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ABSTRACT

A BIOACTIVITY STUDY OF PORTLAND CEMENT MIXED
WITH 3-GLYCEROPHOSPHATE ON HUMAN PULP CELL

Young-Hwan Oh', Young-Joo Jang?, Yong-Bum Cho'*
'Department of Conservative Dentistry, *Department of Dental Biochemistry, College of Dentistry, Dankook Untversity

The purpose of this study is to investigate the response of human pulp cell on Portland cement mixed
with f-glycerophosphate. To investigate the effect of fglycerophosphate and/or dexamethasone on human
pulp cell, ALP activity on various concentration of f~glycerophosphate and dexamethasone was measured
and mineral nodule of human pulp cell was stained with Alizarin red S. MTS assay and ALP activity of
human pulp cell on Portland cement mixed with various concentration of f-glycerophosphate (10 mM,
100mM, 1M) was measured and the specimens were examined under SEM.

Addition of f-glycerophosphate or dexamethasone alone had no effect however, the addition of 5 mM 5
glycerophosphate and 100 nM dexamethasone had the largest increasement in ALP activity. There was no
toxicity in all samples and the data showed that Portland cement mixed with 10 mM B-glycerophosphate
had more increase in ALP activity compared with control.

In conclusion, Portland cement mixed with B-glycerophosphate has no toxicity and promotes differentia-
tion and mineralization of pulp cell compared with additive-free Portland cement. This implicated that
application of Portland cement mixed with B-glycerophosphate might form more reparative dentin and in
turn it would bring direct pulp capping to success. (J Kor Acad Cons Dent 34(5):415-423, 2009)
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w3t AHEEE= f-glycerophosphate, dexamethasone,
ascorbic acid &°| o] &€t} A 9 AgoA Azt x4
Z22& %3S o) f-glycerophosphateE A7}t ZX-‘,
o MTE AolRAE7F FAEP oMY Azt X ALE
% Al dexamethasones #7119 S W) o B X33}
dolsitha sy, aeju}, A7 AFAE9 Ealo| th3t
B-glycerophosphate®} dexamethasone® A% ¥EE o}
A B3 wpr} gl

A A B2 MTAZE ¢dsbdgrc o A4 2
sHHo|m® AL FAL FTMIHY, F5A A7t &
AN FAsAFE TRl T 2] H33E =
Zghs Bavk Qg MTAS 8 7452 Portland
cementS’Jr bismuth oxideo] ', bismuth oxide® WA}

E5HE S F7M7171 98 A71Ee. Portland
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Portland cement’} FFolA Z717k A4 fae+=
AL oM Ao FAEUenZ fglycerophosphate
& £§% Portland cement® $4t8b243 3 fglye-
erophosphates 37|17 ££8 202 F2H0} 2 4y
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Al 2AeE 2 f-glycerophosphated E8H3H
Portland cement"ﬂ 3t X AL 98-S Lol gttt

I. d7M= A Uy

1. XMz ufet

1241001 WAG Aok $430] gl FEEo] Gl
200h Zbe] A3 YA E WepgRAAR B 424

¥4 = 3}l high speed bur® &2 wHEojx Baa19]
on, XN2R A$E ¥ 7172 BYdA «MEM
(GibcoBRL, NY, USA)ell E@3ith. A4 7192
A4E AL 37|12 A=23 37T, 5% COA wjFatanh
(Figure 1). ¥ d¥ollA AM&-3 wjdal e 10% L28A 7
A (100 Ul/ml penicillin, 100 #g/ml streptomycin,
0.25 #g/ml amphotericin B)E 3713 e-MEMo| 2l o
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Figure 1. Pulp cell emerged from pulp tissue

Qxdd] 7l vl e mPe) FR0,
2. AFM=ES| 250
dexamethasone?

