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ABSTRACT

EVALUATION OF THE VIABILITY OF PERIODONTAL LIGAMENT CELL IN RAT
TEETH USING SLOW CRYOPRESERVATION METHOD
WITH MAGNETIC FIELD

Hyun-Jung Ahn, Eui-Seong Kim*, Jin Kim, Duck-Won Kim,
Ki-Yeol Kim, Chan-Young Lee, Seung-Jong Lee

Department of Conservative Dentistry, Yonsei University, Seoul, Korea

The purpose of this study was to evaluate the viability of periodontal ligament cell in rat teeth
using slow cryopreservation method with magnetic field through MTT assay and TUNEL test. For
each group, 12 teeth of 4 weeks old white female Sprague-Dawley rat were used for MTT assay, and
6 teeth in TUNEL test. The Maxillary left and right, first and second molars were extracted as
atraumatically as possible under tiletamine anesthesia. The experimental groups were groupl
(immediately extraction), group 2 (cold preservation at 4C for 1 week), group 3 (rapid cryopreserva-
tion in liquid nitrogen), group 4 (slow cryopreservation with magnetic field of 1 G), and group 5
(slow cryopreservation). F medium was used as preservation medium and 10% DMSO as cryoprotec-
tant. After preservation and thawing, the MTT assay and TUNEL test were processed. One way
ANOVA and Scheffe method were performed at the 95 % level of confidence. The value of optical
density obtained after MTT analysis was divided by the value of eosin staining for tissue volume
standardization. In both MTT assay and TUNEL test, it had showed no significant difference among
group 3, 4, and 5. And group 3 had showed higher viability of periodontal ligament cell than group 2.

From this study, slow cryopreservation method with magnetic field can be used as one of cryop-
reservation methods. (J Kor Acad Cons Dent 33(4):332-340, 2008)
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¥ el DMSO-NaCl-water £<<] "bé =
AA YEA olste] RxellA Ax Ul 43¢ 3
B R Zopzl o] FEE W /‘ﬂﬁ &35
o ES X 4 A4S ol Alxy =
o 28y FEAEAIAY R SUkE S40] A7
Aol o,

AEE -196C] HspdiolA vtz del= 35 ¥e W
HE F453 2R oA 247 A2} 3= T
7 Bot o] & Zo|7] g TR YWE Wy Hofo]
thokst A 27t 9lQiTth Kawasaki 5°8 2|02 We A -7
T7H]& -1TC/min, -40C7H] = -6.6°C/min, -80T7}H]
= -0.5C/mind 52 YEHe & 24 Y& At

&t Wadle o B Aok}t fA ZRE BASS
Basigih, 2 dEdie 25 247)9 n| oS of
&3t %4%—% TdsHA dele 2209 Yeaurt Hds

= Aol |, /‘ﬂJ_LH AE &9 YdF
E—’é"—‘.‘ﬂ EEA7E 47 Al 9a) ZlEsta B WA
Hoh v oA 3 iz et vxl?l‘:‘rt o] 2o 2
Agtt, wgk A7 o8 SRRk AgrE A8
FAE o] 2t Yzbe obet W HEQo] WHS FIA
FAd 47 Ht}. Kawata”e # X|o}E o] &3lo] -30C
7HA 15 mAR A1FS 2o] -0.5C/ ming =2 g 3
¢ -150°Ce] 393t EAPE W FE5YES sk ARG
L 29E BYSE Busn. o7 %"—MWE s
Al AREEL 271789 715 S8t 71sskA] ekskar dis)
AAE o] &3 74 WeHY A& U 2 WARAHe

2 Y% Al AFAhA 2 %ngg HlwakA] @ttt of
o E AforE XFAHAEE 1gauss (1) A7 3S

IS M4 dESEneg 0188 5 Aok AFIMES HAE 2

8T A& YERWY, A% YEY, F5 ¥BW, 93
w5 A AFAUALY BT Wasng

xqp,] g s =2A3l7] Yot AALRE Tetrazolium-
based colorimetric assay (MTT)7} f-&3tA AH&-ETH
MTTHARE & olsle AlXZd Slo] mEZEL]old e
s G471 =30 =849 tetrazolium salt (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) MTT)E = =4 ¥+ o7& & 2+ for-
mazen JAAEZ ATAT)= Tl 2Atstd] AMgsh= W
Holth, Kim 67& # Aot& ¥s ¥+ A4 d= v MTT
AP o2 AFAUA 2] SPEE Hrlste] 2284

