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(GibcoBRL, U.S.A,) 5 #, 1,5 mM MgCl, 3 4, 10
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Qo] 50 M7} FA sFe] Thermal cycler (Perkin
Elmer, U.S.A)E ©]-83}o] F35313t} (Figure 1).
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ml oA el Bls) 54 ST} F-o)5 =
UERstt} (Table 1, p(0.05). wj%k 7o) Tt
4345 UYL, 7)EAF S 0.01mg/ml~2.0 mg/ml oA
£ 482.4 - 6152 UR RLE ol 4] vk 3279l v]5}
o] 4 AT 78I 71EAN F5 0,01 mg/ml
~1.0 mg/mi7}A] HiZtel] H]3) EA AT} -3t
Al =7 VeRstt} (Table 1, p(0.053).



PCR primers

Primer Expected base pairs Sequence (5 -3')
GAPDH-sense (+) 418 CACCATGGAGAAGGCCGGGG
GAPDH-antisense (-) GACGGACACATTGGGGGTAG
COL I-sense (+) 250 TCTCCACTCTTCTAGGTTCCT
COL I-antisense (-) TTGGGTCATTTCCACATGC
BSP-sense (+) 1068 AACAATCCGTGCCACTCA
BSP-antisense (-) GGAGGGGGCTTCACTGAT
OCN-sense (+) 198 TCTGACAAACCTTCATGTCC
OCN-antisense (-) AAATAGTGATACCGTAGATGCG
PCR programs
94C 94C (e 72T 72T
1 min 1 min 2 min 1 min 10 min
GAPDH | |
25 Cycles
94C 94C 55¢C 72C 72T
1 min 1 min 2 min 1 min 10 min
COLI | |
30 Cycles
94¢C 94C 50C 72T 72T
1 min 1 min 2 min 1 min 10 min
BSP OCN
30 Cycles

Figure 1, Amplification primer sets and conditions used in polymerase chain reaction, GAPDH indicates glyc-
eraldehyde-3-phosphate dehydrogenase; COL |, type 1 collagen; BSP, bone sialoprotein; and OCN,
osteocalcin,

Table 1, Alkaline phosphatase activity of rat calvarial cells treated with chitosan

Alkaline phosphatase activity (U/10° cells)

Conc, (mg/ml) 3 day 7 day
control 314.9%29.5 434.5+33.8
0.01 350.6+43.2 575.8 £43.2*
0.1 418.7 +34.3* 615.2 +71.1*
1.0 395.4 £30.2* 556.2 £48.7*
2.0 385.6 +47.9 4824 £71.2

* indicates significant difference compared to the control (p<0.05).
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Alizarin Red S staining(14 day)

[ 14-day mineralization

+

Control Chitosan 0.01mg/ml Chitosan 0.1ma/m!

Chitosan 1.0ma/ml Chitosan 2.0ma/ml

% of mineralized area
=]

0.01 0.1 20 5.0

Concentration of chitosan (mg/ml)

control

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)
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Figure 3, Representive in vitro mineralization data obtained from 21-day cultures of primary rat calvarial cells,
+! indicates significant difference from the control (p0.01).
++! indicates significant difference from other groups (p¢0.01).
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12.5%, 7|EAF 0.01 mg/ml-& 15.7%, 0.1 mg/ml-&
15.9%, 1.0 mg/mi-2 20.2%, 2.0 mg/ml-2 15.5%= 7]
EAF1.0 ng/ml & FoJ8t ToA TR 5 A
33t A4 PAJE&S AT (p(0.01, Figure 2).

w1 214 A13)3) A4 2 Bl&2 1499 3t
o ¥ Frhete e nlrt thawel Hoist 2
Aol FAEL 19.1%, 7)EAF 0.01 mg/ml-& 25.2%,
0.1 mg/mi-2 28.7%, 1.0 mg/ml-& 27.8%, 2.0 mg/ml-<
10.7%2 71EAF 0.1 mg/ml 9} 1.0 mg/ml & -3+ T
M TRt £ 435t 2d FHES B,
71 EA} 2.0 mg/miE TRE ol] H]B) o shA Wk
} (p{0.01, Figure 3),
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3. RT-PCROj| it QTS
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0.0 ng/mtolA 2.0 mg/mi7HA1) F)EAT0] e
2ol WA gz} FANAAEE 1427 o g3
RNAES £2]&}e] type I collagen, osteocalcin, bone
sialoprotein®] W& ALE sttt I A3 o)
ZT5 23 7|EALS 2 A3 BE TolA] type
I collagen §-7=ke] W& o] vl A FA&HA Bzte]
A}, Osteocalcin A &L 1.0 mg/ml 2} 2.0 mg/
ml @] 7B kro] 2T 2 71EAF 0.01 mg/ml, 0.1
ng/mi 0] H3te] 1 walo] Z7h8H9ITh Bone
sialoprotein F-A2R= 7| EAF A L7570 thxd B
Tl A T w)2] ettt (Figure 4).
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Figure 4, Reverse transcriptase-polymerase chain reaction (RT-RCR) analysis of type | 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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"] 8k}, Bone sialoproteind} osteocalcin® Z& A 3E
7} R v A g Sy S 5
Q3 @id = shfo]tpY. £3] bone sialoprotein
2 #9] 33E3} (mineralization) 7] 2 L =|H
AA (crystal nucleus) 22 &ejA Py,
Osteocalcine 7] & FAA7|9= BEEA] A
W o] YAET AERE AZlel 2 o] Bk
L3 osteocalcine F A X F3HA A
(chemoattractant) & & JAY T2 -5 o
WAz Az} ey, 2 A% H3} bone sialopro-
tein F-AAE BE FRA TH R FATH
osteocalcin F-7AAF HHL 7| EAF F% 1.0, 2.0 mg/
WA 27, ol WA H AR
4o =9 F 149171 W1%o] 2J3ke] bone sialo-
protein®] #H|7} o]n] AEH F 7|EAb 23]
osteocalcin F-A2}e] Wd o] Z=71H Q7] W7o 2
AZtent, 2 o)X WA g2t FIHEAEE o
|3 thE A0l 4 794 9] RT-PCR 235 B
bone sialoprotein®] W&l o] F2E ) 0 1} osteocal-
cin& FFEA] gkl 14 A o= osteocalcin §-7
Ay SIS,
PEAbo] 2 BEAH, 2 2 AR TAE G
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A A} FARAIE Y AEL71E S SRR
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71E5ke) = A G5 MEFTAAN Sska
itk B AYE%E & o 718t = 0.1 ng/m 3}
1.0 mg/ml-& WX Bj 2} FHBA| 7} SO ER )
B3 Eobrn & A Sl dEE v adA
o] FH|E FRIAZITAL AR HT), T &
< AEopEeiar & 4 Sl= WA gz A
£ o] 83t AP AT Ao o]&H AE9
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-Abstract-

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

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

Dept, of Periodontology, 2Graduate School, Dept, of Dental Science, and
Dental 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
of 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 mineralized nodules of rat calvarial cells at 14 and 21 days. Synthesis
of type I collagen (COL-I), 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/ml, 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/ml 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/ml 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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