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BHFREITEREDIKT & B ) A7 OWMREZRHETLRETH S L, BiE. B

LD EIERK & BE M & D BRI FIRHZET L TSR (VET Y 7)) Z#0iIRLT

BO HVERRI S R TEES D> TWDLONIEERETH D, Lo LM

SDOEN (AR, mi(l, BEYERRE) ICXV VTV U TONRT VAR E, &

WANBEDS B TERRE & LB B RERE D RIAIC /2D EEZ BTV S 2, HAEWIZKIT S 40 %

PLEDEHIZREBEENL 1280 H A (BME380 75 A, 900 T A) THY ., KAz W T

v & & BICRAERDPHEART DBAICH D 3, BHIRENRA TR Z 2 ERERITFITHS

W, ZORTHREE 725 KEE OB ITITER 14 THHEEL TR, TOZLREHE THD

4 DD, KREREEITBRED 0% NE-E D L5 L0, 10% 2 —FELINIZELE L, FE

FIE LHEANTHECY 27 PEm< R 2L bHESNTND 58 FHREIC X 2 FImdminE

TEDORIRBER E 72> TV AR ORI RME L 2> T s 7, BRIZBW T, &R

SEDBEE 72160 B LOTRIE., SilndE BE D QOL ZH#iFF 57210 T, TR a2l BELH

HED QOLIZE » THIEWICEERELE 2> T D,

FREBEDO TG E LT, Iy U L% AR AT 20 D RHFRIEDL, FIZ

ARz NT TANT Y L2 lTE SE L0 OEERE, BT A7 B EFRT5 L SNOE

WA 2 IR D AR E R ENRESNTND 8, Ll IRODHIEITBEDEFEAZ A
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AT 2HDOTHY, BRITEHEBET 20058 L < EEROBRRII 2GR O TKIT

HEWWRIETH %, BHRRIEDIGIRIEIT T OMEHKFFD 2 IR SN D, BRI O SHI1EH]

RO L HROIREER Z2FHHD 2 >TH Y | KR H BRI OIHIVEH & R 355 0 77 73

WCHW SIS 910

BRI O Z B E LTHWSN S S DT R FRIEHEIAI THLEARA T + X7 +

Z— %l (BP A . H1LRANKL &/ 7 m—F L Hi{&TH % denosumab, 3L OFLE iR %

HEE Lo 2 by = VREOBRIR T X o 7 U /AT Y 2 L— % — (Selective Estrogen

Receptor Modulator, SERM) 7234 % 112, LvL, BP ANCiE, TELEEECHEELD Y 2 7 )

WMRTDEVD BEBRLRWERANRE N TEHY 18314 denosumab TH FHEEEIECAL T L T A

JEDE U D fERPEDRHE SN TVD B, Floxo X hr Y= VRIFIEH TR ARCTFERAD

FAVRIZBEKT L2 MBI 8, SERM TIXAAETROFENBEIE RO Y 2 7 H# Rk

ZhHEVWDILTWS Y, —FHOFRAMREA & LTiX, mAIFEIRERALVE Y (parathyroid

hormone, PTH) HI 2R H 5, PTH IZAEMZ/EM & L CEMIaZ2IEH b2 b7, MK

IR GC K > THIRMEE SN D E WO EMZ 5 B2, L L PTH RIS E 7 fifEm o

\\\\\\ SRR HIR2? D v . RO G-I TRETH 5 2, REROEKRESG T, =

WD DA HAA GO THE LN bMT 20 ENH 505, WIRICEH L THLEIBK L &

WIS &5 b bIEFE @R (PARREHERE) . EH0DIEEHIKT LT o KmiEsA

OMEPEEHRRE) . A7 v A FEANC & 2B ERIEZR Stkx BN FES 2 & S, T T
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AUTOWTRIE ZRIRFRIEN 2 D TREMEDS IR STV D 2, T bk IRl e T ot

L. ‘B ZieRs L7220 6 RIE 2 X4 5 BARRY e Ein i id, SRR ClIfsL Sz SITE AT, #

2R D, BIER D 22 S REIE A © & 2 B HBREIT RO MBI AR T h Ty

%o

Norzoanthamine (NZ) (% 1995 4E|Z A F X F v 7 (Zoanthas.sp) 75 HiEfE, ke Sz

ThhuaA RTHDH B, NZIEZ, BHRETT L~ 7 AZBWUEFESRLE T A—X DK T4

filF22&, BROZA b Y= VRROEAIIIRS RV ERRESh TG #5, ZD/EH

B 3B RSB R E TIE < 29 5P —RBIZ K37 =7 oafEiamtlisnsd

[
(\V‘

BREHERT DR RENTZ S, a7 —7 NIEFOEREBORB L% 50%% 5D TEH

D, BEICKEREEL252257, BEITHFRED UNEH-TEY, BEENER TH-T

b HE

3

DFEAIZE S TENY A7 BWERT LI ENRESNTND %, ZNbDZ b,

Z I THERDIRIRIE L 1T R T2 DAE BT & o T B HRRIE DB 7 72 7a i & L CHifF s vz

2426 Us LA B KIRD NZ 12 5kg D A F X F 4 7 775 21mg  (0.0000042%) L A+ %

T ENTEY, BAMICHEMT D ICII a2t EERRk TS VLV MBERB ST, €

DI=DIRIFIE L L THW D T2 OITIZ AR b ORI Tide < . LA K D HFE13MHET

H D, 2004 FITIE NZ OEEITRE LTZ2, FRERDOLEMDOBENET OO TEMETH Y

(BT b KO PG I HE LR Tl - 72 29,



INEORBEREZMHET D720, NZFHEUEEWE L LT, NZ OREO—H 2SIk L ik

1k L 7= NZ (Truncated Norzoanthamine, LAF TZ) MAFHEZAMIERHI TR SN

%, TZIINZ LB L CARRMBRARMTH Y | ALPAMIC LD REMRGEN TETH D, HiE

RIS TZ 25, b L NZ ERBROBRIENHIER 27~ 9 O THIUL, BHRIEDOHTH

BRI E LA BRISHITIS 2 BN 5 mReMERN i S D,

Z ZTARME T, £ TZ OFHBRIECH T 2R 2 HETT 5720, INROMHIZ LV 1R

BUEHRIETT L~V A (OVX <D R) ZHAWT R, TZHREIC LD ERINHEERR &

WEBEOEL M L2, HWT, TZOB~DIEAA =X L EHET 572012, TZ AL

U 7B 3R IS F8 U D BT BRBRIC A9~ D s 2 31l L 7o, :ed&IC TZ O HICH T o 8%

BEd 572012, TZ B L7 B2k kD 2 7 — 7 A2 O W TRl 21T - 7,



Hl1E PJPEfE~ T AR D TZ &5 X 25 &R Iz R

DFRES



=
il

ATEICI W T, BHLRRE & € OIEFHEICET 2, B X OXOMRK L L TOFMRIERN

HIBEHEOBEM TH D TZ 1T L TR 72, TZ I3 HIREEEMTH 5 NZ gl L LTH

REX, invitro (IZBWTIENZ ERED a7 —F U ARBIERA 2> Z ENAWME I N TS 3,

L22LR3 5, invivo IZ81T 2 TZ OFZD b DICKT HEROMZEIT ZnE TIThh T

WV EDTD | BHFRIEET VEMICKT D TZ OB EZRET 2 08 B 5, AFFEO BHY

I, BHRRETT VEMICKR LT TZ 285 LI2BEOF &R msilo R, BiiEs K OvE e

DELERRT DL ThH D,

HHERETT /L E LT, K& T THRRIMEER & B as o 2 E R H 5. 7%

IARERL T, PARRR B HRRE & [AERIC= A b= Y RZIZE > TAHE LD IRER T T L8 —

A Td % 330, —F5, BIEEMEIL L LTI, 8HOBICL > TELSED bOREE S

NTWD2, ZHIFHEFICRMO YIRS SLE LD 3, BELSO LD L LT, AT R

A FRGICEDETADRESNTND B, /o, E7AEMMEL LTI~ AR T v b, R

RBRELR EORMBMIET DA 2 b OB HE SN TND ¥4, UL, ROET /LTI

BEBDVB—EETHY  FERMOIELSENRENI LML TEY . £ OO KREY

TIHREHRIS 1L FL EICRSLORL N, ZRICK LT, v~ T AR ED/NIOET LVEIT

BEE TS S>E b D <, 1y AREOHH TAEREROENROLND B, £ 2
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T, AWFETIE, BHBRETT VEME LT, = A Ma 7 U RZ 2 HEE S IR

(OVX) T RAZEM L, ZHITHT D TZ D BEERT LT,

TZWEIZEZ 28 L T, OTZ EHEICE 2 222, OTZ 35 HEMias L ONE

M52 DB, QTZ NVEMEICK L TH 258280 3 SI2ER L, £7-. TZ2VEL4S

ISR LTORBRE 520G Lc, BMEICBEL TIE, TZZ2H&E5LZ0VX < T A

REREWE R OBLEE, & 5 &0 FEMRBRE O, uCT JIE 2 Hv THEE 36 L OSCEE O

REEZABIZ OV TR L7e, B K OeE MBI L Tix, TZ 2& 5 L7Z OVX v T 2

RERE DA FAIRAE 21TV, TN OMIBIZZEN R E 7O L, BREICEI LT

WX, TZ 285 L7z OVX = U7 A KRB 2 Wiz 3 ST REBR 217 Vst L7,
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Mk 51k

TR 1-1 TZEEICEDBHRIETT L~ U AZBT 5 BEREZE(L O

1. Truncated-Norzoanthamine

Truncated-Norzoanthamine (TZ., MW = 355.9) 33K KEZEFLZL2MFER O @ IR GESE A 00 B 1

ftxnicboEHEH L (Fig 1-1), TZITARKTHEME L, Smg/ml IZFE L DE 3L

T—20 CTHRAF LT, TZ 2T 2883, —20CTIRAFS NI b D AR L, 7KK THAR

THZETCEEMNEL-LOZUTOERTHEA L,

2. EREY

AFEBRTIT ddy ~ 7 A, A A 4 s, (KE 25~359 % 44 JLHVVZ, ~ T A FREZ L IZE—D

y—UTE L, —EORSFORE LI, 85, 2 OKBIT IS KB BT

JERt BRI Z B2 DA E R T T2 72,

3. BHBREETT L~ A (OVX =™ &) OEfk

YU AR oL E = R Y A (RRER L, HUR) 30~50mglkg A EFEN G- L

I, A Y T7NTy (ROGHERTIE, a0 2WMASE D Z & TR 2 B L, B
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BRI LTZOBREMICETE Lz, #11 A RAZHWTEHEFREZRN Iem U L=, Bty b

ZHOTOIBRRM zZ EHEOL RIS BB S, BT OINRZM#EE Uiz, Jedith et v ol

Z T, IRELE PHARRS Lo RIS SRIEIBE 2 N A 7z, SESih e v b oSl E 1~2mm 2

FERWTHEN Z#E L, U n L vgl 2L, SHICHPE, @HIE. FEo—#a2EL L,

NAR=F Ikt b &AW TIRR T O@mINE R L OME 284 L, IRR AR Lz, op

BERER, FEIIEEAN~ER Lz, ZRIPRIZOWT B REERICHI L2k, REZRICRT

HAMIRARRE S Lo, 70, BFIEHCBE L Tid, JRRO5IE L E TIEFBRICHRIEZT > 728

(2. IRELARH 21T o e & IR ~ & R L TR B2 R C RS 2 RE & L7z,

4, BEORE

REL-REEZFDO T ha—/LEx Table LIT/;R LT, IR HZICAMAEKOROZRE %

fToRtEay hr—AThs Vehicle B (n=5), BFHEICAERAEAOKENEE 2175

Sham #¥ (n=5), =X b T4 —/b (ROEHEE T, Hn0) ¥ %z 0.08 mg/kg/day IEIZEN 5

OB br—1THD E2RE (n=5), TZ % 0.004 mg/kg/day #% 1% 592 TZ0.004 £ (n

=8) . TZ % 0.02 mg/kg/day % #5925 TZ0.02 # (n=8). TZ % 0.1 mg/kg/day #% 1 £ 53

% TZ0.1 8% (n=8), TZ % 0.5 mg/kg/day #1595 TZ0O5 B (n=4) OF7HLZRIE LT,

5. #&3E
13



F 1T o7 A L VA 5B 4 \HOF 20 BIOFEEL T o7z, #EAREGIBRIZE LTI

Sham A3 X OF Vehicle BRIZAFEREKZ 03 ml, 1 B 1[EREAO®KE Lz, E2BEZBIL TiIE=X

N7 UA— vE 06mZHRIEL, 1 H LREIEENEE Lz, TZ BERETIZZENZE NS ORE

IO S 2, EEREAZ03m L, 1A1ERAFKE L, = A NI VA—LE TZ O

H&E, REBREEIORGHRITEEOREZ S L ITRE LIz %,

6. TRHS

BHENE T LEBBIC, XX —nF P Y ABIUAS Y 7T AT K DI FIZTH

HERLF 2 AT WV T LTe, de B, BIRE 21T\, Dk, B, ATist, 5 28R L7z,

AAZWTHBRIZ YR L, B E P & COIB &2 39 iz, RBIEE S O A, %

ARAZTUMT L, B A 0B L7, RBIEI 2 8iA0ICEIlr L, RERE 20 L 720 b KEREJE

FHOHKEMMRE FY I 7 Lz, PU I U7 THR, ARBEIL 10% BV~ U UREERICE L

TR LT, ERBEIZEAL THRBEIC L TERM 21T 72,

7. lEgsEEOHIE

PREL L 7oOlg, R, ATRE. R AR A KITIR L, SRR NI R A I E LT,
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RO KRFREIZA > F 2 _XR—FNIZT B0 C Ty, BH, FRICTHAE L%, &

