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In vivo antitumor activity of chitosan nanoparticles
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Abstract—Chitosan nanoparticles have been synthesized as potential anticancer agents, and evaluated, in vitro, against various can-
cer cell lines. In this study, in vivo antitumor activity of chitosan nanoparticles against Sarcoma-180 and mouse hepatoma H22 was
investigated. Chitosan nanoparticles showed significant antitumor activity in vivo. The doses and particle size made a great effect on
their efficacy.
� 2006 Elsevier Ltd. All rights reserved.
Chitosan nanoparticles have been synthesized as drug
carriers as reported in previous studies.1–3 The unique
character of nanoparticles for their small size and quan-
tum size effect could make chitosan nanoparticles exhib-
it biological activities.4 Chitosan nanoparticles with little
particle size and enhanced zeta potential had been pre-
pared and characterized in our previous reports,4,5 and
their in vitro cytotoxic effects against various human tu-
mor cell lines have been also studied. It showed that
chitosan nanoparticles with little particle size and posi-
tive surface charge could exhibit higher antitumor activ-
ity than others chitosan derivatives, and the
physiochemical properties of nanoparticles such as par-
ticle size and zeta potential could make a significant ef-
fect on their efficacy.6 The antitumor mechanism of
chitosan nanoparticles was related to its membrane-dis-
rupting and apoptosis-inducing activities.7 In this study,
the in vivo antitumor activity of chitosan nanoparticles
was investigated using Sarcoma-180 (S-180) and mouse
hepatoma H22 (H22) bearing mice, and the effects of
administration doses, administration routes and particle
size are discussed.

Chitosan nanoparticles with mean particle size ranging
from 40 to 100 nm and positive surface charge about
50 mV were prepared and characterized in our previous
reports.4,5 Chitosan nanoparticles were filtered by mem-
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brane with diameter 0.45 lm and autoclaved to remove
any contaminant before used in cell culture. The ob-
tained nanoparticles were stable under the autoclaving
conditions.4

We evaluated the in vivo antitumor activity of chitosan
nanoparticles with different particle size, against the
mouse tumor model: S-180 tumor and H22 with chito-
san and cisplatin (cDDP) used as reference drugs,
0.9% saline solution was used as blank control. Drugs
were administered from the fifth day after establishing
the mouse model, when the volume of subcutaneous tu-
mor in mice grew about 3 mm3. Chitosan nanoparticles
with different doses and different particle size were
administered once daily by intravenous injection (iv),
intraperitoneal injection (ip) and oral administration
(po) respectively for consecutive 7 days.

The results presented here showed that chitosan nano-
particles exhibited very impressive antitumor efficacy
in vivo against S-180 and H22, higher than chitosan
group (Tables 1 and 2). Chitosan nanoparticles elicited
dose-dependent tumor-weight inhibitions (TWI), the
efficacy at dose of 2.5 mg/kg achieved 53% and 59%
against S-180 and H22, respectively, by oral administra-
tion. At the same dose of 0.5 mg/kg by oral administra-
tion, chitosan nanoparticles showed much higher
efficacy than chitosan group. The TWI against S-180
and H22 reached 43% and 52%, respectively, while that
of chitosan group was just about 30%. cDDP as positive
control drug exhibited higher antitumor efficacy than
chitosan nanoparticles. However, cisplatin also showed
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Table 1. Assessment of antitumor efficacy of chitosan nanoparticles with different particle size against mouse tumor Sarcoma-180 using different

administration routes

Groups Dose (mg/kg) ARa Lethalb toxicity BWCc (%) TWd TWIe (%)

