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Abstract

Magnetic nanoparticles have shown promise in various medical applications, including cancer treatment and diagnostics.
The objective of this study is to attain mastery over the synthesis of silver nanoparticles (AgNPs), Cobalt silver nanocom-
posite (CoAgNC) and magnetite silver nanocomposite (IOAgNC), while also examining their photostability, cytotoxic-
ity, and photothermal impact on Human Laryngeal Carcinoma Cell line (HEp-2). The preparation and characterization
of AgNPs, CoAgNC, and IOAgNC were described, including the assessment of their photostability and cytotoxicity on
HEp-2 cell line. The photostability of these nanomaterials was determined by subjecting them to different light sources,
while their morphology and magnetic properties were characterized using a spectrophotometer, Transmission Electron
Microscopy (TEM), and Vibrating Sample Magnetometer (VSM). The results of the characterization of AgNPs, CoAgNC, and
IOAgNC showed that the prepared nanomaterials have distinct optical and morphological properties. The synthesized
nanomaterials were stable in aqueous solutions and exhibited magnetic properties. The cytotoxicity tests on HEp-2 cells
showed that the nanomaterials were not toxic in the dark, but their toxicity increased under light exposure, with IOAgNC
showing the most significant toxicity. COAgNC was found to be photostable under UV light and Light Emitting Diode
(LED) irradiation due to the little lattice mismatch between cobalt and silver. Nanocomposite systems of high magnetic
moment, such as IOAgNC and CoAgNC, have potential for tumor treatment through magnetic fluid hyperthermia. The
photostability, chemical stability, and biocompatibility of AQNPs, CoAgNC, and IOAgNC were investigated and found to
be non-toxic even at high concentrations. These nanomaterials have multiple optical and magnetic functionalities and
are promising candidates for biomedical applications.
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1 Introduction

In recent times, there has been a growing interest in devel-
oping alternative high-momentum metal nanomaterials,
such as Co, Fe, and related alloys, for specific biomedical
applications like bioseparation and targeted delivery [1-5].
Among the assorted metal oxide nanoparticles, magnetic
nanoparticles have been widely studied for different
chemical and biological applications. The low biocom-
patibility and susceptibility to oxidation in oxygen-rich
settings of magnetic nanoparticles limits their utility in
biological applications. Consequently, significant efforts
have been made to create a biocompatible interface
by producing magnetic optical nanocomposites. These
nanocomposites have gained considerable attention as
they offer two or more nanoscale functionalities that can
facilitate easy and crucial biomedical/diagnostic applica-
tions with enhanced detection sensitivity [6-9]. Magnetic
nanoparticles are well-known for their potential applica-
tions in biomedical fields, such as cell labeling and isola-
tion [10], magnetic resonance imaging (MRI) [11], target
drug delivery, magnetic ferrofluids hyperthermia (MFH)
[12-14], and controlled drug targeting delivery [15, 16].
The synthesis of magnetic/metal nanoparticles with con-
trollable size is not widely documented. One report states
that the synthesis of water-soluble magnetite/gold nano-
particles improves biocompatibility and chemical stability
by safeguarding the magnetic nanoparticles from further
oxidation [17]. The application of magnetic nanoparticles
in photothermal therapy platforms has been significantly
researched, as light absorption-induced heat can cause
cellular responses such as apoptosis by increasing reactive
oxygen species (ROS) levels and can be locally destroyed
by hyperthermia during photothermolysis, thus targeting
sites without causing substantial side effects in neighbor-
ing normal tissue [18].

