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LL'fi1u'Y11"ni4:tJnU ~~EJEJ'1r/i~fl11IJL-jfIJ-jfU 1 LL~:: 10 ~~LelIJni4:tJii~~1un11n1::I;]Un11L,;)1tU"lIEJ"LIJI~~Vi1".;IU" . ~
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'U't1~1
, d 0 ~ ~ LL~:;~~~ elm1L '\I\U£J1U 1m1Ln~~:;nelUelU U 'Y11£J (calcIficatIon)

1 .i".oj ~ ..~~ 1 " .I~-
ULUelL£JelelUU'Y11£J b~ LL~:;";)1nm1'Y1~~eI-1 U'\I\eI-1lJ!l1J~n11

'..1 '1" "~ 1 "
Vj1J1111~eIeI b1~a13J11tln1:;~un11L";)1ru UL6IJ~~n1:;~nLL~:;" "'"

~ -~ ~ " .. " .oj
L6IJ~~ b Vj1-1-nU 113J'Y1-1n1:;~um1LLa~-1e1e1n"lJeI-1L6IJ~~~1UelU")

c;1'1£J LoJiU n11L~3J1:;i1JLelUL6IJ{j5~f11L~U~elaW1L~a

(alkaline phosphatase)9-12 LL~:;m1L~3Jm1a71-1Liul£J
f1e1~~1L";)U (collagen) LiJUc;1'U 13-14

L1Ju~'Y111lJnU~11~~ fIfI L1f1L1JU~11~iiu1:: L£J"D'U1 ULL~"
"JJ fI-1m1L~12J~:!f1-1~112J LL -n-1 LL 1-11 iLLrin1::~n LL~::WULL~::-rl1 £J"
iJ ~-':11 ..1 ., Kd A""

fI-1nU~U~ ~~"JJfI-1~~fIfI b1~~flLUflL£JflflUU'Y11£J. "

(mineralized tissue) rf-11Un1::~nLL~::W:l-tLn~,;)1nm1~

~~flflL1f1R12J11t1L,r1LL'Y1U~L"~1f1n.1JLflflfI~ (hydroxy ion)"
1 u~an L"~1f1n.1Jfl1U1L 'Y1f1 (hydroxyapatite;Ca (PO)

10 46

(OH)) Ln~L1Ju~an~~fIfI L1f11U1L'Y1f1 (fluoroapatite;Ca
2" 10

.4 . ~.
(PO) F) 8Jj-12J~112JL~t1£J1LL~::'Y1U'Y11U~flm1n~n1f1U"JJfI-1

46 2

n1~2J1nn11~anL"~1f1n.1Jfl1U1L'Y1f12

RldUd::n eJ1J...J~ eJ eJ' d{l~ii.[JlIU11111 i"l u~~~nm""'Yll~
'II

r1U~nddllii'V\~l[JdULL1J1J i~LLCiil UdU'lJeJ~ 1'11L~[J1I...J~eJeJ'd{l
'II 'II 'II

(sodium fluoride), RLL~Uo;(R...J~eJeJ'd{l (stannous fluoride)
'II

'V\1eJ LLeJ.jj~L~~...JeJRL...J~...J~eJeJLd{l (acidulated phosphate
'II 'II

fluoride, APF) 1~ [J l-jirt~ 1 UdU LL1J1J'lJeJ~mdl v J~eJeJ'd{l
'II 'II

L~'Vil::~ L-liU Jl[Jlu1uUln~RlI...J~eJeJLd{l (fluoride
'II

mouthwash), [Jl;WU~RlI...J~eJeJLd{l (fluoride toothpaste)
'II

LL~::...J~eJeJ'd{lL,;)~ (fluoride gel) ~l'V\:;1JmdL~~eJ1Jwulu
'II

'Yll~r1U~nddllueJ~nu 'V\1eJmdlv J~eJeJ'd{l'Yll~d::1J1J 1~[Jl-ji
'II

'1.1 d!'I" 4
~UduLL1J1J'YlLuULlI~ (tablets), R1d~::~l[J'V\[J~ (drops), Ln~eJ

'II

...J~eJeJLd{l (fluoridated salt) 'V\1eJUlI~RlI...J~eJeJ'd{l
'II 'II

(fluoridated milk) ~l'V\:;1J:;1JUd::'YllU ueJn,;)lndlu'V\~l[J")

Ud::L 'Yl~nLli1'iinldL~lI...J~eJeJ Ld{l~~Lul UJ1Ud::UlIi1'1 [J (water
'II

fluoridation) 1~[Jii~1111L,r1l,rU'lJeJ~...J~eJeJLd{l~ 1 ~~L511
'II .