Saline 0.5 iv 6/12 12.10 2.70 ± 0.36 —

CNPa 2.5 po 0/10 10.41 1.28 ± 0.38 53

CNPa 1 po 0/10 10.15 1.42 ± 0.29 47

CNPa 0.5 po 0/10 9.60 1.54 ± 0.35 43

CNPa 0.5 ip 0/10 8.36 1.62 ± 0.33 40

CNPa 0.5 iv 0/10 11.23 1.37 ± 0.41 49

CNPb 0.5 iv 0/10 10.52 1.73 ± 0.39 36

CNPc 0.5 iv 0/10 10.74 1.81 ± 0.46 33

Chitosan 0.5 po 0/10 9.57 1.85 ± 0.42 31

cDDP 0.5 iv 4/10 �13.57 1.18 ± 0.42 56

CNPa, CNPb, CNPc mean chitosan nanoparticles with particle size as 40, 70 and 100 nm, respectively, the same volume of 0.9% saline was used as

control group.
a Administration routes, iv means intravenous injection; po means oral administration; ip means intraperitoneal injection.
b Number of dead mice/total number of mice.
c Percentage of mouse body-weight change (BWC) after drug treatment: BWC% = (mean BW final day/BW first day · 100) � 100; ‘—’ means body-

weight decrease.
d Average tumor-weight after drug treatment.
e Percentage of tumor-weight inhibition (TWI) versus control mice.

Table 2. Assessment of antitumor efficacy of chitosan nanoparticles with different particle size against mouse hepatoma H22 using different

administration routes

Groups Dose (mg/kg) ARa Lethalb toxicity BWCc (%) TWd TWIe (%)

Saline 0.5 iv 5/12 14.23 2.98 ± 0.32 —

CNPa 2.5 po 0/10 12.41 1.22 ± 0.28 59

CNPa 1 po 0/10 11.15 1.34 ± 0.21 55

CNPa 0.5 po 0/10 12.60 1.43 ± 0.39 52

CNPa 0.5 ip 0/10 10.36 1.46 ± 0.43 51

CNPa 0.5 iv 0/10 12.23 1.37 ± 0.47 54

CNPb 0.5 iv 0/10 11.52 1.72 ± 0.49 42

CNPc 0.5 iv 0/10 10.74 1.85 ± 0.36 38

Chitosan 0.5 po 0/10 10.57 2.01 ± 0.32 32

cDDP 0.5 iv 3/10 �11.57 1.16 ± 0.41 61

The meaning of abbreviations was prescribed in Table 1.
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Figure 1. Effects of administration routes on antitumor efficacy of

chitosan nanoparticles (CNP) against Sarcoma-180 subcutaneous

tumor formation and growth in ICR mice. Changes in tumor volumes

were measured every day. Each value represents mean ± SD of 10

animals. iv means intravenous injection; po means oral administration;

ip means intraperitoneal injection. Chitosan and cisplatin (cDDP) were

used as reference drugs.
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great side effects compared with chitosan and nanopar-
ticles. Chitosan nanoparticles resulted in only a small
decrease in body weight of the mice relative to the saline
control, which indicated few side effects. On the con-
trary, cDDP led to a significant lose in body weight of
mice. In saline control group, six and five of 12 mice,
separately in S-180 and H22 mouse model, died due to
the transfer of tumor at the seventh day, cDDP also
had a lethal toxicity as 4/12 and 3/12, respectively, while
in chitosan and nanoparticles groups, no lethal toxicity
occurred for the inhibition of tumor growth. The histo-
pathological slices from the liver and kidney tissues were
also examined by microscope (data not shown here). It
didn’t show the pathological changes due to the nano-
particles administration, which also indicated few side
effects of chitosan nanoparticles.

Antitumor efficacy of chitosan nanoparticles adminis-
tered by different routes was studied. For S-180 bearing
mouse model, at the same dose, the efficacy of chitosan
nanoparticles (40 nm) by oral administration (po), intra-
peritoneal injection (ip) and intravenous injection (iv)
was 43%, 40% and 49%, respectively (Table 1). As
shown in Figure 1, chitosan nanoparticles by different
administration routes could inhibit the growth of
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S-180 tumor gradually and more effectively than chito-
san group, and the tumor volume inhibition for intrave-
nous injection (iv) group showed slightly more notable
compared with oral administration (po) and intraperito-
neal injection (ip) groups. For H22 bearing mouse mod-
el, TWI of chitosan nanoparticles by three
administration routes achieved 52%, 51% and 54% sep-
arately. Results showed that chitosan nanoparticles
could exhibit effective antitumor activities by different
administration routes.

