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Antitumor Effect and the Change of Chemosensitivity of Chitosan
in Human Lung Cancer Cell Line

Rho, Sook Nyung - Hong, Jeong Yeon
Department of Food and Nutrition, Chung-Ang Univesity, Ansung 456-756, Korea

ABSTRACT

This study was designed to investigate the antitumor effect and the change chemosensitivity
of chitosan in 2 kinds of humen lung cancer cell linesqNCI-H522, NCI-H596). To evaluate
the antitumor effect and synergistic effect of chomosensitivity, MTT assay was used in vitro.
Then anticancer drugs used were cis-platin, ectoposide, and adrimycin. The results of this study

" were as follows : Chitosan showed in antitumor effect on both NCI-H522 and NCI-H596.
The lung cancer viability percent for NCI-H522 and NCI-H596 showed at the lowest levels of
5.31 and 5.33% when the concentration of chitosan was 25mg/ml media and the exposure
time of chitosan was 72 hours. IDsg, value of chitosan on both NCI-H522 and NCI-H596
showed at the lowest levels of 14.07, 11.68mg/ml media when the exposure time of chitosan
was 72 hours. The synergistic effect of chomosensitivity was better in NCI-H596 than in NCI-
H522. When the synergistic effect of chomosensitivity was shown according to the kind of the
anticancer drugs, in case of NCI-H522, in the concentration of 100pg/ml, ectoposide showed
the highest synergistic effect of chomosensitivity and then was adrimycin In case of NCI-H596,
in the concentration of 100pg/ml, the order of the synergistic effect of chomosensitivity was
ectoposide > adrimycin > cis-platin and in the concentration of 10pg/ml, ectoposide>> cis-
platin>> adrimycin. It is concluded that chitosan is an active antitumor agent and is increased
chomosensitivity though there is difference according to the kind and the concentration of
anticancer drugs. But to be used to lung cancer therapy, further studies on toxicity, the mech-
anism of action, animal experiment are wanted. (Korean J Nutrition 31(4) : 739~746, 1998)
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AAP2A 1 &7 vl$ Y} E3] chitosan
L& W 28 g8 Ad A=A FgEAst e
Rog o8] AFFHe|A BaE 1} F, F 5L
N Ao| M F&3te] HE chitosand PH-29] o]
213} sarcoma-1802 ©J-8-8}4 in vivo} in vitrodlAl
g &7 ¢ HY 75 vAe dEs A4S A
chitosan 0.04mg/gFJA] 13 B X && B4
o8 in vitro Aol AXe EAZELE A9 AU
A9 248 Z7zIdn Bostsn =3 gtk 510
9] d3 AFAE chitosan 0.05mg/g $94) €%
3 29k 24 A4 A2 By g} ¢o) g5
Aol Aol Faletn a9 &8 HAE = e
AN 2L A Ago] dujejete] BdAFAE H
S 28 o B4AT 71E dA g0 ¥t 2H
Al AxsAdRths A9E4 S o &8te ¢E A8
e AL o Yuigle delgt & & vk E3,
ZE7IANA 1 F2% I HY tiRE Ado]
o ¢ A7 Brbed A9t d=HeE gu
AR e ot gata el 2 ukgahA] kol X7 A
9] Brpsdt Aoy,

BA7A chitosan®] FEaT} gt =R EL
R AR oA AA] gl gt A ztol| B3 AL
o] Folx|A] & AAelt}, olyg AHAM chitos-
an®] FHYHET gt gL EF ARE 2B
2 AL F YojA vl s Z gnj7t A& HolE} A
Zrgh. E=g ARzl 7P Bol AMSEH Sl &
o}A|9l cisplatin, ectoposide, adrimycin 59 7+
Aell chitosanol "R AEE FAIgtozH A2
o7 3otalsl e chitosano] HEE F UEAE
ZAtR AL gt

mepr] 2 dpol M ARAREE FEF chiting
FAE o] &3t RelAlzl 74 chitosand ¥ A
FE 2olr 7] 93 in vitroold MTT assayE £l
2ZF59 A HGMEF NCI-H522, NCI-H5969)
& chitosan®] FFEHE AR T, ET SHdA]
cis-platin, ectoposide, adrimycin ¢ 7+5Adl 1]
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1. 48N

1) Chitosan® §Z
Ao AMRE 7HE-A] chitosan Fig. 13} Zo] 9
g9 gAZRE 2T chiting ZFAHE o] &3}d]

