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disulfonate) AW GA] AE T2 L A& FH FAod e ME A4S H7E o A}
4% th(Berridge, 1996). o] ®We& MTT= uv& o3 HE& Ao tetrazolium
salts(WST-1)& MEY vEZ=gol d4aagart Easte] 1 52 M9 formazan 2
Bor HAAT= AgE ol &5t 450nme] T A FHEE FATH. o] FHEE A
obde Aol o5 WST-10] #dd ¢S Uetliy ASAE ¢ vddv. WST-1 4
A S FALEE AR Bom AlkS FHol7] A {78 E AR sHA ol <bH et
HoFd AT 712 MTT7 Hs8A49 formazan 24 o= @UA7]= o wbe
WST-1& 84 formazan 2802 SAAA F714Q @A glo] 54T & Jormg 1

Ao A¥E BAs MTTRY 94=7F # oy (Alotto, Ariotti, 2002).
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o7 4 dth(Park. 2006, Honda, 2001). W& A Fol AxE gddizge Eagan
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o gido] WMAE I AX FAo] &4 HA A EZAE (apoptosis)©]l ¥ o] ¥ (Rubinsky,

k1
o
®
o
N

2003). ol A EAES HAstE MW o® TUNEL 7 AHTerminal deoxynucleotidyl
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X AFE A (apoptotic body)7F A ststd o2 M E & ote] DNAYF £d¥H & AAS A=
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1. A48 A 2 A HA
AZ 4535 o7 Sprague-DawleyAdl B3 25mtg] S AFRE . HA S fold A 37

el 0.4% B-aminoproprionitrile(B-APN, Sigma, St. Lousis, MO, USA)Z %3 Purina

vl 3 & Tiletamine(Zoletil50, Virbac, Carros, France) lccE ©]§3te] 33 FA}FsFA

72 E SR peritomys AT F 27 HAE ol ABS

i3

;’5‘_
3 Axwe 9G4S AN Aol P folF ATE L A L 2 TS BE

il

Astedeh olul WA Fwe P WPow s wA Folr Ao BE o

Ao AFE3 BB A4 F mediume Dulbeco’s Modified Eagle Medium(DMEM,
Gibco-BRL, NY, USA)¥} Ham’s nutrient mixtures F12(Gibco-BRL, NY, USA)E 3:1¢
H2 M3 10% fetal bovine serum(FBS)9t A Al penicillin - (100units/ul),

streptomycin(10040/ml), fungizone(0.3pug/ml)-& F7}sto] A =354 ).

WEA AzxAY FfHAAZE 10% dimethylsulfoxide(DMSO, Sigma Chemical Co.,

St. Louis, MO, USA)E Ah&3%itt.

Alok2 WA sk AkvA PBSOl Al A g § Aol o] 853

Zols WAL PBS AlE3 T 2m WEFEA F medium 1mé 9 €74 Hol 4T WA



nol QFAL wRH F 4G ol e

W E Xo} = PBSol AlHa 4ColA E#A3 F-mediumdl 25%, 5%, 7.5% DMSOZ
A7Fg g 5EA dAZoR 2 H 2 WEHEE F medium® 10% DMSO &3
4 1m o A Y 58 F -196C HFAA WEae Yol WEAA dFAd3ZF B3}

oJ
IS

4t A% Yt

f
2,

A" AotE PBSol AlAH&ta 4TolA B3 F-mediumedl 2.5%, 5%, 7.5% DMSOE

A7Fg g SRR dAZoR 2 H 2 WEHEE F medium® 10% DMSO &3

BN

N
o
off

71oll ¥ol 4T WAZEANA -35CT7+A -05T

S Imesk 7 ¥a 5% §F HE

/min2 A3 JEAz §H -196TC HAsd Yeae] Yo dFd7 Bl

a1

il

e
i)

