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B : = 2 ba 75 U TEEEO V7 U TICREREEE G X D HRNVE S
ELT, H<MMBHMBENTWD., £ O AITE 3 M a0 R 5 I 3 T
RENTVDER, BETEHRFFEMPICB N THLZOFENERINLTND.
LU, @FFMAOR Far U ZREOERIZCOWTEIAHRANE <,

IS TWD EiZEVWEWnw, 22 T4, vy b A MaF U RZET IV

il

L

AERL, =X ha bl U NG ORI KT TR A E L R I R

L.

MRS T5E © RBRIT 10 Bl oMt SD 7 > F 96 & HIviz. BRE &2 Lz
H ®D % OVX (Ovariectomized rats)B, BAIE D 71T -7 % ® % Sham £, OVX
FMOBENS, TA T VA=V (Bl L5 LbD%E OVX+E #E & L7z,
L b 4 BT LHBEOREBELIOREEZIT-T-. TD%, BELFEER
WA FEST S0, FHEHEME —FHEICER 1.0 mmOERBREITY, HE
R RYy bV ERE L. 8% 38, 7, 14 HHGET L7k, HT 2 M
HLREHE L7z, ARk K OVURBRE 28R L, M Ex RERNE L “H
FF =X BB EDOEXA I TEEENE 21T ->72. FREIEL HE
(Hematoxylin-Eosin) ¥ 4 2 17\, 14 H O#ETIX, Alcian blue 403 X O ER
(Estrogen Receptor) o, B IZxt3 BByt biTo7. —F, & 4

FEOHEZ LT 5720, @iABKEZIT > TWARWAREICH L, 3 HHEFT



Calcein O 5 217\, wOCBAMEBEIC THIZ LT7-.

fEE 0 OVX BfiX, Sham #f, OVX+Es B & L L C, (KEOHME MF E,
BEOCK TR, £72, DEXABL O H-ERAOHKEENS, BEERB IOV
BROWDLRRD LI, BFHBREOHEBEZEL TWD I ENRRINT. HREM
WAL FREDHERND, ERa, BREIFMIICRIAEST D ENRINT. &
TR %A DN DIEBERTE O M &L, Sham # & il LT OVX BN &K b
K<Y, BEaDEHBICL Y, ZORKEDORWD DI ST, & _LFHDEK
EIZBWTHREEBROEMmBAFED b,

ftiam : OVX BEIXBHEBRIEDIERZEL, BESTFEB XOE R T E DOk
BRME SN ENmENT. OVX+E BETliX, T X ) REr &,
EEFERREOWLRIH S, LEORENSL, =X Ma v N FIF

ML DOREREICBI G35 Z LR S iz,

F—U—F:xzRAbunFrRz7 v b, BHRE, RIFME, REEBK
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il

TREICBWNTIE, ARoRER&EEICHEY, AAD 20%LL =2y 65 L
rFoEkETHLENI . T, ARICR o THLHFIEZHERF L THY L
FAEEEERDZEDN, MACES>THHABCESTHLBO THEHETHS. BH
FRIEIX, B UL7CEMAERZMEIT 2 REQRBERE STV D2, BEEIT
ERBEIMLTEY, 1990 R TIE, T DOHEEKN 400~500 T A EHE ST
WZDIZKR L, BIETIX 1,300 T AZEBA L EHESNTWD V. FRERIE

FHE, LR B, KRERE S EEE) 22 SRS 02 WRETOFI, BET

3

|+

HoN, HENTS FHEE OF R T E T ORI, B LR M o &
RENET LN TWD 2. BHREIR, PARICHES =R a7 o TICER

% PR B HLRRE 2 & Lo I MR HLRRE & B U ISR B & 5 2 2 IR - X0 3R A

/

OER THRFRE T DR BT HBRIESFAEL, FICHEBEEEHREICOE IND
PR B HERIEN LS BN TND,

T2 i FEE LTIFROBERMETa L AT e — b aENn5d
C-18 A7 v A RTHD 3. =AM s rORTHRBBWIEEEZETDHD1E 17
B-ZARNTIVA—=NLLT, EThV, PARFBI LB TS ELLZ= A bl
YThHDH V. ZRA SR ER#ICKREREEL XD ALELLELT, F
KB ELSHBENTWD 9. FARCINEMH Fire SN, =X s o

