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Abstract

Background One of the most popular anti-inflammatory and anti-leukemic medications is 6-mercaptopurine,

along with its riboside derivatives. Because of their potent adverse effects and limited biological half-life, they are
rarely used. These problems might be solved by a novel medication delivery technique based on gold nanoparticles
(AuNPs). In present work, gold/chitosan nanohybrid was manufactured and assessed for photothermal therapy as well
as a drug carrier to minimize the unwanted harmful effects of 6-Mercaptopurine (6-MP). We estimate loading of 6-MP
on gold nanoparticles by chitosan reduction (Au@CS NPs) creating (Au@CS-6MP).

Results AuNPs were green sensitized in one step via chitosan. UV-visible spectroscopy, Zeta potential, TEM, FTIR
spectroscopy, and HPLC technique for loading efficiency were used to characterize AuNPs and Au@CS-6MPC NPS.
Our results estimate that AUNPs and Au@CS-6MPC NPS with small sizes of 16+ 2 and 20+4 nm, respectively, and Zeta
potential 53.6+5.2 and 55+3 mV, respectively, and loading efficiency of 52% were achieved. Cytotoxicity of the Au@
CS-6MPC NPs was significantly increased compared to free 6MP with ICq, 1.11 uM. Cell viability was inhibited in AuNPs
exposed to DPSS laser light, reaching 10% inhibition after 8 min.

Conclusions The prepared Au@CS-6MPC NPs resulted in an additive effect in therapeutic managing of breast cancer.
It can be predicted that this nanocomposite along with synergistic effect of laser light will definitely result in better
therapeutic efficacy and reduced side effects of 6-MP in a combination photothermal chemotherapy treatment. This
combination can be explored as future alternative for cancer therapy.
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1 Background
Despite the incredible progress made in medication
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treatment are drug resistance that the body develops
and damage caused by the drug to non-malignant
cells [2]. In recent years, there has been a rise in the
research into nanotechnology across a wide range of
fields, including biomedicine, where nanoparticles have
been assessed for their ability to treat various diseases
like cancer. An intriguing possibility for cancer diag-
nostics and treatment has emerged [3]. Optical, elec-
trical, mechanical, and biological properties of metal
nanoparticles are distinctive. In this line, there have
recently been more reports on polymer-metal nano-
composites. There are abundant green and sustainable
methods for manufacturing NPs, including microor-
ganisms (bacteria, fungi, and vyeast), biomolecules,
and plants. Greener methods to synthesizing biogenic
NPs are constantly in request by researchers to dimin-
ish toxic effects and maintain a green environment
because of their biocompatible, clean, cost-effective,
and eco-friendly properties [4]. Metallic nanoparticles
specially gold nanoparticles (AuNPs), one of several
kinds of nanoparticles, have been found to suppress
growth and trigger cell death in a variety of biological
systems [5-8]. AuNPs are biocompatible and have a
strong affinity for biomolecules holding amines, disul-
phide bonds, and thiol groups. Compounds containing
these moieties can be simply loaded onto the surface of
AuNPs. Nitrogenous-based derivatives such as 6-mer-
captopurine (6-MP) and 6-thioguanine (6-TG) [9]. For
the creation of nanocomposites for particular purposes,
AuNPs are produced from a range of polymer matri-
ces such as chitosan (CS) [10, 11]. A derivative of chi-
tin, chitosan (CS), is found in the cell walls of fungus
and yeast as well as the exoskeleton of arthropods [12].
Chitosan’s cationic character is primarily responsible
for the electrostatic interaction with metal nanopar-
ticles, and it can be used to reduce and stabilize gold,
generating zero-valent nanoparticles in the process.
Additionally, it offers enough charge via the amino
groups, aiding in the attachment of the biomolecules
in the future, ensuring optimal stability, and enhancing
the uptake of the nanoparticles [13]. Amongst newly
developed cancer treatments, photothermal therapy
(PTT) uses the photothermal action of photothermal
agents (PTAs) to heat up absorbed light energy and
burn tumours, owing to its easy use, speedy recovery,
and brief therapy. PTT is highly valuable for research
and can raise the temperature of some tissues [14]. PTT
specifically kills cancer cells that are more susceptible
to high temperatures. In addition to surface plasmon
resonance (SPR), AuNPs have distinctive physico-
chemical characteristics that depend on the interaction
between electromagnetic waves and free electrons in
the AuNPs surface’s conduction band, leading to their

