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ABSTRACT

THE EVALUATION OF PERIODONTAL LIGAMENT CELLS OF RAT TEETH
AFTER LOW-TEMPERATURE PRESERVATION UNDER HIGH PRESSURE

Jin-Ho Chung?, Jin Kim?, Seong-Ho Choi?, Eui-Seong Kim*, Jiyong Park*, Seung-Jong Lee'*
'Department of Conservative Dentistry, *Department of Oral Pathology, *Department of Periodontology, College of Dentistry,
*Department of Biotechnology, College of Life Science and Biothchnology, Yonsei University, Seoul, Korea,

The purpose of this study was to evaluate the viability of periodontal ligament cells of rat teeth after low-
temperature preservation under high pressure by means of MTT assay, WST-1 assay. 12 teeth of Sprague-
Dawley white female rats of 4 week-old were used for each group.

Both side of the first and second maxillary molars were extracted as atraumatically as possible under
tiletamine anesthesia. The experimental groups were group 1 (Immediate extraction), group 2 (Slow freez-
ing under pressure of 3 MPa), group 3 (Slow freezing under pressure of 2 MPa), group 4 (Slow freezing
under no additional pressure), group 5 (Rapid freezing in liquid nitrogen under pressure of 2 MPa), group
6 (Rapid freezing in liquid nitrogen under no additional pressure), group 7 (low-temperature preservation
at 0'C under pressure of 2 MPa), group 8 (low-temperature preservation at 0C under no additional pres-
sure), group 9 (low-temperature preservation at -5C under pressure of 90 MPa). F-medium and 10%
DMSO were used as preservation medium and cryo—protectant. For cryo-preservation groups, thawing was
performed in 37C water bath, then MTT assay, WST-1 assay were processed. One way ANOVA and
Tukey HSD method were performed at the 95% level of confidence. The values of optical density obtained
by 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 7 (0°C/2 MPa) showed higher viability of periodontal ligament
cells than other group (2-6, 8) and this was statistically significant (p < 0.05), but showed lower viability
than group 1, immediate extraction group (no statistical significance).

By the results of this study, low-temperature preservation at 0C under pressure of 2 MPa suggest the
possibility for long term preservation of teeth. (J Kor Acad Cons Dent 35(4):285-294, 2010]
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USA)# Ham's nutrient mixtures F12 (Gibco-BRL,
NY, USA)E 3 : 1¢] B2 413 10% fetal bovine serum
(FBS) 9} 3H3A penicillin (100 units/A4), streptomycin
(100 4/ml), fungizone (0.3 pg/ml)< #7Fetd A|z3}
et

WEA AZAY SR EE 10% dimethylsulfox-
ide (DMSO, Sigma Chemical Co., St. Louis, MO,
USA)E AH-8klH.

A otg WA ARkl PBSH| AllH
.

<27 3 MPa A% ¢ WaT
A7 E 2okS PBSo| AlAHSHL 4TolAM Hag F-
medium®l 2.5%, 5%, 7.5% DMSOE #7}gt &
SR dAdoR w2 H 2 ml W¥EFEY F medi-
um¥ 10% DMSO €389 2 mlE ¥ ¥4 #9&
A8 A% opA] v wheko 2 vl 3 HAA 4
o] 58 F UEF 34t 5% JtEle B 4EE
(Geumsung Science, Seoul, Korea) ¢t WERHEE
N 21 A~ A2 H 5324 WE7] (Low Temp
Freezer Drying Chamber KS5045, Geumsung
Science, Seoul, Korea)dll 21 ¢ F] ¢&-S 3 MPa
Z 71k A 2 4°collA -35C7HA] -0.5C/minE 4143
WEAIZ F -196C gstd i Waad ol AUzt B
kA

e

o3
==

- 37 2 MPa A4 ¢4 Y
2w U o R g 2 MPad &S 718

o,

Table 1. Experimental Groups

Group Preservation method Condition
Group 1  Immediate Extraction Control
Group 2 3 MPa
Group 3 Slow freezing 2 MPa
Group 4 No additional pressure
Group 5 Rapid freezing 2 MPa
Group 6 No additional pressure
Group 7 0 preservation 2 MPa
Group 8 No additional pressure
Group 9 -5C preservation 90 MPa

JKACD Volume 35, Number 4, 2010

-4 A4 YFT(no additional pressure)
2w Fde o g S vlekA] @a Al

5 2 MPa ¥4 &8 W&
37 22 o R 2 MPa9 ¢8-S 713kE S4] -196
7+ BAsg T

mediumell 2.5%, 5%, 7.5% DMSOE #H71et £

HEIM wAlF o2 T 5 2 ml YEFHEY F medi-

um¥ 10% DMSO €389 1 mist 7 €1 58 %

-196°C A Waaed Ho] WEAA dFYt By

Ei=g
T 0C/2 MPa 1 A2 HET

A X0k PBSel|l AHdka 2 ml WEFE 4T
A H#E F-medium 2 milol DMSOgle] 92 H, 57
THE s A2 3 oA v oz vl 37 A]
A gge] 5 F U=E 9. a2, ¢4EE
(Geumsung Science, Seoul, Korea) ¢t YEFEE 4
A 22 A2 524 ¥E7] (Low Temp
Freezer Drying Chamber KS5045, Geumsung
Science, Seoul, Korea)dll ¥1 g5 ¢S 2 MPa
Z 7kt 0T 47Ut Rasigld.

