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Abstract—Chitosan nanoparticles and copper(II)-loaded chitosan nanoparticles were prepared based on the ionic gelation of chito-
san with tripolyphosphate anions and copper ion sorption. In this study, the cytotoxic activities of the chitosan nanoparticles and
copper(Il)-loaded chitosan nanoparticles was investigated and a relationship between physiochemical properties and activity is sug-
gested. The chitosan nanoparticles and copper(Il)-loaded chitosan nanoparticles elicited dose-dependent inhibitory effects on the

proliferation of tumor cell lines.
© 2005 Elsevier Ltd. All rights reserved.

Chitosan is a cationic polysaccharide made from alka-
line N-deacetylation of chitin. It has attracted much
attention as a biomedical material, owing to its unique
biological activities including antitumor activities,
immuno-enhancing effects, increased protective effects
against infection with some pathogens,! antifungal,
and antimicrobial activities.>3 Chitosan could be devel-
oped as sole drugs for its biological activities. Cytotoxi-
city of chitosan and its derivatives toward tumor cells
were previously studied.*> Chitosan nanoparticles have
been synthesized as drug carriers as reported in previous
studies.®® However, the cytotoxic activity of chitosan
nanoparticles has only seldom been reported elsewhere.
In our previous reports, chitosan nanoparticles and
copper(I)-loaded nanoparticles with various mean
particle size and surface charge had been prepared and
characterized to investigate their heavy metal sorption
and antibacterial activities. It showed that chitosan
nanoparticles with little particle size and positive surface
charge could exhibit higher sorption capacity and anti-
bacterial activity.”! The unique character of chitosan
nanoparticles could provide higher affinity with nega-
tively charged biological membranes and site-specific
targeting in vivo.’ In this study, the cytotoxic activities
of the chitosan nanoparticles and copper(Il)-loaded

Keywords: Cytotoxic activity; Chitosan nanoparticles; Copper-loaded

chitosan nanoparticles.

* Corresponding author. Tel.: +86 571 86971075; fax: +86 571
86994963; e-mail: lfqi@zju.edu.cn

0960-894X/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2005.01.010

chitosan nanoparticles was investigated and a relation-
ship between physiochemical properties and activity is
suggested.

Chitosan nanoparticles with mean particle size ranging
from 40 to 100 nm and positive surface charge about
50 mV, and copper(Il)-loaded chitosan nanoparticles
with mean particle size of about 257 nm and positive
surface charge of about 96 mV were prepared and char-
acterized in our previous reports.®!® Chitosan nanopar-
ticles and copper(Il)-loaded chitosan nanoparticles were
filtered by membrane with diameter 0.45 pm and auto-
claved to remove any contaminant before used in cell
culture. The obtained nanoparticles were stable under
the autoclaving conditions.’

BEL7402, BGC823, Colo320, L-02 cell lines were ob-
tained from the Cell Bank of the Chinese Academy of
Science, Shanghai, China. The cell line was cultured in
RPMI-1640 supplemented with 10% heat-inactivated
fetal bovine serum (GIBCO). The tumor cells were cul-
tured for 24 h in a 96-well plate (Corning, America) at
an initial concentration of 5x 10*cells, then the cells
were immediately treated with various doses (25—
100 pg/mL) of chitosan nanoparticles for another 24 h.
Viable cells were identified and counted using the try-
phan blue dye exclusion test.

The results presented here suggest that chitosan nano-
particles and copper(Il)-loaded chitosan nanoparticles
showed much higher cytotoxicity than chitosan toward


mailto:lfqi@zju.edu.cn

1398 L. Qi et al. | Bioorg. Med. Chem. Lett. 15 (2005) 1397-1399

40

100
‘S\/S/ 80 —&— chitosan
?C)) 60 —a— CNP
%; —4— CNP-Cu
i

20

0 1 1 1 1
0 20 40 60 80 100

Concentrations (ug/ml)

Figure 1. Cytotoxic activities of the chitosan, chitosan nanoparticles
(mean particle size = 40 nm), and copper-loaded chitosan nanoparti-
cles with various concentrations against BEL7402 cell line.
CNP = chitosan nanoparticles; CNP-Cu = copper-loaded chitosan
nanoparticles. Each value represents the mean of triplicate measure-
ments and varied from the mean by not more than 10%.

