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ABSTRACT

EVALUATION OF PERIODONTAL LIGAMENT CELL VIABILITY IN RAT TEETH AFTER
FROZEN PRESERVATION USING IN-VIVO MTT ASSAY

Jae-Wook Kim, Eui-Sung Kim, Jin Kim, Seung-Jong Lee*
Department of Conservative Dentistry, College of Dentistry, Yonsei University, Seoul, Korea

The purpose of this study was to examine the viability of PDL cells in rat molars by using in vivo MTT
assay, which was used to compare fast cryopreservation group by liquid nitrogen (-196C) with 4C cold
preservation group.

A total of 74 Sprague-Dawley white female rats of 4 week-old with a body weight of 100 grams were
used. The maxillary left and right, first and second molars were extracted as atraumatically as possible
under ketamine anesthesia.

Ten teeth of each group were divided as six experimental groups depending upon the preservation.
Cryopreservation groups were Group 1 (5% DMSO 6% HES in F medium), Group 2 (10% DMSO in F
medium), Group 3 (5% DMSO 6% HES in Viaspan®), Group 4 (10% DMSO in Viaspan®) which were cry-
opreserved for 1 week and cold preservation groups were Group 5 (F medium), Group 6 (Viaspan®) at 4C
for 1 week. Immediate extraction group was used as a control. After preservation and thawing, the in vivo
MTT assay was processed. Two way ANOVA and Duncan s Multiple Range Test was performed at the 95
% level of confidence. Another 2 teeth of each group were treated as the same manner and frozen sections
10 um thick for microscopic observation.

The value of optical density obtained after in vivo MTT analysis was divided by the value of eosin stain-
ing for tissue volume standardization. Group 1, 2 had significantly higher optical density than Group 3 and
4 which had the lowest OD value. Group 6 had higher OD value than in Group 5 (P { 0.05). Histological
findings of periodontal ligament cell, after being stained with MTT solution were consistent with the in vivo
MTT assay results.

In this study, the groups which were frozen with DMSO as a cryoprotectant and the groups with F medi-
um showed the best results. (J Kor Acad Cons Dent 31(3):192-202, 2006)
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AT 439 A7sla B A5 100 gm W99 947l
Sprague-DawleyZl 87 74v}2] & o] &3ttt TA & &
olatA 87| 93l 0.4% P-aminoproprionitrile (B-APN,
Sigma, St. Lousis, MO, USA)E &-+3 Purina®-g?
S AlREA A A 397t Tttt

Ketamine (f-3HAEF, Yuhan co., Seoul, Korea 0.1
ml/100 g) PHH skell Fo] 7Hd golgh 2}, -5 et Al
1, 2 A (M1, M2)E =% @A o]E X|o}=
MTT AT} Wg Ay o] 43t 243h8 o =

F Abgsg
2. oty

Aol Abgg HEEAOR F mediumS Dulbeco s
Modified Eagle Medium (DMEM, Gibco-BRL, NY,
USA)¥ Ham's nutrient mixtures F12 (Gibco-BRL,
NY, USA)E 3 : 1¢] B]2 413 10% fetal bovine serum
(FBS)9} &AA] penicillin (100 units/#), strepto-
mycin (100 #/ml), fungizone (0.3 wg/ml) (Gibco-
BRL)< #7tete] Alzssict,

YA Azdd s AA == DMSO (Sigma
Chemical Co., St.Louis, MO, USA), A1Z2¢] FaiiA|
A2 HES (Sigma Chemical Co., St.Louis, MO, USA)
& AHstoiTh

5
= A EA S ARSI

ZF #1079 AdlA 40709 X|o}= &A st MTT
Aol Algsl o formazan 23S a7 Y3l
W At 4uie]e] FHolA 1470 X|o}E ALE-a15

Table 1. Experimental groups

W) dET

17 F mediume®l 5% DMSO % 6% HESgH

F medium®l DMSOE 5%, HESE 6%/l =33 &
4TE Bt EAE Xol= PBSH AlHE £ 2 ml
Wi &8 &9 1 mie} 3 Ha 4T 1083 &2
w3t 5 -196CY] AAAL Yead ¥l 1579 ¥
g2 Basignt

27 F medium©] 10% DMSO &+

F mediume] DMSOE 10% #7138t B3 &4-8 4CH
oAl BEst & WAHE X|o}E PBSE AlF3la F medi-
umel| 2.5%, 5%, 7.5% DMSOE 7}3t &t &A A
o7 HEIM Yo T 9yl WEFRHY F mediumdl] 10%
DMSO &3 &9 1 me} 37 22 5% Fol -196T9] o
Ada Yead dol 1742 W5 de =2 Baatict.

