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Abstract

In recent years, laser photothermal therapy of cancers, as a new adjuvant treatment, has attracted a lot of attention. Nano-
particles have been applied to increase the effect of plasmonic photothermal therapy (PPTT) with decreasing side effects.
Plasmonic photothermal therapy using gold nanoparticles (Au NPs) has been employed as a novel approach for PPTT. In this
research, Au NPs were green synthesized by utilizing Rutin extract as a stabilizing and reducing agent. Afterward, structural
and physical characteristics were evaluated by the use of transmission electron microscopy (TEM), and visible—ultraviolet
spectrophotometer (UV-Vis). Biocompatibility and cytotoxicity of nanoparticles are tested using the MTT method. The
therapeutic effect of this nanoparticle on breast cancer cells was investigated in vitro using a laser with a power of 500 mW
and a wavelength of 532 nm. Microscopic images revealed that the synthesized Au NPs had the mean size of 40 nm and a
roughly spherical form. The results indicate the selective and effective anticancer function of Ru-Au NPs, in addition to low
cytotoxicity and better biocompatibility for normal cells. Also, the findings demonstrate the significant efficacy of Ru-Au
NPs coupled with laser radiation (150 J/cm? of laser energy for 300 s) in the treatment of breast cancer MCF-7 cells. As a
result of the study, an ecoenvironmental nanoplatform for PPTT against MCF-7 human breast cancer cell line with excellent
anticancer function and acceptable biocompatibility has been developed.
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1 Introduction

Hyperthermia is defined as an effective and new adjuvant
treatment technique that elevates tissue temperature by
utilizing near-infrared (NIR) light for a definite duration
of time to destruct cancer cells [1]. Traditional treatment
of cancers by applying laser photodynamic therapy (PDT)
has some limitations, such as insufficient penetration’s
depth and damage to surrounding normal tissue [2].

Recently, nanoparticle mediated photothermal therapy
(PTT) has attracted significant attention for its ability to
increment the effect of PTT and decline side effects and
there have been great advances in this field in the last dec-
ade [3-5]. Some ferromagnetic nanoparticles applied for
hyperthermic PTT include ferrite and iron oxide nanopar-
ticles are typically stimulated in the presence of alternat-
ing magnetic fields (AMFs) with the limitation of fluctua-
tion in magnetization fields [6].

Plasmonic photothermal therapy (PPTT) is a novel
approach of PTT, that metallic nanoparticles are exposed
to laser irradiation near their plasmon-resonant absorption
band to deactivate and activate electrons. Gold nanoparti-
cles have specific surface plasmon resonance characteris-
tics with excellent optical properties that could be applied
for diagnosis and plasmonic PTT of cancers [3, 4, 7-10].
According to the unique physico-chemical and biological
characteristics of gold nanoparticles (Au NPs), different
designed forms of Au NPs such as nanosphere, nanorod,
and nanoshell have been produced for biomedical appli-
cations especially as plasmonic resonance agents in PTT
[11-18]. In 2003, Pitsillides et al. conducted a selective
photothermal treatment of T cell lymphoma with targeted
gold nanoparticles for the first time [19]. In another study,
colloidal Au linked to adenoviral vectors has been applied
for selective cancer targeting and induces hyperthermia
through utilizing near-infrared (NIR) laser light [20].

In recent years, the green synthesis of gold nanopar-
ticles from various biological sources, including plant
extracts (tea phytochemicals, garlic extract, soybeans,...)
or microorganisms, has opened a new window to improve
the biological and physical properties of gold NPs for
biomedical applications [21-24]. Variations in reaction
conditions of green synthesis method could result in nano-
particles with different dimensions or structures, which
exhibit excellent durability as well as cytocompatibility.

Ruta graveolens L. (Garden Rue) is the Rutaceae fam-
ily cultivated in different parts of the world as a medicinal
herb [25]. Rutin (Ru) is the superlative abundant flavonoid
glycoside in R. graveolens L. that has been considered for
the gold NPs’ synthesis as a natural precursor [26-28].
Ru flavonoidal skeleton has significant pharmacological
specialties such as antioxidant, antibacterial, anticancer,
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anti-inflammatory, anti-hyperlipidemia, anti-hyperglyce-
mia, myocardial protecting, hepatoprotective activities,
antiulcer, and analgesic [29-31]. Previous studies have
revealed the anti-arthritic, anti-inflammatory and anti-
proliferative actions of Ru-Au NPs [26-28]; nevertheless,
there are no previous report to investigate the photother-
mal effect of Ru-Au NPs on the MCF-7 human breast can-
cer cell line.