A
Jo}
A7Fe S 58 dAHoR I H 2 WEFEA F mediumz 10% DMSO &%

S

W

PBSel A& stal 4TCoel A ®#g F-mediumel 2.5%, 5%, 7.5% DMSOE
AAl

A"

il

gl oYE Wi FE7 3= o] Z(NASASEAL®, Han Yang Chemical, P.T.F.E. Thread
seal Tape, Seoul, Korea)® =& 3&uct. 5% 7ldgs %o 42 E(Geumsung Science,
Seoul, Korea) ¢tell W5 HFHEE 47 Y31 2dgy=z I H £=2x2d WF7](Low Temp
Freezer Drying Chamber KS5045, Geumsung Science, Seoul, Korea)ol ¥ 1 &% <
2& 3MPaZ 7Fstal 4ColA -35T7HA] -05C/min® AA3] WA H -196C Hstd

& WEL Yol QFAF waakglch



Figure 1. Schematic diagram of program freezer with pressure vessel.
a. Oxygen container : 3MPa of pressure

b. Program freezer

c. Pressure bottle

d. 2m¢ Cryotube: 1m{ F medium + 10% DMSO

e. Tooth treated 10% DMSO

f. Pressure valve

g. Thermometer

o]
ot WERD So magole] 913 AA FH HUL W F8xlA A Aok

75%, 5%, 2.5%, 0% DMSO7} H7td &9 524 a4 oz @94 DMSOE AAT +

A
d

MTT A4, WST-1 #43 TUNEL #AAtel Ab-83t At



oo

-1. MTT A (3,4[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide)

Zt Ao A By FHol 96-well plated] MTT 8 <4(0.05mg/m¢, Sigma Chemical
Co., St. Louis, MO, USA) 200 E ¥ 7t o+ A o}E MTT & o] = wellol w3kt
dFHE Td® 96-well plateE AA 3AIZE FF 37C I Ao wf Fst Ak 3AF F
DMSO 150E ¥L wello]l Ao}S %7]a 1587 3AdAEse] dAE MTT formazan

AAL Fol Ak 158 F o= A ASL Dynatech MRX ELISA microplate reader

(Dynatech laboratories, Chantilly, VA, USA)ol ¥ 3 570nm 3 AoA FHFEE =AY

o,

2-2. WST-1 A4 (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene
disulfonate)

zZ} Adae APt B Hol 96-well plateo] WST-1 £ 92040, Cell Proliferation
Reagent WST-1;Roche Applied Science, Mannheim, Germany) 20002 ¥ i 2z o8 2 o}
& WST-1 &90] gl welldl Hokth &FvwHE Td=Z 96-well plateE #A 443 Fob
37C 3| AXg 7o wjekstdtt. X o= A A2 Dynatech MRX ELISA microplate reader

(Dynatech laboratories, Chantilly, VA, USA)o]l Y1 450nm HZFdA TF=Z =AY

o,

2-3. Aok AWe] wolgly AFEA F 54

o
tlo

e

a2

Agol AgH Aoke AWl Bl ATz P o2 2457 9

MTT A3 WST-1 A2 A8 F 72t 79 welldA AAHE AotE 7z w+HZ 96-well
plateo] ¥ 3 Eosin(Accustain, sigma-aldrich chemie, Gmbh, Germany) 350uZ % 7}3} <
A Ax AAS 3 T Hol2 AASL g2 welld ¥ol 1% acid alcohol (70% ethyl
alcohol, 1% HCL) 350t 303t @7FFo] A I™el] ddd XFx2245 SAA 7

2o}E 7AW % Dynatech MRX ELISA microplate reader (Dynatech laboratories,

Chantilly, VA, USA)o| ¥ 1 530nm IZA FFEE =A5 ).

