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Abstract: Gold nanoparticles (AuNPs) have a biological property that have attracted significant attention in this decade, especially in
the field of biomedical application with great therapeutic potential. Additionally, the chitosan molecule appears to be a suitable
polymeric complex used in this field. The aim of the current study is to explores the cytotoxicity and the 1Cs, value of Au-doped
chitosan-poly (vinyl alcohol) (Cs/PVA/Au) nanocomposite that was developed by gamma irradiation with promising anticancer
activity. The anti-cancer activity of the prepared nanocomposites was demonstrated in human liver cancer cell line HEPG2 and MCF7
breast cancer cell lines. It has significant effects against both cancer cell line. Concluding that, the future nanomedicine will be
impacted greatly by the collaboration of biomedical research and developing nanoparticle therapy in the right directions, which will
improve the outcome of cancer patients. It is expected that the next decade will reveal real potential for metal nanoparticles to cross the

regulatory barrier into clinical use as effective therapeutics.
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1. Introduction

Nanoscience/nanotechnology has emerged as one
the fastest growing fields of science and its application
in various fields of science has earned a great concern
this decade. Cancer is a worldwide public health
problem and has a high fatality rate. The finding and
developing new therapies and techniques was needed
for possible treatment of cancer. The nanoparticles of
noble metals with advancement of new materials have
been successfully developed for different purposes in
engineering and biological sciences [1, 2]. The
intelligently designed nanoparticles are considered as
exceptionally promising cancer therapy agents [3].
They are valuable in therapeutics because of their nano
sizes and surface to volume ratios, which significantly
improve their chemical and physical properties [1].
Furthermore, gold nanoparticles (Au-NPs) have been
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trialed as a vehicle for nanomaterial-based therapeutics
with some unique chemical and physical properties [4,
5]. It is likely to provide an attractive platform for
combining a variety of biophysicochemical properties
like the inertness and biocompatibility that make them
very promising for specific applications such as
medical imaging, gene and drug delivery, and
molecular sensing [6-8]. Additionally, AuNPs are
useful because its synthesis is simple, it has a high
affinity of binding and its conjugation with
biomolecules such as DNA, protein, and receptors [1, 9,
10]. It can be used in biomedical applications as
antimicrobial agents in surgically implanted catheters
to reduce the infections caused during surgery and are
proposed to possess anti-fungal, anti-inflammatory,
anti-angiogenic and  anti-permeability  activities
[11-13]. Indeed, gold nanoparticles have been broadly
used as contrast agents, cancer drug vehicles,
transfection agents, antineoplastic agents, etc. [14]. On
the other hand, metallic gold as a biocompatible
material is used in many applications, ranging from
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dental surgery to treatments for arthritis [15].

Polymeric materials with different functional groups
have been reported as template materials for different
metal nanoparticle to overcome the major problems
such as aggregation, oxidation, or inactivation of metal
nanoparticles [16]. Polyvinyl alcohol (PVA) is an
artificial polymer that has been used during the first
half of the 20th century worldwide. This polymer is
widely used by blending with other polymer
compounds, especially, in biomedical applications for
its compatibility, nontoxicity, non-carcinogenic,
swelling properties, and bio-adhesive characteristics
[17, 18]. In biomedical fields and application, PVA
composites, such as PVA gels, are used in the
manufacturing of contact lenses, artificial heart surgery,
drug delivery systems, and wound dressings [18].
Additionally, chitosan possess antitumor activity was
tested both in vitro and in vivo [19]. Chitosan based
hydrogels have been used for breast cancer, brain
tumor, localized solid tumors, primary and secondary
osteosarcoma, osteolysis and lung metastasis [20]. In
vitro chitosan possessed a vigorous cytotoxicity against
a colon cancer cell line (Calo320), gastric cancer cell
line (BGC823), and liver cancer cell line (BEL7402)
and HepG2. It showed a significant dose- and
size-dependent antitumor activity against sarcoma-180
and hepatoma H22 in mice [21].

The aim of the current work was to examine the
cytotoxic effect of prepared (Cs/PVA) hydrogel and
(Cs/PVA/Au) nanocomposite prepared by gamma
irradiation in human liver cancer HEPG2 and MCF7
breast cancer cell lines.

2. Materials and Methods
2.1 Materials

Poly (vinyl alcohol) (PVA; Mw 15,000) and medium
molecular weight chitosan (Cs) were purchased from
Sigma-Aldrich Inc. and were used as received. The
other chemicals were reagent grade and used without
further purification. Other chemicals were purchased

from El-Nasr Co. for Chemical Industries, Egypt and
used without further purification.

2.2 Gamma Radiation Source

Irradiation of samples was carried out using a Co®
gamma source installed at the National Centre for
Radiation Research and Technology (NCRRT), Egypt.

2.3 Methods

2.3.1 Preparation of Cs/PVA Hydrogel

Cs/ PVA hydrogel was prepared according to Abaza
et al. [22]. A stock solution of 1.0% (w/v) Cs was
prepared by dissolving 1 g of Cs in acetic acid solution
(1%) at 60 °C with continuously stirring for 6 h in
water bath. An aqueous solution of 10% PVA (w/v)
was prepared by dissolving 10 g of PVA at 70 °C in
water bath with constant stirring for 6 h. After cooling
down to room temperature two compositions of
Cs/PVA were prepared in ratio Cs: PVA; 1:9 and 2:3
(V/V). The solutions were poured into test tubes (inner
diameter 5 mm) and subjected to gamma-irradiation at
irradiation dose 40 kGy. After irradiation the formed
hydrogels were cut into nearly equal disks. The
obtained hydrogels were extracted in distilled water at
room temperature overnight to remove the
non-cross-linked polymer, and then dried in air to
constant weight.

