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B2 FFEth £ e 7]E4HE phosphate-
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Figure 1, Structure of chitin and chitosan
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salt2 S, f7] fufol] 23] 8-8) € formazan®] ¥
< Z33H €tk

B YA a-minimal essential medium(a-
MEM)S A vt £ E d2T, 4 T2 718
< FTR3 HjAE Fo] e 2E APTeE A
AsAR, o] W AT 71EN FEE 0.01, 0.1,
1, 2mg/mi 2] Y] L2 L F

96well plated] X|FQId) AEE 1x10704 25
S}l 10% FBS7} F-2 o-MEM B %l 20045 3
7hete] 59U A 3 7 ek IS
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AAS L 2ol )22 vl S 2004 & H7)5)
2 AYFE 24710.01, 0.1, 1, 2mg/ml 2] T|EAL &
g FF H7Fste] v 2, 3 F-ol) MTT assay &
A &srAh 7 wellol A vl Feig A AS 2] 4
A2 33 3-(4,5-dimethyl-thiazole-2-y1)-2,5-
diphenyl tetrazolium bromide(MTT) €} S04 3
7K 3 4212 S AT B8 AA ST
200449] dimethyl sulfoxide(DMSO)E 47}3te] &
AH formazan B3-S £38]8 F ELISA readers 3}
% 570nmeol Y FHEE SA3AT o] HFE 33
HHE A)33te] 2120 Al SAE JER) A &
£ 71BN H1 58 A
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4 Reverse transcription-polymerase chain reac-
tion(RT-PCR)
(DRNA 2] 2 5% &<
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3}l 10% FBS7} -5 a-MEM v <kl 4004 & A
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AABIL 2Tl A2 vl F 4004 & H7)et



T AFFE 0.1ng/ml 9] F|EAL EA S T 37}
ahe] v ok 38 Fof] RNAE F-2]3 At v A
Aska 100142 TRIzokE H7Vete] 2 ¢ el
MEE 1.5n tubed] =33} 0.2m chloroform
& #H7hsle] RNAS 434170 F 4T, 12000891141
1582 2+ 94 2ejstgiet. A5 ehe HE F 0.5m
isoprophyl alcohol& H7Fs}] RNAE HHA|7|1L 4
T, 12,000g914 108 7t 941 Eeletd 45dS A
Attt a3 RNAE 0,1% diethyl pyrocarbon-
ate-treated distilled water(DEPC-reated Hz0) 604
J o F2E FA3tg Tt Complementary
DNA(cDNA) 34 A RNA 14g& 12,54 2 BFch

(2) cDNA g4

RNA 12,549 oligo(dT)18 primer 14 & %§7}8}
31 70T oA 5% 2F MAIAIZ] F 5 X reaction buffer
44, 10mMe] dNTP 14, recombinant RNase
inhibitor 0,54/, M-MLV reverse transcriptase 14&
93} 6,54 9] reverse transcription mixture S 37}
8] 42T oA 1417 $<t DNAE AT 94
ColA & ZF S Sk §E cDNA 204
o)) DEPC-treated H20 6048 713k 804 2. 314
agich

(3) Polymerase chain reaction(PCR)

1.0mM MgCLE E33l1L )& 10 xbuffer 54, A,
G, C, T 2} 14, DEPC-treated H20 34,84 Sunit Taq
polymerase 0,24, #| 18 1927} glyceraldehyde-
3-phosphate dehydrogenase(GAPDH)l| 1§t
oligonucleotide primer 244 (Table 1), $4J€ cDNA 4
UE T3t 94C A 98 7} predenaturationA]
£} PCRE DNA thermal cycleroA] 30cycle BHg-A]

A1, Z cycle 94T oA 452 b denaturation, 56
T AX 45% 7t annealing, 72C <A 902 3} poly-
merizationA]|7]i= HH O 2 o]F XY, ¥k F 72
ToA 58 7 ¥A]EATh S35 PCR product 12
# 9] loading buffer 34 & H7}3Fe] 1.5% agarose
ethidium bromide gelel] 100Vel|A4] 15% 7} running
A7 g B34
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stk v AAFL R N2 Y
o) 400445 H7skaL ART A 0.1ng/mi 8] F]ERT
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AAS}I PBSE 23] A3 &, B3 A EE U5
o) &7 0.5% triton X-100 10044, PBS 2004 & 7}
ata] 1717 ok X8t Axus 03 &4t

Table 1. Primers utilized for RT-PCR

Primer Size(bop) Sequence
Type I collagen 503 sense SCTGGCAAAGAAGGCGGCAAA3!
anti SCTCACCACGATCACCACTCTS'
GAPDH 985 sense STGAAGGTCGGAGTCAACGGATTTGGT?'