Cobalt and magnetite nanoparticles have attracted
interest, especially in medical applications such as diag-
nostics [19], hyperthermia cancer treatment [20]. This is
due to their properties such as biocompatibility [17], bio-
degradability [21, 22], magnetic behavior, [17] and the
possibility of easy functionalization [23]. In noble metals,
coherent collective vibrations of electrons in the con-
duction band induce large surface electric fields, which
enhance the radiation properties of metal nanoparticles
when they interact with resonant electromagnetic radia-
tion [24, 25]. These unique properties enable scientists,
engineers, and physicians to produce major advances in
the life sciences and health care as in molecular biology,
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bioengineering, medical diagnostics, and therapeutics
[26, 27]. A particularly interesting class is nanocompos-
ites. These nanocomposites are highly functional materi-
als consisting of a thin coating (1-20 nm) of one material
deposited on particle of another different material using
specific techniques [28-30]. It is now possible to synthe-
size these nanocomposites with desired dimensions [31].
Nanocomposites can be synthesized using a method
called controlled precipitation [32]. The choice of a suit-
able pair for the nanocomposites requires the understand-
ing of individual properties of each nanoparticle material.
Because of potential applications associated with them,
nanocomposites have gained considerable attention in
recent years. They have been synthesized for a variety of
applications like fluorescent diagnostic labels in imaging
cancer cells and other therapeutic applications [5, 33],
enhancement of luminescence properties [34], prepara-
tion of bio conjugates [35] and increasing chemical and
photostability of colloids [36].

In this study, we present the aqueous synthesis of
IOAgNC and CoAgNC. Due to their multiple optical and
magnetic functionalities, these nanosystems hold signifi-
cant potential for various biological applications, particu-
larly in medical sensors and biomedicine. This is attributed
to the strong magnetic moment signal and well-estab-
lished silver chemistry, which allows for a broad range of
surface modification strategies, thus enabling biocompat-
ibility and stability. The primary objective of this research
is to achieve precise control over the synthesis of AgNPs,
CoAgNC, and IOAgNC, while also investigating their pho-
tostability, cytotoxicity, and photothermal effects on the
HEp-2 laryngeal carcinoma cell line.

2 Material and methods
2.1 1-Preparation of spherical AgNPs

To prepare spherical AgNPs, a mixture of 0.08 gm tri
sodium citrate (El Gomhoria Co. Egypt, 95%) and 0.2 g
Polyvinylpyrrolidone (PVP) (ICN Biomedials, Inc., Av. Wt
30,000-40,000) was dissolve in 10 ml water with stirring.
After complete dissolve 75 ml of 0.01 M AgNO; Silver
nitrate (Riedel-de Haén Wt.169.87) was added to the reac-
tion mixture, followed by the rapid addition of the reduc-
ing agent (0.1 M NaBH,) Sodium borohydride (Sigma,
98%).. The addition of the reducing agent resulted in the
formation of yellow-colored spherical AgNPs, as indicated
by previous studies [37-39].
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2.2 2-Preparation of CoAgNC

A cheap and straightforward method was used to prepare
cobalt nanoparticles (CoONPs), in which metal salt reduction
occurred in a controlled environment with an appropriate
reducing agent. Firstly, 1 gm PVA Polyvinylalcohol (PVA)
(Fluka, Av. Wt. 22,000). was dissolved in 20 ml water,
heated to 60°C. After complete disolve, 3 ml (0.05M) Cobalt
Cobaltous chloride hexahydrate (WINLAB, 98%).was
added, and finally, 5 ml (0.05 M) sodium borohydride was
added dropwise with continuous stirring until the solution
became completely dark, indicating CoNP formation.

As CoNPs have low stability in air due to their smaller
size, they were coated with AgNPs to stabilize them.
CoAgNC was prepared chemically by reducing silver
nitrate in the presence of pre-synthesized CoNPs, which
acted as "seeds" or nucleation sites for the resultant
CoAgNC. For the preparation of CoAgNC, 10 ml CoNPs
in an aqueous medium were placed in a 100 ml flask
equipped with a small magnet bar for stirring. Then, 10 ml
(0.05 M) AgNO; was added dropwise while stirring, and
simultaneously, 5 ml (0.05 M) sodium borohydride was
slowly injected to avoid mass production of pure AgNPs.
During the reduction process, a yellowish color developed,
indicating the formation of AgNPs.

