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Figure 1 Cleavage of tetrazolium salts (WST-1) to formazan ............cccoe..... 23

Figure 2 WST-1/Eosin value of control group & all experimental groups ..... 23
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Table 1. WST-1/Eosin value of control group, Hypothermic preservation groups and

CryopreServation grOUS -« s e et 24

Table 2. WST-1/Eosin value of hypothermic preservation group and cryopreservation

group according to PresServation time: - - 25



BoATe %A AFAYALE I, JF By 2pr|e] o

W 12709 ol £ A7 7rtele) dhet 9 ATAE WAY F

Zhrd 11708 &A9A] A 25 WST-1 Al o] gafdlrt. A2 774

TOE TS A EX o), 4T WA 391 Ryd WA,
4C Ao dFA3E st WA, 4T WAool o]zt B 9
A, HA F FAUAA AYAEES AH -196Tel 3L HEg
T, BA F EEAEAA AYAEES AH 196 Tl ALt Bt

AEE, A F FHAEAA AL AA -196TelA o] F Uzt 1

rJ



YA A Z 10% dimethylsulfoxide

F medium< AF&-3om

HEHL
(DMSO) & AH&-3tt.
7} AElate) gE= Biy|7ko] AW & WST—-14MS A8t 5 22
A4 2 530nm

e oA or FEstely] fal WST-154%= Eosin
groz etk B4 248 98 ANOVAS Algsiie
WS ARSIl AdeE o

B ER

AFAUAE BYEE

J 0 2= Tukey
1. WST—1 A A3, 379 A
TAZE BHAT (p <0.05).

worou Wi Rt §o49%0A Ee
2. WAl A RAVIZHE A FRAGAE S5 39 BE#Ee] WST-1
4477 vaste] FodA w2 AFE B v (p <

Aol B 7 T

ol 7Y, 1
0.05), ¥4 7937 14U+
3. WEwelA AFAgAE B4 &
ol& & & A%tk (p <0.05).
ol AnE E AT WS <hollA, XotE
4C ¥R YFRaAng Fod Zlow dAosn, 53] 39 oy

st Aol Aok o4 YFEL

HERF

o

ola} &7] KA

g Us Aow

M

3]

2

ke
RiA

2 YHRIAS

REE
SYHE T AFAYAE, BE, WST-1, BHE



(A &=

o
1%
o,
N
(0]
1%
I

Al ol 8 L

o) F &

AopdEe Ar e Vlse sk WHores 1A bridge, 7HEA
denture, gl o3 Hofoly, YEHE G ATEAofo]Azo] ATk
(Kim 2001). o] & Ap7pA|eto] &2 e ARl & 7] ok=
ojgste] AFJANAELE HE=F ¢ glov, AFAS AAVE
HEFE A5l vlsf) wlgo] Adevh= FdS 7P AL Sl

a8y = gy ATEFs oY @A wiel 1 280l AlTH

o]ttt (Shimmono, et al.1995). FAIRF 2p21 2] X|o} It 25 ARE3FaL



Hojshs FarEol 51 YBUEY ofe] ARH LATE 3| 29 hA

-

I

s

TH WA Folen I wiAS R Xof AXoA XZur A fof

r

WESA 9% AFel wdel ddrk (Kim 2001). A7kl ol4e

o

AR AWTAE o] §st HEO] ks i AE A T

41:
Lo

of olAslh= A7k weow, ej9A A (surgical up—righting), 2|74
A% (surgical extrusion), 2]%% #A21<: (intentional replantation) 5%
A8 &2 AR7IdE HolER ArEx|ofo]A o] W £ = gtk
(Tsukiboshi M 1993).

