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NTT 242 0§38
A Ao} AFAYAE] FHE AA}

<A 857 A3 AFode AEddAES WA aysARr, 7T
Aol Agtd ASde gud AolAjres AdAo=z Algsitt (Wein,
1980; Grossman, 1982; Bender and Rossman, 1993). X|o}xj 2l Lol A 7} F Q2.3

Z] o
™ T

i
.
s

o A= AFJAWAEE AHAsHA FA sk Zloltt (Melcher,
1970; Andreasen and Kristerson, 1981; Schwartz and Andreasen, 1983, 1985).
AFQUAES] FHEE BAY Aoke] 7o AT B WA} 9]
w 5ol (Hupp et al., 1998) 7% 9 =ZA| S FH A3 a|A xFA YA E9
s}

S =5 =4 fFAsloF sttt (Soder et al., 1977).
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AFAYAEe] S =5 Hrlslr] 918 w2 W FodA 7P A%
Wb e Aololi= AlXE o & A A= Aoltd (Kim et al., 2007). Patel &
(Patel et al., 1994)2 &+¥ Ho}E vt A LAoAr HAT &

fluorescein diacetateE ©o]83}o] Aolgl:=

s (Lekic et al., 1998)2 AFAHAEE AHFHHA wiSE colonyE
methylene blue® @At =AE Ao AHEE Hr7bskdo. T3
Ashkenazi & (Ashkenazi et al., 1999)2 neutral redY} trypan blue®=
AAste] trypsint collagenases ©]-&3ato] AT Alxe] =5 SAH AT,
1 9o %= Litwin & (Litwinet al., 1971)2} Hiltz and Trope (Hiltz and Trope
1997), Trope and Friedman (Trope and Friedman, 1992)2 T3k # %8 oo A
B AFAA2Y SAEE AExdYH o= 7tstlal Hupp 5 (Hupp
et al., 1997)& W thymidine& MIEJFAAZ AF&sto] A X FRA7] 5
AotE EIAA AHE AL & AEE FUET. old g M ES A

2ol ohd AXE o g3 W] AFSE It wwA HAu Bsrhe

SAZE WAL AIE S AR Aelgltr striete 1 el of 70%o]
AxED el o]l (Hupp et al., 1997) HAZ Hopgles HAXE F9
ATz Aol ael7h ol& & Advh. ®I, AT UM AHH

AZE ohA wgste] #5 Al RolmE we Wit AgaA dd AAE



DA E(primary cell)®t= = 7FsA % vt (Narayanan and Page, 1983).
old] W AAEAS ¢ tdstAAME w2A ARHoz Frrsk ¢ e

Wrgol 2%k, Mosmannol o8] Ao AUlE MIT AMES AEx=A
= AE T8EE& BHe Ao A& JT (Mosmann, 1983). ©] W

EREE B

2
rol

Axe] mEZ=gol Ho s & Fhasrt =das
o= 849 tetrazolium salt (MTT, sigma Chemical Co., St. Louis, MO, USA,
[3-(4,5-dimethylthiazol-2-y1)-2,5  -dipthenyltetrazolium  bromide])E
S Hes HE8A Y MIT formazan A2 0% SHAA7|= el & o] &%

Aoz 570me] HgN FREE H4FoA dAHoE FH A

B

5
TEE wds=rr. o]y sk MIT AMelA Y% MIT formazan 27 0]
HFdr oA B AAHo=T Hol= AL o]&3ste] Colangelo &
(Colangelo et al., 1992) noncolorimetric pixel analysis< 3}$l o4} o]
AT FE3k NEE o] &3 Holmnz AAMEY &4 7S AT gl

ayrg AARHE ofsHAE MT HAAME ol&ste Hu el

In-vivo MTT ML o] &3} Kim 5 (Kimet al., 2007), Jeon & (Jeon et al.
2006), Kim & (Kim et al., 2006), Lee &(Lee et al., 2011)% 3 Ao}

AFdiAl el GG =g Frrekdv. # Aok= A7|7F A7) wiiEel 96-well
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Rubinsky, 2003; Lee et al., 2009; Arav and Natan, 2009; Chung et al., 2010).