REZNVBRGT D &, MNERERZ2E WL & BT & 28 [F I EAT 3 2% & E R E



AL, TORE L L THEBDDBEDOLOND O LHESATND. T,

g EHRERFIC=A by raekbd 58, BABEERAEFLL, &

WINAME T35 & & bITHEBEEOHD ZME L, SHREICERT LS FHz2b

T2 &N MbNTEY, BRINITTHECH &R TS LERICE & S

NTW5 89,

TR b RS R, B 00RO AEET B 2 & AVHERR

NTWDD, THF TIRAREMBE S Y L0 W E&E T oL T F ML

TH, TOFENHER I TS 151D, FE Yokose b X, = A fr b

DRZD, FFFMBRICBTL70TF 7V DEER, TDOHT 7 ML

L7V 2 MUCBGT 5 2 L2 BELTVA. Sbic, RFFHMMEOHKHE

(ZOWT, FEEFMESCAKALEIZE ML L HUT 250 TH Y 1920, Fifl

MBI TH AT 2B —L L THLHILTUWD sclerostin D FE BN 5 5 2E

FUZHFBOLNTWND 19, filZh, =R FarreT7 vy Ra g Eofkrn

EUDRRFFMIAICE 22 WL ODPORIGNE, BFEMEEFEOL O L5 W

REMEEZAT L EMEINTND 152123, ZhbDOERNLEH, ZAMrSUR

BRI M & AR, RAFFMIBICH L THM L0 EMAEMZ &

ETZEBFRITEZLND. LOLBREL, ZA M F U ORZIRELZ &

% AR B HRIE B A ISR 2 R A H OUIHICKE - BERER & O OHEEDR,

ZOBROEEGZFEORRRE T HFMIIC G 2 2B L, fEE & HikHn

RSN E T RGO, WERRICER LT, WRERRY o LM%



HMEFF L, SBEDOR{EEZ X % Vital pulp therapy ##E L TV 2dIcb =& K
02N R FHEMIAIC 2D EECOWTHN 21T 5 2 LI RHEAER OG
TICBWTHEETHD.

F T, AR TIE, BHRIEETTIL 6202 L THEMA STV AU
vy FEFRL, =2 S U ORZICHEI FERSERBOE(E L HIZ, 20
SLFHEIGR & R F M ORI RITTRBEZ ML L THLNZT S L

ZHME LT, oMzl Aai.



ME R L Ok

1. EBREWIB L OEF HE

FERE L LT 10 A O SD 7 » k(Sprague Dawley rat)96 T4 (Bk) H A
J L7 inBEANLTHEM L, BifERTFEWMmEEZE B S DKGE(A1526) 215 T A
R A4 NZHE > TEBREZT 72, BIITEIRER(GER 23+23C, E 50210%)
RN FRERICCTHRE L, S@maofREREEMF, 4V x> % ViR
BELOEEKGER A Z B HRICERREE, BIISME 8 : 00 A4, 20 : 00 THAT
L7z,
2. EEREWRE O (F R

0 HEn oM SD 7 v b 64 L2, IFERMHFINZITo72. 41 V70T (=R
Ay, Ty AY—, USA)ZR5 SETHIMEEL, ®IiZ, X hLE X —)L
T RU T L LR F o, LRI DEREN# 5(5.0 X 10 2mg/{AH g)IZ
LA MEE A i L7z, BREMIEBLZ, BT MEMEERHEZREL 710% =% /) —)L
W CHFBEAToTo. KEZ— - BrUIBA L, PR o il & gl 5 50 o il N & /245 —
yA/NSKEIBAL, ENENIPRAB ZLols L%, F+HELOEAHE
TAF— M TEOEEE, UL TROVEL, TEIINTICELE. HE
B ROBEOUBEIEMEES 21T, T0% D% /) — L CHEHFZELTo7. I8
BT E2iTo7- 64 LD T v hOKN, 32L& OVX#EE L, 5%V D 32 L%

OVX+Es %% L.



OVX+E: # TIX, OVX FiliE A HHH 9RAZ ERFE LTI H 1B RN
VA= (B-E= AN T, FEMEK) 20 pglkg OE TR AT T2,

Sham (Sham-operated rats)Bf & L Cix, 7 v b 32 PE%& A\, LFCRIERL S
ZOIBATR, IR ZHH T 22 L EeELITo 2.

