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The Effects of Irradiation and Calcium-deficient Diet on the Expression of Bone
Morphogenetic Protein-2/4 during Early Tooth Development

Dai-Hee Park, Eui-Hwan Hwang, Sang-Rae Lee

Department of Oral and Maxillofacial Radiology, College of Dentistry, Kyung Hee University

ABSTRACT

Purpose : To investigate the expression of bone morphogenetic protein (BMP)-2/4 during eary tooth development

after irradiation and calcium-deficient diet.

Materials and Methods : The pregnant three-week-old Sprague-Dawley rats were used for the study. The control
group was non-irradiation/normal diet group (Group 1), and the experimental groups were irradiation/normal diet
group (Group 2) and irradiation/calcium-deficient diet group (Group 3). The abdomen of the rats at the 9th day of
pregnancy were irradiated with single dose of 350 cGy. The rat pups were sacrificed at embryonic 18 days, 3 days
‘and 14 days after delivery and the maxillae tooth germs were taken. The tissue sections of specimen were stained

immunohisto-chemically with anti-BMP-2/4 antibody.

Results : At embryo-18 days, immunoreacivity for BMP-2/4 of the Group 1 was modetate in stratum intermedium
of dental organ and weak in dental papilla and dental follicle, but that of Group 2 was weak in cell layer of dental
organ, and no immunoreacivity was shown in dental papilla and dental follice of Group 2 and in all tissue
components of the Group 3. At postnatal-3 days, immunoreacivity for BMP-2/4 of the Group 1 was strong in cell
layer of dental organ, odontoblasts and developing alveolar bone, but that of Group of 2 and Group 3 was weak in
odontoblasts and developing alveolar bone. At postnatal-14 days, immunoreacivity for BMP-2/4 of the Group 1 was
strong in newly formed cementum, alveolar bone and odontoblasts, but that of Group 2 was weaker than that of
Group 1. In the Group 3, tooth forming cell layer showed weak immunoreactivity, but other cell layers showed no

immunoreactivity.

Conclusion : The expression of bone morphogenetic protein (BMP)-2/4 during early tooth development was
disturbed after irradiation and calcium-deficient diet. (Korean J Oral Maxillofac Radiol 2000 ; 30 : 169-181)
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Tribondeau} R camiertol] ¢]3}ed upaldzAl=z I8k oF
QFHE9) 2] g-RA o] Fukyl X|ofe] Wgxdo] HyE
o2, WAt o] X|ote} otF& 3G A FrlEAo n|
2= gkl dislM e oA Fofo whabdX a9 T
Hol g g Zo A3 B JARTE QU
Leist’x= WAtAde] o3k ®o}e] AFZ (microcephalia)}
Z)o}e] W &x) 38, Bruces) Stafne,® Brown,” Stafne
Bowing®g u}AlAel 23 9 4x]9) BB A= x|o}d]
A 32 A4, 222 YA, Aue) AL F& w3
ub Ik S8, A A4 2 mAE el Bl
A e ARY @7} olFelxl v 9ld, Dalee
AF 004" YAl 1350RE HAFAIS} SR X
o Wageds 23 Aeld @ webgel A% paE,
English 5192 A% 2143 WAe] E=He) 1,500RE 24
Aoz zAlsle Aejdoz A3 XA MxY &4t
2 AT Role] JARAHE, Hom T A% 2193 40
B A9 TR FaXow WAMNE A A, 43
ZAVEE 7ol st 28 ARE A $ol] Ko} FA2A
o] ¢Abel AA syt 27t B yslglc) =3t ey AlY
TE dF Az XA 240 WX el T
8led, Burstone'?& A F 9] UA17|ZF Fol] PE o] L3}
HARAd el 23t o)X e] 23 Aol &, Piekos* = B ¥
2Fel] T0RE ZAFSle] AbolmAZe] wld o)A, X
e B, 242 AR3 F ot WX g 47
B3 v} gloth Jevt i) AR S Sl g dhA A EAL
Al o)2] ofsfe]l {7 AT HEELS €, == AF A
wARR 718 2SR g 22 Aoz, "y A
PE B gt YA EAE Xobe] WA 27] A el
Al X kel #Ag A7 =89

