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ABSTRACT

Histologic investigations have demonstrated that root cana sealers can induce mild to severe
bone resorption. Alkaline phosphatase (ALP) is a membrane-bound glycoprotein, which is one of
the osteogenic differentiation markers considered to indicate the formation of new bone. The aim
of this study was to investigate the effects of an epoxy resin-based sealer AH26, a zinc
oxide-eugenol-based sealer Canals, and a paste sealer N2 on the expression of ALP in human
osteoblastic cell line U20S cells. M ethods: Freshly mixed materials were filled in glass rings and
eluted in 10 ml of culture medium for 1 day. Subsequently, various dilutions (final dilution: 1/2,
1/4, and 1/8) of these extraction media were prepared for this study. Cytotoxicity was measured
by the amar blue dye assay. Gene expression of ALP was examined by using reverse
transcription-polymerase chain reaction. ALP activity was further evaluated by using substrate
assay. Results: The results showed that AH26, Canals, and N2 were cytotoxic to U20S cellsin a
concentration-dependent manner (p<0.05). The exposure of U20S cells to AH26 and N2 resulted
in the down-regulation of ALP mRNA gene expression (p<0.05). ALP activity was significantly
suppressed by three root canal sealers (p<0.05). Conclusions: The inhibition of ALP expression
may play an important role in the pathogenesis of root cana sealers-induced periapical bone

destruction.



INTRODUCTION

Root canal sedlers may have a significant influence on the apex because their potentially
toxic ingredients can initiate irritation of the periapical tissues and may interfere with the healing
process. The materials used for endodontic procedures must be chosen with care so that potentia
periapical reactions can be avoided or reduced. ldeally, root cana sealers should be
biocompatible and have satisfactory physico-chemical properties.

Currently, root canal sealers are available based on various formulae such as epoxy resin,
calcium hydroxide, and zinc oxide-eugenol. The irritative effects of root canal sealers have been
evaluated by histopathologic examinations of the tissue response. Unfortunately, severa studies
have shown that most commercially available root cana sealers can induce mild to severe
inflammatory alteration within apical tissues leading to bone destruction. Recently, our studies
have shown the activation of inflammatory mediator cycloxygenase-2, inflammatory cytokines
interleukin-6 and interleukin-8, antioxidant enzyme heme oxygenase-1, proteolytic enzymes
gelatinases and tissue type plasminogen activators, and osteolytic marker receptor activator of
NF-kB ligand may play an important role in root canal sealers-induced periapical inflammation.
Despite the above evidences, the pathogenesis of root cana sealers-induced periapical bone
destruction still remains to be elucidated.

Alkaline phosphatase (ALP) is one of the most frequently used biochemical markers of
osteoblast activity. ALP is present on the plasma membrane fragments of the osteoblasts.
Osteoblasts are considered the cells primarily concerned with providing physical barriers and
structural components in the periapical tissues. The purpose of this study was to determine an
epoxy resin-based sealer AH26, a zinc oxide-eugenol-based sedler Canals, and a paste sedler,
such as N2 could influence the functions of osteoblasts. The effects of root canal seaders on
human osteoblastic cell line U20S cells were determined through measuring cell viability, ALP

MRNA expression, and ALP activity.



MATERIALSAND METHODS
Sample preparation

The test materials were shown in table AH26 (De Trey Dentsply, Switerland), Canals
(Showa Pharmaceutical Co., Tokyo, Japan), and N2 (Indrag-Agsa, Losone, Switzerland).
Under aseptic conditions the root cana sealers were mixed according to the manufacturer’s
instructions. Samples were prepared as follows: freshly mixed materials were filled in glass rings
(4 mm height and 10 mm in diameter) and set for 24 h at 37°C in ahumidified chamber. Each test
specimen was eluted in 10 ml of culture medium at 37°C for 1 day in a5 % CO, air atmosphere.
The extraction media were then collected into sterile syringes at the end of this period and passed
through a 0.22 um filter. Subsequently, various dilutions (final dilution: 1/2, 1/4, and 1/8) of these
extraction media were prepared to be used in this study.

