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Abstract

Objectives: Relapse of teeth after removing fix appliance devices occurs considerably,
although retainer is used. The causes of relapse are not clear. The tension of the
periodontal ligament ( PDL ) after orthodontic tooth movement ( TM ) is thought to
be one of the important factor associated with tooth relapse. Daidzein is a compound
including one isoflavone. It is extracted from soybeans and involved in collagen turnover
of skin. However, little is known about the effects of daidzein on the collagen metabolism
of human PDL ( hPDL ) by orthodontic tooth movement. The purpose of this study is
to investigate the effects of daidzein on relapse after orthodontic tooth movement by in
vitro and in vitro studies.
Materials and Methods: The 6-week-old male Wistar strain rats were randomly
assigned to 4 groups as follows ; control ( n=3 ) , TM + phosphate-buffered saline

( PBS ) injection group ( n=6 ) , TM + daidzein 50 ng/ml injection group ( n=6 ) ,
and TM +daidzein 500 ng/ml injection group ( n=6 ) , which comes to total 21 animals.
After TM with 10 g force, the appliance was removed, and then the experimental groups
were injected with daidzein or with PBS as a control every day for a 1 week. The distance
of relapse was measured by micro-computed tomography ( micro-CT ) . In addition,

hematoxylin and eosin ( H.E. ) staining and the immunohistochemical staining using



collagentype I ( COL-I ) ,matrix metalloproteinase ( MMP ) 1, and proliferating
cell nuclear antigen ( PCNA )  were performed.

In vitro study, the hPDL cells were subjected to 10% tension using cell stretch-
chambers. After 12 hour - incubation, the cells were treated with daidzein ( 50 ug/ml )
for 48 h. On COL-I and MMPI, the gene expressions in stretched hPDL cells and the
protein expressions in cell culture after treatment of daidzein were examined by real-time
PCR and enzyme-linked immunosorbent assays ( ELISA ) .

Results: /n vivo study, the distances and ratio of relapse in the daidzein-treated group
were significantly lower than control group. Immunohistochemistry showed marked
positive staining of COL-I and MMP1 in the daidzein group. The ratio of PCNA-positive
cells in the daidzein group increased at day 7. In vitro study, in daidzein-treated stretched
hPDL cells enhanced their gene expressions of COL-I and MMP1, and their proteins in
culture medium in a time-dependent manner.

Conclusion: The daidzein may enhance the collagen metabolism in the hPDL, suggesting

that it may be useful for preventing orthodontic relapse after orthodontic treatment.
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Daidzein (4 ¥ 7 7R D 1 2DT, KEMLHHINIALEWTH D, HiE
FLMERNLE THLZA AU TEY, BADE TIE, JUHERICE
& TuWb, Daidzein I, in vitro © TGF-p/ smad > 7 WRIZEREE # /LT
P R IEII D 2 T — 7 U AR EIRET D Z LRSI TV A7), MUiEET
LA, ZMEFRLE LD 1 D Th D relaxin 32 7 — 7 R EREL, IRV
NI L7 LA LTV A8,9], 2D Z & D, daidzein b PDL D15 — 4
REIREL, BERRBEORREY 26T 08 TEL LB R,
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MR L O
In vivo
EREMB L OHEE LN
FBRIZIE, 6 W R D Wistar REEMET >~ b ( {KH 139.849.8g, =1L T AR —b

AASA, B ) AR 21 BV, Ty hOfEEFIE, HAKFAR AT
MEBREY X —IZ T, SPF 7 U —2 T v 7 NTITW, B & BaRETE fiokt
K, Bl b NS =PI THRE L bOZHHA Lz, £ ToBmERILA
ARRFRF B R EIC B 24881 ( 7KERE S & APISMDO17
T ) Ao TTo T, xHHRRES K OVERERL, LT O 4 BRI LT ( Fig
1) .
@ Tooth movement ( TM ) +PBS#f ; OB EIZ PBS T4 L 7Rt

( n=6 )
@ TM+daidzein50 ng/ml B ; ¥ OB EN% (T daidzein 50 ng/ml F§ % U728

( n=6 )
@ TM +daidzein500 ng/ml #f ; B OB I daidzein 500 ng/ml VEH % L 7= #E

( n=6 )

@ HWoOBEL ( 0day ) B ; HOBEZR LR Z1TH (n=3)