T A FI ALY 27] HlzME vepbE 93
T2 27149 ¥AZAFA 3l FAFe] PAaHI, T
w7t velx) A4l o] & F2AS HJAbHel et AR
< JHAE AR 2ARE] shelot 4t I E2 e »
3}, gAY 5 22
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A9t A A AebAe] M35yl AAE gtag
3 3lgdv}. =8 Hartles®} Shapiro™E X]o} Z7]2} 7;ae
o8], Engstom $*3} Rasmussen?-& HA}o}zl o] =4 27}
o He zZtzt dF-EuE v} gl

o]g} Zro] Aeote] it Fol= o8] 71x| AW, 9
Z73el 23te] Az B Az 7L W) Jehd
A Hed), Aok oo} WA AP L w7
AztAM = FFE AW, o =79 H3tE o Yoo}
ek whebA] Hete] Hhgst wEAel g FUAT)E F4
A 299 sl WA Zadiabe] RE3ow 13}
o T2AL EE Aot AxA ] M3l J3Fs v]X
 AANA 219 sh]l FugFe] X|eote] WAa 27
Aol vAE el A Prl= o] i ef & H ol

3 Aote] WA 7] FADANM Mxe 7)<
B o) Fxol Aol Hgk Falo] HFHI gli=d], Xo}
2] w83 A#= o] epidermal growth factor (EGF), fibro-
blast growth factor (FGF), transforming growth factor (TGF)-
B ¥ 2 ABIHH ¥AEol $HAT glow, oo B
g Q37 B3] AP o6 % o] F TGF-Y] d&
¢l F¥ At (bone morphogenetic protein, BMP)-&
Unist7h 52¢) Ao e 938 2714¢ 28 o)4s}e]
o] f=HE FU3A I, Uristo] ojs] BMP=2 35
slew, FA 712 BMP-1328] BMP-137}%] 13%32] BMP
7b 33 A AR BMPE wizle] AlE2 Aol f=
NzEA=A Fgshol, s 34 7129 479 DIz
Azte) 454 28 FEAV)] HEEAE ALee
L= FFehs Aoz deix Yo weid FogkaR
o] E-g 2 Aoz ezl BMPE 29 eiAA
2 Fedgel M F23 d-& Fsin, 53 o}
o] 23te} Fe QA 7)o 2-HQA =2 2H4-3h=1], BMP-2
s} BMP-4% wfjA} A A7) o] F2A], ¥4, 71, o, ), 4
2 2 Az g Fast 2EAR 4BA 9
) 32.33

o]} Zte] BMP: 7 z%| 9] o] SlojA X3 9%
& getEz Xole] WAzt x7) YA BMPY $]x] ¢}
FE2E WA Zadgel X} FAAM L) Hsle) 7)
AYAN vAE Qe Hriete ez A" 4 g
Aoz A7t =3 F7rzA] E3], Xote] wg-A|7|¢)
WAt ZgAge] uHE JE FIHH] AT A=
2 Az 71Ae] Wi FEAT A7 WS =Eoy
olof #3 AT 2je)7} qlvkx AtgEdh

ole HAHE-2 WA ZARS} T g o] Xobe] Wby}
27| YA NA BMP-2/42] Exof| w]X& A3Fe T
kA, e WAy e] Al FAAI7)e] LAl WAMe] B
ol MARE ZAREE, WA AL Folle Pl WAl A
AZgA el R o, o] 5 A Xw|E BMP-
214 FAE o83 HAxA e by 9 ExizEn
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AZ 150 gm &) AW F 3535 Sprague-Dawleyd] A
1558 HAA7] &, o] 58 AFEA wel wAdn| 2
ARz 128 RO, PAREALGAA o
24 229 PHZAARE o2 32 Free
Aol 2ot AT o5 WA 5FHE T wiA
selon, o5 V) T WA SEHE A 29 4YE
E2 Aot