Page 2 of 10

coherent resonant vibrations at frequencies associated
with visible light. This process makes gold nanoparti-
cles more effective in scattering and absorbing light,
which is helpful for a number of biomedical applica-
tions [15]. Additionally, AuNPs have been thought of
as a photothermal agent, able to transform electromag-
netic radiation into thermal energy through electronic
excitation and relaxation. For biomedical applications,
spherical gold nanoparticles with sizes of 10-30 nm
work well as photothermal agents [16]. As a result, uti-
lizing gold nanoparticles as photothermal agents is an
effective technique to cause precise heating that can kill
cancerous cells with little harm to other tissues. Some
reports claim that their anticancer activity is due to
enhanced apoptosis in cancer, cells through cell cycle
arrest in addition to activation of ROS and caspase-3
mediated signalling. Lastly, in cancerous cells, they
cause mitochondrial depolarization and DNA damage
[17]. For the treatment of inflammatory conditions,
acute lymphoblastic leukaemia, acute myelocytic leu-
kaemia, and acute lymphoblastic leukaemia 6-MP were
used. 6-MP is one of the most efficient anticancer med-
ications. Due to 6-MP’s unfortunate bioavailability and
brief plasma half-life, its application is restricted [18].
Due to 6-MP’s unfortunate bioavailability and short-
term plasma half-life, its application is constrained.
Infection, allergic reactions, pancreatitis, hepatotoxic-
ity, and myelosuppression resulting in anaemia, a low
white blood cell count, and/or a low platelet count are
all risks that are increased. As a result, numerous tai-
lored drug carriers have been created to improve the
effectiveness of currently available therapies, guard the
drug against biodegradation before it reaches the target
cells, and lessen anticipated side effects.

Here, we deal with biosynthesis of AuNPs by means of
chitosan for MP delivery forming 6MP-AuNPs nanocom-
posite. Additionally, nanocomposite’s cytotoxic effects
and PTT on MCF7 were carried out.

2 Methods

2.1 Materials

All chemicals used in the preparation and investigation
of the present study were of highest available purity and
used as received without any purification. Tetrachlo-
rouric acid (HAuCl,-3H,0), 6-mecaptopurine (6-MP),
Chitosan low molecular weight, Dimethylsulphoxide
(DMSO), RPMI-1640 medium, Sodium bicarbonate
(Sigma Chemical, Trypan blue, Foetal Bovine Serum
(EBS), Penicillin/Streptomycin, Trypsin, Acetic acid. Sul-
phorhodamine-B (SRB), Trichloroacetic acid (TCA), and
Tris base are obtained from Sigma Aldrich Chemical Co.,
St. Louis, Mo, USA.
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2.2 Preparation of chitosan reduced gold nanoparticles
(AuNPs) and Au@CS-6MPC NPs

Chitosan was used for the creation of the Au@CS NPs,
100 mL of chitosan solution containing 1% acetic acid
was first created, heated on a hot plate to boiling, and
then 100 mL of HAuCI*~ 3H,O solution was added. This
mixture was then heated at 100 °C for 15 min while being
constantly stirred to generate a red colour [19]. Fur-
thermore, Au@CS-6MPC NPs were created by coating
Au@CS NPs with 6MP. Various concentrations of 6MP
(0.00125, 0.0025, 0.005, 0.01, and 0.02 mM) were mixed
dropwise with 1 mL of the synthesised AuNPs and soni-
cated for 20 min.

2.3 Determination of potential cytotoxicity of 6MP
and Au@CS-6MPC NPs on MCF7 cell line

Different concentrations of 6MP and Au@CS-6MPC
NPs were used. The American Type Culture Collec-
tion (ATCC, Minnesota, USA) provided the MCF7cell
line. The tumour cell line was kept at National Cancer
Institute (NCI), Cairo, Egypt. The antitumour activities
of nanomaterials assessed by the sulphorhodamine-B
(SRB) assay according to Skehan [20]. Briefly, cells were
seeded at a density of 3x 10° cells/well in 96-well micro-
titer plates. Then left to attach for 24 h before incubation
with drugs. Subsequently, cells were treated with differ-
ent concentrations of 6MP and Au@CS-6MPC NPs (1.25,
2.5, 5, 10, and 20 pM), three wells were used and incuba-
tion was continued for 48 h. DMSO was used as a con-
trol (1% v/v). At the end of incubation, cells were fixed
with 20% trichloroacetic acid and stained with 0.4% SRB
dye. The optical density (OD) of each well was measured
spectrophotometrically at 570 nm using ELISA micro-
plate reader (TECAN sunrise ', Germany). The mean
survival fraction was calculated as follows: O.D. of the
treated cells/O.D. of the control cells. The IC50 (con-
centration that produces 50% of cell growth inhibition)
value of each drug was calculated using sigmoidal dose—
response curve-fitting models.