B DR G 1EE LU daidzein $ 5

BTOITRIE, ZFRGMIE (E#BAT FIY 2 015mgkg, I ¥V 7 A
2mg/kg , WAEET bV 7 7 —/L 2.5mg/kg , AEFRRHEK 1.8625mg/kg ) & NEME
PTEST L, 25 R N TR L7z, RSUAMIEE— OO ENT Asano H
[10]D FIEZHE S TITW, A VAT Y 7 (KRS ;0.005 inch, ELAE: 1/12
inch, Accurate Sales Co. Chiba, Japan ) & EZAAMIE—FHEZ AT L AR F—
IOFEEHR (K& ; 0.008 inch, Tomy International Inc. Tokyo, Japan ) Th&
W, aA VAT Y T OMFGZRI &R ( Fig2A ) o #5I1EJ11E Nakano &
[11] DOFEHEV 10g & L ( Fig2A ) , HOBENZ 14 HRfT-7= ( Fig.
1) . 0Ok, HEEZFRE L Hirate © [8] D HFIEIIHEV, HF—F1H D JEFH 4 7>
T 15ul 950, WRBSER 2480 7 Bk L7z, F7=, [RHMIC phosphate-
buffered saline ( PBS ) ODO@WREENZLI-bDEa tr—L e LT

( Fig2B ) .

~A7uarya—FWEHRE ( Micro-computed tomography ; micro-CT )
2 & 5 EOBBEOHIETE
3FERRAHIAEE ( 0.15mg/kg ) CTT v M aRYME, %47 v b a2 AT —

Y ERICEE, RESMITEEL 00 kv, BEIT 88 pA, 17 £ 360 Enlds & L C b



b E1T o7, HOBENEORNIEIT micro-CT system  ( Rigaku-micro-CT®,
Tokyo, Japan ) % F\\T, BBt = A VE O feim D & 5 T OBt

it SSELRRIERE & L CHIE L7z,
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BTOT v M3 FESRREREIC TR EE, ALK E 10 Y% iR
B~ TREIEE L, EHIZ EBEZ4IH Lz, & 512 10 %Pz 41
~ U T T 4°C T 24 FEIRIERE %, #EHE 10 % EDTARK ( pH7.4 ) H
(RIS T 4B BRI 24T - 7o, BIK L72alBHE, AL iE-> TNT 7 4

AT vy 7 ZER%, 4 um TERISEDIL (1 KB ; HE 46, 2-6 12 H ;
PCNA %&fh, 7-16 K H ; COL-1 ; 7-11 B H, MMPL;12-16 #cH ) , FfERATEZ
MiAT U7z, BEEALIE Kikuta B [12] O FIEIZHE, VORI & i IR AR
b & ZREA TR, THUCEATT D8 E TRy ko= 08 1 /4 22851 E L

7= (Fig3 ) .

REERR YL YER X O aRR LR Y alE
N hExRVY v A UERE (H-E ) X, ABoBoRT T 0 %, @
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TR AL P YL 1T, Hirate & [10] OFIEICHEV T 72, AN, BT 7

A 1%, 0.5 % WEELAKTE A Z ) — VEHRIZEEIR T 30 /0 M BOG S8, PR~
NAF I E—BRISDBREEIT o7z, IRWT, Bl a7 2y 77 —I2T
500W DFEF- L 2T 1S SRV URG L=, 1 RFUEKIE, COL-1 ( Santa Cruz
Biotechnology, Inc, CA, USA, 1 : 250 ) , MMPI1 ( Abnova Co, CA, USA, 1 :
100 ) ,PCNA ( Dako, Glostrup, Denmark, 1 : 100 ) % > 1 BfELE L7, 1
WPUA 4, Histofine Simple Stain MAX-Po ( Multi ) kit ( Nichirei, Co.,
Tokyo, Japan ) ZfEH L, 7’1 b 32— /LITiEW et L7, &Y 13 tris-bufferd
saline ( TBS ) Ty L,DABIZ THRAK, v 1 Y —~~v XU K E H
T epta 2 i1, £ T4 73y bu— e LT, 1 REEORDVIC
TBS % [ 7z, PCNA BRI, BIERHAL b HEVE R (R T 5 8 2 e

L, R mias & tEmiat a2 fE L, Sato & [13] OHEEZHWELT O

THHE Lz, BtEsR=g e/ 285 s ilax100 ( % )