In this study, Au nanoparticles (NPs) have been green
synthesized using Rutin (Ru) extract as a reductant and sta-
bilizing agent. Physiochemical characteristics and anticancer
function of Ru-Au nanoparticles (NPs) against MCF-7 breast
cancer cells either alone or in the presence of laser PTT have
been discussed; also, the safety of Ru-Au NPs for normal
fibroblasts cells was investigated.

2 Materials and methods
2.1 Materials

For the synthesis of Au NPs, gold chloride with the scien-
tific name of hydrogen tetrachloroaurate (HAuCl,) with a
molecular mass of 785.339 g/mol was prepared by Merck
Company. A T75 flask containing the MCF-7 cell lines was
provided from the Shiraz University of Medical Sciences’
research center. All cell culture media, including RPMI,
DMEM, antibiotics (penicillin/streptomycin), FBS, PBS,
DMSO, and trypsin IX were purchased from Sigma. MTT
(3-(4,5 dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium)
was purchased from Sigma-Aldrich, USA. The 96 plates and
3.5 cm microplate were provided by MAXWELL Malaysia.

2.2 Synthesis of gold nanoparticles (Ru-Au NPs)

R. graveolens L. leaves were collected, washed with distilled
water, and then dried at ambient temperature in shade. 3 L
methanol (80%) with dried milled of R. graveolens powders
(300 g) ultra-sonicated for 1 h. The solution was filtered
through Whatman filter paper, dissolved in 500 mL of dis-
tilled water, and then defatted with 500 mL of n-hexane. The
aqueous layer was fractionated with chloroform to remove
the semipolar compounds. Subsequently, the water-soluble
part was kept for 72 h in the refrigerator to separate the
yellowish precipitate from the solution. The obtained pre-
cipitate was washed sequentially with methanol, chloroform,
ethyl acetate, and acetone and dried to attain Rutin powder
(1.376 g).

Rutin (Cy;H3,04) (Fig. S1) was used as a reducing/ cap-
ping agent to biosynthesize Au NPs. To synthesize these nano-
particles, varying concentrations of Ru (5, 10, and 15 mM)
were added dropwise to a constant concentration of gold
salt (10 mM) with constant stirring at ambient temperature.
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Furthermore, the color of the mixture changed from light
yellow to wine red after 30 min. The metal ions’ reduction
was continuously monitored by visual inspection and meas-
ured with a UV—visible spectrometer at the wavelength of
300-800 nm, and the strongest color shift was performed at
the optimum concentration of Ru (10 mM) (Fig. S2).

2.3 Characterization of nanoparticles

The transmission electron microscope [TEM, ZEISS 10A
conventional TEM model, Carl Zeiss-EM10C-100 kV
(Germany)] was employed to evaluate the size and mor-
phology of Ru-Au NPs. TEM samples were provided with
well-scattered NPs drops on the 300-mesh carbon-coated
copper grid [32]. The FT-IR spectroscopy analyses were
performed using a (Nicolet IS10, Thermo Scientific, USA),
at 4000—400 cm™!. The absorption peak of Ru-Au NPs was
obtained by a UV-vis spectrophotometer (Varian, model;
Carry 100) at 200-800 nm.

2.4 Cytotoxicity assessment of Ru-Au NPs

The in vitro cytotoxicity of the Ru-Au NPs was investigated
against MCF-7 breast cancer cell lines by the MTT colori-
metric assay. The cell lines and culture medium served as
positive and negative controls in this assay, respectively.
The result is determined by the reduction of MTT to purple-
colored formazan crystals through the mitochondrial dehy-
drogenases activity in viable cells.