2.3.2 Preparation of Cs/PVA/Au Nanocomposites

Cs/PVA/Au nanocomposite was prepared according
to Abaza et al. [23]. A 0.1-g of dried Cs/PVA hydrogel
was placed in 50 mL of Au ions solution of
concentration 250 mg/L for 24 h to dope the Au ions in
the hydrogel matrix. Au ions loaded hydrogels were
placed in distilled water for another 24 h to remove
unbound metal ions. The Au ions inside the hydrogels
were reduced by transferring them into 50 mL of 5%
NaOH for 6 h and then in 50 mL of 0.5 M NaBH, for
another 6 h to complete reduction of Au. Soaking them
in de-ionized water for 12 h and drying in oven at 40 °C.
The average size of AuNp spherical particles was 36.3
+50.8 nm.
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2.4 Human Tumor Cell Lines

Human tumor carcinoma liver HepG2 and breast
MCF7 cell lines used in this study were obtained from
the American Type Culture Collection (ATCC,
Minisota, U.S.A.).

maintained at the National Cancer Institute, Cairo,

The tumor cell lines were

Egypt, by serial sub-culturing. Samples were prepared
by dissolving 1:1 Stock solution and stored at -20 °C in
dimethylsulfoxide (DMSO) at 100 mM. Different
concentrations of the drug (Cs/PVA and
Cs/PVA/AuNP) were used 5, 12.5, 25, 50 ug/mL.

2.4.1 Cell Culture and Maintenance

RPMI-1640 medium was used for culturing and
maintenance of the human tumor cell lines. The
medium was supplied in a powder form. The working
solution was prepared by dissolving 10.4 gm powder
and 2 gm sodium bicarbonate dissolved in 1 L distilled
water. The medium was then sterilized by filtration in a
Millipore bacterial filter (0.22 pm). The prepared
medium was kept in a refrigerator (4 °C). Before use
the medium was warmed at 37 °C in a water bath and
the supplemented with 1% penicillin/streptomycin and
10% fetal bovine serum. A cryotube containing frozen
cells was taken out of the liquid nitrogen container and
then thawed in a water bath at 37 °C. Then the cryotube
was opened under strict aseptic conditions and its
contents were supplied by 5 mL supplemented medium
drop by drop in a 50 mL sterile falcon tubes. The tube
was incubated for 2 hours then centrifuged at 1,200
rpm for 10 minutes and the supernatant was discarded,
the cell pellet was suspended and seeded in 5 mL
supplemented medium in T25 Nunclon sterile tissue
culture flasks. The cell suspension was incubated and
followed up daily the supplemented medium was
replaced every 2-3 days. Incubation was continued
until a confluent growth was achieved and the cells
were freshly subcultured before each experiment to be
in the exponential phase of growth.

2.4.2 In Vitro Cytotoxic Assay for HepG2 and
MCEF7 Cancer Cell

The cytotoxicity was

carried out using

Sulphorhodamine-B (SRB) assay following the
method reported by Vichai and Kirtikara [24]. SRB is a
bright pink aminoxanthrene dye with two sulphonic
groups. It is a protein stain that binds to the amino
groups of intracellular proteins under mildly acidic
conditions to provide a sensitive index of cellular
protein content. Cells were seeded in 96-well microtiter
plates at initial concentration of 3 x 10° cell/well in a
150 pL fresh medium and left for 24 hours to attach to
the plates. Different concentrations 0, 5, 12.5, 25, 50
added. For
concentration, 3 wells were used. The plates were
incubated for 48 hours. The cells were fixed with 50 pL

pug/mL of drug were each drug

cold trichloroacetic acid 10% final concentration for 1
hour at 4 °C. The plates were washed with distilled
water using (automatic washer Tecan, Germany) and
stained with 50 puL 0.4% SRB dissolved in 1% acetic
acid for 30 minutes at room temperature. The plates
were washed with 1% acetic acid and air-dried. The
dye was solubilized with 100 pL/well of 10 M tris base
(pH 10.5) and optical density (O.D.) of each well was
measured spectrophotometrically at 570 nm with an
ELISA microplate reader (Sunrise Tecan reader,
Germany). The mean background absorbance was
automatically subtracted and means value of each drug
concentration was calculated. The experiment was
repeated 3 times. The percentage of cell survival was
calculated as follows:

Surviving fraction = O.D. (treated cells) / O.D.
(control cells) The IC50 values (the half maximal
inhibitory concentration value) is a measure the
concentrations of drug required to produce 50%
inhibition of cell growth) were also calculated

3. Result and Discussion

When Cs/PVA blended mixture is exposed to

gamma irradiation, cross-linking of PVA and
degradation of Cs to shorter chains take place
simultaneously, at the same time occur to the formation
of a three-dimensional network of hydrogel structure. It

is well known that in aqueous solution, the indirect
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effect of radiation is the main interaction mode, i.c. the

primary
powerful oxidizing species, such as hydroxyl radicals

reactions occur with water, producing
OH, that can attack the glycosidic bonds of chitosan
[25]. Hence, the radiation processing of chitosan in
presence of water would reduce significantly its
molecular weight. It was reported that, when an
aqueous solution of PVA containing polysaccharides is
exposed to radiation, OH, H radicals and hydrated
electrons are produced, as a major part of the energy is
absorbed by the solvent [26]. OH radicals are mostly
responsible for crosslinking of PVA and degradation of
polysaccharides, and the rates of OH radical reaction
with PVA and polysaccharides are similar. Therefore,
besides crosslinking of PVA, a fraction of radicals
would also degrade the polysaccharides in proportion
to their concentration in aqueous PVA solution [27].

Cs/PVA

Cs/PVA-Au

The formation of free radicals along the PVA chains
leads to the formation of networks [28]. AuNPs were
incorporated in Cs/PVA hydrogel to form Cs/PVA/Au
nano composites by NaBH, reduction. The functional
groups such as —NH, and —OH that exist on the
Cs/PVA hydrogel network are responsible for metal
ion absorption from their solutions. As all the sites are
filled with these ions on the hydrogel network, the
polymer network is also physically woven via
M-NH,- clectrostatic interactions between the metal
ions and the -NH,— and —OH groups. Upon contacting
these metal ions loaded hydrogels with a reducing
agent such as NaBH,, Au nanoparticles can be formed
in situ within the hydrogel. The utilization of the
hydrogel also provides a stabilizing effect on the
produced metal nanoparticles [29]. Fig. 1 illustrates the
schematic presentation of metal loading onto the Cs/PVA