2.3 3-Preparation of IOAgNC

To prepare magnetite nanoparticles (IONPs), 2.7 gm FeCl;
Ferric chloride anhydrous (LOBA Chemicals, 98%).was
dissolved in 25 ml distilled water, and then 10 ml (0.6 M
NaCos) Sodium carbonate (Riedel-de Haén, Wt.106) was
added, and the mixture was stirred for around 10 min.
Afterwards, 0.12 gm ascorbic acid (El Nasr Pharmaceutical
Chemicals Co. Egypt, Wt. 176) was dissolved in 10 ml
distilled water and added rapidly to the reaction mixture,
and the entire mixture was stirred for 15 min. The
formation of IONPs was confirmed by the appearance of
a black color.

To prepare IOAgNC, 10 ml of (6x 1073 M) prepared
IONPs as a seed solution was taken, then add to 10 ml
of 0.001 M AgNO; with stirring for 15 min then 5 ml of
0.005 M NaBH, were slowly added with constant stirring
to allow the formation of silver magnetite nanocomposite.

2.4 4-Photostability of AgNPs, CoAgNC and I0OAgNC

The photostability of the prepared AgNPs, CoAgNC, and
IOAgNC was assessed by subjecting them to different light
sources, including UV light of 254 nm and light emitting
diodes (LEDs) emitting at 490 nm and 250 mW. Before
the solutions were exposed to the light sources, the
absorption spectra of the solutions were measured. The

solutions were then irradiated with the light sources, and
the absorption spectra were measured at different time
intervals to monitor any changes. The shape and size of the
AgNPs in the obtained solution were investigated using a
spectrophotometer and TEM after irradiation for several
time intervals.

2.5 Characterization of AgNPs, CoAgNC and IOAgNC

A double beam UV-Vis-NIR spectrophotometer (Cary
5000, Agilent, Santa Clara, USA) with a quartz cell in the
wavelength range of 200-900 nm was used to characterize
the produced nanomaterial. A High-Resolution
Transmission Electron Microscope (HRTEM, Tecnai, G20,
FEI, Almelo, Netherlands) operated at an Accelerating
Voltage of 200 kV was used to image the morphology. A
copper grid was coated with carbon, and a few drops of
the diluted produced samples were placed on the grid
and let the sample to dry at room temperature. Vibrating
sample magnetometer (VSM) EV11 (Model 8810),
ADE Technologies, Inc. was used to test the magnetic
characteristics.

2.6 Biological assessment
2.6.1 Cell culture

HEp-2 cells preserved by cryopreservation at — 85 °C were
thawed and passaged in growth medium containing 10%
serum. The cells, which included normal control, dark
control, light control, and treated cells, were planted at a
density of 100 cells per mm? on 24-well culture plates for
further study.

2.7 Dark toxicity assessment

Four replicates of cells were tested for AgNPs, CoAgNC,
and IOAgNC. AgNPs was tested at various concentrations,
such as 100 uM, 200 pM, and 300 pM, whereas IOAgNC was
tested at greater concentrations, such as 500 uM, 1000 uM,
and 1500 puM. The cells were exposed to the produced
nanomaterials for five and twenty-four hours, respectively.

2.8 Light toxicity assessment

Cells used for treatment were exposed to blue light LED of
460 nm and 200 mW when treated with AgNPs, CoAgNC,
and IOAgNC. The same concentrations of nanomaterials
were used for treatment as those in the dark control
experiments. Light exposure was performed at 100, 200,
300, and 400 J for cells incubated with Ag, CoAgNC, and
IOAgNC. All light experiments were conducted at both
5-h and 24-h time points following incubation with the
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nanomaterials. In all experiments, cells were washed twice
with PBS at the end of the required incubation time to
remove excess NPs. Maintenance medium was added
to the cells before exposing them to the appropriate
monochromatic light.