o1-=
273} v Al IXTS HusHA] MTT AW 23
AhA 9] 2= Jbel=d §-43 Wholala 819

o} & AN E MT
A FRAA E ] A=
T3 MTT 7AAH

&
T HAE ol gfe] Aokl o] gt
=8 Wkt st

A JJr Weste] W $ X7
S=E Hrlske WHO 2 Terminal deoxynucleotidyl
transferase(TDT)-mediated dUTP-biotin nick end
labeling (TUNEL) #AHE ol&stsich. ¥Ed a5 2
Aoz AFEAPEdY #AE F14 199 DNA #49
27k e 248 opy]slEd” TUNEL AAME o] AL
B e syl o AT FE F BaE Y

A2 439 47 Sprague-DawleyZl B3 E AF&3819 1
AR5 golatA sb7] Adl 0.4% F-aminoproprionitrile
ﬁ—APN Sigma, St. Lousis, MO, USA)E &3] A 3¢

Tt t}. v+ Tiletamine (Zoletil50, Virbac,
Carros France)< ©]& 0}04 1 cc AEE I3} FAl514
/‘]ﬁﬁo}"j‘jr nH7d e & 2 ﬁz}é o] &stof A
= A3 FPNFoE H A 94*0 S 7IhEA A E A
gt om 9] et A1, 2 X E LA

Ao AFgst B gdo2 R mediume Dulbeco’s
Modified Eagle Medium (DMEM, Gibco-BRL, NY,
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USA)¥ Ham's nutrient mixtures F12 (Gibco-BRL,
NY, USA)E 3:19] H]Z 41 10% fetal bovine serum
(FBS)<F &AAl; penicillin (100 units/#), strepto-
mycin (100 #/ml), fungizone (0.3 wg/ml) (Gibco-
BRL)E& #H7tete Al zstsith. slWAA RS 10%
DMSO (Sigma Chemical Co., St.Louis, USA)E AR
a3t

hARE R
17 ZAA
Aokg WANA vt PBS (37 Az AHF T 4
ol ol g3hsint.
27 WA
A|o2 WAL F medium?}t 1 ol 970 2 ml 2ol 2
o 4T W 1397 uee

3w AspA T
Ao}2 BA 3 F 2.5%, 5%, 7.5% DMSO9 584 &

= % 10% DMSO% F medium 1 ml 7} 71 2 ml B5
FHo| o] dgldie o -196T7HA 4 WEst
HTt.

4 A7

AolS WA 3 T 2.5%, 5%, 7.5% DMSOd] &4 &
& % 10% DMSO F medium 1 ml 7} B3 2 nl W%
FHd Yol 21.7 mA, 60 Hz, 1 gauss® A7]17%o] @A)
He ZY FAF 4 AAAZ F Yea (SD-108,
Korea Y.O.T. Ltd, Incheon, Korea)el ¥ -20C7}A]
-0.3C/min®] =2 AAe] Weet $ -196C7HA| 93}
Ao Yol 5% Wssisint.

bt A& W
2o}2 WA & F 25%, 5%, 7.5% DMSO] 5E4
= % 10% DMSO% F medium 1ml 7} 70 2 mi Y
EHo| do] WE0] Y1 -20C7H] 0.3C/mind &
)

o}
=
&
%=
2 A3 WEd T -196T7HA] Akl ¥ 4
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3. (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide) (MTT) Z4Al

