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ABSTRACT

Introduction: Glass-ionomer cement is a hioactive material and it is potential to
increase the property of sustained protein release that lead to the development of new biological
approaches for tissue regeneration. Glass-ionomer cement incorporated with chitosan and bioactive
molecules might utilize as a model for controlling the release or sustained delivery of hioactive
molecules.

Objectives: The purposes of this study were to evaluate the biological properties of
transforming growth factor-g, that released from chitosan modified glass-ionomer cement on human
dental pulp cells. The physical characteristic of the cements was investigated under SEM.

Materials and methods: Commercial glass-ionomer cement (G) (Lining cement,
GC®) has been modified by adding chitosan (C) 15% and bovine serum albumin (A) 10% by weight.
They were mixed thoroughly into the powder of G prior specimen preparation. One hundred nanograms
of transforming growth factor beta 1 (TGF- g,) were added in each tested specimen. Seven groups of the
specimens were prepared as follow: G-TGF, G-A, G-A-TGF, G-C, G-A-C, and G-A-C-TGF, where as a
conventional G was acted as a control. The specimens were tested with primary human dental pulp cells
cultured in the Transwell® and the other control groups were primary human dental pulp cells cultured
in o-MEM pulp medium and in a-MEM pulp medium supplemented with Lng/ml TGF- g, without
specimens. The biological properties of TGF- g, released from chitosan modified glass-ionomer
cements were tested by MTT assay, alkaline phosphatase activity (ALP), and von Kossa staining.
Specimens were examined under scanning electron microscope (SEM). The MTT results were
statistically analyzed using one way ANOVA to compare the mean values among groups and a Tukey’s
test was performed to investigate the differences hetween groups significance level 0.05. The statistical
significance the differences hetween groups in ALP was determined with Student-Newman-Keuls test at
significance level 0.05. Mineralized nodule area detected by von Kossa staining was expressed by
percentage of black stained area compared with total dish area. (5)



Results: The cell viability of specimens showed no significant different between the G,
G-TGF, G-A, G-A-TGF, however, the G-C, G-A-C, and G-A-C-TGF showed more cytotoxic to human
dental pulp cells. The means of alkaline phosphatase activity in the G-TGF and G-A-C-TGF were the
highest, alkaline phosphatase activity of the G and G-A-TGF were no significant different, though there
was significant different from the G-A, G-C, and G-A-C. The percentage of mineralization nodule area
was reported respectively form the highest to the least, G-TGF (57.82%), G-A-C-TGF (44.49%), G
(39.67%), G-A-TGF (34.05%), G-A-C (26.34%), and G-A (25.72%). The fractures section SEM
micrographs of specimens after immersed in cultured medium for 21 days revealed some spherical
particles within the voids that possibly are globular proteins and chitosan fibers in the specimens.

Conclusion: The biological properties of TGF- g, released from the incorporating of TGF-
B, chitosan, and BSA in glass-ionomer cements were not denatured by the matrix formation.
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muiigadu 100 giiadefiadans masd Tasieu 100 luTasnsudeiiadans laomnzidealugiing

- o P s 24
auvinil 9/ parusaFed tazinisa1s uou laoon luasosas 5
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aewf 2 maisedumageu (Specimens preparation)
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Funadod [ ngugnasoy Taslidadiuvesdiumtazaivmad laghmin nazlFumms g
WosuilaTnsinurnmesiudr L wSearsazarorleaslaiwislos (Phosphate buffer solution:

A A a ay 1 ay 9 [ [ CARl (% A
PBS) TILWNWUJIQ85151!Vlﬂﬁ"ﬂﬂLlﬂﬁgﬁuﬂgllﬂuﬂﬁﬂﬁfy‘ﬁﬂymEJ@ aaanalun1s1ean 1
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FunaaeugnnsoulasmsidiumnataleTeTumes (WaeelsesdTudama nara feeaz 100)

walnTaau uazmeTUsAudaugiivandsuda (boving serum alblumin: BSA) ﬁ@dau“lﬁ’ﬁymﬁﬂmﬁ
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Tauvuinsimslaen (Teflon mold) vurarduriuguénata b Tadwas wua L Tadwas &