BEL7402, BGC823, and Colo320 tumor cells, while hav-
ing little effect on the growth of L-02 human normal
liver cells. Figure 1 shows that these chitosan nanoparticles
elicited dose-dependent inhibitory effects on the prolifer-
ation of the BEL7402 cell line. As shown in Figure 1,
copper-loaded chitosan nanoparticles were highly tu-
mor-suppressive. The ICs, values for chitosan nanopar-
ticles and copper-loaded chitosan nanoparticles were,
respectively, 15 and 6 pg/mL, much higher than values
reported for other chitosan derivatives (ICsq 20—
2500 pg/mL).*> Zeta potential, that is, surface charge
can greatly influence the particle stability in suspension
through the electrostatic repulsion between the particles.
The greater the zeta potential, the more likely the sus-
pension is to be stable because the charged particles re-
pel one another and thus overcome the natural tendency
to aggregate.'! Zeta potential of nanoparticles is also an
important factor to determine their interaction in vivo
with the tumor cell membrane, which is usually nega-
tively charged.!? The tumor cell uptake of nanoparticles
can be viewed as a two-step process: first a binding step
on the cell membrane and second the internalization
step. Electrostatic interactions govern the adsorption
of the nanoparticles onto the cell membrane.'> The
greater the zeta potential of nanoparticles, the stronger
the interactions with tumor cell membrane, and leads
to higher cytotoxicity. As a kind of cationic polymers,
the surface charge of chitosan derivatives is the major
factor affecting its cytotoxic activity due to the electro-
static ionic interaction between the negatively charged
groups of the tumor cells and the positively charged
amino groups of the chitosan.’ The zeta potential of
chitosan nanoparticles is 51 mV, while that of cop-
per(Il)-loaded chitosan nanoparticles increases to
96 mV due to the cupric (27) ion adsorbed on the surface
of chitosan nanoparticles.” Therefore, the high surface
charge of chitosan nanoparticles and copper(Il)-loaded
chitosan nanoparticles prepared in our studies is respon-
sible for their higher cytotoxic activity. The cupric ion
[Cu(IT)] had been involved in curing of cancer, and cop-
per(Il) complexes synthesized by copper sulfate or
nitrate were also reported to exhibit antitumor acti-
vity.'#15 Copper(I)-loaded chitosan nanoparticles had
been reported to show superior affinity with negativly

charged cell membranes due to the chelation theory
and higher surface charge density compared to chitosan
nanoparticles without copper ion,’ which can also ex-
plain the higher cytotoxic activity of copper(Il)-loaded
nanoparticles combined with the controlled release of
cupric ion dissociated in chitosan nanoparticles. Necro-
tic morphological features of cells treated with chitosan
nanoparticles such as loss of membrane integrity, dis-
ruption of the cytoplasm, and appearance of remnants
of swollen organelles were also confirmed by a transmis-
sion electron microscopy picture (data not shown).

Since particle size has a crucial impact on the in vivo fate
of a particulate drug delivery system,'® control over the
particle size is of great importance for drug carriers.
According to Figure 2, the cytotoxic activity of the
chitosan nanoparticles increased with decreasing parti-
cle size, the ICs, values for different particle size as 40,
70, and 100 nm of chitosan nanoparticles were, respec-
tively, 14.98, 16.54, and 23.84 pg/mL, indicating that
the smaller chitosan nanoparticles exhibit higher antitu-
mor activity due to the increased accumulation targeting
at tumor cells. Particle size of nanoparticles had been re-
ported to play an important role in their antitumor
activity and in vivo distribution. Small lipid nanospheres
showed higher accumulation at tumor sites and pro-
longed in vivo half-life due to their avoidable capture
by the reticuloendothelial system.!”-'® Small copolymer
nanoparticles could stay in circulation for a long period
resulting in better drug availability and enhance the in
vitro release of the loaded drug.!” On the other side,
nanoparticles could also diminish the adverse effects of
a drug associated with its use under conventional phar-
maceutical dosage forms and improve bioavailability
after administration.?° Size-dependent cytotoxicity effect
of realgar nanoparticles on the endothelial cell line sug-
gested the less toxicity of smaller nanoparticles.?!

For copper-loaded chitosan nanoparticles at a concen-
tration of only 50 pg/mL, tumor cell proliferation was
inhibited from 67% to 90% in the three cancer cell lines
tested in the order Calo320 < BGC823 < BEL7402 (Fig.
3). Of these cell lines, the ICs, values were lowest in the
BEL7402 cell line (Table 1). Moreover, chitosan nano-
particles showed high cytotoxic activity toward tumor
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Figure 2. Cytotoxic activities of the chitosan nanoparticles with
different mean particle size against BEL7402 cell line. Each value
represents the mean of triplicate measurements and varied from the
mean by not more than 10%.
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Figure 3. Cytotoxic activities of copper-loaded chitosan nanoparticles
against different cell lines L-02, Colo320, BGC823, and BEL7402.
Each value represents the mean of triplicate measurements and varied
from the mean by not more than 10%.

Table 1. Cytotoxic activity of chitosan, chitosan nanoparticles (mean
particle size =40 nm), and copper-loaded chitosan nanoparticles
against different cell lines

Panel of cell lines Cell line Cytotoxicity (ICsg, pg/mL)*

Chitosan CNP CNP-Cu
Liver L-02 na na na
Colon cancer Calo320 1200 (£27) 28 (£3) 14 (x2)
Gastric cancer BGCS823 1200 (£35) 21 (x2) 8 (*1)

Liver cancer BEL7402 1200 (¥22) 15(2) 6 (x1)

Values are means of three experiments, standard deviation is given in
parentheses (na = not active).

cells, while low toxicity against normal human liver cells
(L-02). Therefore, this study supports the application of
chitosan nanoparticles in further preclinical and clinical
studies involving a broad spectrum of malignant tumors
due to its high cytotoxicity toward tumor cells and fewer
side effects for nice biocompatibility than most antican-
cer chemotherapeutic agents. The details of the action
mechanisms of chitosan nanoparticles in vitro and in
vivo are now under investigation, especially to clarify

the interaction mode between nanoparticles and tumor
cells.
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