BHEDICFROBRRE TN C4EBEETL, HH 9RZERE L CTHRENEZ
TV, BB R R EE(LORF 21T 5 72,
3. T R

Fiib 4 MW ER, FHOT v FEREN 24 LIZA YV TV T B LR
YV EZ — VT EREERERRE i L7, BERTEORKEZFHET 5 H
BT, TS IZAT VLV ARAT =L T T RN—(61.0 mm)% 5
i~ A 7 aE—F— 1 FE—Z(S7200MI, = &)ICHH L, 16,000 rpm
DOEEEE T, N—ORmNEE L EFTHAKTICTERERZIT> 2. £ 0D1%,
PERBEF L OREHZ T, BERIC BRFENBFAET DT L R L.
ZL 7T, 1AT v 7RT 47 #(G-BOND PLUS, GO % HAWT, i@y
(C R AL 21TV, EEAM 2 AR Yy LY U (UNIFIL FLOW, GO TH
iz FEE L7,
4. M BEo JREWIE, BHENES LOHE $E

EIRER% 14 H H O OVX #, Sham #f, OVX+E # 0D 7 v MERKKRIZ,
KEIRE Y 10 mL O M 247Vy, =00 %, MEOHREZ <y MITHH L

7 A Fa—THTEHERE L. 0%, %060 ENE



(Chemiluminescent Immunoassay : CLIA) 2 AW, il Ee~ T AE /7 10—
FTOVPURE ML BERL T SRR O Ey E 2 RIGSH, 727U TV=7 L% Ey
I THERR R, BICEITV, ZOFRLMELHET L2 LT, M B iEOHIE
HATo T, ok, AR THWZHE SD 7 v FOMWEEWIX 4~5 B LH#ELEIND
25 25, KBFZETIE Sham FEOERIM 21T 5 IZBR L, Feil 22 &40 13 703, 5
BRY WO FWN OB E TORRINCHEL T, LB XOEZRLITo72. £
BN, KEVEOfHbITY, TUX L X REBAEERE(a oL, 3
YRR, BERS 2 mA, FEEN 60 KV OLEGETREELITTo. Tk
PHTLC, BHREENE®EEDCS-600EX-1 &, 7vuh)x A\, DEXA £ T,
EEWN 0.8 mA, FEIEN 35/65 kV OFKMTHEBEOHEEIT-T2. FT=,

—EBOKFREITBEIZENNNT 7 0 %, R MIZE S 4 um Ok D)
FAERLL, WIEICHEWV H-E Y217\ 20, e BT CRRZIICBIZR 21T

> 7.

1) H-E %43 X O Alcian blue 4: %

AT K%, 3, 7, 14 BEIZHRE L LTHZE2To72. TR 0B
MET LTy ML, A Y707 RN K> TEEESE, THE LML
7. WEH U2 AR, 10% T EfEmE AL~ U iR (pHT.4, FGHER)IC X 2 EE
ZA7vy, EDTA (BiJK#K B, 0.5 mol/L, i)z M L 4CHOKEET Tr —

7 — % —(Intelli-Mixer RM-2M, ELMDIZ TR EZITWRN 5, 24 KR &I



IR 2 22 Ha L, 4 RBK U= %%, BBV T 7 4 vl e fT o 1o 2 D14,

I LHIZE S 4 pm OEKO R Z/FER L, BEICEWY H-E LA 2170, b
FEAMBEIC TP MICBIZE L-. 72, 14 HEORETIE, H-E J6 L3l
Alcian blue Y& (7 /v 7 7V —R, pH2.5, FtHidk)Z@ik@E v f7u> 20,
FIRRICBIE 2T o7z, JRAERTE L DG TME O LT, B, o6, Ratkoz:
BAFEEL LT, B0 Y 7 b7 =7 (Imaged, National Institutes of Health
(NIH), USA) & FW T, @iFAFREE F O 10 ATl i 2 EELFEORE L%
FHHIL, ZOYHEERD .
2) SRR YA