Mevunrunia (Glass slab) Audrenrunedenian Tasnuuiusindeuszinseauen

2 A Yo ] a 9 o’.t‘ 9 [] 9 A Y 9 [] a a A [] &
Do 1% Taqgarunulvasen1d viniiulduriundrndudrondunedensaudnununiling
] U Y
W'l dagli 6b wazindrdevguund 37 esanwaiFea ilunar 1 §2Tue nazunsFu
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a r'd o 1 09/} 1
NAFTDUDDNIINUUUNNN NIATIULINUDDN uazm"lﬂmﬁau“lmmazﬁuumuma"hJ
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ADUN 3 NI1TIAFIVVINIUIULBAANNY IR

= dy 1 3 1 (% ~ o 1 @ 1 Qy
msanyfieenuuunguiu 9 ngu awa1sei Juazihinisnageunqualedienas 3 Fu uaz

o oy 091' o Y ' =~ 1 @ 1 Qy = oA
Winsnadeus1 3 ase hlinqumsnageuiivuiangudledis 9 uaiu Tasiinquitl (G)
oA < J = A = oA 1 oA
ngqui 8 naz 3 1flunquarugu Tusreaumsinyineui Juaz 4 vziSonngui 8 31 nqui
dy dy s A Ao v Y VoA & dy dy A
dedluormis@euraanaudinangniazdesas 10 uaznqui 9 Fudedlueninsdeusadn

o o PN I A 4 4

1 #5uningniadesar 10 suaunswadesuiisTnsinudnmesindr L arundudu L uilu
a

=

nfusefiadansnseisonngunaaeuiivietiidey (TGF medium) shnisdnpuilunat 5 Su
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a [ 1 J = [ a Aoy @ 1
maeh LnaasdadiumanaraleTo Tuwes lalasu TisAudaugivnndiuia ludiumaves

Y Y
Funaaou lagrimiin

nguii dydnualte nandloToTuwes  lalasu BSA
©) © (A)
LG G 100% - -
2. G-100ngTGF-g, G-TGF 100% - -
3.G-10A G-A 90% - 10%
4. G-10A-100ngTGF-p, G-A-TGF 90% - 10%
5.G-15C G-C 85% 15% -
6. G-10A-15C G-A-C 1% 15% 10%
1. G-10A-15C- G-A-C-TGF 1% 15% 10%
100ngTGF-g,

319N 2 duilsenevvesasazmeroaatiivies lumswsenaisazate 1 dasnldlu nsdena

anuduTuveamns wanesuia Ins I nunwesiudn 1 Usumanuilunsaaisn 7.4

Mg Yimiin (nsw)

NaCl 8

KCl 0.2
Na,HPO, 144
KH,PO, 0.24

BSA 1

nanmInTemsnausasansIndseuna (MTT Assay)”

Budinidumsiainnusadiisie Tastannmsiauvesylanewese (Mitochondria activity)
ileannadfiigin wlimsdanneozaTudulasleania (adenosing triphosphate; ATP) waz
wasudadiua (succinate) lufusuusa (fumarate) wezileyuusarinlgasmsundomnas T

o (tetrazolium) Tuduid ane 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide o<

a g =2 A 2’ a [ Y S I o 1 [ aAa 260
A unandiitu i%ﬂ‘ﬂﬂ’ﬂllﬂ]llsllﬂﬂﬁﬁ]&ﬂuﬁﬂﬁ’JUTﬂﬂﬁiﬂﬂﬂﬂﬁiﬂﬂ%ﬁ@]ﬂlﬂﬂl“ﬁﬁa
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E4 9 ]
ngiealuesdousad uaziuwad luuwaiss (Passage) # 3-8 wmameu ldiwadsmou
E4 E4 Y 1] [
6x10" 1waddonqu AosluormsdsuwadiiodeluTnseflufidudsunngnidevar 10 nsa