+1

Au

Fig. 1 Schematic presentation of metal loading onto the Cs/PVA hydrogel and their reduction within the hydrogel matrices

along with digital camera images.
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hydrogel and their reduction within the hydrogel Polymerization and  crosslinking
matrices along with digital camera images. simultaneously as illustrated in Fig. 2.
Chitosan PVA
HOH,C, HOHC OH

o
m
HO OH OH
c

0= H—OH
\ CHs Gamma Irradiation /

= H20

HOH,C HOHC

B

Fig. 2 Proposed scheme for preparation of CS/PVA/Au nanocomposite.
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H,0 - egq, OH', H', Hy0%, Hy, H,0, Eq.1

[CeH1104N]y + OH - [CoH1104N]—1 [CeH11 04N + H,0 Eq.2
PVA(H)+ OH — PVA + H,0 Eq.3
PVA + [CeH1104N]p—y [CcH1104N] = [CoH1304N]y—1 [CoH1104N] — PVA Eq.4
4Au* + BH; + 40H — 4Au + BH,(OH); + 2H,0 Eq.5
4Au* + BH,(OH); + 40H™ — 4Au + BO; + 2H,0 Eq.6
[CoHyyO4NT,_ 1 [CoHayO4N] — PVA + Au = [CeHyy 04N,y [CoHy104N] — PVA: Au Eq.7

AuNPs have become an important biomedical tool
for scientists in cancer research because of the several
advantages of it like high loading efficiency for the
target substance, enhanced ability to cross various
physiological barriers, and low systemic side effects
[30-32]. AuNPs are a novel agent in cancer therapy and
show aggregation and size-dependent cytotoxic
activity against different cancer cells. Its use minimizes
the risk of side effects and limits the damage to normal
(noncancerous) cells [1]. However, it has been reported
that soluble CS and CS microspheres show some
degree of toxicity towards certain cell lines like the
murine melanoma cell line and human gastric
carcinoma MGC803 cell line

application as antitumor drugs [21, 33]. On the other

suggesting their

hand, primary liver cancer is the third highest cause of
death worldwide and the fifth most commonly
Additionally,
carcinoma (HCC) represents around 85% of all

diagnosed  cancer. hepatocellular
primary liver cancer and its incidence is increasing all
around the world despite of declining an incidence of
some cancers [34-36]. Furthermore, human breast
cancer is the second most common cause of
cancer-related deaths in women and the incidence of
breast cancer has increased worldwide in the last few
years [37]. For efficient breast cancer treatment, there

is requirement of developing novel nanomaterials

capable of reacting to the local tumor environment [38].

Therefore, in the current study, the cytotoxic effect of
various concentrations of Cs/PVA and Cs/PVA/AuNP
(5, 12.5, 25 and 50 pg/mL) was assessed in HepG2 and
MCFT7 cell cultures using SRB colorimetric assay at 48
h time intervals. The combination of AuNP and
Cs/PVA hydrogel was found to be more effective

against HepG2 and MCF7 cells than the activity of
Cs/PVA hydrogel individually as shown in Tables 1-4
and Figs. 2-4. So, by exploring the cytotoxic effect of
Cs/PVA on HepG2 cell line, the survival fraction was
found to be high (70.2%) in Cs/PVA (1:9) than
Cs/PVA (4:6) concentration (56.1%). This means that
the cell inhibition ratio was more (43.9%) in Cs/PVA
(4:6) concentration but with no statistical significant
effects (p-value = 0.368). Also, there was no effect on
the 1ICs (Table 1).
physicochemical properties, and surface modifications

value. However, the
of CS play a crucial role in the cytotoxic profile and
targeting of cancers that are characterized by rapid
division and aggressive growth [21, 23]. Furthermore,
by assessing the in-vitro cytotoxic effect of various
concentrations of the Cs/PVA/AuNP, against HepG2
cell lines, the survival fraction was found to be 55.8%
and 66.7% in hydrogel concentration of (1:9) and (4:6)
with 250 ppm AuNP at 50 pg/mL. The inhibition ratio
was better in (4:6) concentration (33.3%), but the ICs
value was negative in both. Meaning that, there was a
negative effect on the HepG2 cell cultures by adding
250 ppm AuNP to both concentration. However, after
increasing ppm AuNP to 1,000, the survival fraction
was significantly improved to 27% with inhibition ratio
73% (p-value = 0.046). The ICs, value was found to be
21.1 pg/mL (Table 2, Fig. 3). There are limited studies
on the cytotoxic effects of AuNPs against different
cancer cells. Patil et al. [1] in 2017 determined the
effects of AuNPs on the different cancer -cell
Hep3B

carcinoma) cell lines. They recorded an increase of

proliferation  including (Hepatocellular
cytotoxicity in a dose dependent manner against cancer

cells. This result was in accordance with the results of
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Table 1 Surviving fraction % and inhibition ratios % of liver cancer cell line (HepG2) at different concentrations of Cs/PVA
hydrogel at concentrations range from 5 to 50 pg/mL.

Concentration Cs/PVA (1:9) Cs/PVA (4:6)

(hg/mL) Surviving fraction %  Inhibition ratio %  Surviving fraction %  Inhibition ratio % p-Value
0.0 100 0 100 0

5.00 98.2 1.8 94.7 53

12.5 87.7 12.3 94.7 53 0.368
25.00 91.2 8.8 73.7 26.3

50.00 70.2 29.8 56.1 439

ICs0 (ng/mL) None None

* p-Value was always two-tailed and is significant p < 0.05.

Table 2 Surviving fraction % and inhibition ratios % of liver cancer cell line (HepG2) with different concentrations of
Cs/PVA/AuNP composite at concentrations range from 5 to 50 pg/mL.

Cs/PVA/AuNP (1:9) Cs/PVA/AuNP (1:9) Cs/PVA/AuNP (4:6)
Concentration (250 ppm) (1,000 ppm) (250 ppm)
(ng/mL) Surviving Inhibition Surviving Inhibition Surviving Inhibition p-Value
fraction % ratio % fraction % ratio % fraction % ratio %
0.0 100 0 100 0 100 0
5.00 99.6 0.4 91.6 8.4 100 0
12.5 75.9 24.1 76.1 23.9 96.5 3.5 0.046
25.00 51.6 48.4 38.8 61.2 87.7 12.3
50.00 55.8 442 27 73 66.7 333
ICso (ng/mL) None 21.1 None

* p-value was always two-tailed and is significant p < 0.05.