3 Viaspan® 5% DMSO % 6% HES 3

Viaspan®o DMSOE 5% % HESE 6% 7iet 23
SHE 4CHAA B = BAH X|olE PBSE A48t
32 ml YERE &3 49 1 me A ¥ 108 F
-196°ce HA AL WEad ol 1747 WYede= B
Hstsint.

43 Viaspan®©] 10% DMSO &

Viaspan®el DMSOZ 10% 3713t Bt §S 4/
A BgE & A 3olE PBSE A|A 8l Viaspan®ell
2.5%, 5%, 1.5% DMSOE #7}et & dAHO=Z 5
M Y T WEFE Viaspan“d DMSOE 10%
7bet &3 & 1 mioh A Ha 5% Fo -196°Ce] AA

WEael gol 17Ut Y de = Baalsl

& s Xols -196Ce HAA L WA A
o] 37°C &z Fol sttt w7} HA e = =]
A FE&2A A A olE 7ol F medium?} Viaspan”
9] 10% DMSO 3 (2, 47)2 a¥ F Ao}= 4¢C
M 7.5%, 5%, 2.5%, 0% DMSO7} &8 217k9] F
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Groups Media DMSO HES
0, 0,

Group 1 F medium 5% 6%

Group 2 . 10% -

Cryopreservation
Group 3 Vi ® 5% 6%
iaspan

Group 4 10% -

Group 5 Cold F medium - -

Group 6 preservation Viaspan® - -
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medium, Viaspan®&de 5274 £agoz Yol
DMSOE #AIAE & MTT HA el A&ttt

F medium¥} Viaspan®® 5% DMSO, 6% HES g+
=& 3% F XoE DMSO7F $i= 242 F medium,
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F MTT A Al A-&-2teltt.

oh WA

5% F medium, 67 Viaspan®

HAE otE HE gdo] F31 96 well platedl] ¥
F 4T 15797 Bag & A g AHgsigint.

2h) Wz
Aok WA F FA] MTT A4l AHg-3H9ITh
3. MTT #4

7+ Adte] A7t £ Holl 96-well plated] =A<
)}

5

MTT €9 (0.05 mg/ml, Sigma Chemical Co., St.
Louis, MO, USA) 200 #& 93 7} 2 A1, 20174
Z¥zE 407W Ao MTT &90] e 7 wellol H3trt. ©f
o g o] EFAE AA 7HeE FHAass] 98t
A AR A 7 5ol AF AT

I % 4Fu)F foil 2 96-well plateE #A 3A1ZE B9k
37°C 3 Z187] el A wjekstel MTT7} $H B =5 &
Atk Wik F DMSO 150 A% #7Fste] 1581k 3 7
g3t g49E MTT formazan 242 o1 7 wellel
A Ao}= A A & & Dynatech MRX ELISA microplate
reader (Dynatech laboratories, Chantilly, VA, USA)

