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—Abstract

THE EFFECT OF FLUORIDE, BISPHOSPHONATE AND
GALLIUM ON DENTIN RESORPTION IN VITRO

Eun-Young Baek * Yun-Jung Yu - Byoung-Duck Roh
Yun-Jeong Choi* - Seung-Jong Lee

Dept. of Conservative Dentistry, College of Dentistry, Yonser University

Replacement resorption is followed by the delayed replantation of an avulsed tooth.
Currently no effective treatment is substantiated for replacement resorption. The
purpose of this study was to investigate the effect of stannous fluoride, bisphosphonate
(etidronate disodium) and gallium nitrate, which have been shown to reduce dentin
resorption, on human dentin. Osteoclasts were collected from tibeas of chick embryo.
The cells were well agitated to prevent adhesion and seeded onto the sliced human
dentin wafers which had been soaked in either culture media(control), or several
different concentrations of stannous fluoride, etidronate disodium (1-hydroxyethyli-
dene -1,1-bisphosphonate disodium), and gallium nitrate. Resorption was measured
by counting the number of resorptive pit produced by the cells. Results are as follows.
Stannous fluoride and etidronate disodium showed statistically significant reduction
of dentin resorption(p<{0.05) but the effect of stannous fluoride seemed to be its
high cytotoxicity. Etidronate disodium did not show cytotoxicities in all experimented
concentrations. Gallium nitrate did not show differences in resorption either between
different concentrations or from the control group.

Key words . stannous flouride, etidronate disodium, bisphosphonate, gallium nit-
rate, resorption pit, cytotoxicity, osteoclast.
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(Dstannous fluoride®(Fig. 1)
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@gallium nitrate* (Fig. 3)
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~ Fig.'1. Effects of stannous fluoride on formation of resorption pit on dentin slice. Osteoclasts
were cultured on dentin slices untreated or treated with 0.1%, 0.5% stannous fluo-
ride. After 48hrs, number of resorption pité on dentin slices were counted under
light microscope. Data are expressed as the mean + S.E. of 4 experiments. *p<0.05
compared to non-treated group corresponding to each concentrations.
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Fig. 2. Effects of etidronate disodium on formation of resorption pit on dentin slice. Osteocla-
sts were cultured on dentin slices untreated or treated with 107°M, 10°M, 10~*M
etidronate disodium. After 48hrs, number of resorption pits on dentin slices were
counted under light microscope. Data are expressed as the mean + S.E. of 4 experi-
ments. *p<C0.05 compared to non-treated group corresponding to each concentrations.
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Fig. 3. Effects of gallium nitrate on formation of resorption pit on dentin slice. Osteoclasts
were cultured on dentin slices untreated -or treated with 1.0X107*M, 2.0X10™'M,
3.9X107*M gallium nitrate. After 48hrs, number of resorption pits on dentin slices
were counted under light microscope. Data are expressed as the mean =+ S.E. of
4 experiments. *p<<0.05 compared to non-treated group corresponding to each conce-

ntrations.
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@etidronate disodium(Fig. 4)

A 84g HUEA ¥ AN Wz
AEole F2=7F i 308F 0.117+ 0.005
A 18 Al 0.167+ 0.012, 38 A& 0.541
+0.0122 F7}8F3 ). Etidronate disodium-<&
A7F 3 ASolE 10°MTY F2EE wiek 30
5 0.109+ 0.005, 1A= 0.168+ 0.009, 3
A= 0483+ 0.0328 71383 10°MT9]
FEEE vl 308F 0.107+ 0.005914) 1A
= 0159+ 0.004, 3EA = 0.525+ 0.0112
713tk 10 M7 F3 =% 3 w30
5 0127+ 0.0059 4 147 9]= 0.189+ 0.01,
3YA = 053+ 0.0078 F718). o4
AAE EE FE HAFLEYAM PzTH
FA7 fle Aoz HrkE A

0.5

72
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Fig. 4. Cytotoxic effect of etidronate disodium on gingival fibroblasts. Gingival fibroblasts
were cultured in medium with or without 10™°M, 10™°M, 10™*M etidronate disodium.
After 0.5hr, 24hrs, 72hrs, cell proliferations were estimated by MTT method. Data
are expressed as the mean + S.E. *p<{0.05 compared to non-treated group correspon-

ding to each concentrations.



®gallium nitrate(Fig. 5)

AY 498 HrleA g AL dExL
ALdle F3x=7F g 3085 0.246+ 0.005
oA 1976 0.364+ 0.015, 34 A& 0.605
+0.0202 Z713t ). Gallium nitrateE 7t
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6. MultiTest™slideo 9§+ F52 ©3 7}
(Fig. 6)

dobd AlE AN F49 JeE A
ANZIE ME S itk S99 E etidronate
disodium &o] FFote WAL ZAh A7)
A E AolAH ZA o] H%F ) HAs e
¢1F E9o] 2 YT MultiTest™slidesl A B
7} 3t o)) WF A Eo) 23] F5E WA
Microst(Millenium® Biologix, Canada)® &
At on %2 Yehych

AAFE AT UNERTY A eode 2F59
HHo] 17+ 4.0% & YEIEO Y 107°MTL 16
+10%, 107°Mv2 18+ 6.8%, 10'M+< 3.1
+13% % GERT. o9 A3z Bol iz
T 100MTL {94 e FolE Yehie
WH(P<0.05), HE=TH 107°MT, =T 10°°
MT Atolole f204 e Aoz} gigich

0.5 24

72

Culture time {hour)