2 aBuy

1) EEARMZRA}

YA ZARE AIE R 283 339 WA gAl 9ol
AP EEL vl Al Zoletil (Vibrac Laboratories, France)&
AF 100gm= 0.02ml ZE5H FAkste] HARHAL %,
Co-60 A3 X] & 7] (Theratron 780, Atomic Energy of Canada
Ltd, Canada)& o] 43le] WA= 3327 A=) 80cm,
A% 15cm, AgE 63.1cGy/mine 2 350cGye] F4Alsk
o] Hl =5 YAl W] Exe] Y3 zARSISIT

2) 2o} Fof

A o] FeodZal 123 27 Zg 0.6%, A 02%
7} &89 A8 13 A8 (Samyang Oil & Feed Co, Ltd,
Korea)e} A= B-&, AZgalo] Feolgql 370l WAt
AZAL F, 724 0.01%, ol 095%7F F4-% A& A}
2 (Oriental Yeast Co, Ltd, Japan)®} "94d =F48 77
A543 A 7

3) AaizEel 3

7 2] A 189, AF 3Y F AF 1449 AME
QA F&, Al 17X X7} 23 AetE-S A3
A=t

1) H9=A38A 73

HAdz2 3184 #AS ¢lshA Avidin-Biotin Conjugate
(ABOW & AMg-3te] "G4S Afsigc). £ AN
+ 943} 3A2A goat polyclonal anti-BMP-2/4 8} (Santa
Cruz Biotechnology, USA)E A}8-3}9lch. BMP-2/4 A=
BMP-2¢} BMP-4¢l] FU3}A ub§3l= A o). o213}
A 2 ABC reagent: Vectastain Elite ABC kit (Vector labo-
ratories, USA)S A+&-3lic).

7+ Z9] APFFES ethyl ether2 FYvF A7 &, 10%
%4 9% formalin (pH 7.0)2.2 A7-& F3le] HA #
AT v, et A TR Auir =39 AdEe

uirhs| of

Fsted U Sodel] 422 o A s 1 F 73A
g o]9)e] B-H g d=x3& A A3, 001 M QA 3
o (pH 7.4)2.2 3087+ $A3te] 001 M QA 3oz
3] 2171 10% ethylene diaminetetraacetic acid (EDTA, pH
TAHZ 4°CollA 3097 &3 3slgch &3] & =45& 001
M QlAF SFEh o2 33 443 -2, 10%, 15% sucrose -§
ool 24z}t 5A17F 1), 20%, 30% sucrose -2-H o] ZHzt 244]
7t F<t AR AZ. 220 2AE] £ oA sleheke
A& <l o}, OCT compound (Polyfreeze, Polyscience,
USA)ell 3082 AAAZS. 2 F 23 A Aol ¥
o] F& YEA] F AW A WA -20°C o
T2 B3t AHA A P54 7] (HistoSTAT,
Reichert-Jung, Germany) 2 ¢F 10ume] 7 2 =hd 3t}
o] P AL AleA 2417 FF A=z, 2AA)17
oS HAGN & Ao

22 WY FAREaLE EZAARANT7] &
methanolel] 3A3 0.5% H,0,2 A-29l|A 3087+ =8}
oot 001 M glAF ¢33 2] 94 (phosphate buffered saline,
PBS,pH72)2 5%4 23 $A8 ¥, 9|50 uh-&-& v}t
21871 $8 =719 A} Aoz 2087 A FT o
2 AL AAs Wz, 22-E 0 YA A=A goat
polyclonal anti-BMP-2/4 83| & Z+7t 4°CelA] d}F%<t ¥}
$A1ZtH 001 M PBSE. 584 33] $A8 &, o|x} A=
] biotinylated rabbit anti-goat IgGE Al-2o)A] 30&7} ut
<A1 001 M PBS2 584 235 448 & ABC reagent
2 A2 A 3083t A F T AHE 001MPBSZ 5%
7+ A sk, vpAlete = 0.1 M Tris-HCI buffer (pH 7.2))
X3 0.02% diaminobenzidine tetrahydrochloride (DAB)$}
0.02% Hy0,8 £33 ¥ AH43te] Wg AFA7] Aol
H 582 WSARS o F B2t Bl 1087 AT
44 2UAE 2Uskedl FatEnldes BRSAG
ZgA o] H a8t 222 methyl green 4402 1087+ ¢
Aty B2 B £M8 ¥ £44 YA 2 Y5
o 22 ME dAF Al H4l PBSE ARS-st