100

N 10% Cs/PVA/AuNP(250 PPM)
0 40% Cs/PVA/AUNP (250 PPM)
T 10% Cs/PVA/AuNP(1000 PPM)

80

(o))
o

Surviving factor (%)
5

20

0 10 20 30 40 50 60

Conc. of drug (ug/ml)

Fig. 3 Surviving factor (%) of HepG2 cells after 48-h treatment with different concentrations of CS/PVA/AuNP, as calculated
from the SRB assay.
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the present study, that observed a high cytotoxic
activity with increasing the concentration of AuNP to
100 pg/mL, and the concentration of 50 pg/mL was not
very active. Patil and his colleague [1] also, observed
50% of cell inhibition at AuNPs concentration of
approximately 150 pg/mL and the 200 pg/mL sample
reduced all cells to around 20% viability. On the other
hand, Abaza et al. [22] in 2018 reported that the
silver-doped chitosan-poly (vinyl alcohol)
(Cs/PVA/AgNP) inhibition fraction of HepG2 cell
proliferation at 50 ug/mL in concentration of (4:6) and
(1:9) was 54.4% and 40.8 respectively. The ICsy value
of concentration (4:6) was 43.7 pug/mL. There is a
negative ICs, value in concentration of (1:9). However,
AgNPs and Ag ions are known to have higher
antitumor ability. Previously, Roa et al. [39] in 2009
also reported the toxicity of AuNPs alone in prostatic
cancer, it was 10% with cell proliferation assays.
Additionally, Abaza et al. [23] in 2018, assessed the
cytotoxic effect of various concentrations of Au-doped
Chitosan/poly (vinyl alcohol) (Cs/PVA/AuNP) in
prostatic cancer (PC3) cell cultures. The survival
fraction was 24.8% and 23.8 % in concentration of (4:6)
and (1:9) with 250 ppm AuNP. The ICsy was the same
in both. There is a significant improvement in the
survival fraction to 18.1% with increasing ppm AuNP
to 1,000. However, metal nanoparticles have shown a
good experimental success in the field of nanomedicine
especially in cancer treatment, which has always been
an area of high concern. The collaboration of
identification and

biomedical research in the

characterization of biomedical strategies using the
interesting metal nanocomposite will impact the future
nanomedicine greatly.

The in vitro cytotoxic assay of different
concentrations of the Cs/PVA and Cs/PVA/AuNP, was
assessed against MCF7 cell lines. The survival fraction
of the Cs/PVA was found to be nearly the same in both
hydrogel concentration of (1:9) and (4:6) with 250 ppm
at 50 pg/mL. The ICsy value was found to be 69.2
pg/mL in (4:6) hydrogel concentration with a negative
effect in other concentration (Table 3). Then, by adding
different concentrations of AuNP, and after increasing
ppm AuNP to 1,000, the survival fraction with the
concentration of 50 pg/mL was not very active;
however, high cytotoxic activity was observed when
the 100 pg/mL sample was employed. The survival
fraction was significantly improved in all concentration
of (1:9) and (4:6) with 250 ppm and 1,000 ppm with
highly statistically significance (p-value < 0.001). The
ICso value was better in concentration of (4:6) (67
pg/mL). It was 55.7 pg/mL at concentration of (1:9)
(250 ppm) and 54.7 pg/mL at concentration of (1:9)
(1,000 ppm) (Table 4, Fig. 4). Recent studies that
demonstrate the toxic effects of nanoparticles have
created controversy [1]. Joshi et al. [40] in 2012
reported that AuNP had no effect on cell viability of
MCEF-7 cells,
cytotoxicity of  chloroquine-gold  nanoparticle
conjugates (GNP-Chl) against MCF-7 cells and the
IC50 value was 30 + 5 ug/mL. It exhibited
concentration-dependent cytotoxicity in MCF-7 breast

but they observed an enhanced

Table 3 Surviving fraction % and inhibition ratios % of breast cancer cell line (MCF?7) at different concentrations of Cs/PVA

hydrogel at concentrations range from 5 to 50 pg/mL.

Concentration Cs/PVA (1:9)

Cs/PVA (4:6)

— ] . ; — ; — - p-Value
(ng/mL) Surviving fraction % Inhibition ratio % Surviving fraction % Inhibition ratio %
0.0 100 0 100 0
5.00 90.7 9.3 97.9 2.1
12.5 67.9 32.1 87.9 12.1 0.950
25.00 57.1 429 64.3 35.7
50.00 57.1 429 60.7 393
ICs (ng/mL) None 69.2

* p-Value was always two-tailed and is significant p < 0.05.
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Table 4 Surviving fraction % and inhibition ratios % of breast cancer cell line (MCF7) with different concentrations of
Cs/PVA/AuNP composite at concentrations range from 5 to 100 pg/mL.

Cs/PVA/AuNP (1:9) Cs/PVA/AuNP (1:9)

Cs/PVA/AuNP (4:6)

Concentration (250 ppm) (1,000 ppm) (250 ppm)
(png/mL) Surviving Inhibition Surviving Inhibition Surviving Inhibition p-Value
fraction % ratio % fraction % ratio % fraction % ratio %
0.0 100 0 100 0 100 0
5.00 90 10 100 0 100 0
12.5 71.4 28.6 89.3 10.7 88.6 114
<0.001
25.00 57.1 42.9 64.3 35.7 71.4 28.6
50.00 53.6 46.4 53.6 46.4 69.3 30.7
100.00 18.6 81.4 15 85 16 84
ICso (ng/mL) 55.7 54.7 67

* p-Value was always two-tailed and is significant p < 0.05.