2-4. Terminal deoxynucleotidyl transferase(TDT)-mediated dUPT-biotin nick end

labeling (TUNEL) 7 A}



7y Ao o8] F=ul" X o} 67/HE 4% paraformaldehyde’} & 2m¢ FHo| @ T %
Ag aAgste] Hastdort g4 5 ste § ekl vk
dm FAZ Z2AS AAI T silane coating slide(Muto pure chemical co. Ltd, Tokyo,
Lol =5 Tris-HCLE 9 (pH 8.0)el 4 10% F<k A2 st
I 2087+ proteinase K(Sigma Chemical Co., St. Louis, MO, USA)Z Az dle] ZA L
digestiondt ¢ th. PBS S 4oz FA3 % 3% hydrogen peroxide(H:02)%2 ZZ o =
peroxidase® E&A A7l ¥ PBSE tA| FASYET. HYgxAges #aS A3 A
Zato sl DNA buffer® 10&3F d *#di2 DNase I(F.Hoffmann-La Roche Ltd,
Basel,  Switzerland) & 205 7F 18- Al A AH o= DNAE oA 3 A A
Transferase-mediated deoxyuridin triphosphated(TdT, Sigma Chemical Co., St. Louis,
MO, USA)  bufferolA 1583+ A AHg3dd F  Terminal deoxytransferase2}
Biotin—16-2’ -deoxy-uridine-5'-triphosphate(dUTP, F. Hoffmann-La Roche Ltd, Basel,
Switzerland)= 37°Cell A 2413k 308 &< WEAA dUTPE FA S &4 oA
= TdT E45 A#stA &skth. TB bufferol 4 1027 FHA &S FAAZ Fo 2%
Bovine serum albumin(BSA, Sigma Chemical Co., St. Louis, MO, USA)Z 15&3t
blocking 91 3L, PBS® <Al % streptavidin-peroxidase(Sigma Chemical Co., St. Louis,
MO, USA)E 30%3F WS Al#A  3,3'-diaminobenzidine(DAB, Vector laboratories, Inc.
Burlingame, CA, USA)Z TAAZAY. g9 ML nuclear fast redg o] &3 ow ThA
70%, 90%, 100% ol gz gdsto] g sttt TUNEL Aol FAgQl AFAhAl =
o] 7zt A &Eol= oA 4008] =719 #Av] A (Vanox-S, Olympus, Japan) Aokl A o=

A REe Agste] G4 ALF} AA AEFE Akl WP &S P
3. %77

zwst 2 A A MTT A4, WST-1 A 22 FHEE Eosin GHdA &
e FRER e FAY HolE SPSS 12.0(SPSS, Chicago, lllinois, USA)E& o] &
ANOVAE Abgste] A etglon] Ay HA 02 Tukeyd WS Atk TUNEL HAMES
A& d AFE SPSS 12.0(SPSS, Chicago, lllinois, USA)& ©] 4 & ANOVAE Ab&3te] &
et om A 40 R Tukey HSD Wil S Abg3halch,

_10_
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1. MTT A
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Table 1. The averages and standard deviations of optical density of MTT.

Groups MTT! Eosin® MTT/Eosin’
Immediately extraction 3.01£0.25 0.49+0.11 6.45+1.46°
Cold preservation 0.81+0.26 0.42%+0.11 2.08+0.94"
Rapid freezing 1.60x0.37 0.45%0.12 3.69+1.03%1
Slow freezing 1.62+0.24 0.47x0.13 3.62+0.88°

Slow freezing under
1.94+0.44 0.44%0.14 4.71+1.24°
pressure

Same letters are not significant(p>0.05).
The values of MTT' 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

MTT/Eosin® means the vitality of the periodontal ligament cells per unit area.

2. WST-1 A~

_11_



b

243 B ATHP<0.05).

Table 2. The averages and standard deviations of optical density of WST-1.

Groups wsT-1' Eosin® WST-1/Eosin’
Immediately extraction 2.31£0.33 0.49+0.13 4.96+1.23"
Cold preservation 0.58%0.19 0.39%+0.12 1.50+0.32"
Rapid freezing 1.08%+0.22 0.42%£0.15 2.83+0.95%¢
Slow freezing 1.11+0.32 0.5+0.20 2.46+1.00°

Slow freezing under 1
1.34%+0.21 0.41%£0.10 3.41%0.81°

pressure

Same letters are not significant(p>0.05).
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’ means the vitality of the periodontal ligament cells per unit area.

3. TUNEL test

2 Adds 7 6789 Aoks oldste] WA Mol tiY FA AMEF WES

_12_



Positive cell 9

Immediately Cold Rapid freezing  Slow freezing Slow freezing
extraction preservation under pressure

Group

Figure 2. The averages and standard deviations of percentage of positive cells by

TUNEL test.

Figure 3. The microgragh of immediately extraction group by TUNEL test(x 400).

Brown stained cells are positive cells(by arrow).
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Figure 4. The microgragh of cold preservation group by TUNEL test(x 400).