o 931 570 nm 3N FEEE S

Figure 1. 96 well plate after in vivo MTT assay.
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AR AHEE Hofe] AWl Bolsle AF2AY &
< AR *76] at7] flal MTT A4 A48 & 7 ¢
welloll A A|AE 2ot 2+ FEZ 96-well plated]] *|oF&
431 eosin (1% eosin Y Muto pure chemical co. Ltd,
Tokyo, Japan) 350 & F7tate] 12417 A= FAgh
Fof| 2JolE AABI T welloll ¥ F |ole] &3] ¢l
o] AMH | F27] H & 7f3te] GAAF]7] 93] 2o}
1% acid alcohol 350 # (70% ethyl alcohol, 1% HCI)
£ 493 R Fe 97l @A O § Aol E 7
7ol 96-well platedl A AW T B4E well o] &5
ELISA microplate readerell ¥ 1 530 m3}gol A $3%=
£ 34 skolh
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ZA "o“’ A1, 2 A 242 270 Aols AT &
MTT AA el A 9} o] 2jo}2 MTT o] Sl 2 wellel
g2 F 4F0F foil2 96-well plateS #HA1 3A17F <t
37CAA g MTT7 e =% ot =4 dxT
o2 MTTEHE 34 &2 A2 A&t 4%
paraformaldehyde® 2% 143 & 0.5M EDTA 1
FUT 4TCoAA Z3AAT. YE TS 3 Tissue-Tek
0.C.T (Optimal Cutting Temperature) Compound®
(Sakura co. Torrance, CA, USA)& Xujjgt & -20¢C]
A WEAZ vy BE dnd 3RS 9l SA 10 m T
Az Yedd7] (LEICA® CM3050 S, Germany) & &
wale] RS ARG on SAUETS Al YA
9] X|o} Al |7 HEA] T 24 o] FEle 2fo]
£ B3] 9 g2dM o2 Nuclear Fast Red
(Sigma, St. Lousis, MO, USA)E AHg-3te] TH2F 44
Sttt AR oA Hole AW 544 MTT
formazan 2% o Fef % X 2po| & FeFEn| 2 HF
An| st A 40, 100, 200, 400 &= At &
Olympus Vanox AH2 @77% (Olympus optical co.,
Tokyo, Japan)Z 2171 tA4 72} (Leica DC
300F, Leica Microsystems Itd., Heerbrugg,
Switzerland) 2 XA 915 Z4a).

A
Al

6. &EXiz

A

MTT % Eosin 249 o4 €& F3% (OD)& 438+
7 M1, M2 A0S two-way ANOVAZ E-A 3190,
M1, M2& Z+Z} one-way ANOVAZ w7+ §9AE +
o o] £=9 HlaE Duncan s Multiple Range Test
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Figure 20l M13} M29] A x]ote] MTTS3% 22
g FAA vwatden M1z M29] Azte} niriA =
MTT &35 WA F mediumS WA & A&t &

(1, 2)°lA = DMSO09] Fxe] Apold| w2 fro 2t ¢l
ATt Viaspan® ol WeE A 7 (3, 47) 914 = F medi-
um HiA] RO 3 FREE B AR oAt
7F 9tk AR A Fo A= Viaspan® o WAEAS

= (6)°lA F medlumOH WARAZ 7 (5F)ETE 49
FE7F S AT (p € 0.05) (Figure 2).

X|Z=xRlo| Makx ZXMS 95l Eosin &IA49|

ATHTH| ok A2 FR| A 242 7 71| Eosin 523
A FAALL Fel A7t STt Eosing 49| Z% 4ol
TR AES G ou]tEE X2 deHA o R g
" MTT/Eosin®] ®l& AAA|oke] Bl MTT &%
o] Ao} np7A| 2 133} 2;01]}\'1 -/]Z]'ﬂ' lom
3, 4ollA ezt A @2 MTT/Eosin HlE UYERIS]
t}. 28] 2 Viaspan® o] WAEAS 7 (67) W F medi-
umel] AR 7+ 5B EG 53 IA =& MTT/
Eosin®]7} Ugtt (Figure 2).

s s i

3. S HElof ofst mABN T

Figure 3914 A9 3 dn)AAz] °ﬂ 1 formazan
crystale] Bgs #EE ¢ 9lom A dRAXE for-

M1+M2

3.6 A
3.0
2.5

2.0

oD

00 L
Control 1 2

B MTT
M Eosin
O MTT/Eosin

Figure 2. Optical density of MTT, Eosin stain and MTT/Eosin following different
experimental groups in Mx 1st and Mx 2nd molar.

A, B, C.D, a, b, ¢, d mean grouping by Duncan’ s Multiple Range Test
Means with the same letter are not significantly different. P € 0.05

Control; immediate extraction.

Group 1; cryopreservation with 5% DMSO and 6% HES in F medium for 1 week.
Group 2; cryopreservation with 10% DMSO in F medium for 1 week.

Group 3: cryopreservation with 5% DMSO and 6% HES in Viaspan® for 1 week.
Group 4: cryopreservation with 10% DMSO in Viaspan® for 1 week.