:tJ~n'Vi1J11-li1 [J~~ a~dlmdLn~ 1 d~WU~'lJ eJ~Ud::"1!l"1!U~~LIi1'.

-yJ~eJeJ L-srfl~u-s1nlleJrJlu11..1m£Jf1UL -S1{(U 99% ';):;eJ rJ~" :.J " "
n-S:;~nLL~:;~U R1U~~1R1J1 (plasma) ';):;1i-yJ~eJeJL-srflvf..1~" "
LUU-SULeJeJeJU (ionic form) LL~:;-su~LaJloJiLeJeJeJu (non-ionic

'II "

form) -S11JnULUUU11J1 rn-yJ ~ eJ eJ L-srfl-S11J 1 U ~~1R1J1 (total"

plasma fluoride) .J1..11~£Junil,;):;~1JLr;)lum1J1m-S:;~11..1 0.7
.. ~ 1 1 ". d ~ ':'1 ~ d.1 A
CI..1 2.4 b1J f1-S 1J~1-S (mlcromolar) 6!f..1,;)~11LlJU-S:;~1J"'lJn~

"'1~11J-yJ~eJeJ '-S~1UJ1~1£J';):;1if1111JL,j1J,jueJrJ1uoJi1..1 0.01-0.05" "
~~L~1J ~1eJU-S:;1J1m 21u 3 "lJeJ..1-yJ~eJeJL-s~1U~~1R1J13-7"

Li1~11JYJ~'Y11--1c;i'1U~1I11~'1J f)--1W~ f)f) 1d'f1 ~1J11W~ f) f) 1d'f1
OJ OJ

~YJ~c;1f)591d1mdL,;]1ty (proliferation), YJ~c;1f)nd:1J1Umd

~WLWf)LdU~Lf)iu (differentiation), YJ~c;1f)mdR1f1--111Jd~u

~ .~."I ...,1.. 0 .. '1
b'D"L'IL'I b Wd~YiUb1JUb'D"L'lL'I't13JlJ't1lJ1't1ff1flty bUnd::lJ1Umd

" , .i' d 1 .~ 1 .., .¥..
ffd1~ bbL'l::'D"a3J bb'D"3J b ua bfJa Wd~YiU ~ fJ b'D"L'IL'I b 'VI L'l1UfJ~ ff13J1dfl

~WbWabdu:nba't1 (differentiate) b1Jub'D"L'I~fff1~bdawuL~b~a
.. .. A .i' ".~ .. .i' d 1 .~ 15."1 ..

3JaU~d1fJbn~"lJUnlJYiU'VIdabUabfJa Wd~YiU U';)';)lJUmd
.

~nM1n~~L'I"lJa~WL'la a Ld~c;1a b dabfla 1 Wd~wurJ~iia rJuafJ3J1n
OJ OJ

1~fJWlJb~fJ~d1fJ~1U"lJa~ Nakade bbL'l::flm::12 bbL'l::

Thaweeboon bbL'l::flm::16 ~bbff~~11WL'laaLd~~fl113JbOJJ3JOJJU
OJ

~1n11 2 ~~bfl3JbbL'l::~fl113JbOJJ3JOJJU 5 ~~bfl3J ii~L'llumd

nd::~umdb,;)1ru bbL'l::b ~3Jd::<n"'lJ bau L'D"'JJ iiL'lfl1 LL'lU W a ffW1 b~ff. ~

lub'D"L'lL'l1wd~wu"lJa~3JuM~~ ,;)1n~L'I"lJa~d1fJ~1u<n"'~ntol11
.

