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Synthesis and /n vitro evaluation of silica coated gold nanoparticles for hyperthermia
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INTRODUCTION

Heating of organs and tissues in cancer treatment
was first reported in 1968, The report described the
heating of the tissue and the destruction of cancer by
thermal therapy and chemotherapy with a later emphasis
on radiation therapy,’ Gold nanoparticles (also known
as gold colloids) of 2 nm to more than 100 nm in
diameter can be synthesized by the controlled reduction
of an aqueous HAuCly solution using different agents
under a range of conditions, The most commonly used
reduction agent is citrate, which can reduce gold
nanoparticles to an almost monodispersed form,*"
Murrary et al, developed a three-step procedure invo-

lving the use of an amine-terminated silane coupling
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agent as the primer to allow for subsequent silica
adhesion, Hall et al. extended the indirect procedure
to synthesize silica coated gold nanoparticles using
the base-catalyzed co-condensation of tetraethyl ortho-
silicate  (TEOS) and organoethoxysilane precursors,
The silica-shell thickness, refractive index of the solvent
and optical spectra of silica coated gold colloids are
in good agreement with the predictions made by Mie
theory.” The results from these researchers indicated
that silica-coated gold nanoparticles tend to aggregate
when kept for a long time after coating with silane
coupling agents, Optical imaging, including those that
employ gold nanoparticles as the contrast agents, has
very limited applications in human studies. The abso-
tbance of all biomolecules reaches a minimum value
in the near-infrared region (NIR; 700~900 nm), which
provides a relatively clear window for optical imaging.
In addition, the wavelength of absorbance shifts
slightly when the silica shell is thin, The reason why

the wavelength is so important is because the human
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body is composed mainly of water, Therefore, those
with a short-wavelength will have a low level of
penetration through the skin whereas those with a
long-wavelength (those in NIR area) will have deeper
penetration and could be used internally. Based on
previous researches, this study coated silica on gold
nanoparticles using the direct method of polymeri-
zation without silane coupling agents, The aim of this
study was to synthesize and evaluate silica-coated
gold nanopatrticles that could lead to thermotherapy in

cancer treatment,

MATERIALS AND METHODS

Synthesis of gold and silica coated
gold nanopatrticles

A gold nanoparticle colloid was prepared using sodium
citrate reduction, Approximately 100 mL of 0.01% (w/v)
HAuCly (Sigma) was heated to boiling point, followed
by the addition of 10 mL of a 1% (w/v) sodium citrate
solution under high-speed stirring. The resulting mixture
was heated and stirred for 30 min, Silica coated gold
nanoparticles were divided into two groups according
to the TEOS concentration (Sigma): (1) 5 mM of TEOS,
(2) 10 mM of TEOS,

The silica shell could be coated directly onto the
gold surface employing a slightly modified procedure
using a silane coupling agent. 4 mL of the gold nano-
particle suspension was added to 20 mL ethanol.
Under continuous magnetic stirring, 0.5 mL of an ammo-
nia solution and two TEOS concentrations (5 mM, 10
mM) were consecutively added to the reaction mixture
to obtain a different silica shell thickness, Consequently,
three types of particles were named gold nanoparticles
(GN), silica coated gold nanoparticles 5 mM of TEOS
(5SGN), and silica coated gold nanoparticles 10 mM
of TEOS (10SGN),

Characterization techniques

The mean size and morphology of the particles

were estimated by transmission electron microscopy.

The size distribution of the determined GN, S5SGN,
and 10SGN were measured by dynamic light scattering
to confirm the increasing silica-shell thicknesses, The
change in the absorbance of GN, 5SGN, and 10SGN in

the colloids were observed by UV-visible spectroscopy.

Measuring the heat generation

Silica coated gold nanoparticles SSGN and 10SGN,
1, 2, 3, 4, and 5 g in weight, were dissolved
separately in 3 mL of distilled water to produce 0.03,
0.07, 0.1, 0.13, and 0.17 wt% colloids, respectively.
The samples were immersed on a 12 well plate for
each concentration, and irradiated with a NIR lamp
for 10 min, The changes in temperature after NIR lamp
irradiation were measured using electronic thermome-

ters (start temperature: 36°C),

Cytotoxicity studies

In this study, we were used normal cell line in
1929 and cancer cell line in Hela, Both 1929 and
carcinoma cells (Hela) cells were grown in RPMI1640
and DMEM medium with 10% fetal bovine serum and
1% penicillin at 37°C in 5% CO,. Fach cell line was
seeded into 96-well plates at 5x 10" cells/mL, An
evaluation of the effect of SSGN and 10SGN on the cell
viability was determined using an 3-(4,5-dimethylthiazol-2-y1)-2,
5-diphenyltetrazolium bromide (MTT) assay (ISO10993-5).

The necrosis of carcinoma cells by 5SGN and 10SGN
was measured using a MTT assay, after 10 min irradia-
tion with NIR. The experimental group was divided

nd

into 4 groups. The 1%, 2™ 3 and 4™ group was the

control with the medium only, GN, 5SGN and 10SGN,

respectively.

