV 2| A e Rolake] QAT 7} 2~3%0 2 iz
2o Wlal 1% A= ghskom Ao AxE=
F 9 QUPe ngw AAdoz dae vl9
77} gstet.

M U5l e, T Aokute] ol
TAPFe= F o AR sk DT A
ob# JfrR7t (A Aopr|e] 7] Azt
AL T = Abelell Fzbe] FAH . dHXE
SN EE ] Ao RE&om AL FA
Sol7ke Bl RS Aoy 7)Aol =
WA EET} FAEEC] Has wd=e] 3
o FAAAR AL A AR s e A
Agel AF e DAY & A oked
AoPt 2910 FAGAZES] Ao AR
= A% AAsta qlgich wde) WA Al
Ar zzel wls) Hobse] Hm W wazgle
v m Ao} Hobr| 3 Abole] BN E BB

Table 2. Changes of body weight after X —irradiation on GD 12.7

Live Weight
GD Group Dams fetuses (M+SD, mg)

135 Control 3 42 75.00+0.58

’ Exp. 3 30 45.80+0.85*
145 Control 3 42 148.29+1.08

) Exp. 3 32 112.40+1.21*
155 Control 3 40 261.13+2.68

’ Exp. 3 34 202.30+1.51
165 Control 3 40 432.79+1.02

’ Exp. 3 34 342.97+1.99*
175 Control 3 42 795.52+1.21

' Exp. 3 32 544.25+1.83*
185 Control 3 42 1495.58+1.52

' Exp. 3 32 708.33+4.32*
195 Control 3 41 2208.31+5.49

' Exp. 3 33 1010.30+5.43*
205 Control 3 41 3512.36+4.30

’ Exp. 3 34 1310.07+5.45*

*: significantly different from control group (p< 0.01)
Exp: experimenta group; GD: gestation day
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Figs. 1-8. Light micrographs developing upper incisor tooth of rat fetus. (1) Dental lamina on GD 13.5 of control group. (2) Dental
lamina on GD 13.5 of X -irradiated group. (3) Bud stage on GD 14.5 of control group. (4) Bud stage of X -irradiated group.
H & E, x200.(5) Advanced bud stage on GD 15.5 of control group. (6) Bud stage on GD 15.5 of X -irradiated group. (7)
Cap stage on GD 16.5 of control group. (8) Bud stage on GD 16.5 of X —irradiated group. H & E, x 100.
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Figs. 9-16. Light micrographs of developing upper incisor tooth of rat fetus. (9) Advanced cap stage on GD 17.5 of control group. (10)
Bud stage on GD 17.5 of X -irradiated group. H & E, x 100. (11) Bell stage on GD 18.5 of control group. (12) Cap stage
on GD 18.5 of X —irradiated group. (13) Bell stage on GD 19.5 of control group. (14) Bell stage on GD 19.5 of X -irradiated
group. Hemoorhagic necrosis at the dental papillais observed. (15) Advanced bell stage on GD 20.5 of control group. (16)
Cap stage on GD 20.5 of X-irradiated group. Hemorrhagic necrosis at the dental papilla is observed and furthur
development ceased. H & E, x 40.
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A7t wp, Zopdke] g e} Aol H mFe} A
obat ol o] FAPMEENNE A 127U =
ARG WpARALe) 71918 Hlom Mol w2 A
FZAEAA 7L A o], Al R3he) S 2
23 =z 571 353HE BTl

WA 155 el Hz el M Xobdhe] el A
A ez, Xobdel 3709 HEZe] JA=H U
7H vpel Sl NS 2 M Bae] A
24 M ZAPE A Eo] vehdar glew 7] 3
Fells LA 1458 77} o 2 dFA =
& ol Usien] E Abe]e] Aobd Wi
HsA g dak Al zEe] AT 2o}
& el Aokrmuel Aag AT F9A
ZE2] UAle] vl 8 A3 ot ubd, WA 24

& Ao o7 sl MESTE el H]
A A1, 7 A 5919 A EEe] Fe AF- Y
o= #A71e) Ao AAsT glgler], dyel A
B Aoprte] Hejolitat AR o] AT, W
A mabe] 718 Aoz Belr AEAEAb
EA}T], Ao 71A R g 2 o] F2M 2
oA B,

