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ABSTRACT

Fluorination of drinking water has been used world widely to reduce the incidence of caries. Recently,
contradictory results on the cytotoxicity of fluoride compounds are reported. In addition, there are attempts to
use fluorosilicate for fluorination of drinking water in Korea, therefore, we tried to analyze the cytotoxicity of
fluoride compounds on oral epidermoid carcinoma (KB and A253) and osteosarcoma (HOS and MG-63) cells
in this study. We treated cells with 0, 10, 50 and 250 ppm of fluorosilicic acid (domestic or from Fluka,
FsH,Si), sodium fluorosilicate (FsNa,Si), sodium fluoroacetate (FCH,CO,Na), sodium fluoride (NéF) or
potassium fluoride (KF) and measured the relative cell survival by MTT assay. At the concentration of <10
ppm, no significant cytotoxicity was observed. At 50 ppm, each cells revealed different response to fluoride
treatment. Among cells used in this study, MG-63 was the most resistant to fluoride treatment. Comparable
toxicity data from domestic and imported fluorosilicic acids were obtained. When we compared the relative
cytotoxicity of fluoride compounds against their fluoride contents, the differences in relative cell survival were
smaller. Most of cells showed <20% of survival at 250 ppm. In order to analyze the pH dependence of the
cytotoxicity of fluorosilicates, the pH of cell culture media containing fluorosilicate was adjusted to 7.4 or 6.5
and the relative cytotoxicity was measured. At lower pH, about 10% higher cytotoxicity was obtained. Thus,
our data suggested that the toxicity of domestic fluorosilicic acid was similar to that of fluorosilicic acid from
Fluka, and the cytotoxicity of fluoride compounds was dependent on the relative content of fluoride and pH.
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Aurg 3 FAHAANLEEN S84 2483
Eo| 7l A geor, ¥AZIe] WY E4
&2 970 1ppmFo|t} (Caspary et al., 1987). A
Az B4l 1ppmFY 5 FALAYE] o
40%2 Aago] dA Qloh BAIFTEL ofn|
&3 Hopent opdet MAFAA Foll Ux A
ofell = 2H8-& 3t FA|9 LS AdAT7IH,
A T 45 E AS A AT o
EH7E A&HE Aoz d#A o (Murray et
al., 1991). ATt o]2 &k EA3{HEo] A o
O3 FA5AE eReAel 93 AEFH
7124 v &8 Heloh

#Z E3l4} (NaF)7} Syrian hamster embryo
HZzoA HyAARE FEI9E Aol BuHG
o} (Jones et al., 1988; Tsutsui et al., 1984). =3} X
5 e A=z EA3NES IS 9 chro-
mosomal aberration, 2 o] £2] M EEAl] |}
ehde] » 31 ¢] ow (Mihashi and Tsuitsui, 1996;
Khalil, 1995; Hayashi and Tsutsui, 1993; Cole er al,,
1986; Holland, 1980; Jagilleo and Lin, 1974), Chin-
ese hamster ovary celloll A] sister—chromatid exchan-
ge ¥ micromucleiz} Aol FA =Y (Aar-
dema et al., 1989). ¢]2] 3 AF9}l= YxAH o=z )
D AAY GsFAME ol T FAALEAL e
A2 A 99k e v (Thomson et al., 1985; Gebhart
et al., 1984; Kishi and Tonomyra, 1984), &}& =Z-§-
3E AxerMx DNA &4do o3t A3t 9
A ole¢e wedo)(Tsutsui ef al., 1995; Khalil and
Da’dara, 1994; Li et al., 1987a). In vitro 9+ ZA3}
oA e} wlRIIAZ in vivo AT E =eo] FH
T AFEe] 23Ut Hv 4338 Az
AFAE s 7 Bl et (Pati
and Bhunya, 1987; Aliev and Babaev, 1981), &= o}
£ JFUNE olshe AVE 97FANE 2y
©} (Albanese, 1987; Li et al., 1987b). w}elr] B4 3}
FEol Mz FASAE dodle: A9 AR
A3l obz] =qhe) wow, 53] FALZEA
9] viyh] &2 At d7A A7) P AR el
FHZ FWollA} B-3}FAF (fluorosilicic acid, FeH,Si)
o] Aitsle] A ApEH oz AHE T e)
AEEHT vk whebA, WA AALEE B3t
Ao} oA A A HE 9 ole] Hig 7|x 4
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F7F eske, =3 A Abn ez B3wal
o] oz Agxel HUE 7l ATl B
28 AHE7E ez o2g A9 du|diy
B3t AEz5Ade] Wg 712 A7t ofFef
ok g}, x|t A 53] Az ¥ A 5F
A2} B3fqfatel dEk Zlx A7 A9 Ho
S Qe Aol Wetd B dpeldr )
AN gargl B3pake] M ESAZE Aoz B
o) F9 ¥3}pAl a8l 3 o8 3 A )
A sodium fluoride, potassium fluoride @ sodium
fluoroacetate 52 E-43}§Ee) AZTHEAIL F
Z 9 Y NEFE Aoz 23 ulm A
3 1 Ao BystuA I