Fig. 5. Cytotoxic effect of gallium nitrate on gingival fibroblasts. Gingival fibroblasts were
cultured in medium with or without 1.0X107*M, 2.0X107*M, 3.9X10™*M gallium
nitrate. After 0.5hr, 24hrs, 72hrs, cell proliferations were estimated by MTT method.
Data are expressed as the mean + S.E. *p<{0.05 compared to non-treated group

corresponding to each concentrations.
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Fig. 6. Effects of etidronate disodium on formation of resorption pit on Multitest™slide.
Osteoclasts cultured on Multitest™slide untreated or treated with 107°M, 107°M,
107*M etidronate disodium. After 48hrs, area of resorption pits on Multitest™slide
were estimated. Data are expressed as the mean + SE. of 2 experiments. *p<0.05
compared to non-treated group corresponding to each concentrations.
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2 o} SkElE AEE Ho FEIF FHa,
QYA ATE Ao a7 HF 10~20700]9,
507} ©14}] A¢=E Jdvhar grhaEa )¢
GatstA SFGA HE EoFo] W3, iyl
AE 2] F7)E= 20~100um FEE G A X
Higld e AMRe Ada do, gFAEs}
FEAY BI 2o AEure Fdo FF
A3} shrte] HaEE ] glo] FY FHde ¢
Fol Adtd F7He wpE st o F9R-9
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N Eere oA sHA F9 2 EE5 0 310 ruff-
led borderg}ti 3l=d] 9718 Edld Al &
F27b BolHe] 2o FASAHY 2
A% 193 AFE 54z e
HEA L EA4E FUshe AF2E TRAP
G20, ZABY FEA o #Y, A AE
st gaprpzt Qo SEA XY SFF THE
FAAA dujBez BFde PHE TE

el W F7b slek £ AN AHgE
TRAP @41 w42 A 8 A Q&

acid phosphatasedl] T3} tartrateE H7FshH
2 M| A& acid phosphatase”} ¥Hg-& #3}
A FZFATE AL 9SS 3IEE WGAE
Z FSAEE F3le WP R Bol ol
Y3 oo, az)n AR ofd te
AX = aYAEY E431d AHEE TRAP
vkgo] AL BY F loumF?, o] ¥i3o]
SZA Y EQHolg e T FE Yo
22 SFAXY AL o] F Ao o



YA E, TRAPY FAwE, &5 ¥4 59
o2 o F7b itk £ dFNA= TRAPEA
Be-3 s FAE F549E B8 9T
AEE A8 5 AR ,

BEMEE AEEA] f8 2 Sy
EH, I deEgs 5Yo| ol Ad)
aHA EAGAME AEAAST &7 B
AZ7F EolyiEle AL W3] 93 753
TE XL 4CoA AY3UT B &7
g wgFgos HAjo] FJoh FFAE uj
¥ FAFL FEAET HNEELE =
FANTI} ol T Ef FEANE B U9
HFEHEE AE F fivke Holdh Be <9
GFAEE dod ZFAAM IS F gloH,
53] @Z& ¥ dEs AdE AlgE 71ed
Mg Be FANEE 48 5 ok g,
24N E FIMELE w2 wgsAe
&t dukstd SFA X7 F2see 4R
o] o}F A7|ujFol HeBAE AXH B
Fol FFAEE A7V o He 9 &
FohE S Q7] Wil Blarh oY)

Toltt, Ay AN e FFAMEE
pipettingoll 23+ 7]1A1H < 2ol 2)dle] ol
=2 47 W& HIAHNEE n=A Bt
Al717]1 AAg e RAF chick embryodi e &
L] HFAEE 4L FE YA 11 Wolst
AAutt Zge Aotk 1Eldte Zb wellol
Holde FEAXY F& HE3 Ao Yo
FAE ZAAT & HY H4¥TF P} 22
w8 AEE 712 chick embryoE thAlrtal ¥
At A& x2S A% wk o 4
ZeFE 7 welldl ¥ol F2& =93tk

FrodE v Frt el dodMe FF
oo} AHE EHsle= o) M FEsGa
& & oy, Takada5®L FEFF9IE tange-
ntial sectionol|A] &3E w] o]} wj{ Lo}
Fre Ao gy B JriE ¢ gz
33tk Chamber3®-& F59 FHA Hit
ZHolE #F3te TFFHFS AMdsiaey F
&4 AU Fe F83A gn APL
Zke] JuE el ko] 238 f SRR HF
dolgte Aee AASL F4+ BARS A}
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|8 F vk F33tAth Murrills$ Demps-
ter = EF5e] ek WA, ) Alod=
33 A7} Yk B384 3, Sato9} Grasser
®  Arnett®} Dempster'Ve ¥HAFE R 7 8ol A
F5e Mg7t AR A oA e AR o} 1
o} A& AV JE FHIEY 29 F
F9+E toluidine blue® gATo TN 417
#HEE 5 3led), ol2A FFFE Fobd A
AL toluidine bluez FA3le] 33t &n|A
el FFe] Mg Ao Bomx 47
Bt & g oo, B @poME Aold
S5t FEAn| A2 FALARE N o] B
MM B3] U she AoT Hol BE3n]
73t A toluidine blue®Z Gty Foe
Ale Zo] FAPAA AR ool A Fot 918
Adete E3% WS diAse 39d
Hol E & IS 2k ‘ .
AT gl GFE wHE
e E 433 Be A3t o]Folx
TEF ALE Az 9L & 5 3
AAZE ZAEUHD BA™S - hisphospho-
nate®™, gallium®®% o2 Ao tjd AT
27t itk BAFNE BEAAAZ stan-
nous fluorideE, bisphosphonate] 2 etidro-
nate disodium<,, gallium A £+ gallium ni-
trateE AHESIREY, °1E kAt Hold F
FoAA MAE 9F ¢ olF FASY A
E54E AR5 A3t MTT 3AAE AlY
3Gtk MTT AALS B4 Al¥ 9] mitochond-
rial dehydrogenaseol] 93ty MTT7} &9,
blue formazan 24 °] Y& AL o] &3}
olRAY FEAEE FHI HHow o}
Qe AEFE vlagoa AESY, HES
A g AX 43 T SAHE == W
Holoh
Eae vhAlE Eolu 4004 RdHew
LHAES Qled oHoldAME " ol 94
e F2 o]go] HH FUFFOE 3T