a

woarnesta 100 lulasTua uea ngeniiu 2 adTua muiaau 100 giiadeiiaaans aasdTadedu

(2

v v . -
100 luTnsnsuoiiaaans Tasdosludumevaansuaad (Transwell®, Coming) asiia 12 viqu &
v 9 E4 E4 v 9
51 7 Taeldomsipeusadvquaz 1D Hadans mealuddousadiiuna 24 $2Tua 91y
v E4 Y ] 9 9
wlaeuermsideusad uazshFuauinauasen13udy naludunudauou (Transwell Insert ) i
dy L qaz' A aa Y to o o Y Sde I A
prnsideusad luduuu 0.5 Taddas Tasldmudunagen hndudndidousad wazasue s
= s o 2 <y o d Aa o = <
Reuraanasnn esunagon 24 uaz 48 ¥lus shmsnadeuduiiindinniedunadeuiy

a1 Ju

:3 o < A
3.2 YumpumMINnuduNN

Y Y Y Y v

Funageuuayemsdsuradgnieonauua  MmivAvesaousadnnay 10 Hadlua
HEPES Afimaauilunsasia 74 wauay 15 addas vazidiu 375 lulnsdnsduiil fazarelu
asazmenoaativies nlsanudunsa-ans 7.2 Taelianududu 5 Tadnsudoiiadans we

' . v ' v .
1w 9 uagTladeurunszauazm (f0il) g dsasadilunm 4 42 Tus 91miu gaenansilaB3een
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wnlassadanowa (Dimethyl sulfonate: DMSO) 1.5 siaddas uazsersuiay Tnadu divles
(Sorensen’s glycine buffer) 187.5 fiaddns lunanau vnfugaaisdanan wauaz 200
TuTnsdnsaslu 96 nau (96 well plate) sivlalerusaudiuuas (optical density: OD) finaw
pranau 570 wTumas lunTesanlalasTlladimes (Spectro-photometer) fu  Titertek
Multiscan Plus MK Il (1ga@sd dszimadlunaud) §a31lii 8 (@) weiildmdmimnissendia
vouwadiiudovas nSevifisniunguaiugu fe nquil 8 Tasmsseadinvewsadlunguii 8

A Y 2 v o v 9 aa a L4 aa
nmflusaﬂawuqma HINIDYALUDINITTIDATIANIIUATICUNINADA

d A aw

51U T uaasmswanaayia 12 uaz 6 vqunldluanuide

=,

31 8 inTeannlaTns el Tafimos (a) Titertek Multiscan Plus MK 1l uaz (b) UV-1700 PhamaSpec



22

aa

a 1 =2 JAAAA o o 4 =
AN 3 Lgﬁﬂaﬂqumﬁﬂﬂmwaawwyamgazmu%uaﬂm'lauﬂaﬁﬂwmmmﬂmm

nguii nanelo To Tuwes laTaanu  BSA DRI

©) ©) (A) (i)
1G 100% - - 3
2.G-TGF 100% - - 3
3G-A 90% - 10% 3
4.G-A-TGF 90% - 10% 3
5.G-C 85% 15% - 3
6.G-A-C 5% 15% 10% 3
1.G-A-C-TGF 5% 15% 10% 3
8.10% FCS pulp medium - - - 3
9.10% FCS pulp medium with - - - 3

Ing/mITGF

wanmIninuveunsoa Titertek Multiscan MK |l Ao 1fuasdansila Teranwsouaslugaei
< 9 ] = o Y ad = o 9 A
wounu ldmeriuasazane®s Tuana ndwnunasaz linszduaanasouss luana ildganau
wasmedm 3 S lfuasiidiuesnmiianuiduduifosas uazArnsqanauunea (absorbance)
A )= o o J v Y 9 = = J a
wseAwiunas sgduiuiiuanududu () veudr Tuanaluaisazaroawngdes-uauusa
£
(Beer-Lambert) maermnisdadi

