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AR F g0l FJHAHAL s EE =
Wold = A S190] 7125F AA7E 3 2| eho]
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4 39 237t e Ao ' AzhET 2FAX
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o #-83 AA 32 shidE AAFSIATE 22
obA7A] F)EA ) %k & FA EHE AlEEHY
FEM AT AL =B, 53] F I F8
g AZN71E FAA 7124 Gl thR AT R
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1) A BfAF ST EAIES] 22 S EHe

B o FARALY Felt McCarthy 5]
P HBY SALFELIEE ol8ste] B

v et Bl 2021949 WA EjAE EA| 25
B F3 o2 A&l eAte] FE-25E
& A 9 d22S A A A F
NAL 558 7HE AES 3 0.2% collagenase
(GibcoBRL, U.S.A.)E 313 bone cell buffer (1 M
NaCl, 0.3 M HEPES, 0,125 M CaClz, 0.5 M Mannitol,
0.1 M K;HPOg; pH 7.4) 1.5 mi 3} 7 mRFsPEA] 37
CoA 1583 aspAZTE 3He] A8l Fel] &
ozl Azt e M 4AR e} s AEH
Efol-S obA 1000 xgollA] 10%7F AR s F
bone cell buffer2 A28} thr] YA1E 51| 2]
¥ AEZE 3 wj et FHE AREL 75
ml flaskol] 10% fetal bovine serum (FBS; GibcoBRL,
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U.S.A.) @ 1% antibiotic-antimycotic solution
(GibcoBRL, U.S.A.)¢] 7} ¥ BGJb media
(GibcoBRL, U.S.A.)¢l| v Fatih. vl el 39 b
Ao g watglon wjFAl 100%, 2=+
37C 2 95%<] 719} 5%2] COE A& FF3t3th
A oll= Al & 1A 2L 20 A RS ]88tk

Eel sl
= i

2) HHFAIL =L M8

S84 FIEAL 100% 7|EARS 2ol E AR
T QA Bg AR FRd) 7|EA B3 AA
& o] &3 XA AA HFE AX Az FF
Y= FFEY (FIRPFLZHY AFLgiT,
T o] 7|EAR 33} SR 9o v
HE2¥ 57t 242h 0,01, 0.1, 1.0, 2.0 ng/mlo] HEE
stock solution© & F8]3}e] Ag] o] L83} of
ZTL 7|EARE A48 2 TS, AT %
TEY 71BN HL3 o 2 BT

o
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2. gl eIt 2ot 2 = B
714 QF Ha Za4 BT 3HL Cho 59
Wl k] Al WA BjA FHRAEE
B gk ¥ 12 well dishol] wellF 1x10° cell& #5738}
ATk 24417 3 7 w2 71EARS A4k 3Y
3} 797 vl yebaieh, A2 AAS F 1% TritonX-
100022 MEE §3A)7) o2 BYA AT
0.4 mM Tris HCl, 2 mM MgCl;, 4 mM p-nitrophenol
phosphate7} S8 94588 50 d/wellE 713H &
30%-7F ¥RE-A)73L, 150 #49] IN NaOHE 7}3}e] wh
25 224171 T £ E p-nitrophencl- 405 nmdl|
A spectrophotometer (SmartSpec™, BioRad, CA,
U.S.A)E H] 4 A syt

3. M2lot WA =

3]st 24 A tg T)Ee] JFE Gokr
7] $13te] WA g2} FAABAEE 12 well plateo]] 1
x 105 7R¢] HZE7} HA BF g F 10% FBS, 1%
antibiotic-antimycotic solution, 50 ug/ml ascorbic



acid, 10 mM sodium f- glycerophosphateZ} 37}
BGJb solutiondl] 7|EARS] HE F%7} 0.01 ng/m,
0.1 mg/ml, 1.0 mg/ml, 2.0 mg/mi7} =2 )5} 3
Aot v A& 2EBEA 1405} 2197 W)
o}, w9k 14959 214 A o) cellS 4% formaldehyded]]
1AZE 243 B 1% Alizarin red § G4 £ Qo)
2083 veAA M 33t AEE qastgY ga e
FEEEL CCD camera (Sony, Japan)ol|x] &5t
Optimas image-processing program (Media cyber-
netics, Carlsbad, CA, U.S.A)& 0838} R UE] Al
A A28 A 3ol WA A

