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KEYWORDS Abstract A novel nanocomposite containing selenium-gold-chitosan (Se-Au-CS) was prepared
Nanocomposites; and characterized using powder X-ray diffraction (XRD), Fourier transforms infrared spectroscopy
Chitosan; (FTIR), UV-Vis spectroscopy, field emission scanning electron microscopy (FESEM), energy dis-
AuNPs; persive X-ray analysis (EDX) and transmission electron microscopy (TEM). The powder X-ray
Selenium; diffraction has shown successful synthesis of Se nanoparticles. To further study the presence of gold
Anti-angiogenesis nanoparticles, EDX and UV-Vis were used. The morphological studies and grain sizes have

revealed polyhedral shapes with a mean particle size of ~211 nm. The TEM images also indicated
the presence of nanoparticles in the CS coating. The Anti-oxidant effects of Se-Au-CS were evalu-
ated using the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. Moreover, in the chorioallantoic mem-
brane (CAM) assay, notable anti-angiogenesis effects were observed for Se-Au-CS. The results of
this study demonstrated effective anti-angiogenesis effects of Se-Au-CS were evaluated using
CAM assay for the first time. It also indicated the application of Se-Au-CS could be extended to
the treatment of various cancer diseases.
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1. Introduction

Nanotechnology showed a promising future in the treatment of cancer
by increasing the drug efficacy and reducing side effects along with
designing individualized drugs for targeting specific cancer cells
in vivo and in vitro (Ghorani-Azam, 2022; Mobaraki, 2022;
Shakerimanesh, 2022; Yazdi et al., 2020). One of the profound nano-
materials used in biology known for their anticancer properties is
metallic-base ones, which have demonstrated intriguing properties as
bioactive agents and drug carriers (Javad Farhangi, 2021; Mousavi-
Kouhi, 2021; Alabyadh, 2022). Among synthetic methods to prepare
metallic nanoparticles, using green methods highlighted that are based
on economic indicators associated with price and availability (Es-
haghi, 2021; Modarres and Yazdi, 2021; Amiri et al., 2021;
Mohammadzadeh, 2022). In addition, its echo-friendliness is another
prominent advantage of the green synthetic methods (Taghavizadeh
Yazdi, 2022; Seyedi, 2023). Chitosan (CS) is a stabilizing agent and
non-toxic material used in the preparation of metallic nanoparticles,
which is extracted from natural sources and is one of the most used
and safe natural biopolymers in drug manufacturing which can stabi-
lize nanoparticles. Additionally, particles with a positive surface charge
could also be drawn to the negative surface of the cell membrane
(Asghar, 2021; Hashemzadeh, 2021; Mohamed, 2021). In absence of
a suitable stabilizer, the Van der Waals forces between bare metallic
nanoparticle would lead to aggregation. In contrast, CS is a steric bar-
rier that surrounds the metal with a positive charge, generating homo-
geneous nanoparticle solutions thanks to strong electrostatic repulsion
(Phan, 2021).

Selenium is a bioactive element and an important micronutrient for
cell growth (Radomska, 2021; Rana, 2021), and selenoproteins modu-
late the cellular oxidation and reduction environment, immune system
and toxicities (Labunskyy et al., 2014; Forceville, 2022) which is
needed to be in the dietary foods to prevent the advent of possible
related diseases including cancer (Evans et al., 2017; Qi, 2022). Due
to its non-toxicity, biocompatible attributes and activities in the body
are a safer choice as a base element to synthesize biocomposites that
are active against cancer (Mangiapane et al., 2014; Raich, 2001;
Rataan, 2022; Hashemzadeh, 2022; Hojjati Fard, 2022). Although sele-
nium nanoparticles (SeNPs) have shown anticancer properties, their
bioactivity could be improved significantly if modified with other
metallic nanomaterials that have also proven to be effective against
cancer (Malinga et al., 2021; Mirzaei, 2021; Jurj, 2017). Among nano-
materials to enhance the anticancer effects of selenium nanoparticles,
gold nanoparticles (AuNPs) are safe, effective and biocompatible
(Kang, 2020; Mousavi-Kouhi, 2021; Mobaraki, 2021). Therefore,
using AuNPs as a modifier to enhance the anticancer properties of
SeNPs can be of value to be investigated in a cellular model. Herein,
selenium-gold-chitosan (Se-Au-CS) nanocomposite was synthesized
and was analyzed structurally along with the functional groups, mor-
phology and solid phase particle sizes.