The optical absorption (OD) of formazan products is ana-
lyzed spectrophotometrically (570 nm) after dissolution in
DMSO. Furthermore, the spectra of Ru-Au NPs-untreated
and treated cells give an estimate of the extent of cytotox-
icity. A certain cell number (10,000 cells per well) were
seeded in the 96-well microplate and incubated in a humidi-
fied atmosphere of 5% CO, and 95% air at 37 °C to obtain
70-90% confluence. Subsequently, different concentrations
of Ru-Au NPs were added to each well. The medium was
eliminated from each well and washed two times for 2—3 min
with the phosphate-buffered saline (PBS) solution after 24,
48, and 72 h of incubation. The MTT stock solution (25 pl)
was transferred to each well and subsequently incubated in
a humidified atmosphere of 95% air and 5% CO, for 4 h at
37 °C. Furthermore, the OD of the solution was read by an
Elisa plate reader (Model 50, Bio-Rad Corp, Hercules, and
CA) after dissolution in DMSO at a wavelength of 570 nm.
All experiments were examined in triplicate.

2.5 Photothermal treatment of MCF-7 breast cancer
cells

The PL532 laser, with a wavelength of 532 nm and a maxi-
mum energy of 500 mW, from the Osram Company, made

in Germany, was performed to deliver laser dose irradiation.
Furthermore, the space between the laser probe and the cell
plate was 2 cm and the area of the laser spot was 1 cm?.
Time of the laser exposure was 300 s. The laser beam was
immediately irradiated to the cell plate.

In accordance with the cytotoxicity assessment section,
96-well cell cultures for four groups (G1-G4) were prepared.
Furthermore, the groups G1 to G3 received 150 J/cm? of
laser energy, 30 ug/mL of Ru-Au NPs + 150 J/cm? laser
energy, as well as 30 ug/mL of Ru-Au NPs, respectively.
Group G4 was considered as the control group and did not
get any laser energy or Ru-Au NPs.

For photothermal treatment in group G2, MCF-7 cells
were seeded and treated with 30 ug/mL Ru-Au NPs, as
described in the above section. The treated cells were incu-
bated at 37 °C for 3 h, followed by irradiation with laser
energy of 150 J/cm? for 300 s. Group G1 was only irradiated
with laser energy of 150 J/cm? for 300 s and also, group G3
was only treated with 30 ug/mL Ru-Au NPs as described
in the above section. Finally, the cells of four groups were
incubated at 37 °C for another 24, 48, and 72 h, and the num-
ber of MCF-7 cells after treatment and their viability were
measured by Inverted Stage Microscope and MTT assay,
respectively. All experiments were carried out in triplicate.

2.6 Statistical analysis

Statistical Package for Social Sciences (SPSS) software (ver-
sion 20.0, developed by SPSS Inc. in Chicago, Illinois, USA)
was performed to statistically analyze data after gathering
and recording all information. Comparisons between treated
groups and controls were evaluated by one-way ANOVA
combined with Bonferroni post-analysis. A p value equal to
or less than 0.05 was considered statistically significant for
differences between the mentioned groups.

3 Results and discussion

3.1 Synthesis and characterization of Ru-Au
nanoparticles

Ru-Au NPs were synthesized according to the green chem-
istry method from Ru extract. The pH of the gold solu-
tion with the Ru extract was changed to 7.0 to improve the
bioavailability of the substances contained in the extract.
Furthermore, the pH change aids the triggering of phyto-
chemical substances, allowing for the donation of electrons
to the metallic material and the reduction of Au®* to Au.
The biosynthesis pathway creates nanostructures of varying
morphology and dimensions [33-35].

The UV-Vis absorption of Rutin extract and Ru-Au NPs
were investigated in the range of 200-700 nm (Fig. 1). The
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Fig.1 UV-Vis spectra of a Ru extract and b Ru-Au NPs

Au NPs possess a peculiar optical property known as local-
ized surface plasmon resonance (LSPR) [36]. In nanoscale
dimensions, this band can be located on the surface of some
metallic materials. The Ru-Au NPs have a maximum absorp-
tion at 520-540 nm that relates directly to the formation of
spherical Au NPs. Based on the literature report, the sin-
gle plasmon band about 527 nm corresponds to a spherical
gold particle with a diameter of approximately 20 nm [37].
Rutin extraction has two absorption peaks at 262 and 358 nm
(Fig. 1a). The SPR of Ru-Au NPs displays a blue shift in
these peaks compared to Ru extracts due to the interaction
between gold and rutin molecules (Fig. 1b). Nevertheless,
the plasmonic band of Ru-Au NPs is broad, and any physical
characteristics of shape or size can be determined only based
on the plasmonic band position. At lower Ru concentra-
tions (5 mM), the SPR peak is broad with long wavelength
absorption, which reveals anisotropy in the Au NPs’ shape.
Whenever the leaf concentration increments, the band shifts
towards a lower wavelength (Fig. S2). Eventually, at 536 nm,
a sharper absorption peak, is determined as a characteristic
of spherical particles in 10 mM Rutin [38, 39].