anti SCATGTGGGCCATGAGGTCCACCAC3!
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Table 2, Effect of chitosan on proliferation of hPDLFs

Chitosan conc Absorbance(Mean + S, D)
(mg/nt) after 2 day after 3 day
Control 1.814 & 0.205 2.576 £ 0,200
0.01 2,143 £ 0,149 2.612 + 0,127
0.1 2,205 £ 0,085 2,491 = 0,230
1 1.993 + 0,137 2,037 + 0,143
2 1.600 + 0,141* 1.518 + 0,148°
*significantly different from the control group, P (0.05.
3.0
g 25 —F=—te—g
£ 15 I/ —— 2 days
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Figure 2, Effect of chitosan on proliferation of hPDLFs
*significantly different from the control group, P0.05.
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ALP(U/L) = {Final data-Initial data)/2 X Total vol-
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= (Final data-Initial data) X 1382
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Chitosan stimulation

Type | collagen

GAPDH

Figure 3, Effect of chitosan on mRNA expression by hPDLFs, Expression of specific mRNAs was
detected by PCR with primers specific for type | collagen and GAPDH

Table 3, Relative densitometric analysis of RT-PCR experiment

Chitosan stimulation

(<1

(+)

Type | collagen/GAPDH 2.09

2,82

Table 4, Effect of chitosan on ALP activity of hPDLFs

Chitosan conc{mg/mi) ALP acctivityiMean+ S D) (U/g)
Control 138.2£59.9
0.1 188,8+65.8*

*significantly different from the control group, P(0.05,

A& F7eit 29 Aol 2mg/ml 2] FE0A, 3
A A= 1, 2mg/mi ] FENA HEZTH v 23}
B4 271 7257 YERG T Table 2, Figure 2).

o]de] Aol A3 AFU) Adf-oE
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0.1mg/ml & AA3}Ic},
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AfoHEE vl F RNAS Belsl A 18 =
949 98 A=E 22T v 43 0.1
mg/ml 2] 7| EARS Sf-3F w R] o] A wfokE Q0]
AfoAEE iz vlEte] A 13 QA9

mRNA #0] Z7}8} 93 thFigure 3, Table 3),
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= 335 A, B3l o] EAAA e v
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£ 25448 Yehly] qie] $8-9& 77 913
e 4] Gujg AR ok kL, o] 4 &
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ng/m &) Y] AR QT P2 FL FEAE AE]3HA
9ok} MTT assay& ol4-5te] XF U] AfrolA
¥ ohsk g B3 A} 7| BN $E F
V& X530 Aol xe] Aol 715k
o BAH o2 F93 Aol iAvE T AA
(plateau)o] H&E FEE 0.1ng/ml L, 1mg/ml 0]/
o] e 23|18 HX o o] foF x| 2
stk webA, 0.1ng/m & XIFA ] A-froAl)

¥ g FA s FAHATH
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ok A 18 mPAL 2T 23 P B AR
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ofe} AFAt] ARoPIE 7t S M| E(osteogenic
cel) 2 ¥3bsh= A w3 &30k & & Qo

AFQAY Afro T 28 AEE B3k ¢
A& Belsl) $18) AP AEE 43 0.1
mg/ml 7\ EANE FHH-& i R)ol A wiksl AL di=
o s Ao o aHA F713ith ALPS &4
& Z2F AR 7] B34 F7HhRs 23 B
Azpg, AFEAo) MEAA ALPY] SV 43|37}
27098 vrgdith

Klokkevoldi F ol A48 v} 7+ A7}
TNEARE A28 PE W =& AEE B33t A3
3EE g Badhul QIokh, 2 o] AdlA
FNEA o) AR o B2 2T AX] F NS EX
B3 P B2 ARoEE JATo RN T
AR A sl AAE dAEte], BHH o 27
Az 2ol B3he}l F WAL FX3chn AU
Iy, & A7 Zaol o3 F1BARE T e vl
A4 G RolNEE 24, 39 T vidE
Z MIT assayE A5t o 445 242 Y4
& 2% vha 10 7he] Wi eF Foll= ALPS] 4
& FsHA B ARE B 53Ut F, 7B
& AFQU AfroliE e s 27l AdE &
Aska, AZbel Ao wet AR 2F AR
o] B3} f=she 242 s Ao Algd.
upeba], vlEs} 7+ M2 wl oM 2E AET}
Aot 2R $A8HA veRd AL wj o 7|3t
711% Ao 2 &9},
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A}, Malette - 7|EARE o]-83 7)) Ao o}
gloA1e] F AL, & Muzzarelli 5-& %] 5]
5w Ao dizod vas) F 257} 3
Y AHE B3P, B Ao 2 F| B e
713& B 7 = YA, A1) 9T
Aile TE AgdrY 718 F AN aE
AE FEAA AL )t} 7|EAY] g 7]
ol ) 7|184ke] F+23 ZHA hyaluronic
acide} AR A 9] Zeksle | hyaluronic acid7}
z232] AN Bdefshs AT AR o|F ot S
2303k 2% AP, 7] 54 AT A,
5 22 AXER9 o)F9} B35 HIY £ k=
7Hdol AAIE v} QIhD, 714k ZHE 7)™ &
M BT A7 Bad Ao g AlgH)