4. ZERNAZFE

100 mm dish (Coming Coastar, U.S.A)¢l| W4} E}x} %
NEAEE FF343L 10% FBS7}H -89 BGJb #A]¢]
kst vt 27} DAY o] =edt wj7iA 3
4 7t 0 2 wgkeigit) AE7t 2o meshi 10%
FBS, 1% antibiotic-antimycotic solution, S0 ug/m! ascor-
bic acid, 10 mM sodium - glycerophosphate7} 7}
BGJb solutiondl] 7|E4+0,0.01,0.1, 1.0, 2.0 ng/ni7}
EF Aeeta vt vl 14U Ao A2 2]
RNAE 2313k RNAS] Fel wjkal e AAs T
2,0 ml9] Trizol (Promega, U.S.A)E 7)8le] 2zt
718} =2 AAZ AZE 1.8 ml whed] 55
T} 200 49 chloroformE H7}8}e] RNAZ L3471
3.4, 12,000 pmolA] 1087 941 Balslole), 42
Mk FF 5 500 4 isoprophyl alcoholg )5k
RNAE FHA)7)3 4T, 10,000 pmol|A] 1087+ 914
Bt FFA& AAGT. £2lg RNAS Tris-
EDTA buffer 40 4] %91 % Spectrophotometer
(SmartSpec™, BioRad, CA, U.S.A) R 71 oS 24315
o 70T WEaLe] BHastyict

5 ATIN BEIR 2 H2YHIE (Reverse tran-
scriptase-polymerase chain reaction;
RT-PCR)

=¥ F RNA F 5 1g-& Superscript I{GibcoBRL,
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US.A)E 31 70 THIX 108, 42 TAA 70%,
37CoA 158 F¢ G} 2L F 238k
DNAE ZJ3t5irh

#xje] cDNA @71M dell 2 Aste] glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH), bone
sialoprotein (BSP), type I collagen, osteocalcin
(OCN) primer& A2}st F (Figure 1), PCR ¢3-8-o4
(GibcoBRL, U.S.A)) 5 4, 1.5 mM MgCl, 3 M, 10
mM dNTP mix 1 #, ZtZ+¢] primer 2.5 #, 5 unit
Taq polymerase 0.2 4, cDNA 2 49} 33} ZF45E
o] 50 M7} A 8ke] Thermal cycler (Perkin
Elmer, US.A)E ©]&3te] S-Z31T} (Figure 1),
5% PCR 2HEES 1.5% agarose geldA] A7
TS AP A AR 9L Gel Image
Analysis System (QualityOne®, BioRad, U.S,A)%l|A]
house keeping gene?l GAPDHS] W& 7|08
2} primer®] §-34F HEAH L E Hr)sigi),

6. SHS 2

A A Aojzl 2]+ one-way ANOVASH AFE
AA 9l Duncan -& A3} sk}

. 3 o
1. 871 Pt ol 92 Ee= HA

BN WA e d2TH 7 s re e
2He HESIAL vl RTEY G714 Q4 B
2> BAHEE SHEA W 389 gzTe
314.9 USAL, 7184 % 0.01mg/ml~2.0 ng/ml S|4
T 350.6 - 418.7 UR 7|EAT 5% 0.1 ng/nl ¢} 1.0 ng/
ml oA thzgof vl Ea AT} folsAl B
YRS} (Table 1, p(0.05). vk 7d 6] 2
434,5 UL, 7|2 5% 0.01ng/ml ~2.0 ng/ml Y 4]
T 4824 - 615.2 UR BE Fol|A] uj <k 3719l v)st
of B4 BT 21T 71EAF 550,01 ng/nl
~1.0 ng/mi7}A) Dol v)f B ST} Fo3t
A A VERGTH (Table 1, p(0.05).



