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Abstract—Chitosans with different degree of deacetylation (DD) (90% and 50% deacetylated chitosan) were prepared by N-deacet-
ylation followed by grafted onto chitosan to form water-soluble aminoethyl-chitosan (AE-chitosan), and dimetylaminoethyl-chito-
san (DMAE-chitosan), diethylaminoethyl-chitosan (DEAE-chitosan). In the present study, cytotoxic activities of the chitosan
derivatives were evaluated using three tumor cell lines and two normal cell lines, and structure—activity relationship was suggested.
The cytotoxic activity was dependent on their DD and substituted group.

© 2006 Elsevier Ltd. All rights reserved.

Chitosan, which is a copolymer consisting of f-
(1 — 4)-2-acetamido-p-glucose and B-(1 — 4)-2-amino-
D-glucose units, is derived from chitin by deacetylation
in the presence of alkali. Due to their biocompatibility
and less toxic nature, it has been developed as new
physiologically bioactive materials since they possess
various biological activities such as antibacterial activ-
ity,!* hypocholesterolemic activity,’ antitumor activi-
ty,® immuno-stimulating effect,” antioxidant activity,?
and antihypertensive activity.” Although chitosan has
very strong functional properties in many areas, the
water-insoluble property of chitosan is disadvanta-
geous for its wide application. In the research field
of chitosan, therefore, chitosan derivatives with
water-soluble and functional property have been devel-
oping for pharmaceutical and new drug candidate.
Cytotoxic drugs continue to play a major role in can-
cer therapy. However, cytotoxic drugs offer produce
side effects, especially through the destruction of lym-
phoid and bone marrow cells.!® Therefore, strategic
improvements in cancer therapy are needed to im-
prove efficacy while decreasing side effects. Several
literatures exist regarding the effects of antitumor
activities of chitosan and its oligomers.'!'> However,
cytotoxic activity of chitosan derivatives for anticancer
agents is little information available until now. Most

Keywords: Water-soluble; Chitosan derivatives; Cytotoxic activity.
* Corresponding author. Tel.: +82 51 620 6375; fax: +82 51 628
8147; e-mail: sknkim@pknu.ac.kr

0960-894X/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2006.01.060

biological activities of chitosan are attributed to their
free amino group. Therefore, in the present study,
we modified Cg position of chitosan with different de-
gree of deacetylation and investigated cytotoxic activ-
ities of water-soluble chitosan derivatives.

Chitosans with different degree of deacetylation were
prepared as described in a previous report, and the de-
gree of deacetylation designated as 90% and 50%.'3
Water-soluble AE-chitosan, DMAE-chitosan, and
DEAE-chitosan with 0.63-0.92 degree of substitution
were designated as AE-chitosan (90%), DMAE-
chitosan (90%), and DEAE-chitosan (90%) prepared
from 90% deacetylated chitosan, and AE-chitosan
(50%), DMAE-chitosan (50%), and DEAE-chitosan
(50%) prepared from 50% deacetylated chitosan
(Scheme 1).14

HelLa (cervix cancer), HT1080 (human fibrosarcoma),
A549 (lung cancer), MRC-5 (human lung fibroblast),
and ECV304 (human endothelial) cell lines were cul-
tured and maintained in Dulbecco’s Modified Eagle’s
Medium (DMEM, GIBCO, NY, USA) supplemented
with 100 U/mL penicillin, 100 pg/mL streptomycin,
and 10% fetal bovine serum (FBS), and maintained
at 37°C under a humidified atmosphere with 5%
CO..

Cells were cultured for 1 day in 96-well plates at the den-
sity of 20,000 cells/well in DMEM supplemented with
10% FBS. The next day, various concentrations of the
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Scheme 1. Synthesis and chemical structure of chitosan derivatives.

chitosan derivatives were treated, and controls were car-
ried out with cells treated with an equivalent volume of
serum-free medium without derivatives. Cell viability
was identified using the MTT assay on the second day
of culture.

The results presented here suggest that chemically
modified chitosan derivatives showed to significantly
suppress the growth toward HeLa, A549, and
HT1080 tumor cells. Figure 1A exhibits that 90%
deacetylated chitosan derivatives exhibited dose-de-
pendent inhibitory effects on the proliferation of the
HeLa cell line. Among the derivatives, the DEAE-
chitosan (90%) was highly tumor suppressive and
the AE-chitosan (90%) showed moderate activity. At
the concentration of 62.5 pg/mL, the DEAE-chitosan
(90%) killed around 83% of HeLa cells, and the
ICso value of DEAE-chitosan (90%) was 16 pg/mL.
DEAE-chitosan (50%) also exerted dose-dependent
inhibitory effect on the proliferation (Fig. 1B). How-
ever, cytotoxic activity of DEAE-chitosan (50%) was
lower than that of DEAE-chitosan (90%). The ICsg
value of DEAE-chitosan (50%) was 26 pg/mL. In
the A549 cell line, chitosan derivatives also sup-
pressed cell proliferation, DEAE-chitosan derivatives
showing the highest antiproliferation activity
(Fig. 2). The ICsy values of DEAE-chitosan (90%)
and DEAE-chitosan (50%) were 51 pg/mL and
93 ug/mL. As shown in Figure 3A, DEAE-chitosan
(90%) exhibited inhibition of proliferation on
HT1080 cell, and an ICsy value was 63 pg/mL. How-
ever, DEAE-chitosan (50%) showed a low cytotoxic
activity (Fig. 3B). In cytotoxic activity, chitosan does
not have the potential to suppress the growth of tu-
mor cell line (data not shown). When comparing
the ICso values of reported chitosan derivatives and
other polysaccharides (20-2500 pg/mL), we can sug-
gest that DEAE-chitosan (90%) has similar cytotoxic
effects as reported chitosan derivatives, and much
higher than values reported for other polysaccharides
(ICsp ~ 2500 pg/mL).!>16

