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FE FaA o8 &3l irfe] FRERE TN
B& FAs 293 A2A4S AAS A FAZ
TN &8 71 E AE3 F 0.2% collagenase
(GibcoBRL, U.S.A.)E 73k bone cell buffer (1 M
NacCl, 0,3 M HEPES, 0,125 M CaCl,, 0,5 M Mannitol,
0.1 M K:HPOs; pH 7.4) 1.5 m 3} 37 mnbspaA
37T 1583t 23R 3] 23T

748

Aozl N EAHNL L 4179 SR Al
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g€ X E s v dEanh s AEES
75 ml flaskdl] 10% fetal bovine serum (FBS;
GibcoBRL, U.S.A,) ¥ 1% antibiotic-antimycotic
solution (GibcoBRL, U.S.A.)¢] A7}1E BGJb media
(GibcoBRL, U.S.A.)ol v 4313 t), vkl e 3 7k
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96 well plate (Nunc, U.S.A.) o] BE3F F vl ok}
ok A7t & 70% 3 =] DAY T2EHAE 9 2%
2} 0% fetal bovine serumo] ¥ BGJb vkl e
2 38kl Y EEs 71BN AUIEATh A
H 7|EA] % 0,0.01, 0.1, 1.0, 2.0, 5.0 mg/ml
2 3ttt Wi 1Y F9 39 $of) MIT assayE Al
At 2 wello| A Hj Fb& AA}AL A4
2 23] A3 & Non-Radioactive Cell Proliferation
Assay kit (Promega, WI, U,S.A)E o]-&3}te] A ZA}
o] AAIN=Z 3-(4,5-dimethyl-thiazole-2-y1)-2,5-
diphenyl tetrazolium bromide (MTT) -9 50 W&
7Pl 4A7F Fet Wil WheS AAIAT)
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U.S.A)E 93 SEZ w3t ¥ cell scraperE o]
a9 YEES B T 10 4E Hoko DALY
< Bradford§ o] &8k 243149t} Protein assay
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3t ¥h3-& FAX ] F #3) ¥ pnitrophenobg 405
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CA, U.S.A)Z B M ATk} ch.
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x 105709 M EZ HA B3 & 10% FBS, 1%
antibiotic-antimycotic solution, 50 ug/ml ascorbic
acid, 10 mM sodium B-glycerophosphate7} H7}€
BGJb solution®]] 7|84 JE F% 0.01 ng/ml, 0.1
mg/ml, 1,0 mg/ml, 2,0 mg/mi7} B E=F A3}l 3U v}
o} wixE meaRA 1499 2197 vk
ok 1493 214A o] cell 4% formaldehydeo]] 1
A7t AT 5 1% Alizarin red S G4 ol o]
2083 HRAIA 433 2E S Qs gaE
EEEL CCD camera (Sony, Japan)oljA] &<g3}ar
Optimas image-processing program (Media cyber-
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(p(0,05, Figure 1), Fetal bovine serum A7} §-3-d|
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Aol vl X IS 2AME A3t w320 gz
& 12,9 wg/ml 7| EAY HEFNME FE 0,01 ng/nl
MM 14.2 ug/ml, 0.1 mg/ml M= 17.1 wg/ml, 1.0
mg/ml-& 15.8 ug/ml | 2.0 mg/mlANXE 14.8 ug/ml .



Cell viability after 24 hour exposure of chitosan Cell viability after 72 hour exposure of chitosan
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Figure 1, MTT assay for primary rat calvarial celil viability with chitosan,
* indicates significant difference compared to the control (p<0.05).
Table 1, Effects of chitosan on total protein level in primary rat calvarial cell
protein (ug/ml)
Conc. (mg/ml) 3 day 7 day
control 129+1.1 209t1.0
0.01 14.2%21 22,5123
0.1 17.1£1.5% 20,7£1.7
1.0 15.8+2.3 21,2%+1.3
2.0 148135 205%+1,4