PCR primers

Primer Expected base pairs Sequence (5 -3 )
GAPDH-sense (+) 418 CACCATGGAGAAGGCCGGGG
GAPDH-antisense (-) GACGGACACATTGGGGGTAG
COL Isense (+) 250 TCTCCACTCTTCTAGGTTCCT
COL I-antisense (-) TTGGGTCATTTCCACATGC
BSP-sense (+) 1068 AACAATCCGTGCCACTCA
BSP-antisense (-) GGAGGGGGCTITCACTGAT
OCN-sense (+) 198 TCTGACAAACCTTCATGTCC
OCN-antisense (-) AAATAGTGATACCGTAGATGCG
PCR programs
94T 94%C e 72¢C 72T
1 min 1 min 2 min 1 min 10 min
GAPDH L |
25 Cycles
94T 94 55¢C 72T 72
1 min 1 min 2 min 1 min 10 min
COLI L l
30 Cycles
94C 94T 50C 72T 72C
1 min 1 min 2 min 1 min 10 min
BSP OCN | |
30 Cycles

Figure 1, Amplification primer sets and conditions used

eraldehyde-3-phosphate dehydrogenase; COL |, type 1 collagen; BSP, bone sialoprotein; and OCN

osteocalcin,

Table 1, Alkaline phosphatase activity of

in polymerase chain reaction, GAPDH indicates glyc-

rat calvarial cells treated with chitosan

Alkaline phosphatase activity (U/10° cells)

Conc. (mg/mi) 3 day 7 day
control 31491295 4345+33 8
0.01 35061432 575.8 £43.2*
0.1 4187 £34.3* 6152 £71.1*
1.0 395.4 £30.2 556.2 +487*
20 385.6147.9 4824 £71.2

*: indicates significant difference compared to the control (p{0.05).

2. 2ot HE o2 57

A ezt FRBAEE M 3)3 2 P44 iR

of| A} wll FalaL vl % 149} 2199 alizarin red S2Y
S At 35t 244 P4 WFE 233190k
AHL Ao 2 F9 o N7 AR 9w A
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Alizarin Red 5 staining{14 day)

Confrol Chatasan 0 0img/mi Crutosan 0. tmg/ml

Critosan 1 oma/mi Chitosan & Oma/ml

| 1252 14-day mineralizabon | “

% of mineralized area

control  0.01 01 20 50
Concentration of chitosan (mg/ml}

Figure 2. Representive in vitro mineralization data obtained from 14-day cultures of primary rat calvarial cells,
+ indicates significant difference from the control (p{0,01).

Alizarin Red S staining(21day)

Conliad Chitosan 0.01mg/mi Chitosar 0 |m;u-»|

Chitosan 1.0ma/mi Shitosan 2.0mg/mi

|
™ ( E772 21-day minerazation |

% of mineralized area

contrel  0.01 01 20
Concentration of chitosan (mg/ml)

Figure 3. Representive in vitro mineralization data obtained from 21-day cultures of primary rat calvarial cells.
+: indicates significant difference from the control (p<0.01).
++: indicates significant difference from other groups (p<0.01),

A ZFYZ0 2 [ AN o 7 QA Eo] gt

HljoF 14 o)) i) M3)3) Ao P vlEL
12.5%,
15.9%, 1.0 mg/ml-& 20.2%, 2.0 mg/ml-L 15 5%F 7]
BE2H1.0 ng/ml & F8 TN TR S A
33} 24 P48 BT (p(0.01, Figure 2),

Hlok 219 43)st 2d P4 v gL 149l B3}
o] ¥ Fleh= AeE Ryt dzee] 43jst 4
A FALL 19.1%, F/EAF 0.01 mg/ml-S 25.2%,
0.1 mg/ml-& 28.7%, 1.0 mg/ml-2 27.8%, 2.0 mg/ml-<
10.7%% 7|EAF 0.1 mg/m 9} 1.0 mg/ml & T3 o

oM 2Rt =& 433 2 98-S B,
7V &4} 2,0 ng/m & TRE Tl H3) el 3HA 4
t} (p(0.01, Figure 3).