BREEALNE LT,

ERBEE IR EELZE L0, A2 AW T L, IEf i 2 FEEMEEIC L > T

RIRFICBIZ L, BERE 21T -7,

10. UCT & HW I BB /R T A —FZ JIE

HRERE 3RS 10% RV~ U UREEEIRICIR L CRAF L, 2 H pCT fRig@E (inspeXio

SMX-90CT, HEBIIERT, B IS TREEITV., ATA AT —HX 52181, Dk, T/ 7

F (TRI/3BD-BON., T hv 7 VAT AT =T U7, Hit) W TARBEICOWNTE

s E it L, LT OF T A =2 20E Lz, AEmSEE LTid, WIRMBLEIZHE W T

M O ZAL NS (ZGRD B LT EAL T d D KIREEALERAR O T~ 5 1~2.5mm O 4 7%

E LT, ¥£72, 315mglem* &0 v A TEE L TEOME 21T o 72, HERE ORI XT A —X

OBEIEN ORRRR B DV OO E|S  (Bone volume / Total volume, BV/ITV, %)

@ -¥)E 42hE  (Trabecular thickness, Th.Th, um)

@B E &Y 7= 0 OB E$ (Trabecular number, Th.N, 1/mm)
15



@'E Y (Bone mineral density, BMD, mg/cm?)

GBIk (Trabecular separation, Th.Sp, mm) Zfl7E L 7=,

FIBEE ORI AT A =2 & LT,

OFEEHT- Y ORE KR (Cortical volume / All volume, Cv/Av, %)

@G5 1ig (Cortical thickness, Ct, mm) ZJ8IE L7~

11. HEEHEMT

BRI OBITY 7 b v =7 IMP12 (SAS Institute Japan, HiU) % V), Dunnett 1 E Cfig

Wrait o7z, TR CTOMFMEITICB W CTHEANE p<0.05 & L, MERITFHEAERERZET

Fr LT,
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FER1-2 TZHGICEDHHBRIEET L~ U 2B 2 Filfkig s L OV iR L L ol

1. Truncated-Norzoanthamine

FER1-1, LERUbDEMMA L,

2. FEREY

AREBRTITddy v 7 A, AR 4, {KH 25~359 % 24 [tV o, ~ 7 AFREZ L IZF—D

=Y TEBEL, —EORBE T TERLEL, b, ZOFEBRITHGTRFZRAGR MBI A

TR EREMZE B2 DR E/TT -7,

3.OVX ¥ &

ER 1-1 L RIEEDHIET OVX v 7 2 & {ERL L 7=,

4, BEORE

2t

RELEREELZDO T 0 ba— L& Table2 IZ/R LT-, T74bb, AHAEKEROKRET 5

P ha—THD Vehicle #: (n=4), IR ZMHHETAEREEKEZROES572 Sham #f

(n=4), =X N7 VA — VWK% 0.08 mg/kg/day IEERN &G+ 2= b r—LTH D E2

#t (n=5), TZRZHBWTIEL, EBR 1-1 THICXT 22BN KE D> 72 TZ % 0.004 mg/kg/day
17



O¥E9 2% TZ0.004 . (n=6) L UTZ % 0.02 mg/kg/day #% O 8592 TZ0.02 £ (n=5)

& LTRSS BFARGE LT,

5. K

FiiziT-o7=F A LV #ES5[E 4B O 20 BlOFREEIT-7-, E2EBICBEL I A TP

F—LZ 06mliCFHEE L, 1A 1EEKRS L7z, Sham B & Vehicle BEIZBE L CTIZABRA K

Z03ml, 1 H1EKEAFKE Lz, TZEREHETIIFNEFNEROBREZHTMED H 2 5 KE %

FT_RT03m &L, 10 1EKROES LT,

6. A

BEDRET LB RN b EZ =T R T LB IOA Y T T AT XD TRERIE TS

TR ZATV, £ DORSFHEBLFNC & - TLREF Uiz, FBR 1 LRIRROITIE TAEL RKERE O

WE1T > 72,

7. MR R A

FREBE 1T uCT O, EDTA BUKIRICIR L ClE RO Z 217\ 7 B2 e 10 BB

JRUTz, BUKHE T#6ET b U 7 A1 4°C, 12 RFiR L THAZITV., Z0H%NT 7 4 VNI

A U7, g, KREREOTREEZGT L D ICEPRREZ 4 um (ZH#E) L7z, @) L7-4)
18



Rzt LT~ hxo v - o F V0o ufm (HE Poft) BLONTRAP YL a2 1T o7, IAHZERH

WA RO TER LT EROBEEZITV., BEbH- Y OFHF M 0El4 (Osteoblast surface /

Bone surface, ObS/BS, %) B L OVEH & 7= 0 O E flam OEl4  (Osteoclast surface / Bone

surface, OcS/BS, %) Z W& L7, HIEEEIL, uCT Tilli L/=&PH & R U <. lREMRD FuEn

5 1~2.5mm DO FREENIC & DT O (RS EER) & LT,

FERBRE DELE% . TR (Instron-3365, Instron, 1Z3)11) % AW TR0 B 3 Al

FRBRZAT -7, 3 TR OB 2 X 2 (R Uiz, BERMFIESORMOHEEZ 7 mm &

L., E#EL220VWE S REEEZRMAEICHE L-0b, KRS REIZ 50 mm/min O3 CTHiE

ATV, fWE - B a7, Z o a v 2 & TiRORME  (Failure load, N) . filzlr—

V¥ — (Yield energy, J/m®) . [ItE (Stiffness, N/mm) ZFHi L7,

FHEMOkEILY 7 b7 =7 JMP12 (SAS Institute Japan, HUR) % AV, Dunnett & CTH#

WrattoTc, TNTOMEHEITICIB N THEAKREP<0.05 & L7z, #RITEHMEHREERAET

FasLic,
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UEES

EE1-1 TZHEICE2EHRETT L~ 7 RCRBIT 52 BEEELOF

TZ it Nfh~ U RTBIT HRHE, bkl L OE R EE

(RE, GO, st & OISR L T3 i CHEEICH B 213580 b -7 (Fig. 1-3

A-D), TEEEIZEL TiE, Sham L E2 #EICISV T Vehicle #E & i L CTHEICEMEZ R L

e, TZ BGHEXA TORET Vehicle BE & bl L THERZIT 2 o7 (Fig.l-3E), KERE O

FOMRE RS L ORISR LT, SRERICHMETA BE2ITRD bhrin- 7o (Fig.

1'3 F) o}

TZ RO b~ 20 KRG B Wk

Fig. 1-4 [ZHRE D RBRE Wikt 2 L7c, FRICRBRE EALE & n OFAL (IR TR - 7o BRIk

TR fER) T Sham, E2, TZ & 5-RECHERE £ Vehicle B & bl L CHIN L TV 5 ER

FORBIE SN,

BEENT A—H

BRI B W TR E B O 2D S 7= KRS R I T2 E B LT CT I

X DT 24T o 7=, F9. WEREICBE L C. e BEALREE (BVITV) 1L Sham &%, E2 &,
20



TZ0.004 £, TZ0.02 BT Vehicle #f & Lk L CHEICEMEZ /R L7- (Fig. 1-5A), FHIEZ0E

(Tb.Th) I Sham . E2 B CTAHBEICEMEZ R LN, TZ 2% 5 LEHTITREREIRON

2otz (Fig. 1-5B), V¥ E 4% (Tb.N) X Sham #f. E2 #£. TZ0.004 £, TZ0.02 HECHE

WZEfE% 7~ L7z (Fig.1-56C), F/o, "BHIRE (BMD) 123V T, Sham 35 L OV TZ0.004 £

Vehicle fif & Hit L CHER LA AR L7z (Fig. 1-5D), S bR (Th.Sp) 128\ T

Sham #f, E2 BEd KOV TO TZ B2 Vehicle #f & bk L CHE 2B %#/~r L= (Figl-5E), &k

W2, REEICET DRHME S L CREEEREIE AR (CVIAY)  BXOEEFME (Ct) X Sham

B, 2B CABICEMEZ R LI, TZ 285 LR CIIAERREITIR O -7 (Fig. 1-

6),

EhR 1-2 TZEGICED2FHRIETT L~ U ADOFREZLOFH

MR R A

HE Bxfads LU TRAP Ye a2 17 o 7o KIRE A E Ofikig 4 Fig. 1-7, 1-81TRL7z, Tib

EENPOEE LB EHD Y OFFEMREOEA (ObS/BS) X E2 #., TZ0.004 £, TZ0.02

BE. TZ0.1 BEICI W TEALZ AL Vehicle BEICKT L CTHEICEVWMEZ R L7z (Fig. 1-9A), B

720 OB OE A (OcS/BS) 1% Sham &%, E2 BEIZISU T Vehicle BEIC % L TAHE IR

flizm L, TZ0.02 &, TZ0.1 BIZEBWTENEI Vehicle BEICK L CTHEICEWEEZ R LT
21



(Fig. 1-9B).

JUIRTZy N

MEBA OFE R4 Table 31277 L7=, ALP, IP. CalZ & TOHTHEREITIRD LN -

776

R E

TZ 5T E ORI B O THRWEM 278 LIARH &R 2 W TEREZIT > 7o, R

H# (T Sham B, E2 #£ T Vehicle BEICKT L THEICEMZ /R L2, TZHETIIABERETRD L

n7gmoTz (Fig.l-10A) . AT =1L % —3s T OWIMEIE Sham BE, E2 B, TZ0.02 # T Vehicle

FEloxt L CAEICEM A~ L7z (Fig.1-10B,), (X Sham #, E2 #, TZ0.004 #%C Vehicle BE(Zxf