Angiogenesis, which is the process of new blood vessel formation is
necessary to human biology, and also plays a critical character in some
pathologies such as tumor formation, metastasis, and ischemia (Lai,
2016; Ashna, 2020). Therefore, one of the tumor treatment strategies
that leads to the destruction of tumor growth and inhibition of metas-
tasis is anti-angiogenic agents (Teleanu, 2019). In this study, we syn-
thesize Se-Au-CS, which has shown anti-oxidant and strong anti-
angiogenic properties.

2. Experimental and materials

The materials were acquired from Sigma-Aldrich (USA). Chi-
tosan (medium molecular weight) with 75-85% deacetylated
was used. The XRD was performed with Cu k, (1.54 A) from
5° to 80°, FTIR was measured between 400 and 4000 m™'
(KBr pellets), FESEM (Mira 3 TESCAN) and TEM (Leo

912) were used to analyze morphology and size. UV—Visible
spectrophotometry (PerkinElmer) to measure how much a
chemical substance absorbs light.

2.1. Synthesis of Se-Au-CS

Selenium nanoparticles were synthesized according to the liter-
ature and modified for the preparation of the Se-Au-CS (Bai,
2017). In brief, solubilized sodium selenite (0.8 g) in water
(20 mL) was added dropwise to the CS (1 g) and ascorbic acid
(AC, 3.2 g) in a 1% (w/w) acetic acid solution (200 mL) while
an ultrasound wave with the power of Q500 sonicator (750 W,
20 kHz). The stable red color indicated the successful synthesis
of SeNPs in CS. To prepare Se-Au-CS, soluble AC (1.6 g) in
water (20 mL) was added to the SeNPs solution and then,
HAuCly, in water (20 mL the ratio of Se: Au was 100:3) was
added dropwise to the previous solution. A grayish-red color
was obtained. The solution of the Se-Au-CS was centrifuged
and washed with double distilled water several times, then lyo-
philized and used without no further process for analyses and
biological tests. Sedimentation studies have shown the
nanoparticles were at least stable in solution for at least a
month. After that, it appears the sedimentation of the
nanoparticles occurs.

2.2. Chorioallantoic membrane (CAM) assay

CAM assays have been extensively employed for angiogenesis
and metastasis analysis. In this way, the chicken chorioallan-
toic membrane was used to study the effect of Se-Au-CS on
angiogenesis. For this purpose, 40 Ross-fertilized eggs were
obtained from Tous Company and were transferred to the lab-
oratory. In the laboratory, the eggs were sterilized with 70%
alcohol and transferred to an incubator. After that, on day
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Fig.1 The XRD pattern of chitosan (CS), Se-CS and Se-Au-CS.
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4, a window was carved on each of the egg shells, and after-
ward, the carved windows were blocked with special glue,
and the eggs were returned to the incubator. 8 days later, the
windows were open again and a sterile sponge was placed on
the chorioallantoic membrane. Finally, the sponges were trea-

Table 1 The d-spacing, 2theta and intensity percentage value
of the reference.

No. h k 1 d[A]  2Theta[deg]  I[%]
| 1 0 0 3.78 23.50 47.90
2 1 0 1 3.01 29.68 100.00
3 1 1 0 2.18 4131 14.60
4 0 1 2 2.07 43.62 27.40
5 1 1 ~1  2.00 45.34 18.90
6 20 0 1.89 48.07 2.10
7 20 1 1.77 51.68 16.00
8 0 0 1.65 55.56 4.50
9 1 1 2 1.64 56.08 8.20
10 0 1 3 1.51 61.15 3.40
11 o 2 2 1.50 61.63 7.90
12 1 20 1.43 65.20 9.60
13 2 1 —1 1.37 68.21 3.30
14 1 1 -3 1.32 71.54 3.20
15 30 0 1.26 75.31 0.10
16 o 2 3 1.24 76.48 0.60
17 2 1 -2 1.24 76.92 2.00
18 0 3 1 1.22 78.15 3.10

ted with nanoparticles. The windows were closed again, and
the eggs were returned to the incubator for 4 more days. On
day 12, for investigating the effects of Se-Au-CS on angiogen-
esis, the samples were investigated using a stereo microscope in
terms of length and number of blood vessels and were analyzed
using Image J software.