Group 5; cold preservation in F medium at 4T for 1 week.

Group 6; cold preservation in Viaspan® at 4C for 1 week.
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mazan crystale] #EATE AFAw| A8t A ] MTT (Figure 4, 5).
formazan 2% & B AFA9 AR 0w Yehue o= Viaspan® W9 X|ZAAM T Sl H]3)] dA s
33 dn| A otel A o] B3 dA| st Ae A% = HEE 5 AT (Figure 6, 7).

F medium YEwol e X2 77k AGUdA = 4T WA Bl 229 MTT formazan 2
MTT formazan A%< @A #2E 5 glou} XA A& AR AA Jet o Viaspan® well A x|Fujof
© SATe] Hlg) AAsH A AR #EE U © B 2% S #2E 4 AAgdt (Figure 8, 9).

\ /
v ol x 200
Figure 3. Immediate control with MTT stain, optical and polarized microscopic view
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Figure 4. Cryopreservation with 5% DMSO and 6% HES in F medium group with MTT stain,
optical and polarized microscopic view.
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Figure 5. Cryopreservation with 10% DMSO in F medium group with MTT stain, optical and
polarized microscopic view.
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Figure 6. Cryopreservation with 5% DMSO and 6% HES in Viaspan® group with MTT stain, optical

and polarized microscopic view.

50 micron X200

Figure 7. Cryopreservation with 10/ DMSO in Viaspan® group with MTT stain, optical and

polarized microscopic view.

x200

Figure 8. Cold preservation in F medium at 4C group with MTT stain, optical and polarized

microscopic view.

micr oscoplc view.
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Figure 9. Cold preservation in Viaspan® at 4C group with MTT stain, optical and polarized
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M=o 1 FAFECZE Pentafraction 50 g/L,
Adenosine 1.34 g/L, Allopurinol 136 mg/L,
Glutathione 992 mg/L, Lactobionic acid 35.83 g/L,
Raffinose5H20 17.83 g/L 522 o]Fo4 9lom 320
mOsmkg-1 =] 547 74 F 2] pHE AT}
Al el A7 & aspr|e] 7] o] AA] Byt &9
o2 Jdg] AHH A 9t} Kim2* # 2o} Viaspan® ¢
A 1 B B3 3 in vivo MTTHAH S o] 83}
AE FAEE 2389 et Viaspan® TN T2
Ao} BrgHol| vlg) dAsHA & AHE Bk ¥
Sl A B 7]3ke] AojE 7% cold ischemia o ]3|
A AZ7E AL AYG AP Ee o R delA I, o]
£ ATPY HZ3 whgA 247 (reactive oxygen
species: H202, Oz, OH )¢] $7}¢} arachidonic acid &

© 2 913 lipid peroxidation® Al Eqo] MAE 7| o]
o a2y Viaspan® & 4 A& 59 st glu-
tathione= FASHA| = A+t 2 (free radical) @l A4
< AABIAY BAE free radicale flolE 715< 3t
B Ao e 15797t WA i e Vlaspan@’”*ﬂ
oA F medium WAl vlal] 22k QA =2 AlE
IYEE HPoY 5%, 10% DMSO F medlum YT
(Group 1, 2) Hu} Go} A7) BAst= o A3siA] Fa}
tha AZHE T (Figure 2) (P € 0.05).

Shimono="" WA Al Holgle X|22e] s 2AlS
et A2 EW dolol| gl x| 2ete] FAk 7;3101% -’3‘4
2 31.5%, AW 96.5%, B 55.43 + 22.60% ©]19
FAE o] 9le & 6.19 £ 12.87 m/mo] ] F-9je| w}a}
37k Aol 7t g Bttt Jeon<" Hematoxylin
Eosin A& o] &3t X] QoA e = HFHo=
4T v 450 mo M FFEE SAAUT. 21U
Hematoxylin # Eosin& 27 7143 2 44 5=
A FFEE 590 mm, 530 mP'E M2 ThEBRR T 714 ¢
AL g 7] o FAse AHTh= \‘:}%_’ dA Tl
Ao g BAs= Ao] gysith weta E Addis
Eosln A ol TAE Xote] A F& FFA L