AH oz Hop ojAolt A4 Fo| A% AfL AZEA] o9l

rir

ATFAUAE Ao oFEsh= Ao=m d#x 9low Kratchman &
Tl 108 o) AskA] olol o)A 242! (intentional replantation)
of A& 4 vty Bkl (0.Schwartz, Andreasen & Greve 1983,
Kratchman 1997).

gy, wg AR T 2 " AokE wlE A Ao AEF-914
ojAstiat oH|E H#eAY wFHoR WA FHol HHAE A ohu

A Fe waste] Bl ol42 AT e FelA Aok g, @)

REe] Aol Tt (O.Schwartz 1992).
old AE Holo] AL B#AI} rEo] Ho2dqX MEE TS

AR Aoto] Ao FEs sk T A= oA ATl

N



Adstar A3 s AFARAEY EAod 1 AE FAE AT

1714 ¢k} (O.Schwartz, Andreasen & Greve 1983).

o
o2
<
>
i
N
N

o

web Kok XFRJAIGIAIE SAEE FASHHA Aol HEsHE
gL HotoldelA wjg SBNA @A HAh ATLE AolA

BAstA = kg Adsty daks: FEAA ZATVIEF BET S

Jom, HAWHE AdutAog 4T Y BREWI —-80TC~—-196TC Y%
REHoE vdth (Rubinsky 2003). ¥ REWHE 99 oj=HA

i
AA7HA] LEE @3 Byt oz F2 Axolt} 71y e 779

BES u Ag¥E W o|tt (Rubinsky 2003). 28y WE3 s%E

Wl WY d= ARy FUhE 49 42 AFds S7HIA

2003). webM Ws BE T4 HH2 S35 w2 2ol Tud

o

BE AYE e 7de 286k A7 oy olu) Alxy ds 4%

H4slet= Aol FHEAHolth (Rubinsky 2003). Kim 5& 940]9
Zo}= wkx|dte] —70C & —20TolA 2537 WEHBI T o] Ak
Hool 74 AdoA dAExZAo] Ay HFEF gEo 2w F¢

Axs WEDT W A7E &4 oY fld SANAAE Algdn

w



fEAe Z3w= A dimethylsulfoxide (DMSO)+= AxZuy 9&

ARA ] BE Aty AlxHe R JheixlE AHRehs AAarFe®

X

Mol &S A (Mazur 1984).

= 9|8t FofAola FH Hote] AFAUAEE 157U o] F7| Rt
Aol 4TCYHRATHT 10% dimethylsulfoxide (DMSO)E AFg-3F —
196C F&5YTwelr 1 FY=7 58 A4 Ugivh (Kim, et al
2006).

WA Hob: Za o Aasle] Falie] F0A BAE Adshs o]

A A9 ZF Hote ®m#Y|gte] wWE aHAQ vy By el Adeo)
A FAGA 2 A& He JF& v[AAoltt (O.Schwartz & Rank 1986

o
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gh
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rlr
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o
i3
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o
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ALRBIA] 24A17F 48A17F MIEAEES YEEAHT YFR A

| 24X WARIAA] 95%2] AE BEES EATE (Seo, et al.
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oo & AT FHAL AL HotE AT & YE, W Byt 34,
74 (1), 149 @2F)o] AHele W WST—-1(4—[3— (4—iodophenyl)
—2— (4—nitrophenyl) —2H—-5—tetrazolio] —=1,3—benzene disulfonate) %

g o] gate] X5 AuAES] BHEE v Frhstaust

o

ct.
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(A
ot
offt
o

AE 12704 olidoln, AT 15kg Wiele] 21 A 7viele] Aot=

A}&-35F9th. Pentobarbital 30mg/kgO® AW FA

=
ol
Lo
&
2
2
o
=
X
i

Al713L, 2% Lidocaine HCIZ 3dFe} &5 AT F99 FA
A&vkAE Aldetdvh. Ax AAFNA Al A AR dTF
ANE Agsta vt sty Sl Al 1A= #x] AR EX| sk
ARl Al 2,344 A= Burg olgste] Ao E FE F A

AAE olgetel WAT AW stk APEE AHY wpe, £

ok
rE
=)
N
e
rlr
2
X,
)
19
=
1o,
=)
)
)
>
o
of
i
Ho
ro,
ol
{0
ok
bl

e
rE
=
il

B £ F mediume Dulbeco's Modified Eagle Medium (DMEM,

Gibco—BRL, NY, USA) ¥} Ham's nutrient mixtures F12 (Gibco—BRL,



NY, USA)E 3:19 H|Z 43 10% fetal bovine serum (FBS)$2 @AY
penicillin (100units/wl), streptomycin (100xl/ml), fungizone (0.3xg/ml)
S Arhste] Azsholth.