In vitro
FHBE s
BEAERIMMEEEA LA T — b Farvvy baBl-ob, (EEEHER

(ZKBE LR R O Pkt 2 L7/ &V hPDL Alfid Z2 8k HX L7z, hPDL



HNEIL, Somerman & [14] DOFIEICHEV YRR L, Takano & [15] D FIEICTHE
VY, AR 6~9 Ol & FEERICHE U 7o, 7pds, ASEERIT H AR AR 7 7 i B
ZESHE ( KREFS  FHECIS-002 7% ) ITHEDE KA THEM LI, xt
FRESS L OVEBRFRL, LLF O 3 BRI LTz,

(O Tension force ( TF ) B ; 22 7-#E

@ daidzein £f ; daidzein ¥RIN% 5- 2 727

® daidzein+TF & ; {#1E J1% 0 2 daidzein ¥RIN% 5- 2 7= &

HEHRICIIT D daidzein HN
hPDL #ifd % §#iE15#8 L, daidzein ( 0.50 ug/ mL, 5 ug/ mL, 50 pg/ mL 35 X O}

500 pg/ mL Wako, Osaka, Japan ) % ifsIN1% 48 Refilss# L7 ( Fig.8 ) .

fRIERICIIT D daidzein HAN

Takano & [15] D F{EIZHEVY, hPDL fifdix STREX F ¥ > 3— ( STREX,
Osaka, Japan ) N TE:#E ATV ( Fig. 9 ) , 10% DR % 12 BEfd [16] &=
J7=D b, daidzein ( 50 pug/ ml ) ZH0Z, 51248 KfliEE& L7z ( Fig

10)
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ELISA
t =227 —% 2 18I ELISA kit ( Applied Cell Biotechnologies, Kanagawa,
Japan ) ¥ X TUYMMPI ELISA kit ( R&D system, Minneapolis, MN, USA ) % H]

W, 1528 BT O COL-IB L OMMPL % 7 BREEABZIIE LT,

Real-time polymerase chain reaction ( real-time PCR )
AHAE > & @ RNA filiH 13, RNeasy Mini-kit ( Qiagen Co., Tokyo, Japan ) % ]
WTAT o 7o, WHRERE T4 1Z, Takano H[15] O HIET —~ WP A 7 F7—
( TP-800 Thermal Cycler Dice; Takara) PNC SYBR Premix Ex Taq ( Takara
Co. ) Z#HW T real-time PCR 21T >72, 774 ~—HHi%, Takano H[15] (T4

-72 (Table1)

WeEtfEAT

MRt IMP  ( SAS,Inc..Cary, NC, US.A. ) Zfv, ZELEHRER X

U Mann Whitney-U test % FV 7=,
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wOR

In vivo
Daidzein VESHZ X DB E Y FERELL R

EIELEERR L% 7 B B COHEER O EREE, TM+PBS B, TM + Daidzein 50
ng/ml #£35 X OY TM + Daidzein 500 ng/ml #£ D2 TORE TR LILE Y M358 5
iz, 14 BREORBIEIREIZ X 5 W OBEIEEEZIL, EEEREO 5720
W OBENG OREIELEE & Bk L-R i o B B2 LYEC LT, %RV Rk
FKEHHE L, 7 HHD TM+daidzein 50 ng/ml #£3 I OV TM + daidzein 500
ng/ml FEDOZ RV FRBELERIL, 2NN 24.7% B L0 249% CThH -T2, —H,
ar hr—/L& L7z TM+PBS #E D% RV IERELLRIL 59.0% TH Y, ZREY R

BiELE=R1% PBS B & Hb# L C, daidzein BECIXAEICE»>7- ( Figd ) .

TRERRR AR RIRT R

Daidzein FEH L1, 50 ng/ml & 500 ng/ml Tl V) BREELE SRR E TH
S T2, REAHAR TR G AR K O AR BLEE Tld 50 ng/ml BEICX L To
B L7z, 7 HH ¢ TM+daidzein50 ng/ml # 1%, PDL H1Z 4 3 U it oD Lo
BRI 72 =0 7 — 57 RHESERICEAT L T, o BEIBHAARE  ( Oday )
& TM+PBS BETlE, $h#72 a7 — 47 Ui 2380 7- ( Figs ) .
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SR RERRA LRI A

7 H B ® TM+ daidzein50.0 ng/ml #£ ClL, PDL 25D =2 7 — 7 U #RHERIZ
COL-13 L O MMP1 DFGERT R 23872 ( Fig.6A,B ) .

PCNA [GPERIAE, I3 TGl PDL IZFE® b, PCNA B5PERIT, 7
H H T TM+PBS #f & TM+daidzein50 ng/ml #f & % Lb# L, TM +daidzein50
ng/ml BFEIZAEIZE -T2, 7 B HO daidzein D PCNA [HMEMIERIT, 31.4%

THY,PBS (19.6%) &L T15FTH-7 ( Fig7B ) .

