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Effects of Chitosan on the Cytotoxicity
of Anticancer Drugs in vitro
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ABSTRACT

Chitosan is a depolymerized and partially deacetylated derivative of chitin. We investigated the cytotoxicity
of chitosan in cancer cell lines, such as P388, L1210, HCT-15, SK-HepG-1 and mouse splenocytes as a normal
cell by MTT assay. To clarify whether chitosan enhances cytotoxicity of anticancer drugs, we also examined
the cytotoxicity of combined treament with chitosan and anticancer drugs, such as cisplatin, mitomycin C, and
5-fluorouracil in cancer cell lines in vitro. Chitosan (37.5 ug/mL, 75 pg/mL, 112.5 ug/mL, and 150 pg/mL)
showed concentration-dependent cytotoxicity in the cancer cell lines. In addition, chitosan showed relatively
lower cytotoxicity in normal cells than in the cancer cell lines. Particularly, this trend was significant at high
doses of chitosan, i.e. 112.5 pg/mL and 150 pg/mL. Thus, these results suggest that chitosan may selectively
induce the growth inhibition in cancer cell lines, compared to normal cells. Furthermore, the co-treatment of
chitosan and anticancer drugs exhibited an apparant synergistic cytotoxicity in murine lymphoma cell lines, i.e.
P388 and L1210 at 37.5 ug/mL of chitosan rather than at 75 ug/mL of chitosan, but such phenomenon could
not be observed in solid tumor cell lines, i.e. HCT-15 and SK-HepG-1. However, chitosan did’nt reduced the
cytotoxicity against normal mouse splenocytes induced by anticancer drugs. Therefore, it is concluded that the
combination of chitosan and anticancer drugs might be useful for the cancer chemotherapy.

Key words : chitosan, anticancer drugs, mouse splenocytes, cancer cell lines, MTT assay

39 A4 Fo =33 3l chitin(N-

M £ acetyl-D-glucosamine B-(1, 4)-polymer)2] X33

ol g3tz o7 sHA] GFst AEgAAE B

Chitosan (D-glucosamine B-(1, 4)-polymer)2 7, o] polysaccharide 2] 3l}e]t}. Chitosans} 1
A% o) AAFG WA, FFo] 5 ABFE ofd S5 AAe) SHo) How (A eral,
% To whom correspondence should be addressed. 1968), 1:}]/14/1]]}_.% @43 #A) 7131 (Peluso et al.,
Tel: +82-2-710-9573, E-mail: mypyo@sm.ac.kr 1994), W d7]% =422 (Nishmura et al., 1984;

—263 —



264 J. ENVIRON. TOXICOL.

Pyo and Kwak, 2002), 3<% 3 (Qi and Xu, 2006)
9 giAlz fiEE 22hg 2FA(Kimura and
Okuda, 1999; Kimura et al., 2000; Kimura et al.,
2001), A 2o Ax X & &FJin et al., 2007),
7¥7)1 %70 A (Santhosh et al., 2006), 3+ o214
(Anandan et al., 2004), 89228 (Yoon et al.,
2007), 3FAks}2LL- (Jeon et al., 2003; Koryagin et
al., 2006) 5o} B 1% o] g} o]} Zro]| chitosan
% 2 Al ekl olel Azege] ok
42 A AAA R, A3715AE Foz g o8
Ha et

T Flse] Mg o gopite] Wistel ot
gt 2R £ Algste FA43] st dE
FA|o]H, ol2fqt Age] X mAlzH chekst &gt
A7F A L AM-HAA 2 9l 2, &
A ASET e dREe] SedAlE 2 wAdgR
d Aoz sl ohHzEte] ohjzl AAA)
Tz 22 BAL st g RAe-g v
Effjo] A7|X| 80 ofEl S FI U welA, &
Mol M kA HEZAHE F7HA17)A
Y I 5A4E FAAATE HY] WA AAE
of TiE skAle) =4& FEAAEFE B oolE
WAE A7 BAE sl Q7L olF
o]A 3 $ick(Ahn ef al., 1992; Kim et al., 1993; Hi-
rose et al., 2007).