Y 16.5900 &, 2Ll s BAA7IE G
gs)s) Aol Be] $e2lg oulshe Frkel APA
AZAEA o8] FAHT T Sow Feel
A dhe] P4 Fo| HAFH o, P} e}
Hol7|3-& dHs= X o} (dental strand)e] 34
Fol qlglom], Aol Hell N whgab A, 8
15 (stellate reticulum), -8 3t Z7F= (stratum
intermedium), &A7) &AM 7Y FREG T X527}
YAHPor], o5 Felda 9 HolFrizt
28 selieh FAARN AR e Hobr) %

Figs. 17-20. TEM photographs of bud stage incisor tooth of rat fetus on GD 14.5. (17) Control group; cuboidal and more or less
columnar cells containing many mitochondria are attached at the basement membrane of tooth bud. Wide gaps filled up
with extracellular matrix are observed under the basement membrane. (18-20) X-irradiated group; apoptotic bodies at the
columnar cells on basement membrane (18), at the surface covering cells and bud cells(19), and at the mesenchymal cells

underlying tooth bud (20) are observed. bar =5um.
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Figs. 21-24. TEM photographs of bud stage incisor tooth of rat fetus on GD 15.5. (21) Control group; columno-cuboidal cells on the
basement membrane and underlying widened gaps filled up with abundant extracellular matrix were observed. (22-24) X -
irradiated group; an electron—dense cell on the basement membrane (22), many apoptotic cells at the surface covering cells
(23), and at the undrlying mesenchymal cells(24) are observed. bar =5pum.

71 $IA 7 A AR EER A4 E
7] 2 AFAEEANM T3 G 5o ARAE
vebda Aelr| @3t 2| patelell s Ml EA e 7|2
AHA Az7E Je el vebsoh W, WAk
FAREE o= AepA7| 2 depglont, TN
I)e} Aeprife] Rele AT FHE e |
NN EES] B3 ALHT sl Hopr| =zt
SN e] A ol P o] WA gl A
1559¢] dHlzFaA & 4 e drtela JAT
AEEo] v Edste WAl AA¥ 52
cmatict. FoAAE e A el M e 2 obel 2] Al
FAEAZE B A kol il ] AopHA| £ =
daaes AR ez Belo, FIAMEE
M oA AEAEAL vehd T ogke] A4
Ha d5S vehle

WA 17.5YU0) =, 2

A 2AA7)2A
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Aot 52 obd BRI om, 25} Ao}
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HE AotuAlEEe] FE7] Aztsialct. £24A
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Figs. 25-28. TEM photographs of cap stage incisor tooth of rat fetus on GD 16.5. (25) Control group; columno-cuboidal cells with many
mitochondria on the basement membrane and underlying widened gaps filled up with abundant extracellular matrix are
observed. (26) Control group; apoptotic bodies at the space between the covering epithelium and tooth bud proper are
observed. (27, 28) X —irradiated group; no apoptotic body at the basement membrane (27) and apoptotic bodies and vacuoles
within the mesenchymal cells are observed (28). bar =5um.

GHZEANM = wpxbzbx] o] Wyt deht S84
I A} (ischemic necrosis) 2] W3HE B9} o)== 343t
dn)gstell M AFHA dkgront WA 1270
ZAbgl WpAbAe] ofsFo g ditoz hAE S
A ZEd S Fo 2P} Lol 9
m skl

WA 18590, 2> Aopr|fat P
7b s RElE mARA7|R AelEe] 24X
22237 doubr] AlRME S 2ol 32w
AT o M OES, FE B SAPIRVIR 5
4%o] Flo] FHEI, AR RA 2] 2]FF 2o}
EAZe] fxrt s delwton dHer =
ZetAe] Aol FAEHA 2] FA} A<
HE P Aolgw]e] ko] ARz ch 18
B 2ARES W24 A7) A AR ]2
olgfEglon] 1% dRE FAVIEE oqHE A
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Figs. 29, 30. TEM photographs of advanced cap stage incisor tooth of rat fetus on GD 17.5 of control group. Tall columnar cells with
abundant mitochondria at the basement membrane (29) and mesenchymal cells with many mitochodria(30) are observed.

bar =5pm.