*: indicates significant difference compared to the control (p<0.05),

Table 2. 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 43451338
0,01 350,643 2 575.8+t43 2
0.1 418,7+34.3* 615.2+71.1
10 395.4%30,2* 556.2+48.7¢
2.0 38561479 482,.4+71.2

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

2 F)EAN % 0.1 ng/ml o)A thRT) H)3he & 3. gl QIpt Eol 22 EY= HAL
chl o] J-o)sHA o Bgltlh (p0.01, Table 1),
Hj ok 7NN E PRTE 20,9 ug/ml 2 39 H)S} FIEARS Y] ke z7H 7 S d R &

o o F7hsten 718 AeTdAME 20.5~ e HFIAL v AT EY] 71 QAT B

22,5 ug/ml 0.8 AFTo X F T o] ggkon 2 BH=E S

o] 3k 2pol= §IATH (Table D). Wk 3ol DTS 314.9 UG, 71EA 5=
0.01 mg/ml~2.0 mg/ml WX 350.6 U~ 418.7 UR
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Alizarin Red S staining(14 day)
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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).

FEA ¥ % 0.1 ng/ml ¢} 1.0 mg/ml A thZT6]] H]
& a4 BT} FSHA =A4 VERT (Table 2,
p£0.03).

W% 799 HRTE 434.5 UGL , 7IEA 5%
0.01 mg/ml ~2.0 mg/ml oA 4824 U~ 615.2 U=
RE ZoA] w3 Ao vt &4 BT F
7F5taL). 71EA B 0.01 ng/ml ~1.0 mg/ml7FA]
= vls) &4 BRI F8H A e
T} (Table 2, p{0.05).
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Alizarin Red S staining(21days)

Cantrol Chitosan 0 01mg/m! Chitosan 0 Img/m|
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ol ksl wj ok 1495} 219 alizarin red S
A& AAsl A5lsl 2 A4 WS S48
t} Ade 9o g F9 o Ayt g o] Jigla
A SYZo 2 73 A M0 7 GaF o] I

o 14 o)) izte] A3)3t AH ] FA ule
12.5%, 71EAF 0.01 mg/ml-& 15.7%, 0.1 ng/ml-2
15.9%, 1.0 mg/ml-& 20,2%, 2.0 mg/ml-& 15.5%E 7
E 1.0 ng/nlE T3 TN OI2FET 22 4
315} 24 44L& B AT} (p(0.01, Figure 2),

vk 21 4353} B4 A v)&L 1499 H|F}
of o Z7behe A% BAvh tixTe] 433 2
Ao HALL 19.1%, 7| EAF 0.01 mg/ml-& 25.2%,
0.1 mg/ml-& 28.7%, 1.0 mg/ml-2 27.8%, 2.0 mg/ml-
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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 (p<0,01).
++! indicates significant difference from other groups (p<0.01).



