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Abstract

Purpose We tend to evaluated a method for loading 6Mercaptopurine (6MP) on green synthesized hybrid chitosan gold
nanoparticles (AuNPs) forming 6MP-AuNPs nanocomposite for the first time in combinatorial chemo-photothermal therapy.
Methods The AuNPs were synthesized using chitosan as a reducing and capping agent. Different concentrations of 6MP
were mixed AuNPs. Cells were incubated with 6MP and 6MP loaded AulNPs for 48 h and then exposed to laser.

Results AuNPs and 6MP-AuNPs nanocomposite have small sizes of 18 £4 and 25+ 5 nm and exhibit high stability with
Zeta potential of 55.9 +6.3 and 57 +4 mV. 6MP-AuNPs nanocomposite irradiated with Diode Pumped Solid State (DPSS)
laser showed a maximum inhibition in cell viability reaching 63% at 1.25 uM.

Conclusions A hybrid chitosan gold nanoparticle is a powerful anti-cancer drug carrier as well as photothermal agent in

combinatorial chemo-photothermal therapy.
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Introduction

Breast cancer (BC) is the central cause of cancer associ-
ated deaths of women universally. The main aim in the fight
against cancer is developing effective therapeutic plans with
low toxicities and high specificities to eliminate tumors
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[1, 2]. Recently, photothermal therapy (PTT) has attracted
significant attention as non-invasive cancer therapy [3] and
selectively destroys cancer cells which are more sensitive to
an increase in temperature [4]. Gold nanoparticles (AuNPs)
attracted great attention due to their high localized surface
plasmon resonance (LSPR) [5, 6]. Chitosan (CS) showed
promising advantages in drug delivery systems, such as
biocompatibility and biodegradability [7, 8]. The 6MP is
one of the most effective anti-cancer agents used to treat
inflammatory diseases [9, 10]. The use of 6MP is limited
due to its poor bioavailability and short plasma half-life
[11]. Combination therapy is considered to be a promising
strategy for improving the therapeutic efficiency of cancer
treatment [12]. A combination of AuNPs-based PTT and
synchronized chemotherapy using a stimuli-responsive drug
delivery system for controlled drug release has superior anti-
cancer efficiency [13]. In the present study, we reported on
the eco-friendly synthesis of AuNPs using chitosan as reduc-
ing and capping agent, and for the first time loading 6MP on
chitosan reduced AuNPs forming 6MP-AuNPs nanocompos-
ite. Moreover, the cytotoxic effects in addition to PTT and
chemo-photothermal combined treatment on MCF7 were
carried out.
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Materials and Methods

Green Synthesis of Gold Nanoparticles by Chitosan
(AuNPs)

The AuNPs were synthesized using chitosan as a reducing
and capping agent [14]. Varying chitosan concentrations
(0.05, 0.01, 0.1, and 0.2) were prepared in 1% acetic acid. A
10 ul of 1.25x 107! M solution of chloroauric acid (HAuCl4)
was reduced by heating for 15 min in 10 ml of chitosan.

Preparation of 6MP Loaded AuNPs (6MP-AuNPs
Nanocomposite)

Different concentrations of 6MP (1.25, 2.5, 5, 10, and
20 uM) were mixed drop wise with 1 ml of the synthesized
AuNPs and sonicated for 20 min.

Photothermal Chemotherapy Combined Treatment

For laser irradiation, second harmonic Nd:YAG DPSS laser
with wave length 532 nm and 200 mW was used. Cells were
seeded according to that of Skehan et al. [15]. Cells were
incubated with the same concentrations 1.25 uM of free
6MP and 6MP loaded AuNPs for 48 h and then exposed to
laser for different times: 2, 4, 6, and 8 min. The experiment
was repeated 3 times independently, and each concentration

was repeated three times. Data are expressed as the arith-
metic mean + SD. Statistical analysis was carried out using
GraphPad Software Prism v5 (San Diego, USA). The statis-
tical analysis of the transfection assays data was done using
Tukey multiple comparison test One-way analysis of vari-
ance (ANOVA)with a single pooled variance. Differences
were considered statistically significant when p <0.01.

Result and Discussion

Characterization of AuNPs and 6MP-AuNPs
Nanocomposite

AuNPs exhibits surface plasmon band SPB at 522 nm
[14]. At lower concentrations of CS 0.01% w/v resulted in
agglomerated particles Fig. 1a, however, concentrations of
0.05% w/v and above showed no agglomeration. This was
reflected in SPB, which showed shift from 522 nm to530nm
with 0.01% w/v which may be due to at lower concentration
the particle charge is insufficient and lead to sensitization
of the particles causing agglomeration, However, at higher
concentrations (>0.05% w/v), the particles charge is suf-
ficient for making them electrostatically stable. The absorp-
tion peaks of CS and AuNPs are shown in Fig. 1b. CS has a
characteristic absorption peak at 300 nm, and the absence of
CS absorption peak clearly indicates that all its amino groups
are actively involved in the reduction process [16]. The
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interaction between 6MP and 0.2% chitosan reduced AuNPs
was investigated via UV-visible spectroscopy, Fig. 1c, the
inset view is a band in UV region appeared at 321 nm arises
from the n—x* transition of 6MP molecule [17]. Upon addi-
tion of 6MP to AuNPs, the absorption spectrum showed
a slight red shift from 522 to 528 nm with a decrease in
absorbance intensity. At higher wavelength, another new
band was observed around 680 nm. This band is due to
interparticle interaction between the adjacent AuNPs upon
the addition of 6MP [18, 19]. Upon laser irradiation, the
absorption spectra of AuNPs, 6MP, and 6MP loaded AuNPs
showed no change in absorption bands which indicates the
stability of the new nanocomposite toward laser at this time
interval.

