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Abstract: This study was designed to evaluate and compare the stability, antioxidant and anticancer activities of selenium
nanoparticles (SeNPs) decorated with different molecular weight (MW) of chitosan (CS) (1500Da, 48 kDa, 510 kDa). The size
range of well-dispersed SeNPs was effectively controlled by I− first and then coated with CS. The morphology, size and surface
charge of generated SeNPs were characterised by several technologies. Fourier transform infrared spectroscopy was used to
investigate the relationship between SeNPs and CS. SeNPs decorated with CS (510 kDa) can keep stable for more than 45
days. As observed from the results of a simple photometric system, the antioxidant activities of decorated SeNPs were
enhanced compared to undecorated SeNPs. SeNPs coated with higher MW of CS (510 kDa) showed the strongest antioxidant
activities. Moreover, the treatments of SeNPs decorated with CS inhibited the growth of HepG2 cells in a time- and dose-
dependent manner. The proposed results demonstrated the critical roles of the MW of CS on the stability, antioxidant and
anticancer properties of CS-coated SeNPs, which provided an important design cue for future applications of functional foods
and additives.

1Introduction
During the last few years, there has been a growing interest to
develop materials with high antioxidant and antimicrobial
properties which help to improve the quality of food, enhance the
shelf life and ensure the safety of food [1]. Nanotechnology is a
highly promising interdisciplinary technology that spans across
food, material and biomedical areas with the development of new
nanoparticles, which have unique biological properties enable them
to bind, absorb and carry compounds such as small molecule drugs,
DNA, RNA, proteins and probes with high efficiency [2]. The
compositions, structure and charge of NPs vary via different
fabrication methods, which may affect the stability and antioxidant
properties [3].

The essential trace element, selenium, is of vital importance to
human health. Selenium exerts its biological function through
several selenoproteins, including a number of glutathione
peroxidases (GPx) [4]. It is involved in the complex system of
defence against oxidative stress functions in the body as an
antioxidant, in thyroid hormone metabolism, redox reactions,
reproduction and immune function. The dose and form of selenium
are the determining factors related to its biological activity, toxicity
and cancer prevention [5]. SeNPs are novel selenium species with
unique biological, appearing to be more effective than other forms
of selenium at increasing selenoproteins expression, scavenging
free radicals, and preventing oxidative DNA damage as antioxidant
[6, 7]. SeNPs also have additional benefits such as low toxicity and
acceptable bioavailability, which have aroused widespread
attention in recent years [8–10]. Since SeNPs have drawbacks that
are prone to aggregation without controlling factors, leading to
lower bioactivity and restricting its application, mounting
evidences suggested that nature polymers, such as some
polysaccharides, proteins and vitamins, which seemed to be either
non-toxic, biocompatible and biodegradable are used as stabiliser
to fabricate SeNPs for food and biomedical applications. These
polymers can not only control the size and stability of SeNPs but
also enhance bioactivity, including anti-oxidation, anti-viral
activities, immune regulation, anti-oncological activity and anti-

ageing effects. Folic acid modified selenium nanoparticles (SeNPs)
could be served as potential therapeutic agents and organelle-
targeted drug carriers in cancer therapy [11]. Polysaccharide
protein complexes SeNPs are potential chemopreventive agents for
lung cancer therapy [12]. SeNPs decorated with polysaccharides–
protein complexes exhibited higher antiproliferative activity,
compared with undecorated SeNPs [13].