The average crystallite size and morphology of Ru-Au
NPs were determined by TEM imaging. The TEM images
of Ru-Au NPs (Fig. 2) suggest a narrow distribution of par-
ticle size with diameter distribution peaks around 40 nm
and spherical morphology. The smaller nanostructures had
spherical morphology, while the larger ones had a variety of
geometric patterns, including triangles, pentagons, and rods.
Philip et al. [40], Smitha et al. [41], and Gosh et al. [42]
observed that nanostructures with distinct geometric shapes
were bigger than those with spherical structures owing to
reduced concentration levels of the effective organic com-
pounds necessary for stabilization and capping, resulting in
sizeable anisotropic nanostructures.

FTIR spectroscopy is considered a useful tool to evalu-
ate a variety of functional groups and the alterations in
them after chemical reactions. The FTIR spectra of Au
NPs showed a narrower absorption band near 3400 cm™!
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Fig.2 TEM micrographs of Ru-Au nanoparticles

(Fig. 3), corresponding to the stretching of OH/H,0O
groups. It suggests that the OH groups contained in Rutin
extract become the primary substances participating in Au
ion reduction. The bands detected at 2080 and 1638 cm™!
were attributed to the C=C stretching of the alkyne group
and amide group N-H stretching, respectively. The rutin’s
IR spectrum displays a band at 1654 cm™! that shifted to
1638 cm™! upon coordination with the Au ion. This is also
considered a significant spectral shift that indicates the
involvement of C=0 in chelation with the Au ion. Further-
more, the peaks located at 1350 cm™' and both 1180 and
1050 cm™! in Rutin extract related to O—H bending and
C-O stretching, respectively. Moreover, the Au—O stretch-
ing vibration band is related to the 640 cm™! absorption
band.

Intensity

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (cml)

Fig.3 FTIR spectroscopy of a Rutin extract and b Ru-Au NPs
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4 Cytotoxicity of Ru-Au nanoparticles

4.1 Photothermal treatment of MCF-7 breast cancer
cells

The MCEF-7 live cells’ number was counted by the Inverted
Stage Microscope after 24, 48, and 72 h in all groups
(G1-G4) (Fig. 4). The G4 (control group) revealed the cell
growth’s normal rate after 24 h; nevertheless, the higher
MCEF-7 cell count was detected from the baseline in the G4
after 48 and 72 h, which resulted from cancer cell growth
and mitosis.

The other three groups (G1, G2, and G3) revealed con-
siderably more cancer cell reduction compared with the G4
after 24, 48, and 72 h (Fig. 4). Nevertheless, G2 indicated
more cancer cell destruction in comparation with G3 and G1
after 24 h, which confirms the remarkable effect of Ru-Au
NPs mediated laser radiation in decreasing cancer cells com-
pared with each treatment alone.

In recent years, laser photothermal therapy using Au NPs
has attracted significant attention as a novel therapeutic
method for cancer because of its potential to obtain a ther-
mal effect on tumor tissue with minimal energy absorption
and tissue destruction in surrounding tissue.

The plasmonic gold nanoparticles’ efficacy for the
thermo-ablation of different types of cancer cells has been
investigated in some research [19]. The hyperthermia effect
of laser therapy in the presence of Au NPs can damage can-
cer cells' DNA or vital cytoplasmic enzymes that result in
cancer cell apoptosis.

