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stk
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A3t chitosan(1-4, 2-amino-2-deoxy-B-D-
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(1) X|IFQICHMIZ S| Yk

TAANEE B2HoE WUAF AMLTH
A2 T 1/3904 A F<T A F &t
300unit/ml penicillin(Gibco, US.A.), 300ug/ml
streptomycin(Gibco, U.S.A.)3 1.5xg/ml
amphotericin-B(Gibco, US.A.)7} 3% 3%
Dulbecco’s Modified Eagle’s Medium (DMEM,
Gibco, US.A) 22 53] A HF wjFArlo] ¥
A ZA AEdste] 2ZHE 35mm Al Zuf ek

[e)
2=

£ HAlol 12A BEEZAZ v, 10% fetal
bovine serum(FBS, Gibco, U.S.A.)Z

100unit/ml penicillin, 100#g/ml streptomycin
(Gibco, US.A.)3 05¢g/ml amphotericin-B7}
¥3¥ DMEMS Y1, 37°C, 100% &%, 5%
CO2 #71&% Hj%7](Vision Scientific Co.,
Korea)o| A 8l ¥t th X FAUNA E7F 24
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Oug®] chitosan®] E&E Hj

Zo| A Hjokel AES HAFFOSZE chitosan

o] ¥3E A k2 iAo w ket Al xS
NE2FOZ te] v W&t

(2) Mz3AME =d

24 well )% A (Corning Co., USA)o 2zt

wellZ 2x107] 9 A ES BF3l7, 2829
= 1mlg 40xg®] chitosang $F#-3 DMEM$
ikl 0 2 313 tZ 7ol E chitosan®] F
HA %2 DMEM EFH] S FAste] ul
okatqich W<k 1. 3,5, 7. 9, 12, 159l wjok
AL Wl 005% Trypsin/0.02% EDTA
(Gibco, USA)E Alate] FT2H AEZE i
GHAIZHEE Hedt the hemocytometerS
o] &3ty =& n A (Olympus Co., Japan)3}
N AEFE SHAh

(3) I:|-I:IHII EA-{%

24 weu HY OF 7 A o]

N

welld 5x 10470 2
A3 Zel M 72
< Z"*«] u el A w FaFiTt vl ek 3, 7Y
of JAAFTAYANDTE 23] AFHsHL
0.05% Trypsin/ 0.02% EDTA(Gibco, USA)ZE
Agste] SAE AxzE MIHAZEYH B
213 g 1500 rpml 2 6E7F PAEZ S

+ 459 ]740}_1“ 05ml 5FTE H7t
3 & & E M7 (Ultrasonic
Dismembrater Model-300, Fisher Scientific,
USA)Z #A13 TF Th QRS
=S 212 35l7 Bio-rad protein assay-& dye
reagent®} WFSA|ZATH Vortexingste] 429
A 587F "8k & UV-VIS spectropho-

S
=

19

tometer(Shimatsu Co., Japan)Z 595nmol] Al

SR 2 =A39Uth Bovine serum albumin

=3
S 139mg/mlZ 5ol SFLEE Ao
2% FFEFAE VFeE FuNALS
eI A=

(4) A7 clitRollga M =Y
24 well vjoFH Ao 7} welld 5x10470 ¢

AMEE TFL AESHEANAMG 2 X
FER ELLR L

i e R R ZQ A=A st 0. 05%
Trypsin/002% EDTAZ A2t} AZZ v}
2e o 1500 pm o2 63%-7F Y4l sk
o 429 AZNT 05ml SREE WS
o Z& 34 7] (Ultrasonic Dismembrater
Model-300, Fisher Co, USA)Z 2&3 oh&
004 Aste] G714 QAR ELE BUE
%744 A F(AIPKKit, 54 )7 wheA2]
o2 UV-VIS sphectrophotometer(Shimatsu
Co,, Japan)E o]&3}ed 500nmoA] TZEE
24819

(5) AM=3|3t
Bl A Aol

2™ &~ =X
== o

=S
WA EABALE 4x10744
333 10% Fetal bovine serum, 100unit/ml
penicillin, 100#g/ml streptomycin, 50¢g/ml
ascorbic acid, 10mM/ml Na-B-glycerophos-
phate, 108M dexamethasone©] ¥3&%¥ DMEM
Hj 2ol Al Bl et ANEZS XS =E,
DMEM® A mlg 40pg®] chitosan®] 3
iAo A St AxES APEFLCE 3
1197 wieke 5, wAE AAS}FL 15%
glutaraldehyde &2 247+ Z=oF v A3}
o, Zg IFATHAE Q’o] a}7] 9]al] Alizarin
red Sﬁ.oﬂ =1 OﬂAn 5} 01M © A}g}%/ﬁﬂ
AAeZ oy AASFL 2% Light Green
SFE thzHdHste] =d@rgstolM 15x%
150m? AAel QU NHs AR5 =
EEL



