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Chitosan nanoparticles (CS-NPs) without drug loading have diverse biological activity. In this study, we prepared CS-NPs, CS-NPs
solidified by different amount of glutaraldehyde, and CS-NPs modified with either biotin (B-CS-NPs) or biotin and avidin (A-
B-CS-NPs) and examined their cytotoxicity on HepG2 cells. The morphology and size were measured by transmission electron
microscopy and photon correction spectroscopy, respectively. The extent of solidification was validated by the approach of
sonication. Biotin connect density on the surface of B-CS-NPs and A-B-CS-NPs was determined by biotin assay kit. The results
showed that most of the NPs were round and their mean sizes were all below 300 nm. Biotin connect density of B-CS-NPs and A-B-
CS-NPs was 2.18 ± 0.36 and 1.26 ± 0.11mol biotin/mol CS, respectively. At relatively low concentration, CS-NPs with higher extent
of solidification exhibited more vigorous inhibitory effect against HepG2 cells than those without solidification. When NPs were
incubated with cancer cells for 48 h, compared with CS-NPs, the anticancer activity of B-CS-NPs and A-B-CS-NPs was enhanced
significantly (𝑃 < 0.05). In addition, A-B-CS-NPs showed superior cytotoxicity over B-CS-NPs. This study demonstrates that
modification with biotin and avidin may be an efficient way in improving antitumor activity of CS-NPs against hepatic carcinoma.

1. Introduction

Chitosan is a biodegradable polymer widely applied in
pharmaceutical and medical fields, for example, to fabricate
nanoparticles (NPs) and functional chitosan derivatives [1–
4]. Recent studies revealed that chitosan nanoparticles (CS-
NPs) without drug loading have versatile biological activities.
Blank CS-NPs themselves were able to inhibit bacterial
proliferation, such as E. coli, S. choleraesuis, S. typhimurium,
and S. aureus [5]. The possible mechanism is that CS-NPs
disrupted the cell membranes of bacteria, leading to the
leakage of cytoplasm [6]. Owing to their broad antibacterial
spectrum and biocompatibility, blank CS-NPs were applied
to the treatment of dentinal tubule infection [7, 8]. With the
assistance of ultrasonic activation, CS-NPs were capable of
being delivered to deeper location of dentinal tubule where
routine cleaning cannot reach [8]. Apart from antibacterial
function, CS-NPs have antifungal activity [9, 10], which is

muchmore powerful than chitosan itself [11, 12]. Besides, CS-
NPs without any drug incorporation possessed anticancer
capability. In vitro cell inhibitory experiments showed
that CS-NPs exerted vigorous cytotoxicity toward colon
cancer cell line (Calo320), gastric cancer cell line (BGC823),
and liver cancer cell line (BEL7402) [13]. CS-NPs exhibited
significant antitumor activity against Sarcoma-180 andmouse
hepatoma H22 in vivo as well [14]. Surface modified CS-NPs
usually obtained some unique properties and showed more
potent anticancer effect. For example, N-succinyl-CS-NPs
were able to block the proliferation of K562 cells by inducing
apoptosis and necrosis of cancer cells [15, 16].

Nowadays, biotinmodified nanoparticles (NPs) represent
an attractive strategy to target tumors characterized by rapid
division and aggressive growth [17–20]. Biotin is the ligand of
avidin, which is anothermodifyingmoiety of NPs to specially
combine with cancer cells [21–24]. The interaction between
biotin and avidin is the strongest one that has even been
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known [25]. As a result, biotin can serve as a bridge to connect
avidin with carriers. And it becomes feasible to construct NPs
modified with both biotin and avidin by first linking biotin
with NPs, then adding avidin to the binding part of biotins
on the surface of NPs. The purpose of designing two ligands
modified NPs is that they are expected to possess more
potent cytotoxicity, for they are capable of entering cancer
cells through different routes mediated by two interactions
between receptors existing on tumors and ligands that were
bound with NPs. Considering that avidin linked NPs have
liver targeted feature [26, 27], we chose HepG2 cells, a human
hepatic carcinoma cell line, to examine the antitumor activity
of blank CS-NPs, biotin modified CS-NPs (B-CS-NPs), and
CS-NPs modified by both avidin and biotin (A-B- CS-NPs).