2.9 Staining of viable cells

To stain viable cells, a volume of 800 L of 0.0075% Neutral
Red dye (Nice Chemicals, N42109) diluted in maintenance
EMEM media was added to each well. Three hours were
spent incubating the cells at 37 °C. Neutral Red dye was
removed from the cells after staining, and the cells were
then rinsed with 0.9% NaCl solution and dried using filter

paper.
2.10 Cell lysis and measurement of viability

To induce cell lysis, 200 pl of lysis buffer (1-part absolute
ethanol, 1-part distilled water, and 0.02 parts glacial
acetic acid) were added to each well. This caused the cell
membranes of viable cells to rupture, releasing a red color.
The absorbance of the released color was measured at
545 nm using an ELISA machine (Awareness Technology
Incorporation, Stat Fax — 2100) at the Cancer Biology unit
of the National Cancer Institute.

3 Results and discussion
3.1 Characterization of AgNPs, CoAgNC and I0AgNC

The preparation of AgNPs was carried out as described
in the experimental section by reducing silver ions using
NaBH4 in the presence of a mixture of PVP and sodium cit-
rate as a capping material. The resulting particles exhibited
absorption in the visible range due to Surface Plasmon
Resonance at 405 nm, and TEM images revealed that the
particles were spherical with a very uniform size distribu-
tion of about 10 nm. Figure 1a shows the absorption spec-
tra, which display a narrow band, indicating the spherical
shape of the particles, as confirmed by the TEM images
in Fig. 2a.

The ability to synthesize CoNPs with narrow size
distributions and controlled properties has significant
potential for the development of magnetic sensors
and medical diagnostic devices. CoNPs are typically
synthesized through the reduction of Co salts or thermal
decomposition of organometallic precursors; however,
electron beam vapor deposition has also been employed
to produce metallic CONPs [40, 41]. For the use of magnetic
NPs such as cobalt or iron oxides in aqueous-based
ferrofluids, the particles must be dispersible in water. While
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Fig. 1 Absorption spectra of AgNPs, CoAgNC and IOAgNC

most methods reported in the literature utilize an organic
phase and organic ligands and surfactants to stabilize the
prepared nanomaterials, we aimed to synthesize CoNPs
in a water-based solution using PVA as a surfactant. This
method enables the preparation of CoNPs in an aqueous
phase, making them applicable for biological applications,
and it offers the advantages of a simple and inexpensive
chemistry.

In this study, CoNPs were synthesized by reducing the
metal salt using a strong reducing agent in the presence of
a long-chain surfactant at a predetermined concentration
to ensure colloidal stability. The polar functional groups of
the polymer were utilized to create significant hydrogen
bonding between the surface of the CoNPs and the
polymer chains, which may also have facilitated cross-
linking between the polymer chains.

Itis important to note that the synthesis procedure for
CoAgNC involves two stages: the first stage involves the
reduction of cobalt ions, while the second stage involves
the reduction of silver ions in the presence of prepared
CoNPs as seeds. The process can be described using the
following chemical equations: Firstly, cobalt ions are
reduced by NaBH4 according to the equation:

4Co*? + NaBH, + 3H,0 — 4Co’(metal) + Na* + B(OH); + 7H*.

And hydrogen gas is by-produced according to
Equation:

NaBH, + 4H,0 — NaOH + B(OH); + 4H,(gas).

Subsequently, silver ions are reduced by hydrogen gas
produced through the hydrolysis of sodium borohydride.
This results in the formation of Ag atoms that diffuse
to Co metals, leading to the formation of CoAgNC.
These bimetallic nanocomposites are stable in aqueous
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Fig.2 TEM Images for a AgNPs, b CoAgNC and ¢ IOAgNC (magnification 5 nm, 100 nm)

solution for several months without the observation of
cobalt oxide. The optical absorption study provides more
evidence for bimetallic nanocomposites. The appearance
of the plasmon band for the AgNPs indicates that silver
metal coexists with the CoNPs. The UV-Vis absorption
spectra for CoAgNC show a sharp absorption peak at
413 nm, as depicted in Fig. 1b. This red shift indicates
the formation of bimetallic CoOAgNC its size about 20 nm,
which is confirmed by the TEM images in Fig. 2b.