2) FHAAE R FF

7t #9] A FEol ketamine (Yuhan, Korea)& A3 kg
& 75mg B FARSle] w3 A1 F, cacodylate k3ol
o] x3sl 2.5% glutaraldehyde (pH 7.4) 2 H-F 1A 8+ c}.
A2 27t 239 AdFE F4 =233 A A
238}3 4% glutaraldehyde-5% paraformaldeydedl] 34]7} o
TA¥ F,0.1M cacodylate N oz SA5k1 3% glu-
taraldehyde”} %35 0.1 M EDTAS] o] 4°CollA] 453}
23lsl et Aotz Whg o 2 RE A 17X 8 338 1
mm FA 2 ZYA A8F 7Eo] 1% osmium tetroxide
(pH 7.2)0l] A2ollA] 1417t 3087 3143} 3L, 1% uranyl
acetate (pH 6.2)2. Aol A 147} 3027 A4}
Z#)-2- 0.1 M cacodylate g+l 0 7 243} U212 etha-
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RIOIUSA| LARMZALR} ZEZEO| SRYEHIE-2/40] 220 DIXIE

nol2 &4=A]71 &, PolyBed812 &3}l (Polyscience, USA)
oz molshel 60°ColA 72417 FEAIZS. Fekunl
2L Y84 1ume] FEPEAE A =SFl 3, hemato-
xylin-eosino 2 FMsle] HFe Y. FAAAER 7 &
& SEAM gololEs e FAAT] 2AHT| (MT-X,
RMC, USA)Z 50-70nme] &3t ¥Wg WET, o] AL
uranyl acetateol] 258, lead citrateo]] 78 EgF o]F JM &
gl on, A% AR =33 e|4 (JEM-1010, JEOL,
Tapan)o.2. TR}

2 =
1. EjAY 1822

Z|o}e] WA A | A} ZA}FA 7] (cap stage)ol] 3 FEE A
712A), Xe}7) 9] MES-E 747 & 23k AEZoz
HolA . o] A7) Rete FAshe AxA] 714
o] HulEy] o]He A=A, YX|A4Hs} HIeAEs
FEHA 4 7] & 4FY Az FAEA AN,
A7 A Es 2RE Feldded, Age] AE
T 39l (Fig. 1).

10H1Z

o] A7)l BMP-2/4 & Aol 3 WG At 7744
el M g He weE Biov, shke gz
Ae 1S A9 BeolA dstet Ao A=
A= A Hukge] vehdA] oskz, WA gl <
A 4 FF AzAAMT F

Sz HueS By
on, el & EE A A ZeM ofg HAdus-&
el g1+t (Fig. 2).

2) 2z

o] A7]s] BMP-24 #As] & Weld A Az, 2o}
e Feurge] Ael vehdA 4w, Bg2A Aol
2 FYsl Boiz Auje) AslAEANT Aoz of
¢ WgNee nolom, 4w APl WY whg
& A9 vehiA gsie Fig. 3.

3) 3¢

o] Al7]ell BMP-2/4 3 Aol H3 HAYHA 2, 12
22 A ek FAPSHAl 7 Fell ARk ‘1%1} Huk-g-
2R, she] ZzAedAe 1Y 1S A9 Rl
skt Aol M e AP o HAuhgeo] vehta] o
o} (Fig. 4).