kA
£

Ky

fr

e oEEAE XBAR AMgo] HrE
gk

O, At Fell A B4 87 o3
43 B A AE et Taylor 592 B0}
ZAE, FFNE Y& BFd FPHoz



IS E 5 UL PHFPLEE THY g
ML) 28 cytokined] BH|E WIAA o]
g AXo) 9FE & & A 34T Pos-
ner$¥o] o31A BAIl Xofe] wotl T
Aol Aol A3t fluorapatiteS VA3t &
A @zt F743td &3 AYAZE 7HAA
gt 3121, Goldhaber”: X ots} B¢t
A3A A¥E BLU fFEEo] HIAEY
A BAE dAANE & ddal 2
Chen5& 39 Zw & =A3e= ¥4
A EE83 2L systemic hormong] A4l
HHFoR s WS g s
A3 71 gTd X olE Eid @250l
Algatedol gotal FRste AT Kzt Bol
J=H Schulman$®& &xd AFo]e o}
£ 1M9 sodium fluoride®] B7F ¥ A
28 APste] 2o HAARA AR wlw
3o X2FF7L 333 AL HAL
of, B} A2 $£203013)14 AYo 2 Qs F
Fol o AFAE 71E-S Aol#aL |t Bjo-
rvatn®} Massler”+ 10% 9] stannous fluo-
ride7t A E FHe FH A XNZEFFE Hah
ANF o xFAd Y XFFAHdN= HEze P
FE FATL e EL2Y vEIF =&
F& FFe ZAHJA T AR e 6L
B2 &8 FAYL 11 vk =¥ Schul-
man$®& BEA7F AFA Hfol &3 F
T Q71 A&l XFAd 77 AEEo] QS
F At B F e 7 F 308904 60
ojjell A& 4= UL wdll= EAE ALE31A]
T e FANALH, ANE XTozEH
JAHY ANxIE EBAU fEHY SESFE
AA 33 FHAE S FUHAA L3818 SAREES
72 & g 3. Taylors® 2 &
27} F59 HolE TAAT AL, A F A
BEAEY FFAAT Y] 715E JARIES
B3 ST FEAZARY ERE HEEA
g&e oiydn o B AFoME 0.1% 9}
0.5% 2} stannous fluorideZ AoFd AJHE A
Y3tn FSATNYT FF BT E HIHEHA
e A3 FFrt JAEA ¥Udvh MTT

AXEA HrloA B stannous fluorideE

586

AE 54 H7HE A3 viAe] L3714 &
AR EC] AAFHY] AR o A
B2 U8ty F3x Pl W E Fo] 2utE
FXNE A& F o] MTT AR S AP 571
fxck A Fsk dr)F FHANA Bl
AL BEE X2 Afol A7 AFET F
AEF3Y Boo] T2A W Aoz Hop A
88 48 e ¢ & AU °)EH stan-
nous fluoride®] ME =Ado] vj$ & AL &
g ARew Ao} z2A] stannous fluorideol]
AEdte AL AFAN Aol &3S & F
ezjg ALg S 7)o Schulman®®o] F33
ulo} o] X1} HEol gl& A5 o}
AHE AP T Bfodle 238 IS
Yo F JoER H3te o] F& AR
Atg €

Bisphosphonate= #7# 26137t Paget's di-
seasel} GAF Yl A3 1ZFEYF, Ee F
0253 22 boned ZAF Al dojue
AL X E31e FAR AME-E oA girfes,
Bisphosphonatew 3}8}2 o2 uj$- <Hg =]
A9 A7 dojub] gor g FFdA A}
EZe wALA] gevta g%, Bisphospho-
nates 9, A%, Y§, A B P
MR AxFA Mg AT + JeH
Ao} ectopic ossification®] BAE o)
g & gloka P, Fleish®* = bisphospho-
nateE o} EH =X3IF XN o) 7
A2¥¢ Rt} Bisphonate® IEA X9
5% 29 7712 JFRAs JASe aH47t
Ae Aoz A o, o3 LA
o 2= FAERIEN HAA dE w2 Y
338 o2 913l bisphosphonate’t 2} mi-
neral surfaced] FH o] 43134 &
HE ARt EFFE A AWt e
Aoz RIFHJEd® 9= bisphospho-
nate”} FEH X9 & 42714 bisphos-
phonate’} FZE F& FHIAM IV @43l
gZ A Z At Fol & st HE A E
Zg-o] AAEHe g 98 FEFTE A
2@ a1 sl 3t bisphosphonate7} &&

A X 2Hg-3te] FIAES] TS BB



71 cytokine 59 AAE AAAIZLLEZN I}
EFHXY AAolY 7Tl HAHE FHo=RE
BaEs Job?, Carano$?®L  bisphospho-
nate’} SZA| X} Fo] A= TYE 30~
40% 7HA) A7\ SE A L o) § HY o]
X3 9l FALS AT g e
ol#13t AF+ bisphosphonate’} A E Q)
UAE ZE3A At AL SA3kE
Rolghi Atk 2y ojwdt 7]zl QUA
ol A dojute 71- A A9 th3led = o} &7}
B83skA e AA) & glth