I 724 Chitosan I
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Fig. 1. Flow chart for the manufacture of water-soluble chi-
tosan.
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2) gME
HHEE NCI-H522, NCI-H596 2709] #ig A=
& TUl F5HY SEATENA EFLL slojrt,

3) Mg ¥ AY

oA Ee] wjekel-e RPMI 1640(Gibco Laborato-
ries. Life Technologies. Inc.) ZZuljxle] fetal bo-
vine serum(FBS, Gibco Laboratories. Life Tech-
nologies Inc.) 10%& #7Fst3 phenicillin} strep-
tomycin®] 22+ 10,000 U/ml¢} 10mg/ml 431 =i
A& AMLE T} Chitosand] FIEFHE ol 7| ¢
3 MTT Assayol+= MTT kit(Boehringer Mann-
heim GmbH, Germany)& AH-3t%t}. 125 gkt
AZE dEAfol A AT cisplatind 2.8 A 2kol]
A A& ectoposide, adrimycing AHESATH

2. 433y

1) Ng 9 TN

Chitosan2 RPMI-1640 s} 1ml B 25, 12.5,
6.3, 3.1, 1.6, 0.8, 0.4, 0.2, 0.1, 0.05mg/ml2] 107}4]
FEE Y3 Als 2 Yt

2) M EHY

£ d¥odAMe Fo 253 FdAdTAoAM B
w2 NCI-H522, NCI-H596 2719) #HoF AEF-E A}
L3kt

AEFEL RPMI-1640 Z2ulA]l] fetal bovine
serum 10%E #713l1 phenicillin® streptomy-
cin®] 2tz 10.000 U/ml1¢} 10mg/ml 41 vk o=
tissue culture flask 25cm® style(T-25¢cm? flask :
costar 3055), tissue culture flask 75cm’® style(T-

=
T



75cm® flask : Costar 3375)& AH&8ld 37C. 5%
CO, A Z8E7)(CO, culture incubator ; Quene sys-
tern, TM)ellA] vhoFghct,

3) BN Y OBt Chitosan®] P Aot Ust MY

T-75 culture flaskell =& BEAZFE PBS(pho-
sphate buffered saline)2 A|&&t1 trypsin-EDTA
(Gibco BRL) 2ml& 718l AXE ZAINF F
Zo] media® 7Pl F3AZ1 £ 1800 rpmellA
5% FAEIAA AEdL AASA o|FA Fo
AEE 96 well plateol] welld 10719 NE HES
Al 24~48A17F B3R 10717] F&=9) chitosan©l
718 iR 2 w3l 24, 48, 72, 96 AR FL 71
wloksldth, 28 F Alzh] WE AX AEE v]E(d
£-8)& MTT assayE 345G o2,

MTT assays MTT kit(Boehringer Mannheim
GmbH. Germany)& AH&3stg=t a9k, MTT
(3-(4,5-dimethylthiazol-2-yl}-2,5-diphenyl tetra-
zolium bromide) &9& ZF AZF7} e well®
1008 Y1 4xZHEet 37C AlEfg7|o A wigAIZ
% gsolubilization solution(10% SDS in 0.01 M
HCDE 10004 H7tsted AEajgziols b5 A
vherA]Z T, 28 & microplate BE71(BIO-RAD
Model 3550)2 590nmolA &35 455t
249 FFEZRE olee} go] Y& A v
T3}

tlo 4

&
Percent of viable cells(%)

_ optical density with cytotoxic drug
optical density without cytotoxic drug

%100

4) 1Dso(Inhibitory Dose 50) ¢S M&

HY MES tigh 1D, 32 Jandel Corps.®]
Jandel Scientific Tablecurve, v 2.10 program®.2
AEHAPO,

5) BN EFO O St AN Yoy T
BAXEFE 96 well platecll welld 10718 X E
A1 24~48417F vlkdt 2 cis-platin, ectoposide,

adrimycin & 242 #F%=7t 100, 10, 1, 107",

1072 10 ‘ng/ml2 A7 wiA 2 W @g F 1247 F
712 o) st o|24) 7t uide & AEAE
&L npast 2 MTT assay= SA3H9ct