B AFoaE= in vireol X A EFQ L1210,
P388, HCT-15, SK-HepG-14l 52} Ak 24l v}
-2~ w)AA| zol] h3}od chitosang T i F
&}A) (cisplatin, mitomycin C, 5-fluorouracil)¢} =4
A #]3}e] chitosan®] A E FA A & B 3t
Ao NEEA A vXEe S Hxsidn

Mz o Uy

1. Aok 9 717

2 Ao A3+ RPMI medium 1640 powder,
HEPES, fetal bovine serum (FBS), antibiotic & an-
timycotic agent, trypsin-EDTA¥ GibcoA|E£, Di-
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Table 1. The cytotoxicity (%) of chitosan against cancer cell lines and mouse splenocytes

Exp. group (ug/mL) P 388 L1210 HCT-15 SK-HepG1 Mouse splenocytes
CH37.5 143+1.0 123+24 13.0+49 27.5+4.1 126+23
CH75 300£1.9 25.5+0.7 343487 40.7+3.1 27.8+4.7
CH 1125 723+7.6 73.3+5.7 77.0+5.2 77.0x3.5 39.0x+6.6
CH 150 376141 84.6+4.5 88.7x2.5 88.7+15 437160

Cancer cell lines and mouse splenocytes were seeded in 10% FBS-supplemented RPMI 1640 medium at 2 X 10 cells/mL and exposed to
various concentration of chitosan (CH: 37.5, 75, 112.5, 150 ug/mL). After 48h culture, cell survival was determined by MTT assay and
absorbance (0.D.) was measured at 570 nm with microplate reader. Cytotoxicity was expressed as the relative percentage (%) as compared

with untreated control. Each value is the mean+S.D. of three separate experiments (duplicate for each experiment)

Table 2. Effect of chitosan on cytoxicity (%) of cisplatin against cancer cell lines and mouse splenocytes

Exp. group (ug/mL) P 388 L1210 HCT-15 SK-HepGl Mouse splenocytes
CIS 1.5 11.7+42 10.0+6.4 115421 16.0+2.9 140499
CIS 15 25.7£5.9 29.2+7.8 58.0+0.6 49.0+7.2 387164
CH 375 143+1.0 123424 13.0£4.9 27.5+£4.1 12623
CH75 300+19 25.5+8.7 343187 40.7£3.1 27.8+4.7
CIS 1.5+CH 37.5 37.8+5.3 324+43 335+64 42.0+8.8 263164
CIS 1.5 +CH 75 683+2.2 64.8£7.8 51.0£6.0 61.3+7.1 49.0+3.6
CIS 15+CH 37.5 453143 550+11.0 41.0£1.7 46.7£7.0 49.0x8.5
CIS 15+CH 75 65.0+£7.0 66.3+3.7 63.0+53 70.3+6.1 62070

Celi lines were exposed to cisplatin (CIS) alone or combination of chitosan (CH). Other legends and methods are the same those as described

in Table 1

Chitosan®- cisplatin®} ¥-gx]2]8}e] chitosane]
cisplatin®] M| ZEAJo)| A= 33FE Table 24
B P388 oA EFo)] A %-=4l cisplatin 1.5 ug/mL
2} chitosan-g 37.5 ug/mL =X 75 ug/mL FEE
WA MEEAe] 72t 37.8%, 68.3% L,
cisplatin 1.5 pg/mL ©5x2}A1e] N Z5A]#} chi-
tosan HEA A ATEAL T TS A4
26.0%2} 41.7%°}gjc}. 1) 28, chitosand cispla-
tinz} #4xelX] A EFo] A HEHAe] 4
aipl dehgan & $ o 22, s Eal
cisplatin 15 pg/mL2} chitosang 37.5 ug/mL =&
75ng/mL WgA A ) NEEA-L 27} 45.3%%
65.0%02 DFEHAY HNESAE T 0,
55.71%)Bct ot & Axe BAE B Aex
o] cisplatinel] W42 W FAF Y5EHE
el et L1210 GAI 250 dsiM = o2d &
Ape) Vehgel. aehy, HCT-15 P25 Aex
2l cisplatin 1.5 ug/mL$} chitosang 37.5ug/mL 5
= 75pgml eEEs e AEsAel
7k7b 33.5%, 51.0% o)™, cisplatin 15 pg/mL TS
gjale] MEEAF} chitosan S EIAS] AHEH