Chitosan (CS) is the N-deacetylated derivative of chitin,
regarded as the only pseudonatural cationic polymer in the world,
which mainly obtained from the cell walls of fungal and yeast and
the shell of krill, lobster and crab. It also has good biodegradability
and excellent bioactivities such as antioxidant, antitumor, so it is a
candidate to disperse and stabilise SeNPs. According to previous
studies, Yu introduced CS to synthesise SeNPs with the large size
about 120 nm, which may not be controllable to synthesise smaller
size of NPs [14]. Zhang had employed different molecular weight
(MW) of CS to stabilise SeNPs and investigated the stability and
antioxidant activities, they used CS as capping agent during the
synthesis of SeNPs, while SeNPs decorated with high MW of CS
were aggregated markedly and SeNPs stabilised with low MW of
CS were dispersed well with amount of 20–50 nm aggregates. The
size and morphology of NPs were uncontrollable and the effect of
different MW of CS on SeNPs was elusive, due to that CS has a
key role in the reducing reaction. Moreover, they just investigated
the antioxidant properties of decorated CS during storage at 0 day
and 30 days, while no comparison was focused on the difference of
antioxidant and anticancer properties between SeNPs coated with
different MW of CS [15, 16]. Though little studies that have been
performed using CS as stabiliser to synthesise SeNPs, it remains
unclear the difference between the different MW of CS coated
SeNPs on the antioxidant and anticancer activities. Our previous
work suggested that well-dispersed SeNPs decorated with
polysaccharide of opposite surface charge (CS, carboxymethyl
chitosan) were potent antioxidants in vitro. Recently, several works
have focused on the roles of I− on the synthesis of nanocrystals
which performed as reactant and surface stabilising agent, thereby
reducing the complexity of the synthesis by eliminating the need
for an external capping agent [17]. In this study, SeNPs were
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synthesised using I− as capping agent first and different MW of CS
were anchored on the monodisperse SeNPs. Coupled with the
desired biomolecules, these stable decorated SeNPs should have
great potentials for biomedical applications in food systems. To the
best of our knowledge and according to a survey of the literature,
there is no report to investigate the difference on the stability,
antioxidant and anticancer activities of the different MW of CS
decorated SeNPs systematically.

2Materials and methods
2.1 Materials

The CS with a MW of 510 kDa (CS(h)), 48 kDa (CS(m)) and 1500 
Da (CS(l))(Poly-β-(1,4)-D-glucosamine with 95% degree of
deacetylation) were obtained from our own lab. Dulbecco's
modified Eagle's medium (DMEM) and foetal bovine serum (FBS)
and 4–3-(4-Iodophenyl)-2-(4-Nitrophenyl)-2H-5-Tetrazolio]-1,3-
Benzene Disulfonate (WST-1), penicillin and streptomycin were
purchased from NEST Co. All other chemical reagents were of
analytical grade. All water used in the analysis had been distilled
and deionised.

2.2 Synthesis of different MW of CS-SeNPs

In order to obtain SeNPs, we considered the method described in
our previous work with some modification. About 20 mM
Na2SeO3 aqueous solution was mixed with 30 mM KI under
magnetic stirring. Then 60 mM freshly prepared ascorbic acid
solution was added then dropwise into the mixture and stirred for
30 min at the room temperature. The resulting colloid was aged for
24 h and purified by dialysis overnight against ultrapure water in a
dialysis bag (500 g/mol MW cut off from Mym Biological
Technology Company) with constant stirring to eliminate
interferences from Vc and KI. CS (1500 Da, 48 kDa, 510 kDa)
with different concentrations (0.08, 0.16, 0.32, 0.48, 0.64 mg/ml)
were added into the SeNPs colloidal to obtain CS (l)-SeNPs, CS
(m)-SeNPs, CS (h)-SeNPs. The final solution was stored at 4°C for
further use.

2.3 Characterisation and measurements

Several methods were used to characterise the synthesised
nanoparticles. Transmission electron microscopy (TEM, JEOL
JEM-2100, Japan) was performed to characterise the size and
morphology of SeNPs. UV–visible spectra were recorded on the
Shimadzu UV-1800 spectrometer. The size distribution of the
nanoparticles was measured by Zetasizer Nano ZS instrument
(Malvern Instruments Limited). Fourier transform infrared (FTIR)
spectra were obtained with Nicolet iS 10 instrument using
potassium bromide pellets within the range of 400–4000 cm−1.
Mettler Toledo TGA/SDTA851 thermogravimeter was used to
obtain thermogravimetric analysis curves under the temperature
range of 30–550°C.