u~.j}n~r;(n fJ 111 W"lJ a~w L'I a a L d~ 1 Umdbff13Jfff1~mdsrla 3J bb'D"3J
OJ

.i' d 1 .~ ,., , ".. .. ~ A

"lJa~bUabfJa Wd~YiU afJ1~ bdn~ u1';)::~a~3Jmd~nM1bW3Jb~3J

1~ fJ bQ W1:: 1 Ubb~"lJ a~fl113J b OJJ3JOJJU bbL'l::n L'I Lnmdri1~1U"lJ a~

WL'laaLd~ brta~,;)1nfl113JbOJJ3JOJJu~ff~"lJa~WL'laaLd~ a1';)ii~L'I
OJ OJ OJ

b~fJc;1abdabfla1wd~wuL~ 1~fJWlJ11WL'laaLd~~fl113JbOJJ3JOJJU
OJ

3J1nn1125 ~~bfl3Jff13J1dflLurJlJff~mdfff1~biulfJflaL'lL'l1b,;)u,

L'I~d::<n"'lJbaU L'D"'JJiiL'lfl1 LL'lUWaffW1b~ffL'l~ bbL'l::ii~L'lL'I~mdb,;)1ty

.." 1617 .¥'1 AA ...",.. '1""lJa~b'D"L'lL'I~1fJ - uan,;)1nUbU't11~flL'lUnba~nb~3Jn1db"1i

lff~bbn1La 1a 1Ub3Jaf (glass ionomer) ~loJ1'b1Julff~a~da~~u. . .

(lining or capping materials) lumdlJdtu.::wu .J1~<n"'11ff~ii
OJ .

flmff3Ju~lun1dutoIafJWL'laaLd~1ufl113JbOJJ3JOJJu~1aan3J1. OJ
., !16 19 ..1 .,...,1 ,1 " ,b~ - YiL'laa bd~'t1'V1L'1~aan3J1,;)1n'D"b3JU~'t1bb"lJ~~1bbL'l1 ff1U

OJ .

3J1n3J1';)1nWL'la a L d~la a au 1 Ub3J't11n.u 1~ fJ';)::a rJl U dU"lJ a~
OJ OJ OJ

1'D"b~ fJ3JWL'I aa Ld~, bbflL'lb.ufJ3JWL'I aa Ld~'VI1aWL'la a Ld~laaau
OJ OJ OJ

A '1 ..1" .. A "
affd:: bUd::fJ::bbdn 6J 11L'1aa bd~,;)::'VIL'I~aan3J1,;)1n~1'VIU1"lJa~

OJ .

.ub3JU~ 'VI-;~,;)1nJuWL'la a Ld~~arJl~rJ1'VIu1,;)::bfl~au~Lu rJ~
OJ OJ

.ffUrJ1'VIU 1 bbL'l::flnu L'I~U toI a fJ a an3J12o-21 U13J1 tu. W L'I a a L d~
OJ OJ

~UL'I~utoIafJ';)::iiu13J1tu.ff~ff~lu 24 .tf113J~bbdn (Ud::3J1tu.OJ .
" d .,1.1 4.3 WWba3J) bbL'l1,;)::L'I~L'I~bdafJ 6J,;)Ufl~'t1 (1Jd::3J1tu. 1 WWba3J)

lu 1-2 a1't1~622-23 ri11~bdawubbL'l::bdabfla1wd~wuff13J1dfl~
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.., ""'..1 ..,..";.r,,
b~d1J~~eJeJ b1~b'V'l1J"1JU~1FJ'II

srieJ1Jbb'D'1J~bn~;fu "fi

LL~:: fll,;) aj ~ ~ <11 fln7::U11.tn17 amphotericin B)

.}: .. .Id ~ ~-~
~1'\1\11Lt'i[.J"'L"lft'it'i';):;t1nLlJt'i[.JU'Y1n 2 1U';)UL"lft'it'i b ~1"'~U

'II .
d ..:'.a' A " .}: .. ..

Lf1t'i~U~~n,;)ln"l!ULU~LLt'i:;L,;)1t1J,;)UL~1J,;)lULt'i[.J"'L"lf~t'i L"lft'i~

, ~.I ~ .}: ~'"
';):;t1nt11[.J' (subculture) blJ[.J"',;)lUL~[.J"'L"lf~t'ib'\l\1J ~1[.J

'II

L~U'"lf~'Y11~.J1U-a~-nL~ (trypsin-EDTA) LLt'i:;L~1J'ii:lJLtJU
.., d 1 1 1" ..,.J

L"lf~~1U'Y1 1 ~[.J Um1'Y1~t'i~..,';):; "l!L"lft'i~1U'Y1 3-5 ~1'\1\11
. .