Ao g8 ke 77t 24.5%% 45.8%08 A%
Lo Z W3} Il 1= cisplatin 15 pg/mL
9} chitosan 37.5 pg/mL ¥ 75pg/mL B-E-A 2] A|
o] MEEAL 217 41.0%% 63.0%0 2 FEX ]
Ao MEEAL &3 (1%, 92%)E A3
olx] wix=9] cisplatinel] chitosang W-E-A =&
o= 93)8 PMEF HF AMEFAel Fa
H 9ot SK-HepG-1 M 5o iz ozt
ZragA o] vebgeh AAA EQ] vhe-A v E
o cisplatin® chitosang FEWH=2 HEx A
AEZEAo| 2tz wExA ] AEzx4de T
247} m) 43k cisplatin®) A Zel 3 A 2=
& AN R Aoz ®elh.

3. Chitosano| &MIZ3=off ch st mitomycin
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Chitosan®] mitomycin C (MMC)S] A E5Aq|
n| X kS olrr] $ste], MMCE F=H2
9=Ae] =& chitosand} W42 d AP
Table 30| A ¥ w}e} 7o
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Table 3. Effect of chitosan on cytoxicity (%) of mitomycin C against cancer cell lines and mouse splenocytes

Exp. group (pg/mL) P 388 L1210 HCT-15 SK-HepG1 Mouse splenocytes
MMC 0.5 27.0£6.8 17.7£10.6 49.0+2.8 36.5+0.7 9.0+2.2
MMC 1.0 429+24 42.0£2.6 57.5£0.7 40815 26.6+0.9
CH 375 143%£1.0 123+24 13.0+49 27.5+4.1 12.6+2.3
CH 75 30.0+1.9 25.5+8.7 343487 40.7£3.1 27.8+4.7
MMCO0.5+CH 37.5 58.0%3.6 41.3+2.3 46.7+2.1 53.0+4.2 38.7t6.1
MMCO0.5+CH 75 65.2+2.5 70.3+4.6 56.3+4.2 56.0+4.6 42.0+£3.6
MMC1.0+CH 37.5 592194 51.0+3.6 553432 55.0%3.6 46.3+4.7
MMC1.0+CH 75 64.249.1 75.7+3.1 623171 58.7+£4.9 60.8+3.9

Cell lines were exposed to mitomycin C (MMC) alone or combination of chitosan (CH). Other legends and methods are the same those as

described in Table 1

MMC 0.5 pg/mLs =M e 43F A EFQ
P388 (27.0%), L1210 (17.7%)Bx 113 AlE5<]
HCT-15 (49.0%)3} SK-HepG-1(36.5%)°l] 3] ©
¥ AZEAE Bod FYcoh 2y 1.0 pg/mLe)
wolA HCT-158 SK-HepG-19] s 2zt
57.5%9} 408%¢] ¥-& =42 jehgl, P38s
3 L1210 = oF 42%0) SX& Jehljo] & 3
ol @leh v v =] AN E 2 T
oA A EF Hjs] 2 AZEAAE e
o] chitosanz} )53 AT RHTH