Some important factors play a role in the outcomes of
nanoparticle mediated laser photothermal therapy, such as
the size of the nanoparticles and the wavelength of the max-
imal absorption [11]. Nanoparticles should have uniform
size and appropriate shape with excellent dispersibility in
aqueous solutions [33, 43]. They should have the ability to
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Fig.4 The number of counted MCF-7 live cells after 24, 48, and 72 h
in all groups (G1-G4)

respond to laser light with photostability properties to sup-
port sufficient depth of penetration and photothermal effect
and adequate diffusion time in the tumor environment as
well as prevention of damage to surrounding healthy cells
[1]. It has been revealed that different forms of gold nano-
particles (nanoshells, nanospheres, or nanorods) have the
ability to get high absorptivity energy at the specific laser
wavelength [44—46]. Consequently, different configurations
of gold nanoparticles have been employed to improve their
photothermal therapeutic properties [47, 48].

The results of the study revealed that Ru green synthe-
sized Au NPs in combination with laser therapy have effec-
tive and considerable PTT anticancer function on MCF-7
cells. It is suggested that the controlled ROS production in
cancer cells play major role in the PTT results of Ru-Au
NPS. The previous research proved the effective antioxidant
characteristics and ROS production of green synthesized Au
NPs [24] that inhibit susceptible cells from the progression
to cancerous cells through the controlled ROS production.
However, the selective targeting characteristic of rutinium
through interrupting in cancer cells lipid peroxidation, can
shift the lipid oxidation cycle to other accessory Pathways
and produce more ROS products in cancerous cells [49].
Previous studies have reported that ROS free radicals are
significantly formed within the irradiated cells that play
an essential role in photodynamic therapy (PDT) results.
The stress of photothermal heating by the light energy of an
appropriate wavelength could produce significant amount
of ROS that result in cancer cell death through the apopto-
sis induction or interfere in the plasma membrane integrity
[50, 51].

The morphologic shape and size characteristics of green
synthesized Au NPs could play substantial role in desir-
able results of PTT. Outcomes of Ru-Au NPs TEM images
(Fig. 2) showed a uniform distribution of particle size around
40 nm and a spherical morphology that seems to induce
effective plasmonic resonance properties for PTT on MCF-7
cancer cells while treated with laser therapy. Khlebtsov et al.
detected that spherical shape Au NPs with 30-40 nm diam-
eters have maximal light absorption to induce thermal effect
and cancer cell death [52].

However, there are still some challenges related to plas-
monic PTT mediated by Au NPs, such as limited tissue pen-
etration’s depth [53] or the unwanted toxic effect on normal
cells.

The results of the MTT assay were matched with the
results of counted MCF-7 live cells by an inverted stage
microscope that confirmed the significant effect of laser
irradiation mediated by Ru-Au NPs on cancer cell reduc-
tion (Fig. 5). Interestingly, we detected that PTT mediated
by Ru-Au NPs exhibits significantly lower toxicity for nor-
mal cells than MCF-7 cells that provide the satisfactory cell
safety for normal cells.

@ Springer
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Fig.5 Measured viability of normal and MCF-7 cells after 24, 48,
and 72 h in all groups (G1-G4) by MTT. (*) p value significant of
MCEF-7 cells versus the normal cells in each group, (n) p-value signif-
icant of MCF-7 cells versus the control group, (0) p-value significant
of normal cells versus the control group, (1) p-value significant of
MCEF-7 cells versus group 3, (m) p-value significant of normal cells
versus group 3, (p) p-value significant of MCF-7 cells versus group 1,
and (A) p-value significant of normal cells versus group 1

The results of some previous studies also detected the
approximately similar cell viability and cytotoxicity of
green synthesized gold nanoparticles mediated laser PTT
in specific wave lengths for normal cells. However, the
cell viability is closely dependent on dose and time of
exposure [54-56].

The findings suggest the ability of Ru-Au NPs to pro-
duce controlled plasmon-mediated ROS products can dam-
age cancer cells and make them vulnerable to photother-
mal damage, as well as the protective role of Ru-Au NPs
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from excessive ROS formation in normal cells, that reduce
the risk of undesired side effects [24, 50].

However, to improve the PPTT results for cancer cells
and decrease the cytotoxicity, it is suggested to add targeted
antibodies against selected tumor tissue.

Recent developments in the Au NPs’ design have enabled
the generation of selectively targeted agents for PTT. For
example, the capability to bind amine and thiol groups, as
well as SPR, has been applied for targeted cancer therapies
[57].

