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Abstract: Chitosan, a poly-saccharide, has been widely studied as bone substitution and membrane material in peri-
odontology as well as orthopedic apphcatlon Tetracycline has been considered for use in the treatment of chronic peri-

odontal disease and gingivitis. The aim of the present study is to make a comparative study of

two ways for fabricating

chitosan membrane containing tetracycline and achieve sustained and controlled local delivery of the antibiotic to the
diseased tissue. Two types of membranes, non-woven and sponge, were fabricated with various concentration of tet-
racycline. The tensile strength of the chitosan fiber was tested by Vibrodyn and the membranes were tested on a uni-
versal test machine. Streptococcus mutans were employed to examine the antibacterial properties of the membranes.
Body-safety of the membranes were determined by the Salmonella Mutagenicity test, the micronucleus test, the acute
oral toxicity test, and skin patch test. The sponge type chitosan membrane was found to have an excellent tensile

strength.

Keywords: chitosan membrane, tetracycline, guided tissue regeneration

=

]— ]———2:5]'—‘—- =
Ao=w ¥d}t
%2 = J—Z‘]Tl'
zpkar A

71 EA
Se 7R

1.M B2 4 2t}. Shigemasa 5 7|ELbo] AE 3
go] gle TEAEA /‘gxﬂﬁu Fgol 7%

ZAEre o] 43 ZASGE A &4 (guided tissue Achz2]. Wb F1EAkg o) &%t %ﬁ‘—é A}
regeneration, GTRyS XFA&C 2 H@ AFZ2HE & = A AlEe HLFoEA o3
HHog AYANINE AE FEAHLRE v} dibHoR A o] 87=ZA] 97| W& FAte] E%%}‘"}’ 73 A A “l"%‘é‘
T 2A9 o Fde AF Y Sl 2AE Tl 4R AN F e Zdel Utk & Klokkevold=

} £5o) Aol7t $7] W B =7t =2 2HE o] A¥ &Fol| 3l AU, Azad
< AFEA AT 5 Ue AL e F= Aol = 4 As FR sl dial A7stAvh3,4]. Park 52 7

231t} Claffey 52 X5 A&% S
st} Ay AEz=RE APt A &

T
=

el

Aoz HABTH]. 71 EARE JIRE e

millipore filterS A}-8-

=7 5 235 B ZX o]&o] 7tF
A 4 J=EE e F dHo] aF

3} (depolymeriza- morphogenic protein, BMP)

Ejbo] Eg A IE AWz, Ll
sta, xR A43AA (platelet-
derived growth factor, PDGF) % Z ¥4 @3 (bone

55 2 G 3

S e A 24 EEY

tion)stal, F-HE2 02 golA 3} (deacetylation)dt Ao

A& N-acetyl-glucosamines} N-glucosamine®] &% ©]
ok 719 A Al e 3R AA, vET)e 2
o ZEF Byt o7 wiAlel}t AR A #H Al

=

T AAAe d] EEsIL Slo] TEARE dAl de

.
x4

+ Correspondence to Bum Hoon Lee (bumhoon@freechal.com)
(©2005 The Korean Fiber Society 1225-1089/2005-3/155-06

155

o] golaltty B T}5]. Wb Khor 5 B2 A
FAEo] FUAEF APk v 5 tFe 59 4
A go] 753t 71EAtd] dish X2 2 FH L5} fofellA
2 A7yt AW U6l
39, Drisko 52 X5 A& A7 F7F Al ¢
7d9A A3to g 71AAH AE AAY HAH Z2 =
Ho g AT AMNE FATozN A B 4T
22N £ AT, 71AALA A8 AAE €249 7

"=

il W r&'ﬂ

2=
M



156 3714

o] Wol F9HI, FE TE0] o] & EYd= a7
o|A] Faf A gxe] ST Jukar BISIATHT.
A QYL BT Fo] Wo] oy Wil A o)
FEE A A8 B2 g FEo] Foigojof |
olZ Qs AA W ThE FHoA F2Fgo] dojd 5= 3
t}. Michalowicz 5& ©]2]g EA1H-E /N3] 9l
Algo] &ol3t AFF oA kEo] 4 oA ¥=