4. EAlEAM
AEZ2E, iz A5, G714 Qe
Mak FAE 2 433 AAFd o]
chitosan T #9 F9YAS FHrlslr] Yal
Student t-test(P<0.01)E A A3t T
M. A+ M
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22 ]
20
18 ]
16 4
14 ]
12 ]
10 4

—m—control
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No. of Cells(X10,000cells/ml)

»
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2 4 6 8
Days in Culture

1
10

a2l 1 The effect of chitosan on the proliferation of
juman periodontal ligament cell

mlg 40pgs HE WGt AP0z 3l

49 AEFE 3
27 g% AZF 2
ApAEL] F5 )
AzlM 27 6,
10%ells/ml, 5¥oll= Z

=
T=

= gz A
104cells/m1, 8.42 X
2} 2b7b 11,75 X 10%cells/ml,
1280 X 10%cells/ml. 2 AHFNAN o =A
Ebron. 9ddlE 7247k 21.32 X 10%cells/ml,
1843 X 10%cells/mlS. 2 A toA o WA
B TR 1, " 1),
FAHTAE] A W F
104cells/ml, 4.4 X 104cells/ml)

29 (3.6
9Y (17.2 X

—m—control
—e— chitosan

No. of Cells(X10,000cells/ml)

T L N S S
4 6 8 10 12 14

= .
2
Days in Culture

2| 2 The effect of chitosan on the proliferation of rat
calvaria cell

I 1 Effect of Chitosen on the Proliferation of Human Periodontal Ligament Cell

Number of Cells( X 10,000cells/ml)

Group

2day 5day 9day
control 6.631+0.252 11.75£0.988 21.32£0.548
chitosan 8.42+0.305* 12.80£0.905 1843+1.948*

Values are mean*S. E, n=3

Number of intial inoculated cell : 2X10%ells/ml

. Statistically significant difference from control group (P<0.01).

20



I 2 Effect of Chitosan on the Proliferation of Rat Calvaria Cell

Number of Cells( X 10,000cells/ml)

Group

2day 9day 12day 15day
control 3610212 17240448 27.0+1.310 21941491
chitosan 44+0.035* 20.8+0.395* 21.8+£0.901* 7.6+0.473*

Values are mean=£S, E, n=3

* ¢ Statistically significant difference from control group (P<0.01).

I 3 Effect of Chitosan on the Proliferation of Human Gingival Fibroblast

Number of Cells( X 10,000cells/ml)

Group

1 day 3 day 7 day
control 3.31%£0.188 9.75+0.125 11.25+0.562
chitosan 194140188 8.69+0.563 9.69£0.469

Values are mean=*S. E, n=3

It 4 Effect of Chitosan on the Protein Level in Human Periodontal Ligament Cell

protein(#g/ml)
Group
3 day 7 day
control 8.876+£0.257 30.513£3578
chitosan 16.729+1.453* 6.101+0.332*
Values are mean*S, E, n=3
* @ Statistically significant difference from control group (P<0.01).
1 ol 50 I control
12 —a—contro 7 .
. /] chitosan
| | —e— chitosan E 7z
= 25
E /
> 10 4 I _
) L / E 20
S S
S 84 = 1
o [}
=) . g 15
X 6-
7
% d 10
© 4
o
o
< 2
4 5 6 7 8 9
L] l L) I L I Ll l
2 4 6 8 Days in Culture

12l 3 The Effect of Chitosan on the Proliferation of
Human Gingival Fibroblast.