2.4 Photothermal therapy (laser toxicity)

A second harmonic Nd:YAG DPSS laser with a 150 mW
wavelength at 532 nm was employed to emit laser light.
Exactly as previously mentioned, cells were planted. The
cells were treated with 125 L/mL of AuNPs, allowed to sit
for 48 h, and then subjected to laser light for 2, 4, 6, and
8 min, respectively. To examine the impact of laser light
on the cells (light control), cells without nanoparticles
were exposed to laser light for the same amount of time.
Cells were fixed and examined when the exposure period
was complete.
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2.5 Characterization techniques

2.5.1 UV-visible absorption spectroscopy

Absorption spectra of the synthesized chitosan stabi-
lized Au@CS NPs and Au@CS-6MPC NPs were eval-
uated using a double beam spectrophotometer (PG
instrument, T80%, UK.). In order to record the absorb-
ance within the proper scan range (200-800 nm),
200 uL from the produced solutions were poured in a
1 cm UV-quartz and diluted to 2 mL with pure water.

2.5.2 Transmission electron microscopy (TEM)

TEM was used by the Nanotechnology and Advanced
Material Central Lab (NAMCL), Agriculture Research
Centre (ARC), to examine the morphology of Au@CS
NPs and Au@CS-6MPC NPs. Dutch company FEI is
its name. Tecnai G20 model, Super twin, double tilt,
and Magnification range of up to 1,000,000x, 200 kV
applied voltage, and LaB6 gun type.

2.5.3 Particle size and zeta potential

By measuring zeta potential without dilution, the sur-
face charges and particle size of Au@CS NPs and Au@
CS-6MPC NPs were determined based on photon cor-
relation spectroscopy, the zeta potential and particle
size was calculated using the Zetasizer 300 HAS (Mal-
vern Instruments, Malvern, UK) Analysis. Analysis
time was 60 s.

2.5.4 Fourier transform infrared spectroscopy (FTIRs)

FTIR measurements were made between 500 and
4500 cm™! using an FTIR spectrometer (4100 Jasco-
Japan). Using a lyophilizer, prepared samples (free
6-MP and Au@CS-6MPC NPs) were freeze-dried.
Potassium bromide (KBr) pellet was used to dilute the
IR spectra of the powdered materials.

2.5.5 HPLC analysis

The loading efficiency of 6MP on Au@CS NPs was
assessed using a high-performance liquid chromatog-
raphy HPLC, As mentioned previous, selection of the
mobile phase was based on the polarity of the sam-
ple, availability of the solvents, proper retention time
(RT), the sensitivity of the assay, and a short run time
of the sample. HPLC Chromatograph YL-9100 sys-
tem with C-18 (250 mm X 4.6 mm X5 um). The mobile
phase used was acetonitrile and 0.05 M sodium acetate
buffer in the ratio 10:90 with pH adjusted to 6.8 using
HPLC grade glacial acetic acid at a flow rate of 1 mL/
min. Wavelength was fixed at 324 nm. Analyses were
performed at Micro Analytical Center, Cairo Univer-
sity, Giza Governorate, Egypt. The pure 6-MP stand-
ard curve was developed, and the unbound drug was
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computed using the standard curve. The loading per-
centage was determined by the following formula:

(Total 6 MP — free 6 MP)
Total 6 MP

x 100

2.5.6 Enzyme-linked immunosorbent assay (ELISA)

ELISA (also known as Microplate Readers) is a group
of laboratory instruments designed to detect biologi-
cal, chemical or physical events of samples in microti-
ter plates. The most common microplate format used
in academic research laboratories or clinical diagnostic
laboratories is 96-well (8 by 12 matrix) with a typical
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reaction volume between 100 and 200 uL per well. The
ELISA reader used in our measurements is ELISA
microplate reader (Meter tech. X 960, USA.).