10.7%2 7182}F 0.1 ng/mi 9} 1.0 mg/ml & T3k
oM T E T £ 4303 44 gA8S B,
FIEA} 2.0 ng/mlT-E ThEsrol) w1s) f-olahA] Wk
o} (p(0.01, Figure 3).
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T HEAER] TR ZHE YA fEte] AT
T o0 YAFFY E AR 28 gy
g 28-S 7P Qinh =g 7)EAke A8k
B E3880] SlaL FAEA0] & T &4
H AF2A Y Ay, 53] 22 Yo 2} &
Ao Azhdnt, e 71EARS o] 43 X|F24]
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o}, Klokkvold 592 0.2% acetic acidl] 2 mg/ml ¥
5.2, Lahiji 5392 2% acetic aciddl] 4 mg/ml FEE
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71EARe ThE T v 93l o8-3le] vk HA
HE] £& %0l YA &5 T AE wje
hoodol| 4] acetic acidE FLA1A A4 o)LLy
o} et o wEe Eumg] Bgstel wa
E3 AT (acidi)E A3 54 0.5 M)
NaOHZE Al&#Ao] Hashn] AE ujdg HA7}
71402 W= R e E oA Hank's balanced
salt solution®. 2 M| &3l pHE 748 243 5
I o] AR AF B Fo F|EAbo] 3
Ae S} Qlvk, 3HE W) 50 A F)EM
0.01 mg/ml ~2.0 ng/ml & AFS-3}Q =) o] W E-L 1
o] HAFA o oo wEthE ofe] W
7I=RE v FAle A48 5 Qlon Hes) o
8] 2A % 7F53l. ojo] & dd e o /1A
e Ay 7|8 8 T|BAte 2 By
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2 7o 7R WA oA AL
43 A Y Aol w A= Yol hate] st
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g AR oA, Mori 539 AfotAE o) 7| EARS A
B4 AFE (5~50 ug/m) e Aot L) =
Ag AR GAT IFE (500 wg/m) A=
Ao S AAAIES Harslgln) B 4
oAM= W F 194 7182} T 1.0 mg/nl 0]
A 0.01 ng/mlFT V]3] f-o)3 BT}
e oH vl 3dolE 2.0 mg/ml o)) FE9
A1 0.01 mg/ml3} B|wEke] A7) Fo)5}A
LERETE Lahifi §328 FolAE o) 4.0 ng/ml 7B
A AE 5 7dd XY 8L BFEIPS 1 )
Eo 2 98 AHEE A7) 71EA At okd
Ao vlste] FobA| 9] W x(density)7} FYThL
ATk o] AFE B Ay NE @40 7Had
2,0 mg/m BT AF3] L FEINE X BAS
Hed ol 71EAF A8 v, 3N L AR
3 A 5, Lahiji $920] AME-gF A3 W] xjold)
A Ao & AZhErt. 22y Mori 539 2 Lahiji 5
o] AAZT B ) G T2 NNEAS A9
S FANA B AFE SANNL A2 Alg
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7IEAE A4 A Fests ke,
Lahiji $32& 7| EARS FolA Lol AEA] Ax9] §
g7 w3 o} obd T30Sl 1 Helr} 747
A H QT et £ A= 71EA F50.01
mg/ml | X 5E] WA B} FARMEE 7|EAL A&
24X 1 Hejrt 731 o] IAEHY=,
2.0 mg/mi, 5.0 mg/m A E3] FAFFH LA 3UA
gz Axe Fert g2 FAEHAe 3] 5.0
ng/ml A AEE0] FolgH Y& PeE B
Lahiji 522} A7} F-AFSF T (data unshown)

FIEARS] WA BjA} T BAIRES] F Ag
o) )X J3S AR A3 3YA 2T
12.9 wg/mi, 7VEAY HBZAME 14.2 ug/mi~17.1
ug/m O 2 F)EAF FE 0.1 mg/ml oA 2o H) 3}
of & Thil A ko] Fo3hAl o Btk vl 7oA
% OIRFL 209 ug/m 2 2950 H)3e] T Z7}s}
goni F1EAL MeFAME 20,5~22.5 ug/ml 02
ARTAN F BRG] go) o3t 2ol
UATE. T1EA e A3 Tl TS 2AE A
B0 AT 0.2 mg/ml &) FEARS A3 F
T, B FASE 7] 3Y M iz bl
FA5HA o 8RR 79 gz R o B
VERITERL 3Fleh £ Ag oA v oF 39 9] F o
L Ul B3l J|BEA % 0.1 ng/ml ol A
© s BokoH tE srdME dxwit
Z Y o] o] B2 AYE o 7 599 4%
SF GAL3LsIT) Wik 7 M e F Tl A g E
Nz, 71EAF A8 55 39 vlshe] 1 o)
ZF7Ferg o izttt 7|84 AegtEe] I %
o] B A% EHo & zfol= /it o]
o] AT A5, 7|84 0.01 mg/ml ~2.0 ng/ml FE