Chitosang MMCse} ®8x]g]3led chitosano]
MMC®] AlE5Ael] u]X= J3FE Table 304
B P388 ot 3ol MMC 0.5 ug/mLe} chitosan
& 375ugml =E 75ugml FE2 WA
o] AEEA e Z7t 58.0%, 65.2%°]™, MMC 0.5
pg/mL =HEx2|A)e] MEEAF} chitosan 5
A9 NEEAE I HS AH 41.3%%
57.0%0°l9jck. 18]l = 2, chitosan& MMC2} 343
A A zFel dg HEFA F7 AeEHE
Asgke ngch 18y, 2=l MMC 1.0 ug/mL
¢} chitosang 375 pg/ml E=X TSug/ml =44
A M E=ALe 7bz} 59.2%2) 64.2%=2 TEX]
2129 NEEAS 3 % (57.2%, 12.9%)3F A<
v)&3le] TEw=2] MMCo| chitosang ¥-8-3¥]
& 7Sl Asads JvepiA dghd L1210
FAZF AME oliT Ware] vehgteh 2
i}, HCT-15 HH 23] A=l MMC 0.5 ug/
mL$} chitosang 37.5pug/mL T3 75ug/ml F=
2 Bexgr e AxEA o] 77t 46.7%, 56.3%°]
™, MMC 0.5 ug/mL +=32]A)e] A EEA 3} chi-
tosan GEAEA ] AZEAe T 3} 474

62%2} 83.3%= HEAAS Hz5Adtgo] A
#3) A3}F k. MMC 1.0 pg/mLe] FEoAM %
olgjst ¥A}o] v}Eh} chitosang WL T A4
ol 23l3] stHEFol W HEEAol 29
o}, SK-HepG-1 M| 2Fol] daii = Fd3t A4
o] vehiteh

axlz Mzl P38, L12104)] iy =2E
=x o] #lax]z]olr] Song 5] (Song er al., 1993)
in vivodllA] wl&A Foko] t3ted N-succinyl-
chitosan-mitomycin C conjugate®} carboxymethyl-
chitin-mitomycin C conjugate & o]-&-8}+] k&)

& wwd wET $4 vl AEsge) 4ot

32 Jeigich ey 239 Al 259 HCT-
153} SK-HepG-1o|A¥= chitosane] MMC2] A%
EAQS FaAgen, ol8fd A n¥ge] A
< HexYA AVlEn FEE ¥A go:
Roh % (Roh eral., 1991)¢] .78} 42813},

=g, AN EL v vAA Zel] MMC2t
chitosang =¥ HEAH A ME5A] 7
7+ =g Ae] AZ2EAS 3 g visd A
7o) Veht MMCS) A ) dhit Azs
o] FHas A gt

4. Chitosan©| Mol thst 5-flurouracile
MESMo| o|xl= g1

Chitosano] 5-flurouracil (5-FU)2] A|Z5A] e o)
HE Qe gotrr] $3le, 4539 P EF
ule2o) wAMEe] 5-FUE =z @53
== chitosan®} ¥ 4328 A A= Table 44
A B3 uje} g
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Table 4. Effect of chitosan on cytoxicity (%) of 5-fluorouracil against cancer cell lines and mouse splenocytes

Exp. group (Lg/mL) P 388 L1210 HCT-15 SK-HepGi  Mouse splenocytes
FU 0.31 19.9+2.0 26.7+3.5 26.7£3.5 395+2.1 122+6.6
FU 1.25 40.8+1.3 437+2.1 40.3+4.2 48.0+1.7 240+4.38
CH 375 143X+1.0 12.3+2.4 13.0+4.9 275x4.1 12.6+2.3
CH 75 300+19 255487 343487 40.7£3.1 278+4.7
FU0.31+CH 37.5 66.3%1.3 56.0+1.7 47.0+2.6 48.0+4.4 47325
FUO.31+CH 75 72.5+3.0 60.7+4.0 66.0+1.0 67.0x1.7 50.0£5.7
FU1.25+CH 37.5 61014 58.0+3.6 530453 53.7+4.5 51.0£6.0
FU1.25+CH 75 72.0+£1.6 68.0+t14 67.7+£3.8 65.7+3.8 59.2+64