LCAHEICEMEZ R L (Fig.1-10C),

22



AEIOERIZENTIE, FHRETTVEME L THEOREZIEIC, K1 r L) R

THEBOMGEOND OVX v T A ZHWTEREZIT-723, T —XIZIFRL TR, K

LRI T OVX v T R TZ B 5521772 & Z A, OVX = U AKSRE O FWrEE s

FOPCT A IZHBNWT TZ B ERD 22 Z LR SNz, L LRns, BRSH

BT HBENRMEH TR, BOBSICLDUROMEERDPMAL R DT, RIEBRTIL OVX

~ U AT D TZ O ARG E21To 72,

TZ 3 LIS Ol B 2 5 2 TRV I D T2 OISR, A0 ffistas B8 2 JE L7223,

TZRHZ oy be— L BE L L CEITRE O b -7z (Fig.l-3A-E), OVX ¥ 7 A TiXE2

DRZIZESTHEOEENEL LD, SEIOEE=a hr—LE LTHWZ B2 BT

DOZERENIHFI SN TV, L L, TZHESGHOFETay bo— L ERICEKL B

V. TZBE2RRIER Z R Z iR SnTe, 7o, BETOREHRIZTZREIZE S TAR

HIZRBEITRRD bR T2 2 &R0, B PICHRI 2 2 2n SR bR b v o 7oz

W, TZ OERIC L > THIEMZEWER N HE T A REEITEVWL D EE X bz,

KIRE OB EEICE L T, TZH&RERICBW TOT 0 2EIMEm 23RO 5z b DD,

Vehicle #f & bl L THERZITRD b ho7- (Figl-2F), Bty he—LTho E2 Rt

WL T% Vehicle BEE OEITRD N o7, ZHIE~ T ZADOKREREE BIENIEFITNES LB
23



BRADICEOMENZLTH, BEEOZ(ELE LTINS bOTH Y AIEITKBRS

N2NbDThHoTe B b,

PTG CLE, KB ML 2 VB FEARIC S50\ C Vehicle BECHIEIE 4512 & A X9 6

NV LT, TZ DEAER (TZ0.004, TZ0.02) TiX E2 #f & I AIRAIIZH & 27

R D OMHINRD Stz (Fig. 1-4) . Z OFEEMNS . KEME EALE O —RERR S i8I %

UCT OEE CHE L TH D &, W DD F/RNT A—2IZBWT TZ#E & Vehicle BEO THE

RENRD L, BEEOIEEL 72 DR E2MAMRE (BVITV) 12 TZ OREER: (TZ

0.004, TZ0.02) T Vehicle & lt_XTHEIZHML TEY Sham L E2 #f & RS DOEEZ R LT

(Fig.1-5A), F7o. BHRIEOTE & 72 55 2MB (Th.Sp) (X Vehicle B & ik L Ta&TOD

TZRCTHEIZHAD LT\ (Fig. 1-5E), 52, 'BHEEE (BMD) (2BIL T TZ X Vehicle

FEE L L CHEIZEML T2 (Fig. 1-5D), 26 OFT RIL B Wi #: T S - o

B 2 ZFT 2R ThoT2, BT, B OERIZEL X, EHERE (Th.Th) I

Sham 1 X OV E2 BEid Vehicle BE & LE A BIZHEM L TW=DIZx L, TZRBEIAEERZTEO S

Nredotz, LN G, EHERE (Th.N) I2BWTIXTZ0EHAER (TZ0.004, TZ

0.02) 7 Sham ¥ LK O E2 BERIREICH B RBMAHER SN, NS DOFEEIL. TZ 08 &R

IHIER I IMERR S OB IR TR E LW D, BREOBDEZMZ D2 Ik TELTWVD

ZLEERIBELTWVWD,

B HLRRIE O VR FELHT BUR R I & 72 > TW D FEANZ, FZ B I HIE 28 T R Al
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(AERR STV S, BRIEIHIFICARER SN D EA T+ 27 % — Ml (BP Al X E2 13

FREA L T2V ORER 2 025 2 & T, BIROMERFC R EE OUWEZ1T > TN D 24, —

Ji. PTH RANZARE S o BIPRIEERNL, B2 O L 2 (et L5 2/ g 2 80 & &

DN EIECREE ~ DO EPIUNHIA L X T/hSWEFTbh T D 445, Zh b

REAROUCT fREZRE LAY S L. TZIXE MBI LD F R RET 525, B

Uz KB BEWRIIZR LTI O VER 2 F7=72 0 2 ERVRIBE N, S 5I2, UCT DEE

FHO/NT A—2OFERTIE, Sham R E2 BNEEEE/AEER (CVIAY) BLOKREFE (CH) |

BT Vehicle BEL R L CHERWIMAZRLEOICK L, TZHETIZAERZIIRD b n

72 (Fig. 1-6) ., ZOFERNG, TZITREFIZH L UIEEL 52 TBHLT . 22 THEITE

DREREZFTFTHHLD L 72> TN D,

Mm@ ALP, IP, Ca OfEIZ BP $HI<° PTH AN W TELT 5 Z ERME I N TV DD,

TZ H5HIIETOMTHERZITRO DN T EMORE G ICBWTHEKRNZRIERIZRD 6

N7y~ 7- (Table 3),

HE Y223 KO TRAP Y2 X 2 M0k r0 7225l C ik, Sham #£23 Vehicle #f & Lb~F B2

BHE /i (Ocs/Bs) 238 LTz (Fig. 1-9B),  Z UL Vehicle Bt TPz L - C

E2 RZMPA U MATEHALL TWA Z L2 /RE L TEY ., OVX = U ANAKRERD H @

[HERE L TV D HDVRS LTV D, E2 BETIE, Vehicle # &t L T Ocs/Bs 230l S 1T

VD Sham #E &L FIREOMEEZ /R Uiz, ZIUIIPRFEHIC LA KRZ Uiz B2 i S, B2 BE
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M 28 L7z Z L 2R L TWD, £z, E2 O F M/ 5 (Obs/Bs) I3 Vehicle £ &t

BLCARICEWEZ R LT (Figl-9A), —fXAIZ E2 OB ~DEiE & L Tid, BUE I E)

ETRE—=VAZFHESED L THRMGEIEN 2R3 2 LMo TR Y 47 PREO

FHRIEIZZOE2 DE NG 252 THELSL % LLAaRS, E2 ITEHEMIEIC &E

THEMALT D Z EBbMEESNTND 950 AEO E2OFFRIZIZINS OHELEETLIHLOTH

ST,

TZ I T3 Obs/Bs 7% Vehicle ¥ & FLils L THEICHM L TH Y . uCT OFRN L PRI VZE

FEMA A EET AL VI EZEZ TS AL THo-, —F. Ocs/Bs DEIZIBWT S TZ #

'L Vehicle B & Hbi L CHEZRBEMAZ R LTEY . 20U TZ e Mla it +2 2 & 2n

e L7z, L2sL72R3 5, BWrE=C uCT OFERD D TZ 23E B EH 2 55> Z & 133 52

Thd, TDORD, TZITEFMEBEMEO LS 6 BIEE(LT 200, FHFMICKT 5

EPEEA L sV els, BRI 206 LIz B2 o,

INETORERNS TZ0BEIZL VW EEFD OMBINHR I NN, ZOFEEOE/LN

B OMELUEE LIZODaiEtd 2720, KEE O 3 sl R a7 -7, TZ 2&5 LIZ#E

B KA E Tl Vehicle B & Ul U CHER ZZ RS eh o7 (Fig. 1-10A) UL, TZ0.02 #E1%

TR % )L — T Vehicle BEICX L CTHEEICEVMEE R L. TZ0.004 BETIZRIMEDS Vehicle B &

i U CHEBEISHEML TRV, Sham #f & [AFRE £ T LTz (Fig. 1-10B,C), 2 H D

T—=HNE OVX ¥ A TZ 259252 & T, BHRENHEKLKEE O/ I L D8N
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IEWREICHR SN D Z &S, BHBRIEDOHRERE LS L TOFIMEREIFS L, L

L. REEIST DHEIIRO DN THBREOUHFEDOREITR L TRERLDOTIE R, 2

AL PCT TORR T TZITH R UET 5 b OO RVEF OWEIZEN -T2 L L FE

LZRWRER L 2o T,

ABIDOSERRD TZ DIREREITWMED NZ O#sE L TZ OEENER 5 ERESZEIC LU TREL

722425 (SCHR) . 1999 AL B DFf L TiE, NZ @ 0.02mg/kg IEFEN# 528, I bRIENH -

L EINTEY ., TZ OEEAEREGFBR TS FROMRAGE LN 2, ARIEE Y BRRISHIZT

WO G 2RI L2720, TSNS RER &S 8422 O 540 0.1mglkg EHERIL, Z O

(58 (0.004,0.02,0.1,05mg/kg) ZRRE L7z, BWIHSC uCT OFER S TZ OIS ER

TR BWEERME LN 7o, MRRADRTAT S & OV sREERHA TIXRE L7z 4 BEO N TZ KR
FED 2 A LT,
— RS, FERNCIT D 2 —EDIREL RIZSRPED O TRHAREZ RT DL S

HIREZBZ D ERMET T 2NV ORIEZ R T SO H D, UCT fi TIEZED %<

MNTZ DRBEHTERDOONEN TZ01 B IO TZ05 HTIIERIHE Y RN,

77 B 98 SR TIIA T = 1 L X —13 TZ0.02 BE T, MIPEIZ DV TiE TZ0.004 B THEZENGR

bhtz, PLEDOREREZRAT S L. TZ 13 0.004~0.02 mg/kg fHTICEHWBEEEZ > THBY, Zh

PLED B CIIBR NG 2~ R i o SOG- R ih#g 2 f < TR @mv & B A b D,

L2>L72723 5, 0.004 mglkg L FOBEEIZHOWTIE, SEITMEHZ2MZ TR L3, RHAEE L
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o TWA, FEAEIEEDOHEIIITS TRV TZ 13, NZ O#Hd LTI RV EET

FaRERE LT, ZOMEBE LTUITZ ZRAH A, NZ £V HIRVTEMEZ £ A REME,

HLLIETZDHFENNZ D BBWEEL/ NI 32 FULREEETCHLEVTE/VIEELA

LTWDIebZ ENRBEZ BT,

28



Fig. 1-1. Chemical structure of truncated norzoanthemine (TZ).
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i B B4R L B

Vehicle O AFAHEK 0.3 ml 2Rk O# 5

Sham X AFAK 0.3 ml 2R O# 5

E2 O E2 %% (0.08 mg/kg/day) % fIEEN £ 5-
TZ 0.004 O TZ 7577 (0.004 mg/kg/day) % % H 5
TZ0.02 O TZ i (0.02mglkglday) % #% 0% 5
TZ0.1 O TZ %% (0.1 mg/kg/day) % %05
TZ0.5 O TZ &% (0.5 mg/kg/day) %% H#5

KHEOBREBL O T 7 ha—v

A &5k
PNER T ¥ A L v 5 HMNE T 4 M., 3120 AR D7 o THIEREIK %
0.3 ml/day #& 1 #5-L 7=,

fEEN T 551k

PNESEHIFOF A X v 5 AMAET 48R, 5120 Bz > TE2RIR %
0.6 ml/day fEEN#E G- LTz,

Table 1
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i JP B4 Ed 3

Vehicle O AFAEK 0.3 ml 20Kk

Sham X A K 0.3 ml 20Kk

E2 O E2 %% (0.08 mg/kg/day) % fIEEN £ 5-
TZ 0.004 O TZ 7577 (0.004 mg/kg/day) % % H 5
TZ0.02 O TZ i (0.02mglkglday) % #% 0% 5

FHEOREB LN a2 ha—u

OG5k

PHEE HEA 032 B X0 5 HAIAE T 4 B8, &t 20 HEIC 7z » THEANR R 2

0.3 ml/day £ e 5L 7=,

JERENT G T7 1k

YRELR T O¥ B X v 5 ARAE T 4 M, 20 BIZH7--> T E2 Eik %
0.6 ml/day &N G- L 7=,

Table 2
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Fig. 1-3. Effect of TZ on body weight, organ weight and dry femur weight in OV X mice
or Sham operated mice. Each group of OV X mice were oral administered saline, or TZ
(0.004, 0.02, 0.1, 0.5 mg / kg), or intraperitoneral administrated E2 (0.08 mg / kg). A)
body weight, B) heart weight, C) kidney weight, D) liver weight, E) uterine weight were
measured 4 weeks after the operations. Vehicle (n = 5): negative control group, Sham (n
= 5): sham-operated group, E2 (n = 5): treatment with E2 group, TZ0.004 (n = 8),
TZ0.02 (n=8), TZ0.1 (n = 8), TZ0.5 (n = 4): treatment with TZ group. Each group was
expressed as mean + S.E.M., ***P < 0.001. **P < 0.01 compared with Vehicle.
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Distal femur

Vehicle Sham E2 Proximal femur

b=

TZ0.004 TZ0.02 TZ0.1 TZ0.5

Fig. 1-4 Effect of TZ on femur bone in OV X mice. Each group of OVX mice were oral
administered saline, or TZ (0.004, 0.02, 0.1, 0.5 mg / kg), or intraperitoneral administrated E2
(0.08 mg / kg).. Vehicle (n = 5): negative control group, Sham (n = 5): sham-operated group, E2
(n = 5): treatment with E2 group, TZ0.004 (n = 8), TZ0.02 (n =8), TZ0.1 (n =8), TZ0.5 (n = 4):
treatment with TZ group. The morphology change of dry femur in OV X mice were observed.

The red frame indicates secondary spongiosa trabecular bone..