2 M%F 3T

o
20 A o w2

X|o}e} WA HA N F7] FA]7] (bell stage), == X3
HAA7e A FE = Al7|2A, X0} AzAe] 7)A"e] &
v = 7] AAbels 549 A Z2So] #AFH A (Fig. 5).

)12

o] Al7]ell BMP-2/4 3A|o wjgt WG Z 3}, 2jo})
o BE AHxFdA 73 ‘I“fl 8o vebst, Aul g E
SR A HEZdME FEEe] 99 S 1A% A
olmM =z} ¥37} 54”5%’1 Agetd & Enistz Sle
AotRM EZ e AT Hukso] AAHYH. LA F
o AzFe A F Wi e IHEY Az

et
ol

& HghE 2o+t (Fig. 6).

2) 22

of Al7]ol BMP-2/4 atxell 3t WA Az}, X|o}7)
o] XAz e} WX AME FFE] WUk, A4
Aol e ofst WQube-&, WX 4bale] QA g
Azl AuiE EHR APME TS5
Bk HAFebd & #u]5A 9l AolmM ZEo A=
Txo Heubge] AL, WY F AxF =
I Fo] WRo) ol SHEY AEAgME z“E-"J
& AT, PR AN E A3 %
<+ Ho|3 Ut (Fig. 7).

o

2

12

p

olo
(B B ool o ofw

rﬂi
(B
12

[eS]
-

©
)

3) 3=

o
o
£
5
2
x
P
419
B
18
)i
oo
o
o
B’
kl
<
A3

el sl HFEAZY DR Az
=9 HoRkgS Bioh ke AzFedAe
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3. 4% 1427

Hobe) AN A YA e A7)
N, A2 Az Aol #ulH7) Aztele 854 A
5o BAHYT (Fig. 9).

Hiz

o] A]7]el BMP-2/4 kAol g HAGA A Mz 3
AE AT Aot xS wel Hag et X+
9 AL A AHelel ZA ZAF HA W3S vepiHon
22 YARAY AFAdeME FE5=S S
Ak (Fig. 10). B3], |2 A= X 2T
2 349 24 A9 W7 798 g 2
vehhelch Fig. 11). A2 ebde et wgs
HotmAZE AFW WFY) AolzArz 23t
o), BMP-2/42) gl e Aol 2 RE A
o] yehtr] Alztsle] Alelr| A& Ewushe 47|19 A
olrA ZoM = HANEE-S e (Fig. 12) £33 =}
gvjoz JolmAzE BRY 23 do) |Zd 9
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o AZANY ATV VEL $RE 21X, BE R
ZRAZANA L, Ao Foldaol ANT & B 2
ARGA, 22T AZA DA AH A Alx B

AHRA Foz ws AEE e 3l (Fig. 13).

2) 23
o] AlZ]ell= |2 A e| u]eksle

32, BMP-2/4 &+ ¢l o &
AL ohel ofgh HAuHE-
elME 128 o3t
A

Azl Welrk Wk
dd s, Nz PAde et
Az YYyeel AR 3
quhs-e EhiSIE (Fig. 14).
Ko} F9)9 AxRFAME 5= WAL FHAHI
_Ui (Fig. 15), AA oA, AbolmA| Zol A= oFsl wodulk-g-
& el sivl (Fig. 16). —r#xh}ﬂulﬁ_i Aolm A 8
gt A, AdotrA 2o M xA o] Y& T, Al EAT)
B px gade] Uk o) AU Fig. 17).