Ygaol A AR AxAY FsiUAARE dimethylsulfoxide  (DMSO,

Sigma Chemical Co., St. Louis, MO) & AF&3}3it}.

Aobg WA AeEA PBSO] AHT F Aol o] Fahoint.

23 ¥FT
x| olE "WASI PBS M & 2ml WYsFH F medium 1mé &}

7 wol 4T el gt 5 Aol o] &kt

2—17(3743Y): Hop &A F 4T¥F el 39 HAI T Ao
]33t

—27 (A7) Aop A F 4CdF e 1F BHA3E T Ao
]33t

2=-37(4414Y): Ao} WA & 4TI 25 RE F A7 o



o]-&-3 At

3T ¥FT

A E X]olE PBSe| At 4TCoA H#AS F—mediumel 2.5%,
5%, 7.5% DMSOE Z7igt &ddlo] LRI wWAFcw It
HAFEHo7 2m YEFEY F medium® 10% DMSO &% 1 m=
2ok} A P 5% F —196 CTqstAAL PYzae Yol 54 YeAA
H skl

317 (¥53Y): Aot HA & w5 YEAA 3d Bas & A
o] &3}l tt.

3-27 (BE7Y): Aot ¥A & w& YEAA 15 B F A
o] &3}l tt.

3-37 (¥F14): Aop oA & F% PFAA 25 Bas & A3

o]-&-3 At

¥ETY Ay B

A
H

b
N

WEs xolE YErEH A2 —196T N3FAA PE oA



o,
2
%
)
Oft
il
38
5
\)
=

Aol 37C FE& % 1y
As] AA AEHE H AS gsta AotE At AW XolE 7.5%,
5%, 2.5%, 0% DMSO7} #H7Fg £ 58I a8z =

DMSOE AlAE § WST—-14 4l ARg-sFaith.

5.1. WST-1 assay

Wst—1(4—[3—(4—iodophenyl) —2— (4 —nitrophenyl) —2H—-5—tetrazolio]
—1.3—benzene disulfonate) FMAIeEL- AL FT2 F4 49 AMEz 54
SA AHEETE (Carlson 2006). o] W2 oFst H2 A9 tetrazolium
salts (WST-1)& AxEd vEZEgol B4 G477 Rafste] gt
S MO formazan AR CE YA 7= AYE o] €3te] 450nm2
2o 4] Dynatech MRX ELISA microplate reader (Dynatech
laboratories, Chantilly, VA, USA)Z &3 %E S43stt; (Figure 1). 9]
THEE Aolele AMEel o] WST-1¢] std¥ s e
AEAE &} vl s

7t Ao Aezh B9 Hel 48—well plateo] WST-1 €9 (204,

Cell Proliferation Reagent WST—1;Roche Applied Science, Mannheim,



Germany) 130ml Yi1 7z} 8 Xo}5 WST-1 £do] Q= welll
gt dFuE 9% 48—well plateE AA 4A1ZF FeE 37T o
A Evj T ol wi ket AlobE AlASt REEE WST-1 &4=
96—well plate® %71 ¥ Dynatech MRX ELISA microplate reader