B 14 H H O OVX # & Sham A oFe 0 i alkeHzxt L, ERa, B ®
JRAEZ RN D e DI R b TR AL T, FULUICTHART 7 4 v %
TV & 7 — )V RFITHBIAK%, 3% Ho02 I THRERMESLAF v ¥ —Bi5MH %2 H
%= L 7-. ®IZ PBS (Phosphate buffered saline) T¥i## 10% iE % ¥ = MLiE
(Histofine kit, =F L ANC T4 % 10 /o MATAEE L7th, —RIUEZ S X
7. k& LT, Bt ER a HLiK(ERR o« (H-80), Santa Cruz, USA) ¥ L Ot ER

PUA(ER B (H-150), Santa Cruz) % Z M L, PBS 2T 20 ug/ml IZ7#
L, BRICT2REMIEE ¥, k% PBS T3 mEIMEE LI-%, ©4F
AR kPR (BT T Y ¥ IgG, Histofine kit) & =R T 10 B S/, HAE
PBS THEH#, A x v ¥ —PHH A F L7 7 v 2 (Histofine kit) & i

(2T 104 i &8, DAB R ik (pH7.5 @ 0.1 mol/L Tris-HC1 buffer {2 0.01%



hydrogen peroxidase 35 & 1} 0.005% diaminobenzidine tetrahydrochloride %
W L7= b @, Histofine kit lZ THRE I W=, O, HFHMEIIC TBE A
ITolc. BEMFRE LT —REEZER L TRAZITY, FEFRFED R BUSDN 72
WZ MR L.
3) B G E A ERE

S FEOL KA DOREE # Kl bT 572010, AWML TH D Calcein D5
EATWIERK O E TR Z1T o 7. 4 HREE %, @IRERE & ITM oKD
Ty MENEN 8ILIZXL, A VY TINT U ERGI &, WARMRBEZKLZ. %
D%, 7 v FEEOE TICAKILEZ#AI(Calcein, FiYEHi#) 10 mgkg D& 5
Z 3 HRT 20 To72. 2B OGNS 3 HIRIS, 4 Y 7T RGN &
STHREHIYE, HEILE -HEAMME L. Ml LaEARE, 10% P HHE
EAL~ Y AREHT.DIZ L DEEEIT, 78 b A THo PR EIT - 2%,
el S R (Technovit8100, Kulzer, Germany) % i fH L, 4 CO{KIR=EF CTi&
HEELZ 8 FefilAT - 7. 2 D%, FERIC A COKIRE R CTHEA Z 3 FF TV,
EARZER L. 20k, TEOHFAICES 6 um OB 2 ER L, # L
MBI CEBIE L., LT, HELE Y 7 Y =7 (Imaged)Z AT, KEH
R A2 ST 1.0 mm OIEICHBT DB A DT 2 7o (2 %)
RO 10 2T (Wii10) TEHIL, SFHEW)Z R 7-. Z 0 FHEE vt

A aEELEBH(TITHRL, H _RFEBREM=W/T) & L.

S

6. AT

Tl
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HREOMKE, mh EE, BEE, BERKTFEPNREL LOH RIFHFEK

EOEIZB W T, REE O LE I Mann-Whitney U-test %, —#ER D i

1Z1% Kruskal-Wallis H-test #%, Z H LA > 7 = 7 — =4 I£ Mann-Whitney

U-test AWV, FERITTFEH HIEERETERL, AEKEIXZSDICHRELT-.
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1. RREFRY 2R E AL

Sham #£, OVX #, OVX+E:##ICB1T 5, OVX B L Sham FHHE AND 4

“~

W [ RE i 72 £ T ORI 2R R E L ORIER R & Fig. 11Z5R7.

=

FHEHICBIT 2B HORERZICAERAZRDORNI & 2R L(p>0.05),
WLE ZAT > 7. FHTH H, Sham #IIAEAEN 215.0+29.561 g Th o728, 4 R
W% Tld 286.2116.48 g L 72~ 7=, [AERIZ, OVX BETIE, 227.0£10.37g TH
STZH DN 370.1+212.04g L7220, OVX+E: # TlE, 215.0£9.98g Th-o7- b
DN 261.7+213.92 g 7o 7-. 4B EH% D Sham #f & OVX BEDOIKEZ=D
$)12 83.9g LRV AERZERRDT-(p<0.05). OVX+E BEICEH L TIiE, 28D
TR BN REEOHEMAZ R L7, —H LT Sham # L IZIFRBEOHE
INIRAETR BN OEREBMEZRL, TOREZICAEZIRO N2> T2(p
>0.05).