Bisphosphonate®l] it AA4AF S 2= Ro-
binson® Shapiro®& #& A1UTAE LX)
ato] 10%7F 0.1% disodium EHBPol 733
T At A2 FF5E wES 49 AP
| g A F59 FY Aoldle #9
217F ARk B ekick 218y Sato9) Gra-
sser® ¥ 1079 A110°M 9} etidronate”} FFS
8L BaAALY 50% 7HA ATl &
HHQ FEe 10°Molgkal Bi1skt) Leo-
nard” )| 2] &} F A bisphosphonate”} X
z7 g E AFEF ANS Bisgony,
Schaff§¥& AFHAEoz olfd F A
EHBP (1-hydroxyethylidene-1, 1-bisphospho-
nic acid) v} 2 gdFE B3} FAG A AF2E
F9) oA a7 v|RolA Gzt flle
6MEF SART= AR Basiyrt.
#HY A A olA Gotchers} Jee® &= AE
FEA FEFFE A3 AJANEH F AL
EAFEE #EE & AT 3

B Ao AE 107°M, 107°M, 107*M ] etid-
ronate disodium%l Jopd AAS #7433
T gFA XY FF FEE HUHEH) 9
3] i =2FF 107°M, 107°M, 107*M9) etidro-
nate disodium&%-g HF APLANN FF
s} AFE syt & +9 F59 NS
Nz EAH oz vaste BH, 10°°M
etidronate disodium<¥4<= F944 A= zhel 7}
gRev, 107°M, 107*Me} etidronate diso-
dium¥#e F24 AE &7t AAFH(P<0.
05). izl H3 F5¢ A7 100°M A
I 107*°M AP FNAM 60% ) TAF
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A% ¢ F U

- MultiTest™slide?| & F5¢ B4 Frhe

dotd AlH AN FFY MFE ThA
713 X EAE gtk S99 etidronate di-
sodium S-H7HE AP ojB3}F=d, F59
M9 Za7E F49 445 i ATIeXE
Fotdd xAo] Hl%d &Y WA E AF
FHAA Frt Ped gz 100°MTL
A4 e AolE YERA W (P<0.05), U
2% 107°ME ;2T H 100 MT Aloldle=
oA UE Zol7t fIdY. dz2Z# 107°M
AYPTH vaE o F59 HHo| 80% ol
2 AL & F ARG ©]¢} o] etidronate
disodiume M3E FAo] flom, FFA X
3 FF I9A 5% e Aoz YEto
B2 Xuto] &4d ot A Ze HA g
Fohd G2 A X 97 NZFTE AT
AE 7HeRE ALE & A =3 25 Q)
AENE TS TR && AR Alggr}
E3 AFAAAE] HEHo] Y& Fvad=
AEde &34 FA &7 i A8 =
UAAT JHstd €78 NS E9 ¥
ANAg Aldste AFAM e &G Fole
Aol X2 FFE Foli Yot EAFTEY
FeE 2 & F IeBR 7 F FA
A2 AETgs A" A2e HE A}
|3t= Aol o axyolzt JAXY,
Gallium nitratex bisphosphonate$} =}3k7}
A2 Paget’s diseasett 2 FFol 23k 31
ZHEF?, B F035Y 2L boned L
At dojuie AHE A3 FAlz A
E5 1 gJ o™, gallium nitrate”} calcitonin®] vt
bisphosphonate 2t} ¢} L@ Fo) o &
HAHR] FEF/F AA 2= Bt Y. Bock-
man$®& galliumo] FAH3IQ13 e ¥ Aa)
A& £33 D ¢lo] Bo) a8 A3
HAT AL FAst F&o 2 APHS
ZHRATA 8™ o]E matrix nucleatione-
Baste) =g FAASRISN AP e
2o} 71&E AR S Bt 34 A Fog ol&
F AT 3 o3 & HAAe e 7
ARG &3 Zslcia YT, Warrel 50-&



galliumo] FFAHLE FHHFo 2 JA 1 =
FMEE coupling”] el o8] HPHo= o
AAA F FF4 AL ZAAIT L S
MatkovicE* 2 galliumo] AL JAAA
ZEFFE BAaANNGT R o9, Warrel 5702
AEA XY ZFHE binding siteol gallium
o] Z#3 A3 calcium channeld) | -&
F0] podosome FAde] AE FE3lH &
Axe FFF AL ZHTY #9750
B2 3 podosomes A} 3T} Mat-
kovics*& gallium nitrate’} transferrin®.2
BH irong AAH o g XFAA gallium-tran-
sferrin complex& ¥4} 38} ribonucleotide re-
ductase® A3} DNA #4& Haistal 3}
X 75T 2EMEL F4E JAgtL
5c}t.  Donnelly$Pel  23t¥  gallium®]
cell-mediated bone resorptiondll "<l
WA K3 &4, H -production, H-transportS
A gt ok Bockman$®S gallium &
2 gte FEA ZF71¥ metaphysial bone
calcium contentE X L bone mineral crystal
size7} 5 713-& B3 o). Hall?} Chamber®”
£ 0.01—100pg/mé gallium nitrate7} SFFAH X
3] eI FFolAM Fx} v e
A& HAY stFer galliumS FIAHE
E 9A" o)A EAHL gt dgth
SchenkE®" A& FEANA FF5F %A
2 bisphosphonates} 22 <fAlZ AFE uf
long bone®] impaired remodeling®Z <13}
FARAE BHole ¥ galliume 33A] &
BA SAEAEY FIE&S HolA Hsitin
o, o] 24 Donnelly’”& gallium®] &%
28 7)A0] bisphosphonatedh= dtEt}i F
3t Th Liewehr592 21459} 107°M gal-
lium nitrateo] Ao} AJH-E HAZ F v
A g F5ote] S ¥ sty gallium
nitrate & RN A F59 71 FAES B}
Ak