3) 3z

o] A7l A Ze] WHo] ofska ATeo] WHH 3l
o=, BMP-2/4 Aol A3t HAGA A}, Xo} AR
Aol MzZolA oFd HHuke-& Jebl gl (Fig. 18). A
FAd g AxE FHAdME e AL RN
ket (Figs. 19,20). Fi A o2 AoprAzs 47
g A3} FotmAlze] AEAe] HFHAT, o] FEFH
o] Sl afAbel HAH Y} (Figs. 21).
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BiTHE] 2|

o) A HAHAIQ Hae] P4l oAl P4l WA ol =
odgrol T, B WA )8E AL Ao 350
cGye] FRUFTE A3 AP, o] Foll ABEA o]
£ Foiste] Ao} YANH FNE FBAIE FoA
2409 AT WA 2alel ARl Aoke B4
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A Zoje] WAL 1 7ol M ThE A4ulsh 1Y
A5 fsabgel sl AEe) $shet 718 w3
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e AL sled, o . 2405 A5 et

& 29¢ QA BN Boseh P aety 2
AGelAE Hokel AR o] 42 Ade) BHR 27
& WASEY e Als DU B FEALE
24T 9oz ein St BMP24S) RS
dzAsiey Yo wAH

BMPX ¢F 16-18kDa¢] o}te] (subunit)E 7}2| &= 28|
A zAM, S =, 24 ¥4, Aebe] 4, ae]n
AR Fepnas e tee] HHel Belahn, Az
24, g3, 9e 24 5 ZPT oA FPe 28D
T 23] BMPE Aoke) w3ksh Hepuge 2dshe
92 BMP-4% #o}s] 94 27]o, BMP2% Xo}e] 84
F7)0] Foigheh® Aols) A 719 BMPE WatuA
2, Aol eAlZ 9 Aol el vhehn, A4e) 214
27} 24513, Aol RA 2 $ohshen Bedsiod, BMP
= ZoF Aol (osteodentin)a} I3 Aro}A (intratubular
dentin}®] Y& $E3E Aoz Feid qlep e

E AFY 12 E Aot B A F mAATA
R 18T Holr)e] MESE A7 2 23E Hx
Zo2 oA gl =3 WA Heedzs
VA 42 7] T 4FH AxFoz YAH sz,
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RIOILUSA] YARMTALR} 20| SHMEMIZ-2/40] B20f| O|Rl= &

AHFF9 M EE HAR FEelslen, Ade] A
E24 3 Qlslesl, BMP-2/4 Ao gt W A,
T3 el A 7hgE WHHukg-o], X|o}7] 9] AR F7hE A
FME F5=2 "YU, 3P A F-F el
ofgt woub-geo] AN AF P A7) &l Fs}
371 X719l AF 3YFAME Aot A=xAS 74
o] FH|H7] Alztehe BFAe] MEEe] FAFHoH,
BMP-2/4 3}A|ol| B3t WG A}, Xo}r)e] BE M=
ZollAM g HAuhsS Rglom, 53] HA oA By
33 Qe AelmMESa FAHE MEzAdME Fet
Huh-g-o] AFFH. £& X2 FAAZ]IA AF 149
A X AR 71| BH|E7] AEsle &%
A8 N ZEo] AFE o, BMP-2/4 3o gk Yy
A Az, 229 A A Aold AA i WA} Ao}
EAEE g8 2T Fo9, F F9 I WA
FNA 7Hgt HEukg-o] AR ow, X FUd Hd
My 25z dA9uls-g vy =3 B33
27NN AotEAM ZEE FAH ] FHIon, HMxAY
o] MEA7|FEL wf$ 2 idEe gl

Ao} A A] BMP-2/42] 43 ckAtell o 3led, Bennett £
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Explanation of Figures

Fig. 1. In the Group 1 at embryo-18 days, tooth bud of cap stage shows tall columnar inner dental epithelium and densely grouping
mesenchyme of dental papilla. (H-E staining, original magnification X 40)

Fig. 2. In the Group 1 at embryo-18 days, strong immnunoreactivity is shown in oral epithelium, but no immunoreactivity is shown in
underlying mesenchyme. Epithelial layer of dental organ shows no immunoreacitivity. Moderate immuno- reactivity is shown in stratum
intermedium facing inner dental epithelium. Weak immunoreactivity is shown in the mesenchyme of dental papilla and in dental follicle.
(BMP-2/4, original magnification X 40)