Selective targeted PPT can be achieved by the addition
of selective antibodies against tumor specific cell compo-
nents or antigens (such as transferrin or growth factors) on
the Au NP surface [58]. In the study, citrate-coated Au NPs
combined with anti-EGF receptor antibodies (trastuzumab)
applied for the human breast cancer cells’ treatment resulted
in a significant decrease in cytotoxicity [59]. Kim et al.
developed gold nanoparticles as an image targeting agent
and subsequent targeted PTT due to their photothermal and
photoacoustic characteristics [60].

Escape from the host immune system play the important
role in tumor progression and metastasis [61]. Developing
new techniques to boost the capability of the immune sys-
tem to detect cancer cells is one of the important points in
advancing targeted tumor treatment. Gold nanoparticles have
been applied in this term to improve host T cell lymphocytes
function to kill cancer cells.

The cytotoxic effects of biosynthetic Ru-Au NPs at 8 dif-
ferent concentrations of 0.25, 0.5, 1, 1.25, 1.5, 1.75, 2, and
2.5 pg/ml against normal fibroblast cells and MCF-7 cancer
cells after 24, 48, and 72 h of incubation were tested by the
MTT assay (Fig. 6).

The results of the MTT assay revealed that synthesized
Ru-Au NPs have an effective anticancer function against
MCEF-7 cell lines, even in the absence of the thermal effect.
This effect is more prominent in concentrations equal to or
more than 0.25 pg/ml. Furthermore, there was a 30% reduc-
tion in MCF-7 cell viability at the concentration of 0.25 pg/
ml Ru-Au NPs compared to the control group and increased
to 70% at the concentration of 2.50 pg/ml. Outcoming data
suggested that the Ru-Au NPs at concentrations of 1-2 pg/
ml caused nearly 50% MCF-7 cell death.

Comparing the results with other studies, revealed that
Ru-Au NPs demonstrate effective anticancer functions in
lower concentrations of nanoparticles than the traditional Au
NPs, even in the absence of the thermal effect. The results of
MTT assay confirmed more than 50% MCF-7 cell decrease
at concentration of 1.75 and 1.50 after 24 and 48 h, respec-
tively. In a study by Nouf Omar et al. detected that less than
50% cell viability was detected at concentration of 5 pg/
ml Au NPs [62]. However, various studies reported differ-
ent concentrations of gold nanoparticles effective against
MCF-7 breast cancer. Overall, the results obtained from
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Fig.6 Cytotoxic effects of synthesized Ru-Au NPs on normal and
MCEF-7 cells following exposure to different concentrations (.25, .5,
1, 1.25, 1.5, 1.75, 2, and 2.5 pg/ml) at 24, 48, and 72 hours after treat-
ing. (*) p-value significant of normal cells versus MCF-7 cells

different studies proved the efficient anticancer activity
of Au NP’s on MCF-7 breast cancer cells from the mini-
mum concentrations of 2 ug/ml, and as the concentration
increased the anticancer efficacy increased [63, 64].

As shown in Fig. 6 and in consistent with other studies,
we detected a dose- and time-dependent manner of green
synthesized Au NPs against MCF-7 cancer cells [65, 66]. It
is suggested that the addition of Rutinium extract in Ru-Au
NPs could improve anticancer properties of Au NPs through
different mechanisms.

Deepika et al. revealed that Ru can inhibit cancer cells
proliferation through cell cycle disruption and apoptotic
induction [67]. The p53 gene mutation is one of the most

common genetic irregularities in human tumors. Rutin can
stimulate expression of the p53 gene activity as apoptotic
gene [68, 69]. Also, it was reported that Ru could decrease
Bcl-2 antiapoptosis gene expression through the reduction
in the levels of MYCN mRNA [70]. It also can reduced
mitochondrial membrane potential leading to mitochon-
drial destruction in cancer cells [71].

Previous studies have detected that green synthesized
gold nanoparticles reveal better anticancer function against
MCEF-7 cells through long chain DNA damage or defects in
cell permeability through impairment in membrane charge
and integrity [72].

Also, the green synthesized Au NPs can target cancer
cells' nuclei and induce cytokinesis arrest, leading to can-
cer cell apoptosis. However, accumulated Au NPs in the
cell cytoplasm can interfere with cellular enzymes and
function [73].