Lt[.J"'L"lft'i~LLt'i:;~1U1:;n~lJrf""\I\1J~';):;'<ii',;)lnlJ11f'Y1 Gibco BRL

U1:;L 'Y1ft~'\I\:;!~L1J1m

d ~~,.. -~ 1 .J.. ~ .

bUEJ~,;)1nFJ~ b~~~1FJ~1Ul,;)FJ ~'Y1~n~1n~ bnn1~'Y11~1U

1 u~::ilJ b'1f~~"lIEJ~yj~ EJEJ L ~~1Ub'1f~~ \'j~~wu n1~~n~11 uf1f~..
.¥ .. .. ~ . I .. d.. .,1 ~...J.., ..
U ,;)~~l~t1lJ~::~~f1 b\'jEJ~n~1~~"lIEJ~~~EJEJ b~~'Y1~~EJb'1f~~

. ..

1 \'j~~WU"ll EJ~~U~~ Ubb~"lI EJ~ fJ~d1n1~b ';)~tU ~1~~~~n~1n~ Ln. "

n1~ri1~1U"lI EJ~yj ~ EJ EJ L ~~1 u~::ilJ b'1f~~ ~~f111~ b-n11';) 1 U..
..1 ~...J.., ...J .¥ .i' d

lJ'Y1lJ1'Y1"l1 EJ~~ ~ EJ EJ b ~~'Y1 ~~ EJ b'1f~ ~'Y1 b \'j1::b~ FJ~,;)1n b UEJ bFJ EJ..

1 \'j~~WU U1';)::-nl FJ 1';;bn~f111~b-n11';) 1 un~::lJ1Un1~orlEJ~bb'1f~

.i' d 1 -~ ~ :'1. I 1 .. , - ~ .
b UEJ bFJ EJ \'j~~~U EJU,;)::blJUlJ~:: FJ'D'U~ EJ~1Ul,;) FJ bb~::n1~U1

bEJ1yj~EJ EJ L ~~'1J1J~:: FJn~1m un1~n~::lii'un1~orlEJ~bb'1f~b dEJ.. . .

b~EJ1\'j~~wuluEJu1f1~'iiEJL1J

A~

dL1~ ttL'i~dfim"i
q

m,.t~~U3Jt'lS~~L-i1'Vi:;1J1-1i1"m,.'t1~~f)"

m'i't1~~t)1J~a"1lt)~.wat)t)1'i~,ia1IP1t)t6jfaal:'W'i~.w"
...

A"" ":,, , ~ .J' ..
11inl1fln1fl';):b 11J~1 fJnl1'V\11UbliJj~~ b U,;)lUb~fJ-1 bliJj~~

bbUU 24 'V\~1J-.1fl111J'V\UlbbUU 50,000 bliJj~-Lf<i1eJ'V\~1JbUUb1~1
.. ..

.:.1 1 .J' ..d A ...:. " ~..
16 "111 1J-1 UeJl'V\11b~fJ-1bliJj~~'Y1b~1J1iJj11J1eJfJ~: 10 ';)lnUU';)-1

.ld:'1 .J' ..d., , :. ~ 1 ' ~

blJ~fJUblJUeJl'V\11b~fJ-1bliJj~~'Y1 b1J1J1iJj11J 2 fl1-1 ~fJbb~~:fl1-1

';):fI-1L1U1U 3 .tf111J-1 nl1'Y1~~eJUfl111JbUU~meJ-1~~eJeJL11fi'
'II

1" .J' .. ." ~d"..1 .,..d..
';): "11eJl'V\11b~fJ-1bliJj~~bbUU b1J1J1iJj11J'Y11J~~eJeJ b1~'Y11Jfl111J

'II
" """ ,~~, .. . A

b"ll1J"lIUbb~n~l-1nU~-1bb~ 10 tl-1 1 00 ~~beJ1J (ppm) bb~:'Y1-1

L1U1U 24 .tf111J-1 til'V\:;Unl1'Y1~~eJU~~"lIeJ-1~~eJeJL11fi'-.1~<i1eJ
'II

A .. 1" .J' ..., , ~ d..
nl1b,;)1t1J"lIeJ-1bliJj~~';): "11eJl'V\11b~fJ-1bliJj~~bbUU b1J1J1iJj11J'Y11J

~~eJeJ L11fi'-.1fl111J b OJJ1JOJJu-.1L3.ibUU~1f<i1 eJbliJj~-Lf bb'li1n1:lii'ubuu
'II ..

b1~1 48 .tf111J-11~fJOY]lJlnuyf-1'V\1J~ 3 "11~
..