2.4 Assay for antioxidant activities

2.4.1 DPPH radical scavenging activity: The free radical
scavenging activities of SeNPs, CS(l)-SeNPs, CS(m)-SeNPs and
CS(h)-SeNPs on DPPH radical were investigated by DPPH test
employing the method [18] with some modifications. Briefly, 5 ml
of sample solution with different concentration (0.1–0.5 mM
SeNPs added with the same concentration of 0.08 mg/ml different
MW of CS) was mixed with 5 ml DPPH ethanol solution (50 mg/l).
The mixture was incubated for 30 min at 33°C. The absorbance
was then measured at 517 nm. Lower values of absorbance mean a
higher DPPH scavenging activity. The DPPH radical scavenging
ability was calculated as follows:

DPPH radical scavenging ability % = (Ac − Aa + Ab)/Ac × 100

(1)

where Ac is the absorbance of DPPH without sample, Aa is the
absorbance of the sample mixed with DPPH solution, Ab is the
absorbance of the sample without DPPH solution.

2.4.2 ABTS radical cation scavenging activity: In-vitro
antioxidant activity towards ABTS•+ was evaluated according to
the method [19] with some modification. In this method, 7.4 mM
ABTS was mixed with K2S2O8 to generate ABTS•+. A stable
oxidation was formed until reacted for all night in the dark. Then
the mixture was diluted with ethanol to give an absorbance of
0.700 ± 0.01 at 734 nm. About 40 µl of different samples at
different concentrations (0.1–2.0 mM SeNPs added with the same
concentration of 0.08 mg/ml different MW of CS) was added with
160 µl of ABTS•+ solution and reacted for 6 min in a dark
condition. The absorbance of the resulting solution was measured
at 734 nm using ELIASA. The scavenging ability was calculated
using the following formula:

ABTS
. +

radical scavenging ability % = (Ac − Aa + Ab)/Ac

× 100
(2)

where Ac is the absorbance of a control, Aa is the absorbance of
sample and reagent, Ab is the absorbance of the sample without
reagent.

2.4.3 Superoxide anion radical scavenging activity: The
influence of SeNPs on the generation of superoxide was measured
by means of spectrophotometric measurement with some
modification [8]. The 50 mM Tris-HCl buffer (pH 8.2) have been
incubated at 25°C for 20 min, then 1 ml of samples solution at
various concentrations (0.2–1 mM SeNPs added with the same
concentration of 0.08 mg/ml different MW of CS) and 3 mM
pyrogallic acid were added and rapidly shaken. The resulting
mixture was incubated for 5 min at 25°C in the dark. Thereafter,
10 mM HCl was added to terminate the reaction, and the
absorbance was measured at 320 nm. The ability to scavenge O2

•−

was calculated as follows:

O2
. −

radical scavenging ability % = (Ac − Aa + Ab)/Ac × 100 (3)

where Aa is the absorbance of sample and reagent and Ab is
absorbance of the sample without O2

•−, while Ac is absorbance of a
control (blank).

2.5 Cell culture

HepG2 was maintained at 1 × 106 cells/ml in DMEM media
supplemented with FBS (10%), penicillin (100 units/ml) and
streptomycin (50 units/ml) at 37°C in CO2 incubator (95% relative
humidity, 5% CO2). The morphology of the cells was observed
under an inverted microscope (Nikon, Japan).