2. M Ex IREERIE, BEENES LV HE LG
1) I Eo 2R E

R4 14 H H © Sham #, OVX B, OVX+Eq #EIZ 3T 5 B IFO (i1 H
Eq IR E W ERE R A Fig. 2 IZRT.

Sham #IZB T 20 % Ex i 1E 16.2+2.03 pg/mL TH Y, OVX #Eix 9.2+

1.60 pg/mL, OVX+E; % 36.7+t1.11 pg/mL T& »7-. Sham £ & OVX &,

12



OVX+E; & OVX #f, Sham #t & OVX+E: ff L OM THEZENRD b(p<
0.05), OVX BECIE RO F THEFITRWEZ R LT,
2) BHEENELS LV HE R

Sham #f, OVX B, OVX+Ex D, KERFIZHIT 5 DEXA VELZ WIS EREE
HEFRER, T4V XBREEBLOH-E REA% Fig. 3~5 (IR 7T.

Sham BED KEEEIZH T 5B HEIX 137.8£1.55 mg/em2 TH VY, OVX #lx
115.4+5.12 mg/cm2, OVX+Es # (% 138.3+2.80 mg/cm?2 Td - 7-. Sham #f &
OVX #, OVX+Eq#t L OVX HEOM THEZNRO bLZH (p<0.05), Sham
BEL OVX+E L O CIIFEZZRO 2ol T VXN XBEEOER X
D, OVX BETIX, MEHE 2L TV D ERMES DR 2589, B HRIEDR
AR L TWeE., ZRICx L, Sham BETIZZD L 9 kiEZ R~ 7, OVX+E
BETIX, OVXBETRD bR B2 &R N IH S hiz. HE RO T
X, TUXLXBMEEORE L RIS, OVX BETIE, HREE2ERL TV E
ZREEOWD RO, HETHY, TOFRAKOHEGEELZ Loz, Th
2% L, Sham B TIEZE D X 5 e xZ ~m 37, OVX+E #f CTiE, Sham f & [A
OB RAEENRD bz,

Lk =7 O L 2%

%
«1
S

1) kb e &
% 14 H H @ Sham #f & OVX FEOEHI KT 25 ERa, B DHEEHM
b5 9t % Fig. 6 [T .
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miEs b ERa, B2%, W#MEDQEM, b bREFMMAESZ L TWVD
AL D Y 2580 7. mERTHET L L, RFFMBOEE X UM
R Z DORIENRR D bz,
2) H-E %23 X O Alcian blue %4

WIS 3, 7, 14 HAOH 8o H-E Y% Fig. TERENLE IR K5
W29, F70, EIAEASE 14 H B D% —FH# O Alcian blue % {4 % Fig. 8 |27
7.
3, 7, 4 HED EOREHZIB W TS, &R HEE , AR TE LS
BOEAT, B, oA, REHEORRIEEELFE OB EZFR O . Alcian blue
Pt TlE, LROBEASEZL LT, RARFELEELFEOR R 2 MR L
Z DN A SR B L ORRHITRL, EAERSIIERAITRARLEZ. 14 HAD
Sham #f, OVX #f, OVX+Ex#EiCxt L, @&AF K EE T OBEES T E O K&
RE LR E Fig. 9 ICRT. SHOEKEORERIIL, ERFEMRE 14
AIZBIT2AHOEKRER LI ALY ORKEICHE LmEHE LT,
Sham B IC BT A2 EESL FEEKEIT 121.1+8.81 pm (8.7+0.63 pm/day) T
HV, OVX #1X 79.7£8.61 um (5.7=0.62 pm/day), OVX+Eq #£i% 101.1£7.43
um (7.2+0.53 pm/day) Td - 7=. Sham #f & OVX B, OVX # & OVX+E. #f &
DRI THEENRD LN (p<0.05). L, L, Sham Bt & OVX+Ex BE L O T
ITEBEZEERBD > 7-(p>0.05).

) %H‘“ ﬁ/ﬁki(ﬁl
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OVX I &L O Sham FirH 5 4 @E % O Sham #, OVX #, OVX+E: #f

WXL, IR & i &9 Calcein &5 %17 - 72 ikl o @ L BEK 4 % Fig.