A
1. A2}

B do= E3}FAF (fluorosilicic acid, FsHoSi,
3l 318t 2 Fluka, Switzerland), 3} 744 (sodi-
um fluorosilicate, FgNa,Si, Fluka, Switzerland), £-3}
4t} (sodium fluoride, NaF, Sigma, USA), potassium
fluoride (KF, Sigma, USA), @ sodium fluoroacetate
(FCH,CO,Na, Aldrich, USA) 59] E4313E$&
A28 ct. E3F4e S PRMI1640 media (Gib-
Co BRL, USA)9l, E-3}4v}, potassium fluoride Y
soduin fluroacetatet:= D-PBS (Dulbecco’s phos-
phate buffered saline, GibCo BRL, USA)el] &3 A]
A F AFLFI, oA ALY A Leh Pl
o FHstel Abgetsdch ESFAE odsbdEd
F RAY Azopiel sAse AHgatae.
QA7 A48 & Aok Sigma, USA =
el FFAN TR} At

2. M| Zujek

2 Qe AMEgE F£F M EFE HOS (hum-
an osteogenic sarcoma, ATCC CRL~1543) 9 MG-
63 (human osteosarcoma, ATCC CRL-1427)¢|d,
F7}o} M| Z£F+= KB (human oral epidermoid carci-
noma, ATCC CCL 17)8} A253 (human sumaxillary
gland epidermoid carcinoma, ATCC HTB-41)o]t}.
HOS ¥ MG-63 ME=F+= 10% FBS7t H7}=
DMEM ufj R]ol| A, KB A £33 10% FBS7} A~}
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H MEM W} x| A 22)51 A253 M EF= 0.04
g/ml9] hydrocortisone @ 10% FBS (Biowhittaker,
USA)7} 715 RPMIL640 vl =)ol &) ufoka)sic).
Z+ v oful xjel| = streptomycin/penicillin (GibCo,
BRL, USA)3# 2mM L-glutamine& @31 37°C9l|
A 5% CO/95% air®] ZZAs}ol| A uj okaledc.

3. Mz25M ZHAE

NE 54 24 e MIT BHHE ol
gt 4 A ELFZ 96 well plated)] A2 I over-
night 52t MFEHT ARG FHE F 48A1T B2
wWFstal& | dolxE F4=r} o 0.7~09
£ 9E Ay Az 48 248t A4 29
M ZE 96 well plateo]] A1-2- ¥ overnight v oFs} 2
ARE 7tsked 48A1E E2F W %3}3ich MTT G-
[4,5-dimethylthiozol-2-yl]~2.5-dipheny] tetrazoli-
um bromide, Sigma, USA)= PBS®l| S5mg/ ml2 &=
o 0.2um filterg AE ¥ —20°Cel] £Fsle 1
#Aed . oA weo] AMEEgch MTTE 10ul
& 7k 4A2 B NF T 7 welle] Wopo)
£ A A3k A% formazan saltE 0.04N HClo|
59 isopropanol 100 ulE Y3 7PHA ek}
o A8 &3 AZ] F, ELISA reader (Biorad,
USA)Z 570nme] 3}A} (reference: 655 nm)oijA] &
=8 293