2 B e gk 31(4) 1 739~746, 1998 /741

6) Chitosan®] ¥ U2yl 0Nz 2 £

D& YEME chitosand 5EE Alilsle &
g2 HrtE gdAler Z2o] #ulsth 5, 96 well
platec]l ZHEE 107) A& - 24~48X)7F w3t &
chitosan®} FEEZ 348 A7}t Hrid w2
mgste] 712 1247 o wigsig) o 3 A
AEEL wh7EA 2 MTT assay2 5335

3. REY N

Zt 24AE 3 o} SAHE X BEEY B
#H EFoxE #ASE I chitosand) %7 %A
Zhol w2 X AEEL SPSS packageE ©]4-3)
o BAAMH o, BAEA(ANOVA)Z f9jat
E AFstx, foart de 35 disiMe Dunca-
n's multiple range test® ZHr7+e] {3 AS8)
k. aekaAlnt A71eE F3 chitosan®) ¢S 2ol
H71e 239 foA #F2 student t-testS o83t
At

U Nt

1. § M EZf St chitosan®] B AL

#He A EF NCI-HH22, NCI-HH9%6S tide = chi-
tosans 10714 FE2 A slEA wjFAME 42
24, 48, 72, 96 A|7to.2 ZA ] £ A¥= Table 1,
29} 2t}

Table 1814 BE vFe} zro] NCI-H5224 X504
chitosan®] F9F I chitosan® %3} =Z A7
olEehg B F AT

BE =ZAIZk) 2lelA chitosan 25mg/ml me-
diag 7FHEE A FYHOR b e GHE A
Z52 B4(p<0.001) dtawst s =A JER
oo A Z chitosan® FE7t Wl dTE dAE 4
E£50) 78l It daste S 2o
(p<0.001). Chitosan k&A1 7tl| w2 SHE AEE
& v)w§ A7 chitosan 25mg/ml mediasE %
2 24NN E GAE AEBC] 20.66% A= 484
7l AdeE 18.63%, T2AM0lE 5.31%2 frede=
AHE FEEO] 7adld dQEAY} TR Ao=
Yeht o} 96417 ¢t =EAZE A5l 10.97%=
GAE PEFo| 23] FASHA FlstA ddEH
7} 242E & 5 AP <0.01). ol Alzte] A
o whel AES AT F2o] dojit Ao 2 FAHH
t}. Chitosan 12.5mg/ml media®l = 4847k 72
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Azl Feldog 71 v GAXE AEES HA(p
<0.01) a7} 7P ZA el 6.25mg/ml

mediadlHE 724700 FoHez 1 e GAE

AEEE 29(p<0.05) FFadrt 7P wodet 3.13
mg/ml media®|dte] FEFEE ZE =27 o]
A GAX HEEC] W% S AAFEE A EE
71tiE = gt

Z NCI-H522 A|XFo|A] chitosand BS22 %
FEe AEanE Jepde o £ Y= chito-
san?l IY&IE= chitosand] YT =FA| &
HolHoh £ HAES Tt dgdEst 7 2 chi-
tosan® FEE 25mg/ml mediafla =&AL 72
A|zro] 713 AAE Ao 2 eyt

Table 2914 B u}e} 2] NCI-H596 Al X4l A

chitosan®] AFEAE AL £ A7} NCI-H522¢

obH7 R 2 chitosand] #tE %+ chitosan®] 43}
wEAZ) 2GS AT 5 ANt

24N7 =ENAE 7% chitosan®] ol T2 A
¥ AEES 4By 25 125, 6.25mg/ml media ¥
Lol 4zt 2862, 7541, 87.41%2 LAE AEE
Fod oz Frste gdast wedidd vet A
3ttt 3.13mg/ml mediadl A= 75.53% = thA] 24
3lckrt 1.57mg/ml mediacldte] FrolAs GAE A
Z80] 90%oVS AAF AdEt JehtA] gk
THp<0.001). 487171l M= 25, 12.5. 6.25, 3.13mg/ml
media FEAA 22 7.01, 63.66. 74.99, 84.16%%
- YAIE AEBo] FAAOE FURIHL 1 olske] §
ol ME foa7l ANRTHp<0.001). 7T2A1ZF 964
7+ =& A& chitosand] %o] Z718 & AT A
E&o] QoA AFe ehitHp<0.001).