TEM images have uniform spherical shape and size
range from 15 to 50 nm (Fig. 2a-d). At low CS, 0.05% and
0.01%w/v aggregated particles were observed. TEM images
of 6MP loaded on 0.2% chitosan reduced AuNPs Fig. 2e;
reveals that nanocomposite possessed a regularly spherical
shape and smooth surface with increases in the particle size
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from 18 +4 nm to25+5 nm. Here, the plasmon coupling
appeared clearly with linearly arranged coupled particles.

To determine the surface charges and stability of the
prepared AuNPs, zeta potential was measured the higher
the zeta potential, the more stable the nanoparticles due to
the stronger repulsive force between each other [20, 21].
AuNPs reduced by 0.2% CS showed the highest zeta poten-
tial with small size and uniform size distribution, so this
concentration was chosen for 6MP loading. The shift in
zeta potential from 55 to 57 mV in case of loading 6MP
on AuNPs indicates the high stability of the prepared
nanocomposite.

Figure 2f, FTIRs featuring of CS and AuNPs. The
main vibrational bands of CS are 3436 cm™ is attributed
to hydrogen-bonded O-H stretching vibration; bands of
N-H stretching from primary amine and type II amide are
overlapped in the same region [22], this band becomes
sharper with shift to 3429 cm~! in AuNPs. Band at
1652 cm™! corresponding to amide I band characteristic to
C =0 stretching of N-acetyl group was found to be shifted
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Fig.2 TEM images of AuNPs using varying concentrations of CS a 0.2%, b 0.1%, ¢ 0.05%, and d 0.01%w/v, respectively; e TEM images of
6MP loaded on 0.2% w/v chitosan AuNPs. FTIR spectra of f chitosan and Au NPs and g 6MP and 6MP-AuNPs nanocomposite
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Fig.3 The effect of DPSS laser irradiation MCF7 incubated with 6MP and 6MP loaded AuNPs

to 1628 cm™! for AuNPs which clearly indicates that AuNPs
are completely bounded with CS through affinity interaction
with amino group [23]. The results prove the involvement
of hydroxyl and primary amino groups of CS in AuNPs
reduction and stabilization. Figure 2g, FTIR spectrum
of 6MP shows characteristic bands at 3430.74, 1527.35,
3094.23, 2999.73, 1344.14, 1613.16, 1668.12, 2676.71,
1154.19, 1120.44, 1120.44 and1272.79 cm_lcorresponding
to combined peaks of the NH2 and OH group stretching
vibration, N-H (Bend), C-H(stretch), C-N, C=N, C=C,
vC = S/ring vibration, vC = S/ring vibration and C=S
stretching respectively [24]. In the case of loading 6MP-
AuNPs there were a decrease in intensity of all bands,
band at 3430 cm™! corresponding to combined NH2 and
OH group stretching vibration is broadened and slightly
shifted to lower wavelengths 3427 cm™' confirms formation
of complex 6MP—AuNPs nanocomposite. In addition, the
disappearance of 6MP characteristic peak at 1272 cm™!
corresponding to C =S stretching confirming the existence
of complex formation of the 6MP with AuNPs through the
sulphur atom [25].

Photothermal Chemotherapy Combined Treatment

Cell viability after laser irradiation showed a decrease in cell
survival by 24%, 21%, 33%, and 19% for free 6MP and 58%,
57%, 63%, and 59% for 6MP-AuNPs at 2, 4, 6, and 8 min,
respectively, compared to 5% and 55% inhibition produced
by 1.25 uM of 6MP and 6MP-AuNPs, respectively, in the

absence of laser irradiation (Fig. 3); the enhancement of
6MP cytotoxicity after laser irradiated may be due to that
DNA repair processes which are the essential response for
the cells to aggression by cytotoxic drugs are temperature-
dependent [26]. In addition to the highlighting loss of cell
membranes integrity, which are severely affected by heat
shock, enhancing permeability leading to accumulation
of higher concentration of the drug at tumor site [27].
The extensive cell death was observed for cells irradiated
in presence of 6MP-AuNPs when compared to irradiation
of free 6MP which indicates that the AuNPs are required
for photothermal conversion of laser irradiation. By using
localized hyperthermia combined with chemotherapy, a
reduction of the dose with minimum side effect of 6MP can
be used to achieve better therapeutic effect.

Conclusion

The present work demonstrated a method for fast, eco-
friendly, highly stable, and low-cost synthesis of AuNPs
using a biocompatible polymer chitosan. Combination of
therapeutic approaches against cancer has become an essen-
tial step to improve outcome and prevent the appearance
of resistance to chemotherapy. Future work is in progress
to investigate the positive effects of chemo-photothermal
combination using the prepared nanocomposite for in vivo
cancer treatment.
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