If there is no surfacemodification, free amino groups out-
side of CS-NPs will be available to react with aldehyde agents
to form solidified NPs, which will not have morphological
change upon being exposed to body fluid. Though either
modification or solidification is not an indispensable step in
the preparation of CS-NPs, including either of the two steps
will grant some special features to CS-NPs. The solidifying
agents that are most frequently used are formaldehyde and
glutaraldehyde. Yet whether the introduction of solidifying
process will influence antitumor effect of CS-NPs or not
remains unclear. In this study, we also prepared CS-NPs with
various solidification degrees and compared their inhibitory
activities against HepG2 cells.

2. Methods

2.1. Preparation of CS-NPs and Solidified CS-NPs. CS-NPs
were prepared according to the method we previously estab-
lished [28]. Briefly, 5mL of 0.2% (W/V) CS solution was
put into a 20mL beaker. Under constant stirring, 5mL
of 20% (W/V) sodium chloride solution was dropped into
the beaker using a 1mL syringe, with one minute interval
after each 1mL of solution was added. Then, continuous
stirring lasted for about 2 h until blue opalescence appeared,
manifesting the formation of NPs. The NPs suspension was
centrifuged at 3,000 g for 5min, and the pellet was re-
dispersed in 5mL distilled water for future use.

To solidify CS-NPs, before centrifugation, 100, 200,
and 300 𝜇L of 0.3%w/v glutaraldehyde (GA) solution were
dropped into CS-NPs suspension under magnetic agitation,
respectively, and the stirring was kept on for 2 h to ensure the
completion of the solidifying reaction.Then, the solution was
centrifuged and resuspended as the way described above.

2.2. Validating the Solidification of CS-NPs. To examine the
solidifying extent of CS-NPs, turbidity of CS-NPs solutions
with different addition of GAwas assayed, respectively. After-
ward, they were exposed to sonication for 5min, followed by
the second measurement of turbidity. The percentage of tur-
bidity decrease correlates with solidification degree of NPs.

2.3. Preparation of B-CS-NPs and A-B-CS-NPs. Biotin
modified CS was synthesized conforming to the method
we published before [29]. In short, 0.3%CS solution was

obtained by dissolving CS in diluted hydrogen chloride
solution, and the pH was adjusted to 6.5. Then, 12mg of
sulfosuccinimidobiotin (sulfo-NHS-biotin) was dissolved in
2mL of distilled water and dropped to 10mL of CS solution
under magnetic agitation. The stirring was maintained for
2 h to guarantee complete biotinylated reaction. Afterwards,
the solution was transferred to a dialysis bag with 8,000
dalton molecular cutoff and dialyzed against 1 L distilled
water for 24 h. During the period, water was replaced every
8 h. When small molecular agents were removed by dialysis,
the solutionwas lyophilized and reconstituted in 10mLwater,
from which 5mL was withdrawn and fabricated into B-CS-
NPs in accordance with the method for preparing CS-NPs.

Followed by the acquisition of B-CS-NPs, avidin that was
ready to conjugate with half of biotin exposed on the surface
was added to the solution to construct A-B-CS-NPs. The
added amount was based on the binding ratio of avidin to
biotin 1 : 4 [25].

2.4. Determination of Biotin Content on the Surface. Biotin
content on the surface of B-CS-NPs and A-B-CS-NPs was
determined in accordance with manual brochure of biotin
assay kit (Pierce Biotechnology, Inc). Biotin connect density
was calculated in the light of the formula we previously
reported [29].

2.5. Measurement of Morphology and Size. The prepared
NPs, including CS-NPs, B-CS-NPs, and A-B-CS-NPs, were
stained with 2% phosphotungstic acid, dried on copper
grids overnight, and examined under a transmission electron
microscopy (TEM; JTM-1230, Japan), respectively. The size
of all batches was measured using a photon correction
spectroscopy (PCS; Malvern Instruments, UK). Each sample
was assayed in triplicate.

2.6. Cytotoxicity against HepG2 Cells. HepG2 cells were
cultured in RPMI-1640medium supplemented with 15% fetal
bovine serum (FBS) and grew in awater jacket CO

2
incubator

(Thermo Forma, USA) with an afflux of 5% CO
2
at 37∘C.