=

‘@%@?ﬂ% o] & Fetdn| 7 o HFEm| 7 HE 3
oA formazanZ o] HFAM A B A5 *—194 A%
O 2 yedt, o] & o]&ste] Colangelo 5" pixel
image analysisg Al@gigict. 2B 2 Adda =
WEAHAAM Y formazan 2749 HFA FAo] HAFH
oA FA & o] &3l 7FeE & AUt

4%01] Kawata="" n]2z2g& o] &sto] 2ots We

= MEetion ko g oo WEHES A

iy X]-T—?lfﬂe A AdR| 9} 22 A5 35}

ol 9 2& 7|9 = & Aoz ygE o]zl
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WARHS YsEAS Bl XolE B3 & in vivo
MTT AAHS o83t AFUANAE] SIS S5t
of o9 23 AUt F59YEA 9= F medium< bl
A& AFE-3 5% DMSO 6% HES g2 10% DMSO
el A Viaspan @& e & MTT §3% 4
S Hepidt (p € 0.05).

F medium, Viaspan® ¥4w< DMSOE #H7l¢ F
medium YE5FEY & MTT $4= X5 Yellt
(P <0.05).

A1, 2 B A2H A F2A9 FFq S 99
Eosin d4& Aldstgls o Alldl7# (P = 0.1701)<
A 2072 (P = 0.3404) 14 27+ 1+ 7+ Eosin 5%
oA FAA «12}7} %*21 o) MTT/ Eosin F%3=H]
ANE MTTEEE ]9Jr < FE eI

W% Ao 22
33k n] A stof 1 A
g2 Ao 7 vEepyton A ]4?_
<} vl 83l

B Ae] e otof|A, X|olE 1 FY J 3,
w4 YRS Hrhs Wi o] £ F o2 Aty g]

g A

ol

& Ao® Algdd. 2% W 24
Holgk 4= 9lE programmed freezing®l] it Z2EZ]
o]l Ba¥ Zog ALSHETE E3h AN solA
Aol Axgd= H7He 9ldl formazan crystals
dnl stelA] Aoz st & & e W g
o] 493 F o= AlgHT}

Sk

rak

—_

. Andreasen JO, Kristerson L. The effect of limited dry-
ing or removal of the periodontal ligament. Periodontal
healing after replantation of mature permanent
incisors in monkeys. Acta Odontol Scand 39(1):1-13,
1981.

2. Schwartz O, Andreasen JO. Cryopreservation of
mature teeth before replantation in monkeys (I). Effect
of different cryoprotective agents and freezing devices.
Int J Oral Surg 12(6):425-436, 1983.

3. Schwartz O, Andreasen JO, Greve T. Cryopreservation
before replantation of mature teeth in monkeys. (II).
Effect of preincubation, different freezing and equili-
bration rates and endodontic treatment upon periodon-
tal healing. Int J Oral Surg 14(4):350-361, 1985.

4. Schwartz O. Cryopreservation as long-term storage of
teeth for transplantation or replantation. Int J Oral
Maxillofac Surg 15(1):30-32, 1986.

5. Pegg DE. The history and principles of cryopreserva-
tion. Semin Reprod Med 20(1):5-13, 2002.

6. Neulieb RL, Neulieb MK. The diverse actions of



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

dimethyl sulphoxide: an indicator of membrane trans-
port activity. Cytobios 63(254-255):139-165, 1990.

. Katayama Y, Yano T, Bessho A, Deguchi S, Sunami K,

Mahmut N. The effects of a simplified method for cry-
opreservation and thawing procedures on peripheral
blood stem cells. Bone Marrow Transplant 19(3):283-
287, 1997.

. Schwartz O. Cryopreservation of teeth before replanta-

tion or transplantation. Atlas of replantation and
transplantation of teeth, Medglobe, p.241-256, 1992.

. Schwartz O, Rank CP. Autotransplantation of cryopre-

served tooth in connection with orthodontic treatment.
Am J Orthod Dentofacial Orthop 90(1):67-72, 1986.
Hupp JG, Mesaros SV, Aukhil I, Trope M. Periodontal
ligament vitality and histologic healing of teeth stored
for extended periods before transplantation. Endod
Dent Traumatol 14(2):79-83, 1998.