Cell culture

U20S cells (American Tissue Type Collection HTB 96) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) (Gibco, Grand Island, NY) supplemented with 10 % fetal
caf serum (FCS) (Sigma Chemica Co., St. Louis, MO), 100 pug/ml of streptomycin, 100 mg/mi
of penicillin a 37°C in humidified incubator under ambient pressure air atmosphere containing 5
% CO,. Confluent cells were detached with 0.25 % trypsin and 0.05 % EDTA for 5 min, and
aliquots of separated cells were subcultured. The cells were subcultured at 1:4 splits every 3rd
day.

Cytotoxicity Assay

Almar blueis an oxidation-reduction indicator for eukaryotic cells. It uses as an indicator to
assess cellular metabolic activity. It is a developed extension of the cytotoxicity assay based on
the reduction of tetrazolium salts by the mitochondrial cytochromoxidase system. Cells were
seeded 5 x 10* cells per well into 24-well culture plates and incubated for 24 h. The culture
medium was replaced with fresh DMEM and various elutes of root canal sealers. After
trypsinization, 25 pl of alamar blue dye (Alamar Biosciences Inc., Sacramento, CA, USA) were
added to each well for 2 h at 37°C. The colorimetric determination was done at 570 nm and 600

nm on a plate reader (CytoFluor 4500, Millipore, Bedford, MA, USA). The inhibition of



mitochondria activity of the experimental groups were divided by the control and expressed as a
percentage of control.

Rever se-transcriptase polymerase chain reaction

Total RNA was prepared by using TRIzol reagent (Gibco Laboratories, Grand Island, NY,
USA) and following the manufacturer’s instructions. Single-stranded DNA was synthesized from
RNA in a 15 pl reaction mixture containing 100 mg random hexamer and 200 units of Moloney
murine leukemia virus reverse transcriptase (Gibco Laboratories, Grand Island, NY, USA). The
reaction mixture was diluted with 20 pl of water, and 3 pl of the diluted reaction mixture was
used for the polymerase chain reaction (PCR). PCR reaction mixture contains 10 pmol of forward
and reverse primers and 2 units of Tag DNA polymerase. Amplification was performed at 25
cycles for glyceraldehydes-3-phosphate dehydrogenase (GAPDH) and 30 cycles for ALP in a
thermal cycle. Each cycle consisted of 1 min of denaturation at 94°C, 1 min of annealing at 57°C,
and 1 min of extension at 72°C. The sequences of primers used were as follows:

A) GAPDH Forward: 5>-TCCTCTGACTTCAACAGCGACACC-3’
Reverse: 5’-TCTCTCTTCCTCTTGTGCTCTTGG-3°

B) ALP Forward: 5-TGGAGCTTCAGAAGCTCAACACCA-3
Reverse: 5-ATCTCGTTGTCTGAGTACCAGTCC-3

When the samples were probed for ALP mRNA production by RT-PCR, a 454 bp band for
ALP was noted. These bands were consistent with the size as designed by primers. When the
band densities were measured and compared with the density of the band obtained for the
housekeeping gene GAPDH, relative proportions of mMRNA synthesis could be determined within
each experiment. The intensity of each band after normalization with GAPDH mRNA was
quantified by the photographed gels with a densitometer (Alphalmager 2000; Alpha Innotech,

San Leandro, CA, USA). Each densitometric value was expressed as the mean + SD.

M easurement of AL P activity
The cell lyates were sonicated on ice bath, centrifuged at 1500 g for 5 min, and measured
the ALP activity in supernatant by ALP assay mixtures containing 01 M

2-amino-2-methyl-1-propanol, 1 mM MgCl,, and 8 mM p-nitrophenyl phosphate disodium. After



incubation at 37°C for 30 min, the reaction was stopped with 0.1 N NaOH and the absorbance
was read at 405 nm. The OD of control cells was considered to be 100 %. The relative ALP
activity of U20S cells was calculated by the formula: (OD of experimental sample/OD of control
cells) x 100 %. Each value was expressed as the mean + SD.
Satistical analysis

Triplicate experiments were performed throughout this study. All assays were repeated three
times to ensure reproducibility. The significance of the results obtained from control and treated

groups were statistically analyzed by paired Student’s t-test.



Conclusion

This is the first attempt to evaluate the role of ALP mRNA expression and ALP activity in
human osteoblastic cells. Data from our in vitro experiments showed that root canal seaers were
capable of suppressing ALP activity in human osteoblastic cells. This suggests that one of the
pathogenic mechanisms of apical bone destruction in vivo may be the inhibition of ALP by
resident cellsin response to root canal sealers challenge. However, care should be taken to reduce
the possibility of periapical irritations from inadvertent extrusion of the root cana sealers in

clinical treatment until their side effects are more thoroughly studied.