Due to their biocompatibility, biodegradability,
ease of manufacture, tunability, and functionalization
for particular applications, iron oxide nanoparticles
(IONPs) containing nanocrystalline magnetite (Fe;0,)
offer tremendous promise in oncological treatment.
Additionally, superparamagnetic behavior is seen in
spherical magnetite NPs with diameters less than 20 nm,
which is a characteristic that can improve contrast in
magnetic resonance imaging (MRI). A biocompatible
coating that offers enough functional groups for the
conjugation of additional tumor-targeting and therapeutic
compounds is often included in superparamagnetic iron
oxide nanoparticle (SPION) conjugates in addition to
magnetite, which naturally provides MRI contrast [42-45].

The synthesis procedure for IOAgNC involves two
stages: the first stage involves the preparation of IONPs,
while the second stage involves the reduction of silver ions
in the presence of prepared IONPs as seeds. Firstly, water-
soluble IONPs were prepared by reacting FeCl; with sodium

carbonate in the presence of ascorbic acid, which acted as
both a reducing and capping agent. IONPs could be readily
disseminated in hydrated aqueous environments because
they were coated with C4HsOg, which is ascorbic acid’s
oxidation state. The following was proposed as a potential
formation mechanism for the magnetite nanocrystals:

2Fe®t 4+ 3C0;% + 6H,0 — 2Fe(OH); + 3H,CO;4
2Fe(OH); + C4HgOg — 2Fe(OH), 4+ C4HgO4 + 2H,0

2Fe(OH); + Fe(OH), — Fe;0, + 4H,0

In this system, adding Na,CO; caused the red FeCl; solu-
tion to become yellow, suggesting that Fe(OH); had been
produced as a result of the hydrolysis of Fe**. The color of
the reaction system changed from yellow to black as soon as
ascorbic acid was added to the colloid solution. These IONPs
become water-soluble and biocompatible by ascorbic acid
capping. These findings are in line with earlier research by
Shouhu et al. [46] who found an average size of 5.2 nm for
IONPs. These magnetite particles were used as seeds to grow
a hybrid nanostructure of silver, combining magnetic prop-
erties with plasmonic metallic characteristics. This hybrid
was formed by reducing silver ions using hydrogen gas pro-
duced from the hydrolysis of sodium borohydride, according
to the following equations:
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NaBH, + 4H,0 — NaOH + B(OH); + 4H,(gas).

Subsequently, the produced Ag atoms diffused onto the
surface of IONPs, leading to the formation of IOAgNC. The
absorption band of the AgNPs should appear at 400 nm
due to the surface Plasmon resonance of spherical AgQNPs;
however, in this case, it appears at 392 nm, as shown in
Fig. 1. This blue shift may be attributed to the change in
the dielectric constant of the surrounding environment
due to the presence of the Fe;O,NPs its size about 15nm,
which is confirmed by the TEM images in Fig. 2c.

3.2 Photostability of AgNPs, CoAgNC and IOAgNC

Figure 3a clearly shows that when the prepared AgNPs
were irradiated with UV light, the intensity of the plasmon
band at 405 nm decreased, and a new feature began to
emerge on the red side. Continuous irradiation led to an
increase in this new feature until it reached its maximum
after 2 h of irradiation. Further irradiation using UV light
led to a decrease in both bands, the original plasmonic
and the new band that appeared at 550 nm. It was impor-
tant to identify the origin of this new band, so the same
experiment was repeated, and TEM images were taken

Bl
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after 120 min of irradiation. The TEM images in Fig. 3b
indicate the formation of some prisms.

The same experiment was repeated using LED to
irradiate the sample at 490 nm. Figure 3d shows that
some rods and prisms were formed due to irradiation. It is
worth noting that irradiation using LED to the formation of
a new band at 595 nm, as shown in Fig. 3¢, and this band
remained stable even after irradiation for seven hours.
This implies that irradiation using a Light Emitting Diode
caused the transformation of the spherical particles into
more anisotropic shapes, while irradiation using UV light
resulted in the formation of larger particles that eventually
aggregated.