B AgdAE 1.0X107*M, 20X107*M, 39
X107*M¢9] gallium nitrate$ %S A FZ5}
Liewehr5*®o] 9% A {AlstA A3}t
Fou dxTF vudte YT F59
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Na=9] AFolol A FoAE HolA| gyt 2L
gl MTT AESA AANA S gallium: nit-
rate’} HET2 Haste APTA wjg =
71(30%) 0l ¥ Az AEEA0] e A
o2 Jvelgth Liewehr593e 23 248
AMeE F59 Aye Bo] ARAT A4H &
A7k Foart fIdd AL A AEFY
zpolofl 7)Q18kAY, chick embryo2FE A2
FAH L o] Wole Ao UL FE 3l
O AL doh 2 EE FF Ao ARt
g3t galliume] FT Aol Fol 3
&g A £ eAY g5 FF A7 ™
g ¥ Aoz qAZI.

ojatel Aol A chick embryodllA ¥ I}
ZAE7} Q17Ee] AolA A F594E YAt
A& & F Ao, FolA £ etidronate diso-
diumo.2 AA A 3H & o 2T v 2ty
F9 Ado] 60% ol A HUTH HIE A
B HollA A3l de Adox|gt QA
NME A Fold F4E A4 A7IE &9t
AL Aoz 7} dEE] Xo} A2 A
o] &) Ho}E HUIETHA T2 9T H
z|ote] =L etidronate disodium 2FA12] re-
servoir2 ©]&3ste] AJotM#E 3 A2 9
Ho 2 A Aol FFE AT + AU
o ol2A4 & 5 oA A4 A2 FFE
JAE & e /e S HYFthal Als dh
aglste ol FAE Aol S T F
HAZ 5 JeA, Avtd ojd FEIF AR
A2 Yt 3= AQJo] dasteet ¥t 3l
gZ A 2o th3t JA 71-A 7 F7F AR i3y
T2 8Ql A7) o] FRo2H o]F HiEo
23] Xo} A2 XA NZFFE Z719
A9 £ e EHFHQ GHEE
Aot Yzt

P

y{ Mke]
s F

~

v, & g

¥ ATE chick embryod) SAEERY
& FZHEE 843t stannous fluoride, eti-
dronate disodium, gallium nitrate?} S+& 4| X

o o gotd FF A A= 9%



Brrstazt AABIEY. dzdoze Aol

AEE Aggol HAsta, AT zE o}

A AL 01%, 05% stannous fluoride, 107°

M, 107°M, 107*M etidronate disodium, 1.0X 10

“*M, 2.0X107*M, 3.9X 10™*M gallium nitrate 2]

7} GHof 48AIZF AATF FAFAEE AJolA

AlE el wikEle] Y FoE B

geor, B MES EA= tartrate ATA

AHd 1A 8l A A~ (tartrate resistant acid pho-

sphatase, TRAP) & g4ste] 3¢l st o,

MTT HAHOE ZF A8 MNEEHS

AAG & og# 2e d9E ddd.

1. FEFAHEY &A= TRAP d4RA &&
Aol Fd whgH o] F A o]l Ty
AAEZ 8 & § JAren, FAHA
Au Aol A ERFQ Fotd FroE B
g 4 AU

2. 0.1% <+ 05% stannous fluoride®E =3k
APTME St HHA Fded,
stannous fluoride®] 73+ A EEAJo] o3
HBEA X7 AEHLS LM% wioE 53
213

3. 107 °M etidronate disodium®zZ *2]3F A3
T2 Fold {5 AAE BolX kot
1075M, 107*M 9] etidronate disodiumsr-ol) A
= FYEUE Jold FF dAEHNE B
HHP<0.05). Etidronate disodiume} |
EEARLE BE FRAA YEREA Agith

4. 1.0X107*M, 2.0X10™*M, 3.9X107*M9] gal-
lium nitrate2 x2]3 RE AFFAA A
old F A EHRE HolA &yt Gal-
lium nitratex= 2 FEolA viF Z71(30
o e AEEAE Rk

ot

FS )

1. Addison W.C. : The distribution of nuclei
in human odontoclasts in whole cell pre-
parations, Archs. Oral Biol,23 : 1167—11
71, 1978.

2. Alvarez ]I, Teitelbaum S.L., Blair H.C,,
Greenfield E.M., Athanasou N.A,, Ross F.

589

10.

P. . Generation of avian cells resembling
osteoclasts from monounclear phagocytes,
Endocrinol,, 128 : 2324— 2335, 1991.

. Amano S., Hanazawa S., Kawata Y., Ohta

K, Kitami H,, Kitano S. ! An assay system
utilizing devitalized bone for assessment
of differentiation of osteoclastic progeni-

-tors, J. Bone Min. Res., 7 : 321328, 1992.
. Andersson L., Bodin I.,Sorensen S. : Pro-

gression of root resorption following rep-
lantation of human teeth after extended
extraoral storage, Endod. Dent. Trauma-
tol, 5: 38—47, 1989.