100
EE Cs/PVA/AuUNP (250 ppm) (1:9)

3 Cs/PVA/AuUNP (250 ppm) (4:6)
T Cs/PVA/AuUNP (1000 ppm) (1:9)

Surviving Factor (%)

80
60
40
20
0 L L

0 20 40

60 80 100

Conc. of drug (ug/ml)
Fig. 4 Surviving factor (%) of MCF7 cells after 48 h of treatment with different CS/PVA/Au nanocomposites, as calculated

from the SRB assay.

in 2017
observed no significant cytotoxicity after 24 and 48 h

cancer cells. Manivasagan et al. [38]
incubation with any concentration of
chitosan-polypyrrole nanocomposites (CS-PPy NCs).
The viability of the cell population was more than 60%,
even after 48 h exposure to the highest concentration of
CS-PPy NCs (500 pg/mL), indicating a very low
cytotoxicity and good biocompatibility for the CS-PPy
NCs. Nivethaa et al. [41] in 2015 used chitosan/gold
nanocomposite with encapsulation of 5-FU. They
exhibit good antiproliferative activity towards MCF-7

cells while being non-toxic to the surrounding
non-carcinogenic cells. The estimated half maximal
inhibitory concentration (IC50) value was found to be
31.2 pg/mL. Abaza et al. [22] in 2018 reported the
percentage of inhibiting fraction of Cs/PVA/AgNP in
MCF7 cell line at 100 ug/mL was 61.8% and 80% with
IC50 value of 60 and 52.5 pg/mL in (1:9) and (4:6)
concentration respectively. The expected mechanism
of AgNP induced toxicity being in the interactions
between nanomaterials and cells [42]. However, the

toxicity of AuNPs depends on the accumulation of
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nanoparticles and the presence of different cell lines
[43, 44]. Additionally, several mammalian cell lines
showing induced cytotoxicity based on AuNPs
aggregation and dependent size [45, 46]. Phytogenic
synthesized AuNPs have exhibited a wide range of
anticancer effects on several types of cell lines [1, 47,
48]. On the other hand, Adokoh et al. [49] in 2014
prepare glyconanoparticles and conjugated
glyconanoparticles with the anticancer drug, gold(I)
triphenylphosphine. The in-vitro cytotoxicity was
tested in MCF7, HepG2 and normal cell lines. The
glyconanoparticles and their Au(I)PPh3 conjugates
were all active against both cancer cell lines, but
galactose-functionalized glyconanoparticles
{P(GMAEDAdtc) AuPPh3)-st-LAEMA)AuNP} were
found to be the most cytotoxic to HepG2 cells (IC50 ~
4.13 £0.73 pg/mL). The p(GMA-EDAdtc(AuPPh3)-st
LAEMA) AuNP was found to be a 4-fold more potent
antitumor agent in HepG2 cells. Additionally, the
glyconanoparticles Au(l) conjugates are found to be
significantly more effective at inducing apoptosis and
inhibiting  cellular  proliferation compared to
well-known anticancer chemotherapeutics reagents,
such as cisplatin and cytarabine (IC50 = 30.11 and
320.07 pg/mL in HepG2, respectively). Yamada et al.
[50] in 2015 observed that therapeutic metal
nanoparticles, such as gold, are toxic and similar to
chemotherapeutics agents thus, and can be used for
therapeutic application. Furthermore, MCF-7 cells
have been reported to have lower cytotoxicity results
with AuNP-7 demonstrated a 2.5-fold decrease in
toxicity (IC50 = 11.39 + 0.41 pg/mL) compared to the
HepG2 cell line [49, 51, 52]. Similarly, the free
polymeric glyconanoparticles AuNP-3 and AuNP-6
also showed good toxicity (IC50 = 15.34 — 17.65
pg/mL) against MCF7. This may be attributed to the
architecture of the polymers on the AuNPs surface that
could enhance toxicity profile [49, 53-55]. Moreover,
Wang et al. [9] in 2015 suggested that, the biological
effects and the factors influencing the cellular effects of

AuNPs will be crucial to reveal how these factors

mediate these cellular effects. However, the cell
membrane is an important barrier transporting and
exchanging intracellular and extracellular substances.
Physicochemical properties of AuNPs are closely
related to their biological effects, including shape, size,
aspect ratio, surface modification, and charges [56].
AuNPs in biological fluids can form NP-protein
complexes that can be recognized by cell membrane
receptors and uptaken by cells. It can be wrapped by
the retracted cell membrane, directly transported into
cells, and then can affect the cellular responses directly
[57]. AuNPs can be internalized by cells receptor
mediated endocytosis and phagocytosis pathways. The
processes in both pathways include the formation of Au
NP—protein complexes, the cell membrane receptors
recognition, the cells engulfment into a vesicle, the
penetration and transportation into cells, the signal
pathways activation, the sequential trafficking inside
cells, and the storage or elimination of AuNPs by cells
[58, 9].

4. Conclusions

Metal nanoparticles are being used in a wide array of
applications that reach far beyond therapeutics.
However, in the therapeutic arena it is clear that, gold
and silver nanomaterials are the most promising agents.
These biosynthesized nanoparticles have determined
solid cytotoxic impacts against many cancer cells such
as MCF-7, A549, PC3 and Hep2 cells compared to
normal cell lines, so it can be utilized as anticancer
agents for the treatment of various cancer types. The
aim of the current study is to explore the cytotoxicity
and the ICsy value of Cs/PVA/Au nanocomposite that
was developed in different ratios and synthesized by
gamma radiation with promising anticancer activity.
The anti-cancer activity of the  prepared
nanocomposites was demonstrated in human HEPG2
and MCF7 cell lines and was found to have a
significant effect against both. Concluding that, the
future nanomedicine can impact the outcome of cancer

patients, which can be improved greatly by the
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collaboration of biomedical research and developing

nanoparticle therapy in the right directions. However,

the need of some in vivo examination is necessary to

find their role and mechanism of nanoparticles inside

the human body. This may require complete study to

bring out their role in anticancer medication. It is

expected that the next decade will reveal real potential

for metal nanoparticles to cross the regulatory barrier

into clinical use as effective therapeutics.

Reference

(1]

Patil, M. P., Ngabire, D., Thi, H. H. P., Kim, M.-D., and
Kim, G.-D. 2017. “Eco-FRIENDLY SYNTHES:is of Gold
Nanoparticles and Evaluation of Their Cytotoxic Activity
on Cancer Cells.” J Clust Sci. 28 (1): 119-32. doi:
10.1007/s10876-016-1051-6.