(Dynatech laboratories, Chantilly, VA, USA)°l| Y3 450nm 7oA

5.2. o} AWl %+ AF

B
AE
o2
1
o

AR AHgE Aok ATwe] Rolgle AFxAel ¥ FFHow

SAs7] fd wsT-1 44 A 5 2F o] wellel A A A

i,
N

(03
L
i
&

TR 48-well plateo]] Y3 Eosin (Accustain, sigma-aldrich chemie, Gmbh,
Germany) 130migt H7Fstt) 12413 A% S-S 3 & X|o}& A|ASFaL
o wello] ¥} 1% acid alcohol (70% ethyl alcohol, 1% HCL) 130mlel] 303t
H7Hrol Aol e AF2As SAAIT 48-well platec] A ] oF=
AN 5 w33 A kS 96-well plate® %71tk vlx et o2 96-well plates
Dynatech MRX ELISA microplate reader (Dynatech laboratories, Chantilly, VA,

USA)Yl Y1 530nm THgelA FREZ =4tk

10



6. ZAEA (Statistical analysis)

WST—-1 #43% Eosin fAelA €& F3EE dxad

ZFe] & SPSS 15.0% ©]€3% ANOVAE Abgste] #4133

AA O 2= Tukey WHE A 994

11



1. 2 3

1. 2/ 334/dFe] vl

(p<0.05) (Table 1).

2. YA/ dEeT BAV|IZE vl

1w (p<0.05), ¥ 7

144 2 A3t FAH o2 794 Q= 2olE = F jslth

W% 3, 7, 1497 BE EASHoR

- 1

Jo
1o
o
30
rlr
)
o
)
e,
2
i)
3
[ab)
o
o
»
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MER A V5 A B S AAES Az REAY

AFJAUYA L BEES} 72 A 22 4 dAold (Kristern,
et al. 1985, Line, et al. 1974). wepa AR Aot AFIthA|
s Al wAstaA sk o HE ZREFo] JfEE $ith
Schwartze dw°l9 Aoks 17 e HESE = Adsie WHS

Ruddy AHLo® QIzke] Al A AE 18701€ JWER#Etuy 4d

(O.Schwartz, Andreasen & Greve 1983, O.Schwartz & Rank 1986,
O.Schwartz, Andreasen & Greve 1985).

gy, AEE ¥ BEske Bl AxrE &4 v 5 Stk 5T
T = BERe] FE s A AR Qla] of=Flo]l wrobx A AlEg

T8 HEALE Ax] 4y, 5T —15T Aol += AE F

13



2l

>,\1

Bz A Ago] FYH} AETe] Ago] AXA Nz Pt

o

0] el AEE 94 @3 A Ay Hgtd FRe

FrdoR 4% AX oF EEARG 12 39 JHE 7HAA AlE

o

22 Zevel dA dAvt Mazur 1984, Gao & Critaet 2000). TE3sH
Ws HiAdds ¥E S5 Fodu ASdEAlels Alxd Fio]
WU o A AL FFol VM FE WeAlde du AAATL
AEdlel Al Ao sllE Alell AlE7E AFEE = Qlth wheba] A sk
WS A A e AFgo] & asttt (Mazur 1984, Mazur, Leibo &
Chu 1972). DMSO+= Azd U= JFaA d5 Fd ol A4
TE A7 RSl 9F Az 5SS AAaA7IH AlE Y
A=2GA7F A Axeo] HIEH= e Hev (Mazur 1984).
DMSO9] 17 b4 A=, A, d9 =7 AEss s
A A olm] BTt (Makino, et al. 1991, Katayama, et al. 1997).

a8y, DMSO+= &%, =2A17 256 wet A2 zAled st 545
B g Qv FARE aelEolok vk (Neulieb 1990). 20004
Dongs< A% DMSOO| AXE wZAA AZAZ F oJo] sk
DMSOE #7F sk 29 o ® Ay AE&s 10% 7Mte]l 3 AA
Aty B33 ¥t (Dong SH, et al. 2000). wheba] . Ao a] oA