(Chung et al., 2010)=2
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o. A5 ¢ ¥y
1. MIT AH 9 FFIJA

Far Alzko] Aol

A} standard

curve’}

[e)

=

] Al
= 1

olo] NIH3T3 A ZE o] &3k MIT Al sl el WA DMEM

-y

=

(Gibco®, 11995-065, USA)¥Z+ FBS (Gibco®, 16000-044, USA)7}

oI =

X ol A1 NIH3T3 A|EE vjYdste] A3t 7H49HE cell countingstith. Z}+

o)
RS

MEZE 2000 MIT €N} 37Col A 241 7H5<F &A1 71 & DNSO |- 1ml T}
158t Wk Al Z ). Cell down A 7A AE e} §HS EA7l 3 DISO &HS
96 well plateol] 200u0% Ztl. ELISAC] plateE 2o] 570nm 3}l A]
FTHEE SAHNAY. AX gl 2 FHE 3k W] FolE Figure 1.
of YEeRJATE.

2. Ay FE

2 A= AlF 100g Wl S 459 43 Spraque-Dawley Al 3 F 7+
A& E A,



o] Aol roF2 AAdty F=AY &Aoo SUHU.

(2014-0114)

3. Ao} &X]

Tiletamine (20-40mg/kg, Zoletil50, Virbac, Caroos, France)®} xylazine

(5-10mg/kg, Rompun, Bayer, Cermany)S &313F nFHAZS EBZWE T35t

A8 vhASIAT. vH s wAsle] Wel Abg golsta Aokaslst by
AN Ags AFE A, $5 gt A 1, 2 dFAE WA

rtze BHoR Aok Fuel peritoy® AR F AopFsxHol

Haghe] o) ds ZhehuA LAY, B E Aoke] EE Ao 45

4, AYT

Aol WA F ZA MIT AAS AQAGT. BAF AF Ao}



R EE N
Aokg AedA Az A FMT A4S ABster),

T
b
X
st

1= S
WA 5 = PBSE AT, Badtel AREE Xole HF
& (JW Pharmaceutical, Korea)o.2 A% v|d&7|d Hof dFE

o}, 2olr} &7l vjd g7 A2t YEa (Dimapuretech, Korea)ol

ok 0C/2MPad] b2 sholl B2 A2 Hadh § NMT 248 AlPegin.

Table 1. Control group and experimental groups
Group Condition
Immediate group
Dry Room temperature
lday
Storage 0T, 2MPa
Dry Room temperature
2days
Storage 0C, 2MPa
Dry Room temperature
3days
Storage 0C, 2MPa
Dry Room temperature
4days
Storage 0C, 2MPa
Dry Room temperature
7days
Storage 0C, 2MPa

_9_



5. MIT A

96-well plateol] =221 2] MTT solution (0.5mg/ml, Sigma Chemical Co., St.
Louis, MO, USA) 200u0E Yair ZF 9] X|o}& MIT solution®] BAJE 2+
welloll &zkvh. o wf AL 7HA 7Heds FAAstetr] flste] A=
A LHE 7)5o] AlF BT

dFvE foilZ 96-well plateE A 3AIZE F<F 37TelA wlgato]
MIT7F Sl s =% shlth. ZF wellolA XobE th2 96-well plate® &7
15002] Dimethyl sulfoxide (DMSO, Ameresco Inc., Solon, OH, USA)el 157t
G, XotE 2t wellol Al Al A¢E $ ELISA (Dynatech MRX ELISA microplate
reader, Dynatech laboratories, Chantilly, VA, USA)ol] ¥ 3l 570nm3}7gol] A

&4 %= (0Optical Density)S =743} t}.

6. Eosin €A

i3
"
ﬁ,
rd
o,
=]
B
h=)
o
BN
Y
Lo
o2
o,
o
il
N
0,
o
H
o,
fru
>
=
L
o
X
B

Fol ztol7b A& F Avk. AYBRE olF A A BHFT] Skl AEE
FMetazt st o™ eosin FAE BT MIT &0z AAE Xots
Al 35002 eosing 9 (Sigma-Aldrich Co., St. Louis, MO, USA) o 12A]7F
G7F AAMA . o] = 35042 1% acid alcohol (1% hydro acid, 70% ethyl
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wellol A