A = logy(l/1) = kel

|, uaz | = annduduvewaaiinedh lduasfirmueenandidy

c = Ay utuvesasi luanaidluTuars (Molar (M)

| = mmuvessnsazmeiuaaiy wiheidhurudnes

k = sneiifiFon1 molar extinction coefficient niseniln Mcm

aoun 4 msvwenmdnveweilamisanlaliearuna

= dy 1 I 1 (% ~ o 1 % ] Qy =\ VoA
nsanpfivenuuunguilu 9 nqu Asmsed 3 himsnadeunguaiedis q az 3 FuTaelingui 8 az

<3| 1 o = 1< [ 1% L4 ans I
9 Wunquaiugu uazdimsanuiiunm 14 5u msmenunadam laiveavhmaionaifez ey
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9 ]
A

indedadansulusAuveusadsianua (UNit/mg total protein) iiiesarnlundazngunaaend

v
=2 9

uadseaTIANANASIY TeRan TsAuveusadunu dniu Ssdecdoawaa (Iysate cell) uas

ilasar1 Tdsauvesadneudvazduiruaisan latineanuaauendia la

) 1 ¢ A ! A 3 2 d o (Y] a
41 mumumiﬁﬂamamﬁmﬁﬂu NIIINTUNAGTOU !!ﬁ$ﬂ]‘iﬁjafﬂlﬂﬁ"i15!32]3!“15@@%11‘”3‘”\1TH?TI!!E)?W]

Saveseulmisnmlariveanuana

% J g 4 [ J { o 1w o U
msnifwadiiione lu Tnssifluwypdvesdnsumsidailuga vesdihe 1 au o1g 18 9
o A an dy o 1 4 Qy =\ 09/’ =} 1 9 o
$wau 1 & Fimsdeusad msldwad nagmsnsunadoy Jduaeumrloulu 3.1 udezldrad
~ 4 d o a tdy J ) [ Qy 09/’
ieaviquaz 9X10" rad shimsnldenemsideuyad 24 ¥ TuusnuasnsFunadon wazaniiu

A t:y [ G ) @ A dy J Qy 5

wildsuomsimeusadonyn 48 1 TuandsminmsnlasuemsifeuradnaNFunaaeUns
[ 3 o Il d o 1 { 1 J

usn aunsy 14 Ju aimiusaihmsdesaad shaaugaaes (SUpernatant) #1&sinmsdesisaa 11

Y
Saoulaisanr lavwe e uaauazvidsuiam s dusisvua

4.2 sumoumsdoenarad ( Preparation of lysate from adherent cells)

v o a o o a
Tumeunseomad InUfiAmudwmziiwesivm Promega Corporation (wadw szmeansgemsm)

E4
v A

4 o Qy Y o Q" Y J
ANU Lﬁ@ﬂiﬂﬂTﬁuﬂﬂTi?’]ﬂ‘HuV]ﬂﬁ@ﬂ 14 U %E\TH'IGIf‘LlVI@ﬁ'@llllﬁg@1ﬁ15!§ﬂﬂl%aﬁﬂ@ﬂiﬁﬁﬂﬂ é}NﬂJ'] 9

Y 1 v Y
deasazaerleamaiivies 2 asuiomdamadnes 3101y deaaaaies 1nmes lagea ey

avmdudu L uir (1X Reporter Lysis Buffer; RLB) 150 luTnsans Taelvinquisaditanua e

VoA a g I =1 1 A Y 1 09/’ @ 3 4 Y
LLﬁZUNVIQmWﬂNﬁ@QLﬂHL’JGT 15 UM i%ﬁ’ﬂ\i‘ﬂ‘].lﬂi“l’iﬂlﬂ”lﬁﬁ?ﬂ“]ﬂiﬂ TN UUYALTaDDNINNU