Fig. 3. In the Group 2 at embryo-18 days, no immnoreactivity is shown in dental organ, dental papilla, and dental follicle. Weak
immunoreactivity is shown in epithelium of tooth bud. (BMP-2/4, original magnification X 40)

Fig. 4. In the Group 3 at embryo-18 days. Oral epithelium shows weak immunoreactivity, and underlying mesenchyme shows no
immunoreactivity. (BMP-2/4, original magnification x 40)

Fig. 5. In the Group 1 at postnatal-3 days, tooth bud of bell stage shows functional cells secreting the matrix of crown. (H-E staining,
original magnification x 40)

Fig. 6. In the Group 1 at postnatal-3 days, immunoreactivity is strong in dental organ and moderate in dental follicle. (BMP-2/4, original
magnification X 40)

Fig. 7. In the Group 2 at postnatal-3 days, outer and inner dental epithelium show moderate immunoreactivity. Stellate recticulum shows
weak immuno- reactivity. Stratum intermedium facing inner dental epithelium and dental follicle surrounding tooth bud show moderate
immunoreactivity. The surface of developing alveolar bone and osteocytes show moderate immunoreactivity, while oral epithelium shows
strong immuno- reactivity. (BMP-2/4, original magnification X 40)

Fig. 8. In the Group 3 at postnatal-3 days, immunoreactivity disappears on dental organ. In the functional odontoblasts secreting dentin
matrix, immunoreactivity is weak. In the cuspal area of mineralizing tooth, the distal end of secreting ameloblasts shows moderate
immunoreactivity. Surface alveolar bone shows weak immunoreactivity, while oral epithelium shows moderate immunoreacitivity. (BMP-
2/4, original magnification x 40)

Fig. 9. In the Group 1 at postnatal-14 days, tooth bud of root formation stage shows functional cells secreting the matrix of root. (H-E
staining, original magnification X 40)

Fig. 10. In the Group 1 at postnatal-14 days, cementum shows strong immunoreactivity. (BMP-2/4, original magnification X 40)

Fig. 11. In the Group 1 at postnatal-14 days, strong immunoreactivity is shown in newly formed alveolar bone, periosteum, cortical bone,
and cancellous bone. (BMP-2/4, original magnification x 200)

Fig. 12. In the Group 1 at postnatal-14 days, immunoreactivity is shown in preodontoblasts and in secretory ameloblasts. (BMP-2/4,
originalnmagnification X 200)

Fig. 13. In the Group 1 at postnatal-14 days, odontoblast shows well-developed organelle of cytoplasm. (TEM, original magnification X
1000)

Fig. 14. In the Group 2 at postnatal-14 days, newly formed cementum shows weak immnunoreactivity. Immunoreactivity is weaker at the
periodontal ligament around the developing root of Group2 than at that of Groupl. (BMP-2/4, original magnification X 40)

Fig. 15. In the Group 2 at postnatal-14 days, alveolar bone around teeth shows moderate immunoreactivity. (BMP-2/4, original magnifi-
cation X 200)

Fig. 16. In the Group 2 at postnatal-14 days, predentin and odontoblast show weak immnunoreactivity. (BMP-2/4, original magnification
% 200)

Fig. 17. In the Group 2 at postnatal-14 days, odontoblast shows atrophy of cytoplasm and diminished number of organelle. (TEM, original
magnification X 1,000)

Fig. 18. In the Group 3 at postnatal-14 days, weak immunoreactivity is shown in tooth forming area. (BMP-2/4, original magnification X
40)

Figs. 19, 20. In the Group 3 at postnatal-14 days, no immunoreactivity is shown in periodontal ligament and alveolar bone. (BMP-2/4,
original magnification X 200)

Fig. 21. In the Group 3 at postnatal-14 days, odontoblast shows atrophy of cytoplasm and condensed nucleus of odontoblast. (TEM,
original magnification X 1,000)
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