. Andreasen J.O., Hjorting-Hansen E. . Re-

plantation of teeth I. Radiographic Clinical
study of 110 Human Teeth replanted after
accidental loss, Acta Odont. Scand., 24 :
263—286, 1966. '

. Andreasen J.0. . Traumatic Injuries of the

Teeth, Munksgaard, Copenhagen, 193,206,
1972.

. Andreasen J.O. ! Relationship between

cell damage in the periodontal ligament
after replantation and subsequent develo-
pment of root resorption, A time-related
study, Acta. Odont. Scand., 39 :15—25,
1981.

. Andreasen J.O. @ Effect of extra-alveolar

period and storage media upon periodon-
tal and pulpal healing after replantation
of mature permanent incisors in monkeys,
Int. J. Oral Surg,10 : 43—53, 1981.

. Andreasen J.O., Kristerson L. . The effect

of extra alveolar root filling with calcium
hydroxide on periodontal healing after re-
plantation of permanent incisors in mon-
keys, J. Endod., 7 . 349—54, 1981.
Arnett T.R,, Dempster AW. . A compara-
tive study of disaggregated chick and rat
osteoclasts in vitro . effects of calcitonin
and prostaglandins, Endocrinol., 120 : 602
—608, 1987.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Athanasou N.A. Quinn JM. ! Imlmuno-
phenotypic difference between osteoclasts
and macrophage polykaryons-Immunohis-
tological distinction and implication for os-
teoclast ontogeny and function, J. Clin. Pa-
thol., 43 : 997—1003, 1990.

Athanasou N.A, Puddle B, Quinn ],
Woods C.G. : Use of monoclonal antibo-
dies to recognize osteoclasts in routinely
processed bone biopsy specimens, J. Clin.
Pathol, 44 : 664 —666, 1991.

Aubin J.E. . Osteoclast adhesion and reso-
rption-The roll of podosome, J. Bone Mi-
ner. Res.7 : 365—368, 1992

Bjorvatn K., Massler M. . Effect of fluori-
des on root resorption in replanted rat
molars, Acta. Odont. Scand., 29 : 17—29,
1971.

Blomlof L., Otteskog P. . Viability of hu-
man periodontal ligament cells after sro-
rage in milk or saliva, Scand. J. Dent. Res.,
88 © 436 —440, 1980.

Blomlsf L. Lindskog S., Andersson L.
Hedstrom K.G, Hammarstrsm L. : Sto-
rage of experimentally avulsed teeth in
milk prior to replantation, J. Dent. Res,,
62 . 912—916, 1983.

Blomlsf L., Lindskog S., Hammarstrom L.
E. : Influence of pulpal treatments on cell
and tissue reactions in the marginal perio-
dontium, J. Periodon., 59 : 577 — 583, 1988.
Bockman R.S., Boskey A.L., Blumenthal
N.C, Alock N.W., Warrel RP.: Gallium
increases bone calcium and crystallite pe-
rfection of hydroxyapatite, Calcif. Tissue
Int.,39 : 376—381, 1986.

Bonucci E. : New knowledge on the ori-
gin, function and fate of osteoclasts, Clin.
Ortho. Rel. Res, 158 : 252—269, 1980.
Boyde A., Nadire N.A,, Jones SJ. . Resor-
ption of dentin by isolated osteoclasts in
vitro, Brit. Dent. J., 156 . 216—220, 1984.

590

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Burstone M.S. : Histochemical demonst-
ration of acid phosphatases with napthol
AS-phosphates, J. Natl. Cancer. Inst., 20 :
601—615, 1958.

Carano A, Teitelbaum S.L., Konsek ].D.
Schlesinger P.H., Blair H.C. : Bisphospho-
nates directly inhibit the bone resorption
activity of isolated avian osteoglasts in vi-
tro, J. Clin. Invest., 85 456—461, 1990.
Chambers I.G., Reade P.C., Poker LD.:
Early post-operative endodontic therapy
limits inflammatory root resorption of au-
totransplanted maxillary canine teeth,
Brit. J. Oral. Max. Surg., 26 : 364—369,
1988.

Chambers T.J. : phagocytosis and tryp-
sin-resistant glass adhesion by osteoclasts
in culture, J. Pathol,27 . 55—59, 1979.
Chambers T.J. : Phagocytic recognition of
bone by macrophages, J. Pathol., 135 : 1—
7, 1981.

Chambers T.J. ' The pathobiology of the
osteoclast, J. Clin. Pathol.,38 : 241252,
1985.

Chambers T.J,, Magnus C.J.: Calcitonin
alters the behavior of isolated osteoclsts,
J. Pathol, 136 : 27—39, 1982.

Chambers T.J., Dunn C]J. . Pharmacologi-
cal control of osteoclastic motility, Calcif.
Tissue Int., 35: 566—570, 1983.
Chambers T.J, Fuller K., McSheehy P.M.].
: The effects of calcium regulating hor-
mons on bone resorption by isolated hu-
man osteoclastoma cells, J. Pathol., 145 :
297— 305, 1985.