When the cellular confluence reached 80%, cells
were washed by 3mL of PBS and harvested with 1% trypsin
solution for 1min.Then, culturemedium containing 15%FBS
was added to terminate trypsin function. After cell density
was adjusted to 1 × 105 cells/mL, cells were seeded onto 96-
well plate, one well loaded with 100 𝜇L cellular suspension,
and were fostered in incubator for 24 h. Subsequently, fresh
complete culture medium replaced the old one. And 2, 4, and
6 𝜇L of CS-NPs solidified by different amounts of GA, B-CS-
NPs, and A-B-CS-NPs, corresponding to the final concentra-
tion of 18, 36, and 54mg/mL in well, were added to the plate,
respectively. The NPs were incubated with cancer cells for 48
and 72 h, respectively. Each level of formulas was repeated on
5 wells. Culture medium, as control group, was manipulated
in the same manner. Afterwards, cell viability was assayed
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT)method.The inhibitory rates were calculated
by comparing the viability with control group.
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Figure 1: TEM photos of (a) CS-NPs (b) B-CS-NPs, and (c) A-B-CS-NPs.

Table 1: Turbidity of CS-NPs with different addition of GA before
and after sonication (mean ± SD, 𝑛 = 3).

Glutaraldehyde
added (𝜇L)

Turbidity
Turbidity
decrease %Before

sonication
After

sonication
0 0.372 ± 0.007 0.000 100.00
100 0.378 ± 0.006 0.309 ± 0.005 18.25 ± 0.46

200 0.371 ± 0.009 0.350 ± 0.007 5.66 ± 0.44

300 0.374 ± 0.003 0.363 ± 0.003 2.94 ± 0.28

3. Results and Discussion

3.1. Validating the Solidification of CS-NPs. Solidifying is not
a must for the preparation of CS-NPs, for CS is insoluble in
the medium of pH above 7.0. What NPs benefit from solidifi-
cation is that they are able to maintain original morphology
when delivered to blood circulation. In this study, solidifying
extent of CS-NPs was examined by the approach of sonica-
tion. The turbidity of CS-NPs with the addition of different
amount of GA before and after sonication was displayed in
Table 1. It indicated that before sonication, the turbidity of
CS-NPs at various extents of solidificationwas similar to each
other, while after sonication, the turbidity of CS-NPs without
GAdeclined to zero, implying that theywere totally destroyed
by sonication and dissolved in water. With the increase of
added GA, the decrease of turbidity caused by sonication
became negligible, manifesting that since more CS-NPs were
solidified, sonication imposed less effect on CS-NPs. In
general, a conclusion can be drawn that the more GA was
added, the higher extent of solidification would be achieved.

3.2. Determination of Biotin Content. Biotin connect density
on the surface of B-CS-NPs and A-B-CS-NPs was 2.18 ± 0.36
and 1.26 ± 0.11 mol biotin/mol CS, respectively, showing that
approximately 40% of biotins exposed outside of B-CS-NPs
had linked with avidins to form A-B-CS-NPs.

3.3. Morphology and Size. The TEM photos of CS-NPs, B-
CS-NPs, andA-B-CS-NPs (Figure 1) illustrated thatmostNPs
were round with reasonable uniformity. The size measured

by PCS of unsolidified CS-NPs and those solidified by 100,
200, and 300𝜇L of GA solutionwas 257, 286, 282, and 291 nm,
respectively. The uniformity evidenced by polydispersity was
0.225, 0.215, 0.207, and 0.212, respectively. It implied that due
to longer stirring to facilitate solidifying reaction, introduc-
tion of GA slightly elevated the size of NPs. Nevertheless, the
amount of GA had no impact on diameter. The mean size
of B-CS-NPs and A-B-CS-NPs was 238 and 286, respectively,
and the correlated polydispersity was 0.124 and 0.148, show-
ing higher uniformity than CS-NPs. Biotin decoration of CS
reduced the viscosity of CS, thereby it may contribute to the
production of more homogeneous particles. The diameters
assayed by PCS were much larger than apparent sizes dis-
played in photos, owing to the drying process during taking
morphological photos that shrank the NPs dramatically.