FVEAF 0.01 mg/ml-& 15.7%, 0.1 mg/ml

3. RT-PCROj| 2j5t 2|2 QTIAL i

0.01 ng/ml A 2.0 mg/m7FA) 2] F)EAF] T8
iRl o) WA el FABAEES 14907 iR F
RNAZ #8138} type I collagen, osteocalcin, bone
sialoprotein®] #d AT E FAYct 2 47 o
278 FF8 7|EAS 2 A3 BE FoM type
I collagen f-87ke] wdlo] v|w A FU3HA H2H
A}, Osteocalcin F-AAL LH L 1.0 mg/ml T 2.0 mg/
ml 2] F)EANTO] YZT 2 J)EAF 0,01 mg/ml, 0,1
ng/ml o H]3te] 1 o] F7F3 AT Bone
sialoprotein f-AA= 7|BEAF 447 EF 2T &
Fol| A w3 =)= 9ksit) (Figure 4).
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Figure 4, Reverse transcriptase-polymerase chain reaction (RT-RCR) analysis of type I collagen (COL-I), bone
sialoprotein (BSP), osteocalcin (OCN), and glyceral-dehyde-3-phosphate dehydrogense (GAPDH)
messenger RNA expression in primary rat calvarial cells,
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23T 29 Pabsug 2SR St

71EDS] w28 Fo Whye d7Aiuie} thokst
t}. Klokkvold $2)-& 0,2% acetic acidol] 2 ng/ml 5
E2 Lahiji 292 2% acetic aciddl] 4 ng/ml FE 2
7|EAE TR F v g3lS o) 8-3te] Wik A
Hhete] &8 o] AN &5 F ME wjoF
hood®l| 4] acetic acidE FUAA Y| o835
o}, e} o] We FHlpo] Bataln w7
&3 A= (acidity) & AAT] 93] 0.5 M2
NaOHE A Hefolstr], A wjFE A7}t 9714
© 2 WalER] ¥ thA Hank's balanced salt
solution® 2 AN &3le] pHE 7,48 ZAS= 5 1
Hgo] AR M 3y Fo 71EAke] Fxg
FE7F A 3 W 5202 8.4 F)EAF 0.01ng/
ml~2.0 ng/mlE AREBFIET o] HEL 1 #Ao)
HAEA don dad wexe o W 7S
g GA H8E F glon Qe o) 2Ax
7Vadt, old] & AT eME oy kA Ae 1
3] 984 7B 2 Bk o) AL 33 £ F
T =] ARG B A7l AR T1EAL]
ST £ 149 7R #3 g aT EH S
EYE AN 7B AY T AT F4&
st Ao ok 19 1.0 mg/ml o)A}
A ET 2 0,01 ng/ml77} ¥ wste] §ol3k g
Aa7t YERE) v 3R NME 2.0 mg/ml 0]
4o FEoME tzT 2 0.01 ng/mlT3} B3}
o BT o veldth 2 dde o @
A7|17re) 14U A 21U7k0 2 Wl A7|7kel
= 1Y% 7|ELY] FEE5 0.01,0.1, 1.0, 2.0 ng/
ml 2 ST},

A B2 FABANEY 2FAER H3E o
Zat7] A3t G714 Qi B a4 BHEE =
Aetgich. G714 it B g4t f7194t oA
HE2E 7FeEalate] 4337} o] Foi) & 299
A F2H0 2 Qe FRE SUIAIIE 84
X A2 97|49 calcium phosphateE HZA)7
S BM H33tE frEshe 75 et Y, 19
A G714 it B 240 BT et
Ae A3yt FEhs Ag on]dit) WA €
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A FAABAEL] 7S Mg 3gR o thztol) v)s}
o 7|BA LT ¥ £ 84 BATE BHY
o™ £3] 0.1 ng/m T} 1.0 mg/ml NA T2 B3}
O FoHll & HEE B} vl 797 o)A
T gzl vjste] 7|BA HEToM o B2 &
A EAEE B9oH 53] 0,01 ng/m A 1.0 mg/
nl7}A] 9 FoA iz vis) o] foleHd He
BHEE ETHP(0.05). o W% 797 =
A A FABAEGA 718 ) 28 4 3)3) 74
I FHEE A0 Helrt