The oral route for colloidal drug carriers systems re-
mains the most convenient and popular way of
administration.8 However, many anticancer drugs by
oral administration are not bioavailable and adsorb-
able/interactive in the gastrointestinal tract, because
the drugs could be eliminated from the first-pass
extraction by the cytochrome P450-dependent meta-
bolic processes and the overexpression of plasma
membrane transporter P-glycoprotein (P-gp) in the
physiological systems involved (intestine, liver, etc).9

Application of nanoparticles with small size enough
to improve the adhesion and absorption to the intesti-
nal cells and to escape from the recognition of P-gp
may provide better solutions for oral administration
(po) of anticancer drugs. It is currently accepted that
nanoparticles are taken up by the M-cells of Peyer’s
patches and the isolated follicles of the gut-associated
lymphoid tissue and also via the enterocytes.10 Recent-
ly, positively charged colloidal particles could increase
the electrostatic interaction between the particles and
the negatively charged mucin on the mucosal surface,
thus improving their bioavailability and reducing their
side effects.11 In this study, chitosan nanoparticles,
prepared and characterized previously, exhibited posi-
tive charge and little particle size, which is responsible
for their in vivo efficacy.

Conventional colloidal carriers are rapidly removed
from the bloodstream by the reticuloendothelial system
(RES), which is a part of the mononuclear system
(MPS) after intravenous (iv) administration.12 Nanopar-
ticulate systems have been used to improve the blood
circulating time and tumor targeting efficacy of vincris-
tine,13 because the tumor vascular permeability allows
the penetration of particles up to 400 nm in diameter.14

Therefore, the antitumor efficacy of chitosan nanoparti-
cles administered by intravenous injection (iv) is proba-
bly attributed to their little particle size.

Particle size had been proved as an important feature
related to obtaining optimal in vitro efficacy of chitosan
nanoparticles. Particles size also had a crucial impact on
the in vivo fate of a particulate drug delivery system.15

Decreasing particles size could increase the surface-to-
volume ratio and specific surface area, which could in-
crease the dissolution and thus increase bioavailability
of poorly water soluble molecules.16 The smaller size
particles seem to have efficient interfacial interaction
with the cell membrane compared to larger size particles
due to the endocytosis of small size particles. Small size
particles could improve efficacy of the particle-based
oral drug delivery systems.17 The use of particle size
reduction to increase the oral bioavailability of drugs
has been obtained.18

Nanoparticles could prolong the blood half-life of drugs
and increase the efficacy by intravenous injection (iv).19

If particles between 30 and 100 nm are intravenously ap-
plied, the liver eliminates the larger particles faster from
the bloodstream compared to the smaller particles.
Thus, the larger the particles are, the shorter is their
plasma half-life-period.20 In this study, with the increase
of particle size, the efficacy of chitosan nanoparticles
administrated by intravenous injection (iv) decreased
significantly. The TWI of chitosan nanoparticles
(40 nm) against S-180 and H22 was 49% and 54%,
respectively.

In summary, chitosan nanoparticles exhibited impres-
sive antitumor activity in S-180 and H22 bearing mouse.
There is some difference among the efficacy for three
administration routes, intravenous injection (iv) showed
the higher TWI. Particle size also makes a great effect on
their antitumor efficacy. Smaller the particle size, higher
antitumor activity of chitosan nanoparticles by intrave-
nous injection. The unique character with positive char-
ge and little particle size of chitosan nanoparticles is
responsible for their in vivo efficacy.
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