RESULTS AND DISCUSSION

Characterization of silica coated
gold nanoparticles

Before coating, the diameter of the GN was 25 nm
based on transmission electron microscopy (TEM) (Fig.
1A, 1B and 1C) show typical TEM images of the
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Figure 1, TEM images of (@) GN, (b) 5SGN of 120 nm, and (c) 10SGN of 160 nm

5SGN and 10SGN colloids with different silica-shell
thicknesses., The core-shell structure was evident in
TEM Photograph Fig. 1B and 1C shows 5SGN and
10SGN with a value of 120 nm and 160 nm,
respectively. The silica shell thickness increased with

increasing TEOS concentration,
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Figure 2. UV-Visible absorbance spectra of GN. 5SGN
and 10SGN

Dynamic light scattering (DLS) showed that GN,
5SGN and 10SGN had a thickness of 25,05 nm,
119.18 and 162,25 nm, respectively, which are similar
to the TEM results. This means that the silica shell
thickness increased with increasing TEOS concentration,
Figure 2 shows the UV-visible absorbance spectra of
GN, S5SGN and 10SGN, The maximum absorbance
wavelength of GN was 542.8 nm and those of 5SGN
and 10SGN were 758.2 nm and 799.5 nm, respectively,
A short wavelength with 540 nm was absorbed very
weakly by the skin. On the other hand, a wavelength
»700 nm had a much higher absorption rate and

could be used in the human body.

Encapsulation of individually separated nanoparticles
with silica-based shells is advantageous for bioconju-
gation and application to (nano) biotechnology, because
silica is non-toxic and easy to functionalize, and protects
core nanoparticles from deleterious reactions such as
oxidation, As a core, gold nanoparticles show a good
biocompatibility and have potential application to thera-
peutic areas, In particular, the absorption of anisotro-
pically shaped gold nanoparticles or nanoshells in the
near-infrared (NIR) region makes photo-thermal therapy
possible and therefore much effort is currently being
made for applications of gold-based nanostructures to
cancer hyperthermia,16 In this study, as shown in
Figure 2, silica coated gold nanoparticle has been
shown in the NIR region. Encapsulation of gold nano-
particles has been shown in the NIR region. Encap-
sulation of gold nanoparticles with a silica shell would
be a simple method for stabilizing gold nanoparticles
and making them applicable to (nano) biotechnolo-
gical areas,

Silica encapsulation of individually separated nanopa-
tticles is advantageous for bioconjugation and applica-
tion to (nano) biotechnology, because silica is nontoxic
and easy to functionalize, and protects core nano-
particles from deleterious reactions such as oxidation,
Especially in the case of gold nanoparticles silica
encapsulation would be one of the methods for
stabilizing gold nanoparticles and making them appli-

cable to (nano) biochnological areas 16,

Heat generation

The heat generated by nanoparticles can be used

to melt the nanoparticle themselves and modify their
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Table 1, Temperature after 10 min irradiation for each colloid concentration (° C)

Concentration (wt%)

Group
0.03 0.07
5SGN (5mM TEOS) 382 389
10SGN (10mM TEQS) 378 38.6

0.1 0.13 017
415 478 485
402 465 477

Start temperature: 36 ° C,

shape or to affect the surrounding materials, such as

: 16,1
to destroy organic molecules'®"’

or to trigger chemical
reactions. Both theoretical calculations and experimental
measurements have been conducted to better understand
the heating process of nanoparticles and the effects
on the surrounding medium, Hyperthermia-based therapy
is a form of cancer treatment that uses an elevated
temperature to kill the tumor tissue. Compared to the
more conventional surgical procedures, hyperthermia
is a less invasive approach that could be used for
small, non-defined or embedded tumor where surgical
resection is not feasible,

The NIR region of the spectrum provides maximal
penetration of light through the body due to relatively
lower scattering and adsorption from the intrinsic tissue
chromophores, The heat generation properties and in
vitro cellular uptake of the particles are aspects under
investigation.

Table T lists the change in temperature of SGN
(silica coated gold nanoparticles). The temperature at
concentrations of 0.13 and 0.17 mg/mL could affect
normal cells, When the NIR lamp was irradiated for
10 min, a concentration of 0.1 mg/mL was measured

as the optimal concentration for the destruction of

100

temperature sensitive cancer cells,

In vitro cytotoxicity

Nanoparticle aggregation is a hurdle that needs to
be overcome before nanoparticles can be applied in
vivo, cluster of nanoparticles may not be filtered and
excreted in living organisms, leading to chronic toxicity
and other negative side effects in biodistribution. In
order to reduce aggregation of nanoparticles, one
solution has been to include a final incubation period
in 3-hydroxysilylpropyl methylphosphonate during the
synthesis process of fluorescent mesoporous silica surface
was modified with inert and hydrophilic phosphonate
group to prevent aggregation caused by the inter-
particle hydrogen bonding interaction between the anionic
silanol groups and the unreacted cationic amine group,'®

In this study, the 1929 cell and Hela cell viability
after exposure to GN, 5SGN, and 10SGN were )80%;
they could be considered to be non-cytotoxic, The
necrosis of carcinoma cells using silica-coated gold
core-shell nanoparticles was also measured. Each cell
was exposed to GN, 5SGN and 10SGN and irradiated
with a NIR lamp.
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Figure 3, Cell viability after 10 min irradiation with a NIR lamp measured using a MTT assay: (A) L929 cells, (B) HelLa cells
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The cell necrosis effect of the prepared nanoparticles
after exposure to the NIR lamp was examined using
a MTT assay (Figure 3). 5SGN and 10SGN showed
82.7% and 89.4% viability of 1929 cells but 22.7%
and 26.4% viability of Hela cells after exposure for
10 min. As a result, SSGN and 10SGN are considered
to be more effective on cancer cell necrosis than GN,

This

inducing hyperthermia in cancer treatment, GN could

study synthesized and evaluated SGN for
be coated directly with a uniform silica shell, The
coating thickness could be controlled from tens to
hundred nanometers by selecting the appropriate
TEOS concentration. SGN is expected to be a useful
hyperthermic cancer-treatment because it exhibited
effective heat generation under near infrared as well

as tumor cell necrosis in vitro,
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