2.3. The antioxidant capacity of Se-Au-CS

The antioxidant capacity of NPs was evaluated by DPPH
assay as explained by Rajamanikandan (Rajamanikandan,
2011). Briefly, a DPPH working solution (I mg
DPPH/10 mL methanol) and serial dilutions of NPs were pre-
pared. Then, 500 pL. DPPH solution was added to an equal
volume of various concentrations of NPs. The resulting solu-
tion was incubated in the dark at 30 °C for 30 min. Subse-
quently, the absorbance of samples was evaluated at 517 nm.
Glutathione was employed as a positive control
(Rajamanikandan, 2011). The inhibition of DPPH free radi-
cals was evaluated by the following formula:

(%)of inhibition = (Absorbanceconro — —Absorbanceres)/
(AbSOTbanceComrol)

2.4. Cytotoxicity assay

Human umbilical vein endothelial cells (HUVEC) was selected
as a suitable in vitro model. HUVEC cells were achieved from
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Fig. 2 The FTIR of the chitosan (CS), chitosan-acetic acid (CS-AA), Se-CS and Se-Au-CS.
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Pasteur Institute, Iran. The cytotoxicity effects of NPs against
HUVEC cells were evaluated by the MTT test. The cells were
seeded in 96-well plates and incubated at 37 °C for 24 h. Then,
the cells were treated with various concentrations (0, 31, 62.5,
125, 250, and 1000 pg/mL) of NPs. After that, 100 pL of MTT
solution (0.45 mg/mL) was added to each well. Lastly, the
absorption of the samples was recorded at 570 nm and the cell
sustainability was assessed.

3. Results and discussion

3.1. The powder X-ray diffraction (XRD)

The chitosan (CS), Se-CS, Se-Au-CS were structurally investi-
gated using the XRD (Fig. 1). The CS could have a broad peak
in the range of 10-40° which revealed itself in the background
in the Se-CS and Se-Au-CS (Julkapli et al., 2010). The metallic
particles show specific patterns associated directly with their
structure microscopically. The analyses due to low concentra-
tion AuNPs only revealed the SeNPs’ related pattern which
was compatible with JCPDS# 01.086.2246. Structurally, the
crystal system and the space group of SeNPs were hexagonal

WD: 5.76 mm
Det: InBeam

and P3121 respectively. The reference values of 2theta were
23.5, 29.7, 41.3, 43.6, 45.3, 48.1, 51.7, 55.6, 56.1, 61.1, 61.6,
65.2, 68.2, 71.5, 75.3, 76.5, 77.0, and 78.2° (Table 1). The
experimental values showed a good agreement with the ones
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Fig. 4 The EDX analysis of Se-Au-CS.
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of the reference. Accordingly, the HKLs of the prepared sam-
ples were the same as the ones for the reference shown in
Table 1. The analysis also showed the prepared Se nanoparti-
cle in Se-CS and Se-Au-CS were a pure phase in its selenium
part, but no trace of gold was presented in the patterns.