Venugopal, K., Ahmad, H., Manikandan, E., Thanigai
Arul, K., Kavitha, K., Moodley, M. K., et al. 2017. “The
Impact of Anticancer Activity upon Beta VULGARIS
Extract Mediated Biosynthesized Silver Nanoparticles
(Ag-NPs) against Human Breast (MCF-7), Lung (A549)
and Pharynx (Hep-2) Cancer Cell Lines.” J Photochem
Photobiol B 173: 99-107.

Benelli, G., Lo Iacono, A., Canale, A., and Mehlhorn, H.
2016. “Mosquito Vectors and the Spread of Cancer: An
Overlooked Connection?” Parasitol Res. 115 (6): 2131-7.
doi: 10.1007/s00436-016-5037-y.

Xia, Y., Li, W., Cobley, C. M., et al. 2011. “Gold
Nanocages: From Synthesis to Theranostic Applications.”
Acc Chem Res. 44 (10): 914-24.

Hsieh, D.-S., Wang, H., Tan, S.-W., Huang, Y.-H., Tsai,
C.-Y., Yeh, M.-K,, and Wu, C.-J. 2011. “The Treatment
of Bladder Model by
Epigallocatechin-3-Gallate-Goldnanoparticles.”
Biomaterials. 32 (30): 7633-40.

De Jong, W, H., and Borm, P. J. A. 2008. “Drug Delivery
and Nanoparticles: Applications and Hazards.” Int. J.
Nanomedicine. 3 (2): 133-49.

Talbott, C. M. 2014. “Spectroscopic Characterization of
Nanoparticles for Potential Drug Discovery.” Application
News. 2014, No. FTIR/UN-1402. SHIMADZU
Corporation. www.shimadzu.com/an/.

Sanna, V., Pala, N., Dessi, G., Manconi, P., Mariani, A.,
Dedola, S., et al. 2014. “Single-Step Green Synthesis and
Gold-Conjugated
Nanoparticles with Antioxidant and Biological Activities.”
Int J Nanomedicine 9: 4935-51.

Wang, P., Wang, X., Wang, L., Hou, X., Liu, W., and
Chen, C. 2015. “Interaction of Gold Nanoparticles with

Cancer in a Mouse

Characterization  of Polyphenol

[10]

[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

739

Proteins and Cells.” Sci Technol Adv Mater. 16 (3):
034610. doi: 10.1088/1468-6996/16/3/034610.

Fang, J., Yu, L., Gao, P., Cai, Y., and Wei, Y. 2010.
“Detection of Protein-DNA Interaction and Regulation
Using Gold Nanoparticles.” Anal Biochem. 399 (2):
262-7.

Kalishwaralal, K., Deepak, V., Ramkumarpndian, S.,
Nellaiah, H., and Sangiliyandi, G. 2008. “Extracellular
Biosynthesis of Silver Nanoparticles by the Culture
Supernatant of Bacillus licheniformis.” Materials Letters
62:4411-3.

Gurunathan, S., Kalishwaralal, K., Vaidyanathan, R,
Deepak, V., Ram, S., Pandian, K., 2009.
“Biosynthesis, Purification and Characterization of Silver
Nanoparticles Using Escherichia coli.” Colloids Surf. B 74:
328-35.

Sheikpranbabu, S., Kalishwaralal, K., Venkataraman, D.,
Eom, S. H., Park, J., and Gurunathan, S. 2009. “Silver
Nanoparticles Inhibit VEGF-and IL-1B-Induced Vascular
Permeability via Src Dependent Pathway in Porcine
Retinal Endothelial Cells.” J. Nanobiotechnol. 7: 8.

Chen, C.-C., Hsieh, D.-S., Huang, K.-J., Chan, Y.-L.,
Hong, P.-D., Yeh, M.-K., and Wu, C.-J. 2014. “Improving
Anticancer Efficacy of (—)-Epigallocatechin-3-Gallate
Gold Nanoparticles in Murine B16F10 Melanoma Cells.”
Drug Des. Devel. Ther. 8: 459-74.

Kim, J.-H., and Randall Lee, T. 2006. “Discrete
Thermally Hydrogel-Coated Gold
Nanoparticles for Use as Drug-Delivery Vehicles.”
Special Issue: Nanobiotechnology 67 (1): 61-9.

Ghada, A. M. 2014. “Radiation Synthesis of Hydrogels as
Carriers for Catalytic Nanoparticles and Their Use in
Hydrogen Production from Sodium Borohydride.”
Chemical Monthly 145 (2): 1-10.

Limpan, N., Prodpran, T., Benjakul, S., and Prasarpran, S.

et al.

Responsive

2012. “Influences of Degree of Hydrolysis and Molecular
Weight of Poly (Vinyl Alcohol)(PVA) on Properties of
Fish Myofibrillar Protein/PVA Blend Films.” Food
Hydrocoll. 29: 226-33.

Gaaz, T. S., Sulong, A. B., Akhtar, M. N., Kadhum, A. A.,
Mohamad, A. B., et al. 2015. “Properties and Applications
of Polyvinyl Alcohol, Halloysite Nanotubes and Their
Nanocomposites.” Molecules 20 (12): 22833-47.
doi:10.3390/molecules201219884.

Youjin, J., and Kim, S. 2002. “Antitumor Activity of
Chitosan Oligosaccharides Produced in Ultrafiltration
Membrane Reactor System.” J Microbiol. Biotechnol. 12:
503-7.

Ranjha, N. M., and Khan, S. 2013. “Review Article
Chitosan/Poly (vinyl Alcohol) Based Hydrogels for
Biomedical Applications: A Review.” Journal of
Pharmacy and Alternative Medicine (JPAM) 2 (1): 30-41.