24 wello] 1x1070/ml9) 3A/d) Az X4 A ZE W)
Mol A w3} B-glycerophosphate (Sigma, St. Louis,
USA) 9} dexamethasone (Sigma, St. Louis, USA) & 3
7¥etdet. fglycerophosphate®] ¥=% 5 mM, 10 mM,
50 mMe|3l dexamethasone?] ¥%=% 10 nM, 50 nM,
100 nMelglem gt 7HA ) B3 & Artete] AdstAa
T ArleloME At 4794 F A vz
A& nghs) FU

144 wj%o]% alkaline phosphatase (ALP) B4 EE
2389t wlFdE A A3 PBSZ A& H trypsin®
Z AZE AH3te] 15 ml tubeol] YT YA £
(1500 rpm, 3 min)¥ ¥ &3S A S AA} 2 AE
< 3F37] Y3l 2% triton X-100& #H7B8ln -20C&
At A2=AR) AA] (ALP kit 104, Sigma, USA)el| w
2t BAEE SA5] el 5 Tt 3TCE AFAALH
Z hilAS DC protein assay kit (BioRad, Hercules,
USA)E AH&ste] SA38ta 7|4 24 P-nitrophenyl
phosphateE At&3te] ALP 4 5S 2430t ALPE
P-nitrophenyl phosphate< P-nitrophenol® phos-
phate® 2 7}eEs)ste d2lE ©|83t9 P-nitrophenol
9] F& BHF=A NN 405 nm TPz 21U &

= @i A4S 712R o] FFEE ALP SHER HE
STt

289 Yol ¥ alizarin red FH-& A3} calcium®

Fe HEAGT. 24 welloA] WA & A At PBSE



Aoldl 5 pHE 4.1~4.322 HAg Alizarin red S
(sigma, St. Louis, USA)el 208-7F g4aeta S/4& 3
Aol 240 7HERt SHRFE ol TC’V} Falo] x|
2] 248 o 89| Alizarin Red S& AAs}IH ).

3. B-glycerophosphate® Z#$t Portland cement
SIESs

Portland cement (griole, &, &) & &M
(cement / liquid) 0.32-2 £33 o™ liquide fglye
erophosphate?] T%e] wet 2/, 10 mM, 100 mM,
IM ¥%9| B-glycerophosphates AH&-atTh 274 12
mm cell culture plate insertol Eo14 & A 24 10
mm 0] 1 mme 958 moldell EF8IH L 100% F=
oA 24~48A17F Bt 2R 1 F EiE A auto-
clavesl A 17193 5 3 F<F vk o] wo] Folch.

4. f-glycerophosphateS E88t Portland cementof|
CHBl 217F x4 MZ 2] MTS assay2t ALP activityEH

Z49)¥ Portland cement Aol £} & culture
plate insert(0.4 #m menbrane, #7: 12 mm, Non-
treated, “MilliCell corp., USA)7} %l 24 wellel]l 5%

N ~

Material

Rnaaananaan

- Membrane

Culture medium

booomacoomecesece) +—— Cells

B-glycerophosphate EEHA| 017F X MZEO| CHEH Portiand cement®) of AEHAIOff

rh
e
R
-

1070/ml 5Ad) 4zt H‘— AEE vl Fsisdtt (Figure 2,
3). kel e AFdd 5w wHhE F90m 1,3, 74 &
o] MTS assays A3 }@1 ]%94 AEEYE 2331

MTS assay< 3p7) 98] Wl ¥ & A A PBSE A2

& MTS A 2K(Cell Titer 96 Promega Corp., USA)#
aoal & golFm AR WA 1 3 widelE 96
well2 %7132 490 nm FFe g ZAsAtH(n=9).

MTS assay<h Zé% wog 1><1047"R/m1 3A

25 ALE el B 7Y T ALP SAES "'“;g 0}
At (n=6). One—way ANOVA(p ) 0.05)¢ Scheffe
test S Abgalo] BAEAR B4 S dgith

5. f-glycerophosphate® && 8t Portland cement
T ool ujekst 217k x|4= M|3Eze| SEM 2HE

5x 1070 /mlel 5A <zt A4 AEE FHlE
Portland cement A% 9ol 1, 3, 79 E<t wisioict
(Figure 4). #ld-& AAS L 2.5% glutaraldehydeé
108 1%, 76% ethanol, 95% ethanol® H¥7t &

100% ethanol® HE7t 23] €%, 1.1.1.3.3.3.~hexam~

ethyldisilazane &2 10%-7¢ 251 A ettt Gold-palla-
diume.2 FEd 5 SEM(Hitachi S-3000H, Japan) 2
g FEact (Figure 5).