£ A7 33 Ad &L SA3 A |EARS
Fofgt Zo A Fx 0.1 ng/ml oM thaa} ¥a
ato] O B M3jsl 2d PSS Bt 20 mg
/ml AN 2T FARE Axe 4303 A8
Rk s =

7|E4to] WA A} A BAIEL] AE) 7D ¥
Aol viAE FEe Yol 7] H5te] VEAS T
g+ Aol B2 3 type I collagen, osteocalcin,
bone sialoprotein 22} ¥&-& RT-PCRE F2s}
k. 1 A3} type I collagen?] &L 7|EAF 2%
Tl ddgle] & =, o] Auhe 21590
o AE 0.1 ng/m o] 7|EAE AL T RT-PCRE
type [ collageng T&A] 7|EAL A 8ol A Tz
ol u] 8k type I collagen -H-34}F @& o] Z7}atsict
W 9] Aot 2polz} k. ey i S
Anet 2 A7} o ol A AR AE)
B A o] A gz} FA DA T} opd 251t A)

E AR Aot} TR EE A frolHE e
AL Zte A St E Y AAE 2= Aol ¢
of At NE e} £ & v A el wet
Fll S Aol & HolA Ac) w3k 52 A¥7}
DA =3 3 3U7 T|EARE A4 T RNAS S
2314 type I collagen -2} &S #Asigd 2
A2 B AR 1497 1B A4 5 Bl 2
o7} & A2 =t} Type I collagen FHAR=
2229 T T JRoE B AYPA o] §A
A ddo] vl wA FYUsHAl Ustths AL J)EA
A& 7o) BAGle] WA A} FARA T} U
o =& F A wjPA] 2ZHER BRS¢



u]skc}. Bone sialoprotein¥} osteocalcin® ZFAE
7} Bu)she v n YA A e 2P G5 T
Q3 gl A 2 3hjo] TR0 53] bone sialoprotein
£ Zo) 383} (mineralization) 270l & LA =H
AAH (crystal nucleus) 2 2 & TV,
Osteocalcin® 27] & A7)l TEHA] ¥A
ok Zo] FAH I ALEE Al7]d) & EHo] "ot
%3 osteocalcin® FEFA T F3A4 AR
(chemoattractant) 2 & A% F4E 2H3= ©
WA g oela) k. 2 A% @7 bone sialopro-
tein GAAE BE xR SR GAAT,
osteocalcin AR} WL 7| B4 = 1.0, 2.0 mg/
nl o)X Z7VskAct. o WA gz} FHEAET}
Qo] =eHEl 3 14U 7E vl ko)) )8} bone sialo-
proteing} 7} ojn] v A F 7B | o5t
osteocalcin FAA}e] ¥ o] Z7HEHSAY] WEoE
Azl 2 mAA B Bix FARAEE o]
43 U A4 78R RT-PCR BFE HR
bone sialoprotein®] W&o} FZE 2} osteocal-
cin® BEEA] Pk 14D o= osteocalcin F
Ak #EE Aot

FEAr] 2 e, & F A PAE 9F
o] g o 1A S8 AES B3 459t
olth Malette 54& 7|EARS o] 43 /i A7
thaloAe] Z AL, B Muzzarelli $39& 2] o
B2 b AgoA g vias) F AR7h
A Azts nustgek, 2 AP 7|EAe] ¥
A B SABAEY AEe7)d F4E S
e Avs B o,  AY dris 55 A3
e F WA EHE AFEFFAA FEP3}AL
gt B AAZAAZ & of 7|8 FE 0.1 ng/m T}
1.0 ng/ml-& WA BhA FABAETL ZoMEEY]
B2 vorn 2 g7 F5o #ad vluds
gl o] Bau|2 Z2AA0a Asdd 2u &
A3 e AZop e & 5 i WA B FA
FATE o] &3+ APATHZ AFo] o]&-F AT
zzo waty 7|8 &3} thad ved 5
olth k8 Qlzke] XFQIAIE, XEZ ] S0
Tof| i3k NEARe] Ao} A vE T AIA