Chitosan &A1 7tol W2 YAE AEEE v
A chitosan 25mg/ml mediadl A% 24X7F B¢t
2L o GAE BELo| 28.62% 50 12417
o 5.33%% #Ad wFATre] Ho|ATE YR
7} F7sta o) ATl E 2318 10.27%2 I
A7) Aags #FY + AAHP<0.001). 125,
3.13, 0.1, 0.05mg/ml media®) FEolAE A7t u}
2 f94371 Ak

-

Z NCI-H59 A¥Fo|ME chitosane BEOR
2823 3ot Ade nozon ozt ety
chitosan®] %3} =27k o&Ho|r} & A&

E3}o] gt rt 713 2 chitosan®) FEE 25mg/
ml mediagl 28 &AM 7241700 718 HAEd A

o2 et

B A R B e st 3100): 739~746, 1998 /743

2. 1Dsp M NE S

IDs 3t A7HE, = M XF749] chitosan®] &9
o] v)me}, 71&¢] 83} FebAlel chitosang ¥4
S u A Bl ot A v E Dolr
71 98 AEsAh 7 AEFY Do 3 A2
Jandel Scientific Tablecurve, v 2.10 program' 2.
= sck |

IDs #& A& A3} 2712 MEFA thzto] 72
Azt WAl Dy gtol 71 kol T241Z¥0] chito-
san =FAZte 2 71 AH™e Ao vyt NC-

'H522, NCI-H5969 thdt chitosan®] IDs #:& 22

14.07, 11.68mg/mlZ NCI-H596¢] NCI-H5221.th
ztel o WA vehy chitosand] s NCI-H5960
o 973 weS BYE #EE 5 YA (Table 3).
Chitosan¥} 3¢t#)e] HEATE dolr 7} §siN A
7F8 chitosan® %& 713 28 [Dygkl 14.07, 11.
68mg/mle z+7 A5H ERA A HHEPES
NCI-H52291E 14mg/ml& A7kel5, NCI-H596
& 12mg/ml& F7 skt :

3. Chitosan®| ¥4 Y4y 01X B
HMFEFol st chitosano] FA 744 1
e 2 ZAR| B Zyb= Table 4, 59 24,

1) NCI-H522, NCI-H596 MEZFUN cis-platin®

oot 4489 Y _

Table 49 5904 ueld Hie} 7o} NCI-H522,
NCI-H596 AEFo 24zt 9 cis-plating 7181
£ AL (2T F AEF 2T cis-platin® &
=9} ST HEEL §F HSUAE BYoH 55
7t BL25E GAE QS E0) Yo} Atant Fu
S R F AU ‘

NCI-H522 A<l A%, cis-platin®] 2 F&rt
t} chitosan®] D3l 14mg/ml mediad 2715 &
o} 23 ulwatE o cis-platin 100pg/ml %
dAE GAE EEC] FAA FoHp<0.05) £3]
# cis-platinel g FLA TFAS FarR o

Table 3. IDs, values for lung cancer cell lines according
to time of chitosan exposure = (mg/ml media)

Time of IDs, of chitosan on lung cancer cell lines
exposure (Hr) NCI-H522 NCI-H596
24 16.57 18.60
48 15.05 13.38
72 14.07 11.68
96 14.14 13.17
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Table 4. Lung cancer cell viability for NCI-H522 to anticancer drugs and chitosan(14mg/ml)

(%)

Conc.of anticancer

drug(pg/ml) 10° 107 10" 1 10 100
Source
cis-platin "9279+6.02 8835+1.78 8477+2.88 7891+104 2665+209 10.68+0.38
cis-platin 47174410 41.63£3.65* 42174162 4358+0.88** 2243+269  13.412+037*
+Chitosan
Ectoposide 95.01+4.44  9052+148  89.08+153  71.02+£099  49.53+1.25  49.60+0.66
Ectoposide 54.78+4.53* 51.10+2.62* 5397+0.91* 49.5241.44** 49654357  39.11+221*
+Chitosan
Adrimycin 91494527  78.80+3.27 7344565 51.11£647  3601+477  26.67+1.75
Adrimycin 43254085 51.52+0.89% 4691+240* 40.62+0.69 30334200  20.47+0.45*
+Chitosan
1) Mean+S.E  *p<0.05 level  **p<0.01 level
Table 5. Lung cancer cell viability for NCI-H596 to anticancer drugs and chitosan(12mg/ml) (%)
Conc.of anticancer
drug(pg/ml) 10° 107 10" 1 10 100
Source
cis-platin "98.04+032 91.92+1.13  8580+4.12 61831560 4423199  8.73+0.68
cis-platin 47.63+2.76% 47.55+2.06* 41.94+029% 4257+040* 16.44+228**  3.70+0.43*
+Chitosan
Ectoposide 98.40+0.88 95.79+0.84  87.57+147 65634478 65.26+234  51.87+2.56
Ectoposide 51.95+0.60* 46.92+1.65** 36.19+10.23* 48.96+-0.99* 1503+0.38% 15.44+1.52%*
+Chitosan
Adrimycin 98.35+5.51  86.72+4.08  7356+039  54.35+1.26 38.00+4.65 19.96+1.86
Adrimycin 52.67+0.28% 4574+2.17% 4582+034* 46.67+1.81* 13.76+0.69* 11.13+0.49*
+Chitosan
1) Mean=+S.E *p<0.05 level ** <0.01 level