'V\f[~,;)1n.xU~~U1'U~11';)afJU1~m3J1m'lJfJ~L6!J~~ 1~lI

1Un11~n1Y1~f~d,;)::Y1~afJu'V\1-')1U1U'lJfJ~L6!J~~c;l1l1LY1~ii.~

n11EJ fJ3J c;l1l1 aL3J-Yt ~UU ~ (Methylene blue) LL~::n11 1oJi'a11..

L1J3J-t1-t1 (MTT) ';)1nU;-1fY1 Sigma Chemical U1::LY1fl

a'V\1~fJL3J;-n1..

'" 6'0 ~ m1"'1t~1"1~'lII~1~'1~t"1faal,~£Jm1"£Jf]3J~'1£J

i:(t3J..;a~1Ja '"

L~elf)"lJ"::[J::L1~1~rl1'V\U~ L'D'~~';)::t1nf)-1a1l1'Vi (fix)
..

lii'1 [Ja1"~::~1 [JrJ elf3T~~'l1'i1' (formaldehyde) f)113J L-n3J-nU

'fel [J~:: 4 LUUL 1 ~1 30 U1'; ,;)1n~Ua1-11ii'1 [Ja1"~::~1 [J

lJelL,.~ifrJLrJelf (borate buffer) 'V\~1[J") f)~-1 LLa1£Jel3J1ii'1[Jff

L3J-n~UlJ~f)113JL -n3J-nu'fel[J~:: 1 1 Ua1"~::~1[JlJelL ,.~ifrJL rJelf..

LUUL1~1 30 U1'; rielu';)::a1-1ffLi1ULnUelelnIii'1[Ja1"~::~1[J

lJ eI L ,.~ifrJ L rJ elf ~::~1 [J ff~ £J el3J~~ L'D'~~1ii'1 [Ja1"~::~1 [In,.~

'111~"f)~el1n (hydrochloric acid) LL~::LeI-n~5~nell1e1~~

.I' d 1 -~ d 1 ".. ., "-~ d d
L~~L£J~ ~1~-n~'Y1 '1!~n~l,;):: b~,;)ln-n~n1l3J'Jf'Y1 3

(third molar) ,;)In"lJln111n11J~'V\1~"lJlm11n1~l~~t1~~.w~

1ii'1£JL 'V\~~~'Y1l~ri'~~n113Ji~.w~'V\1~1ii'1 £JL 'V\~~~~~ ') .w~ ~11ii'
. .

"'" ".'A""" l -~ """ 1 .I'd
,;)::~~~3J~l1l~~3J1J1rnlJn~ b3J3J 1~-n~~ b3J3J 1~"lJ~~L~~L£J~

.. .

1 ~ 1 ~1~.w~ LL~:: 1:1.1 ~nl15n L~1J"lJ ~~ ~1 £J1::mri'~<;i' ,;)lne:JU1 £J
..

-rl1~~l£J 18-25 lJ~3Jl':{1Jnl1':{n~l~~m::ri'~~LL~'Y1£J~l~~f
.

,;)Wl~~n1m3J'V\l1'Y1£Jl-;£J 1~£J1~';';e:Ju1£J~~~l3J1~L~n~l1
. ..

tJ~£J~3Jnl1ul.w~11J1-'1i LL~::1-'1i.w~,;)lne:Ju1£J~FJl~,:(~£J 3 ~~
..