iR

N

79 DMSO H#E AsEoA] sz GAX R A3t

14



G717 W HE Aoe o]23F X (Na+/K+ ATPase, Mg2+/Ca2+

ATPase) 9 a&&7do] "oz o weh Alxu A3 AFstel Wsbrt

(Rubinsky 2003). Rubinsky &< 4YWAHEOZE FUoA FF7F

i)
e
o
kit
1o
o
N
)
%
(i
K3
Jo
i)
ol
v
=

MR FEo] folgtial YesHES

ST, B3 w7 WE mEAd Ut wWat £% seldow

s
o7
o)
AN
~
:Jd
rfo
[y
2
=
i)
e
k)
29
iv
=
S
]

gj_
<

vebe 7 9Eg-o] W9
2003). wrdel A7 WARAR#HE sA HYW P44 3E (cold
ischemia)e] &l A|Z7} IAALHAY AFEBE G deA Stk o=
ATPS H=3} Hk& AFA4 A (reactive oxygen species; H202, 02—
L OH—-) 9] <7}e} arachidonic acid 2% <13l lipid peroxidation® =
A xuto] WMAE7] wlFoltt (Meng 2003). F X o}5 o] &3+ AoH %
174 ol VIR e 4T BREABEYE Yes B2 sdleu
A7 FE4E7 9 e 2w A3 Ukt (Kim, et al. 2006).
= AN e BRER Ay W 397o] vuE WALl BlE
o4 Al w2 AEEE FAVE uston ol WAL @Y
Bytsk= Zlo] o fEsttty ddd & e A7 fv des R

Aoles WHRATRY AEZEo] Yskth XotE AA -—-196TC A4

15



QAE BT FTe vAS Folth wey AL YR A
X

=4S FY 4 U9 (Kawasaki, et al. 2004). 19923 O.Schwartze —
35C 74 —-0.5C/min £52 A& Ys, —100C 7F4 —67T/min
Eog2 YEd H -196T7HA 5% dsd Zs dAd3itt (O.Schwartz
1992). 210MPa 1}t stelld= &9 o] %7k 0ToM -21CT=
e 7be e ue 2o = dA 2 AHE BRad £ Slo] o
TofollA o] & o] &3k AT 7F A3qEo] skrh (Schluter, et al. 2004).
2007d Kazunori 7F #<¢ &< 5Hatm (hyperbaric oxygen pressure)
shol Al 2U7F AL BE F o]AFP S w latm oA AL HI3 ARt
g F2 o]y Ads HAvkar sk3lar, 2000, 2001d Takahashi =
Wso s &AS ¥5H7] ¢d 30MPa 7F# 2] 119F (high hydrostatic
pressure) stolA 0TCelA 1AIZF &< Ao he AL BEsks Z9]
7}53ta 5MPa 11%r (high hydrostatic pressure) 3fellA —2T oA
SAIZE FoF WEA71A ¢ AL BHES 4 Qv stk (Kazunori,
et al. 2007, Takahasi, et al. 2000, Takahasi, et al. 2001). *]2}g}

wopell M 5 Aok o] &% A E 30MPa h¥= ol&sto] A%



MES AEE aTdgTold Ee AR e A%usTu

Fo AFdd FAEE BAdvs Havt

30
3
o
=
(@)

o

@D

®
D
\\]
(@)
(@)
L

<

st dgFgow 2 gy e 53 FEFE<Q Polyphenol
ZE st FAarstAlE A in vitroolA  afiAbArel oig AR 7]
A7 5= 7HAM ol= AL IAEEE e A8 Shth o ghdofol A
Polyphenol <& M3 R IA] YEy= HEZ EAS oubste] 7] o] 2
Alell AIZEe] Axg AaA7IE BEAZA E8o] AEHI glon,
et CmEE QA dAYIAEE RIS a37F it
H1% At (Kim 2004). #<* Kawatats P|A&AES o] 85 2279
Y& (cell alive system)= °]&3ste] AxE WA= WS
Adatglon gtom Hob A2 HELZ HAHS XFAUWMEZE FA 3t
AFAA &F FARSE ARV s s El&skE O & Vs & Zloer Y

Hojzt}h (Kawata 2005).
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2. YAToA BAV|ZHE AFAgAE FHEE 39 B WST-1
ol 74, 1497 vlwste] FYAUA =2 AIE Bl ¥ (p <