U

vigulivue uazgamsazmendeouaasdanan ldlunaea lulasauasiag (microcentrifuge) »auu

Y ¥ v v
e wewng 10-15 Suni i ludieseaissensanaznou nesdasausrseu 15000 seude

= a

wii gamgil 4 esmadod unat 2 uii qadiuaseldluwasa vl udwailumaFinaTusdu

Q R

wadnmuademaiinlugulaiinieise (Bicinchoninic Acid: BCA Protein Assay Colorimethod )

uaziow i lavirloavhinad o5 voq Bessey nazams”

4.3 mswsenmsazaelisaudavgiiv (BSA) anasg

G = U a A v W 09/} G o = 3 a A v W z:'d
s suesazane lUsAud aug iU INiY  wienlasiensazanelisaugaug NG T uI MMM
A A v 1 Aa aa { Ao N H (] J
Mty 2 deaniuseiianans amemadounusn P B|otechnology (ii’)ﬂ‘l/\l’t]ﬁﬂ rzmer
[ ) o 4 a o 4 J
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44 ms3ailSmnalisausaaaledside

msialsuaTlsdudremaiiniidie fndnnisie Tusauludredrahilaseduglsa (Cupric:

[

CU¥) Tuanziiuag idamsnlaounilsa Widlugusa (cuprous: Cu™) wazidie qilsasudy

R

nsaluguTaiiiin (Bicinchoninic) 2 Twana wailluasilszneuiFadeuduismsduiulina

Tds@uzdmamanminsganaunasiinnuennaau 562 mTumasnniasos alalas T s
iwes Ju Titertek Multiscan MK 11

9y a

d' Y 9 = (% a [} a d' A o )
msai 4 anmdudullsausayiivmnasgu (Tulasnsu/lulasaas) awnvsindraauuzi

Y

BSA uasgiu Ysmasuazunawwes BSA  1Suasarseza1elX RLB
1. 1500 pg/ml 375 l of stock 125l
2. 1000 pg/m| 325 l of stock 325l
3. 750 pg/ml 175 pl of vial 1 175l
4. 500 pg/ml 325 ul of vial 2 175l
5. 250 pg/ml 325 ul of vial 4 325l
6. 125 ug/ml 325 ulof vial 5 325l
1. 25ug/ml 100 pl of vial 6 400

v
Y4

YuneuuazIsmaIalsunalilsau

lunisiadsinaldsauezinsiadt 2 afe wdnnued (blank) esazateTisAusayiiu
MATTIN HardIuaeeIINMstesman wazthdiuaseainmsdeswad Taeiilu 96 1ad lu
Taslamoes (wWells microtiter plate) nazagansaSualdsaudusagd (BCA kit, Pierce Seon
wosa Uszmeaanigonin) Asandiudiodudeinfssionud (Working reagent) iy 1:20
Sunnmsneasazaies nes Tada Hiles anwdudu 1 wh iedluuned $1uau 2
wauaaz 10 lulasdas vimiuneassazawllsausayiiv maspummduduiinion’s
HAzEITAINABININATERUIYAR IUUAAZNAUAIDENT  IFUWIRBINUAITHOALLIA ALY
asazaroinissienud inauainiionudie (reagent A) uasTionudi (reagent B) Tusnadau
50:1 Taoneaesazaeinnssonud wanaz 200 lulasaas wirldidimuilunat 30 3uril vie
Tadrouiunszamazia uagiutdevguunai 37 esrmaidoe 30 urdi theenuningeuaz

a9

Y [ 1 [l v
a3t duiigangiites Saanuiiuuasiinawenaau 570 unluwas doniesaalasInla

u



25

a 1

ey qu Titertek Multiscan MK 11 sirainnanduduvesensazaeTulsaudayiiumnasgm uazainnm