Ul.w~3JlG'i'l~1ii'1 £J...oJ~ ~L ...oJ~1J...oJ L...oJ ~fL'Jf~l £J<;i' (phosphate-

. d.1 .I' ~ ~ ..

buffered salme: PBS) 'Y1lJ1l~,;)lnL'1!~ 3-4 ~1~ ,;)ln~~';)~

LLu~.w~~~nLtI~ 2 H1~~l3JLL~1£Jl11ii'1£J~1LL~::fi~~ ,;)In.x~
.. 1". I '" .. d. I .1'.. .I' d 1 -~
';)~ '1!lJln~1J"lJ~l~L~n'Y1lJ1l~,;)lnL'1!~~~L~~L£J~ ~1~-n~~~n

1 '1 d .:: .. 1 "'" ~.:- .I'

3Jl ~ ~l1l'1!~::'Y11J11,;)~l'V\l1L~£J~L'Jf~~ '1!3J~~::~l~~~'1!~L~~
.

1';';~"lJ~l~1J1::3Jlm 1-2 ~n1Jl~nii~~L3J~1 LLa1ul11J1l~L'i£J~
..

1~,;)l~Lt£J~L'Jf~~ (tissue culture dish; Nunc) "lJ~l~Li~

~l~~~rJn~l~ 35 ii~~L3J~1 1';';~1J13Jlmon"~Ld~1J1::3Jlm
..

.:-, d "~ AA
5-9 '1!~~~'V\~~,;)l~LL~::1l~~£J'V\l~n~ 4-5 3J~~L3J~1 ~l'V\l1

..

.:: ..d 1 " .:: .I' d 1 -~.. "'.. "'.. d A '" ~
L~£J~L'Jf~~'Y1 '1!L~£J~L~~L£J~ ~1~-n~~~ ~L~3J~L~3J 'Y1L~3J'Jf13J

(fetal bovine serum; FBS) 'f~£J~:: 10, 2 ii~~l3J~lfn~~l-
..

~~ (2 mM L-glutamine), £Jl1JD~1~:: (antibiotics: 10,000

units/ml penicillin LL~:: 1 0,000 ~g/ml streptomycin

sulphate) LL~::£Jlc;i~lii'l~L4~1l (antimycotic: 25 ~g/ml
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1'"l113JFJ111'"l~U 570 U11UL3J~1 (om) LL~::L1J1FJ1JL-nFJ1J~~n1J

n11'I.J 3J1~1~1u-tirl10ifu 1~ FJlojfL6])'~-a-ti'Y1111J-;)1U1ULL UUeJU..
d . . ..

L'V-IeJI'"l1U1m'l'l1"iJ1U1UL6])'~~
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"
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1 A .. .I d

~3JL~ad (spectrophotometer) 'rIf1113J[Jl1f1~U 667 Ul
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1~[J 1 'li'L6Jf~~~'rId11J-')lU1ULL uuau L ~al;)lU1rn'V\1-')lu 1UL6Jf~~

~ "0 ..g., ... """
n'l1"1 t~1"'l~~'-i)'l" 1"t61)'~ ~~1 fJ ~'l1"ta3J't1't1

d do .¥..
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~::~1£1L~3J~~ (MTT) ~"L1J t'lii"';J1n.xuan 1 .ff')13J"~"
.¥ ...:'" .. ..1 ..

~~ fl1t'111L~ £I" L6J!~~'Y1" LL~,) ~::~1 £I~~n~ fl13J1 LL6J!U (forrnazan)

dA..f') .¥ ""'1 A~..I'1",
'Y1Ln~"1JUbU';J1UL~£I"L6J!~~~,)£I b~L3J'Y1~6J!~~fln b6J!~ (dImethyl

sulfoxide) n1JLn~.uuifwLWflf (glycine buffer) ';J1n.xu~"

\i1~11~::~1 £I~L~'1J1~ ~~<ii') £I Lf1~fI"~L1Jn 1~11 w1~ i::I L~ flf~

A"'" ~" , ".. ,
l1j"m~~f1M1,;)::b ~~~1 £Jm~'I'\11Ubb~::f1~::~Ub6Jj~~ b"D'U

.

btii£Jlr1U,1f1to111OJJ1-1Iii'U 'Gf1~yjU{f-1 (inhibitor) bb~ULflbU'Gf

(MAPK; mitogen activated protein kinase) 3 "D'ii.~fieJ

baffl (ERKs; extracellularsignal-regulated kinases) , ~

38 LflbU'Gf (p38 kinase) bb~::,;)ULflbU'Gf (INK; Iun N-
..

terminal kinase) ';)1f1U11f'YI Calbiochem U~::b'YI~b£JeJ~~11

';)::tlf1b~~~-11ueJ1'1'\1~b.:{£J-1b6Jj~-J 1 .ffl1~-1 rieJUf11~f1~::Iii'U.. .

b6Jj~-Jlii'l£Jo..J~eJeJL~c;1' bb~::1~,j1U1Ub6Jj~-J'I'\ii:-1,;)1f1~U 48 .ffl1~-1
..
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.. 'II .