2.6 Statistical analysis

The arithmetic mean SD is used to express data. The
San Diego, USA-based GraphPad Software Prism v5
was used for the statistical analysis. The findings from
the transfection assay were statistically analysed using
the Tukey multiple comparison test and a single pooled
variance. When p 0.05, differences were deemed statis-
tically significant.
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3 Results

At 523 nm, AuNPs exhibit the surface Plasmon band SPB.
Figure 1a and b, which displays the absorption spectra of
AuNPs and Au@CS-6MPC NPs, illustrates UV-visible
spectroscopy used to examine the interaction between
6-MP and Au@CSNPs. The band in the UV region of
6-MP developed at 321 nm climbing from the n—n* tran-
sition of the 6MP molecule [21]. There were a decrease in
absorption band of 6-MP after loading on AuNPs.

3.1 Factors affecting the formation of Au@CS-6MPC NPs
By observing the changes in the AuNPs’ absorption spec-
tra after the addition of 6-MP at various time intervals,
it was possible to ascertain how time affected the inter-
action between 6-MP and AuNPs. The plasmon band of
AuNPs widened after 10 min, as depicted in Fig. 1a. The
solution’s colour changed from wine red to violet. After
150 min at 650 nm, a new broad peak begins to emerge
clearly with a startling increase in intensity over time.
We further investigated the effect of different 6-MP con-
centrations on AuNPs loading by recording the absorp-
tion band. Figure 1b represents the absorption spectra of
the resulting solutions measured after 24 h of mixing. As
clearly observed, there is a broadening of the SPR band of
AuNPs. Alternatively, the solutions containing high con-
centrations of the drug showed a more complex assembly
of AuNPs as their absorption spectra show broadband at
a higher wavelength assigned to the plasmonic coupling.
The produced AuNPs absorption spectra were measured
after laser irradiation to study the influence of laser irra-
diation with various irradiation time intervals and show
high stability as there is no change in absorption peak
Fig. 1c.

Figure 2a and b show TEM images of Au@CSNPs
and Au@CS-6MPC NPs, which demonstrate that the
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Table 1 Zeta potential of Au@CS NPs and Au@CS-6MPC NPs

Zeta potential PDI
Au@CS NPs 53.6+52 0.324
Au@CS-6MPC NPs 55+3 0.72

nanocomposite had a consistently spherical form with
uniform size distribution and a smooth surface with
slight increase in particle size after 6-MP loading as the
particle size increased from16 + 2 to 20 + 4 nm.

According to Table 1 and Fig. 3a, the zeta potential of
Au@CSNPs and Au@CS-6MPC NPs were examined. The
higher the zeta potential, the more stable the nanopar-
ticles are due to a larger repulsive force between them.
Additionally, nanoparticle charge density has a signifi-
cant impact on how well they adhere to the negatively
charged cancer cell membrane In order to develop drug
delivery carriers for the treatment of cancer, positively
charged nanoparticles are recommended. Electrostatic
repulsions frequently make charged particles with an
ideal zeta potential >30 mV less likely to aggregate [21].
AuNPs that had been prepared by CS displayed a high
zeta potential along with small, uniformly sized particles.
The long-term stability and cellular behaviour for drug
release were measured by studying zeta potential as a
function of surface charge of particles. AuNPs and 6MP/
AuNPs NC have zeta potentials 53.6+5.2 to 55+3 mV,
respectively, which indicate the high stability of AuNPs
and 6MP/AuNPs NC.

FTIR experiments were used to confirm the binding
interaction of 6-MP loaded AuNPs. Figure 4 and Table 2
display the FTIR spectra of 6-MP and Au@CS-6MPC
NPs, respectively. AuNPs have an attractive applicant in
cancer therapy and appear to provide a flexible platform

Fig.2 TEM images of a Au@CSNPs and b Au@CS-6MPC NPs
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for the delivery of drugs with thiol functionalities. The
drugs bearing sulphur groups on their structures reveal
strong affinity for binding to AuNPs. In the solid state,

Table 2 FTIR spectra of 6-MP and Au@CS-6MPC NPs presented

in Fig. 4 [23]

Fundamental vibrations

Frequency (cm™)

6MP

The combined stretching vibration peak of the NH,
and OH group

C—H (stretch)