0.05), ¥& 793 14432 A5 #o4d%le AolE & 5 flolth
3. WEwolA AFAME S EE Ba7|zte] wet f938 g b
°olE & F AT (p<0.05).
ojdel Az & Ao WeItellA, AokE 25 olst W] R uAlod=
4T YRl YeraAryg 723t Adow @y, 53] 39 o=
BAEAS sk Zo] 7 Ao} o] Ay ES B F e AoE AL

ERZl=4
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Figure 1. cleavage of tetrazolium salts(WST-1) to formazan.

(EC = electron coupling reagent,
RS= mitochondrial succinate-tetrazolium reductase system)
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Figure 2. WST-1/Eosin value of control group & all experimental groups.
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TABLES

Table 1. WST-1/Eosin value of control group, Hypothermic preservation groups

and Cryopreservation groups (p < 0.05)

Groups WST-1%Eosin®

Control groups 5.84+0.96

Hypothermic
Preservation 2.30+£1.01

Groups

Cryopreservation

Groups 1.34+0.56

There were significant differences between groups with different subscripts (p <

The values of WST-1" are proportional to the vitality of the cells. The values of

Eosin?are proportional to the area of the periodontal ligament cells. So the values of

WST-1/Eosin mean the vitality of the periodontal ligament cells per unit area.
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Table 2. WST-1/Eosin value of hypothermic preservation group and

cryopreservation group according to preservation time (3,7,14 days) (p < 0.05)

Groups WST-1/Eosin
Hypothermic
P 3.21+1.01
for 3 days
Hypothermic
P 2.10+0.73
for 7 days
Hypothermic
P 1.56+0.33
for 14 days
Cryopreservation
1.07+0.47
for 3 days
Cryopreservation
1.51+0.35
for 7 days
Cryopreservation
1.43+0.71

for 14 days

There were significant differences between groups with different subscripts (p < 0.05).
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ABSTRACT

Viability of the periodontal ligament cells according to

preservation method and time

Dong-Eun Lee, D.D.S.

Department of Dental Science
Graduate School, Yonsei University
(Directed by Prof. Seong-Ho Choi, D.D.S., M.S.D., Ph.D.)

The purpose of this study was to evaluate the viability of periodontal ligament cells
in dog teeth using cold preservation (4°C) method & cryo-preservation (-196C)
method by means of WST-1(4-[3-(4-iodophenyl)-2-(4-nitropheny1)-2H-5-tetrazolio]-
1,3-benzene disulfonate) assay.

A total of 7 beagle dogs were used. Eight teeth of each group were divided into 8
experimental group depending upon the preservation condition. The experimental

groups were group 1 (immediate control), group 2-1 (cold preservation at 4°C for 3
days), group 2-2 (cold preservation at 4°C for 1 week), group 2-3 (cold preservation

at 4C for 2 week), group 3-1 (cryo-preservation for 3 days), group 3-2 (cryo-
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preservation for 1 week), group 3-3 (cryo-preservation for 2 weeks). F-medium and
10% dimethylsulfoxide (DMSO) were used as preservation medium and cryo-
protectant. For cryo-preservation groups, thawing was performed in 37°C water bath,
then WST-1 assay was processed. The values of optical density obtained by WST-1
was divided by the values of eosin staining for tissue volume standardization.

In WST-1 assay, all cold preservation (4°C) groups (group 2, 3, 4) showed
significantly higher viability of periodontal ligament cells than cryo-preservation
group (group 5, 6, 7) (p < 0.05), but showed lower viability than immediate control
group (p < 0.05). In cold preservation (4C) groups, group 2 showed significantly
higher viability than group 3 and 4. There was no significant difference between all
cryo-preservation groups (-196 C).

From the results of this study, cold-preservation method suggests the better

efficacy for short term preservation of the teeth than cryo-preservation.

Key Words : periodontal ligament cell, preservation, WST-1,
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