34



A 25 - B 50
20 r
S
E 15 -
E 10 +
5 L
o L0
¢
&
C 6 ¢ D 800 -
o * *
S4t § 600
= (@)]
&) E 400
S2 ¢ s
g . > 200
0 0
_\C}Qa .
Q8 X\
E
1500 r
E,- 1000 ¢ 1[
)
ﬁ' 500 ¢
0
o\
4@&

Fig. 1-5 Effect of TZ on trabecular architecture parameter of femur bone. Each group of OV X
mice were oral administered saline, or TZ (0.004, 0.02, 0.1, 0.5 mg / kg) or intraperitoneral
administrated E2 (0.08 mg / kg). The femur bones were collected from OV X mice after the
sacrifice. Vehicle (n = 5): negative control group, Sham (n = 5): sham-operated group, E2 (n = 5):
treatment with E2 group, TZ0.004 (n =8), TZ0.02 (n =8), TZ0.1 (n = 8), TZ0.5 (n = 4): treatment
with TZ group. A) BV/TV, B) Th.Th, C) Th.N, D) BMD, and E) Th.Sp were measured by micro-
CT. Each point was expressed as mean £ S.E.M. **P < 0.01. *P < 0.05 compared with Vehicle
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Fig. 1-6 Effect of TZ on cortical architecture parameter of femur bone. Each group of
OVX mice were oral administered saline, or TZ (0.004, 0.02, 0.1, 0.5 mg / kg) or
intraperitoneral administrated E2 (0.08 mg / kg).. The femur bones were collected from
OV X mice after the sacrifice. Vehicle (n = 5): negative control group, Sham (n = 5):
sham-operated group, E2 (n = 5): treatment with E2 group, TZ0.004 (n =8), TZ0.02 (n =
8), TZ0.1 (n =8), TZ0.5 (n = 4): treatment with TZ group. A) CV/AV, B) Ct were
measured by micro-CT. Each point was expressed as mean = S.E.M. *P < 0.05 compared
with Vehicle.
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Fig. 1-7 HE Lo ik
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Fig. 1-8 TRAP a4

BRED RBRE =N ES TRAP Yefa ikt 55 4 11,

W E R pCT MR & RIERIZ AR TR > 7o B EAR O T2 1-2.5 mm D
WA B pEd & U CilE R E i (Ocs/Bs) #MIE L7,
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Fig. 1-9 Effect of TZ on osteoblast cell and octeoclast cell in secondary spongiosa
trabecular of femur bone. Each group of OV X mice were oral administered saline, or TZ
(0.004, 0.02, 0.1, 0.5 mg / kg) or intraperitoneral administrated E2 (0.08 mg / kg).. The
femur bones were collected from OV X mice after the sacrifice. Vehicle (n = 5): negative
control group, Sham (n = 5): sham-operated group, E2 (n = 5): treatment with E2 group,
T20.004 (n =8), TZ0.02 (n =8), TZ0.1 (n = 8), TZ0.5 (n = 4): treatment with TZ group. A
Osteoblast surface (ObS/BS), B) Osteoclast surface (OcS/BS) were measured by phase-
contrast microscopy. Each point was expressed as mean = S.E.M. *P < 0.05 compared with

\ehicle.
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Vehicle Sham E2 TZ20.02 TZ0.004

IP (mg/dl) | 10.00 + 0.47 9.75+1.16 10.16 £0.55  12.06 +0.50 11.91+0.59
Ca (mg/dl) | 11.27 +0.44 11.50 £ 0.49 10.82+0.38 11.18+0.26 11.11+0.37
ALP (U/l) |380.75+34.03 438.00+64.41 318.20+35.34 413.80+41.10 418.83+24.00

Table 3. Effect of TZ on calcium, inorganic phosphorus, and ALP in blood level in

OVX mice. Each group was expressed as mean £ S.E.M. n =5.
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Fig.1-10 Effect of TZ on bone mechanical parameter in OV X mice. Each group of
OVX mice were administered saline, E2 (0.08 mg / kg), or TZ (0.004, 0.02 mg /
kg). Vehicle (n = 5): negative control group, Sham (n = 5): sham-operated group,
E2 (n = 5): treatment with E2 group, TZ0.004 (n = 5), and TZ0.02 (n = 5):
treatment with TZ group. A) failureload, B) yield energy, and C) stiffness were

measured. Each point was expressed as mean + S.E.M. *P < 0.05 compared with
Vehicle.
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H1ETITERREET L~ 2ICBWT, TZNEERDMEWERZ 7T 2 2L L

e TOPT, BHEICBW T, TZIREEFISET 2RI LA LR ONT, HREOF

PR AMaFFT 5 2 L TERERD ZIHT 5 2 LAVRS NI, ZOREIE, TZIRE WIS T

<L BIEREBEET L2 LERRT 56D Th 7, £7o, MFAIREICENTTZ

(T B FRAZT TR RE AR B IEME S5 2 LAVRIR S L, B DX — A — N —aiGE

6T 22 nBE2bNT, LEORENDIE, TZ OF BEIHIER I AIEE I & 2 wThe

PER@NZ ERTREINIZ, TECBOTHREICBIT 2FBEEOFERITTIONTHY , 7%V

D 30NITEBEICL - TRED LEEZLINLTVD B, BEITE OB SEC, R, e

TOERR EOBFREICE > TEITHLEALNTWD, o, BHEHZRETLHRTEL

T, BEEOMERVEETHLLBEALNTEBY, £OFTa T —F U IHIcHEEH SATY

5%, 2T, TZ OF B IGEIRIROEMEF 20 5008357201203, B OBRAE I

X DB L AISEIERICXTT 5 TZ OB RFT 20 ER S H L E 2 b,

BRINAHEIF E LT TH 2 BP AL, MM 7R h—v 2255895 2 & ChE

MpRAZIHIT 5, L, MG EEREL2EFELVWE—HRDOBP AL, ATP AT HI LT

TR =V RAEFEET LN, BREGUE MALRIA v CReEETHIETT R b—

VALEHES D, Elo, BRI WTREZRME — OB TR ER T H 5 PTH RUFHIIRH K B
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EHSELZ LT, BHFMRBEENISED 2 LM EnERoTND %52, NZIZB LTI

KRB K OVE ZFMIER 2 W BEHIAT o TV 2 b OO, B OB ETERIZ TR

BIIAONRNZ ERHESNTVND %, Lol invitro (23172 TZ OMIICKT 5 58I

B L COMEILELAR, £ 2T, H2ETIE, TZ23VEHFMEKROE OBRAETEMRICE 2 %

WRIZOWTHRF 21T o7, Fio, BEFMRRIXAE L D53t 24ZH To 5 receptor activator of

nuclear factor kappa-B (RANKL) %%, W4 25 Z & THEMRSbICRET 5, ZoFH

g TH5H RANKL 12X LT TZ BEET 50020 T b iaar L7,

ET. TZVEFMEOMIaR, AR L OVEMICE 2 2 B2 HmE L, S6icEnb

BT A EEFREBEE LT, Runx2, OCN, OPN BXWNALP IZoWTHiEf L=, £7/-. TZ

2 RANKL (252 A8 L LT, B HMIMO RANKL E i FHRBREDZLEE LU RANKL 12 &

LW E MR D 3% 2 B A BET LT,
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Mk 51k

S 2 BRI 5 TZ OFBOR

1. Truncated-Norzoanthamine

FBR1-1, LLRUbDEMMLE,

2. HEFANIERR

Ml s LT, ~ v A4 IREETMEER CH D MC3T3-E1 #ild (RIKEN Cell Bank, i

W) AW, BEESMEE LTI 37C, 5% COCTA v =~— kL, E5#11% 10 % FBS

(Gibco BRL, Grand Island, NY, USA) 3 X U* 1 % Penicillin-Streptomycin-Amphotericin B (Fiythf

BT KK #5F L7-o-MEM EZH (Thermo Fisher Scientific Inc., Waltham, MA, USA) %

W, B A HR OB I3 2 7 A B L — 4% —ThrE Liztk. Ca?*, Mg?* free phosphate buffer

saline (PBS (—)) T3l[alwash 24T > 72 ZICH =R AZ N %2 72, TZ 28N 2 BRIk

4 FMFB L2 b 02 L, HBEMMIT1IANL 28METE Lic, F2, BT 3 A

FBITATV, TOHEETZ 2N LT, £, LB E 21T ) BIX ERRoOR I L7 X3 vy v

iz (50pg/ml) BELOEmMM B2 Utvnrl v fENZDZ L Tiro7z (Fig.2-1 228),

3. HeE Ak
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B2 L LT RAW264.7 #iA (RIKEN Cell Bank) % fv 7=, B4 & L CEEHIIZ 10 %

FBS (Gibco BRL) I X' 1% Penicillin-Streptomycin-Amphotericin B (FiGHiER T3%) 2 &AL

7- DMEM £5H1 (Thermo Fisher Scientific Inc.) Z 7=, EHIAZHAOBRIEA 7 A L — 2 —

ThrFEL#%. PBS (—) T3[a wash 2172 7= BICH =25 a2z 7=, FEBRICHAWBERIZ

(T, EREOEMIC~ 7 A AEETE RANKL (FOERISET3) B L O~ T A M-CSF (Ffeilid T

¥) ZENEh 10ng/ml TM&x 5 Z & CTHFMia~& b TEA L (Fige-2 #5H),

4. FHEORE

BEOWMEZILIZLTTZ OBEEMGIZUITO 5 FEEZRE LT,

TZ0:TZ2EFE W atkay su— L,

TZ0.01: TZ0.01 uM

TZ0.1:TZ0.1 uyM

TZ1:TZ1uM

TZ10:TZ 10 uM

*7-. MC3T3-E1 flifnz AV 7= &R ClIbFEOFEIZ L A3t biTo 72,

FRiAEEL D FHANZ X cell counting kit-8 (CCK-8) ([RM_Ab“£AFEHT. REAR) Z MW TIiT- 7,
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MC3T3-E1 Miffd% 96 7 = /L7 L — MZ 5X 103 cellsiwell & 725 L 5 1Z#FE L, 37°C. 5% COz (T

T TZ RN 24 B0 2 M O R 21T o 72, REEK TH#., CCK-8 AR &4 v = /W2 10 pl

TOMAT3TC, 5%COUZT2HflijA > FaX—F LT, £ FaX—E M7/

— Y —&—T450nm OEEZHE L1,

Jun

6. AKALTE EER

k=]

AIRALDEBIIT AR >~ b (PG Reserch, HA0) AW TITo 72,

MC3T3-EL fifia 24 7 = )L L— FZ 2X10%cellsiwell & 725 L H1C#EE L. 37°C. 5 %CO, I

TTZHNE 2 BEMOEEEEIToT-, BEKTRICEV VDL T A L —2—|T &> CTHih

ZErEL., PBS (—) T1lalwash #1T7-o7-,

I = VN O 2 PPEREE A L~ U S8R 200 wl oM THEE Lz, BEE#R. 7 =L

DOHMERRE AL~ Y IR A BRE L, BREKIZTY = VINE TR LT, ZD%, U = /VINOF

BOKAZFEEICBREL, TYVV U Ly RIEKZ 500 mliwell Iz TEIEIZ T 30 450 A »F 2

—hL7c, AU FaX—METH, BRAKTY = VINE TS L CTHROKZBRE L2 #ICH Kb

FEEIRARIE 2 0.5 mliwell i 2T 10 23 A > ¥ 2 _X— | Uiz, FBICERDIEH LI RRIKR %

100Ul 97296 V= L7 L— MIB LT, v/ 777 L — kU —%—{Z7T 450 nm O E % JIE

L7,
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7. ALP HIERBR

ALP JIBIZIZ T AT vt A4 ™ALP (FnYefidk T.3¢) % Hv /=, MC3T3-E1flifld%z 96 7 = /L

7 L— Mz 5X10%cellsiwell & 725 X H512#FE L., 37°C. 5% CO2 12T TZ iknfs 24 R~ 6 2

B OEEREToTm, BERKETH, £ VOEMORESITUV, PBS (—) 12T wash #1T-

72 ITPBS (—) #FREL. &7 /LT Cellytic ™M (Sigma-Aldrich, St. Louis, MO, USA) %

100 pliwell J % 7244, 4°CI2TC 15 20 A v 3% 22— k L7z, %50 C L4 BN L, 15000 rpm,

4CIZT 15 pibE L BEZ T o 7o, B LR, JBoh i LI 2RIOKT2imRLCbo %

20l 596 7 = LB L. pNPP % 100 pl o012 T 37°CIe T 30 204 v % 2 _— K L7,

AUFaX—METH, KU o /VZRUMEIREZ 80l T OIRML T~ A 7 a7 L— R —%

—|ZT 405 nm O EFRIE LT,

B AL O HIE 1 TRAP Staining kit (FDEHIFET3E) MWW TITo72, £, RAW264.7
iz 96 7 = /L7 L — NI 5X 103 cellsiwell & 7225 KX 5 IZHEAEL ., 37°C. 5%COIZT2 1 > F =
NR— kL7, A >rFaX— kb 24 B4, BHZ RANKL, M-CSF BLXONTZ 2L T 1
W ORE#EEITo T2, BEK TR, BREERELPBS (—) [T Y /L% wash L7z, it
W C R PEREE R L~ U > % 50 pliwell N2 C 5 3 MEE 2T -7, BEEREREL, £V b