WEE L, AF Z2H ] 2pFo] glo] ¢ds] AR e oF
=AY AR shdel sl A7t ths]. BlES|F
d, Al Ed, SREIXY, HEZVUTE 5o AF
A% 280l 4] A7E T JE FYAEIh o|F HE
o)l E e g a3 Qo= gost SAES 2k 9l
= A2 d#A At} Somerman T Aotd FTHo} A
Frotl 7 R3ske g FAA7)e 4L g By

3L, Golub 52 WA Ha&) @i 3t A&7}

Aot HAEHET, T Goodson 5 FAAHOT ©F

e FA3EE o AAFY 4L Fevy BasteE
o

T AF AR F-83A4 AREL Je FEo|TH9-11].
2 APl e AR AAEZQ JEAS o &3y
A Pele} 2FA] P 2QdehS A zste] Zzte

et HEZR|EHE FHAA XFEE NFEE 9

g 715 F1EAL AahS Alzsk Aduke] S0 o)

s #H7tstdo)
2.4 g

21. AR W Alef

AEZ= Yol (degree of deacetylation, DD)7}
98.0%°1 3L FAIBEEA ] 400,000%] 71EA A& (LT
HEHAE), F=HE ARSI 71EAe] Srjge of
AEARA B, =S ARSI, B RS HEDR
Ao ZU(F 2T, TS ARSIt 2 B e zE
FASEF, &2 A8

22. 7| EL MRo| M=
2% OYFEAL 3.5%(wiw)e] 7)EALS LEAA 7 EA
dopeE A|lx3lq o3} - XS dopeE AHYEZE A3}
o 0.1 mmX3,050 holes?] =Z& E3 d& &2 WA}
STt FASRIEF O 2 o] FoF 1A} S oA T3],
ABAIZ T, FEROA AR, A T AR 7| EAF A
FE AzsA).

23. A ZE xphatel M=

71 EAY A K-8 crimperg A&t X 8~1070 ¢
crimp?t E171A crimpingdFA T}, crimpZF E017F 7| EAE
AFE 50 mm ZolY FHHFZ AE T carding”] & A

ColE - ofHE - WIS - AUT - B - BYE - olg2

sto] o3 Fo g W
AL o YEo] B2 JA Ast

A F83 57 =HA Aok 83 F4 € & 24
E ZA 2 100% pick-uplE I
Z3k3irt.

24, 2EX[Y xjchatel M=
2% O EA 3.5%(wiw)e] 71 EARS S31A1A 71 EA
FEAE AzEA. 7 EA F8AE AFHEZ 74gs)
o g EA)ste 7|5 AATFAT. 20 mie] &4 F
7 10 cm] petri disholl %3 80 °ColA F&5¥%F 3 48
AIZE B9t EARSIE 7| EA 2EXE A SR A
ZH 2EX Yol EAshs oM EAS A A ek
INEA 2EAE 0.5% FABIEF G0l AdlA 24)
7HEet 3R, FoE & SRFZ F83] wAsHT 7| EA
FAPIEFE A A AT F4ksh
EF Y3 F3} o]el 52 ARH 7B 2EXE o
EhgolA 2417 AA|ER I, YAl 70% NEHE, 50% o8
< T8 Zz} 3088 AXAA FIhet & FRFE
ZE3) FASAT 919 2o o R ofA|EAT} A
U EFo] ¥ AAH 7| EA AEZXE 80 °CollA F&
YT 5 2447 B BAARSE 1 EA AEAF A
Fe Azt AlzE 7| EA 2FX) apdEke 242t 0.,
, 0.5, 1.0%2] HEZHo|EH] g/ SFHo 108

, 40

18

<
[\
h

ZF JAANA FE3) F7F HA & F, 40°ColA AF A
Z3At.

25 M 1= &H

Az 7185 2ptete] ¥l et R Z 22X SEM(X-
650, Hitachi)& ©|-&-&t] #Z3lth. A% gold coating
& 3 F 25kV9] beam-voltage 3tolA #HZ31t}.