Figure 2. Indirect contact culture

Figure 3. Insert placed in 24 well

Culture medium

Figure 4. Direct contact culture

Figure 5. Hitachi S-3000H
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1. XMz Z3lof| Tt f~glycerophosphate®}
dexamethasone2| &1} 917

ALP activity

3 7k BT 2718 73S ALP activityS 5 mM 8-
glycerophosphated] ¥ 2T ET 3t Egkon -
glycerophosphate F=7} &olA45 ALP activityo] %
oA & AFE BT} dexamethasone FEo] #A glo]
HETR} 97 @& ALP activity S 23tHFigure 6).

F EY B3 et AHslEE o 5 mM B~
glycerophosphate¢t 100 nM dexamethasones % &3t
A5AA 2FEY oF 50%3 =2 ALP activity 2712
Bom Bglycerophosphate$}t dexamethasoned ¥%
7} FVESE ALP activity?} 2Haste 43S B9}
(Figure 7).

Alizarin red S 94/

2 9 H3) 5 mM F-glycerophosphate®t 100 nM

dexamethasone= 283t A gt E3] Zo] GME) Q]

35

ALP activity

3.0

25

2.0

#mol p-nitrophenol/hr/mg protein

Control  Dex 100nM  Dex 500nM Dex 1nM  BGP 5mM  BGP 10mM BGP 50mM
Type of differentiated agents

Figure 6. ALP activity (addition of one differentiated agent
alone)

DEX 1mM DEX imnM DEX 1mM Control
8GP 5mM BGP 10mM BGP 50mM

Figure 8. Alizarin red staining (addition of differentiated
agents)
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HFigure 8).

2. B-glycerophosphateE £%3t Portland cement
o st QI7F X|%= Mz 2| MTS assay

19 2& d¥To] hxas vlsd MTS $A1 & Hx
39 RE AYFo| PRI YL £XE Bygon 19
FA g ulsatnt. 19 BE AT Aole dzed
Bl 21 & Hlvh (Figure 9)

3. B-glycerophosphate€ &&tst Portland cement
ofl st 217t X|5=M|Z 2| ALP activity

B-glycerophosphates ¥ & AJHL HZ2F (X
FAET o= 793 v)S=8ks] o fglycerophosphate
10 mM< E83 A|H 9] ALP activityZ} izl v wa}
of BATAL AolE B e f-glycerophosphate
100mM, 1M d2aiet %t S7Hd ALP activity
Helou FAdA R gl Apol& Holx] ¥k
(Figure 10).

5.0
45

ALP activity

#mol p-nitrophenol/hr/mg protein

v Control  Dex100nM  Dex100nM  Dex100nM Dex500nM Dex500nM DexS00nM DexTmM  Dex1mM  Dex1mM
BGP5mM  BGP10mM BGP 50mM BGPSmM  BGP10mM BGP 50mMBGP5mM BGP10mM BGP 50mM

Type of differentiated agents

Figure 7. ALP activity (addition of two differentiated

agents)

MTS assay

490nm absorbance
=
i

Control No BGP BGP 10nM  BGP 100mM BGTP 1M

Type of differentiated agents

Figure 9. MTS assay of pulp cell on Portland cement mixed
with f-glycerophosphate



4. f-glycerophosphates E§5t Portland cement
o SEM k&t

1¢, 39, 799 SEM #22 slith. 19 d& 479 Al
H 25 AXE 71 s8] Elsia gltler 39 9 5
glycerophosphate® £33t & A|H7 10 mM, 1 M
S &% A AES7 193 vsaiod, 39 4
glycerophosphate 100 mM< &3 AjHel H247} 1
Aol Hlg) 2~3u] Frtetgch 7Y 2 B-glycerophos-
phates E§stA] 2 AlHZ 10 mMe| A Z57E 3%

it

20
18

#mol 1 p-nitrophenol/hr/mg protein

Control No BGP BGP 10mM  BGP 100mM  BGP 1M

Type of speciments

Figure 10. ALP activity of pulp cell on Portland cement
mixed with f-glycerophosphate

OmM

C. B-glycerophosphate 100mM

D. B-glycerophosphate 1M

Figure 12. 3EM evaluation of pulp cell on Portland cement
mixed with f-glycerophosphate at 3 days. A: Portland
cement with no f-glycerophosphate. B, C, Dt Portland
cement with f-glycerophosphate 10 mM, 100 mM, 1 M.