2.6 Cytotoxicity assay

Cytotoxicity of SeNPs, CS(l)-SeNPs, CS(m)-SeNPs and CS(h)-
SeNPs towards HepG2 cells was evaluated by the WST-1 [4–3-(4-
Iodophenyl)-2-(4-Nitrophenyl)-2H-5-Tetrazolio]-1,3-Benzene
Disulfonate] colorimetric assay based on the conversion of stable
tetrazolium to a soluble formazan by a complex cellular
mechanism that occurs primarily at the cell surface [20]. In starting
experiments, each cell line was seeded at 5 × 104 cells/ml in a 96-
well plate and cells were allowed to settle overnight. Cells were
treated for 48 h with samples in different concentrations of 10, 50,
100 μM. At the end of the cultivation period, the WST-1
proliferation assay was performed according to the manufacturer's
protocol and the absorbance was measured at 450 nm. The
percentage of cell viability and the percentage of inhibition at
various concentrations were calculated using the following
formulae:
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Cell viability % = At /Ac × 100 (4)

where At is the absorbance of the test sample and Ac is the
absorbance of the control.

3Results and discussion
3.1 Formation and morphology of SeNPs coated with CS

In our experiments, well-dispersed SeNPs are first prepared by
reducing Na2SeO3 with ascorbic acid in the presence of KI.
According to previous studies, the ability of I− to act as a surface
regulating agent has been reported, such as to generate CuI
nanoterahedrons [21], β-AgI [22] and it is believed that it forms a
double layer between the surface adsorbed I− and the counter ions
(Na+ or K+), which generates a repulsive interaction between NPs
to against aggregation. In order to clearly investigate the effect of
different MW of CS decorated on SeNPs, we chose SeNPs with
uniformity of the particle size distribution, surface-modified with
different CS chain lengths of either 1500 Da, 48 kDa or 510 kDa
on the top of polymer shell; the mechanism is shown in Fig. 1. 

Addition of ascorbic acid to sodium selenite solution led to the
appearance of an orange colour in solution, after about ageing 24 h,
it turned to brownish red, which indicated the formation of SeNPs.
The UV–Vis absorption spectra recorded from this solution showed
the characteristic band of SeNPs. As shown in Fig. 2, the
characteristic absorbance peak of SeNPs and decorated SeNPs
exhibited the same position located at 253 nm. As shown in Fig. 2,
SeNPs before dialysis exhibited two strong peaks at 226 and 265 
nm, respectively, which represented the characteristic absorptions
of potassium iodide and ascorbic acid. It was important to point out

that there were no these peaks occurred in the whole spectrum,
which indicated that the samples were purified via dialysis. As
shown in the representative TEM image (insert) in Fig. 2, the
synthesised SeNPs were well-dispersed spherical particles
controlled by KI with the average diameter about 50 nm. The
addition of CS did not change the morphology of SeNPs.
According to Zhang's study, SeNPs stabilised by low MW CS
showed a small amount of 20–50 nm aggregates. While, most of
SeNPs dispersed in high MW CS were markedly aggregated [15].
Thereafter, in our paper, the decoration of different weight of CS
on the well-dispersed SeNPs did not change the particle size. 