4. 3zt B

A EMLE g3} o] ) A As
E AYsiA 4L dxdY FR=E A9
100% &&= sl AlZzu ok x)o] 98 =
2 E4A3FES 718 3 A9 M=dlekzAe
Al 48A1zF v} Fo] Mz YEAEE AEFH
Q2R 7143 hos EA34. o)
FAA = FF=F T3l BAIRFE A2 Al
Azo] A& AxE dzdo AEgd A 9y
&2 T3 7 ARE 33 ol AAEH
2 HgH &£F AAE Fego

7 o
2 AFIME FhelA AAEle Babel

ANEEAE AZSHL ¥ F5428 YL 7}
Ax B34t AESAY v $As R B

o) w4
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Ak 9 29) 9 (sodium fluorosilicate, FiNa,Si),
g9y E43LE F dyddez 1A w@o) A}
25 e] & ¥3}4c}(sodium fluoride, NaF), I o]
o} u]4=8t 3etx AL 71A potassium fluoride
(KB), 22]3 dAAsAl 2 deiAd Qe sodium
fluoroacetate (FCH,CO;Na)2] A L&A} & 223}
Aok H2EAEE 53] 8 AzF2e 2
£ MEF9 MG-63 % HOS, F74A st Ml =23
ol KB 3 A253¢ Abgsield).

Z7re| A EFe dte AR FAE A
A x2] AAe] log phaseol] l& W Aldo] ARG
seieh.

Aol AMER 2A3NEEY FEF Y 7
& Al ESFo Hg NEFAE $43 ZAE= Figs.
1~2¢} Ze} Fig. 1M e 8% A EF< HOS
2 MG-639] w3t E433E9] A 54L&
ePfiolet. Aol AR 4F B43HE 0, 10,
502 250ppmE 713k ¥ M EESAS HAs S
, 714 @$e Fxd 10ppmoME 2E B3}
FEAM F94 A AzSAe] BHAFHA gt
o). 50ppme| FEoA = HOSS 7ZA$ Az A=
&8 E3hgake] 19% (Fluka) R 21% (F)Ah2A)
743 kot shx| Tk 0]5¢] Nagdql sodium fluo-
rosilicate?] 7-$oll= M EPEEo] 35%L}. 50
ppmol|A] & B-A3}3HE, & NaF, KF ¥ sodium
fluoroacetate®] 7$-olle= A x| AEgo] 77t
49%,90% 2 48%=2A kgt A EZEAE JERY
ot (Fig. 1A). MG-63 M| £32] 7 9o 50 ppm
2] FxoA B3farabe] AL 80% (FWAH ¥
84% (Fluka)?] AN ZAEEE Jepligleon o2
EA3E 93 AzNEE0 Aal= BT
=) ekoke} (Fig. 1B). 21% %) 250 ppmel|A}= HOS
Az2F9 7% KF(17%)%} sodium fluoroacetate
(34%) A2 Al ofzte] MEAEE Mo, e
EAES AYAE A <10%2 Az}
R E3HHA . MG-63 M 2] 7 9ol B3}7Ak)
A B <10%9) AZYEEE dehliglen,
E3FAakg e AS 13%, o2 243389 A
32% (NaF), 64% (KF) ¥ 99% (FCH,CO;Na)2] Aj
EAEES e S 8F A 23 dig A
ZE5A4 AR SHAF B3FAS Flukaol A
T4 B3raks A A A3E ngdg.
Aol AHgE B3R Badtgke] 7] o
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Fig. 1. Relative cell survival of osteosacoma (HOS and MG-63) cells after treatment of various fluoride compounds. HOS
(A) or MG-63 (B) cells were treated with 0, 10, 50 and 250 ppm of fluorosilicic acid (FsH,Si) — domestic (®) and
from Fluka (0 ), sodium fluorosilicate (FsNa,Si, A), sodium fluoride (NaF, A), potassium fluoride (KF, ®m), or
sodium fluoroacetate (FCH,CO,Na, o) and relative cell survival was measured after 48 hrs of incubation with
fluoride compounds. Relative cell survival of HOS (C) and MG-63 (D) cells upon treatment fluorides were plotted

against fluoride concentrations of fluoride compounds.