740

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Effect of Gold Nanocomposite on the Cytotoxicity of Human Cancer Cell Lines

Loutfy, S. A., EI-Din, H. M. A, Elberry, M. H., Allam, N.
G., Hasanin, M., and Abdellah, A. M. 2016. “Synthesis,
Characterization and Cytotoxic Evaluation of Chitosan
Nanoparticles: In Vitro Liver Cancer Model.” Adv. Nat.
Sci. Nanosci. Nanotechno. 7 (3): 035008. 2043-6262.
Abaza, A., Mahmoud, G. A., Hegazy, E. A., Amin, M.,
Shoukry, E., and Elsheikh, B. 2018. “Cytotoxic Effect of
Chitosan Based Nanocomposite Synthesized by Radiation:
In Vitro Liver and Breast Cancer Cell Line.” JPP 6 (4):
305-19. doi: 10.17265/2328-2150/2018.04.002.

Abaza, A., Hegazy, E. A., Mahmoud, G. A., and Elsheikh,
B. 2018. “Characterization and Antitumor Activity of
Chitosan/Poly (Vinyl Alcohol) Blend Doped with Gold
and Silver Nanoparticles in Treatment of Prostatic Cancer
Model.” JPP 6 ): 659-73. doi:
10.17265/2328-2150/2018.07.003.

Vichai, V., and Kirtikara, K. 2016. “Sulforhodamine B.
Colorimetric Assay for Cytotoxicity Screening.” Nat.
Protoc. 1 (3): 1112-6.

Kang, B., Dai, Y.-D., Zhang, H.-Q., and Chen, D. 2007.
“Synergetic Degradation of Chitosan with Gamma
Radiation and Hydrogen Peroxide.” Polymer Degradation
and Stability 92 (3): 359-62.

Omera, M. A. A., and Bashirb, E. A. A. 2018. “Synthesis
of Polyvinyl Alcohol and Cuprous Oxide (PVA/Cu,0)
Films for Radiation Detection and Personal Dosimeter
Based on Optical Properties.” JRRAS. Available online 8
March 2018. https://doi.org/10.1016/j.jrras.2018.03.001.
Tahtat, D., Mahlous, M., Benamer, S., Khodja, A. N,
Youcef, S. L., Hadjarab, N., and Mezaache, W. 2011.
“Influence of Some Factors Affecting Antibacterial
Activity of PVA/Chitosan Based Hydrogels Synthesized
by Gamma Irradiation.” Journal of Materials Science:
Materials in Medicine 22 (11): 2505-12.

El-Mohdy, H. A., Hegazy, E., EI-Nesr, E., and El-Wahab,
M. 2013. “Metal Sorption Behavior of Poly
(N-Vinyl-2-Pyrrolidone)/(Acrylic Acid-Co-Styrene)
Hydrogels Synthesized by Gamma Radiation.” Journal of
Environmental Chemical Engineering 1 (3): 328-38.
Sahiner, N., Butun, S., and Turhan, T. 2012. “p (AAGA)
Hydrogel Reactor for in Situ Co and Ni Nanoparticle
Preparation and Use in Hydrogen Generation from the

Hydrolysis of Sodium Borohydride.” Chemical
Engineering Science 82: 114-20.

Dykman, L., and Khlebtsov, N. 2012. “Gold
Nanoparticles in Biomedical Applications: Recent

Advances and Perspectives.” Chem Soc Rev. 41 (6):
2256-82. doi:10.1039/c1cs15166e.

Patra, C. R., Bhattacharya, R., and Mukhopadhyay, D.,
Mukherjee, P. 2008. “Application of Gold Nanoparticles
for Targeted Therapy in Cancer.” J Biomed Nanotechnol.
4 (2): 99-132. doi: https://doi.org/10.1166/jbn.2008.016.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Kumar, C. S., Raja, M. D., Sundar, D. S., Antoniraj, M. G.,
and Ruckmani, K. 2015. “Hyaluronic  Acid
Co-Functionalized Gold Nanoparticle Complex for the
Targeted Delivery of Metformin in the Treatment of Liver
Cancer (HepG2 Cells).” Carbohydr Polym. 128: 63-74.
Qi, L.-F., Xu, Z.-R., Li, Y., Jiang, X., and Han, X.-Y. 2005.
“In  Vitro Effects of Chitosan Nanoparticles on
Proliferation of Human Gastric Carcinoma Cell Line
MGC803 Cells.” World J. Gastroenterology 11: 5136-41.
El-Serag, H. B., and Rudolph, K. L. 2007. “Hepatocellular
Carcinoma: Epidemiology and Molecular Carcinogenesis.”
Gastroenterology 132: 2557-76.

Parkin, D. M., Bray, F., Ferlay, J., and Pisani, P. 2005.
“Global Cancer Statistics, 2002.” CA Cancer J Clin. 55:
74-108.

Bhalla, K., Hwang, B. J., Dewi, R. E., Twaddel, W.,
Goloubeva, O. G., Wong, K. K., et al. 2012. “Metformin
Prevents Liver Tumorigenesis by Inhibiting Pathways
Driving Hepatic Lipogenesis.” Cancer Prev Res (Phila) 5
(4): 544-52. doi: 10.1158/1940-6207.CAPR-11-0228.
Epub 2012 Mar 31.

Banu, H., Sethi, D. K., Edgar, A., Sheriff, A., Rayees, N.,
Renuka, N., et al. 2015. “Doxorubicin Loaded Polymeric
Gold Nanoparticles Targeted to Human Folate Receptor
upon  Laser Photothermal  Therapy Potentiates
Chemotherapy in Breast Cancer Cell Lines.” J. Photochem.
Photobiol. B 149: 116-28.

Manivasagan, P., Bui, N. Q., Bharathiraja, S., Moorthy, M.
S., Oh, Y.-0O., Song, K., et al. 2017. “Multifunctional
Biocompatible Chitosan-Polypyrrole Nanocomposites as
Novel Agents for Photoacoustic Imaging-Guided
Photothermal Ablation of Cancer.” Scientific Reports 7:
43593, 1-14. doi: 10.1038/srep43593.

Roa, W., Zhang, X., Guo, L., Shaw, A., Hu, X., Xiong, Y.,
Gulavita, S., et al. 2009. “Gold Nanoparticle Sensitize
Radiotherapy of Prostate Cancer Cells by Regulation of
the Cell Cycle.” Nanotechnology 20 (37): 375101.