Lekic PC, Kenny DJ, Barrett EJ. The influence of stor-
age conditions on the clonogenic capacity of periodontal
ligament cells: implications for tooth replantation. Int
Endod J 31(2):137-140, 1998.

Ashkenazi M, Sarnat H, Keila S. In vitro viability,
mitogenicity and clonogenic capacity of periodontal lig-
ament cells after storage in six different media. Endod
Dent Traumatol 15(4):149-156, 1999.

Hupp JG, Trope M, Mesaros SV, Aukhil I. Tritiated
thymidine uptake in periodontal ligament cells of dogs
teeth stored in various media for extended time peri-
ods. Endod Dent Traumatol 13(5):223-237, 1997.
Ashkenazi M, Marouni M, Sarnat H. In vitro viability,
mitogenicity and clonogenic capacity of periodontal lig-
ament cells after storage in four media at room tem-
perature. Endod Dent Traumatol 16(2):63-70, 2000.
Mosmann T. Rapid colorimetric assay for cellular
growth and survival: application to proliferation and
cytotoxicity assays. J Immunol Methods 65(1-2):55-
63, 1983.

Shimoyama Y, Kubota T, Watanabe M, Ishibiki K, Abe
O. Predictability of in vivo chemosensitivity by in vitro
MTT assay with reference to the clonogenic assay. J
Surg Oncol 41(1):12-18, 1989.

Colangelo D, Guo HY, Connors KM, Silvestro L,
Hoffman RM. Noncolorimetric measurement of cell
activity in three-dimensional histoculture using the
tetrazolium dye 3-(4,5-dimethylthiazol-2-y1)-2, 5~
diphenyltetrazolium bromide: the pixel image analysis
of formazan crystals. Anal Biochem 205(1):8-13, 1992.
Colangelo D, Guo HY, Connors KM, Kubota T,
Silvestro L, Hoffman RM. Correlation of drug response
in human tumors histocultured in vitro with an image-
analysis MTT end point and in vivo xenografted in
nude mice. Anticancer Res 12(5):1373-1376, 1992.
Blomlof L, Otteskog P, Hammarstrom L. Effect of stor-
age in media with different ion strengths and osmolali-
ties on human periodontal ligament cells. Scand J Dent
Res 89(2):180-187, 1981.

Trope M, Friedman S. Periodontal healing of replanted
dog teeth stored in Viaspan, milk and Hank s balanced
salt solution. Endod Dent Traumatol 8(5):183-188,
1992.

Kim ES. Evaluation of periodontal ligament cell viabili-

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.
37.

38.

FLUEE ] X049 in vivo MTT ZAEIS 0]23F AIFOILIME BN T ot

ty in rat teeth using MTT assay. (PhD thesis). Yonsei
University, 2003.

Andreasen J. Atlas of replantation & transplantation
of teeth. Mediglobe SA, p242-256, 1992.

Mazur P, Leibo SP, Chu EH. A two-factor hypothesis
of freezing injury. Evidence from Chinese hamster tis-
sue-culture cells. Exp Cell Res 71(2):345-355, 1972.
Mazur P. Freezing of living cells: mechanisms and
implications. Am J Physiol 247(3 Pt 1):C125-142,
1984.

Clapisson G, Salinas C, Malacher P, Michallet M,
Philip I, Philip T. Cryopreservation with hydroxyethyl-
starch (HES) + dimethylsulfoxide (DMSO) gives bet-
ter results than DMSO alone. Bull Cancer 91(4):E97-
102, 2004.

Kawasaki N, Hamamoto Y, Nakajima T, Irie K, Ozawa
H. Periodontal regeneration of transplanted rat molars
after cryopreservation. Arch Oral Biol 49(1):59-69,
2004.

Rowley SD, Anderson GL. Effect of DMSO exposure
without cryopreservation on hematopoietic progenitor
cells. Bone Marrow Transplant 11(5):389-393, 1993.
Takahashi T, Hirsh A, Erbe E, Williams RJ.
Mechanism of cryoprotection by extracellular polymeric
solutes. Biophys J 54(3):509-518, 1988.