7. A 4
MIT ZAAoA de THJTE [psin &
223191 0.0)

7FA]3L one-way ANOVAZ

st GoREe 9% ).

o3 A of] A

RERRES

#oh g

o &
de SHE=

[e)
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23}

MIT AME o] &35l A= NIH3T3 AMEZY EF% Zke] standard curveE

gure 1. o YERHSIT

2.5

OD of Formazan (570nm)

15

0.5

0 . . . .
100 150 200 250 300 350 400 450 500

cell number (x 10%)

Figure 1. Standard curve of MIT assay using NIH3T3 cells.
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AL 7 25

10° 70¢) NIH3T3 M 4 A}ololA] NIT AAME

Ao 1.0 x 10° e AE U W FFE= g2 216930t 1 o] ¥ =E
AE 57h Z7hstel e S35 el WSyt AA Z71E4 @)

P o] Pk Table 2, 3, 49}

ol

MIT A4 9 eosin FAE& S8 L&

Figure 29| YeEM)ATE.
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Table 2. The averages & standard deviation of optical density of MIT assay

and eosin staining method (storage group)

MIT Eosin
Immediate 2.571 £ 0.281 0.339 £ 0.062
1 day storage 2.419 + 0.151 0.352 = 0.068
2 days storage 1.674 = 0.114 0.345 £ 0.055
3 days storage 0.476 = 0.099 0.349 + 0.072
4 days storage 0.258 = 0.054 0.334 £ 0.051
7 days storage 0.128 = 0.051 0.253 £ 0.068

MTT/Eosin

Immediate 7.767 £ 1.318"

1 day storage 7.087 £ 1.392°

2 days storage 4.993 + 1.020°

3 days storage 1.365 £ 0.446°

4 days storage 0.783 = 0.214°

7 days storage 0.534 + 0.301°¢

Different superscript letters represent statistically significant

difference by bonferroni post hoc (p<0.05).

_13_



Table 3. The averages & standard deviation of optical density of MIT assay

and eosin staining method (dry group)

MTT Eosin
1 day dry 1.355 £ 0.233 0.346 £ 0.084
2 days dry 0.863 £ 0.092 0.359 £ 0.082
3 days dry 0.367 = 0.107 0.340 £ 0.069
4 days dry 0.170 £ 0.114 0.346 £ 0.062
7 days dry 0.106 £ 0.031 0.317 £ 0.100
MTT/Eosin

1 day dry 4.058 + 0.957¢

2 days dry 2.515 £ 0.630

3 days dry 1.085 = 0.284°

4 days dry 0.501 + 0.335°

7 days dry 0.352 £ 0.124°

Different superscript letters represent statistically significant

difference by bonferroni post hoc (p<0.05).
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Table 4. Comparison of the averages & standard deviation of optical density

of MTT/Eosin values between storage and dry groups.

MIT/Eosin
p-values”
Dry Storage
1 day 4.058 + 0.957° 7.087 £ 1.3922 0.001
2 days 2.515 £ 0.630° 4.993 + 1.020° 0.001
3 days 1.085 £ 0.284 1.365 £ 0.446 0.056
4 days 0.501 £ 0.335 0.783 £ 0.214 0.053
7 days 0.352 £ 0.124 0.534 £ 0.301 0.094

* p-values were calculated by independent samples t-test.
a, b : Different superscript letters represent statistically

significant difference by bonferroni post hoc (p<0.05).
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MTT/Eosin
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b
[
] C ;
‘ , ‘ e
15 25 3s 45

75

=
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Q= N W Rk U ON WO
L L L L L L L L L

Immediate

Figure 2. MIT/Eosin values of immediate and storage groups.
The error bars represent standard deviations (n=10)
Different letters above the bars represent statistically significant

difference between groups (p<0.05).

0C/2NPacll Al Hast FH X ole] X|FAuiMxe] EAE7F 39 o4

Bysds ol g4 dade e & 5 AAH (Figure 2).
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MTT/Eosin

O RN WA WO N XD

dry storage dry storage storage dry storage dry storage

1day 2days 3days Adays Tdays

Figure 3. MIT/Eosin values of storage and dry groups

The error bars represent standard deviations (n=10)

* . The letter above the bars was p—values calculated by independent samples
t-test and represents statistically significant difference between groups

(p<0.05).