T2l 4 Effect of chitosan on the protein level in human
periodontal ligament cell



10%cells/ml, 20.8 X 10%cells/ml) ol & A& ol A
B owA deded, WY 129 (270
10%ells/ml, 21.8 X 10%ells/ml), 15%(21.9X
10%cells/ml, 7.6 X 10%cells/ml) ol = w3l A
Hoh AdFdA o @2 S4&S Eid
(% 2, 19 2)

AZA ot 2o A9odle wF 19(331
X 10%cells/ml, 1.94 X 10%ells/ml), 3% (9.75 X
10%cells /ml, 8.69 X 104cells/ml), 7 (11. 25><
104cells/ ml, 9.69 X 104cells/ml) ol A= Z vz
07 ERFAMEYG AFFLAA MES
o] g & AoT Yo EAG
o2 fAATHPC 001) (& 3, 1€ 3)

P =%
ro ﬂﬂOJ

|F=AA 2] A9, Bl 3ol Ut
I3 A A Zz 888ug/ml, 16.73pe/mIZ
A& o) A %_u}unzwko] o Eora, wjek 74

= 7}7} 3051pg/ml, 610pg/mlO.2 A3 it
A e oko]l o HUTHE 4, 19 4).

FHAMEY A v 3del= xR,
Aol A Zhzt 19.89ug/ml, 20.60pg/mlO 2
AT A o BIAR, wjg 7= 7Hzt
20.81pug/ml, 14.05pg/mlZ AFFZA © A
UEGtHE 5, 119 5)

Aot 2] Afol= wieF 3Y(2316
pge/ml, 24.12/tg/m1), HJ 79 (25.35¢g/ml,
2393ug/ml) el AAA F F7re] FHEe
o A9 Aolz FATFAHOE Fs5tA
eForth (PC 0.01) (3 6, 19 6)

3. &VIM QMRS R

4+ Al EE chitosan<
Imlg 40pgs HE wjek
0ﬂ7]/k(—>1 OJAME S| @ A g-
ME AS
AT ZH2h 14110, 2111U HH%E 4o = 7
Z} 198IU, 555IUZ AdolH &4 SAE
frolstA =A WESTHPO.01) (F 7, 1
g 7).

FAZAZE Y 3ol HEE, A9E

74l

N

N

d

I 5 Effect of Chitosan on the Protein Level in Rat Calvaria Cell

protein (#g/ml)
Group
3 day 7 day
control 19.891£0.985 20.808+1.816
chitosan 20,597 +1.984 14.054 +0.236*
Values are mean*+S. E, n=3
* @ Statistically significant difference from control group (P<0.01).
i 6 Effect of Chitosan on the Protein Level in Human Gingival Fibroblast
protein (#g/ml)
Group
3 day 7 day
control 23.157+0.259 2534740141
chitosan 24.122+0.330 23934401838

Values are mean £S. E, n=3
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5+ || I control 1 || B control
/) chitosan /] chitosan
0- . 4
12 3 4 5 6 7 8 9 12 3 4 5 6 7 8 9
Days in Culture Days in Culture
2l 5 Effect of chitosan on the protein level in rat cal- 12 6 Effect of chitosan on the protein level in human
varia cell fibroblast
i 7 Effect of Chitosan on Alkaline Phosphatase Activity in Human Periodontal Ligament Cell
ALP activity (IU)
Group
3 day 7 day
control 1.414+0.496 1.984+0.123
chitosan 2.114+0.139* 5.547+0.135*

Values are mean=£S, E, n=3
* ¢ Statistically significant difference from control group (P<0.01).

I 8 Effect of Chitosan on Alkaline Phosphatase Activity in Rat Calvaria Cell

ALP activity (IU)

Group

3day 7 day
control 3.346+0.2 5.232+0.04
chitosan 6.232+0.48* 5492017

Values are mean = S, E, n=3
* ¢ Statistically significant difference from control group (P<0.01).

72t 3301, 623U AdolM oA o AT FaAd2 T 8 1 8).
=7 vebgten, Wi 7del= 7 52310, Ao 29 A5, Mg 39(2.0910,
SAUE AgdelA o &4 S/ =9k 186IU), vl 79 (36410, 4.261U)¢] ZHH A
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2l 7 Effect of chitosan on alkaline phosphatase activity

in human periodontla ligament cell

kel

- T
6_
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5 _
5 47
=
g
o 37
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1—| [}|EE control
U7 chitosan
I

1 '2'3°'4'5'6' 7'8"9
Days in Culture

2l 8 Effect of chitosan on alkaline phosphatase activity
in rat calvaria cell

9 Effect of Chitosan on Alkaline Phosphatase Activity in Human Gingival Fibroblast

ALP activity (IU)