3.2 DLS analysis

Stability of nanomaterials is an important factor that affects its
application in food and pharmaceutical industry. The size
distribution and stability of CS-SeNPs were investigated by a
Zetasizer Nano-ZS particle analyser. In order to study the influence
of CS surface density, nanoparticles were decorated with increased
CS concentration. As shown in Fig. 3a, the SeNPs without CS
showed an average size of 102.60 nm. Diameters of CS (l)-SeNPs
were detected to be 102.95, 103.25, 103.35, 103.70, 104.35 nm
when decorated with CS at concentration of 0.08, 0.16, 0.32, 0.48,
0.64 mg/ml, respectively. Diameters of CS (m)-SeNPs were
determined by DLS to be 109.40, 111.15, 113.80, 119.90, 135.30 
nm and the average size of CS (h)-SeNPs were about 124.55,
143.60, 152.55, 167.45, 182.40 nm at the same serious of
concentrations of CS (l), which showed that by using different
concentrations of CS as capping agent, the average particles size of
CS-SeNPs was effectively increased as the concentration of CS
increased, it may due to that with the concentration increased, the
molecular spacing decreased, intermolecular hydrogen bond force
enhanced, which resulted in the more crosslinking between MW.
We could observe that the changes of size distribution of CS (m)-
SeNPs was greater than CS (l)-SeNPs and lower than CS (h)-
SeNPs, which might be due to the difference of MW of CS. With
the same concentration, the bigger the MW of CS, the more
packages in the surface of the SeNPs, which resulted in the larger
particle size. As we know, recommended values of zeta potential
for colloid suspension must have values superior to ±30 mV, which
showed higher stability [23]. As shown in Fig. 3b, zeta potential
value of SeNPs was about −28.4 mV. As we know that CS is the
only positively charged natural polysaccharide in the world, due to
that CS has many protonated amino group under acid conditions,
which shows positive charge. Therefore, the zeta potential values
for CS (l)-SeNPs, CS (m)-SeNPs, CS (h)-SeNPs were about +33.6,
+48.35 and +63.05 mV at the concentration of 0.64 mg/ml, which
could be seen that the CS-SeNPs exhibited a positive charge on the
surface, while SeNPs showed negative charge. It should be pointed
out that the stability of CS (l)-SeNPs may not as good as CS (m)-
SeNPs and CS (h)-SeNPs. It may be due to that under the same
concentration, the higher the CS MW, the bigger surface density
surround the SeNPs, which may result in its stability. Besides, the
stability of CS coated SeNPs were detected by monitoring the
change in zeta potential during 45 days storage. As shown in
Fig. 3c, the zeta potential of SeNPs with high and middle MW CS
was much higher than SeNPs with low MW, it kept almost constant
vales for 5 days, but both exhibited a slight decrease with one
month or more time storage, which meant that CS (m)-SeNPs and
CS (h)-SeNPs can keep stable for a month more than CS (l)-
SeNPs. 

3.3 FTIR analysis

In order to clarify the interaction between SeNPs and different
MWs of CS, the FTIR spectra were collected as shown in Fig. 4.
The FTIR spectra of CS (l) (MW = 1500 Da) exhibited main
absorption bands at 3425.79 (O–H stretch), 2926.27 (C–H stretch),
1629.16 (C=O stretch, amide I), 1512.54 (N–H bend, amide II),
1382.46 (C–N stretch), 1087.77 cm−1 (C–O stretch). Compared to
spectrum of CS (l), the characteristic peak of O–H group in CS (l)-
SeNPs at 3401.98 cm−1 showed a blue shift, which indicated that
CS (l) was conjugated to the surface of SeNPs through –OH group.

Fig. 1 Symbolic illustraton of
(a) CS(l)-SeNPs nanoparticles, (b) CS(m)-SeNPs nanoparticles, (c) CS(h)-SeNPs
nanoparticles. NPs in (a), (b) and (c) are coated with CS of different MW

 

Fig. 2 UV–Vis spectra of SeNPs before dialysis, SeNPs before dialysis,
CS(l)-SeNPs, CS(m)-SeNPs, CS(h)-SeNPs and representative TEM image
(inset) of SeNPs. The scale bar of the inset corresponds to 500 nm
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Similarly, the characteristic peak of O–H group on CS (m)-SeNPs
and CS (h)-SeNPs were also exhibited a blue-shift compared to CS
(m) and CS (h). Taken together, the FTIR spectra supported that the
OH groups of CS bound to the surface of SeNPs, which created a
stable microenvironment for SeNPs in order to protect it from
further accumulation. 

3.4 Thermogravimetric analysis

Thermogravimetry is widely used to detect the thermal properties
of materials. As shown in Fig. 5, the maximum degradation
temperature (Tmax) of CS(l), CS(m), CS(h) were at about 206, 309,
308°C, respectively, while the SeNPs coated with different MW
CS, the CS(l)-SeNPs, CS(m)-SeNPs and CS(h)-SeNPs had Tmax
around 205, 299 and 292°C, which were similar to CS(l), CS(m),
CS(h), but still exhibited a slight decrease. According to previous

studies, the Tmax value of SeNPs was about 409°C, it showed much
higher thermal stabilities than CS-SeNPs. It may due to that CS is a
polysaccharide, which is unstable at high temperature and the
colour become deep. Therefore, SeNPs coated with CS may
decompose more easily compared to SeNPs. 