lag/ml ©]819) FEdAE GAE BEEo| G2l
2ot (p<0.01). 22y 1pg/mle] B% olatolA] chi-
tosang H7HE o 50%4 =] YHE BEES Bl
AL chitosang 1Dy LR H7IGE Aol 7]A% Ao
2 2 5 7] dEe] NCI-H522004 chitosan®} cis-
platin¥e] WL ERE 7|5h7]= o)l & Aot
NCI-H596 A23<1 7%, cis-plating] z} Hxv}
t} IDs ¢! chitosan 12mg/ml mediad #H7}et 2
o] g2 vl L 9 chitosanS H7}13+ To| BE
TEAA FoHeg FHE QEEO] WHAHp<O.
05). WetA NCI-H596 AEFA] chitosane cis-
platin®] 4SS S7HAEE BEE F A

2) NCI-H522, NCI-H596 M EF°IA ectoposide®l
Ojet Y449 v
Table 49} 5049} o] NCI-H522, NCI-H596 Al
F3ol Zkz} 39bAl ectoposideE 7HEFRE AL (dx
) F AEF 2FNA ectoposided] HE9} ¢HHE
AEEL §F S AAE B3on L) 5848

AL JEEE o} PAEAN} S71HE BAT 5

UAART

NCI-H522 A2 79, ectoposided] 27 5=}
o} chitosan IDx&t¢] 14mg/ml media & #7135+ ol
=73 ¥ 2 §S 9 ectoposide 100pg/ml =04
SAE AEE] 49.60%°04 39.11%Z 10.49% 24
gt gtEIst oAl 7SS ¢ 4 A
(p<0.05). 10pg/ml FEAME F-97 27} gigien
lpg/mloj8le] FEAME GAE WEF] fFolats)
woko) ojue] FME AEAALE] S0%ALEE L
ERBZ lpg/mlelste) FEoA= chitosandt ¥4
EAE 71U 5 gl8lc) belA NCI-H522 HlE ol
A chitosan ectoposide 100pg/mlE=3lo4] ecto-
posided] A4S TS B 5= Sl

NCI-H596 ME2520 7, ectoposided] Z+ H&=a}
T} chitosan D&t 12mg/ml media$ H7Hs+ 2ol
2wy} B PS o ectoposided] BE HiolA <
AE BEEC] folatl ¥ghon(p<0.01). 100pg/ml
ol FAME AEEC] 51.87%CNA 15.44%2 36.43%
242391 10pg/mldAlE HE PEEF0] 65.26%0)
A 15.03%% 50.23% 228024 chitosan®] ec—




toposided] #43-& A F7MAHEE € F IA(Hp
<0.01).

3) NCI-H522, NCI-H596 MZZFN adrimycin®l
0ot Y4e99 i

Table 49} 50149} o] NCI-H522, NCI-H596 Al
E3o) Ztzt YA adrimycing 71H9E A (U=
) F AEF EFA adrimycin® =9 GAIX
REEL 47 HAAE 1Yo F27 58 5
UM E BEF] Yo} etanr) Fo1s #2E
At

NCI-H522 A|E£F<1 79, adrimycine] Z} F%7}
t} chitosan IDs ¢! 14mg/ml mediag 713 &
o] 23} H|ZFE 9 adrimycin 100pg/miclA] &
AE PEE°] 26.67%9H 2047%Z 6.20% A3t
o gLaRr} FosiA FHEE & 7 AU p
<0.05). 10, 1pg/ml FEIME F24 a7t 9o
10 'pg/mlojate] FEAME GAE AEELS st
A 7438921 adrimycin®} chitosan®] W8 &2
17)E oy g Aol wekA NCIFH522 MEFolA]
chitosan< adrimycin 100pg/mls- =34 adrimy-
cin®] S TS #EE F AN

NCI-H596 A¥F< Z$ adrimycin®) 4 F=vt
t} chitosan [Dsgt8) 12mg/ml mediag #7138+ o)
2z ¥EL 9 adrimycin®] EE FEOA
frolsiAl #stern 100, 10pg/ml ZH} 8.83, 24.24%
9] GAE WEEL ¥YoEH chitosan®] adrimy-
cin® Z5A€ FAHA /RS ¢ F AU p
<0.05).