Group
3 day 7 day
control 2.087+0.232 3.6401+0.488
chitosan 1.855+0 4.260+0.179
Values are mean*+S. E, n=3
50h T el §F94 de Aol i
| [ control (PCOOL) (F 9, 13 9)
chitosan
4
- 4 M3z 2" + 55
S 3
= _
s FABAEE 224 E MANA vloka
;Jf I oujeF 11¥0] Alizarin red S @S AA
= AAFE ZH3 chitosanS Fol5kA] ke
23 Fel@ 2] Masch A4S 99
o8 Fod Mxrt d9yse Jdi, Ad F
T2 3 4 5 6 7 8 9 & FA7F AeA wHHI FHAE A
Days in Culture A E = oS B AT} chitosang FoI3HX]
113 9 Effect of chitosan on akaline phosphatase activity %2 M E 67, T3 FolA= 1071 =,
in Human fibroblast chitosanS Fol3F oA FAAA BTt
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No. of Nodule

chitosan

cont
Group

12l 10 Effect of chitosan on formation of mineralized
nodule in rat calvaria cell

(P€0.01) (L9 10).
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Polypeptide Growth Factorol
& o), Piche®} Graves(1989)27
v FA] Platelet- Derived Growth
Factor(PDGF)E H7}gt A% /ﬂ]ﬁ Z2]0]
ZAEJTGL 9 eH, LynchsS PDGFY
Insulin-like Growth Factor(IGF-1)& ©&o =2
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AFAERA AFAAS W ARHAA A
4 AZ2EH NHIYYE AT 5 9o

oJES TEA I FHUt AT By
At E Lynchs(1991)29L titanium
9ol PDGF¢} IGF-1& A& 3lH
implant 9] A ZFo] WMEA FAHAHE B
Jakih

chitin®} chitosane cellulose TFS0. 2 7}
ZHE AA AAZTA T chitosane S

implant®

AN AL v S3 e RHEREE)
o] =4 3} %J}O]J AEY @ 2o Fy 9

=83 7 AEl chiting 4= A
ste] AR z:% gol d A AA A ZT)
chitosan(1-4, 2-amino-2-deoxy-B-D-glucan)-&
FZA O 2 hyaluronic acid®t FAFSE polyca-
tionic complex carbohydrate@A], A}k
800-1,500Kdo] T}, chitosan T 2] A 3 9]
S FRANFE B8l Ao gla A
AZDTA, AEEHNAS 7AW, lysozymed
o)A A=A} &l (depolymerization) & o] 671
Y oY &A THHTY, o= D-glu-
cosamine®] TUZF A 7F ol et 40%0]/d¢]

T EL=Lw
AT

==

o

N-acetyl-D-glucosamine residues&
g op 1),

o] AFo A vl Z7]o= chitosanFo]
AN thxtol vl Mzl B Bk,
AFJAAAEE 9d, FHANEE 1295 H
H]sH Z%OJQ_ EE@‘],

A, FHEAE BT u

=
-
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oF 3o = chitosanF-o] ol A Zthul 2 ofo)
o gokoy 7dele o AJUTHE. I¥ 1,
o4, 5). old AF}ZHE chitesan®] XF9I
Al e} FAFA LY AEZAS A S
A2W 7+ oJH 1, T chitosan?]

SEeh Felyel mE 9t o e

Do

Rl

Zolgt AZtE T Klokkevold5(1997)9 & o
2 WY JuAHES AA, 02% acetic acid

Iml% 2mg9] chitosane oA A ZF3F chi-
tosan& 2007} Al E A HAEI =xg
J HIY, 2004 chitosan &S wEFHIH O F
W FHA vl & o] YAAA 3
Fo Fo] acetic acidES 3 WA]A chitosan©]
21'5}7“ TEHEE ST & A3 4
]/\1 Klokkevold5¢] &9 7+& 2]

H5tR S W= A E7} chitosan F 9o
A3 A oA chitosan §EE W
02% acetic acid 1ml% 200pgsS Zodx
ol Iml 40pgo] ETEA A oAA A3
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CASAFOLAES W L3 2 7o)
1 chitosanF-o] ol A Z=2]o] AA A A
2 ueod EASHA f4e 919
(F. 1% 3). ol¢} #HE AFZ Van der
Lei®t Wildevuur(1989)17¢] A-+E KW, chi-
tosang& ol EAA sotHor A I
e AHEAS AT, T
AN JARANAEAR 75se ke €4
zo] JAAEEE sto] HAF Q) ZZF o] A

My ¥ ok o
S
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E)
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QE% 8= WA, chitosan® 2 | d}A] &
< oA FH AR ARxH S
‘ELEE—E 24 RS & AT E,
Klokkevold5(1997)° % RE tZ2 79 ©]
ol Alz7 A =gsil oy chi-
tosan 2 A 2| gk wjFH Ao A wjFt AlE
= DA E O EelA] 2 AoE Hot
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ol QJurE o Ao =20