0 1277,
ALY, WEEIEEHOSFEIC Calcein 12 X 2 HEEMABLE I, 0
T HEEBEOERCEREZRD . £, SFME ISR LEEICETT S KN

TRYUTBE, MAEEPEHE LI LD R PATICETT AT XY v 7
EMFH BT 2128 T L, RAMEEBEOEREEIZHEYSY T 50 TIERWn
N EHER S, AIRACAERR A B GRS, BEIC AR B4 S 4L TV T~ D
WHARORFBICLDILDOTHD. =0 _EHIEHIEIZX LT Calcein &5 L
THETERL, B_RFEOEMEZE LI RE Fig. 11 1257,
Sham BEIZI T 258 G EF K EIL 2.8220.14 pm/day TH Y, OVX BElT

1.4+0.07 um/day, OVX+Eq#fi% 4.1+0.21 pm/day T& - 7=. Sham # & OVX
#, Sham #f & OVX+E: # L ORI THEZENRO L, OVXHETEEHEOHR T

HEIZEWEZ R L (p<0.05).
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A, BHRIEICH T 2HESMBELAEEY 2250, BHREIZER S E/L

BB THAL, BORBY LTRBSN, AOHECHT 5 T U AR A SBE &

SNTWE V. wEOSEFIZEBWTYH, 477 MRESH BEIRIBEICE L

T, BEEANOBHRIE) A7 A MY U ORZIREEZRBEICZAE LD

ACHBRE AR LTO LEMRH D V. (RAFIRIICE T 5 0 Y HI0%

Fe - BERRCICL W OREGIL, RAHEEHESKR LV OBMEDOL L, FITH

BB OBELZRTHOLEND L. SHIZ, EFFMICT R FrF 2Ry

KBAET B 2 LD 1510, ERMER I SIS EESTHEO M RPE

WCELTHOEMBIEDY A7 2B L TBINETHLHLEERD.

KT TIL, BFFMPOBEEIZKTL, = A a XNl k) sy b

RDDONERBT D70 OVX BEW OVX+E: 7 v &2 HWT, @EifTE K%

CHOLNDRFEAVKEZ R REFERICHRET L, FoNIZRRICH L TUTDOE

i

BriTol-.

1. REZ LB XTI T Es i

OVX #ERB LT OVX+Ex FED 7 » MTAR 10 @i TIFE A S, £ o 2

H#%E CIIEEOHMIIBDO N7, LL, 3 HHU%TIX Sham #E,

OVX B, OVX+E: HFO R TORE CTHREOEIMEM 2~ L. OVX #FiX, FriZ

WA EOHEIMERm 2R L, INERMBHEZ 2 BE>OMOBEE ORICAERERER

16



RODEIICRoTe. ZORERIE, INEFE T~ 23 Sham #E LD b IAREEN
T EWVIMEOREIC—HL TWD 2930, OVX BETIE, JIEMHICHES =
A bhu U OnWETREREALE Y ONRBICHEL KIZL, BICKEBAKD
M A FICHERE LR RS En) Z b b, IBHNAERE LKEOHMNZ R
LzbDEZ SN 3132, —F, OVX+Ex BEO R E L, FHHIBIM %@ L Sham
BELHBLTETRWVETHBE L TV, TOBEEERETHY, BNk
HRERY OKEHEMZ R L, Sham BE L ORICHAERETRO LR o7,
CLIA % 3V% [\ 7 Sham #f, OVX #t, OVX+E DI H Eo & B M E 5 H T
X, OVX Dl Sham #3 L N OVX+Ex #f & it L TAFEICIKL, =X b o
FURZIREERL TV, £, OVX+E AR bEWMEEZ R L. OVX 7

MIxT 2 Ex DG ®RICBE LTI, MR x B EPHE STV 52 83436,
Al D 5520 pg/kg) TiX, OVX HEOKREMMNA A EIZHH L, Sham #f L
FARDOEBRBEENZRDTZZENL L EOEAN+SICRBOLNTWEEE XD
ns.
2. KEREIZH T 2BHEL H-E Y