ZEERUKIZ T wash L7218, TEKEZMZ TITCIZTTI0 16605 »Fax—hLT, K
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JORE T, T = L A RERUK T wash LT BEE T2 T TRAP BYE Dl 2 3~ CTFHIl L

776

9. RNA i

RNA Dl 21% TRI Reagent® (Sigma-Aldrich) /=, £9°, 6 V= /LD 7 L — KT

MC3T3—E1 #fifiid 2 2 X 10* cells/well THEHE L 724212, TZ 245 BREIRMN L T 24 B[]~ 5 14 H[#]

FTHE L, BEK TR, &7 /LORERAZRZE L, TRI Reagent®% 1 mliwell 47 = /v

WA TEE TS MEE L, 20%, iz <Xy rs 7L Tlbm Fa2—7~

N L7=, WIZZ mad/b A% 0.5 ml Nz CERENRER Lok, =IEICT10 oA ¥ 2_—

FL72o A v Fa_X— R METH, 15ml F =2 —7 % 12000 g. 4°CDZA:T 15 43 04 L

77o mOBE%., EEZ04Aml FoRIN L THEZRI5m Fa—T~EB L, S5, 1Y

X — 05 ml A CEEIRFI 247\, =IRIC T 10 o E L=, &iZ, 120009, 15

O TAREIELDEELT-, FiWT, EFEEZETHRELTZ% =%/ —1% 1ml iz

12000 g, 4°CC5oyfElm O riEa 32 THEE 2 B T-7-, —BIH OmLO K T#, EE2R

EL, 15ml F=2—7% 5 M7, RxFZBICL1Eml F 2 —7 ~EEK%E 20l iz, 60C

TI5 A v Fa_X—FL72bD% RNA & UTEEA L7, IBERIEIZSOLEE (77 ke

v I AT T A TR AL THIE L,
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10. cDNA {Ef

WHREZ X ReverTraAce (R) CR¥ERG, KB AL THEBREZIT-7, £79. 8 TERL

7ZRNAT7 7L —hK05ug % 65°CT57flA > F2~X— kK LTRNAZEMZIT- 72, KITK

T TEME L2 RNA 7 > 7 L — RZ Nuclease free water %l 2 CA A& 4 6 ul [ZFRET L 714,

4 X DN master mix Z 2 ul iz C, 371CT5 A v Fax—F52 & TH / LADNAZRE

L7z A4 F 23— METH, K EIZTRNA 77 L— MMZ 5XRT Master mix 2 pl iz 72 0

Z . D37°C. 154, @50°C. 547, ®98°C., 54Dt T TRs S TG 247\

cDNA 5 b7z, EBRIE T# cDNA X —20°CIZ TIHRFE L 7=,

11. 774 ~—1EH

Table 4 {127~ L7z Runx2, osteocalcin (OCN). osteopontin (OPN). ALP 33 & O RANKL @

primer |3l £ DA 2 I U TEREH L7 8%, K7 T A ~— I3kt &ic /7= F PCR %

ITWPCR EEMIN TE 12 2 L MR8 L7212, Bk U 7V A L PCRICHW T,

12. U7 N%A L PCR

Y 7 L% A I PCR 1% THUNDERBIRD® SYBR® qPCR Mix (PEHH) # HWTiT-7-. £3.
K BN TG & LT /K 3.6 ul, SYBR mix 10 pl, forward primer 1 uM. reverse primer 1

UM, 50XROX 0.4 ul DL TIER L7, Z DK% MicroAmp® Fast Optical 96-Well
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Reaction Plate (Thermo Fisher ScientificInc.) O & 7 = /L2 18 ul ¥ >N x 7% . 9 T1E
BML7ZCDNAT 7L —FZ2u T2z, PCRVPASZNVITETDOT T A ~—
I8 W CT, Table 5278 L 7= 5 F T StepOne™ Y 7 /L % 4 A PCR ¥ AT A

(Thermo Fisher Scientific Inc.) # W Citbivle, KK T#%, ffEBOY 7 by =7
MO/ LN E B FHILEEZ GAPDH St & IC X » THEHE(L L7z b @ % F 5t i 72

Bz FRHEEL LI,

13. HEEARAT

BREEO#EILY 7 F 7 =7 IMP12 (SAS Institute Japan, #3%T) % V>, Dunnett #: i T#

WrattoTc, TN TOMFHEITICIB D THEAKREP<0.05 & L7z, fRITEHMEHFHERZET

Fr LT,
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UEES

A i 25 R

TZ N~ 2 FHEMPEOMEEICE B EZ 52 20058 5 0 Mt Z2iT 5 72912, TZUMEIT- 7=

MC3T3-E1 i ofiifatiZz 2 M £ T8I L7z, ZORE. 14 A B OAR45{k MC3T3-E1 #ifa

IZBWT, TZ01, TZ1BIOTZI0H Ty he— 8L el U CARICMBaE o hn 23/

waile (Fig. 2-3A), %72 14 H H D43 La%HE MC3T3-EL Aifldic s T h, TZ10 #E23 = b

1 —/LRE L i U O B e Bdg i st S vz (Fig.2-3B), 7 —ZIZITiR LT

B Ko, SEFEEO EL LIZBWTHEE 2 H B D TZ BEOAMBAKIE N2 HERE S iz,

A1 PRAL R At R

FEEMIL OGRS T2 TZ OB E R 57202, TZAH % 1T~ 7- MC3T3-E1 #ila %

HREEE L%, AIRIEEOEERILEITo T2, TOME, Rk MC3T3-E1 Mild Cix TZ 4L

HEAT ST E2TORER 3 b — UL i U THPAEEN A ZISEIL Tz (Fig. 2-4

A —J7. HEFHEE MC3T3-EL MM TIZITZI B IO TZ10 IR W Ty b — LR L i

L CHEIZAKRILENEA LTz (Fig. 2-4 B).

ALP JIE 7B
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TZ 3~ 7 A FIFEHAOTEMEALIC L THEE 52 5208 ) MF+ 572912, MC3T3-EL M

iz 2 @M ETEEL, BHEMROYH~—I—TH D ALP DRIEEITo72. T OFER, R4

1, MC3T3-E1 il TIE TZ LA 4T o 722 CORETALP Ay b — LE L il U CH B IS

HPLTND Z R Sz (Fig. 2-5A), [RIERICHEFEE MC3T3-EL fifldicdisnTd, 22T

DTZEETALP Ay e — L& i L CHREIZHED LT (Fig.2-5B), b2, K%

(AR TZ0 B & i U CTOb BB e TZ0 BETIX ALP 28 4 fZIE EHIN L Tz, TZ #N

BEZBWTHMEFHENIRC X 0 IZITRIZE D ALP OB fER X -4, TZ I30{bLFEE 20

HLOILEBEEZ TWRNWEEZONT, 72, T—XIZIIRLTWARWD, ZORRIIRSS

LB LOHMEFEDOELLDORETE, 2 HENSREROMEBGE LT,

~ 7 A IFEHIE D RANKL (2 K A HCE RO /MEHE Bk 5 TZ OB st 57

®. RAW264.7 AlifRIZ TZ LB A2 1T\ 7 HEES SR L7k, TRAP eta %2 1To7, T —XIZITm L

TWRWA, IHMEFEETH I TZ B 21T - 725 RE TOREZEB W T TRAP B ia L3R

DHNT, TZ BRI MM EFFERNS RN 2 LR I N, SV Tk Ex T o7

RAW264.7 #ifid TIZ4TORET TRAP BtEfila i S iz, €0 Th, TZ001 FETIE =

hr—L & il U TR EIC TRAP (PRI AN L Tz (Fig. 2-6),
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EEM Y 7L Z A I PCR

BHFMAOA RIS TR BN T D TZORBEERET 5720, Rkl LO9L#H

MC3T3-E1 il 2 #[H £ Ths#& (1. 2, 3, 7. 14 H) L. Runx2, OCN, OPN, ALP, K&

O RANKL D FEBLE & fi~7z,

TZ ALERRED Runx2 1%, Kot MC3T3-E1 e e&To BEIZB W T2y b e —/iE L g

L CHERATRBD N> (Fig. 2-7TA), F£7o, /{biFE MC3T3-EL MificBAL TH A

BERZERO o ho7 (Fig. 2-7B).

ALP [ER%53{k MC3T3-E1 flla D& THO BB W T, TZAHHEE o fo—1E ORICEE

RENRO bR o72 (Fig. 2-8A), —77, 4rbiFE MC3T3-ELMldTlZ 2 HADAETD TZ

BECaY bu—AREL il L CH BRI SR b, 3 HAICRW TS, TZ00L #fAsay

kv — b L RTHBE R DR S vz (Fig. 2-8B),

OCN 1Z#43{t MC3T3-E1 #ilt DT O BEIZB W T TZ BT = b — LREEE ik L T

2T bl (Fig. 2-9A) . —F . Z0{bFHE MC3T3-EL Mifldicds T 2 H H £ TIEA

BEREITIRD NN, SHARRBWTETO TZHE N ha— UL L THEIC

LTz (Fig.2-9B), 7 HHIZARARZETRD LN -7, 14 HRIZBWTHET

DTZRETaY br— BRI L CHE 2D 23R ST,

OPN 1431k MC3T3-EL Ml DETH HEIZB W T, TZUHEFEE = be—L Lt OBICE
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ERETRO LN oT2 (Fig. 2-10A), —F. /{biFE MC3T3-ELMilu Tl 7 HE X THE
RATRBO LN o7, 14 BRIZEWT, B TOTZHTaY br—/L e iR L THEIS
B/ L= (Fig. 2-10 B),

RANKL (2B L Tix, #4{t MC3T3-EL flfiid2 T HEICB W Tlfs TR EN D722 <
M3sZ enTERPoTZ, —F, HLFHE MC3T3-EL M@ CIL7 HEECIXA2TOHTAHE
RATBD LIRS0, 14 HAIZIFZETO TZHTa Yy be—/b & g U CHERBD 2

oo (Fig. 2-11),
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¢
B

FBIETTZN OVX w7 R L CEEBEBADMEER 2 -2 LRIz, TOHFTH

TZ IXEFMIICRTT A EENBNZ ERTPHREIN-0, F2ETIL. £9°. MC3T3-E1 /iy

DO OB ELETERRE X D TZ DRBIZ OV TR 21T o 72,

T, TZ B IFEMAOSEEEICEEST A0 E ) A RET 57-®, MC3T3-EL Ml iIHsy

b, HMEFBESRETZ LD 25O 7 NV—7"THRE Lz, £9. TZ 25 MC3T3-E1 fifld oifazic

EBEE Z A0REI LT 2 A, RO X OHEFHE MCIT3-EL MR E b iz VT TZ

WMEZ K> CTHERBRBEMEZ R L, ZHULERE TZ 2B\ THER SN (Fig. 2-4), ‘BIEHKHE

Zond PTH AN E F MO AFIM 2 R S8 5 2 & TRFMIOBEE 275 b+ 5 2 & n

WEINTWD 2 BEOWETIL, invitro DEBRIZEBWVWT NZ @ ICs=3.8mM & FEFITE

FEZ2RLTEY, NZIZEEMNMEVWLDEEZ LN TWNWA B F72 NZIFATE U F v 7

(Zoanthus. sp) OEJBIZHFAEL TE D, LI D OREIER ZR>Z L RHEINLTND T2

O, AHEREH L LTIMaREIER 2R Z L PRI TWD %, SRIOF R HIX

TZ 75 NZ L RIS REEM 2R UL B 3iia o AR 2 R+ 2 2 & T/ 3l oz 1

INE 5 ATREMENE 2 BTz,

WIZ MC3T3-EL Az L A ATRILICES LT TZ DT A 0 St 21T o 72, FOFEE. K4

{b. MC3T3-E1 #ifid TI& TZ DR LI AL A EIHM L Tz (Fig. 2-6A), 2L

ZIZE DM K> THIKEEBEMLIZ DO TH D EEX BN, LarL, bk
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MC3T3-E1 Ml CIZ BRI N A S, TZ1B XN TZ10HETiday b —/LiE