Martin H, Bournique B, Sarsat JP, Albaladejo V,
Lerche-Langrand C. Cryopreserved rat liver slices: a
critical evaluation of cell viability, histological integri-
ty, and drug-metabolizing enzymes. Cryobiology
41(2):135-144, 2000.

Lakey JR, Rajotte RV, Fedorow CA, Taylor MJ. Islet
cryopreservation using intracellular preservation solu-
tions. Cell Transplant 10(7):583-589, 2001.

Chesne C, Guillouzo A. Cryopreservation of isolated rat
hepatocytes: a critical evaluation of freezing and thaw-
ing conditions. Cryobiology 25(4):323-330, 1988.
Fischer S, Maclean AA, Liu M, Cardella JA, Slutsky
AS, Suga M. Dynamic changes in apoptotic and necrot-
ic cell death correlate with severity of ischemia-reper-
fusion injury in lung transplantation. Am J Respir Crit
Care Med 162(5):1932-1939, 2000.

Meng Q. Hypothermic preservation of hepatocytes.
Biotechnol Prog 19(4):1118-1127, 2003.

Shimono M, Lijima K. Pathology of Wound Healing
(Clinical Aspect) Transplantation and Replantation of
Teeth -Practical Use of Periodontal Ligament-. Korean
Edition ed: Ishiyaku Publishers, Inc: 1995.

Jeon IS. Evaluation of periodontal ligament cell viabili-
ty in rat teeth according to various extra-oral dry time
using MTT assay and a histologic verification (PhD.
thesis) Yonsei university, 2004.

Green FJ. Sigma-Aldrich Handbook of Stains, Dyes
and Indicators: Sigma-aldrich, 1990.

Kawata T. Tooth transplantation by teeth bank-
approach to human-. Hiroshima, Department of
Orthodontics, Hiroshima University School of Denti-
stry, 2005.

Kawata T. Transplantation tooth from bank.
Hiroshima, Department of Orthodontics, Hiroshima
University School of Dentistry, 2005.

201



LHBEIA| 22 ZESIS|X]: Vol 31, No. 3, 2006

ret

=& W= F x[ote] in vivo MTT ZAEES 0|2

X|FoltiMz= ST HIt

“]*E* ‘%-‘74 s jr %—@ WYEHES Tl Aoks BAsiiE W in vivo MTT AWM=

3

Hé]*\: T4v}e] 4-1‘ -4
WA 5 dAst] BT 4O7H4 Aot AMEIA T RIS SA] %‘]
Dimethylsulfoxide (DMSO) 6% Hydroxyethyl starch (HES)& ¥t + (1
2] 3L Viaspan®l 5% DMSO 6% HES (37), 10% DMSOS 31t & (A7) o2 Yol 15U7E A2 4l W
o 9 dEadth. YT F medium (57) 9} Viaspan® (63)9l €o] 15:3¢ 4° WA Bastgitt, ”é% ‘7"1
WARZES Zo= in vivo MTT A Alatsltt. 717 xote] X2W dheja oz FFs)etr| 9ls) A2
eosin Y &9 12417 9 3 1% acid alcohol 31417 530 moll Al =7 & T‘;: T %< in vivo MTT ~7é%k°
2 U9tk 54 E4E 98] Two way ANOVAS Duncan s Multiple Range Test® 95% 418 3kl A Al83}
Aok 283 7 27 2719] XotE 2 e R A2l £ 10 m TR §F dkate] 33 dAn| A A dn)s)
o A} #sIT

1, 2L 3, 4T R =& $HEE e o 672 St & SHEE YERAH (p € 0.05). B3 dnlA
o MTT 24L& st AFdn oA B elANE el AAH SR in vivo MTT A4
Ao} 22 g Yeplidt

B AT 43 5%, 10% DMSOE AH-3 F medium A 2 WEEES 7971 Viaspan™< HIAZ WY&3190S
it AR E sG-S WET FAH SR FoAAF A =& AE GPEE YERUT (p € 0.05).

Sprague Dawleyﬂ]ﬁq IHE Aol 2 10mke] o] FH oA et 2 A1, 2
01111 W72 F mediumdl 5%
), 10% DMSOE %3t & (23)

F_LIF-LI

F20{: AFANAE, =, MTT AR, dEEE, dFEE, §4=

202

o