Cobalt has one of the largest magnetic susceptibili-
ties among the common iron oxide and other transition
metals. However, it readily oxidizes upon exposure to
air, resulting in an antiferromagnetic oxide layer of CoO.
Therefore, coating CoNPs with an oxygen-impermeable
sheath would provide numerous benefits. In our synthe-
sis of CoOAgNC, it was essential to ensure the protection of
the Co nanocrystals against oxidation from the surround-
ing environment as well as from oxidation by light or air.
The need for the photostability of Co or CoAgNC is sig-
nificant because of their use in the treatment of cancer

Fig.3 Effect of irradiation by UV-light on the AgNPs, a absorption curves, b TEM Images (magnification 50 nm, 100 nm). Effect of irradiation
by light emitting diode (LED) on the AgNPs, c absorption curves, d TEM Images (magnification 50 nm)
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as hyperthermic agents in magnetic fluid hyperthermia.
When these particles are exposed to light, the target tissue
or cells are also exposed. We tested the stability of CoAgNC
by exposure to two sources of light, UV, and visible light,
as observed in Fig. 4a, c. However, irradiation of CoAgNC
using UV light or LED had no effect on the stability of the
particles due to the little lattice mismatch between cobalt
and silver, as both have a cubic lattice structure. It is appar-
ent from Fig. 4b, d that irradiation of IOAgNC using UV
light or LED to the complete decomposition of the parti-
cles in the solution. This might be due to the lattice mis-
match between magnetite IONPs and AgNPs.

3.3 Magnetic properties of IOAgNC and CoAgNC

To obtain magnetic property measurements on CoAgNC
and I0AgNC magnetic property measurements on
CoAgNC and I0OAgNC, a vibrating sample magnetometer
(VSM) was utilized. For each measurement, a hysteresis
loop was generated, and from this loop, the intrinsic
coercivity (Hc), remanent magnetization (Mr), and
saturation magnetization (Ms) were calculated.

The magnetic hysteresis loops for CoAgNC and
IOAgNC were measured using a vibrating sample
magnetometer (VSM) at room temperature (300 K), as
shown in Fig. 5a and b, respectively. CoAgNC exhib-
ited a wider hysteresis loop and higher magnetic
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moment (MS) of about 1.321549 emu/g, with a switch-
ing field (HC) of 5.3172 T (5317.2 Oe) and a remanence
MR of 0.84059 emu/g. The remanence ratio MR/MS
(Squarence ratio SQR) was about 0.636064. IOAgNC, on
the other hand, had a magnetic moment (MS) of about
0.61449 emu/g, with a switching field (HC) of 0.6536 T
(653.6 Oe) and a remanence MR of 0.142463 emu/g. The
remanence ratio MR/MS (Squarence ratio SQR) was about
0.2318.These results indicate that CoAgNC and IOAgNC
possess magnetic properties that make them suitable
candidates for cancer therapy and imaging. The AgNPs
in these nanocomposites have photothermal properties
due to the strong absorption of light resulting from their
surface Plasmon, which can efficiently convert into heat.
Moreover, magnetic NPs have strong magnetic proper-
ties that make them useful for imaging via MRI.

3.4 Invitro assessment of prepared nanomaterials
on HEp-2 human laryngeal carcinoma cell

The focus of this study is to establish an in vitro model
using the HEp-2 human laryngeal carcinoma cell
line to assess the potential efficacy of photothermal
agents as a promising approach for cancer therapy. The
photothermal nanomaterials under investigation are
AgNPs, CoAgNC, and IOAgNC.
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Fig. 4 Effect of irradiation UV-light on a CoAgNC, b IOAgNC and Effect of irradiation by LED on ¢ CoAgNC. d IOAgNC
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Fig. 5 Hysteresis loop for a CoAgNC, b IOAgNC