Tablel. Composition of test materials according to manufacturers’ descriptions

Material

Components

Ingredients

AHZ26

Powder

Liquid

Bismuth (111) oxide
Hexamethylene tetramine
Ag

TiO,

Bisphenol-A-diglycidylether

Candls

Powder

Liquid

ZnO
Rosin

Barium sulfate
Bismuth subcarbonate

Cloveail
Peanut oil

N2

Powder

Liquid

ZnO
Bismutnitrate
Bismutcarbonate

Paraformaldehyde
TiO

Eugenol
Peanut oil
Rose ail
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Fig. 1 Cellular toxicity measured by using alamar blue dye on U20S cells after exposure to
various elutes of root canal seaders for 24 h. Results are expressed as percentage of
absorbance relative to the untreated control. Data are shown as mean £ SD. * denotes

significant differences from control values with p<0.05.
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Fig. 2 (a) Expression of ALP mRNA gene in various root canal sealers-treated U20S cells by

RT-PCR assays. GAPDH gene was performed in order to monitor equal RNA loading.
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Fig. 2 (b) Levels of ALP mRNA treated with the AH26, Canals, and N2 were calculated, as
measured by Alphalmager 2000. The results were averaged from three independent

experiments. * denotes significant differences from control values with p<0.05.
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Fig. 3 Effects of AH26, Canals, and N2 on the ALP activity in U20S cells. The percentages of
ALP activity in the presence of root canal sealers relative to that in the control are shown.
The results were averaged from three independent experiments. * denotes significant

differences from control values with p<0.05.



R T ES R LR Y E-F] g haF
99 & 10 * 31 p
g [FEE s P UFFCFTFES
A
PERF 99#& T2 14p 2T 17TP | 4 ¢ NSC 97-2314-B-040-022-MY 2
G T (SEn) SR |y
& g |(Barcelonq)
¢ % (" %) % 88F% E&]m’?;xsﬂ FeE¢
L (® < ) 88th General Session & Exhibition of the international Association for
Dental Research
%f % (¢ =) 2 ? LR € Pl A SE R e P gk M BERL R D& IR
E
P (# <~ ) Inhibition of ALP by root canal sealersin human osteoblasts.

F\ jﬁfﬁé‘—s ;}‘t—f;l %IE:

- e g

;Eﬁ@%9§p;§g&g%aﬁ7w£&@$ﬁ,ia
T EBPBEIE BRI F LA

%l\?'}?z\}”}z\’-l ‘\‘Au EY

discussion = f& - L 4 &

PN
=)

Egewn

S R (oL I AP A

TEEERBA e Vi e @R L % 5 BAE A E A

AR Ty ) B F

oral presentation -~ poster presentation - poster

EE L gk 4P 5 “Inhibition of ALP by root cand

sealersin human osteoblasts” 14 poster presentation = ;%3¢ % o ALP(i& 14/ s i )

G wmre (B FFEchme ) ¢

B 5 96~284 U/L - 52

(g

W
=

B4 ALP (RBpps) g

FHFR R AL S Fwed ALP{EE & 7 ¢ ALP

ZERVBIFAZA~Z B FV RPIEEPAAEI AT w2 BRI
VRN E AR T e P T R F T Y AT L AN
S E LA R G S R Ble g 27 R ARR OB LR et sl Ak e B E

Foofe o ML R F e Y B35 o Gt e AR S N I - e




Eﬁiﬁiﬁﬁi}éﬁiﬁgi‘zﬁc Tt b R R AR AR R (E R B R TR o
AR RIS BT R LA (AH26){r4:F 1 -7 4 0 fe A o(Candls
fo N2 ) 495 LA M ab LT & 4 4 F 0% U20S imme ¥ chd i o 5
%&%imﬁﬁﬁéﬂﬁﬁﬁiﬁﬁ ' P- TR R MFIAAFE B iRE A
10cc 35 %% ? ke 24 P kR B (RGBSR U2 V4. 1B)
WAF &Y o Almar Fd Limee 2§l 4 B f i BRI R o hBT
Almar ¢ 242 R 2198 LERM M w4 1iv% o L &% 4R L Fehr
i RT-PCR 1 iRl d 1t BifL s 28 Flehd i > 1P R iRlde BdEL s g o B %
7 AH26 -~ Canals fo N2 %f U20S ‘mee 4 12 » 21433 Ak & < 0 49 B (p
< 0.05)- AH26 fr N2 % U20S 'm® jrdlik Habfir cnA 2 E 7% (p <
0.05)- AH26- Canals fr N2 124 3 | &8 7 #r 44k AR 7 7542 (p<0.05) -
T AR R EE £ e TR T R A E R ERI IR B e g UL
BP P FEFER LS o
Rl