2uz, 7 B43E] BAagsgs Avuy o
3 2 A4 EE 3 B3aArY] B4
o] 79.1%2 7} ¥, B3-FArgd o] 60.6%, NaF
7} 45.3%, KF7} 32.7% % sodium fluorosilicate7}
19.0% €22 43 weir, B4AgHE 7)
To2 3t 7 E2%EE AMEsted HOS ¥
MG-63 Al ZFol tf3t A EFA o] Yeh}= e
€ Fig. IC ¥ Dol Yeliich 2 A= 2433
Eo F5el @& AxEA Axe] Hale] Zo)
HAA ZolEQT o) B dFo) ALY B
A3ES MEFAol BAEHFEAAN #2R
ol e o YL AAE 2Aagsge
71Eo 2 MG-63 4 HOS M E3d ulXE= A%
F4& ¥R EA3HE 9 MG-63 Al=59 A
-4 EAaYEY 24T oF 30 ppmFe) ¥

EME MEEAE A9 vehlx ge dhdol)
HOSAH 2] A% 2L F=olA 24 A+ A
E54%& vehi it} (compare Fig. 1C and D). ©)
A= B43FEY NEZEA 0] wix 29 B4
gl EHelAint, 24 NEF W= 1 35
el Bhg& AAkE.

Fig, 2¢fA= 7743t Ml2F9) KB Y A253¢
W BAdgEY] A A4S Jehiyd 24
33HE-4 0,10,50 ¢ 250ppme] H=3 A Eujok
el 7} E NEAYEEE s 1
32 5% 10ppme] FEoME L& Az
EollX KB A253 tf& M L5 o] u|eslA
v #AER gslel 50ppmel|A12] KBo gt A
ERAEEE BIARY A 25% (FWAD), 38%
(Fluka) o) 1ot 3tk 22}7abede] A gels A
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Fig. 2. Relative cell survival of oral carcinoma (KB and A253) cells after treatment of various fluoride compounds. KB (A)
or A253 (B) cells were treated with 0, 10, 50 and 250 ppm of fluorosilicic acid (FsH,Si) - domestic (®) and form
Fluka (©), sodium fluorosilicate (FsNa,Si, A), sodium fluoride (NaF, A), potassium fluoride (KF, m), or sodium
fluoroacetate (FCH,CO,Na, 0) and relative cell survival was measured after 48 hrs of incubation with fluoride
compounds. Relative cell survival of KB (C) and A253 (D) cells upon treatment fluorides were plotted against

fluoride concentrations of fluoride compounds.

FEFA] o] A o MEAYES] 90% gt &
e QS 7R BASEEY Ads A
IRE g 2tz 78% (NaF), 94% (KF) 2 105%
(FCH,CONa)o 2 Al x5 o] wlebstAvt gt
(FlIg. 2A). A253 | 252 7% 50ppme] FxofA]
2334l A2 Ale] HZAIEEo] 19% (FWHAh 2
18% (Fluka)2 7}A okon] t}-8.02 NaF (32%),
sodium fluoroacetate (89%) ¢ KF(93%) o3 =
7}= 9l o} (Fig. 2B). B4313HE2] 5= 250 ppmol]
A= KB 252 7% sodium fluoroacetate 3 &)
Al A ZFA o] A ehtA] ¢hghe}. NaF 3 KF
] Ao} A EPE-go] 47} 43% L 28%2A] 3
FEAM AdHoz’ AEYELe] ¥4t Fluo-
rosilicate HFEE2] 7$¢ >10%2 H=zPE=§E
HB3ie A253 Al 252] 9 KB Al EF| A9} ¥