L1I-n~U1J~ -;)lU1UL6Jj~-Lffilu1mLtJ1£J1JL~£J1J,;)lnn'ilW1l1~'i~lU nl'i'n~~PJ--1r11.Jl 3 flr--1 LL~:;tJ1111m"1JPJ--1L6Jj~-Lf
'II ..

LLL'i~--1~~LUufPJ £J~:;LdPJL ~£J1Jn1Jn~1Ifl11Jfl1l~fj~LUufPJ£J~:; 100
. .

.. ,. -~.~ d - ~ ,* LLL'i~--1t1--1fl1111LL~n~1--1PJ£Jl--111U£JL'ilfltUL1IPJL'n£J1Jn1Jn~1Ifl11Jfl1l
(p < 0.05 )" ..

Figure 1 Graph demonstrated the toxic concentration of fluoride on the 24-hour culture of human pulp cells

using Methylene blue assay. The cell number was calculated from the standard curve. Experiments

were done in triplicate and cell number in the control group was normalized to 1 00 percent.
* Demonstrate significant difference from the control group (p < 0.05).
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-su-ti 2A LL~:: 2B Ltl1.I.m-S'\'1~af)1J~~"lJf)~'VJ~f)f)'-S~11.1.
'II 'II

n1-Sn-S::'ii'1.I.n1-SL';)~ru"lJ f)~ L'1f~~1 ~-S~W1.l.'ii'1 [Jn1-SEJf)~'ii'1 [JR
. .,
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Lcii [J1n1J,r1~'ii'1.I. Ldf)'\'1~af)1J'\'11~afj~1~[J 1,j"m-si L~-S1::""~11~
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Figure 2A

..1 ..1 \1 ..d.. 0 A !'Y -~ ..d .:- 1 d A .." "..
ndl~LLff~-1~~"1JeJ-1~~eJeJ bd~'t13J~eJmdL';Jdru"1JeJ-1L"1i~~ b~d-1~U"1JeJ-13JU1YFJ't1L1~148"D'1 3J-1 L3JeJ1Lf1dl::'V\~1FJnldFJeJ3Jff

'II " q

L3JfI~U1J~ -;)lU1UL"1i~~f11U1rnLU1FJ1JL~FJ1J';Jlnndl...J3Jl~d~lU nld't1~~eJ-1ril.Jl 3 f1~-1 LL~::m3Jlm"1JeJ-1L"1i~~LLff~-1'II ..
."1" d 0 dA ."1 "

~~LlJUdeJFJ~::L3JeJL 't1 FJ1Jn1Jn~3Jf111Jf13J't1f1~ LlJUdeJFJ~:: 100
q q

.. 0 0""'.'" d.. ... 0. LLff~-1t1-1f1113JLL~n~1-1eJFJl-13JUFJfflf1tyL3JeJL't1FJ1Jn1Jn~3Jf111JfJ3J (p < 0.05)

Graph demonstrated the proliferative effect of fluoride on the 48-hour culture of human pulp cells

using Methylene blue assay. The cell number was calculated from the standard curve. Experiments

were done in triplicate and cell number in the control group was normalized to 100 percent.
. Demonstrate significant difference from the control group (p < 0.05).
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~u'rl 2B n11nLL~(jl~~~"lJf}~n~f}f} b~(jl'Yl3J(jlf}n11L"iJ~tU"lJf}~L6J1~~ b ~1~nU"lJf}~3JU1YfJ'YlL1~1 48"1f1 3J~ L3Jf}1Lf111::'V\(jl1fJ~1Lf}3J'Yl'Yl.. 'II ~ .

i1U1UL6J1~-Lf~1u1mLmfJUL~fJU"iJ1nn11~3J1(jl1~1U n11'Yl(jl~f}~rl1.J1 3 f1f~ LL~::m3J1m"lJf}~L6J1~-LfLL~(jl~~~LtlU'1ff}fJ~::
..