Rololrle] 77} B Ao A4HH 7|EA
9] F&7)A0) e o P& d7= BRI AoT

ST

V. EE

o] A7 F|EAbe] A 2AAEE F2
NPT & 8BS AN drrad] 2A3)
of WA it FAIBAE N5 39 2 AE
714 9 5 g ol A Sk

B4 o FABAZAAS 2712 FYEEE
SJobuy] gJste] 714 A4t Bo) Ea BAES
g3i8 713 B4 FAE 2k =Y 9 o)
A SABAT NN AE 71D 281§ Yoh]
9]8}e] collagen type 1 (COL), osteocalcin (OCN),
bone sialoprotein (BSP) gene expressiong RT-PCR

& B3 F23)e] e 2E AHE AT

1, ¥joF 3] Q714 At Bl EA E=E T
EA 2% 0.1 ng/nl 9} 1.0 ng/ml A T
e E4 FAET FAFA e
(p<0.05), Bl % 790 % ) BEAF 55 0.01 mg/ml
- 1.0 mg/mo| A Tzl vlE] &4 BT}
$-9)5HA =9kt (p€0.03).

2. 433 24 PSS AR AR IIEDE F
&3t FAM ¥% 0.1 mg/ml, 1.0 mg/ml A X
3} v w3he] v Be 233} 28-& 333
o} (p(0.01), 2.0 ng/ml X E HET T FrAL
3 A o] N33t AP L PAAT

3. collagen type I -2 2T, 7182 22T
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-Abstract-

Effect of chitosan on bone matrix expression and
mineralization in primary rat calvarial cell

ae-Cheol Kim!, De-Zhe Ciu?, Young-Joon Kim!3, Hyun-Ju Chung'3, Ok-Su Kim'?
yu

Dept. of Periodontology, *Graduate School, Dept, of Dental Science, and
3Dental Science Research Institute, Chonnam National University

Periodontal therapy has dealt primarily with attempts at arresting progression of disease, however, more
recent techniques have focused on regenerating the periodontal ligament having the capacity to regenerate the
periodontium, The effect of chitosan, a carbohydrate biopolymer extracted from chitin, on periodontal liga-
ment regeneration is of particular interest. The purpose of this study was to evaluate the effect of chitosan on
the expression of extracellular matrix proteins in primary rat calvarial cells in vitro, In the control group, cells
was cultured with BGJb media, In the experimental groups, cells were cultured with chitosan in concentration
0f 0,01,0.1, 1,0 and 2,0 mg/ml, Then each group was characterized by examining alkaline phosphatase activity
at 3 and 7 days, and the ability to produce mineratized nodules of rat calvarial cells at 14 and 21 days, Synthesis
of type I collagen (COL-D), osteocalcin (OCN), bone sialoprotein (BSP) was evaluated by RT-PCR at 14 days,

The results were as follows:

1, Alkaline phosphatase activity was significantly higher in the concentration of chitosan 0,01mg/m! | 0, 1mg/ml
and 1.0mg/ml compared to control (p€0,05).

2, The percentage of mineralized bone nodule was more in the concentration of chitosan 0, 1mg/m! and 1.0
mg/ml than the control,

3. At 14 day culture, the expression of OCN was increased by chitosan in concentration of 1,0 mg/ml and 2.0 mg/ml,

These results suggested that chitosan in concentration of 0.1 and 1.0 mg/m! stimulate the extracellular matrix
of primary rat calvarial cells and may facilitate the formation of bone,

Key words : chitosan, bone matrix expression, mineralization, calvarial cell
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