CHE L CHEBERAIRILEDHEAD R LT (Fig.2-5B) ZOJFINE LTiX TZ 25 MC3T3-E1 #

MDA KA 2 EAEIEIT 5 . H AV TZ 23 MC3T3-EL O bEFE A MBI L TnWb 2 sick -

JRAEDIHI SN D ZENBERX b, £2 T, TZ OFFMIROTEME LU bIcd 3 5%

BERErT 5720, BHEMBOMY S {b~—F—Thd ALP DRIEZIToT-, TOFE. £y

{t: MC3T3-EL ML TIX TZ IC L » T ALP WA BT 5 Z L iR - (Fig. 2-6 A), %

{LFHE MC3T3-EL MW T H RIBRIC TZ BEN 22 b — LEEIC R THEEIC ALP 2384 L

TWw/z (Fig.2-6 B), LLEDOFRERN S TZ IZHIFMIAOIEIEZ IS5 Z LR Sz, &

7o, TZIZ X > TALP IZED LTV 2ds, K43k MC3T3-EL #lifa & tb~ 2% & Z3{bifiE MC3T3-

E1 /D ALP X5 (EREOREEEZ /R L TRY, TZIZ/HELFEZOLDITITRE R EL 5 2

TWARWNWZ ERRB I, ALP IZEHFEMEOSMEIc LY FR L, BIEMEEoREcOn

IRALZRET AHEZ RS- L TNAEEDNTWA Y, ZD7-H, #43k MC3T3-EL Mz

% TZ A K 5 A KA RO, TZ 12 & 2 MR8 o 5285 ALP 1M D4 o 5 8

ZERlo72Z LIk D B 6NDN, 3 EihE MC3T3-EL Ml TIIAMISE ORI D R *f

L T ALP{EEARE <l Shizlzed, AL Ifl Shizb o B2 b6T,

WIZ, MC3T3-E1 Ml DB EABEDMIHNC X T2 AR D MEt 21T 9 7202, EEHN U 7LH

A 5 PCR ZAT o7, "BIHHIOSLICE TS Runx2 I2B W T, 2 TORBICBWTTZHE o

VR — LORIZHERZITRBO e o7 (Fig. 2-7), Runx2 [ZE FMifdD~ A ¥ —izE
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WHTH D25, BRI U T iedE i LCTE . sl Lo g 3 iigic s vy

TN I O T ENB < T ENHMBENTND B, ZDOFT —Z b, TZ X7 {bikE ORI

[ZBWT Runx2 (25288 4 5 247, MC3T3-ELMlad sy 7 /mickt L CldsgE e G- 2 /v 2

EDVRME S T,

B MM OEMIZES T 5 ALP, OPN 38 XX OCN IZ2BWTlE, R4k MC3T3-EL iz

TTZEIATOHK T hr—L & il LTSRS 380 Lo (Fig 2-8A, 9

A, 10A), ZDOZ 06, TZIERSE MC3T3-EL Ml OB OIEPEIC 5 2 BT & A

HELLWZ EREBZ LN, —F. 2b#FE MC3T3-E1 fifld i, ALP iZ##id 2, 3 H

HTTZHEOAEZZRMENRD b7z (Fig.2-8B), F£7-. OCN, OPN (X ALP & IZHE722 0 | B

BHEYO3IND 14 BIZBWTREEOH BRI TIRRO b7 (Fig. 2-9B, 10B), ALP Xl

WO Xz, BFEMIRGIEOPHN G L BE L TEOAKILZRET S, OCN I KT OPN

(TE LD PN DRI T TE K FEERT S 90, ko Lind, TZI30{EFHE

MC3T3-E1 Hifa D3 LaEE B T2 S THEMAL T 5 K F OB 2§25 Z L AVRR S h

77 F72. OPN / w7 7T FNEIICB W TREAHZ 2952 &0, e g ~nEEIC

X, OPN & A T 7V VORENUHATHDH NI ZERMESNLTND L, ZhbDiE s

ARIOFERN D, TZ ZRCE MO F BRI 2495 aTeerEn B 2 bivle, LinLens b, AbF

FETIRW T, BB MO ERINGEICET 5 TZ ORBIIHMFT L T T, SHBOBETH D

EEZ LN,
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RANKL (3B 2l L OVEMIEICEB W TREL, DI NHERTFTHY . M-CSFIZ L > TH

BLL7Z RANK L5675 Z & CTHegfiao s b 2 EdEd 5 828, 22 ¢, FFMahkTh s

RANKL IZ%I4 2% TZ O 2 E LT-. RAW264.7 #ifaz RANKL 12 X » TH{bFiE 4+ B ERIC

TZHWMLIZEZ A, TZ001 BB W T DA b —/L & il L CHEIZ TRAP G

BN L T (Fig. 2-6), 2D Z &1L TZ 28 RANKL %4 L7t B e o b 2252 =

CLERRLTEY ., TZ M E IAaTEMIN O RANK 3884 5 5/ ReMENE 2 bz, —F.

S bEEE MC3T3-E1 MIIRIZ R 1T 5 RANKL 5 F ORI EITEEZ I W CE Il ST

V7= (Fig. 2-11) RANKL ORBLARET 2K F & LIRS A P h A > Th D IL-1 % IL-

6 NMEZNTIHY % IL-6 BLOZED LT ¥ —IXFHHFMILICAHFET D Z L0 R ST

DB FEE NZIZIL-6 292 Z ENRIBINTEY 2, 5EO TZIZXL 5D RANKL EHROK

TIZIL-6 N L TCWADAREMEREZZ b=, L LR LA EORE TIX. TZ X RANKL IZ

X ATRE AR DS VAR & B MR D RANKL 38EH & — B LR ITE LN o -

2, ABRBEMIEE TZ OBEIZOWT, KV FMRBFALETHD EEX BN,

LIEDZ &G TZI3E MR OE OB ILETERRE IS L TBae 52 5 Z LR S

Nz, Fiz. TZ IXEFMILE kOB MIBIEMELRF TH 5 RANKL <° OPN ##iil425 = &

DR LTCEY ., BFEMREN L CEMIEZmE+2 2 n8E20Nz, LrLEnb, 4

FIORRE TIX, TZ OF &R IHEI R OEMESF & U TH O BRIEETZ R 2 50 < SR 206 R

RS NIR o Te, ERNTIIE ML & BeE e 2 A7 U2 BREE TR & TER 21T > Tk
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D AT OEEICHEINOAIIE TIZEE LTV, FO7=0 . BEML L i ino hzs 4

ET ORI OEERISETERRIC KT 25 TZ OREN XV FMICH L NI R D L EZ BT,
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MC3T3-E1 cell

differentiation GZ 0 uM\
(+) or (-) 0.1 uM
S 0.01 uM
I uM
10 uwM

24 hr TZ

Incubate (37°C,5 % COZ)

Fig. 2-1 MC3T3-E1 il ja %25
MC3T3-E1 Mifi% 37°C. 5% CO, THEML L. 24 RFffI#& |28 L7ohk T2 T
RBLTD TZ 2N LT, MEEFE AT O BRI L7 X a1 e U fg
BOug/ml) BLXOSEMMBZ Ut UEREZMAT-bOEMEH Lz, L5t
DORHT 3 HIEIZRZH L, £ DI TZ ZHERM LT,
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RAW 264.7 cell RANKL ?
M-CSF RANK

® "~ @ ®n W

TZ
0.1 uM
24 hr M-CSF (10ng/ml)  RANKL (10 ng/ml) 0.01 uM
Incubate (37°C.5% CO.) 1 wM

10 pM J

Fig. 2-2 RAW264.7 fllf s 2%

RAW264.7 #ificiX 37°C. 5% CO, THE L. 24 FpfRICHE LIk T & i
ABLTHhHD
TZ 23 U7z, o bakEi s hic M-CSF (10 ng/ml) . RANKL (10 ng/ml)

EMzi-bD%
EH L7z, BEHOAZHIL 3 HIRICAZHAL ., ZDOEIZTZ #HERM L,
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Gene Forward primer Reverse primer

Product

5-3) (3-5) size (bp)
Runx2 ~ GCCGGGAATGATGAGAACTA  GGACCGTCCACTGTCACTTT 200
OCN AAGCAGGAGGGCAATAAGGT TTTGTAGGCGGTCTTCAAGC 156
OPN CGATGATGATGACGATGGAG  TGGCATCAGGATACTGTTCATC 241
RANKL CCTGAGGCCCAGCCATTT CTTGGCCCAGCCTCGAT 108
GAPDH ACCACAGTCCATGCCATCAC  TCCACCACCCTGTTGCTGTA 423

Table4 U7 VXA LPCRIZHWEZT T4 ~—
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Step temperature  Time (sec)

Initial denaturation 95.0 C 600

PCR denaturation 95.0 C 15
annealing 58.7C 30
elongation 720 °C 60

Table5 U 7 /L% A 2 PCR DY A 7 LA
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Fig. 2-3 Cell proliferation test of undifferentiated osteoblastic and differentiated
osteoblastic MC3T3-EL1 cells. Osteoblastic differentiation was induced by
culturing in medium containing 50 pg/ml ascorbic acid and 10 nM B-glycerol
phosphate. MC3T3-E1 cells were treated with TZ (0, 0.01, 0.1, 1, 10 uM) for 14
days. Data are expressed as mean + S.E.M.. (undifferentiated group n = 10,
differentiated group = 10). * P < 0.05 compared with TZ 0.
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Fig. 2-4 Calcification test of undifferentiated osteoblastic and differentiated

TZ0 TZ TZ01 TZ1 TZ10

osteoblastic MC3T3-E1 cells. Osteoblastic differentiation was induced by culturing

in medium containing 50 ug/ml ascorbic acid and 10 nM B-glycerol phosphate.
MC3T3-El cells were treated with TZ (0, 0.01, 0.1, 1, 10 uM) for 14 days. Data

are expressed as mean + S.E.M.. (undifferentiated group n =5, differentiated group

=12). * P < 0.05 compared with TZ 0.
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mmol / L
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undifferentiated-osteoblast 0.05 differentiated-osteoblast
- N 0.04 + M *
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- 5 003 r sl
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- € 002 +
- ¥ * * * 0.01
TZz0 Tz TZ01 TZ1 TZ10 TZz0 TZ TZ0.1 TZ1 TZ10
0.01 0.01

Fig. 2-5Alkaline phosphatase (ALP) activity test of undifferentiated osteoblastic and
differentiated osteoblastic MC3T3-E1 cells. Osteoblastic differentiation was induced by
culturing in medium containing 50 pug/ml ascorbic acid and 10 nM B-glycerol
phosphate. MC3T3-E1 cells were treated with TZ (0, 0.01, 0.1, 1, 10 uM) for 14 days.
Data are expressed as mean + S.E.M. (n = 10). * P < 0.05 compared with TZ 0.
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TRAP positive cells number / well

400

differentiated-osteoclast

300
200 F
100

& . o

N\ 77 o

0 : AR

TZ0 TZ0.01 TZ0.1 TZ1 TZ10

Fig. 2-6 TRAP positive cells number of differentiated osteoclastic RAW264.7 cells.
Osteoblastic differentiation was induced by culturing in medium containing 10 ng/ml
mouse RANKL and 10 ng/ml mouse M-CSF. RAW 264.7 cells were treated with TZ
(0,0.01, 0.1, 1, 10 uM) for 7 days. Data are expressed as mean = S.E.M. (n = 10).