In vitro
Daidzein ® PDL =2 5 — 7 U RBHI KIF T

hPDL (Z%f3 % daidzein #/% DB 2 MEET 572012, £7°, FHEHSEICE
WT COL- 18 LU MMP1 ORI FRIABELRF LIz, ZORE, BisTIEE
(3T daidzein JREE 50 pg/ ml £ THRERFIICHBE RGN ZRD, 2l b

BETIITT b—IZELZ72 ( Figs8 ) , fiRE# EBR Tld 50 pg/ ml @

Daidzein R £ & BRI 2 2 & & LT,

HRE RIS BT HIEWRMEED COL- 131 LU MMP1 O % /37 FEA Bl IR RE
MRS L7z 48 B & TR R L7z, —5 T, 50 ug/ ml daidzein ¥#s0

FETIE, IR D b 8 KFH 2 L, W& N7 BRIILEVETHRE L
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( Fig10 ), F7=, MlaOMEL R & 5 LR 12 X 5 daidzein 2V 3% el 4% 7=
DIZ daidzein FEFNMNEEZXF T2 daidzein ML TO COL- 1 3XL U MMP1 DI&EAxR
THABORNEGZRMAELR R, MERER LR ICE D 57 daidzein &
WML B s 7B E% ERD, &IRFAIZ 24 R ISR EZ R L, £ D%
WO Uiz, MZT, WTFMORF ISR THIR R LI S EE R 2 LMl L

D% COL-1, MMP1 OB In -3 BL &I EE Th-7- ( Figll ),

% £

AHFFETIL, invivo IZT T v s OFERATEE OBE% D daidzein D% R D INiIE)
REMRGTT 272012, 288 L7-0 5T daidzein Z 7 EH T HHEE L2 WEEC
430F, micro-CT Z JHWTIR R U FRBEEL R 2 ik L7z, 2 DOfE R, daidzein 115 HE
TIFFEE G, RE Y OUERPFEREITRE o7z, ZHb DRI,
daidzein 25 DBENE DBRRE Y ZWHlT5 2 L2397 H D TH-o72, Han H[17]
%, 7 v FOEBREOBEIROKRE D IL, HHEINTCHIRBIEOIS IR0 7
DR SNTZRFIZAEL Db D TH D LHMELTWD, I HIT, HHIXEDORE
D EITIEEREN OB RWHI TR b RE <, REEREDIZIZ0E HT- &

LTWb, 6 0HEL, AHIEOFREREZEL|ITH LD TH D,
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FLARMZEIZIBNT, HEREDIZHIT D PCNA Bt % daidzein DS O A
THRE L7 R, daidzein MEHEECTO PCNA BtESRIE, 2> b — LUREE B L
THEIZHEMU7, Yoshimatsu H[18]i%, PDLIZHBIT 52T —7 DU ET
YL, BIEFEOBE T TIIEICESMITEZ S ZLEAHMEL TS, &
512, Mabuchi H[19]1%, HERBEMIZIZIA W=D NV A N L AEMNZ 5 L, ok
FEONEFREIC 720, PDL O FHEEE & BIE L TV 5 2 & % PCNA BRSNS 5
ZETREHIL TS, BLEDZ &2 5, daidzein FEFHIZ K D% R 0 HHIIRIZ,
daidzein |Z % PDL ¥{JHEEDTTHE L, ZHUTHED 22T — 5 ARG OTEME(LITE
K4 % FTREME DS HER ST,

Hex DIT 72 invitro FEBRTIE, FEIETRRME TR O AR R ST
DIREBAIEEL, £515 (HEJI10% ) & »F 72 hPDLAIET L ZEH L
T2o ZOOMET 10%DIRHAIL, Long[16] HITHEVY, RIEZFI X Z SR\ i
7)1k LCEIRLT,