N-H (Bend)
C-Nring vibration
C=N ring vibration
C=Cring vibration
vC=5/ring vibration
C=S stretching
vC=5/ring vibration
Au@CS-6MPC NPs
Combined stretching vibration NH, and OH group
vC=S/ring vibration

3430.74

3094.23
1527.35
2999.73
1344.14
1613.16
1668.12
1272.79
1154.19

3427
1154.19
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6-MP occurs as a tautomeric form (with a C=S group)
and its IR spectrum displays the corresponding absorp-
tion characteristic bands at 3430.74, 1527.35, 3094.23,
2999.73, 1344.14, 1613.16, 1668.12, 2676.71, 1154.19,
1120.44 and1272.79 cm™! corresponding to combined
peaks of the NH, 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 [22]. The intensity of all bands decreased
when Au@CS-6MPC NPs were loaded, and the peak at
3430 cm™! was extended and slightly displaced to lower
wavelengths at 3427 cm ™ indicating the creation of com-
posite Au@CS-6MPC NPs.

The loading efficiency was measured by HPLC as
shown in Fig. 5a and b, respectively; 6-MP exhibits band
at a retention time of 3.8 min. The loading efficiency was
found to be 52%.

Surviving Fraction
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3.2 Anticancer efficiency of 6-MP and Au@CS-6MPC NPs
on MCF7

Figure 6 shows cytotoxic effect of various concentrations
(1.25, 2.5, 5, 10, and 20 pM) of 6-MP and Au@CS-6MPC
NPs on breast cancer cell line (MCF7) after 48 h. A
decrease in cellular propagation was seen when the drug
concentration was increased. 6-MP produced a 7% less-
ening in cell survival at 10 pM, while Au@CS-6MPC NPs
produced a decline in cell viability reaching maximum
cytotoxicity 62% at 10 pM compared to the control with
IC50 1.11 pM.

3.3 Photothermal therapy on MCF7 cell line

In order to confirm that photothermal results were
exclusively achieved as a result of the laser activation of
AuNPs, as shown in Fig. 7, the laser control experiment
was carried out to assess the impact of DPSS laser on
MCE?7 cell line viability in the absence of the nanopar-
ticles. A 532 nm, 150 mW DPSS laser was used to treat
MCF7 tumour cells at various intervals (2, 4, 6, and
8 min).

4 Discussion

After adding 6-MP to AuNPs, the absorbance spectra
revealed a slight red shift from 523 to 529 nm along with
a drop in absorbance strength. This little modification is
due to the particle size growing after loading. At 670 nm,
a higher wavelength, another new band was discovered.
As a result of the 6-MP addition, which results in inter-
particle interaction between the nearby AuNPs, this band
is present. A colour change from red to mauve can be
used to demonstrate the accumulation of gold nanoparti-
cles by adding 6-MP to AuNPs and slightly growing their
size [24].

The disappearance of a distinctive 6-MP peak at
1272 cm™ equivalent to C=S stretching approving the
presence of complex formation of the 6-MP with AuNPs
through the sulphur atom, while there were no changes

0.54

Surviving Fraction

0.0-

2 4 6 8
Time ( min)

B3 MCF-7

B3 MCF-7+ laser

B3 MCF-7+(AuNPs+laser)
Fig. 7 The effect of DPSS laser irradiation on the viability of MCF7
and MCF7 incubated with Au@CS NPs
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to —NH or C-N stretching frequencies demonstrat-
ing that these groups are not involved in binding with
AuNPs. The drugs bearing sulphur groups on their struc-
tures exhibit a strong affinity for binding to AuNPs. From
the above data, it is apparent that the binding of 6-MP
with AuNPs occurs through the sulphur atom [14]. HPLC
system was used to determine the drug loading efficacy
of the nanocomposite. First a standard calibration curve
of 6-mercaptopurine was done. Then, the supernatant
collected from the purification of the nanocomposite
by centrifugation was assayed for 6-mercaptopurine by
the same system. The concentration of 6-MP in super-
natant was determine by measuring its area under peak
as a mean of three independent injections of the sample
then using the standard curve to define the correspond-
ing concentration. In the case of Au@CS-6MPC NPs,
the band intensity decreases which may be as a result of
a reduction in drug concentration confirming loading of
6-MP on the AuNPs surface.