3.2. Fourier transforms infrared spectroscopy (FTIR)

The FTIR analyses of chitosan (CS), chitosan-acetic acid (CS-
AA), Se-CS and Se-Au-CS were applied to assigning the pre-
sented functional groups in the composition that were related
to the CS (Fig. 2). To prepare the samples for FTIR analysis,
the as prepared solutions of CS, Se-CS and Se-Au-CS were
dried overnight in an oven at 50 °C and KBr pellets were used.
The CS showed a characteristic band at 3422 cm™" associated
with hydroxyl stretching. The bare selenium and gold
nanoparticles show no specific bands. Hence, only the changes
in the functional groups of the organic residues were explained
in detail (Selvapriya, 2022; Seol, 2013). The band at 2898 cm ™!
was C—H stretching of CS. The amid I, amide I and amide III
bands of CS were observed at 1659 cm™!, 1597 em™! and
1323 cm™' respectively. The stretching and bending of CH,
also appeared at 1423 and 1380 cm~'. The band at
1157 em™' and 1082 were ascribed to the vibrations of
C—O—C and pyranose structure (Singh and Dutta, 2009).
The use of acetic acid (AA) to make the CS solution could lead
to the appearance of new peaks after drying. The presence of
acetic acid in FTIR of solubilized chitosan is a common phe-
nomenon that could explain the presence of the new bands
at 1762, 1754 and 1794 cm ™! in FTIR of chitosan-acetic acid
(CS-AA), Se-CS and Se-Au-CS respectively (Frick, 2021;
Colomer, 2013). The broad absorption bands with a peak at
3428 and 3372 cm™' showed the presence of hydroxyl and
amine groups in the nanocomposite. It appears that the
C—H stretching associated with CS also appeared in the region
between =2850 to ~2950 cm ™. Therefore, the introduced Se-
Au-CS nanocomposite contained a trace amount of AA in its
composition. In fact, AA could form a stable acid base pair
with chitosan, which could be accounted for its presence even

after drying. Another possibility was the trace amount of AC
in the formulation, but AC degradation when exposed to
water, heat and light make it impossible to form conjugates
or pairs (Essodolom, 2020; Tikekar et al., 2011; Dolinska,
2012; Laing et al., 2006). Additionally, the oxidation of AC
increases in CS solution containing acetic acid and extensively
decreases the AC stability (Zoldners et al., 2005). The bending
vibrations of CH,-related groups in nanocomposites could be
observed in the 1350-1450 cm™' region. The stretching absorp-
tion bands associated with the C—O—C bridge and C—O
groups also appeared in 1140-1040 cm~! region (Lim and
Hudson, 2004; Vino, 2012; Song, 2013).

3.3. Field emission scanning electron microscopy (FESEM )

The morphological and size studies have been performed using
the FESEM images (Fig. 3). It appears that morphologically
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Fig. 6 The UV-Vis curves of chitosan (CS), Se-CS and Se-Au-
CS.
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Fig. 5 TEM of the Se-Au-CS.
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the particles demonstrated different polyhedral geometrical
shapes from rectangle and square to some hexagonal and
spherical morphologies. The prominent morphology was the
rectangular and square shape, although structurally the
XRD analysis revealed hexagonal crystal structures. The par-
ticle size was determined by Imagel software (Ver. 1.53 K).
The particle size distribution has displayed a mean size of
approximately 211.16 nm.

The energy dispersive X-ray analysis (EDX) also shows the
presence of metallic content in the Se-Au-CS (Fig. 4). The
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Fig. 7 The percent inhibition of DPPH free radicals in the
presence of 62.5, 125, 250, 500 and 1000 pg/mL Se-Au-CS using
GSH as a positive control.

Control

250pg/mL 500ug/mL

intensity of Se Lo and Au Lo have demonstrated the presence
0f 96.87% and 3.13% of metallic selenium and gold in the final
structure. The EDX analysis also revealed the purity of the Se-
Au-CS with no other metallic contamination.

3.4. Transmission electron microscopy (TEM )

TEM images were used for the analysis of the morphology and
sizes of the nanoparticles in the CS support (Fig. 5). It appears
the particle were spherical and in some cases like oval shape
which were enveloped with a shell of CS and indicated the
presence of agglomeration of two or more particles together.
The particle sizes from TEM images conformed with the par-
ticle sizes obtained from the FESEM images and were nearly
between 100 and 400 nm.