U

s n@eunsiluTsunsueaiiomes (SPSS) nazmanudwinusisadu (linear regression

model) sendrsmnududuveslilsiuinasgunazaganaunas szl 9 el Idaunisd o
anududuTlsanludiugaassnnmsdeoas Taoannududuvesldsauimiredlululasnsy

aolaaans

(o]
1] conc = 1787.1*0D - 0.87
1200 R-Square = 0.99
1000 — o
E 800 - 8
(0]
N Q,

oD

51U 9 nsnlanuduiusiFuduszuinanududuvesldsduniasgiu (STD) nagsaranw

#unaa (OD)
45 msmamenidnveseulasisnn lavieanuaa

ulmisan lasiweanuae iueulmilungulaTasma (hydrolase) $wmdhns sjaseins
uandrvewada tomsos (Acyl ester) uazwoaweSa tomses (phosphoryl ester) roulanisa
Pl = s o Y A v o s ) g
aladeavhwaiinnlusgadaiiimiinadwnszgn dAu du 30 wadveaned  wenani
9 v Y
Fanuanouladtiiludgydnyel (marker) vosmsulasuanmwiuwadiadowaadadauiiofin
8 phivewou lanisanm larlloarlaada ina winida uawndn wwihamswsumsthee
H =g . ' £4
lofuidr1didn  wagsawdumssuvewaaden  (calcification) lunszgn usioulaaiiily
A Y A a = ana
nszgnazidouaninldiielogungiigulszuna 60 owrmuaadea nsasI9rmeaaIAv0
ulmidaa laioawuna o1disues Bessey uazanz’ Faldwnlulastueareanla (p-

nitrophenol phosphate) iWudumasy (Substrate) Ae ou lmisan lasiwearuaa vz liis el §isen-
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nswaleavlesiadu (fransphosphorylation) veswis1 luTastueaneama luilums luTasiluea (p-
nitrophenol) Taens Idmsuaneavesadiniules (transphosphorylating buffer) Ae 2-amino-2-methyl-
1-propanol (AMP) wazéus alfasmdrenuniidonlooou (Mg™) wiedadloseu (Zinc ion) s
wasuuaslumsganaunasnnmaiamslulasiluea sufudadiulasasatuiendsfves

o lmidanm lavieanuae
Aan U aaa do 4
Funeunazdimmuenidnvouerlmisam lavieaviung

Y
asayaedInasenTuasuMstesad gniwmiaueadlaveueu lmisam laineanuaa
mawmﬁaumm}sﬂmmmvw Human Gesellschaft Fiir Biochemica und Diagnostica mbH
Uszmmeesiiy uazduneumsnenddnzfianusuneuiiusimimzi nsfaU§isowes

ﬁmﬂu"lﬂﬁmﬁumiﬂgﬂimmu

AP

p-Nitrophenyl phosphate + AMP <—— AMP-PQO, + p-nitrophenol

Mg2+

] 9
funeumsnagey Guanmsguinng (Cuvettes) fgmmgii 37 esrusaiiea mnfuidiuga
assanngqunaaeuin 20 Tulasdnswauduiigen (BUF) 1000 luinsdas wemldidhiunazgua

9
gl 37 essnuwartoa 1 unil amiuldeagd (SUB) s1uau 250 luTasdas werldidniu L i
o 1 1 A v A d‘ =) 2 g’ 2 1 =)
uazih e mmmaganduuasiviiiionsy 1 wi vazdadmdmnnawn’y 1 2 uaz 3 wii
msewar msganauuasldlfinsesanlalasivlatimes ae UV-1700 PhamaSpec (ifealn
] [ 9 ] ]
Uszmadiifu) dagun 8(0) dsmanudndn 405 wluwas mssuumanendiavesdan lad
Weavhima azdnmmnamasmsnlaoumlasdenilimiseni (ZAMIN) qaiuumnesiusen

funin e 3433 Tmiafugiindedns (UIL) Soudugas 14sed
ALP active (U/L) = 2A/min x 3433