3.5 Dark toxicity of AgNPs, CoAgNC and I0AgNC
on HEp-2 cell line

To rule out toxic concentrations in the absence of light
exposure and to monitor the selectivity of the applied
therapeutic modality, the cellular toxicity of the tested
nanomaterials was evaluated. As shown in Fig. 6a,

2] 150,

20 45 40 -5 0 5 10 15 20
Magnetic Field (kOe)

concentrations less than 0.1 mM of AgNPs exhibited neg-
ligible toxicity to HEp-2 cells compared to the normal con-
trol. As the concentration increased above 0.1 mM, cellular
viability slightly decreased, indicated by 66.87, 63.24, and
59.38% at 0.1, 0.2, and 0.3 mM, respectively, after 5 h of
incubation. After 24 h of incubation, the viability was 58.1,
54.97,and 68.16% at the same concentrations. The higher
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Fig.6 Dark toxicity test on HEp-2 cells at different concentrations (mM) on % survival of HEP-2 cells after incubation with a AgNPs, b

CoAgNC and ¢ IOAgNC for 5 and 24 h
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viability of cells observed after 24 h for the 0.3 mM concen-
tration compared to 0.1 and 0.2 mM could be attributed
to the increased rate of release of the high nanomaterial
dose introduced into each cell, or it might also be due to
some experimental technical artifacts.

Figure 6b illustrates the effect of CoAgNC on the
viability of HEp-2 cells at different concentrations and
incubation periods. As seen in the figure, CoOAgNC had
no cytotoxic effect on the cells at all concentrations for
an incubation period of 5 h. However, as the incubation
time increased, the cytotoxic effect of CoAgNC began to
increase. As expected, higher concentrations and longer
incubation periods resulted in a higher cytotoxic effect
of the nanoparticles on cell viability. The percentage of
cell survival when incubated with 5x 1072 mM for 5 h
was 100%, but it decreased to 83.7% when incubated for
24 h. Although there was a decrease in the percentage of
cell survival at 24 h, it did not significantly affect the cells’
viability.

Figure 6¢ revealed that concentrations of 0.01, 0.05,
and 0.1 mM had no effect on cell viability after a 5-h
incubation period, compared to the normal control cells.
Meanwhile, they showed comparable results at 24 h,
apart from 0.1 mM, where cell viability decreased to
67%. Higher concentrations of IOAgNC had a significant
impact on cell viability, exhibited by 74.3% at 0.5 mM after
a 5-h incubation period and 60% viability at the same
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Fig.7 a The effect of 120 mW, 490-nm light LED on % survival of
HEP-2 cell line in the absence of nanomaterials. b Effect of a laser
light dose (200 J) on different AgNPs concentrations. ¢ % survival of
HEP-2 cells at different exposure times when exposed to 120 mW,

concentrations when cells were incubated with IOAgNC
for 24 h.

The higher toxicity observed at 24 h compared to 5 h
can be attributed to the increased stress on the cells
after prolonged incubation with the nanomaterials.
Continuous release and uptake of nanomaterials over
24 h can disrupt the chemical and physiological functions
of the cells, potentially interfering with cell organelles or
lipids, thereby decreasing cell viability. This feature was
less apparent after only 5 h of incubation.

3.6 Light control and photothermal therapy
of HEp-2 laryngeal carcinoma cells using AgNPs,
CoAgNC and IOAgNC

A control experiment was performed to assess the light
source’s effect on HEp-2 cell line viability without the pre-
pared nanomaterials. This was done to confirm that the
previous results were obtained solely due to the activa-
tion of the nanomaterials by the light emitting diode, as
shown in Fig. 7a.

In Fig. 7a, it can be observed that the average survival
rate decreases as the exposure light dose increases. This
slight decrease in the survival percentage indicates that
the light source has a cytotoxic effect on the HEp-2 cell
line. However, the cytotoxic effect of light is not significant,
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and there is no noticeable effect of light on cell mortality
in the results obtained.