-8 0C A& EZE7 (no additional pressure)

A Aok PBSell AHskil 2 ml WEFE 4T
A B3 F-medium 2 mlo] DMSOgle] ¥ H, 57
o5 4ds] A2% ] £x24 WE7] (Low Temp
Freezer Drying Chamber KS5045, Geumsung
Science, Seoul, Korea)oll ¥ ¢8-S 7l6kA] &1 0C=2

HEA

Figure 1. Schematic diagram of program freezer with
pressure vessel.

a. Oxygen container: 2 or 3 MPa of pressure, b. Program
freezer, c. Pressure bottle, d. 2 ml Cryotube: 1 ml F
medium + 10% DMSO, e. Tooth treated 10% DMSO, f.

Pressure valve, g. Thermometer.
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AFA7H B

-9 -5C/90 MPa 21¢t A& BHET

WA 2)o}E PBS AlFsla vl o] 4¢olA Bt
gt F-mediume] DMSO$ie] 2 H, vl'dZ <] 7% 79
g 48 7tk ooz e & 2ugAA (DP-
SHPL-01L-100, Dima Puretech, Incheon, Korea) &
7% ¢t Y1 2% -5, h¥e 90 MPaz 233 &
U397 BaslgTt,

& W AS Yere WEe Xols YERE A
= Ws oA Ae] 37C &% ¥
of FHstdth 48 WETe 4EES A YE

2 ml YEFE &9 Hagdo] s A4 el = =9
< wf FEZAM AW XolE 7.5%, 5%, 2.5%, 0%
DMSO7| 371 &do] 584 #4022 d# DMSOE

3. MTT ZHAH(3,4(4,5-dimethylthiazol-2-y1])-
2 b-diphenyltetrazolium bromide)

Z- Ag e A7t £ Holl 96-well plated] MTT &
4 (0.05 mg/ml, Sigma Chemical Co., St. Louis, MO,
USA) 200 A5 93 7} 78 Aol MTT 9] &
wellol H4th ¢F05 Y2 96-well plateE A4 34]
7 B3k 37CE M), 3417 F DMSO 150 A5 4
2 welld]l 2o} &3 1587 ARSI 49
MTT formazan 2% < o] Wtk 158 & X|o}& AlA
&1 Dynatech MRX ELISA microplate reader
(Dynatech laboratories, Chantilly, VA, USA)o] ¥1
570 nm oA FFEE SA st

4. WST-1 ZAMH(4-(3-(4-iodophenyl)-2-(4-ni-
trophenyl)-2H-5-tetrazolio)-1,3-benzene disul-
fonate)

7t Ag o] Azt B Foll 96-well plated] WST-1
2 (20 M, Cell Proliferation Reagent WST-1; Roche
Applied Science, Mannheim, Germany) 200 A& ¥
P ZJols WST-1 &9 0] = welldl] H3kt}, €57
¥ TUE 96-well plateE A 4A1ZF Bt 37CE i <F
St th. X|o}E A AstL Dynatech MRX ELISA
microplate reader (Dynatech laboratories, Chantilly,
VA, USA)ell ¥ 450 nm 3ol F3 =8 S skict

N

¢
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b. x[o} X[ZHol| 20{%l= AF=H | & £F

Ao AHEE Hoke] X2 EoSle AFxA &
A oR 2437 8 MTT A2 WST-1 A4

o T 7 welldlA AAE 2ok 7 HEE 96-
well plated] ¥l Eosin (Accustain, sigma-aldrich
chemie, Gmbh, Germany) 350 A& A7}kl 12413 %
T @A g 3 Aol AlAst e welld ¥l 1%
acid alcohol (70% ethyl alcohol, 1% HCL) 350 el
3087 H7hFo] A2 QAE X F22 s AT

2oke AW H Dynatech MRX ELISA microplate
reader (Dynatech laboratories, Chantilly, VA, USA)
o Y1 530 nm 3FelH FHEE S8

7. 8AXMz
iz 7 Aol MTT A%, WST-1 A 4%
M Ae FF=9 o5 Eosin @AM A& FF=R Y

FA|2] zbo]& SPSS 12.0 (SPSS, Chicago, Illinois,
USA)E ©83 ANOVAZ ARS-ete] E4sision] AL
A% 0 2% Tukey HSD o] WS 4o},

.2 o
1. MTT A4

A2 WA o= ol gkl WST-1/Eosin B &2
MTTHAY 23} vpi7iA =, A EA 2ol 7HE &
AESYE s Heplider, 0C/2 MPa 14 A2 52
EoE OE BE TEY SAACE 94 d=(p (
0.05) #fo] & Holn & Al¥ =S Yehflt).