Zb i 7 12709 Aoks EAsk 60709 A[okE MTT
A of *}%OP%E} e‘@iu A2)7h 2 el 96-well
platec]l MTT <9 (0.05 mg/ml, Sigma Chemical Co.,
St. Louis, MO, USA) 200 4& ¥ 7} 71 Ao}
MTT %0“01 S welldl &sket. Aobb @21 96-well
plateE 715 Lol 2 5 347 B2t 37C A A&
7] el A HH"J:O}M"%. 3AZE & 96-well plateE AW
MTTE el FHZ A|oks 7ol DMSO 150 dE ¥&
welloll 2|ob2 %713 1587t 34 ’ste] gAE MTT
formazan 2% SAUUTE. 158 F Ao}& A|Ast
Dynatech MRX ELISA microplate reader (Dynatech
laboratories, Chantilly, VA, USA)® ¥ 570 nm 3%
01]7\1 SIACTE =3 o]_o:l q_

o-L-2 T

Ao AHSE Hoke] XZH| EoSle AFx2A e &
= AR ZHs] fsl MTT A4 Ad § 2t &
welldl A A AE 2o} 2 FHE 96-well plated]] |o}=
Y11 eosin (Accustain, Sigma-Aldrich chemie, Gmbh,
Germany) 350 ME H7tete] 1247 A= FHA GA=
g & Xolg A|ASIL 1% acid alcohol (70% ethyl
alcohol, 1% HCD) 350 M| & 96 well plated] 22 %
3047 B7HFol X2 FAE X F24E G ZT
2o} 7+7te] 96-well platecl| A 7AW the E4E welll]
o] 89S microplate readerd] ¥ 530 nm3IFIA &
FEE S48

(]

5. Terminal deoxynucleotidyl transferase(TDT)-
mediated dUTP-biotin nick end labeling
(TUNEL) ZAt

Z+ Aol oJaf FHE X|o}2 4% paraformaldehyde
FE 2 m FEA &2 § 225 1743} ET&'E}E’%EM
%@Iﬁﬁ‘rﬁi b Zofstitt. 4 m FAR 27
AH3 T silane coating slide (Muto pure chemlcals
Ltd, Tokyo, Japan)dl 133ttt 2t 24 &eo|=g
TrisHCIE-9 (pH 8.0)elA 10% &<t A2l ot 202
ZF proteinase K (Sigma Chemical Co., St. Louis, MO,
USA) 2 AHgleted 24% digestiondtSitt. PBS &0 =
44| g 5 3% hydrogen peroxideZ Z22l¢l| 9)= peroxi-
dase® 284 A7 ¥ PBSE thA] $AE9H, WMo 24
sietd S e Fdd el s DNA buffer® 10
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7t A A8t DNase | (F. Hoffmann-La Roche
Ltd, Basel, Switzerland) &2 20337+ HH&-A1A <194 o
Z DNAE @87 11 ths Transferase-mediated
deoxyuridin triphosphated (TdT, Sigma Chemical
Co., St. Louis, MO, USA) bufferol|A 1587t A A3t
% Terminal deoxytransferase®} Biotin-16-2'-deoxy-
uridine-5"-triphosphate (dUTP, F.Hoffmann-La
Roche Ltd, Basel, Switzerland) 2 37CellA 2417 30
T wEEAIA QUTPE EASH Y. 8 dzTedA =
TAT &45 Ae]stA] ke, TB bufferl Al 10%7F @7}
A Hbe-& FAAIZ] ol 2% Bovine serum albumin
(BSA, Sigma Chemical Co., St. Louis, MO, USA)Z
15%3} blocking 3%, PBSZ <A & streptavidin-
peroxidase (Sigma Chemical Co., St. Louis, MO,
USA)Z 3087t ¥HgAlA 3, 3 -diaminobenzidine
(DAB, Vector laboratories, Inc. Burlingame, CA,
USA) &2 AT, o 2942 nuclear fast redE ©]&
stdem tAl 70%, 90%, 100% 8L IZEE 245}
Y8t TUNEL Aol 489l A FQldiAz2e] 7 =
Aol =l A 4008 2719 @n7 (Vanox-S:
Olympus, Tokyo, Japan) AlofllA] o2 Al FE-2 A
gete] g AEFL AA AEFE At BEES +

kit

& o

i
?JII'ii

il

Figure 1. MTT/Eosin ratio.

1: immediately extraction

2: cold preservation at 4C

3: rapid cryopresevation in liquid nitrogen

4: slow cryopreservation with magnetic field of 1G
5: slow cryopreservation

*: p (0.05.