* P < 0.05 compared with TZ 0.
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Fig. 2-7 Effect of TZ on Runx2 expression in undifferentiated and differentiated
MC3T3-E1 cells. Osteoblastic differentiation was induced by culturing in medium
containing 50 pg/ml ascorbic acid and 10 nM B-glycerol phosphate. MC3T3-E1 cells
were treated with TZ (0, 0.01, 0.1, 1, 10 uM) for 14 days. Values were normalized to
expression of GAPDH and expressed relative to data from TZ 0 Data are expressed
as mean = S.E.M..(n = 3). * P < 0.05 compared with TZ 0.
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Fig. 2-8 Effect of TZ on ALP expression in undifferentiated and differentiated
MC3T3-EL1 cells. Osteoblastic differentiation was induced by culturing in medium
containing 50 pg/ml ascorbic acid and 10 nM B-glycerol phosphate. MC3T3-E1 cells
were treated with TZ (0, 0.01, 0.1, 1, 10 uM) for 14 days. Values were normalized to
expression of GAPDH and expressed relative to data from TZ 0 Data are expressed

as mean = S.E.M..(n = 3). * P <0.05 compared with TZ 0.
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Fig. 2-9 Effect of TZ on OCN expression in undifferentiated and differentiated
MC3T3-E1 cells. Osteoblastic differentiation was induced by culturing in medium
containing 50 pg/ml ascorbic acid and 10 nM B-glycerol phosphate. MC3T3-E1
cells were treated with TZ (0, 0.01, 0.1, 1, 10 uM) for 14 days. Values were
normalized to expression of GAPDH and expressed relative to data from TZ 0 Data
are expressed as mean £ S.E.M..(n = 3). * P < 0.05 compared with TZ 0.
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Fig. 2-10 Effect of TZ on OPN expression in undifferentiated and differentiated
MC3T3-EL1 cells. Osteoblastic differentiation was induced by culturing in medium
containing 50 pg/ml ascorbic acid and 10 nM B-glycerol phosphate. MC3T3-EL1 cells
were treated with TZ (0, 0.01, 0.1, 1, 10 uM) for 14 days. Values were normalized to
expression of GAPDH and expressed relative to data from TZ 0 Data are expressed
as mean = S.E.M..(n = 3). * P <0.05 compared with TZ 0.
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Fig. 2-11 Effect of TZ on RANKL expression in undifferentiated and differentiated
MC3T3-E1 cells. Osteoblastic differentiation was induced by culturing in medium
containing 50 pg/ml ascorbic acid and 10 nM B-glycerol phosphate. MC3T3-EL1 cells
were treated with TZ (0, 0.01, 0.1, 1, 10 uM) for 14 days. Values were normalized to
expression of GAPDH and expressed relative to data from TZ 0 Data are expressed as
mean + S.E.M..(n = 3). * P < 0.05 compared with TZ 0.
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il

2 F T, TZ OF ERAIHIERILE 05 O BEEILEIERELRET L Z L2k b L

&

BE L CEREZITo T2, ZORE, TZITEFMdzEIr Lo g OBEEIEERRRICwET 22 L

IMHERR S VT2, TZ OB BB BIHIRIR 258 < ST 5 b O Tl EHER S iz,

HHRREITEREDOK IS B Y A7 B EINT WL ER SN TEY . TOEMREIT

BEEICLDBDOELEZLNTE T, LOLARNL, IEFICBWTEFREIZKIT 555

N

DEERIZTTI%NTHY . 750D 0%IEFEICL->THERELEEZLNTVS B, FHITEHFD

oA, AR, BOE T OB R EOFRREICEI > TETHEEALNTVD,

o, BEZRETLOIHTL LT, BAHOMRGEETH L LEZLNTEY, TOHhTaT

— S ANIBFICEERINTWD T, a5 —F U TEERED 20%% . 7O 50%% 5D T

Do AT =330 b 40 AR A E— 7 IR T 5 Z EAME SN TR, £24

EEER 2 & T FRIOBGHEN AT 5L BN TND 8, a7 —7 0 ORRUEEIZE

T, PR 222U & FRABIN 22 085 O 2 T B G-+ 5, ARBEA 2R ZRAEAE 1 (2B LTI

lysyl oxidase (LOX) <° lysyl hydroxylase (LH) 7%= Z—7%7 v OFER&ZEMIZBNT, 27 —4

VORBEB RIS E S EEZ BN TWS (Fig. 3-1) 6768 F7- FEAEBNZRZEIZE LT

IR B L PEY)  (advanced glycation end products, AGES) DHANNC & » TIEAFRY 2 20 kEHE &

DEIMT2LEZ LN TS 8, FEEE, 2 BB RFBESTICEW T, BEENEETHDITH

PO L TEHY A7 BRHRT 2H89 fh AGE 88T 5 Z &b 2T —7 L OIFA SR
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BWOWMP RSN TNWD 0 £72, NZIZ=a 7757 —RBIokda7—r o afembl+s 2 &

PRIEENTEY, TZIZEL THREBEORIEZEFF SR REM N R STV 5 2632

Z T, AWETIE, BOAKEE THL 27 =7 VM= 7 —7 B HIEICHT 5 TZ

DR BT LT

st~ NV v 7 2a5—~F U BEREEICE LT, TZ Z/EH &4 72 MC3T3-E1 fifalz 3317

LSt~ Y v 2 a5 —F o BEOEERLE collAl OB FERBEOERILEITT-T-, £7-.

O T OEERE BT AmEHCEE L Tk, TZ 2/Ef 872 MC3T3-E1 Mz v\,

LOX, LH2 3 KO LH3 Oiifa B DO EEIIC L D2BFT 21T 72,
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Mk 51k

HHS BRI~ R Y v 2 255 — S ATH B TZ ORI BIT 5 iRt

1. Truncated-Norzoanthamine

FBR1-1, LLRUbDEMMLE,

2. H AR

FBR 2, 2 LRBRDOFIATIT o7,

3. BHEORIE

EEr 2, 3ELEIUCHEEZHRTE L

4 MRS~ B Y o AT — 5 RS

FEER 1T 13 Sircol™ Soluble Collagen Assay  (biocolor life science assay, antrium, UK) % L 7=,

£, MC3T3-EL #ifu% 5x10° cells/well T 96 7 = /LICHEFE L, 14 HIHEE L1z, 8K T

B, KU NBERIKEEZBREL, PBS (—) Twash # 3[E{T-7-, PBS (—) Z[&EH. &

7z JWZANT T 0.1 mgiml E A D 0.5 N EEEE % 400 pl/well iz T 4°CILZ T 24 R§f# over night 3~

L2 LTSN~ MY v Rad = raiitti Lz, & U 2 VOREZ 1.5 ml F 2 — 7 ~[EIY
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L. Acid Neutralising Reafent - 100 pl 92/l x. THAEEFN L 7=, ¥KIZ Isolation & Concentration
Reagent % 200 pl >0 % THOHEEIET L7z, 45 1.5 ml F = — 7 %K LT 24 [K§f#] over night
L7, T =2—7% 120009, =ik, 10 /3 OFEM: T mBEZ TV, @K TH%IC B2k
F LT, LiEMRE%E, %5 = — 7~ Sircol dye Reagent % 1 ml o/l x, 10 43 HEaBIREFn %
TV DERIR T 30 43 filEfE L7z, WKRIC 12000 g, =R, 10 /MO T Lo & 1T - 72, =
D, KT 2—7 0 EiEERE L, K L7 Acid-Salt Wash Reagent % 750 pl 9°-2/1 2., 12000
g. =i, 10 HRIOSMETEOSEE LT, RIEA5E2ICkRE L, Alkali Reagent 4 250 pl 4724
Fa—T~SIZTERPMH SN E MR Lz, REICET 2—7026 200yl 496 7
=NV T L= gL, v 7L — ) —F—T490nm OEEZRE L, REHRITT > b

AT=F DAY E— RO TER L7,

5. RNA filitt

FBR 2, 8 LIRBRDFIATIT o7z,

6. cDNA {E#

FhR 2, 9 LRBRDFIETIT o7,

7. 77 A ~—{Ef
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Table 5 {27~ L 7= collAl, Lysyl oxidase (LOX). Lysyl hydroxylase 2 (LH2) 35X 8 Lysyl

hydroxylase 3 (LH3) @ primer i % O 2 52 UCakEH L7z 77, KFT T A ~ — 135k a1

\Z7'F YT b PCR Z{TVWPCR EM N TE -2 L 2R LI2BIZ, BIRD Y 74 A A PCR

W,

8 U7 /¥ A LPCR

LB 2, 11 EREEROFIETIT - 7=,

BREMOHENT Y 7 b =7 JMP12 (SAS Institute Japan, 3 5T) % fV>, Dunnett # & CHEMNT

AT ol TRTOMEEITICIB N THEKAEP<0.05 & L7z, HERIT AWM EEHERGE TR

~ LT,
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UEES

KB 3 CEIFMaE RS~ B Y v 7 AT =T D TZ ORRITET D fEt

Mgk~ b Y w7 235 =5 g B

TZ B O T HHs~ b v 7 A a T =7 b2 5B AT 5712012

TZ ALEE L7- MC3T3-E1 flifu% 2 HEREE L2k, 27— OEREITH-T-, TOME, K

45k MC3T3-E1 fllllic W C TZ01, TZ1BLRTZ1I0MN o b — AL B L THEIC

st~ bY v 7 2aZ—=F U ENEINL Tz, 512, 43{b#FiE MC3T3-EL fill Tix& <

DO TZHETHS~ R vy 7 2a 7= EREMLTEY, £OHRTH T20.01, TZ01H X

O TZL1EET =Y b — L _THEIZHEML T (Fig. 3-2),

E'MY T VH A L PCR

TZ EIFMIERD 2T — 7 U RBUCHE L G A 50 E 5 1 ERET 2720, collAl Dl

GFRBEEZHRI LT, ZO/RE,. KRobB LI O0SEFHE MC3T3-ELilan &b 5128\ Th

szfiﬁ j::[/]\lj»—/l/kjjti)([/fﬁﬁfoﬁ?g iwu&)%ﬂfcﬁi’)of: (Flg 3'3)0

BT, TZREIFMRERT T — 7 OBEHESEIC G 2 DB 2R T 5720, TZ 0L

72 MC3T3-E1 Mifd® LOX, LH2, LH3 OEEFHIEEZHRT Lz, M. Z OEBRTITMEs~
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NY w7 22T —47 U BENRBEEICHIN L T2 bikE MC3T3-EL Ml CTO A ERE1T - 7=,
LOX X, 2 HHETIHXETORTa Yy b —LE L i L CETRO N>, 3HH
TIETZOOL B = b — VL R L CHEREMZ R L7z, 7 HRIZBWTIZTZ0.01 B
FOTZOI BN ay br— A Ll L CHERMMAZ R LTz, EHIZ, M4 HEIZBNTH TZ

0.01 BEIZAEREMZ R~ L7 (Fig. 3-4),

LH2 121 HH CIX TZ001 BTy b — L Ll L CHERBEMARD bz, 2 HEX
ETOTZHTa L ba— L EEFRO LN 7228, 3 HETIETZ0L F#ENAEICHEML
T\, THHTIX, TZ001, TZO1BIUNTZI0MEA 2 b —L L g L CHEREN %
~ L7z (Fig. 3-5),

LH3 X “HA X TIX, 2@ COTZAMEETaYy ha— L EFEREIROLNRN-T2, 3
HECRETOTZHERa Y b — LB L CHEREME R Lz, £ 7HAIRBVNTYH

TZ1IBLOTZI0H a2 ba—/L B L CAEREMNEZR LT (Fig. 3-6),
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AT =T ATEOEENR S OFT TR L OEIEEEDTEY . £OHTHEFMH kD

SONT oS —F o Thh, BRNOaT—F 7o as—4F0 L L TBEMRBTER SN

2RI, BRICEDEMzZ T TIMaT = Ld, BERIZBWTL, BRELT TIE

B, Zoag—rURBEETAEE LREOHEFICRB W TEERFEEEZ R LTV,

F2 BT, HEFMILOEMAE IR 2 et T 5 Z & TZ O L2AEER TH 5 arRErEI XX

W ERBZONTTZD, TZHREBORBEE TCHL a7 —7 T o B e Mt Lz,

FFPIOIC, TZ Z{EH &8 72 MC3T3-E1 fifaofifast~ b w7 2a5—~F B2 E L

7mo TORER. RSEMCITI-ELMTIZITZHOa S —FrE&Nay ha—L gL TH

BT L e (Fig.3-2A) TZIEINZ LRIERICa T —7 > O0fREMElT25 Z ERmEICH

HESNTEY, SEOMERNG S TZIZXLD a7 =7 o oRmtiER A BMR S 2, 4

{758 MC3T3-E1L #lin Tix, MEFEOREBTREERL LTCaTd—F U ERRmMboFn &b~

TRELHEIML TV, ZOHTYH, TZEIZa s re— Bl L TEERaS—4F 80

HMARD Tz, £z, bFFE MC3TI-EL Milnd TZ BT 527 —7 o &fno#ls

. RIMEMCITI-EL Hifd D TZHECTHO =2 77— U EHMOEIG LD @< 2o TV,

Z D=, 73{bikE MC3T3-E1 Mifldi2 W\ T, TZ 1327 —7 il E R LAMC S 1EH &2

FFolEZExbhiz, TOERE LT, TZILL->Ta g —r v oRBAEOHEMN, HDH WL TZ
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DIEFBREE A RICE G L TWADOTIERWNEER -, 22T, YT ILZALPCRT

col1ALl DIBFE TR BEDORHF 21T - 1,

collAl DELEFRIFAEDTE R EITo72 & 2 A, R4 MC3T3-EL Ml B W TIET_TD

AECTZHEIZ = br— L X THEREITRO b o7z (Fig. 3-3A), fitl\ T, 47

{LFHE MC3T3-EL Ml T collAL 2372 2 A, ZHEHLICBWTHLETOHKTTZ T2

Fa— B AERAETIRD N o7 (Fig.3-3B), ZOfEENDL. TZ I3 bLEERT. &

LFEZDOELLICBWTHL T —F U ORBFAEIITRE L2V RSN, KNI aT—

T D RIEIERIC L RN ERTHD LB DT, RWT, TZ I3 LahiEs

MC3T3-E1 MiliCB W TARM =2 7 — 7 VAR ET A AEtE 2 EE L. LOX, LH2 B LW

LH3 0BG R EEZ KT Lz, 78, Rk MC3T3-EL MBS L CiE, ZUEMs&EICEE 9 5

HENNSWEFBZ NI, 536 S MC3T3-EL MIEIZBRE L THRBREZTT -7,

F9. LOX DELFEREZTCELIZEZA, 3EALD 14 BAE TTZHIZBWT LOX

OB THRBEENAEICHEIML TWD Z LR Sz (Fig. 3-4), LOX IZEHENIZa T —7

VBB RAIE L, £ FiQ. 3 LIRTEOIIC, aT—F O NEKEE CARIGIIH L CHALEE

BENHEHEM 21T D 2 LOX ZHET 52 & T, 27 —5 » OUGHE X v, BB

WCRERELBZIERFEINTNAE B, 2025, TZIZL Y LOX ORBENEEINT 5

e TaT—rUENEINT A Z ENREENT, KRICLH2 ORBEICE L TCEREL Lz Z

A, 1 HHOEBGEANS TZRETOARRENAALN, 3HEHE 7HHIZBWTHLAEE B
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g bivlz (Fig. 3-5), LH2 & LOX [RIARIC TZ IZ K2 RELEDH MR A b=y, LOX X