Brown stained cells are positive cells(by arrow).

Figure 5. The microgragh of rapid freezing group by TUNEL test(x 400).

Brown stained cells are positive cells(by arrow).
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Figure 6. The microgragh of slow freezing group by TUNEL test(x 400).

Figure 7. The microgragh of slow freezing under pressure group by TUNEL test(x 400).

Brown stained cells are positive cells(by arrow).
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YERES Aokt HE A AskAclo|Ho R £ AHPOr} FoRs IR
Aol WAARE o sz ASu WA AR Fo wAW AokE wwsto] v A7
obol Aol ElbAclol 48 f8) Aolede wEd gdold AEE A4 Aol e
(Schwartz, 1985, 1992).

g QoA WEel AFAWMEY Al JBFL WAA @E AL welFYn
Kawasaki(200)2 £=2HWE7E o §3te] WER Aot AF2H Aol W F =g

of AAH Aope] AFxA AMH fAGTE AL AT
WE BESE AN AE} &4 we 5 v

BCAAE RES Uel £ FAWAAL A8 ool RolAA AEeh T BE
o9& A @, 5Ce 15T Aol AE AE o5 wEdd A Ago] FAHY Alxetol
Agol MEA Wz AFes AL W] wEe] AEE A 2w 3 zhEch(Mazur, 1984,

TAE AE 9% REANT B 55

A

+ 2
A AfE AN AE gFE Fust 4 A (Mazur, 1984, Gaeo, 2000). ©]F dojit

= AE W Wee YESECl me 2ean YESEs U mEw A W FRel

7 S 7ksto] AR Faol Az 9= o]Fste ME U 8§49 w7t FUhEa AEE
FZ23 A4 @v(Mazur, 1984, Pegg 2002, Gaeo, 2000). wW&tA, AExE W5 w &4 =
T AE AL dE S0 e Z2As L A ALES sk slo] Fast
Z2aq ds £ 2H7]E o8 AL WEe WEoR A% E4S =Y F Ao
(Kawasaki, 2004). Andreasen(1992)2 -35C 7}A] -05C/min =2 A% W5
2 -6C/min &€& 2 Wi H -196C7HA +% WET AL A9, Kawata(2005)}

Kaku(2007)E # AolE A7|F o2 -05C/min =2 -30C7-A 3437 d% 2375 o

T ANE dAdy sglernr Aok Zrad Jdesk VS AHEE
-35C7tA &= -05C/min 52 AH YE3drh. -35T o]t 2XolAe Ax Uid 45
AARol A7 A & i(Ashwood-smith, 1980) A E 3o WE Ao v-&alx AET} &

t7] W&ol -196C7HA w2 A WE s 4 vkl (Ashwood-smith, 1980, Farrant, 1977) X
AF glomz -35C °]stRH -196C7HA = A4 AATS ALEslY &% W¥eS A F

sttt
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AstetA Rk Alxe] gy §3S WA= Aol FHEAT(Abe et al 1999,
Aldridge and Bruner 1985, Huang 2007). Kaarniranta(1998)%= i1%to] FdAL A3 E &
=& HSPs 709 A& f=@ha 893, Elo(2003)= 9ol HSPs 90Be Aats # =
gthar 3t HSPs Z~E# A~
A AZEZE o2 ASHASE W dFoE AAEHE AEd ff 9d o 3 2k
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ABSTRACT

The efficacy of programmed cryopreservation under pressure

in rat teeth

(Directed by Professor Seung-Jong Lee)

Lee, Young Eun
Dept. of Dentistry
The Graduate School

Yonsei University

The purpose of this study was to evaluate the viability of periodontal ligament cell in
rat teeth using slow cryopreservation method under pressure by means of MTT assay,
WST-1 assay and TUNEL test. 18 teeth per group of Sprague-Dawley white female
rats of 4 week—-old were used for each group.