26. 714X 24 §3

ZNEAF R4 71418 5§42 Vibrodyn (Lenzing AG,
AustriayS ©]-8310] 26l oju] AREE A|E= 10 mm
9] 2H|o]Z& HE|Z crosshead speedS 20 mm/min® 2 3}
o FPsRen AE S/ R3S T 19z
L8R, S8 1071 ©]/de] A5 digh AZe
e Fsth. 71 EAF xpehete] 1 AnE Al g
7] (4501, Instron, USA)E AHE-3te] ZA4 381t Zh2he] A]
HE 20X5mme) =782 £8)8, crosshead 37FEEE
2 mm/mindte] AlAG 10709 Al H-E 243t HFAE
T3ttt

S 4787587, 427 AB3E 2005



HESelFaS TR sy 7IEA

27. 824 &3

FVEAF xptare] g a3 AE-S Grzbowski 5o 9
3 Agtd Fad Hrpgoz AssnH12]. Al A
23 gF= XofF $2F AAJF Streptococcus mutans
g o] &39Z, Mg Mg 2 HEY T brain heart
infusion (BHI, Difco Co., USA)S AH&-31%1t}. 30 14 BHI
v oFell 100 149 Streptococcus mutansdS F A 244
7 wiokstath. 12 well plateo] 1 mie] wiFs #& ¥,

g7 A3 10X 10 mmé] AES F2 §F, CO, 3719
A 37°ColA 247 7F wlgEtch AER FA wjgE Wl
JA-g 10000} AT F, wlg] EHIE BHI v gdol] £
e A S wiR|e| ZmEted 24A17F v skt @A
4 colony 5 7I-E 31, apdate] &w8-E ket
2.8. SlA[otE M Al

EAEqQuo] Al¥: 7| EALY] Edd0] 5 S A
7] 913t Salmonella typhimurium TA98, TA100, TA1535,
TA15379] histidine 874 #F5 o&3 EFAEAR] A
e A stk AHY 2 oA (S9 mix)E A
2310 5,000 pg/plates HTA T FER AL FH] 224
5aA9) AFEAY TR 89 fEE, FE dxes X
FAA AP EGHo] Fd5S AT

A AP oA ko] dFe s 6739 ICR
mouse Wxa o) Wt HHTLE o] @ ek AHAHLS A
sk zt FA2T sukEle SES iR ses, LD50
ZH(5,000 mg/kg ©1’hHel 112 F=< AEH 2,500 mg/kgs
Hpgego = 3k, 1,250, 625 mgkge 39HA TFEE 3
Az} 7o) B2 NEHE AF AEE ICR mouse®l F
o&nt a8a SRS AT £ & dixs %
1 mg/kg MMCE 87} 53t A dlzas & Agd ¥
TAIA AgH 3t A3 FHLES AT

FAAT BN APHY FAEAHE A7) A8
o Yz B AFEZR 5000 mgkgs 559 ICR
mouse &, Azt 108]0] B7-FoiE SdE 9 1
3] AT Bl 237 AlYE, duks, ASHEE B
st

- A=) AlP: A FES 1.5cm
29 9% Ao ¥, 2 o FII7F FFE T UE
45% gy E RIS F 48A7F A Fol AFH

o Wi zHE AL SAWH O Z D-stage S =
/\}0}3—, ol4tol 1 Aol Wizt = HA (pach)d F-9]
o] ¥ g zel7} £E-S SUMP (Suzuki's universal micro-
printing method) ¥ 2.2 AZect A2 EE2 AV
stollA] Ao HEg FaAste wWgsta, AR 20189
NEAFAFELE control AFAGE 7H4beh 2] A4
2 9y Aoz ) FR2oR FFFE A4 WA

=

Textile Science and Engineering, Vol 42, No. 3, 2005

ApdEre] Az 157

oA E AHEBIR L, WA JES §4, £, T, ¥

49 4dA 2 FH.

31. 7|1E4 R ¥ xichatol EI£1 £
B A7 71A1H E4 S Vibrodyn (Lenzing AG,
Austria)& Ol%okﬁ éé}ﬁit} Tabel 19 2313 7)EAF
/\-] o _/] 7]—1::L‘ 7’| E’L]QI__/] -1t:7]. 7-7}.61~/‘§ 71—Atﬂ-%
BHAA, AEE %ﬂ@ %% F it A AR )
NN EEHE F7 B Mfo) AErt F7teld
LA 2 h«l Fee& et gstgo] ue
A BH%“ o] Zrasly] wiEel AoE wekETi14].
FEAF 2pgkete] b ke = vheAl 8 7] (4501, Instron,
USAYE AHE-8le] 2743ttt Table 29 Viehd viel 72
o] BARTY 7| EA aptute] AT E 0.3~0.4 MPa®]
#He Uet Iz, 2ZXF 7 ELS Adee] A EE
2.9~3.9 MPa®] Z+-& Yellt)h. 71413 B4 SHedM e 2}