3.5. UV=Visible spectra

The UV—-Vis spectra of the Chitosan (CS), Se-CS and Se-Au-
CS were also taken to analyze the presence of nanoparticles
in the solution (Fig. 6). To prepare the samples, the as-
prepared solutions and nanoparticles were used and diluted
with deionized water in order to obtain the curves. The UV—
Vis spectrum of pure CS solution revealed no specific peaks
(Wang, 2016). On the other hand, the appearance of the peak
of selenium nanoparticles at 258 nm indicated the successful
synthesis of Se-CS (Vahdati and Tohidi Moghadam, 2020).
Interestingly, the peaks of 257 and 508 nm were observed in
the case of Se-Au-CS, indicating the synthesis of Selenium
nanoparticles as well as gold nanoparticles in order
(Selvapriya, 2022; Vahdati and Tohidi Moghadam, 2020).

125ugfmlL

1000pg/mL

Fig. 8 Decline of angiogenesis in the samples that were exposed to various doses of Se-Au-CS compared with the control group.
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3.6. DPPH free radical scavenging capacity

The DPPH method is based on its reduction in the presence of
an antioxidant compound as a hydrogen donor. In this work,
the inhibitory result of nanoparticles on free radicals was
assessed and the results are presented in Fig. 7 ICsq values were
recorded at about 200 pg/mL for nanoparticles, with GSH as a
positive control.

3.7. CAM assay

The CAM assay has been verified as a credible in vivo pat-
tern to study angiogenesis. Several inhibitors and/or stimula-
tors of angiogenesis have been tested using this technique
(Ribatti, 2010). Morphological studies of CAM of chicken
treated with different concentrations of Se-Au-CS is shown
in Fig. 8.

As shown in Fig. 9, the length and number of blood vascu-
lature have been reduced (P < 0.05) in the treated sample com-
pared with the control group. Various doses of Se-Au-CS on
CAM, these concentrations led to strong alterations in blood
vessels. One of the major problems in approaches to combat-
ing tumor treatment is enhancing the number and length of

blood vessels in tumors. The results of this study could be
employed for antitumor drug materials.

Moreover, various studies revealed the anti-angiogenesis
effect of other nanoparticles using different methods. In
another study that was conducted in 2021 anti-angiogenesis
effects of metformin-loaded gold-poly(catechin) core—shell
nanoparticles exhibit superior anti-angiogenic properties
(Luo, 2021) that are similar to our results for Se-Au-CS. Taken
together, the results of this work confirmed the pharmaceutical
considerable potential for Se-Au-CS and demonstrated its
antioxidant and anti-angiogenesis activity.

3.8. Cytotoxicity results

Toxicology study of materials is a field of science that helps us
understand the harmful properties that materials can have on
humans, animals, and the environs (Sepahi, 2022;
Taghavizadeh Yazdi, 2021). To assess the cell toxicity proper-
ties of the nanocomposites, diverse concentrations of NCs
were added to HUVEC cells, and the cytotoxicity conse-
quences were analyzed. The consequences revealed that the
prepared nanocomposites show a very low toxic effect on
HUVEC cells (Fig. 10).
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Fig. 9 The alteration of number and length vessels in the chicken chorioallantoic membrane under exposure with 0, 62.5, 125, 250, 500
and 1000 pg/mL Se-Au-CS compared with the control sample. The results are expressed as mean + SD.
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4. Conclusion

The three-component nanocomposite of Se-Au-CS was prepared
and its anticancer properties were investigated. The XRD analyses
confirmed the synthesis of the. The FTIR spectrum revealed the pres-
ence of functional groups associated with CS and AC. Therefore, it can
be deduced that trace amounts of AC in the structure could be due to
the electrostatic interaction between CS and AC that cannot be
removed. The morphological studies by TEM and FESEM also indi-
cated the majority of particles were square-, rectangular-,
polyhedral- and spherical-like shapes. The particle sizes in both
TEM and FESEM images were in conformity with each other and it
was found to be in the range of 100-400 nm. the mean particle size that
is obtained from FESEM images was nearly 211 nm. Anti-angiogenesis
effects of Se-Au-CS were evaluated using CAM assay and were shown
that the number and length of the blood vessels reduced considerably
in a dose/dependent way compared with the control (p < 0.05) group.
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