The maxillary left and right, first and second molars were extracted as atraumatically
as possible under tiletamine anesthesia. The experimental groups were group 1
(Immediately extraction), group 2 (Cold preservation at 4°C for 1 week), group 3(Rapid
freezing in liquid nitrogen), group 4(Slow freezing), group b5(Slow freezing under
pressure of 3MPa). F-medium was used as preservation medium and 10% DMSO as
cryoprotectant. After cryopreservation and thawing, MTT assay, WST-1 assay, TUNEL
test were processed. One way ANOVA and Tukey method were performed at the 95%
level of confidence. The values of optical density obtained after MTT assay and WST-1
were divided by the values of eosin staining for tissue volume standardization.

In both MTT and WST-1 assay, group 5 showed higher viability of periodontal
ligament cell than group 2 and 4. but showed lower viability of periodontal ligament cell
than group 1. In TUNEL test, there were no positive cells in group 4. And it showed
no significant difference among group 1, 2, 3, 5.

By the results of this study, slow cryopreservation method under pressure is

recommended as one of the methods for long term cryopreservation.

Key words: periodontal ligament cell, MTT, WST-1, TUNEL, viability, pressure, cryopreservation
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1. MTT A4 % Eosin 94 & =43

Lo
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ek
re,
Y
il

<MTT 570nm>

2 A%
ZA AR AT |FE IEE|AS YED

s
1 2.625 1.437 1.826 2.247 1.678
2 2.714 0.963 1.614 1.338 2.652
3 3.123 0.493 1.545 1.533 1.636
4 3.051 1.121 1.525 1.861 1.370
5 3.086 0.568 2.081 1.532 2.684
6 3.447 0.714 2.355 1.503 1.644
7 2.607 0.843 2.17 1.604 1.809
8 3.315 0.901 1.197 1.700 2.150
9 2.958 0.925 1.573 1.58 2.162
10 3.111 0.816 1.195 1.422 2.187
11 2912 0.989 1.442 1.862 1.596
12 3.088 0.982 1.369 1.267 2.715
13 3.031 0.429 1.429 1.632 2.462
14 2.612 0.724 1.356 1.729 1.711
15 2.974 0.329 1.462 1.609 1.369
16 2.947 0.642 1.211 1.893 1.567
17 3.254 0.894 1.231 1.410 1.785
18 3.278 0.770 2.142 1.458 1.792

<Eosin 530nm>
4 A%
ZA BAT| WA |[FE UEL[AS WED

95
1 0.507 0.456 0.451 0.741 0.322
2 0.351 0.431 0.316 0.331 0.711
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3 0.639 0.222 0.530 0.588 0.357
4 0.488 0.333 0.475 0.402 0.366
5 0.461 0.477 0.520 0.438 0.763
6 0.476 0.452 0.494 0.445 0.459
7 0.318 0.431 0.752 0.31 0.270
8 0.587 0.249 0.543 0.644 0.405
9 0.542 0.349 0.470 0.579 0.439
10 0.642 0.294 0.236 0.412 0.522
11 0.647 0.456 0.290 0.558 0.470
12 0.610 0.276 0.465 0.349 0.583
13 0.432 0.533 0.429 0.489 0.342
14 0.398 0.493 0.609 0.595 0.447
15 0.563 0.470 0.310 0.547 0.251
16 0.309 0.567 0.400 0.384 0.441
17 0.379 0.579 0.470 0.409 0.432
18 0.441 0.579 0.428 0.268 0.252
<MTT/Eosin>
ot A%
SA AT WA | HE WET | AS Ys T
W E
1 5.178 3.151 4.049 3.032 5.211
2 7.732 2.234 5.108 4.042 3.730
3 4.887 2.221 2.915 2.607 4.583
4 6.252 3.366 3.211 4.629 3.743
5 6.694 1.191 4.002 3.498 3.518
6 7.242 1.580 4.767 3.378 3.582
7 8.198 1.956 2.887 5.174 6.700
8 5.647 3.618 2.204 2.640 5.309
9 5.458 2.650 3.347 2.729 4.925
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10 4.846 2.776 5.064 3.451 4.190
11 4.501 2.169 4.972 3.337 3.396
12 5.062 3.558 2.944 3.630 4.657
13 7.016 0.805 3.331 3.337 7.199
14 6.563 1.469 2.227 2.906 3.828
15 5.282 0.700 4.716 2.941 5.454
16 9.537 1.132 3.028 4.930 3.553
17 8.586 1.544 2.619 3.447 4.132
18 7.433 1.330 5.005 5.440 7.111
2. WST-1 4 9 Eosin @4 & Z4% F3= 24FdA4=
<WST-1 450nm>
4= A%
ZA A QAT |FE YET(AS YET