l".,_z ‘W

}'._, o

Table 1. Physical properties of wet spun chitosan fibers

Specimen Linear (.iensity Tenaci.ty Elongation
(denier) (gf/denier) (%)
CF-1 1.05 1.66 79
CF-2 1.21 1.65 8.8
CF-3 1.30 1.60 9.6
CF-4 1.49 1.58 114
CEF-5 2.01 1.50 15.7

Table 2. Physical properties of chitosan membranes

Specimen Tensile strength (MPa)
Non-woven chitosan membrane 0.3~0.4
Sponge chitosan membrane 29~39

Figure 1. SEM of the cross section of nonwoven chitosan
membranes (x200).
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Figure 2. SEM of a cross section of sponge chitosan membrane
(x100).
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Table 3. Antibacterial effect of chitosan fiber and chitosan
membranes on Streptococcus mutans

Strain (Streptococcus mutans)

Biostatic

Start 18 HRS reduction
(cellssml) (cells/rml)  rate
(%)

Blank 15x10° 62x10° -

Chitosan fiber® L5x10° 14x10° 836
Non-woven chitosan membrane® 1.5 x 10° <10 99.9
Sponge chitosan membrane® 15x10° <10 99.9

*Pure chitosan fiber without antibiotic, “non-woven chitosan membrane
with antibiotic, sponge chitosan membrane with antibiotic.
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Dose Animal Body weight (g)
(mg/kg)  number Day 0 Day 1 Day 4 Day 7 Day 11 Day 14 Gain
0 1 24.6 25.8 27.0 29.1 30.1 30.6 6.0
2 23.9 25.1 27.0 29.0 304 30.8 6.9
3 24.6 26.2 27.7 30.2 31.3 32.2 7.6
4 24.1 25.3 26.2 28.3 29.6 31.0 6.9
5 23.6 25.1 25.9 27.4 29.3 30.7 7.1
Mean 24.2 25.5 26.8 28.8 30.1. 31.1 6.9
SD 0.4 0.5 0.7 1.0 0.8 0.7 0.6
N 5 5 5 5 5 5 5
5000 6 25.0 26.1 26.5 29.2 30.7 324 74
7 24.8 25.6 26.4 282 29.2 30.9 6.1
8 252 26.1 26.5 29.0 30.3 32.0 68 .
9 249 26.1 27.6 30.2 325 329 8.0
10 25.7 26.5 272 29.3 30.3 317 6.0
Mean 25.1 26.1 26.8 29.2 30.6 32.0 6.9
SD 0.4 03 0.5 0.7 12 0.8 0.9
N 5 5 5 5 5 5 5
Table 5. Body weights of females
Dose Animal Body weight (g)
(mg/kg)  number Day 0 Day 1 Day 4 Day 7 Day 11 Day 14 Gain
0 1 20.1 21.4 22.1 23.8 24.1 25.1 5.0
2 20.2 215 225 232 235 25.0 48
3 20.5 20.8 21.6 23.7 25.2 26.4 5.9
4 20.6 21.8 23.1 245 24.1 253 4.7
5 21.1 223 226 24.1 25.8 27.0 5.9
Mean 20.5 21.6 224 23.9 24.5 25.8 53
SD 0.4 0.6 0.6 0.5 0.9 0.9 0.6
N 5 5 5 5 5 5 5
5000 6 19.6 20.2 20.6 21.7 23.5 23.8 42
7 20.6 20.6 22.1 23.0 233 24.8 42
8 21.2 21.3 20.8 222 234 24.0 2.8
9 21.1 21.7 223 232 24.8 25.6 45
10 19.8 20.3 21.8 23.1 239 24.8 5.0
Mean 20.5 20.8 215 22.6 23.8 24.6 4.1
SD 0.7 0.7 0.8 0.7 0.6 0.7 0.8
N 5 5 5 5 5 5 5

Textile Science and Engineering, Vol. 42, No. 3, 2005
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