3.5 DPPH radical scavenging ability

The relatively stable DPPH radicals are nitrogen-centred and
lipophilic-free radical, which can be reduced to a yellow-coloured
compound as diphenylpicryl hydrazine in the presence of
antioxidants [24], and the reaction involved H-atom transfer. It has
been widely used to test the antioxidant ability of compounds to act
as free radical scavengers. According to previous studies, some
researchers indicated that SeNPs exhibited strong DPPH radical
scavenging abilities [25, 26]. As shown in Fig. 6a, ascorbic acid
was investigated as a positive contrast, the scavenging activity of
SeNPs, CS(l)-SeNPs, CS(m)-SeNPs, CS(h)-SeNP on DPPH
radicals investigated, which was significantly higher than inorganic
selenium. The scavenging rate increased with increasing
concentration. More importantly, SeNPs decorated with CS all
showed excellent antioxidant activities to DPPH radicals compared
to SeNPs at all concentration range, the scavenging abilities of
SeNPs coated with different MW CS were close at the low
concentration, while above 0.3 mM, the of CS (m)-SeNPs was
lower than CS (h)-SeNP, but higher than CS (l)-SeNPs. Therefore,
CS (h)-SeNP showed the best scavenging ability, which reached
83.06% at the concentration of 0.5 mM. Moreover, the IC50 values
of SeNPs, CS(l)-SeNPs, CS(m)-SeNPs, CS(h)-SeNP were 0.370,
0.325, 0.306 and 0.296 mM, respectively. This may be due to that
the mechanism of scavenging activity is related to the fact that
residual free amino groups of CS can react with the free radicals,
and the NH2 groups can absorb a hydrogen ion to form ammonium
(NH3

+) groups while the extent of the reaction depends on the
hydrogen-donating ability of the antioxidants. Therefore, at the
same concentration, the higher MW of CS may contain more NH2
groups, so that CS (h)-SeNP showed the higher scavenging
abilities. 

3.6 ABTS radical cation scavenging ability

ABTS•+ radicals are generated by oxidation of ABTS with
potassium persulphate and involve an electron-transfer process,
which are more reactive [27]. As seen in Fig. 6b, obvious
concentration-dependent manner of SeNPs and CS-SeNPs on
scavenging ABTS•+ was observed in the concentration range of
0.1–2 mM. CS(h)-SeNPs showed a strong ABTS scavenging
ability than SeNPs on the whole, while no obvious difference was
found between the SeNPs and CS(l)-SeNPs. It should be pointed
out that CS(l)-SeNPs, CS(m)-SeNPs, CS(h)-SeNPs exhibited a
higher ABTS scavenging ability which reached 74.33, 80.23 and
81.99% at a concentration of 2 mmol/l, respectively. The IC50
values of SeNPs, CS(l)-SeNPs, CS(m)-SeNPs, CS(h)-SeNP were
about 1.314, 1.249, 1.143 and 1.101 mM. Based on these results,
our strategy to decorate the CS(h) on SeNPs exhibited a higher
ABTS•+ scavenging activity than CS(l)-SeNPs, and was similar
with CS(m)-SeNPs.

3.7 Superoxide anion radical scavenging ability

Superoxide anion is an oxygen-centred radical with low reactive
ability. However, it plays an important role in investigating the
antioxidant activities due to that it can cause oxidative damage in
human body, inducing damage in DNA, protein and lipids through
accelerating the formation of other ROS [28]. As can be seen in
Fig. 6c, SeNPs and CS coated SeNPs exhibited stronger O2

•−

scavenging effect in a concentration-dependent manner. The
percentage inhibition of superoxide anion radical generation by 1 
mM concentration of SeNPs was found as 15.58%. On the other
hand, at the same concentration, CS(l)-SeNPs, CS(m)-SeNPs,
CS(h)-SeNPs exhibited 25.20, 27.54, 31.44% superoxide anion
radical scavenging activity, respectively. More importantly, CS(h)-