3} AL ¥} Sodium fluoroacetate, NaF 2
KF 2 Aol A zAq&ge] 27} 55%, 12% %
48% <3r}. Fluorosilicate 33E2] AL >10%9)
HEzAEEE Hodoh FRASA RG] v X
E2EE AESAE 74 e BAdgss
7\geoz vind AFs} Fig. 28] C¥ Do) v
F8F NEFAM e} vlIA 2 BA3FHE9]
F5 w2 MZ:E42) Zold) Fo) A3
Eo=x Ao AT eH, o] BAIFES
ME:EA]e) 7} 3] BAastekd) o&2el A
719] A5 #]lsle Aol

EAIFE) AT WX 5448 HEF
dheba 2wl chekabA vehda, =3 7 ¥
A998 29 B WA Aelr} Jeme A
e AA dlag +RalE o A
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oJeie Hol sk 2 ATl ALY ATF T
A FEF AEFA MG-639] $ASYE Ao
o W A AR depholeh FUA 2
FAE Flukeol | FUT 7S 4K A
Z5AL el 24588 28 24
e 7|Fo = 30~50 ppmF FF9 Exofalg
HOS A ZFo) ¥ NESALS B3p7at> 23
T4}, NaF, sodium fluoroacetate > KF <=0 2 MG
~630) sl WwHoz AESA ek
Hebgod, 2 eAx dHy ez Bslgpal, NaF,
KF> £-3}57AFd, sodium fluoroacetate o] it} (Fig.
1, Cand D). KB Al Z50] 3t 2433189 g
A A 548 E37A>KF, NaF, 237444
>sodiun fluoroacetate =412 =7 el on,
A253 N Z 5 AT AN EA-L E3FAl NaF>
E-3} 77419 > sodium fluoroacetate, KF 4= o] ¢}
(Fig. 2, Cand D). & 47 Azl A thopat s}ai=
ARE 7HAE d7 BANRE 7o) AdsAe
4719k 7] MEFe el oh2A Jehgod),
I AFHAQL AFE TY B4 J1EdA v
23l & W EB3pake] MESAC A &
velte s, sodium fluoroacetate?] Exjo| 713}
FA vebgs} NaF, KF 2 2357499 ¢ )
%3 AgE Jehligl et Nake) A Z 54 o) 4
WAooz F}sli KF Y #37atde] Adyes
o3t Aoz velyto

Eo3EEY] NSy A9 A4 3}
A A Addoz 974 B3gatd B
o A ZEAe] A FRHT B3}k B3}
TFAE S Bk e Ak 3 ES 4
A} pHe| W3Ot glom e, BaAle) AT EA e
Eaol oA fal g ®ul ofhg} pHell 9&4 Y
< AAREIR. getd 2 QAFelMe B3 @
frul 18] pHALolo] 2 A Z5AL vl wsldo).
E3AE 58 A=zejohix)e) pHE 74 %
652 =A% F o]F HOS AEFo) 75t 48
AIZb wieF Fo] AMEAEES wlm BAsgT
(Fig. 3). kA (pH 6.5)01M 9] M Z QEHo] A)
WaAe] pH 4714 pH 74)el -] Az
TR AFelgon, & 47 2704 NZYE
&9 ol o 10% A=At o] AAe A7
TF7d R FTEF NEFN doizl Azl
28l =3 NaFE 0|43 98 9759 1

Vol. 14, No. 3
120 -
100 -
? -
S 804
E J
2 604 %
g
(/] 401
E -
O 204
0 .
TI L L] Ll T Tllll
10 100
Conc. (ppm)

Fig. 3. Relative cell survival of human osteosarcoma (HOS)
cells at different pH containing fluorosilicate. Cells
were incubated with 0, 10, 50 and 250 ppm of fluo-
rosilicate at pH 7.4 (®) and pH 6.5 (0) for 48 hrs
and the relative cell survival was measured.