H d a
Ui b AnmmsaaunaiFanvausaaneIsaen VON Kossa

miﬁﬂmf:aammumjmﬂu 8 ngu famsafl 3 uaziimsnadeungudiedieras 1 5u s Taglngu
i Tuaz 8 Sunguauay Tavlusenuaewd 5 eSennguii 7 a'mduﬁﬁyﬂﬂuiaﬂauimﬁmﬁﬂ%ﬁuﬁﬂ
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L nana'leTe TuwesHuud Gl lining Cement vfe GC corporation
daunsilsznoudas 100% fluoro-aluminosilicate glass
Lot No. 0701151
daumanlsznoudie 40% polyacrylic acid
Lot No. 0701091
Taifen Uszmadiu

2. laTas @1fo Fluka, 80% deacetylation
ﬁymﬁﬂimaf;a 545 kDa
Lot No.1138071

Steinhein dsemaaimaosuaud

3. Tls@udayiiuain boving serum A% Sigma simiin Taana 66 kDa
pH 5.0-5.6 96% electrophoresis
Cat No. A8022
St Louis Yszimetansgomim
4, nwavlesuiaTnsinuamesiudr 1 Recombinant Human TGF- g, 910 CHO
cells vivmiinTuana 25 kDa
Lot No. 03065354
PeproTech Inc.

New Jersey alszmeransgomsn

D. (3-(4,5-dimethylthaiazol-2-yl)- w5un Sigma Chemical Company
2,5-dimphenyltetrazolium bromide St.Louis vszmeransgomim
6. Dimethyl solfoxide (DMSO) w5un Sigma Chemical Company

St.Louis Yszimetansgomim

1. (N-(2-Hydroxyelthyl) piperazine-N'- 3w Sigma Chemical Company

(2-ethanesulfonic Acid) St.Louis vszmeransgomsm
(HEPES)
8. Glycine w5un Sigma Chemical Company

St.Louis Yszimetansgomim
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9. Reporter Lysis Buffer

w3sin Promega Corporation
Lot No. 241534

madu Uszimaanigomin

10. BCA Protein assay kit

w3+ Pierce Biotechnology
Lot No. GJ98671

Rockford szmeansgominm

11, gaasromdan lminendia

31w Human Gesellschaft Fir Biochemica und
Diagnostica mbH

Lot No.H080

Wieshaden aJszimensosiiy

12. Silver Nitrate (AgNO,)

w3t VWR International
Lot No. K36930038712
West Chester slszimeaamsgomnisa

13. Nuclear Fast Red Solution

uStin Sigma-Aldrich
Lot No. 087K4340

St.Louis Yszimetansgomim

14 Transwell® wiia 12 way 6 wells

w3sim Coming Incorporated
0.4um Polycarbonate membrane
Lot No. 08007033
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15.n509%anaiion D @i

Bte Sartorius 51 MC 2108
Goettingen vlszimenoosiiu

16. in3osilueiiani e MikRo 22R
Uszimengosiu

17. Incubator drfaMemmert
Uszinengosiu

18. nsouiumad o COULTER®Z™
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19. Spectrophotometer
1w MTT uaz BCA

o Titertek Multiscan Plus MK 11
v51m Flow Laboratories International
Helsinki szmamlunaus

20. Spectrophotometer s1umsaanlan

aan
LIDANIN

@fe UV-1700 PhamaSpec
vstn SHIMADZU

e Ta Uszmeii)u

21, Transilluminater 312 nm ultraviolet

@t Spectroline Model TS-312A
uStin Spectronics corporation
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22. 1nea Sputter coate

6o SP1-Module Sputter Coater
w3tin SPI Supplied Division of Structure Probe
West Chester slszimaamsgomnsan

23, ndoaqanssenididnasounuudes oo JSM-5800 LV
n319 v3Em JEOL
Taifen Uszmediu
24, ndosqansseniviia 3 o @fo Axioskop 40

w5tm Carl Zeiss Microlmaging GmbH

1szmenensiuv

25. ndesnegilavnoa

o Evolution™ LC Camera Kit version 4.5
u3im Media Cybernetics Inc

Bethesda 1Jszmaansgomsm
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1. alpha modified of Eagle’s medium (o-MEM)

w3tin Gibgo (Life Technologies)
Lot No. 416522

a J [ a
HIYDIAN ﬂi%&ﬂﬁﬁﬁiiﬂlﬂﬁﬂ?