Z chitosan®] 344 ZA dsade Ag AE
Zo) wel 24 Jeh} NCI-H5222 v NCI-H
59601 o) W1skA #Esidon 7+ A w
chitosan®] &3 YA s=o ek k2 A Jebst
o}, NCI-H5229) %ol 84wl 100pg/miel A
ectoposide”} 10.49%9] GAE A&EAEE M 2
A Y A5 EIE Byt ZE Aol oA 54
8= 10pg/mlol A& chitosaneo] &) Z25Adof A
& njA] Bah= Aoz Jebdth NCFH5969 7%
ol 344> 100pg/mlolA ectoposide”t 36.43% <1

A ¥ AEALEE B2 adrimycin(8.83%), cis—

paltin(5.03%) o2 Jera SAul< 10pg/mlol
A& ectoposid’t 50.23%2] UAE HERLEZ G
o} AxEH7t 7P e cisplatin(27.79%), adr-
imycin(24.24%)9) <02 veRgeh,
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B dAoMe ARAZRE 5% chiting A4S
o] g3t} B2JAI7) 7184 chitosan) FUEHE &
o1 7] Y& in vitroollA MTT assayE &3 2 ¥+
o} #HYAHEF NCI-H522, NCI-H596¢ thgt chito~
sand] FLEARE AL, £ FLA cispla-
tin, ectoposide, adrimycin £ 75X} vIX = 9
F& AT

a2 ARE goketd v 2

1) HY MEFO Pt chitosan® FF 2

Chitosane #H¢AESF NCI-H522, NCI-H596 2
T} %ol gans Bk Chitosan®) #FLEH
£ chitossan®] %3} =EA7hol gJE&Ho|F o Me-
dia 1ml% 25mgs Fog F T2AF WjFARE o
74z} 531, 5.33%9) AE AEEE /MY E FYan
& e

2) Ntof M2 |Dgodt e ¥13}

M EZ NCI-H522, NCI-H596 257¢] <4 chi-
tosan 53 ¥ 721704 22 14.07. 11.68mg/mi
media® 7 @& 1Dy, 2hS YERAITE

3) Chitosan®| 32M Y424 A= 2

IDso &9 chitosang Al o] NCI-H522,
NCI-H59%¢) Z+2 F3le o A 3rd 458
= ot A¥F NCI-HHA22 Ru= NCI-H59%¢0] ©
ngsHA ago 23 on 7} Aol M chi-
tosan®] &3 NCI-H522¢) Z-$-o1 34l 100pg/
mlol A ectoposide”} 10.49%(p<0.05)] YHXE A&
A8S ¥YogH J1 3 A EAE HYoH
adrimycin® 6.20%(p<0.05)2] GAE AELLES
Yebich NCI-H5969] 7%l 34wl 100pg/miclA
ectoposide(36.43%), adrimycin(8.83 %), cis-platin
(5.03%) o= Yehsdar sAulg= 10pg/mlelA ecto-
poside(50.23%), cisplatin(27.79 %), adrimycin(24.
24%)9) 22 JERTE

olite] AxE £38| W chitosand HEFTE
2% AY AEF EHo Tdgle] 4T FAEAE
vt gt Aol oM E A E9E Ad
Rog yehgor) Ao Fqet T&, = A Al
3o webd geade a9t i Zelzt it
o)#3 A& 23 & 9 chitosan® LA E BE&E
Aele MEFe] B3 Ao FR} FE AHo)

o

l

s
3}
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g Aoltt 2@y chitosan©] HYx|gol AA2
o857 AN HEAT T MESA L
chitosan®] FLZE71d, FELE 5o B 35 A
77} gesithu Al gt

s 3A9 2
2 97 1979 g d7A9xe] wu
St A7 Aol o8t F3E ATARZA o]
12 71X =YYtH(This research was suppor-
ted by grants from The Reserch Support Insti-
tution of Chung-Ang University).
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