Joshi, P., Chakraborti, S., Ramirez-Vick, J. E., Ansari, Z.
A., Shanker, V., Chakrabarti, P., and Singh, S. P. 2012.
“The Anticancer Activity of Chloroquine-Gold
Nanoparticles against MCF-7 Breast Cancer Cells.”
Colloids Surf B Biointerfaces 95: 195-200.

Nivethaa, E. A. K., Dhanavel, S., Narayanan, V., Vasu, C.
A., and Stephena, A. 2015. “An in Vitro Cytotoxicity
Study of 5-Fluorouracil Encapsulated Chitosan/Gold
Nanocomposites towards MCF-7 Cells.” RSC Advances 5
(2): 1024-32.

Guo, H., Zhang, J., Boudreau, M., Meng, J., Yin, J. J., et al.
2016. “Intravenous Administration of Silver Nanoparticles
Causes Organ Toxicity through Intracellular ROS-Related
Loss of Inter-endothelial Junction.” Part Fibre Toxicol. 13:
1-13.



[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Effect of Gold Nanocomposite on the Cytotoxicity of Human Cancer Cell Lines

Cui, W, Li, J., Zhang, Y., Rong, H., Lu, W., and Jiang, L.
2012. “Effects of Aggregation and the Surface Properties
of Gold Nanoparticles on Cytotoxicity and Cell Growth.”
Nanomedicine 8 2): 46-53. doi:
10.1016/j.nan0.2011.05.005.

Chueh, P. J., Liang, R. Y., Lee, Y. H., Zeng, Z. M., and
Chuang, S. M. 2014. “Differential Cytotoxic Effects of
Gold Nanoparticles in Different Mammalian Cell Lines.” J
Hazard Mater. 264: 303-12. doi:
10.1016/j.jhazmat.2013.11.031. Epub 2013 Nov 20.
Coradeghini, R., Gioria, S., Garcia, C. P., Nativo, P.,
Franchini, F., Gilliland, D., Ponti, J., and Rossi, F. 2013.
“Size-Dependent  Toxicity and Cell Interaction
Mechanisms of Gold Nanoparticles on Mouse Fibroblasts.”
Toxicol Lett. 217 (3): 205-16. doi:
10.1016/j.toxlet.2012.11.022. Epub 2012 Dec 13.

Pan, Y., Neuss, S., Leifert, A., Fischler, M., Wen, F.,
Simon, U., et al. 2007. “Size-Dependent Cytotoxicity of
Gold Nanoparticles.” Small 3 (11): 1941-9.

Jain, S., Hirst, D. G., and O'Sullivan, J. M. 2012. “Gold
Nanoparticles as Novel Agents for Cancer Therapy.” Br J
Radiol. 85 (1010): 101-13.
http://dx.doi.org/10.1259/bjr/59448833.

Faheem, S. M., and Banu, H. 2014. “Gold Nanoparticles
in Cancer Diagnosis and Treatment: A Review.” Austin J
Biotechnol Bioeng. 1 (6): 5. ISSN: 2378-3036.

Adokoh, C. K., Quan, S., Hitt, M., Darkwa, J., Kumar, P.,
and Narain, R. 2014. “Synthesis and Evaluation of
Glycopolymeric  Decorated  Gold  Nanoparticles
Functionalized with Gold-Triphenyl Phosphine as

Anti-Cancer Agents.” Biomacromolecules 15 (10):
3802-10.
Yamada, M., Foote, M., and Prow, T. W. 2015.

“Therapeutic Gold, Silver, and Platinum Nanoparticles.”
WIREs Nanomed Nanobiotechnol. 7: 428-45. doi:
10.1002/wnan.1322.

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

741

Guo, R, Yao, Y., Cheng, G., Wang, S., Li, Y., Shen, M., et
al. 2012. “Synthesis of Glycoconjugated
Poly(Amindoamine) Dendrimers for Targeting Human
Liver Cancer Cells.” RSC Adv. 2: 99-102. doi:
10.1039/C1RA00320H.

Medina, S. H., Tekumalla, V., Chevliakov, M. V.,
Shewach, D. S., Ensminger, W. D., El-Sayeda, M. E. H.
2011. “N-Acetylgalactosamine-Functionalized
Dendrimers as Hepatic Cancer Cell-Targeted Carriers.”
Biomaterials 32 (17): 4118-29.

Keter, F. K., Guzei, I. A., Nell, M., Zyl, W. E., and
Darkwa, J. 2014. “Phosphinogold(l) Dithiocarbamate
Complexes: Effect of the Nature of Phosphine Ligand on
Anticancer Properties.” Inorg Chem. 53 (4): 2058-67. doi:
10.1021/ic4025926.

Tiekink, E. R. 2008. “Anti-cancer Potential of Gold
Complexes.” Inflamopharmacology 16 (3): 138-42.
Nabipour, H., Ghammamy, S., and Rahmani, A. 2011.
“Synthesis of a New Dithiocarbamate Cobalt Complex
and Its Nanoparticles with the Study of Their Biological
Properties.” Micro Nano Lett. 6 (4): 217-20. doi:
10.1049/mnl.2010.0224.

Riveros, A., Dadlani, K., Salas, E., Caballero, L., Melo, F.,
and Kogan. M. J. 2013. “Gold Nanoparticle-Membrane
Interactions: Implications in Biomedicine.” J. Biomater.
Tiss. Eng. 3 (1): 4-21. doi: 10.1166/jbt.2013.1067.

Oh, E., Delehanty, J. B., Sapsford, K. E., Susumu, K.,
Goswami, R., Blanco-Canosa, J. B., et al. 2011. “Cellular
Uptake and Fate of PEGylated Gold Nanoparticles Is
Dependent on Both Cell-Penetration Peptides and Particle
Size” ACS Nano. 5 (8): 6434-48. doi:
10.1021/nn201624c.

Zhao, F., Zhao, Y., Liu, Y., Chang, X., Chen, C., and Zhao,
Y. 2011. “Cellular Uptake, Intracellular Trafficking, and
Cytotoxicity of Nanomaterials.” Small. 7 (10): 1322-37.
doi: 10.1002/sml1.201100001.