N B B FABAZY F4 AN
g AR,

7|ER] Sop 2 WX e e BAT AT
E& B9, Klokkevold F19-& F oA A& w)F-3}
TFAET} 71EAE ARt W 2ZAER &
slete] A3)stEE S Btk I o] o
ToA 71EA e} AHAo 2 2TAE] ENIE
X081 A 0 2E AFoEE Ao A
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SR A= AR AAEY, AARHoR =
SAEEY £3lo} 2P AE FRgAL 9t A
TOE Fotxe S E 7)1 QIR EL &
Axe] FFE A AL I Aol 3
th E A¥dAME A Bzt FARHTY 234
T 29| ¥31E A f3te] G714 A4k 23
B4 AR 9 A3l 2d 3 HEE 2439
k. G714 ¢ Bal AAE 471004 dAHEE
THrREEte] X357} o] FoAE R A FA
Ho g el BEE FMITIE 4R X
9}714 9] calcium phosphateE H&HA|ZIC2A 4
3EE 53 7S 7HRITR D, A 9714
A B3 wie $ART) SRS AL 438
7t EX9E ojn|gitt, WA gz FARAE A
§- v 3 dizTol vt FIEAL A 8ol A
o 52 84T E 24909 £3]0.1 ng/ml T} 1.0 mg/
mi A 2ol HE) o Fos B EA=E
By, wjek 7oA = dizgtol vlste] 7| EAF 3
S0 o & FHEE BoH 53] 0.01 mg/
nl )X 1.0 ng/m7HAe] F=A iz vl ¢
Frofs B SHEE BRATHP(0.05). ¢)&= 8%
TR = A B2} FHBAH LA A T B ) &3
A3)3} A o] JPFUE FAHT 4 Uk

E a7 M3lst 43 d454L 333 8,
FEARE Fof3) Fol) A 148 9] ) EA FE 1,0 ng/
nl X E e vl of B 43)3 484
FAsIg o 21 = 1 EAL 0.1 mg/mi 2} 1.0 ng
/ml BT 2T FJEAL 2.0 ng/mlTH.C}
=81 (p(0.01). ol 7|EAt FX 0.1 ng/miS}
1.0 mg/mi oM & o] FRETRE A& AARIC

F1EA ] 2%t x| dfrol 2] J3ke vy A
I B F18L LA NEEAHL Z7)8HA v A
Fof B izl v|3) Zashoia s 4
TOE Aot Z] FAo] AA =R g vy g
e UX2F Zo|7t Qi B 5 71EAe]
A& A UE 98-S 3R S A2 A
Ztaok, 28y 7| BARS AAAR-E 2R o
o] 8131 FE2) wound dressing material & ARR-5)
I SR 18 Ueno 59L& Z7] A Hol 283




A3 3= osteopontin®] F]EA M2 H o e W
EoX F7FL, Ueno 29 Al4d ATo)A
F1EAF0] 1929 mouse 3ol E ] Mx29)7)F
3& AFHLE FAATIAE LA, 7184 )
8} 2458 macrophaged] ©J3 FFAA B4 F
7k} 2] e AdrolAlEe] ¥ 971 gHAo) &
7Hel o A7 E319 Rojglal e § Adfot
AE ] 71530l 7|8 93] A5H T8 24
AEo oJste] s g Aoz FPd ul
A F|ESd 2Jgk A& Aol RS gL e
AFQ NE g FolAEs} 3 11 J3E 7
a7t 8l Aert,

B A7 A B FARA L 7ES BE
0.1 mg/mi¥} 1.0 mg/ml& HGA] N X2] 4 & S
< JAATIAE edskon 27 Tl §A47 47
7 Q3 B3 AAEAE FAANEE & ATk
T3 718X F5 0.1 ng/nl T 1.0 mg/ml 4 A3]3}
24 HAEo] iz vs) f9% F71E B
o}, ol& A Fxe F|ELS FAH X 3k Al
E AsPo] JoH FARE TN F IS
mgitt, g5 WA gzt FABA L 1B
Al Z2AE R ] £} Ao tish A& &
7 Hashe gk FY A Fad NErId &
WA Fuld v Xe G g 2 71-e sk Aot
dasle|e Atgdr