Z DEBRITEWT, daidzein ¥ L Y hPDL AHfEIZH51) % COL-IE LY
MMP1 OGBS A ZIZHN L7z, Zhao H[7]D#HAFIZIWT
%, daidzein ZLPE  ( 0.5~50pug/ml ) 2LV, b MEFERHMEIFHIZICIK N TI
W7oz —r OB FREEZARICHENESESZ L2 RLTEY, Mlao
FEEITIRRD OO A L RO ERFER & 2 o7,
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F T ARMFE CILFRERTE 1SR LT EER#E TlE, COL-1E L U MMP1 &5
OFBLETITHIN L TV 5, Zhao H[7T)OHREIZL D &, ~ U A RJERRHES
MCE T D TR Y r 2T —5 OB 58l % daidzein BEINS 25— T,
MMP1 B L O MMP2 DB FREIEFIABICMESNL ZL2HELTND, £
72, Gopaul 5[20]i%, daidzein fX## CTH 57 A —/L3, b b B ERRHEEIE
ZBIT % COLIDBIn TR B2 A BTN S 5 — 77T, MMP [ 3A BIZHEAD 7
HZEEHRELTND, b OHEITIT daidzein © MMP1 &5 7 FBLZ
DNT, AFFEFREREMXTOINAETH S, ZOBEBELTaT—F 05
AT OENC X DA FRIEREI O Z2ZR B L LT s Ll 7720
B, WRED 27 —5 U REHNIAERN T H D B <, AWERNEEITs k2
1ATHY, ZHUCH L TEEO 2T =7 38X 10 HTH D, ZOMRGEH
W DIFEVC L WARESHIEIC 1T 2 27 — 7 AR I3 TE <, ARk
E RO ZENMZIT /R e b led LHEE I NI, MR T, ¥R FEARS
#2292 & COL-IEB LU MMP1 O ILICFRBD Hid Z & H 6, daidzein (3B
I L CEBIMCa s =7 RS2 EE L L TWnWL 22 E ST T0DH H
D EHERINT,

PDL (%, COL- I B LTV COLIL, ZEAE L, &6V, VL X B L XIV 72
ERRR 28 A T DaZ =7 TSN TEY, B2 EOBENL, b
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TRTOEA T DT —7 U BInTORBEZTLET S L OHRENH H[21-22],
— 5T, TN ZE5fET % MMPL X, TIMP ( Tissue Inhibitor of
Metalloproteinase ) (2L VWPHEZZITLZ ENMOLNTEY, a7 —7 R
ICBWTCEEREE A R T,  kiIIOHZE T, daidzein 23, TIMP-1 O {51
FEHLZIH LT D EHIE[23]1E TV D Z &b, daidzein 28 MMP1 OiEMEA(L
HIRTESELZ2ER<ad—=FroR#@E2LVERICSEDLZEPRBIN
Lo LIERSTHE, DX AT DT —5 0N MMP / TIMP #HE&E O

X% % daidzein DB LR D702, I LR HMENNLETH D,

Daidzein (Z85% ROMBINR AT LI2L A, LT OfE iz 157,
1. Daidzein {F5HIEVZEVIXRHA L=,
2. Daidzein {E5T12&Y PDL O EFEREA N m £, COL- I BL T MMP1 FEHL &
BAR T LV BIOZ L _IEL L THINLTE,
3. HEIIDD D> TOH R TIE, COL- 1 I MMP1 REL&IZX 75

daidzein R IR DH LD RIBS NI,

ZIBOHI RN, daidzein (3 hPDL OFfAIIEATERRILL, 2L aF—5
REAMRESE DL T, BEREEOZREYOIMENTA A Tho RN RS
i,
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1. TABLE LEGEND

COL-I Fw: 5’-CCCGGGTTTCAGAGACAACTTC-3’

Rv:5’TCCACATGCTTTATTCCAGCAATC-3’

MMPI Fw:5’-ACAACTGCCAAATGGGCTTGA-3’

Rv:5’-CTGTCCCTGAACAGCCCAGTACTTA-3’

GAPDH Fw:5’-GCACCGTCAAGGCTGAGAAC-3’

Rv:5’-TGGTGAAGACGCCAGTGGA-3’

Table 1.COL-I, MMP1 ¥ X O GAPDH @ 7' 7 A ~ —Rd %]
Takano H[15]IZH€E > Ta%aT L7,
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