2 chitosane A H-Z

A)
I organized tissue reconstruction<
2ZA AFAFE FINNE AL
=2
AZA ot £ SFAEEE AFAA
i =

X, FARAEEG ¢ }
dl, old TF/H A=

tosanol 714 ‘ﬂ*&L

, AA AL JX‘/I 95%0]401 718
TR B34 2R gk i
E cyclic AMP7} 57F8haL, osteonectm:ﬂ)r
biglycans} 7+ ZHATN AL AA st
J8y 23AXE

qﬂﬂ_ A" IJAHE &
oIt Al E 7}
HEE fi}o}@l Zhzt webd syl A xE
Al Aegts 24449 A7 2
AT Arceos (1991)2)2 in vitro A
oA AFAWMEI} 2E FRRRE AE
[ EAFoZRT o 52 A7 At
gA=s Holm A3zt 44E §

Ea
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Nl

B R ESS
A7t NEASE AR FAADSF
A% A4sE o o189 F Ak &
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Q15 (1996) 2 X FQAhA £} &4 o}
AEe) EFuFlA AFANAL EF)

r-{m bkl
:é

o] daddl w2t |71 dat

E
AT (ALPase)= H|gAoE 7+AE9UT o

218 AE v FojHol ALPase FAHEE
A frobrl 2o FEglol AFAhAl Ee

A el zpolol] fJsir] FEFS W ASE
*@7—}3‘3‘4 Aol A7) AAEHA o] &
27V 7Ase AOE Hol AlPase A E
494 x71d FE2 #Aste Ao=®
SRt 971744 QAhEsEAaE
ANEHEE 7heislste] X387t
ol FaHo=Z Qlito] 9]
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-Abstract-

Effects of chitosan on the characteristics of periodontal
ligament, calvaria cells and gingival fibroblasts

Sun-Hee Kim, Young-Hyuk Kwon, Man-Sup Lee, Joon-Bong Park, Yeek Herr
Department of Periodontology, College of Dentistry, Kyung-Hee University

Chitosan, with a chemical structure similar to hyaluronic acid, has been implicated as a wound

healing agent. The purpose of this research was to evaluate the effects of chitosan on the char-

acteristics of periodontal ligament cells, calvaria cells and gingival fibroblasts and to define the

effects of chitosan on bone formation in vitro.

In control group, the cells were cultured alone with Dulbecco’s Modified Eagle’'s Medium con-

tained with 10% Fetal bovine serum, 100unit/ml penicillin, 100#g/ml streptomycin, 05#g/ml

amphotericin-B. In experimental group, chitosan(40pg/ml) is added into the above culture condi-

tion. And then each group was characterized by examining the cell proliferation at 1, 3, 5, 7, 9,

12,

15 day, the amount of total protein synthesis, alkaline phosphatase activity at 3, 7 day and

the ability to produce mineralized nodules of rat calvaria cell at 11 day.

1.

The results were as follows :

At early time both periodontal ligament cells and calvaria cells in chitosan-treated group pro-

liferated more rapidly than in non-treated control group, but chitosan-treated group of peri-

odontal ligament cells at 9 days and calvaria cells at 12days showed lower growth rate than
control group,

Gingival fibroblast in chitosan-treated group had lower growth rate than in control group but

the difference was not statistically significant (P< 0.01).

. Both periodontal ligament cells and calvaria cells in chitosan-treated group showed much
protein synthesis than in control group at 3 days, but showed fewer than in control group at
7 days. Amount of total protein synthesis of gingival fibroblast didn't have statistically signif-
icant difference among the two groups(P< 0.01).

. At 3 and 7 days, alkaline phosphatase activity of periodontal ligament cells and calvaria cells
was increased in chitosan-treated group, but at 7 days there was not statistically significant
difference among the two groups of calvaria cells (P{ 0.01). Alkaline phosphatase activity of
gingival fibroblast didn't have statistically significant difference among the two
groups(P<0.01).

. Mineralized nodules in chitosan-treated group of rat calvaria cells were more than in control

34



group,
In summery, chitosan had an effect on the proliferation, protein systhesis, alkaline phosphatase

activity of periodontal ligament cells and calvaria cells, and facilitated the formation of bone, It is

thought that these effects can be used clinically in periodontal regeneration therapy.
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