V. EE

7B A-AE, A 228 3 S
359 AAR Hol &E XF2H A4, 53]
=24 YA A} J& A2 AZrdct

Iy 7|EARE o] 83 AT AR dTE o}
3] BEapm 535 o2 844 ¥ F=
24 71w GA] GApETre o)He]
o} ojoll & AFolx= A ezt T EAE 7]
EX 55 0.01 mg/ml, 0.1 mg/mi, 1.0 mg/ml, 2.0 mg/mi
3 5.0 mg/ml 2 24, 72Xt i k3te] AX 9 A=
& 2439 WA A FAR Sz
=714 3495EE dolEy] SJste] X 7|8

F5 0,01 ng/nl~2.0 ng/ml 5 HE3}IL F7]A Q4
3 54 84= 433} 71d A sEE &
3t T 22 EIE 4t

1 X ez} FARA R 7] A AFSA) Bl <k 24
A)IZF} 72412 A F5% 0,01 mg/ml ~1.0 ng/ml
2 gz A AE8EE HPgou 55
2.0 mg/ml oo AIE G0 FoJ31A 7
A3} (p€0.05).

2, 7|E5¢o] WA ejat FA ALY F el
Aol mAlE FES 2ARRE A, 3l iz
T2 12,9 ug/ml, 7B} AP ME 14.2 wg/
ml~15.8 ug/ml FOH F% 0,1 mg/ml A dl=z
ol H|3te] & g Aol fosAl o Bt}
(p(0.05). B % 7L M = 2T L 20.9 wg/ml,
FIER} AT oA 20.5 ug/ml ~22.5 pg/ml ©.
2 AT F B Ege] o] B e
HAo U H31A] gt}

3. u S 3o 718 At Bl Es BHEE F)
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-Abstract-

Effect of chitosan in primary rat calvarial cell

Jeong-Kyung Kim, Hyun-Ju Chung, Young Joon Kim, Ok-Su Kim
Dept, of Periodontology, College of Dentistry and Dental Science Research Institute, Chonnam National University

The effect of chitosan, a carbohydrate biopolymer extracted from chitin, on periodontal regeneration is of
particular interest, The purpose of this study was to evaluate the effect of chitosan on primary rat calvarial cells
in vitro, with special focus on their proliferative properties by cell activity and the amount of total protein syn-
thesis, The experimental groups were cultured with chitosan in concentration of 0,01, 0,1, 1.0, 2.0 and 5.0 mg/
ml for MTT assay. In the experimental groups, cells were cultured with chitosan in concentration of 0,01, 0.1,
1.0 and 2,0 mg/ml, 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.

The results were as follows:

1, The cell activity was not reduced in the concentration of 0,01~1,0 mg/ml whereas the cell activity was
reduced in the concentration of 5,0 mg/m! than the control at day 1 and 3 (p<0.05).

2. Primary rat calvarial cells treated with chitosan in the concentration 0.01 mg/ml and 0.1 mg/m! showed
more protein synthesis than the control at day 3 (p(0.01). But primary rat calvarial cells treated with chi-
tosan showed more protein synthesis than in control but they didn't have statistically difference among
groups at day 7.

3. At 3 and 7 days, alkaline phosphatase activity was significantly increased in the concentration of 0,01 mg/
ml. 0.1 mg/ml and 1.0 mg/ml (p{0.05).

4, The percentage of mineralized bone nodule was more in the concentration of chitosan 0.1 mg/m! and 1.0
mg/ml than the control,

These results suggested that chitosan has a positive effect on the bone formation of primary rat calvarial cells

in the concentration of 0,1 ng/ml and 1.0 mg/ml,

Key words : chitosan, rat calvarial cell, protein synthesis, bone formation, MTT assay
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