According to the results, the cytotoxic activity of
chitosan derivatives was in the order of DEAE-chito-
san > AE-chitosan > DMAE-chitosan > chitosan, and
activity was dose-dependent. That is, the cytotoxic
activity increased with increasing hydrophobicity, indi-
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Figure 1. Cytotoxic activities of chitosan derivatives against HeLa cell
line. (A) 90% deacetylated chitosan derivatives; (B) 50% deacetylated
chitosan derivatives. AE-chitosan, (-@-); DMAE-chitosan, (-O-); and
DEAE-chitosan, (-¥-). Values represent means £ SE (n = 3).

cating that there is a hydrophobic interaction between
DEAE group and the tumor cell surface. In spite of
low hydrophobicity, however, AE-chitosan exhibited
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Figure 2. Cytotoxic activities of chitosan derivatives against A549 cell
line. (A) 90% deacetylated chitosan derivatives, (B) 50% deacetylated
chitosan derivatives. AE-chitosan, (-@-); DMAE-chitosan, (-O-); and
DEAE-chitosan, (-¥-). Values represent means * SE (n = 3).

higher cytotoxic activity than DMAE-chitosan. The
amino group in chitosan has a pK, value of ~6.5,
thus, chitosan is positively charged. That cytotoxic re-
sult is caused by increased cationic charge of chitosan
derivative due to free amino group, indicating that
there is an electrostatic interaction between AE-chito-
san and the negatively charged functional residues on
the tumor cell surface such as mucosal membranes.
Moreover, all chitosan derivatives derived from 90%
deacetylated chtiosan revealed excellent cytotoxic
activity than that of chitosan derivatives derived from
50% deacetylated chtiosan. These results also support-
ed that the cytotoxic activity of chitosan derivatives
was dependent on their cationic character. Major fac-
tor affecting the cytotoxic activity of the chitosan
derivatives in this study is not only hydrophobicity
according to the results of DEAE-chitosan and AE-
chitosan but cationic charges compared with DEAE-
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Figure 3. Cytotoxic activities of chitosan derivatives against HT1080
cell line. (A) 90% deacetylated chitosan derivatives; (B) 50% deacety-
lated chitosan derivatives. AE-chitosan, (-@-); DMAE-chitosan, (-O-);
and DEAE-chitosan, (-¥-). Values represent means * SE (n = 3).

chitosan (90%) and DEAE-chitosan (50%). However,
several literatures reported on the importance of cat-
ionic character related to cytotoxic effects on tumor
cell line. Chitosan nanoparticles and copper-loaded
chitosan nanoparticles revealed cytotoxic activities
against various tumor cell lines. They have different
zeta potential that is surface charge, copper-loaded
chitosan nanoparticles with high zeta potential exhib-
ited excellent cytotoxic activity than chitosan nano-
particles.!” In addition, nanoparticle size was also
affecting its cytotoxic activity. As a kind of cationic
polymer, the surface charge of chitosan derivatives is
the major factor affecting its cytotoxic activity due
to the electrostatic interaction between the negatively
charged groups of the tumor cells and the positively
charged amino groups of the chitosan.'® In summary,
increasing of hydrophobic moiety and cationic charac-
ter is important factor to develop anticancer drugs
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using chitosan. Additionally, molecular weight of
chitosan should be considered.

We also evaluated cytotoxic effects of chitosan deriva-
tives using two human normal cell lines as MRC-5
and ECV304. The results showed that chitosan deriva-
tives exhibited less cytotoxic effects than those of tumor
cell lines (Figs. 4 and 5). It means that the cytotoxicities
of chitosan derivatives used in this study were specific to
tumor cell lines. Table 1 shows ICs, values of chitosan
derivatives against different cell lines. DEAE-chitosan
(90%) has the highest potential to suppress the growth
of tumor cells, and the potential is dependent on their
tumor cell lines. Therefore, this result leads to the appli-
cation of DEAE-chitosan (90%) in a further study
involving a broad spectrum of malignant tumors, and
detailed mechanism of DEAE-chitosan (90%) is now un-
der investigation.
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Figure 4. Cytotoxic activities of chitosan derivatives against MRC-5
cell line. (A) 90% deacetylated chitosan derivatives; (B) 50% deacety-
lated chitosan derivatives. AE-chitosan, (-®-); DMAE-chitosan, (-O-);
and DEAE-chitosan, (-¥-). Values represent means * SE (n = 3).
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Figure 5. Cytotoxic activities of chitosan derivatives against ECV304
cell line. (A) 90% deacetylated chitosan derivatives; (B) 50% deacety-
lated chitosan derivatives. AE-chitosan, (-®@-); DMAE-chitosan, (-O-);
and DEAE-chitosan, (-¥-). Values represent means * SE (n = 3).

Table 1. Cytotoxic activities of DEAE-chitosan derivatives against
different cell lines

Panel of Cell line Compound/cytotoxicity

cell lines (ICsp, png/mL)
DEAE-chitosan DEAE-chitosan
(90%) (50%)

Cervix cancer HeLa 16 (£4) 26 (£4)

Lung cancer A549 51 (£4) 93 (£5)

Human fibrosarcoma HT1080 63 (+3) 126 (£5)
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