3.4. Cytotoxicity against HepG2 Cells. The inhibitory rates of
unsolidified CS-NPs and those solidified by 100, 200, and
300 𝜇L GA solution after being incubated with HepG2 cells
for 48 and 72 h were shown in Figure 2. It can be seen that
the inhibitory activity of NPs at 72 h was generally lower
than at 48 h, implying that cancer cells NPs failed to kill at
48 h continuously proliferated. In addition, the inhibitory rate
elevated with the increase of NPs concentration in culture
medium. CS-NPs at low dose, such as 18 𝜇g/mL, lost their
anticancer ability after acting on the cells for 72 h (Figure 2).
Inmost cases, CS-NPs at various extents of solidificationwere
similar in terms of inhibitory activity. However, when NPs
were cocultured with the cancer cells at 18 𝜇g/mL for 48 h,
the cytotoxicity of those solidified by 200 and 300𝜇L of GA
was significantly higher than CS-NPs without solidification
(𝑃 < 0.05). The same consequence occurred as NPs were
incubated with HepG2 cells at 36𝜇g/mL for 72 h. It seemed
that at relatively low concentration, CS-NPs with higher
extent of solidification possessed more vigorous antitumor
activity than unsolidified CS-NPs. NPs without solidification
at low level were degraded by enzymes secreted from HepG2
cells, which could be considered a contributory factor to the
declined cytotoxicity.

The cytotoxicity of CS-NPs, B-CS-NPs, and A-B-CS-
NPs cocultured with HepG2 cells for 48 and 72 h was
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Figure 2: Inhibitory rates against HepG2 cells of CS-NPs without solidification and those solidified by 100, 200, and 300 𝜇L GA, after being
incubated with the cells for (a) 48 h and (b) 72 h. The data represent mean ± SD (𝑛 = 5). ∗𝑃 ≤ 0.05, ∗∗𝑃 ≤ 0.01, compared to unsolidified
CS-NPs.
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Figure 3: Inhibitory rates against HepG2 cells of CS-NPs, B-CS-NPs, and A-B-CS-NPs after being incubated with cancer cells for (a) 48 h
and (b) 72 h. The data represent mean ± SD (𝑛 = 5). ∗𝑃 ≤ 0.05, ∗∗𝑃 ≤ 0.01, compared with CS-NPs.

displayed in Figure 3. Similar to the above, the inhibitory
activity of NPs sharply decreased after they combated with
cancer cells for 72 h. And there was no obvious difference
of cytotoxicity among the three NPs at that time. However,
when the NPs were incubated with cells for 48 h, B-CS-
NPs and A-B-CS-NPs substantially blocked more cancer cell
growth than CS-NPs at any level (𝑃 < 0.05), demonstrating
that CS-NPs modified by either biotin or biotin and avidin
significantly enhanced their antitumor activity. Furthermore,
A-B-CS-NPs were more effective in slowing down cancer cell

proliferation than B-CS-NPs. As A-B-CS-NPs were modified
with two ligands, it may provide the possibility that this kind
ofNPs entered cells through two different routes, causing
more drugs to fight against cancer cells and displaying more
vigorous cytotoxicity.

4. Conclusion

CS-NPs solidified by different amounts of GA and CS-NPs
modified with either biotin (B-CS-NPs) or biotin and avidin
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(A-B-CS-NPs) were prepared in this study. It demonstrated
that more GA involved brought about higher solidifying
degree of CS-NPs. Biotin connect density of B-CS-NPs and
A-B-CS-NPs was 2.18 ± 0.36 and 1.26 ± 0.11mol biotin/mol
CS, respectively. TEM photos declared that most of NPs were
round and their mean sizes measured by PCS were all below
300 nm. Cytotoxicity experiment exclaimed that at relatively
low concentration, CS-NPs with higher extent of solidifica-
tion exhibited more potent inhibitory activity against HepG2
cells than unsolidified CS-NPs.When cocultured with cancer
cells for 48 h, compared with CS-NPs, B-CS-NPs and A-B-
CS-NPs significantly suppressed more cancer cell growth.
And the anticancer activity of A-B-CS-NPs seemed more
potent than that of B-CS-NPs. This study demonstrates that
A-B-CS-NPsmay be exploited as either an excellent candidate
or a potential vehicle for the treatment of hepatic carcinoma.
Further experiments need to be conducted to clarify how
various CS-NPs act on other cancer cell lines and normal cell
lines and the feasibility to be applied in clinical.
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