2. Fetal calf serum (FCS) 10, 15, 20%

3t Seromed
Klosterneuburg 1Jszimsnensaiu

3. 100um L-ascorbic acid 2-phosphate Tnauduiii
uazdan laivleavma
200pm L-ascorbic acid 2-phosphate luanu
von Kossa

w351m Sigma Chemical Company

St.Louis Yszimetansgomim

4. 2mM L-glutamine

w3tin Gibgo (Life Technologies)

a J [ a
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5. 100 unit/ml penicillin
100 mg/ml streptomycin

w31in Gibgo (Life Technologies)

Calshad szmeansgomim

6. Fungizone

w3tin Gibgo (Life Technologies)

Calshad szmeansgomim

7. 10mM/I g-glycerophosphate (Glycerol-2-phosphate
disodium salt hydrate)

w51m Sigma Chemical Company

St.Louis Yszmetansgomim
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gaamsanszraNulsdsiumang)

ANOVA table df Sumofsquares  Meansquare  F value P value*
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8.10%FCS pulp medium with 103.86
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1.G-A-C-TGF 9 58.31(17.08)°
8. 10%FCS pulp media with 9 103.86(6.53)°
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1.G 3 0.21(0)°
2.G-TGF 3 0.23(0)"
3.G-A 3 0.18(0)°
4. G-A-TGF 3 0.21(0.02)°
5.GC 3 0.18(0.01)°
6. G-A-C 3 0.18(0.01)°
1.G-A-C-TGF 3 0.23(0)"
8. 10%FCS pulp medium 3 0.15(0.02)°
9. 1096FCS pulp medium with 3 0.25(0)°

Ing/mITGF

WUYIMA A9NHTENNIHI09NYBAAIINU HIeDe TanuuanavedwiiediAgynieana o
Y aa a L4 1 a a da 4
NAADUMAIADANTAATIZHANVUANANFHATANAUNT I Ugad (Student Newman- Keuls

test)®” (* 1 giie = 16.67 nmol p-nitrophenol/min)



42

aad

q' [ 1 ~ d v 4 9
MIN 12 Llﬁﬂ\‘lﬂ?i’ﬂﬂﬁ@‘ﬂﬂ’ﬂlﬂlﬁﬂ@nﬂﬂlf)ﬂﬂuﬂaﬂ!@uu],‘ﬂﬁJi’JﬂﬂTU],au‘I/‘I@ﬁV\hmﬁlmﬂﬂ’J A8

anaAnadeuyaaANAUNRIILNUgAT

ngu aundoonlmisan laiuloavhinauendifveusad
Subsetl ~ Subset2  Subset3  Subsetd  Subset5
1, 10%FCS pulp medium 0.153
2.G-A 0.1767
3.G-C 0.18
4,G-A-C 0.18
5.G 021
6. G-A-TGF 021
1. G-A-C-TGF 0.23
8. G-TGF 0.233
9. 1096FCS pulp medium 0.25
with Ing/mITGF
p-value 1.000 0.872 1,000 0.623 1,000
m3af 13 uansitidiaunaiousinmsden von Kossa Aniiiufesas
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LG 39.67
2.G-TGF 51.82
3.G-A 25.12
4. G-A-TGF 34.05
5.G-A-C 26.34
6. G-A-C-TGF 44.49
1. 15% FCS odontogenic induction medium 49,03

8. 15% FCS odontogenic induction media with Lng/mITGF 12,94
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