(Hirano et al., 1996; Hegelland and Leirskar, 1976)
s YA

o H

al
of dgt MEuhg wyh]Ee] dig
AF T old BT A ASHAgS FA=
oA 53] /M Fo3 R B4 24 & sy
A EA3FE x2HUE 9 ofF <dAsix
ol2gk WE Mz Wz HAgsld FAx Ly
< zHste] A 9 AT HIE 2
g w7h gl g A7 |8 Fesd &
A Aeleh FeM A4z Bas) Al
of AMEEN gl E3kiohs A3k o FeA A}
SH3 o] B2 o3yl gL o HE F
WAl L &yl $p3tn 8 EANFE B
o AFH £ Ao £olF B3pate] I
oA AkE o] B3 FALS) Aem E43 AR
o] fo] A== glomz FAL B3}FAk] oig
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712477t exE 3 glch w2 dyeirs
EAFE 2 7| digt FEel ¥A, 13}
Heol dFaA R FRFAE WIED o
rasdges ¥%3 9 AL Azl A
AEZAE vz BAse] 2 A%E nslslc

B AFY AFME Ba3ghEe i3t o
Az 7Heol Az uhe} chosiel, 2a3he
2o} AZHAE BB FHY 2ol ST
& AART olck THA BIFAL AGel A
4% BE A EFA FlukadA F8 B3lF
A5t vt Fee] JESAE Gepigie. de)
A FHA BSTAE o ool AAs gl
g FPssielet Az, A o drts
SN 2R AR AP AsHez 47
Hojop & ZAeoltt g3t Ao B E3E9
FAA ] m A= £ AEE vmg 7oA
NaFel KFe| ¢jdko] Az wl&3lgty RId
ot (Khalil, 1995) ¥ AFZAFAANME AHH
A EFol ulel ofzke] AolE efdilTh MG-
633} KB M| Z252] 79 NaF2} KFQ] M| ZEA] o]
FAEEHAl el o), HOS9E A253 Al 25| A &=
NaFS) AZEA o ¥ Vehdeh 2t ohiet 3}
S Aapel ohE weTAl 9 19 A= AEF
o we AEEHe] chpebA vhepdet oAb A
#) A ¢l sodium fluoroacetate?] 7% ZutA o=z
e 2asgEel vl I SAe) W e}
o} o] sodium fluoroacetatesl] FH-3 B4571
o2 3HEo) FiE B ZE] 48 A o
23E A g A A4S JHAI jlemz
2 AFzANNE AxsAe] A JEigex
Alagle. E3pake] ¢ 2 Al=5A-2 pH
Astgel @l A= pH &24E 2o o
2§k A3 NaF 59 o9& 2431382 e}
2 %] g}e} (Hirano and Ando, 1997; Hegeland and
Leirskar, 1976). $to2 oj2j3t 2-a3l3rEo] 244
A7l lES B8 T EasgEe] AMESA
Fr= 71AE FEsted AN H4HEe E43)
2ol Wit olsi e FHE ylF volrteld Aot

4 £

2 AFelAE o satd Ae SR 2
23Ee BTEFATF R FUYPAEF 0]
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AZERE AT PSS GeH 2e 3

.98 B4 3A3MEY NE 54 7 33tE
o 2 ¥4 PR Fxuch:s 7 #¢E
A fElE B Tz &2 AFE Y
ehden, @2 F=(<10ppmiyEs Aol =4
o] 92T ¥ ¥=(>50ppm)d| A Al EFo) u}
2t choFst M EEA o] AT

2. QFel AH4E FEFHAEF Y AR
Fo] AR s AL gokstAl v

on, 1% FEFHEFU MG-630] B33
B A /M 2 A& epSich

3. I AL B3pARS Ajefo s ww)
Fol B3hralat fARE A= MEsAdE By
o}

4, Qo AHed BAI3E 2 B3FAke] ¥
2 FxoA JHA B2 EAL Yehligen, o
t Az okl =] o] pH A 3tel] o3t AU Al

—

A7E DRt EARY APRPLTL
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