Fig. 3 The DLS analysis of CS(l)-SeNPs, CS(m)-SeNPs, CS(h)-SeNPs
(a) Particle size distribution, (b) Zeta potential distribution with increased CS
concentration, (c) Zeta potential variation during 45 days storage

 

Fig. 4 FTIR spectra of SeNPs decorated with different MWs of CS
 

Fig. 5 Thermogravimetric curves of CS(l), CS(m), CS(h), CS(l)-SeNPs,
CS(m)-SeNPs and CS(h)-SeNPs
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SeNPs showed higher O2
•− scavenging effect than CS(l)-SeNPs

and CS(m)-SeNPs. It may be considered that the chain density of
low MW of CS is too low to fully and closely cover the outer
surface of SeNPs, which affect the interaction between the CS and
SeNPs, resulting in weak antioxidant activities. The results showed
that SeNPs coated with different Mw CS can enhance the
antioxidant activity in vitro compared to the undecorated SeNPs.

3.8 Cytotoxicity assay

As shown in Fig. 7a, CS(h)-SeNPs at concentrations of 10, 50 and
100 mM (with the same concentration of 0.08 mg/ml CS)
significantly decreased the cell viability to 76.63, 63.31 and
56.34% of control group, respectively. However, under the
corresponding conditions, SeNPs at the same concentrations only
slightly decreased the cell viability to 91.49, 87.46 and 75.69%.
SeNPs decorated with different MW of CS exhibited higher
cytotoxicity towards HepG2 compared to SeNPs, which
demonstrated that the CS decorated on the surface of SeNPs
significantly enhanced the anticancer activity. Moreover, the

cytotoxicity of CS(m)-SeNPs was lower than CS(h)-SeNPs and
higher than CS(l)-SeNPs. It was well known that the formation of
reactive oxygen species or increase in intracellular oxidative stress
may consider as the plausible mechanism for the anticancer effect
of nanocomposites [29]. As shown above, CS(h)-SeNPs had higher
antioxidant activities than CS(m)-SeNPs and CS(l)-SeNPs, which
was corresponding with the results of cytotoxicity assay. Fig. 7b
shows that the treatments of CS(h)-SeNPs inhibited the growth of
HepG2 cells in a time- and dose-dependent manner. As shown in
Fig. 8, the typical morphological assessment of cells revealed that
the treatment of CS(h)-SeNPs on HepG2 cells reduced cell density
by altering cellular morphology when compared to that of
untreated cells (control) and with the increased concentration, the
cell density decreased. The results directly indicated a pronounced
cytotoxic effect of CS-SeNPs on HepG2 cells, which showed a
potential application in cancer chemoprevention. As shown above,
CS(h)-SeNPs had higher antioxidant activities than CS(m)-SeNPs
and CS(l)-SeNPs, which was corresponding with the results of
cytotoxicity assay. 

4Conclusion
A green method for synthesis SeNPs was investigated in this work,
and then decorated with different MW of CS to obtain CS(l)-
SeNPs, CS(m)-SeNPs and CS(h)-SeNPs, respectively. The results
showed that the addition of CS do not affect the morphology of
SeNPs, and can keep it stable for at least one month, which is due
to the C–O–Se bonds generated by the strong interactions between
the OH groups of CS and SeNPs. Moreover, compared to SeNPs,
the decoration of different MW CS on SeNPs enhanced the DPPH,
ABTS•+ and superoxide anion radicals scavenging ability, and
CS(h)-SeNPs were more stable and exhibited the highest
scavenging ability towards DPPH, O2

•− and ABTS•+ radicals and
also significantly enhanced the cytotoxicity of SeNPs towards
HepG2 cancer cells. This work revealed the structure-property
relationship between SeNPs and surface decorated agent and
proved that surface chemistry played an important role in stability,
antioxidant and anticancer properties of SeNPs, providing a design
element for prediction and rational design of new antioxidant.
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