aela, A% BEd, 55 YET, 0T AL BETAA
BT 4" 7hek o] ¢EE vskA @ o vlE] w2
Ax SHEE YeRYh & 2 MPa A& 48 We
(Group 3)& 3 MPa A% $48 We (Group 2)2t} &
< AE SAEE Ueiled, BAE frefate HolA|
&t -5¢/90 MPa 21¢ A& E#(Group 9)2 th
& TERY 7P W A S5 E YESITH

A
v}

Efre] Axe 2EA0E Ad & AFste AAH
wBelck z2efu Al Wizkd o 42 dAe B oY
g AR G2 7|7k 2222 3 (eryoinjury)
of et A7 W7 Fol Mz, ¢ F X ZFA A
oGA Lol FHHEA thg Ao d Aotk Be F

r

H
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Table 2. The averages and standard deviations of optical density of MTT

Groups Condition MTT! Eosin® MTT/Eosin®
Immediate extraction Control 2.274 £ 0.303 0.401 £ 0.074 5.718 £ 0.382¢
Slow freezing 3 MPa 1.222 + 0.320 0.328 + 0.091 3.806 + 0.619"

2 MPa 1.272 = 0.285 0.305 £ 0.052 4.252 +1.045
NAP 1.123 + 0.383 0.358 £ 0.083 3.128 + 0.657
Rapid freezing 2 MPa 1.006 = 0.302 0.380 £ 0.100 2.667 £ 0.421°%
NAP 0.651 £ 0.185 0.314 £ 0.092 2.094 £ 0.297e
0 preservation 2 MPa 2.338 £ 0.211 0.415 £ 0.045 5.674 £ 0.619
NAP 1.778 + 0.461 0.468 £ 0.123 3.848 + 0.593"
-5C preservation 90 MPa 0.330 = 0.097 0.307 £ 0.086 1.074 + 0.088'
a,b,c,d,e.f: Different superscript letters means statistical difference (p < 0.05).
Table 3. The averages and standard deviations of optical density of WST-1

Groups Condition WST-1! Eosin® WST-1/Eosin®
Immediate extraction Control 1.832 + 0.341 0.359 £ 0.036 5.109 + 0.828°
Slow freezing 3 MPa 0.974 £ 0.145 0.331 £ 0.061 2.985 + 0.432"¢

2 MPa 1.015 = 0.195 0.306 + 0.083 3.454 + 0.862
NAP 1.021 = 0.187 0.399 £ 0.083 2.596 + 0.316%*
Rapid freezing 2 MPa 0.886 = 0.115 0.388 = 0.053 2.307 £ 0.345%f
NAP 0.745 = 0.136 0.372 £ 0.075 2.020 £ 0.227*
0 preservation 2 MPa 1.634 + 0.362 0.359 = 0.079 4578 + 0.461°
NAP 1.044 = 0.138 0.364 + 0.066 2.913 + 0.428"
-5T preservation 90 MPa 0.731 £ 0.088 0.387 £ 0.056 1.900 + 0.144°

a.b.c.d.e.f: Different superscript letters means statistical difference (p < 0.05).
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M o £2 49E vt Euskdtt & Baek
7 oA Y] WEEIA A XS freezing container
of Fol 1C/min®] WE&ER -T0C7HA] W& £ -196T
o] WEslel Raet dut W HEF ALE vl -196C
of At Aol Yol Waet 54 W BHET, 4T -35
T7HA -0.5C/min £=2 MA3] YEAIZl H -196Ce
WEd A % HEF 2 MPa9 ¢S 7lsta -0.5C
/min $EZ 4TA -35T7HA] A48 WEAIT 5 -196
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AEE Uthlle A9 Agst 7L oS A7t da%
Fioltt,
-5C/90 MPa 1% A2 H
WST-1 AAY Bl 7P whe
Aok 231G A2 BETE L o 93
W7} (supercooling) “ZE17} 5171 o
A e 3ty =4S 2]
2] %31 F-media® AHESFATE. ©]
239432 (DP-SHPL-01L- 100 Dlma Puretech,
Incheon, Korea) = 9485 £ o £5& 24T + gltke
oFdo] 9lt}t. Pribenszky 52'& 443 #1719 ‘rl‘}_/ﬂ]_._
o] &ot A XAl o5kl heE

=
= H T

< st AA AFEE =T, T =9 T
ST 7Y £ A 3087 20 MPag] st
AE Aol 7MY 2 AS Hlvh 22y 40 MPa ©] &
A oz 7 gt olAo 2 &= vjukE (blastocyst) S e

of WA ATk Ack. £, wjote] FA 4H2 Frit
A E oz, #9229 wjok= 80 MPaZbA|o]aL, BHE Al
TEL 60-80 MPae] A& 7141, 2 o)/de] H3A
< o w7t Wsks opleitta skt oWl A2de] 90
MPa®l ¢t # AFANA ] A 4S de &
o|NE T A& Aold. ez F AFAhA £
deoll wE Ao Y= HIHE Foto] IAAH
A77FH dastelet Az
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&3S 29 4 It Andreasen 2 S(:hwartz31
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