EE oA eosin®® GG FFE S FASHI SAHHEAL o=
Atololl= BAIAo® Folg zol7t gtk MASFAAS] MIT/Eosin #h2
7.76711.3182 71 F& AIXIANEES BT, UXNFATI 1DH AT
MIT/Eosin %< EAF o2 Fo3t xlo]E Holx 9¥gkt) (p>0.05, Table 2,
Figure 2). 193} 29, 243} 3B AT Apooll= BAH R #2213 Ao]7}
Aot (p<0.05) 3YEFTY 4UH P, 4R AT TIRBT Al &=
Fo 3k zpol7b AT (p>0.05, Table 2, Figure 2). 0T /2MPa2] 274 7]
e IR Baady dxa Aloldl= BAIA R fod Aolrh 3¢
O] FHE] Rolx| gt} (Table 4, Figure 3).
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ofel © uYolrt Zw o AHEI =S 3] S AFAAIES]

s XA, Lee & (Lee et al., 201D wW=wW 0T/2MPa®]

B g XolE Hash wof] AFE3 SFERE 8o (JW Pharmaceutical,
Korea)2 Calcium Chloride 200 mg/L, Potassium Chloride 300 mg/L, Sodium
Chloride 6 g/L, Sodium Lactate 3.1 g/Lo2 FAAE fHoz Hyeds
st tAMEASS BkR folse dldd =2 AR8EH. Lee 5 (Lee et

al., 201D AT s LR Ao}E sfEY feld] wPd A9

Holop @t} (Chung et al., 2010). Z18jEZ R Ao R A&

Aojuzt golow HEs ),
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Zag Zow Azieto] Fo Hjol AfobAlES] NIH3T3 AEXE o] &3t
standard curve® WA FEpdvt. 2 A wEwW AEe]l iUt
Z7te42 formazan Aol FrtelRE FTHE gk EE FUbskAnE A%
AF7E 1.0 x 10970 e)e] =W FF = gho] 1ol w#ste] AA F7IEHA
Fdk. =, 9F 2.0 o]Fe FFEE Uehie AFRE AloldAe AE
A7k AA Apel7b delx= Eetal 1 ghol fFAbstRER O e

TAGo R fol7f F B fFAFSE Aolgta 7k & 4 QlYh (Figure 1).

BoA% Azl B SA Y MIT/Eosin g2 7.767+1.318% Lee 5 (Lee
et al, 2011)¢ A& Ay} kol 5.949+0.548KH T} E9kth, o= B Ao A
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Abstract

Evaluation of the period that rat periodontal |igament cell is

viable using the MTT method

Sunmi Jang
Department of Dental Science

The Graduate School, Yonsei University

(Directed by Prof. Seung Jong Lee)

Maintaining the high level of viability of periodontal ligament cells on root
surface is the most important for an extracted tooth kept for delayed
replantation. Therefore, the aim of this study was to analyze the maximum
number of days for keeping the teeth under the optimal condition, 0 C/2MPa,
according to the previous research, using MTT assay. 110 upper molar teeth
of rat were extracted, which were classified as 11 groups, and then
instantaneously implementing MTT assay was recognized as positive group.

And storage groups were achieved by teeth kept for 1, 2, 3, 4 and 7 days under
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0C/2MPa condition in the high hydrostatic pressure freezer. Negative groups
that dried the root surface at room temperature were achieved by same days
as storage groups. Differences in cell number of each root were corrected by
dividing the optical density of the MTT assay by the optical density of eosin
staining method. These values were statistically calculated by one—way
ANOVA. No statistical differences on MTT/Eosin values were achieved
between positive group and lday storage group under 0 C/2MPa. There was
statistically significant difference between lday storage and 2days storage,
2days storage and 3days storage group. Teeth that were kept for longer than
3days storage illustrate significant drops in MTT/Eosin values where it has no
statistical differences with negative groups after three days. In case of
keeping teeth under the optimal condition at 0 C/2MPa, high level of viability of
periodontal ligament cells could be sustained up to 66% on lday, 16% on

2days, less than 5% on 3days compared with immediate group.

Key words : MTT assay, periodontal ligament cell, tooth storage, period
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