In Fig. 7b HEp-2 cells were exposed to various
concentrations of AgNPs and 200 J of monochromatic
LED with blue light of 460 nm and 200 mW. Significant
decreases in cellular viability were observed at different
time points. When a certain dose of light was applied
to different concentrations of AgNPs, it was observed
that after 5 h, viability decreased to half by increasing
the concentration from 0.1 to 0.2 mM, but then only
decreased slightly by increasing the concentration to
0.3 mM. However, after 24 h, there was no noticeable
decrease in cell viability by increasing the nanomaterial
concentration. This suggests that 5 h is a more suitable
time point than 24 h, attributed to the release of AgNPs
from the cells at longer incubation times. Therefore, this
graph demonstrates that the light dose can be the limiting
factor determining the extent of cell viability more than
the nanomaterial concentration.

Starting with the least concentration of 10> mM of
CoAgNC, in Fig. 7c we exposed the cells to different light
doses, and as expected, a higher light dose resulted in a
lower percentage of cell survival. Figure 7c compares the
effects of different concentrations of nanomaterials on
HEp-2 cell viability. As shown in the figure, after 36 J of light
exposure, the percentage of cell survival at 5x 1072 mM
was less than half the percentage survival for 10 mM.
Therefore, the cytotoxic effect of 5x 102 mM of CoAgNC
is twice the effect caused by 10-3 mM after the same
light dose. After 72 J of light exposure, the percentage
of cell survival was 0% for 5x 1072 mM, meaning that all
cells died. From this, we can conclude that the cytotoxic
effect of CoAgNC depends on the concentration of the
nanomaterial used.

In Fig. 7d, HEp-2 tumor cells incubated with 0.5 mM
of IOAgNC were exposed to different doses of blue
light of 460 nm and 200 mW at 100, 200, 300, and 400 J.
Measurements of cell viability showed a clear decrease,
indicated by 34, 12.86, 11.2, and 9% at 100, 200, 300, and
400 J, respectively, after 5 h of incubation with IOAgNC.
However, when cells were incubated for 24 h with the
same concentration of nanomaterials and exposed to
the same light doses, viability was found to be 58.6, 58.3,
25.5, and 21%, respectively. The results showed a gradual
decrease in cell viability by increasing the dose of light
exposure. It was also evident that treating the cells with
light after 5 h of incubation with nanomaterials induced
higher toxicity to the cells than after 24 h. This can be
attributed to the relative ratio between the rates of uptake
versus release of IONPs after 24 h. If the rate of uptake
were slower than the rate of release, this could explain
the lower toxicity observed after 24 h, but this was not
the case. At 5 h of incubation time, the cells had taken
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up IONPs at a higher rate than releasing them, since they
had been recently introduced to the cells. The results also
showed that increasing the light dose from 100 to 200 J
resulted in a significant increase in cell cytotoxicity, while
no significant difference was found by increasing the light
dose to 300 or 400 J.

4 Conclusion

The integration of nanomaterials and biology leading
to major advances in the life sciences. Recent advances
have involved the development of functional optical, or
magnetic nanoparticles conjugated to biomolecules. A
special class of nanomaterials is the nanocomposite system
of high magnetic moment, such as IOAgNC and CoAgNC,
which can be synthesized using simple and inexpensive
chemistry. These nanomaterials have significant
potential for tumor treatment through magnetic fluid
hyperthermia, and thus, their photostability, chemical
stability, and biocompatibility were investigated. We
reported the synthesis of Ag, CoAgNC, and IOAgNC in
an aqueous solvent and characterized using UV-vis
spectrophotometer, TEM, VSM.The potential toxicity of the
prepared nanomaterials was performed using the Hep-2
cell line and indicated that these systems show no toxicity
even at high concentrations of the nanocomposite.
Also we investigated the photothermal effects of the
nanocomposites by irradiating the cells of interest with
UV and LED at different concentrations and light doses.
The cells exposed to light irradiation suffered damage and
thermal explosion, demonstrating that plasmon resonant
silver nanocomposites are highly effective at transforming
light into heat and Thus, AgNPs, CoOAgNC, and IOAgNC are
good potential candidates.
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