Cell lines were exposed to 5-fluorouracil (5-FU) alone or combination of chitosan (CH). Other legends and methods are the same those as

described in Table 1

5-FU 0.31 pg/mL F=o4%: P388 (19.9%),
L1210 (26.7%), HCT-15 (26.7%) 3.t} SK-HepG-1
(39.5%)ell Wk <t o w2 MESAFE ehd
93, 1.25 ug/mL FEAME ZE A EF o
A oF 40~48% A= E=AL Btk MMCe
A 2 mkea v 2l e e B
selA] AR e wwA e AzEHE
epdsic

Chitosan 5-FU$} #8x2]3}ed chitosane] 5-
FUS| M Z5A]0) ujX|= °J3F& Table 4o|A] BH,
P388 QYA 3ol 5-FU 0.31 ug/mLs} chitosang
375 ug/mL =X 7SpugmL =2 WexE A
HE=Ae] Z7t 66.3%, 72.5% 0|9, 5-FU 0.31 ug/
mL FEx2jAle] A EEA chitosan FHH A
o] NEEAE AT 7 47 34.2%9) 48.9%9]
ojc}. avl e =2 chitosan-g 5-FUSL wl&xjz]A] <&
Azzel W AZSA Asasrl 448 o
elyo). 28y, % =<9l 5-FU 1.25 pg/mLe}
chitosang 37.5ug/ml X 75ug/ml W88 A]
o] NEEAL 77 61.0%9 72.0%2. F5A A
9] NZEAL 3 2H(55.1%, 70.8%)3 7] )
Z=3le] T%ew9] 5-FUe| chitosang w&x2] &
Agols Aguaie e gsks Arbagel
neleh L1210 QAZF) M olsh faber
gate] vielyte}. 2t HCT-15 st 25l A%
%9) 5-FU 0.31 pg/mL2} chitosang- 37.5 pg/mL =
E 75ug/ml =2 W4l Nz 7
Zr 47.0%, 66.0% )™, 5-FU 0.31 ng/mL =X
A AMEZFA chitosan FEHE AL M54
< 338 e A7 39.7%% 61%= WL A9
Azs5Adztgo] =A WstshA ggten, 5-FU

1.25 pg/mLE 5o M= Akt 28, SK-
HepG-1 $H| £330 HsiNE 5-FUS F=o T3
87| chitosan®] WEA 2 HE5A ] FA 8] A
At

=g, AAAEQ vl H|AA E] 5-FU}
chitosane >3 wWHaxer)e] HEzEAle]l Z+
7 dExEAe] MESAE I fdEo oA
AL el HEF M ZLEAe] chitosan BT =
Z7tHE Zloz Bt

Z2 B

Chitosang 432 SFA| 3 (P388, L1210, HCT-
15, SK-HepG-1)¢} np-9-29] w4 o] 52
9 3%9] 3¥}e}A) (cisplatin, mitomycin C, 5-fluoro-
uracil)el] BH-&x2)3led MTT assay2 A ZE5A] S
228 23, chitosan FEEA Q] N E T4
A2t 42 Bgon, A 2 vF-A ¥IAA L
o M FxoEHq MEEAAE el
ok el dig MESA0) uls) G NEs
A& B4t Chitosand A9 HEA=T 7
S elglz A EFql P3883 L1210¢] 3t M2
Aol Azarl Jebgon, oledt s
B9 pmHet Ao WEAEA HS
A slc}. 23, chitosang %o 4A| e}
HaxjeAds 13k AMx3¢l HCT-15, SK-
HepG-1¢] W3t A E5A 0] 238 AAYT =
&, chitosang 3t} W@x2)A] A 2 v}
S mAA Eol| 3 kA o] B4 FFAHA
&kt
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