7 v MREREIZE T S DEXA EZ W B % E ORI, REZiTbhi
T2 5 O FEERH G AE R 8182080 LHHEI L TR Y, AERICKIT H OVX BN FH
BRIEOHREBICH 722 L 2MRTHZENTE S, IIEFIH T 2% 1) 72 OVX
7 v M TIE, BWICE fa DVEMEARIZ & 2B TRk & il M ofE i X b
BRI & BEEFICE Z 2 @EFR#EHEAELC D E bl TN D 3839, Z0D#%,

17



BB OADNT o ZRMEL 20, BE OBD Z2£E LT, B O (L3538

HDOENDHEIITRD LS 3839 SR OVX BEH KIRFIZETH7 V20 X

i

MEHE L H-E R D5MRBLEN S, HEMRE OB RGO 20 b,

SOHIZHRAKROERMEDOHEDBEZE SN, =AM OFWETICZLD

AR E ISR 2 REEOWPBFEI S, BHRIEOREBEZEZEL TS, —

77, OVX+E HETIE, 7 V2V XMEE, H-E Qe & b IR E OF S D

WA L3RBT, Sham BFEERBEE CTHo7Z. ZDOZ T ED&EICX

v, EFRER#IITOATWEZZLZRLTWNS.

3. SRR L F Yt

RAFMBICH TS ERa, BOREMBALAROAEZIT>TZHR, ERa, B

EBIT, RAFMBOZE L OMERERICHEDORANED bl R HF

MO LOMREEERICZA e S U2 BREPFEAET DI LT, ZhET

bIMESNTWVD 1510, T LDORENS, RFFMBOMEIZZ A ha s

DEHBERFREZRZLTWVWDEZERHHIZELZLN, S5, TOERHIZ= A

ra U OEENRIERICE bR EXZ NS, BEE, A XU OK

ZHREIZBWT, TORFFEMPORTEEREICEILPRBOOND Z &M

HEINTVRDR B, ZIICER baFrORGE2{T, £ ORFHMIEOMKEE

ICOWVWTRE 21T > TV DOHFZEIE, EHELMDIRY TIEARMENHD TOH O

ThD.

4. WIS OBERFEOTRREL L OH “REEEKRE

18



UNEEA L, IEBLERINOEY—271X 14 BD 21 HEHTHD L ORENH
%40, A, JREATH TS 4 WRRE®RICERERZIT > 72, Z ORI,
BHEIEOHEBE LTEE LR THD L L bIT, HAENLD 100 H EiFE Rk
WLTHEY, KT v FELTHEELERHEE X TS 1,

A% 14 H B O H-E 4408 X O Alcian blue et O FE R, EESFE O
JERpk L Sham #¥ XY OVX+Eg #E & g LT, OVX HERAEICK2 - 72
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o H-E RGBT MG iz, Btha Rt T4 0 28ERETHHL N
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Abstract

Purpose: Estrogen has long been known as a hormone that affects the
remodeling of bone tissue. Recently, its receptors were identified in
odontoblasts in addition to osteoblasts and osteoclasts. However, little is
known about the receptor functions of odontoblasts. Therefore, in this study,
the effect of estrogen on dentinogenesis was examined histochemically using
estrogen-deficient rat models.

Materials and methods: Ninety six 10-week-old female SD rats were used
for this experiment. They were equally divided into three groups (32 each):
the OVX (Ovariectomized rats) group, the Sham group with laparotomy
alone, and the OVX+Ez group, which was administered with 20ug/kg/day
estradiol (E2) daily from the next day of ovariectomization. All groups were
bred for four weeks, and their body weights were measured daily. Thereafter,
to induce reparative dentin formation, 1.0 mm-diameter cavity preparation
filled with light-cured resin composites were given to the first molars in the
lower jaws on each side. Tooth samples were taken on Days 3, 7, and 14,
while blood and femur samples were collected at the same time to measure
estradiol levels and bone density by DEXA. Each sample was subjected to

H-E staining. On Day 14, Alcian blue staining and immunohistochemical
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staining were performed for ER-a and ER-B. Meanwhile, in order to compare

the formation of secondary dentin, calcein was administered at 3-day

intervals to the groups that were not subjected to cavity formation, and the

groups were monitored by fluorescence microscopy.