B9 FFLE 6 Lolsiodmi » o @ EEp 2 2 8 e division
P jF 7 South-East Asian Division > @ ¢ £ A % & 4 » T p & ChinaDivision »
R GE T AXAPER MRS PR L FREe RO F
FAAT AR S0 TR A AW TR T R I sk
TREE 2 & SHERPFIE A FEIEL S BB F I F R G
B2 P WAL AR e o FON AT M E LS LR R R g S

GRS FEPIHRETFFALEEEE -



B A& Al By et AT AR AR R IR A

A #1:2010/11/03

hE o 1EIHR eg« I T ST A R fm P 6 1 ) AR
BAt e Mt E  [stEisA: £353
FHEHIE: 97-2314-B-040-022-MY2 BrER: TH5

%‘2

A AR AR A




07 £ R LA T H T

%\'%%f‘lﬁ_ﬁ:{\

E AL ;g; E 3 %% 97-2314-B-040-022-MY2
P LAY AEAE AT e ity
£ i #an (F - R
T PoAe i B3t
A% p FREES gt | RERT | o SRk SR
Bo (s |B(ZRE ) S LS
fegr) | ) #Hoa o= F ...
)
EIE T 0 0 100% &
N 7 AR IR 2 |0 0 100% %o |a
¥~ E
Fi e He 0 0 100% &
%2 0 0 100% &
¢ ;‘s_pi i+ 0 -
o1 # 0 0 100% . B
: Bk 0 0 100% &
B i e 0 0 100% ¢ &
A ,
#11 4 0 0 100% + A&
R4 0 0 100% &
g L4 (ELA 0 0 100% L
=X
(*FE) PLimg R 0 0 100% &
EREXTS 0 0 100% &
I S
- # % & SCI # 7]
Hp 7|5~ 0
A I 0 100% (7 Endod 2010 :
e W iE Fa136:1230 - 1233)
B AR IR 2 |0 0 100% &
g 0 0 100% &
T 0 0 100% 34 |&
- o1 ok g 0 0 100% " ﬁ
: Bk 0 0 100% &
i 0 0 100% ¢ &
RS
#11 4 0 0 100% + A&
R4 0 0 100% &
ggrzbd 44 [E L4 0 0 100% L
=X
(PR Bl R 0 0 100% &
EREXTS 0 0 100% &




H A%
(miz gz
5 hoyE B s d S
HREE S ERREE
V=g g NP LB T
SR R D B
Vicne S TSN | 2
EE G F A

}ljo)

g

’i X538 P

frebs

—

#R%EL S(7 FRredn)

/e

Re|grga epe A1 8

21

Fi

B ye s IR

T e

3
1
4e
g |FiHE/ iy
i
p

PEASHAEZ 2 (BR) Ak

OO O OO O o (o







R 640 %A ] 7 h S R 2

E

ijb

FRATNFERTEAACGAER ESTFH P RN T SR FA
T (5 & 4 Té:%bwz*%\x,&a\l% BTN E-HBFEZ T ) L F
ELFmaF LY R AR FRAEBFHEES T 5FEFTR o

Lo h 32 Ry diAn f ek ~ 3308 P B it- 5826
W=
(kg = p 4 (3P > 12100 3 5 12)
[ 5% % Pz
mEES EAR
(J# © & 7]
B Fl,; :
2. PR 3k n B IIE A AV R 1R
we e EA Oagdiec i OFERY O
B0 kw05 BE
gk e 3 es? W&
#w (12100 F 5 *2)

S. PR EF I PILIAT AL G WL G 0 FRAY S E LRI
E(ﬁﬁ&ﬁﬁ%%ﬁiiii‘%E‘%$éé*ﬁ%%i?Ei)@’

500 % % *2)