A1 HE YSEBHS 0188 7 Xop XFOIWMES BYE ZAf

6. SAIXE]

MTTAH 2% eosin @AelA A2 FHEE Lot 2
Aol 2lo]E SPSS 12.02 ©]43F ANOVAS A3}
o] BAslglom AlEAA 02 Scheffed] WS At
TUNEL test® Al&g A7+ SPSS 12.0 (SPSS,
Chicago, IL, USA)< ©]-8-3tone way ANOVAE A8
o] BAslgom AlZHY 2% Scheffest Tukey HSD
W& AESE T

r.z o

1. MTTét2 Eosin ZMGRE LF HIE

22 @9 wAG AFgA 2] EYEE e E
MTT/Eosin H|&& RE A 24| 227¢ET E4 4
o2 fFosA v AX A4S BYer (p ( 0.05)

(Figure 1) A714a2 dstdodt, A&5YsT e &
AgtH oz fogt zko]7} g

). 28V YA ZE FEY FATgHR {3 2}
o]& ¥oln (p ( 0.05) 7P W& AFRAM L] &
Bt

-
#*

1 *
Figure 2. Average and standard deviation of percentage

of positive cells by TUNEL test.
1: immediately extraction

persitiee call %

: cold preservation at 4C

: rapid cryopresevation in liquid nitrogen

: slow cryopreservation with magnetic field of 1G
: slow cryopreservation

ip(0.05.
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2. TUNEL test

7t AT G 671] X|obE o] &sto] B Al xSl et
F AEFY HlES Tl 4 TEHRE BT ¢ ZTHAE
T3l one way ANOVAE Al et A7} A7) gwt2 SA] &
ALHTE BAGH R folshA Be X APEE Bt

(p € 0.05). &g 27| A ZAPE glojA] dghd i
T, AEYETI AR frolg ot gl 17
U WA e BE 7Y BAHCE fog Aot
AN AE AP =7 7 Adok(p ¢ 0.05)
(Figure 2).

Figure 3. Micrograph of experimental groups by TUNEL test. Arrow shows positive cell.
B. cold preservation (x 400).
D. slow cryopreservation with magnetic field (X 400).

A. immediately extraction (x 400).
C. rapid cryopreservation (x 400).
E. slow cryopreservation (X 400).
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Aok Wt e s AXA = AFANA L=
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2 AT 52 A5 Aot A E A A7 AE WEEWHES o] &35t e Al AFUANA RS S =
2L AL APEEE MTT A3} TUNEL HAFE o] -3lo] 24 3tuat sl%iet.

457 9] 9 Sprague-DawleyAl & # <] <t 24 Al1.2th A& SAG I 2 7 12709 ] *o}E MTTAA
o o] 8391 6719] X|o}5 TUNEL #AAtel o] 839t Add 5/ 2 2 $A] Sx]roln 4T
A 1A B W 3] & B A A2l S AA -196°ce] dgiE i Yo WEek dstd o,
21.7mA, 60 Hz, 1 G¢] A7 o] 838te] -0.3C/min & £=2 -20T7H4] We § -196TE 54 W A71%
T, -0.3C/min®] £E2 -20C7H] ¥F F -196T 55 ¥Ed A% Wero® Wrdth ZEY2 F medium
< AHggom FWAAIZ 10% dimethyl sulfoxide (DMSO)E AH-sIAHE. A2 @Hd oz 1F8617] ¢
3l MTT 53 #% Fosin 94 F 530 nmellA £3 ¢ §3% o2 U73lth. TUNEL AAF Al 2t 23] &gl =of|A]
4008} Z719] &@nl7A Alofell ] o2 Al B AHste] B AxT A AEFE Ao 2 &S Altetd 2
AT & HAAE AT BA B3-S 98] one way ANOVAE Al om Al274% o2 Scheffe$t Tukey
HSDWH & Ao A¥e vhaat 2

MTTAA 9gt FFEE Eosingd & S48 FHEZ U golde AT SA] T FET B2 A 284
= B33 (p (0.05) AT, A& YFrHte Z 54 e Aol & HolA] skt 2 AT
W ALT, A& Py I ATEDE w2 X RS BT (p € 0.05). TUNEL AAF 23 = A7) g+
< A B TEG XA o] A ZAPEET 29koy (p € 0.05) A% Ward At darde FAHCR s
Aol & HolA] &oth, A7 AT WAT R A ZAPEE ) vtokon] YATL BE 7 oA AX AT} 7MY =
ATt (p € 0.05).
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