Chen CJ., Anast C.S, Brown EM. . Effe-
cts of fluoride on parathyroid hormon. Se-
cretion and intracellular second messe-
ngers in bovine parathyroid cells, J. Bone
Miner. Res.3 © 279—288, 1988

Donnelly R., Bockman R.S,, Doty S. : Bone
particles from gallium-treated rsts are re-



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

sistant to resorption in vivo, Bone and Mi-
neral, 12 . 167—179, 1991.
Flanagan A.M., Chambers T.]. . Dichloro-
methylenebisphosphonate (CL,MBP) inhi-
bits bone resorption through injury to os-
teoclasts that resorb Cl:MBP-coated bone,
Bone Min., 6 : 33—43, 1989.
Fleisch H. '@ Experimental basis for the
use of bisphosphonate in Paget’s disease
of bone, Clin. Ortho. Rel. Res., 217 : 72—
78, 1987.
Fleisch H., Bisphosphonates : A new class
of drugs in diseases of bone and calcium
metabolism, Recent Results in Cancer
Res., 116 : 1—28, 1989.
Francis M.D. : A brief history of etidro-
nate, In Summit L. ed, Diphosphonates-
The First Decade., Virgina Commonwealth
University, Williamsburg, Virginia, 7— 14,
1988.
Francis M.D., Russell R.G.G., Fleisch H.
. Diphosphonates inhibit fromation of ca-
lcium phosphate crystals in vitro and pa-
thological calcification in vivo, Science, 165

1 1264—1265, 1969.

Goldhaber P. ! The inhibition of bone re-
sorption in tissue culture by non toxic co-
ntributions of sodium fluoride, Israel J.
Med. Sci., 3. 617—626, 1967.

Gotcher J.E., Jee W.S.S. ! The progerss of
the periodntal syndrome in the rice rat.
II. The effects of a diphosphonate on the
periodontium, J. Periodon. Res., 16 : 441
—455, 1981.

Gothlin G., Ericsson J.L.E.: The osteoc-
last. Review of ultrastructure, origin, and
structure-function relationship, Clin. Or-
thoped Rel. Res., 120 : 201— 228, 1976.
Hall T.J,, Chambers T.J. : Gallium inhibits
bone resorption by a direct effect on os-
teoclasts, Bone Min,, 8 . 211—216, 1990.
Hammarstrom L. Lindskog S.: General

591

42.

43.

44.

45.

46.

47.

48.

49.

50.

morphological aspects of teeth and alveo-
lar bone, Intl. Endod. J, 18: 93—108,
1985.
Hammarstrom L., Bloml f L., Lindskog S.
- Dynamics of dentoalveolar ankylosis
and associated root resorption, Endod.
Dent. Traumatol, 5 : 163—175, 1989,
Heithersay G.S. : Replantation of avulsed
teeth. A review, Australian dent. J., 20 : 63
—72, 1975.
Heithersay G.S. : Clinical endodontic and
surgical management of tooth and associa-
ted bone resorption, Int. Endod. J., 18 : 72
=9, 1985.
Jones SJ., Boyde A, Ali N.N. : The resor-
ption of biological and non-biological subs-
trates by cultured avian and mammalian
osteoclasts, Anat. Embryol,170 : 247—
256, 1984.
Kahn AJ., Stewart C.C., Teitelbaum S.L.
- Contact-mediated bone resorption by
human monocytes in vitro, Science, 199 :
988—90, 1978.
Leonard E.P,, Reese W.V., Madel EJ.:
Comparison of the effects ethane-1-hyd-
roxy-1, 1-diphosphonate and dichlorome-
thane diphosphonate upon periodontal
bone resorption in rice rats, Arch. Oral
Biol,, 24 : 707—708.
Liewehr FR., Craft D.W. Primack PD,
Kulild J.C., Turgeon D.K,, Sutherland D.E,
Schuster G.S., Pashley D.H. : Effect of bi-
sphosphonates and gallium on dentin re-
sorption in vitro, Endod. dent. Traumatol.,
11 7 20—26, 1995.
Matkovic V., Aapseloff G., Shepard D.R,,
Gerber N. : Use of gallium to treat Paget’s
disease of bone : a pilot study, Lancet, 335
2 72—75, 1990.
Minkin C. : Bone acid phosphatase : tart-
rate-resistant acid phosphatase as a mar-
ker of osteoclast function, Calcif Tissue



51.

52.

53.

54.

55.

56.

57.

58.

59.

Int., 34 . 285—290, 1982.

Murrills R.J., Dempster D.W. © The effects
of stimulators of intracellular cyclic AMP
on rat and chick osteoclasts in vitro . vali-
dation of a simplified light microscope as-
say of bone resorption, Bone, 11 : 333—
344, 1990.

Oursler M.]., Collin-Osdoby P., Anderson
F.,, Lim L., Weber D., Osdoby P. . Isolation
of avian osteoclasts-Improved techniques
to preferentially purify viable cells, J. Bone
Miner. Res., 6 . 375—368, 1991.

Pierce A. . Pathophysiological and thera-
peutic aspects of dentoalveolar resorption,
Aust. Dent. J., 34 | 437 —448, 1989.
Posner A.S., Eanes E.D., Harper R.A,, Zip-
kin . : X ray diffraction analysis of the
effect of fluoride on human bone apatite,
Arch. Oral Biol, 8 : 549—570, 1963.
Robinson P.J, Shapiro LM. . Effect of di-
phosphonates on root resoption, J. Dent.
Res., 55 116,1976.

Roodman G.D., Ibbotson K.J., Mac Donald
B.R., Kuehl T.J.,, Mundy G.R.  1,25-dihyd-
roxy-vitamin D3 causes formation of mul-
tinucleated cells with several osteoclat
characteristics in cultures of primate mar-
row, Proc. Natl. Acad. Sci. USA, 82 : 8213
—8217, 1985.