B A7 458 & f5 &I osteo-inductive
effectio] el = 7|EARE A oA 28 717 &
TEA) G113 FeE KA flo] F A% &
(osteo-conductive effect) =8+ 7|tHET}, Jameela &
2 7)EA}e] glutaraldehyde-2- dialdehyde & A&
840 cross linking 171 24 1T} 0.9 717 §45)
A 3 3 FE9) 7)5E A8 S Bas)
FPs). ol 7184k cross-linking density S 3}
AlZo 2N I3 7175 FAAE F e T
g& AN, o] H 3 HAL 71EA ] ARSA 2}
©@eto 2] A AR 7HeAlE S

AZHOZ 0.1mg/ml FE9 FEAL 27|d=
A7 Aotz wgd ML SUIAAL,
AlRo] Al mlet 28 NX 29 #31E FE319
ouf, oleiet Fake §F T|mAe] A4 Hgo]
e 2A7 2 Ao 2 Atgdrt,

V. EE

FIEANS A5 22 AR HL3517) Y3 9 A
LYo 7|84 0] XF) MfotAlEd] wRE=
FEE Yol ] Y3, AFU HHotHT ] S4
+ YA ¢ Hae] 358 AAsle], 2AH
SE9] 71EAb] XTI HAfolEe] wYdA 4
/3%, alkaline phosphatase(ALP) 849l n]x= &

830

& Briste v 28 98 It
1. AE 54 ZA A9 718AYe) 557} 0, 1ng/nl
o3 AF AE o] ZHAFFATHP(0.05),
2. 71EAH0, 1mg/ml)2 AFAT) Aoz 2] A
13 W YA ] mRNA 23S Z7}A)Z T,
3. 71EAH0. 1ng/mi )& AFAT) AfrolH £ 9
ALP 84& #2831 S7FA1IZTHp (0.05).

ZAEH o, NFAY AFolTd S v
WA ¥ A3 F50.1ng/m) 2] F|EARS 27]4)
T AFAY HRoiEe] 298 AAE F7MA
I, ARte] Age) wpeh 2F MERe] B35 4=
3.
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-Abstract-

The effects of chitosan on the human periodontal
ligament fibroblasts in vitro
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Chong-Kwan Kim', Seong-Ho Choi’

Department of Periodontology, College of dentistry, Yonsei University,
Research institute for periodontal regeneration
2Departmnet of oral biology, College of dentistry, Yonsei 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(poly-N-acetyl glucosaminoglycan), a carbohydrate biopolymer extracted
from chitin, on periodontal ligament regeneration is of particular interest,

The purpose of this study was to evaluate the effect of chitosan on the human periodontal ligament fibrob-
lasts(hPDLFs) in vitro, with special focus on their proliferative properties by MTT assay, the synthesis of type 1
collagen by reverse transcription-polymerase chain reaction(RT-PCR) and the activity of alkaline
phosphatase(ALP). Fibroblast populations were obtained from individuals with a healthy periodontium and
cultured with &MEM as the control group, The experimental groups were cultured with chitosan in concentra-
tion of 0,01, 0.1, 1, 2mg/ml

The results are as follows;

1. Chitosan-induced proliferative responses of hPDLFs reached a plateau at the concentration of 0, 1mg/ml
(p€0.05).

2. When hPDLFs were stimulated with 0, 1mg/ml chitosan, mRNA expression of type I collagen was up-regu-
lated,

3. When hPDLFs were stimulated with 0, 1mg/m! chitosan, ALP activity was significantly up-
regulated(p<0.05),

In summary, chitosan(0,1mg/ml) enhanced the type 1 collagen synthesis in the early stage, and afterwards,
facilitated differentiation into osteogenic cells, The results of this in vitro experiment suggest that chitosan
potentiates the differentiation of osteoprogenitor cells and may facilitate the formation of bone,

Key words : Chitosan, hPDLFs, MTT assay, RT-PCR, ALP activity
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