Db XY REN LB T REEOEMNNFED bz, LOXIZa2T7—7 0O N KB LU C R

IC BN TH, LH2 ICX W EEMi Sz Hyl 28+ 2 (Fig.3-1), ZDOZENBTZIZED

LH2 OB 5 OB FIHEEOE M, BN LOX BHEORIIE G L Z L& 2

LNz, S5, LH3IWCKBWTH 3 HE L 7THHIZBWTHERERREDOHEMNNED b,

LH3 X LOX 0 LH2 L3 EA . a5 —4 O helix S Ta 7 — 4 MEARICEEE LT\ 5 72,

LH3 O3B &2 1] L 72 MC3T3-EL MifElZ B W TIFZAE OGS IIfl S b & & HiT, LOX D

TERDBHIFI SN D Z EDRIBENTWS 274 ZDZ b, RFFEIZBWT TZIZ X% LH3

DOBETREEOHEMT., =27 — 4V EBREOHEMB IR LOX OIEHAZRESE S 2 L3R

%Xz,

LEDZ &b AFRICEWT, TZIXEFMEoMiast~ N v 7 2ao—F v 24

SEBZENRENT, T, ROMEBIFEMIICEB NI TZIZ L 5 27— 7 0 fRimtiliE

AlickaZ Enmm@eani, £, HMEBEEZROBIFMIAICB VT, TZDa T —5 5 fm

FIER7ZT Tide<, a7 =7 QARG BID 2 B35 OF TR 2B L 5 B R

STz, TZIFVERDFHBRIEIANR & < B2 DAEMBFF 2 R oW BIEHREE L gk 15 2 " RefEns

MRSz, LnLeiib, FERO =7 —7 U RUEOMAR R MEM, £lead—rroR

A RBOEIE 72 EREHIC SOV T, ARIOMIETITMEFT TS TWHR, TZH, H=2 7 —

PR RIS T B A D = XA EH ST B0, b ORICHET S S bR DR
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N-tero helix C-tero

LH2 | — Free-Hyl 1 LH2 | —
v ! Hy| v
Hyl G-Hyl Hyl
LOX |—» J‘_ LH3 LOX |——p
v GG-Hyl !
HyIaIOI Hy|a'd

O
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® — oo

Q
N
=)
AR

Fig. 3-1 MC3T3-EL M i EE BT % 2 7 — 7 LV BREERRIZ B 3 2 BHER % (& Al

LOX. LH2 I XU LH3 DAL I 22 E A 2 A TR L7z, LOX B L NLH2 (TR LT
N KL CARIBDOOMS (N KD al-9 & 025, C KD al-16) @ Hyl™ 1=, LH3 I3 helix
O @RSy (helix #3&E D al, 02-87 & al, a2-174 & a2-219) @ GG-Hyl TH 5,

ik kv gz ™)
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Gene Forward primer Reverse primer
(5-3) (3-5)

Product
size (bp)

col1Al CCCCAACCCTGGAAACAGAC GGTCACGTTCAGTTGGTCAAAGG

LOX TTCAGCCACTATGACCTGCTG AGTCTGATTCAGGCACCAGG

LH2 GAGGGAAGCTTTTAACATCAC GGGGTTGGTTGTTCAATAA

LH3 TGTCCCCAATGGCTGGACTC CCAGGCTAAAGTAGAACTCACA

155

271

315

371

Table6 U 7% A ALAPCRIZHWET 7 A ~—
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Fig. 3-2 Extracellular collagen in undifferentiated and differentiated MC3T3-E1 cells.
Osteoblastic differentiation was induced by culturing in medium containing 50 pg/ml
ascorbic acid and 10 nM B-glycerol phosphate. MC3T3-E1 cells were treated with TZ (0,
0.01, 0.1, 1, 10 uM) for 14 days. Data are expressed as mean £ S.E.M..(n = 10). * P < 0.05
compared with TZ 0.

88



>

- T undifferentiated-osteoblast @TZ0.01
26 r ETZ0.1
(7]
S| BTZ1
% BTZ 10
® 4 r
=
23 r
IZ
— 2 r
<. L
o LE dede [INAN L :
1 day 2 day 3 day 7day 14 day
B
[ i mTZ0.01
_é 6 differentiated-osteoblast STZ01
& 5 L BTZ1
Q.
x BTZ 10
(<) 4 r 1
=
83 r
et
— 2
S
%o L K B
1 day 2 day 3 day 7day 14 day

Fig. 3-3 Effect of TZ on col1A1 expression in undifferentiated and differentiated
MC3T3-EL1 cells. Osteoblastic differentiation was induced by culturing in medium
containing 50 pg/ml ascorbic acid and 10 nM B-glycerol phosphate. MC3T3-E1
cells were treated with TZ (0, 0.01, 0.1, 1, 10 uM) for 14 days. Values were
normalized to expression of GAPDH and expressed relative to data from TZ 0 Data
are expressed as mean £ S.E.M..(n = 3). * P < 0.05 compared with TZ 0.
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Fig. 3-4 Effect of TZ on LOX expression in differentiated MC3T3-E1 cells. Osteoblastic
differentiation was induced by culturing in medium containing 50 pg/ml ascorbic acid
and 10 nM B-glycerol phosphate. MC3T3-E1 cells were treated with TZ (0, 0.01, 0.1, 1,
10 uM) for 14 days. Values were normalized to expression of GAPDH and expressed
relative to data from TZ 0 Data are expressed as mean + S.E.M..(n = 3). * P <0.05
compared with TZ 0.
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Fig. 3-5 Effect of TZ on LH2 expression in differentiated MC3T3-E1 cells. Osteoblastic
differentiation was induced by culturing in medium containing 50 pg/ml ascorbic acid
and 10 nM B-glycerol phosphate. MC3T3-E1 cells were treated with TZ (0, 0.01, 0.1, 1,
10 uM) for 14 days. Values were normalized to expression of GAPDH and expressed
relative to data from TZ 0 Data are expressed as mean = S.E.M..(n = 3). * P <0.05
compared with TZ 0.
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Fig. 3-6 Effect of TZ on LH3 expression in differentiated MC3T3-E1 cells. Osteoblastic
differentiation was induced by culturing in medium containing 50 pg/ml ascorbic acid
and 10 nM B-glycerol phosphate. MC3T3-E1 cells were treated with TZ (0, 0.01, 0.1, 1,
10 uM) for 14 days. Values were normalized to expression of GAPDH and expressed
relative to data from TZ 0 Data are expressed as mean = S.E.M..(n = 3). * P <0.05
compared with TZ 0.
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AWPIEIE. 3 DDEREIT S Z L TTZ OFRRIEIS T 2A ML R L, £9, B1ET

TEMBIEET L~V AT D, TZOREEHFI LIcE 24, TZ NERDIHIER 278

L. BT B I T BN E AL E oz, £, TZWNVEWmELZLETLIZ L

HARSHL. NZ LRIBRIC TZ T EHRIEICRB W TEREOSENF T 2METH D Z LR

STz, H2FEIZBWTIE, TZ OF OBEREILETERII R 5 8 25 ok s K O Hiia

BRICBWTHE LTz, % 1 mOMREN O, FFMROSEIEE R 2t 5 2 L difish

723 RAOEHIC B W TIAKILIRED RO D b DD, EFEEOML T, £ D%)

RBBONIeoTz, LU b, TZ IRCE MO B RIS S B G- % F 2Rl B

KDOKFTHDH OPN° RANKL 2315 Z E RO N E A0 | TZ 13 il 2 3<% 7T

REMEDS R I N, SEIOFERELFE UL . invivo & invitro DERBRICBWNT, KX TEY

W2 HEHRIERE LTCE, EXI0DBHD, EX I D, EERICBWNT, HESCB I

SDOHNT T DI EAREET D Z &0, BrE MO BRI I T2 Z N E<hbmbnT

Wiz, L2ALZRA 5, invitro (2R W T, E ez EmL, Bz etEd 5 &) AR

NEBSHDREDPRESN TN, ZOFERICEHALTEIANAAA A=V T EHND T

LT, B 2D BEREMIOMNEER T TH D SIP ODZRFIKTH D SIPR2 DI E %2 |

T5Z LT, EMIROERIN AN S Z LDTER LN E o2 8, ARIO TZIZBT S in
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vivo & invitro DFEROFIEIL. TOREIGENVCEI 2D H D0, — RIS THEEIND HD

CINRRR DM A T =X L RO B BN D,

EBIWMIIBWC, BOFBEE THLIaT—F T D TZ 0B L2 mat Lz, Ok

R TZIZE > THEHFMBHEROMIEN~ ) v 7 23T =7 U PNERT D 2 LaRSnTz, £

Too ROMEEFMETIETZICE > Ta T —r v aEniifilans Z ENFERTH S LB L2

[Zhgotz, SHIT, SEFEEH OB FMIANCIB T, TZIZk D37 —5 v afamsifE R

2Ty a7 —F U OAEBZEBIZES 425 LOX, LH2 B X LH3 OE=FIRBEENHENT S

ZEEHALNE L, ZOZ G, TZIFERENO 2T —F U2 Ri#E L, LORRALERZE

WRBDMEFFIZEBR L TV D AR /R STz,

PLEDORERNG, TZOEERVIEREZRL, TOEAAI=XALLE LT, EIZaT—F

(R D RGEEH. ZRBHE O RIER 2RI S e, EEROFHBRIERE X, 27 -7

WOV —7 2R T-EInEICE L, T, MRFEZREOAEEBREE T EE R ETIEa T

— 7 OIFEFPZBOREMBETTND 8, ZOd, 2O LX) REFITHT S TZ OFEH

X, BEOBEDLHRICE AN THL EEX LN, LirL, SRIAWCEHREET L~

U AIREMOFKZERN L TEY , =R br Y= DORZIT KD 0E M o8 W T LAk

DERFIEELLOTHY, 27— RPBEFTHLEEZADND, TI T, A%ITE

ER IS 2 BUBEIR ST T VI OB D TZ DR EF~2 2 & T, LV TZ 0% EM.

Boi, BRSHIZAT TORFNRTED B2 LT,
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AIEEAT I HTZY . WURIFE L E Lz T S o LR ERFE G R A A MR EA e R

BB 5 — IR RIS 2 BRI 0 L Y AL L R

G OBME T EOMITICH T2 £ LTHFWZE F Lo, BAIRER AR A

FHATTERHR R B JE . NN SEHERIR ISR S IALH L BT £,

T, ZREZBEEHIELESVWE LEERSES 7 7o Lo ZE T A, BARBEE

Katt mRMEEYeE, FORER PR R EM A 2 ER I BB EERR & o 7 —  RR=

FLAFEIZcl L OE M IE AR B IR CEHVN 2 L E T

WMFRZZATTDITHTD | OO Z L T 72 S W E LR R R PR A mE

WHZERHERESM R AT IEE PR se P8R, I ZHEBERIEHI 2 L £,

FOXREZER A2 AR 2t e R R B [ & o 7 —BRESM R 2 gE = el B ek

(ITER PR OBRIC ZHRELS 723 0 B E LT TWe72nW e 2 S ITR#W 2 L £

WFRATEZ XD IZHT2D . FAE XA T E L, B KRR EL R MBI FER &

EWRIPIFREOLESE, ZOBRPEY TRHOELZFRLET,
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