5 E
1 2.334 0.442 1.130 1.192 1.216
2 2.058 0.439 1.028 0.920 0.933
3 2.061 0.352 1.064 0.670 1.259
4 1.719 0.675 0.983 0.836 1.007
5 2.028 0.295 1.244 1.434 1.334
6 2.112 0.372 0.826 1.014 1.354
7 2.031 0.485 0.845 1.155 1.408
8 2.618 0.648 1.582 0.648 1.608
9 2.564 0.589 0.975 1518 1.723
10 2.026 0.621 1.272 1.417 1.467
11 2.285 0.508 0.871 0.957 1.453
12 2.343 0.867 1.158 1.188 1.129
13 2.878 0.583 1.260 0.649 1.327
14 2.649 0.657 1.092 1.504 1111
15 2.726 1.017 0.851 1.231 1.635
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16 2.618 0.573 1.496 1.213 1.420
17 2.564 0.817 0.914 0.796 1.303
18 1.917 0.514 0.847 1.649 1.405
<Eosin 530nm>
¥ A%
S0 AT WATE RS UET| AL WET
W 7
1 0.321 0.252 0.597 0.515 0.350
2 0.678 0.272 0.335 0.367 0.335
3 0.342 0.294 0.276 0.428 0.379
4 0.314 0.404 0.271 0.378 0.412
5 0.596 0.324 0.524 0.438 0.374
6 0.505 0.332 0.393 0.253 0.503
7 0.491 0.221 0.204 0.460 0.317
0.433 0.564 0.456 0.270 0.404
9 0.669 0.333 0.352 0.518 0.488
10 0.309 0.378 0.362 0.576 0.446
11 0.551 0.348 0.438 0.316 0.264
12 0.553 0.482 0.464 0.225 0.277
13 0.701 0.414 0.244 0.536 0.524
14 0.544 0.532 0.495 0.799 0.312
15 0.483 0.679 0.379 0.599 0.648
16 0.371 0.441 0.862 0.712 0.527
17 0.491 0.535 0.536 0.578 0.310
18 0.475 0.286 0.323 1.032 0.503
<WST-1/Eosin>
Fe A%
=0 wAE| WRE |F5 WEE[AS wE

g
1 7.271 1.754 1.893 2.315 3.474
2 3.035 1.614 3.069 2.507 2.785
3 6.026 1.197 3.855 1.565 3.322
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4 5.475 1.671 3.627 2.212 2.444
5 3.403 0.910 2.374 3.274 3.567
6 4.182 1.120 2.102 4.008 2.692
7 4.136 2.195 4.142 2.511 4.442
8 6.046 1.149 3.469 2.400 3.980
9 3.833 1.769 2.770 2.931 3.531
10 6.557 1.643 3.514 2.460 3.289
11 4.147 1.460 1.989 3.028 5.504
12 4.237 1.799 2.496 5.280 4.076
13 4.106 1.408 5.164 1.211 2.532
14 4.869 1.235 2.206 1.882 3.561
15 5.644 1.498 2.245 2.055 2.523
16 7.057 1.299 1.735 1.704 2.694
17 5.222 1.527 1.705 1.377 4.203
18 4.036 1.797 2.622 1.598 2.793
3. TUNEL A & Y$AAzE&9 Hd3 g0
Standard
Groups N Mean
deviation
Immediately extraction 4 9.33 6.13
Cold preservation 5 24.12 12.43
Rapid freezing 4 20.49 19.99
Slow freezing under pressure 4 19.28 20.83
w9l %
4. TUNEL At 3 dAAEE A=
, 5 A5
SA AT W T HET
1 10.68 17.81 49.74 1.75
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2 15.95 12.75 9.30 46.89
3 9.55 15.00 16.67 4.70
4 1.14 39.39 6.25 23.79
5 35.62

el %

5. TUNEL ZAFe Auj& du7d AR ( x200)
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