Results: The OVX group showed weight gain and a decrease of estradiol

levels compared to the Sham and OVX+Egz groups. The results of DEXA and

H-E staining revealed decreased bone density, presenting osteoporosis. The

results of immunohistochemical staining indicated that ER-a, ER-B localized

at the nucleus of odontoblasts. The amounts of the reparative dentin

formation were the most in the Sham group, then the OVX+Es; and OVX

groups, respectively. The OVX+Es group showed the highest formation of

secondary dentin, then the Sham and OVX groups, respectively.

Conclusion: The OVX group manifested osteoporosis, and the formation of

reparative dentin and secondary dentin was suppressed. The OVX+Egz group

showed no trace of osteoporosis, and the recovery was observed in the dentin

formation amount. From the above results, estrogen has been suggested to

be involved in dentinogenesis.

Key words: estrogen-deficient rat, osteoporosis, odontoblast, dentinogenesis
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Figure Legends

Fig.1

Weight changes

Temporal changes in weight of Sham, OVX, and OVX+Es were monitored
from the day of surgery and thereafter for 4 weeks. There was a significant
difference between two groups after four week: the Sham and OVX groups
(p<0.05); the OVX and OVX+E: groups (p<0.05). However, there was no

significant difference between the Sham and OVX+E;s groups (p>0.05).

Fig.2

Es level

The Es2 level in the blood was measured at Day 14. The OVX group showed a
decrease in blood Es level. There was a significant difference between the
Sham and the OVX groups, and between the OVX+Es and the OVX groups,

and between the Sham and the OVX+E; groups (p<0.05).

Fig.3
Bone density of the femurs

The bone density in the femur was measured with the DEXA method at Day



14. There was a significant difference between the Sham and the OVX

groups, and between the OVX+E2 and the OVX groups (p<0.05).

Fig.4
Digital X-ray images of the femurs
In the OVX group, a decrease of density was observed in the trabecular

tissues which construct cancellous, while no such image was found in the

Sham and OVX+Esz groups.

Fig.5

Sections of H-E stained femurs

In the OVX group at Day 14, a decrease in the trabecular structure where
construct cancellous bones were observed, and the structure was coarse and
had poor continuity. In the Sham and OVX+Es groups, no such pathological

change was found.

Fig.6
Sections of Immunohistochemical staining for ER-a and B.
These are sections of immunohistochemical staining for ER-a and B of the

first molars’ odontoblasts of the Sham and OVX groups at Day 14. Both



groups were stained positively for ER-a and ER-B along the odontoblasts.
Within high-power field, localizations of positive staining were observed in
the nucleus as well as areas that correspond to cell processes of the

odontoblasts.

Fig.7

Sections of H-E stained first molars

These are the images of H-E stained first molars after cavity filling at Days
3, 7, and 14. Underneath the cavity forming areas, reparative dentin
different from primary dentin in form, number, distribution, and the

chromatics of dentinal tubules from primary dentin were observed.

Fig.8

Sections of Alcian blue stained first molars

These are the sections of first molars at Day 14 stained in Alcian blue.
Chromatic differences were observed in areas underneath the cavity
preparation, which correspond to reparative dentin formation in each group
(a part of dotted line). Also shows the boundary between primary and
reparative dentin by the black arrow. However, in the OVX+Ey group, no

clear difference was observed in stain concentrations in the demarcation line



of primary and reparative dentin as compared Sham and OVX groups.

Fig.9

The amount of reparative dentin formation

We measured the amount of reparative dentin formation of the first molars
of each group at Day 14. The results show that there was a significant
difference between two groups: the Sham and OVX groups (p<0.05), and the
OVX and OVX+E; groups (p<0.05). However, there was no significant

difference between the Sham and OVX+E;z groups (p>0.05).

Fig.10

Fluorescence microscope images after double labeling with calcein

These are fluorescence microscopy images of first molars, which are not
subjected to cavity formation after double labeling using calcein.
Administration was twice every three days. In each group, the double

labeling of calcein to dentin surrounding pulp cavity was observed, revealing

a difference in the double-labeled widths.

Fig.11

The amount of secondary dentin formation



For the first molars of each group, which were not subjected to cavity
preparation, the amount of secondary dentin formation was measured. The
results showed a significant difference between the Sham and OVX groups,

as well as between the Sham and OVX+E; groups (p<0.05).
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