B-givcerophosphate BEHA| O1ZF A5 MIZEOY C§EH Portland cemente] M0 &

%

o7

g Z7lalel o] AZe] 7= W AR 7Y € 4
glycerophosphate 100 mM& &g AJH-2 A £ o8]
BE #vo] gair} 79 f-glycerophosphate 1 M-S A<
A7 e 49 AR B8 9439 gAEe] #F
goon 1 AdE AXEe AY AeA &t
(Figure 11, 12, 13).

A. No 8-glycerophosphate 8. B—glycerophosphate 10mi

D. B-glycerophosphate 1M

C. B—glycerophosphate 100mM

Figure 11. SEM evaluation of pulp cell on Portland cement
mixed with f-glycerophosphate at 1 day. A: Portland
cement with no f-glycerophosphate. B, C, D:  Portland
cement with f-glycerophosphate 10 mM, 100 mM, 1 M.

<. B—glycerophosphate 100mM D. B~glycerophosphate 1M

Figure 13. SEM evaluation of pulp cell on Portland cement
mixed with f-glycerophosphate at 7 days. A: Portland
cement with no S-glycerophosphate. B, C, D: Portland
cement with #-glycerophosphate 10 mM, 100 mM, 1 M.

419



LYBIR| BHEZBISR]: Vol 34, No. 5 2009

oA, A0 2 Qg dold £ 25w wWE A}
OlRAE FHA A A Hree] BHL 8 Aoid
P e MEE IR ESS H=E Aot} 52
cell-rich zoneWl PIE8he T30 Ao} &40 = o] %
gt FolRAZRE B3lshe TAZ QAT ofF 7R A
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53 2 A AMEE A7 X A Lol e AobA 7}
EAA] eth. A A5 FE E71 ALY A Sl w
€ 23 ARE A7 =RAM Ad 571 SESE 7
3pgo] Zadte ATE Bol AT dn) A A3
Al A A A 471 Z7kehE Sao] At
(No data). ZejA 2 AdMe 433l 58 23 A ¢
et 475 A7) A8 AU A5 AETE AgEge
o 258 S Alodls g o T mEEA ALg
gk 5-8AIH 9] X5 ALg-ekA Y

A7 A 232 f-glycerophosphate”} 3 7FgH ujj ol
ol A s Fatd SAE 7H Aol mA| Lok w3 A Lo} A
3]3} @ido] FAENA fglycerophosphates A 7F}A]
%2 Aole YA g9kt agjez B Ao o
ETHG ALP activity7} S7F8te A& X4 A7} Ao}
BAZG H|S3 2R Eelehe Ao dl4E 4 9}

P-glycerophosphate?] ol thet x| 233} vz 4
Gl 2 mMF 10 mM2 # X5 A2 Hrlste] e
o192 W 2 mMETE 10 mMolA o 2& M3lsr 2o
EATHY . ] Aol A 100 mME A7H) AE9 FA}
H o 50 mMAM e FAAE BolA] ggbr] Wi &
AR e 50 mME Hd F=2 AL & 4384
Ae 10 mMES 5 mM7} o] B& A3gls Byjeone
2| GAH ol et f-glycerophosphated] 23 Fx&
mMellX 5 mM Atel2 FAEH F71 ddo] Z et}
Dexamethasone 100 nM< Q17 X5 Ao A7}l
it S o M3sle] vt HuEdey . asy B A
oM e 100 nMo] 7H§ A2l8te go] dezion 5%
7b o g Nt adedt 122 dexam-
ethasoned 2% &+ 100 nMET ¢ Y& AHog &
ERsi= g

Dexamethasone= SFAH L} XA E] £31E 27
313l ALP activity® F7HIZITH? . 2eiu 2 Aoe
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A AH8-3F dexamethasone® FE7} o]d =REHT =
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