Due to focused delivery, Au@CS6MPC NPs may accu-
mulate better by an endocytosis mechanism at their site
of action, thereby increasing their cytotoxicity. Com-
pared to free medications, nanoparticles are frequently
nonspecifically internalised into cells through endocyto-
sis or phagocytosis. The sources of the positive charges
on the Au@CS6MPC NPs’ surfaces are the adsorbed
positive Au ions, which greatly aids their ability to pass
through the negatively charged cancer cell membranes
[3, 25]; therefore, the electrostatic interaction might facil-
itate MCF7 cancer cells’ uptake of Au@CS6MPC NPs.
Since many biological things at the nanoscale, including
proteins, viruses, and fragments of other cells, are intrin-
sically similar to nanoparticles, their endocytosis can be
transmitted to the lysosomes for digestion. Similar to free
6-MP, Au@CS-6MPC NPs can be taken up by the MCF7
cell line, which then transports them to a lysosome where
the thiol group is protonated and the Au-S bond is bro-
ken, releasing the free drug, which then diffuses through
the cell like free 6-MP [26]. Overall, increased intracel-
lular absorption of the functionalized AuNPs and sub-
sequent release in lysosomes are responsible for Au@
CS-6MPC NPs’ improved anti-proliferation compared
to 6-MP. According to their research, Aghevlian et al.
2012 found that on MCF?7 cells at concentrations of 12.5
M, 6Thioguanine (6TG) loaded AuNPs considerably out-
performed free 6-Thioguanine (6TG) in terms of anti-
proliferation activity. Increasing exposure time, the less
the average survival rate. The marginally reduced survival
rate with increasing exposure light dose suggests that
laser has a marginally cytotoxic effect on the MCEF7 cell
line. However, the cytotoxic effect of light has a negligibly
little impact on cell death. The minor decline in cell via-
bility may be intended to draw attention to the damage
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that heat shock does to cell membrane integrity, which
worsens permeability [27-29]. The tumour environment
is more acidic, nutrient deficient, and hypoxic than that
of regular tissues, which makes it more sensitive to heat.
Since cells are thermosensitive and their membranes
should experience permeability changes at this tempera-
ture [30]. Figure 7 depicts measurements of cell viability
after 48 h of incubation, which revealed a small decline
with a maximum 10% inhibition after 8 min. The results
revealed a steady decline in cell viability with increasing
laser exposure time; this finding may be explained by the
fact that spherical AuNPs with diameters between 10 and
30 nm are appropriate photothermal agents for biomedi-
cal applications because they have a high photothermal
conductivity. Due to electron—phonon and phonon-pho-
non processes, they have been found to be non-toxic and
to exhibit a distinctive localized SPB band approximately
520 nm with an effective light-to-heat conversion on a
picosecond time scale. As a result, when exposed to laser
light at the surface plasmon absorption band, the nano-
particles quickly convert the photon energy they have
just absorbed into heat energy [31]. Then, on a timescale
of around 100 ps, the lattice of the nanoparticles rapidly
cools by exchanging energy with the surroundings. As a
result, using AuNPs as photothermal agents is an effec-
tive technique to provide precise heating while causing
less harm to nearby tissues and harming malignant cells,
which are more susceptible to heat.

Our results were in agreement with Rita Mendes et al.
[32]; using breast cancer as a model, they demonstrate
the effective light to heat conversion of spherical 14 nm
AuNPs prepared by chemical means and irradiated using
a continuous wave (CW) 532 nm green diode-pumped
solid-state laser (DPSS). Their results indicate that the
irradiation of cells in the presence of AuNPs results in
greater inhibition than in the absence of nanoparticles.

5 Conclusion

It is worth noting that resistance to chemotherapy limits
the effectiveness of anticancer drug treatment. Overcom-
ing this limitation can the change the survival of cancer.
In this work, a technique for producing AuNPs utilizing
the biocompatible polymer chitosan that is quick, envi-
ronmentally friendly, highly stable, and inexpensive. The
produced AuNPs is spherical shape with a high degree of
stability. When exposed to a visible DPSS laser, Au@CS
NPs are used as photothermal agents with effective light-
to-heat conversion. The generated Au@CS NPs were also
employed as carriers for the anticancer 6-MP to create
Au@CS6MPC NPs, which significantly reduce the sur-
vival of the breast cell line MCF7 and have an IC50 of
1.11 M. Further research and investigation are required
to discover these compounds’ full potential on different
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cell lines and underlying mechanisms for developing
novel therapeutic drugs.
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