Sakamoto S., Sakamoto M. : Biochemical
and immunohistochmical studies on colla-
genase in resorbing bone in tissue culture,
J. Perio. Res., 17 . 523—526, 1982,
Sasaki T.Takahashi N., Higashi S., Suda
T. . Multinucleated cells formed on calci-
fied dentin from mouse bone marrow cells
treated with 1 ,25- dihydroxy vitamin D3
have ruffled borders and resorb dentin,
Anat. Rec., 221 : 379—391, 1989.

Sato M., Grasser W. ! Effects of bisphos-
phonates on isolated rat osteoclasts as
examined by reflected light microscopy,

592

60.

61.

62.

63.

64.

65.

66.

67.

J. Bone Min. Res, 5: 31—40, 1990.
Schaaf J.E., Kafrawy A.H., Standish S.M.
. Effects of diphosphonate on experimen-
tal periodontal disease in hamsters, J.
Dent. Res., 57 :195,1978. Abstract No.
483.

Schenk R., Merz W.A., Muhlbauer R., Rus-
sell R.G.G,, Fleisch H. . Effect of ethane-
1-hydroxyl-1, 1-diphosphonate (EHDP)
and dichloromethylene diphosphonate (Cl
.MDP) on the calcification and resorption
of cartilage and bone in the tibial epiphysis
and metaphysis of rats, Calcif. Tissue Res,,
11 196—214, 1973.

Seltzer S., Soltanoff W., Bender 1L.B., Ziontz
M. | Biologic aspects of endodontics. 1.
Histologic observations of the anatomy
and morphology of root apices and sur-
rounding structures, Oral Surg, 22 ! 375
— 385, 1966.

Ssder P.O., Otteskog P., Andreasen J.O,
Modeer T.: Effect of drying on. viability
of the periodontal membrane, Scand. J.
Dent. Res., 85 : 164— 168, 1977.
Schulman L.B., Kalis P, Goldhaber P.:
Fluoride inhibition of tooth-replant root
resorption in cebus monkeys, J. Oral Ther.
Pharm., 4 : 331—337, 1968.

Shulman L.B., Gedalia I., Feingold R.M.
. Fluoride concentration in root surfaces
and alveolar bone of fluoride-immersed
monkey incisors three weeks after replan-
tation, J. Dent. Res,, 52 . 1314—1316, 19
73. |

Takada Y., Kusuda M., Hiura K., Sato T,
Mochizuki H., Nagao Y., Tomura M., Ya-
hiro M., Hakeda Y., Kawashima H.,, Kume-
gawa M.. A simple method to assess
oteoclast-mediated bone resorption using
unfractionated bone cells, Bone Min., 12 :
347— 359, 1992.

Takahashi N., Yamana H., Yoshiki S., Roo-



68.

69.

70.

71.

dman G.D., Mundy G.R,, Jones S]., Boyde
A., Suda T. . Osteoclat-like cell formation
and its regulation by osteotropic hormones
in mouse bone marrow cultures, Endocri-
nol, 122 : 1373—1382, 1988.

Taylor M.L., Boyde A. Jones S.J.: The

effect of fluoride on the patterns of adhe-

rence of osteoclasts cultured on and reso-
rbing dentin : a 3-D assement of vinculin-
labelled cells using‘confocal optical micro-
scopy, Anat. Embryolo, 180 : 427435,
1989. .

Taylor M.L., Maconnachie E., Frank K,
Boyde A., Jones S.J. : The effect of fluo-
ride on the resoption of dentin by osteoc-
lasts in vitro, J. Bone Min. Res., 5 : s121
—s130, 1990.

Tronstad L. : Root resoption - etiology, te-
rminology and clinical manifestations, En-
dod. Dent. Traumatol.,, 4 : 241—252, 19
88.

Van Hassel H.J.,Oswald R.]. Harrington

593

72.

73.

74.

G.W. © Replantation 2. The role of the pe-
riodontal ligament, J.O.E.6 : 506—509,
1980.

Vitte C., Fleisch H., Guenther HL.: Os-
teoclasts mediate the bisphosphonate
inhibition on bone resorption through sy-
nthesis of an osteoclast-inhibiting activity,
J. Bone Miner. Res.,9(supple) : s142,1994.
Warrel RP,, Israel R, Frisone M., Snyder
T., Gaynor JJ., Bockman R.S.:@ Gallium
nitrate for acute treatment of cancer-rela-
ted hypercalcemia, Ann Interm. Med., 108

1 669—674, 1988.

Watts N.B,, Harris S.T., Genant HK., Was-
nich R.DT, Miller P.D., Jackson R.D., Licata
A.A., Ross P., Woodson G.C., Yanover MJ.,
Mysiw W.J., Kohse L., Rao M.B., Steiger
P., Ridhmond B., Chesnut C.H. : Intermit-
tent cyclical etidronate treatment of post-
menopausal osteoporosis, N. Engl. J. Med.,
323 1 73—79, 1990.



AP 2 =4 Y

. TRAP-positive multinuclear cells isolated from bone of chick embryo (X400)
. Scanning electron microscope view of the ostecclast on dentin slice (X5000)

. Osteclast has thin and well developed lamellipodia on dentin surface.

. Light microscope view of resorption pit on dentin slice(X200)

. Note the resorption pits which,when stained with toluidin blue, contrast against

~ the dentin background.
. Scanning electron microscope view of resorption pit on dentin slice (X1500)

: Diameters of dentinal tubules of resorption pits were larger than those of normal
dentinal tubules.

. Cytotoxic effect of stannous fluoride on gingival fibroblast

(Dgingival fibroblast cells after 3 days untreated
. gingival fibroblasts were well proliferated.

@gingival fibroblast cells after 3 days treated with 0.5% stannous fluoride
. All gingival fibroblasts were dead.
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