Figs. 31, 32. TEM photographs of advanced cap stage incisor tooth of rat fetus on GD 17.5 of X-irradiated group. Vacuales in the
columnar cells and widening of lateral intercellular spaces(31), and apoptosis of a columnar cell and a mesenchymal cell
(32) are observed. lics; lateral intercellular space, v: vacuole, a apoptotic body. bar =5um.

al

2t

o] 23} wpatile] EAA L] AopiA e A5 w|
A &l Hr= 2 dA AA gt FAE
NA HekmA| Zo] EFAu|d, X Re] o]k A
2] A3k 2ot FALAES] AR A, oAl 9
T A, A1) AL, XopRAle] 2| o
*2= 93 (Piekos 1969), Aobd e, wiifobd ¥
43 (Bilys} Sosha 1964), 2|3 2] o]k, -3} 2
%213} (Bily2} Sosha 1964, Horn 5 1975), <=Ak=| 31
WS 42 X ohmA 25 (Koppang 1973), AH7]
A mAEEe] 719 ztas} I s (Bily
s} Sosha 1964), X|o}=} 7} Ze|e] 7hi: (Hansens}
English 1957) 53} FAlll dReA = 73] gl
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7t FEH BAA)ZL HHA SR EE] A

ohHFE g on, By 185Uel A7)0
Aol EAT o] Foli Holrl ReixwA QB4
25 3k by} (Ten Cate 1998, Berkowitz 5
2002). vt WAR ZAREA S, AR 77 EAY
1754702 A= 3 WY 185490 ZH2 =AA]7]
E A A 195ell= wlEEtE FA7]e] o2
How WA 1059 o] Fell= Aol FAHE
A 4 ek Aoz Hopday 2 A|opiA L
99 AA, oo AA, o] A7), X eopr ko]

ARA7) 5o WAE ARLE, B AT Hop
AR9lsh AobpRel A ofnl T A o
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Abstract

The Effect of X-irradiation on the Developing
Incisor Tooth of the Rat

Ju-Hwan Lee, Seung-Ro Han, Soo-Il Kim, Keun-Ja Cho,
Moon-Joon Cho!, Won-Sik Kim

Department of Anatomy and 'Department of Radiation Therapy, College of Medicine,
Chungnam National University

In the development of tooth, the first sign is the localized thickening of ora ectoderm to form the tooth bud, and then
through the dialogue between the bud and underlying mesenchyme, proliferation and differentiation of bud cells and
surrounding mesenchymal cells continue, and cap and bell stages follow. In each step of development, various teratogens
may act directly and indirectly, and may result a certain congenital anomalies. To revea the action mechanism of
ionizing radiation on odontogenesis morphologically, 4 Gy X -ray irradiated on the rat (Sprague-Dawley strain) fetus on
GD 12.7, and observed the histological changes of the upper incisor tooth from GD 13.5 to GD 20.5, daily. In the normal
development of upper incisor tooth of rat, the bud stage was from GD 12.5~ GD 15.5, the cap stage was from GD 16.5
to GD 17.5, and the bell stage was GD 18.5 to GD 20.5. After X -irradiation on GD 12.7, the development of incisor
tooth was delayed markedly, the bud stage was prolonged from GD 13.5 to GD 17.5, and the cap stage was GD 18.5 and
the bell stage was from GD 19.5 to GD 20.5. After X —irradiation, from GD 13.5 to GD 16.5, apoptosisis observed in the
dental organ and surrounding mesenchyme, hemorrhagic necrosis began from GD 16.5 at the center of dental pulp, follo-
wed ischemic necrosis of dental organ and surrounding mesenchyme. After GD 19.5, the development of tooth was
ceased. These suggest that at least 2 mechanisms involved during X -ray teratogenesis on developing tooth. After X -
irradiation on GD 12.7, initialy, X -ray induced apoptosis of the cells of dental lamina and dental bud, which resulted the
delayed proliferation and differentiation of dental bud and shortage of the number of cells having signal molecules which
induce aggregation of the underlying mesenchymal cells. Lately, disorganization of the endothelial cells differentiated
from the damaged mesenchymal cells, which resulted in rupture of capillaries and the hemorrhagic necrosis.

Key words : Odontogenesis, X —irradiation, Teratogenensis
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