Consistent with our study, some previous research
has also detected the considerable anticancer function of
green synthesized Au NPs. In the study by Lee et al., Au
NPs were functionalized in conjugation with the active
flavonoid, baicalin (Scutellaria baicalensis). The gold
particles synthesized by baicalin revealed effective anti-
cancer properties against the MCF-7 cell line [74]. In
another study, carotenoid components of saffron stigma
were applied for green synthesis of Au NPs. Au NPs con-
jugated with croin effectively inhibited breast cancer cell
progression in a dose-dependent manner with low toxicity
for normal cells [65].

Interestingly, we detected that Ru-Au NPs revealed sig-
nificantly lower cytotoxicity for normal cells in comparison
with MCF-7 cells (Fig. 6). It is suggested that the addition
of Rutin extract to the gold nanoparticles could induce better
selective targeting for MCF-7 cells or enhance its penetra-
tion into cancer cells rather than normal cells. It has been
demonstrated that Ru extract can reduce the expression of
miR-22-5p as target genes of microRNA in cancer cells.
Subsequently the increasing levels of signaling pathway-
related proteins in cancer cell cytoplasm can lead to apop-
tosis [75].

Previous studies have shown that Ru, can play role as
antioxidant agent against lipid peroxidative products for
selective targeted inhibition of cancer cell proliferation.
Accumulation of pathologic components derived from
accessory pathways of lipid peroxidation cycle in cancer
cells can finally leads to cancer cell apoptosis [49, 76].

There are still controversies about the safety of Au NPs
for normal cells. For example, some previous research has
shown that Au NPs are biocompatible with less cytotox-
icity for normal cells [77, 78]. However, other research
has demonstrated the partial cytotoxicity of Au NPs via
the production of cellular reactive oxygen species (ROS)
in cytoplasm or mitochondria that results in cellular

@ Springer



564 Page8of10

L. Shabani et al.

apoptosis, especially in the reticuloendothelial system
such as the spleen or liver [79, 80].

In fact, Au NPs toxicity significantly depends on their
specific characteristics such as shape, size, and charge that
influence NPs clearance. As expected in a physiologic con-
dition of the human body, gold NPs with smaller sizes and
coated particles usually reveal better distribution and can
be rapidly excreted through the glomerular kidney system;
however, larger Au NPs are more likely to accumulate in
the body because of low filtration [78, 80—82].

In accordance with some other in vitro studies it was
detected the effective PTT function of green synthesized
Au NPs in 532 nm wavelength of light energy [83-85].
However, several parameters can limit the clinical appli-
cation of Gold nanoparticles mediated photothermal ther-
apy in in-vivo conditions, including inadequate and tissue
penetration that could potentially decrease the clinical
outcomes of PTT. Another parameter that could limit the
clinical application of Gold nanoparticles mediated PTT
is the patient’s pain sensation during the treatment [86].
In addition, the long-term biocompatibility of Au NPs is
not completely understood while the accumulation of Au
NPs and related cytotoxicity in repetitive sessions of PTT
is still unknown [87].

5 Conclusions

We report a green synthesis process to obtain a type of Au
NP using Rutin as a reducing agent. The obtained Ru-Au
NPs have a maximum absorption at 520-540 nm, which
relates directly to the formation of a plasmonic band of
Ru-Au NPs and the spherical shape with the average size
of 40 nm based on TEM result. There was a statistically
significant decline in MCF-7 cellular viability starting with
the 0.25 pg/ml of Ru-Au NPs with acceptable safety for
normal cells at these concentrations. The results indicate
selective and effective anticancer function of Ru-Au NPs in
addition to low cytotoxicity and better biocompatibility for
normal cells. Generally, the results of this study demonstrate
the prominent function and efficacy of Ru-Au NPs coupled
with laser radiation (150 J/cm? of laser energy for 300 s) in
the treatment of breast cancer MCF-7 cells compared with
previous traditional Au NPs mediated PTT results. How-
ever, to improve the selectivity of the NPs for cancer cells
and decreasing the side effects for normal cells, it is rec-
ommended to functionalizing nanoparticles with antibod-
ies (Ab) targeted for breast cancer cell. As a result of the
study, an ecoenvironmental nanoplatform for PPTT against
MCF-7 human breast cancer cell lines with excellent anti-
cancer function and acceptable biocompatibility has been
developed.
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