L~f}L ~ fJUnUn~3Jf11Uf13J~f1(jl LtlU'1ff}fJ~:: 100. .
A ,. d~.~ d d ~ ,* LL~(jl~t1~f1113JLL~n~1~f}fJ1~3JUfJ~1f1tUL3Jf}L'YlfJUnUn~3Jf11Uf13J (p < 0.05)

~ ..
Figure 2B Graph demonstrated the proliferative effect of fluoride on the 48-hour culture of human pulp cells using

M1T assay. The cell number was calculated from the standard curve. Experiments were done in

triplicate and cell number in the control group was normalized to 100 percent.
* Demonstrate significant difference from the control group (p < 0.05).

bi1\1.~an1~~n1Y1ii--1nalnn1~n~::c;i'\I.'JJa--1~aaal~~11ii
. ..

1J'Y11J1'Y1'iian1~n~::c;i'\I.;tUtU1mll1 EJ 1 \l.b6Jja~,;)\l.n~::~--1 bn~n1~. ~ ~

bbU--1i1b ~~-;)1\1.1\1."lJa--1b6Jja~ ~~--1W\l.lc;i'aFJ1--1l~ l~EJ'Y1~~a1J

1\1.n~~~lc;i'11J~aaal~~~~11~b-jf~-jf\l. 10 ~~b~~ bba::n~~~. .. .
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A" "'" " ' "'. ~ ..d .,
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d .1'" '" ~ ,
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dA .:'1 ., . ~ d
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.. ..
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Figure 3A Graph demonstrated the effect of the inhibitors of ERK, p38 kinase and JNK on the 48-hour culture of

non-stimulated human pulp cells using MTf assay. The cell number was calculated from the standard

curve. Experiments were done in triplicate and cell number in the control group was normalized to 100

percent.



Bespinyowong K, Pavasant P. CU Dent J. 2006;29:63-7470

150

'"--OJU
'+-

0

~

-

.0
~

>

OJ
>

~

~
~0

100

150

150

7Uti 3B nd1o..Jbb~~-1~~'lJeJ-1~17rJu8-1m7ri1-11U'lJeJ-1b'Eiffl, ~ 38 'flbU~ bb~::"i)U'flbU~ ~ijlileJb6Ij~~1Vjd-1.;rU'lJeJ-13JU13-rJ~C1n.. 'II' 'II
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fl1Ufl3J'YIfI~ blJUdeJ[J~:: 100.
.. "", d '" .. ,* bb~~-1C1-1f1113Jbb~n~1-1eJ[J1-13JU[J~1f1rub3JeJb'YI[JunUn~3Jfl1Ufl3J (p < 0.05)v ..
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Figure 3B Graph demonstrated the effect of ERK, p38 kinase and JNK inhibitors on the proliferative human pulp

cells which stimulated by 10 ppm fluoride for 48 hours using MTr assay. The cell number was

calculated from the standard curve. Experiments were done in triplicate and cell number in the control

group was normalized to 1 00 percent.
* Demonstrate significant difference from the control group (p < 0.05).

** Demonstrate significant difference between the group only activated by 10 ppm Fluoride and MAPK

inhibitor (p < 0.05).
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Abstract

Objective To study the effects of fluoride on cell proliferation in cultured human pulp cells and

investigate the mechanism of fluoride on cell proliferation.

Materials and methods Effect of fluoride on cell proliferation was analysed by methylene blue and

M1T assay. For determining the intracellular pathway, cells were treated with fluoride in the presence

of MAPK inhibitors. The results were statistically analysed by using One-way Analysis of Variance.

Results The cytotoxic effect of fluoride on human pulp cells was observed at ~ 25 ppm (p < 0.05).

In contrast, 1 and 10 ppm of fluoride significantly stimulated dental pulp cell proliferation (p < 0.05).

The proliferative effect of fluoride may occur through p38 kinase since the inhibitor of p38 kinase

inhibited fluoride-induced dental pulp cell proliferation.

Conclusion Fluoride concentration higher than 25 ppm has cytotoxic effect on human pulp cells,

whereas fluoride at 1 and 10 ppm promote human pulp cell proliferation via p38 kinase.

(CU Dent J. 2006;29:63-74)

Key words: fluoride; p38 kinase; pulp cells
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