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Introduction

Chemotherapy is one of the first modalities to treat malignant 
growth (cancer). Absence of tumor selectivity, adequate drug 
concentration into the target tissues, serious side effects on can-

cer sufferers and several drugs resistance represent the main disadvan-
tages of standard chemotherapy, resulting in poor healing effects. Re-
cent advances in nanomedicine have brought new chances to lower the 
impediments of usual chemotherapy using nanoparticles exploiting [1].

There is evidence that nanoparticles used as vehicles to deliver drug 
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ABSTRACT
Background: Chemotherapy is typically the first-line treatment for the advanced 
stage of cancers. However, there are shortcomings with respect to conventional che-
motherapy that limit therapeutic efficiency, including lack of tumor selectivity, sys-
temic toxicity and drug resistance. 
Objective: A multifunctional nanoplatform was build using of hydrogel co-loaded 
containing cisplatin and Iron oxide–gold core-shell nanoparticles. The Au shell com-
prises the light response and the iron core can be utilized as a negative contrast agent 
in nanocomplex.
Material and Methods: In this experimental study, KB cells derived from 
the epithelial cells located in the nasopharynx were exposed to different levels of 
concentration of hydrogel co-loaded with cisplatin and Iron oxide–gold core-shell 
nanoparticles. Afterwards, the cytotoxicity was determined using MTT assay. 
Results: The cytotoxicity results showed that this nanoplatforms has potent to cre-
ate higher cytotoxicity in KB cells than free cisplatin, so that Fe-Au@Alg and Fe-Au@
Alg with cisplatin mixed with laser irradiation exhibited a significant reduction in cell 
viability after 5 min.  
Conclusion: Hydrogel co-loaded with cisplatin and Iron oxide–gold core–shell 
nanoparticles are stable construct to combine chemo-photothermal therapy. Therefore, 
they can be used as a computed tomography-traceable nanocarrie, enabling us to moni-
tor the delivery of therapeutics.
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are extended to the water solvency of drugs, 
lessen cytotoxicity, and enhanced drug distri-
bution kinetics. It is possible therefore, to de-
velop tumor-targeting drug delivery through 
improved permeability and retention (EPR) 
effect [2, 3]. 

As thermo-chemotherapy, Hyperthermia 
and chemotherapy mixture is a procedure to 
empower increment anticancer adequacy. The 
cytotoxic impact of numerous anticancer med-
ications like Alkylating and platinum-based 
agents medications will be intense at the point 
blended with heat using different physiology-
related components [4].

Regular hyperthermia methods might be at-
tended with undesirable thermal harms to the 
encompassing solid tissues because of non-
selective tumor heating [5, 6]. Subsequently, 
the design and utility of thermo-sensitive 
nanocarriers equipped for the concurrent con-
veyance of heat and drug have increased great 
consideration in nanomedicine throughout re-
cent years [7, 8].

Highly tunable and facile synthesis, nontox-
icity, biocompatibility, and ease of modifica-
tion of surface mean that gold nanoparticles 
(AuNPs) are the exquisite nanocarriers to 
carry drug [9]. However, as a result of their re-
markable thermo-physical properties, AuNPs 
are good absorbent of light to generate local-
ized heat. Through this, tumor cells are photo-
thermally ablated through excessive selectiv-
ity. The proper properties of AuNPs for drug 
delivery and the warmth technology func-
tionality below laser light exposure mean that 
AuNPs can be used as a thermo-chemotherapy 
platform for many cancers. This creates syner-
gistic anticancer effect [10-13].

A multifunctional nanoplatform of cisplatin 
and Iron oxide–gold core–shell nanoparticles 
(Fe2O3@Au) was developed co-loaded into 
alginate hydrogel network and potential uses 
for cancer diagnosis and therapy [5, 14]. This 
complex (Fe2O3@Au co-loaded into alginate 
hydrogel) has been result from intensive en-
gineering to accelerate the clinical application 

of photothermal therapy in tumor therapy. The 
light-responsive part is comprised of the Au 
shell and creates a red-shift in the plasmon 
band that enables utilization of near-infrared 
(NIR) region (700-1100 nm laser) for nano-
complex photoactivation [15]. The iron core 
functions as a negative contrast agent in MRI 
[16]. The investigations demonstrated that this 
nanocomplex is suitable for mixing chemo-
therapy and radiotherapy [17]. Moreover, in 
another study, X-ray computed tomography 
(CT) imaging contrast was improved by Al-
ginate hydrogel co-loaded with Cisplatin and 
AuNPs (ACA). In this way, we can trace the 
in vivo biodistribution and localization of this 
nanocomplex [17]. Considering the beneficial 
effects of combining chemotherapy and ther-
mal therapy, this study aims to explore the po-
tential of cisplatin and Iron oxide–gold core–
shell nanoparticles (Fe2O3@Au) co-loaded 
into alginate hydrogel for combined thermo-
chemotherapy of human nasopharyngeal  
tumor cells.

Material and Methods

Materials
In this experimental study, all experimen-

tal materials were utilized for culturing cells 
such as fetal bovine serum (FBS, Gibco®, 
USA), trypsin-ethylene diamine tetra acetic 
acid (EDTA), phosphate buffer saline, peni-
cillin-streptomycin, and Roswell Park Memo-
rial Institute (RPMI) cell culture medium. The 
materials were purchased from Sigma-Aldrich 
Company (USA). Tetrachloroaurate trihydrate 
(HAuCl4·3H2O≥99.9%), ACS, and Alginic 
acid sodium salt utilized in the synthesis of 
nanoparticle were procured from Sigma- Al-
drich (St. Louis, MO, USA).

Synthesis and Characterization of 
hydrogel co-loaded with cisplat-
in and Iron oxide–gold core–shell 
nanoparticles 

The synthesis of Fe2O3@Au was explained 
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in our recent work [18]. A standard synthesis 
consists of dissolving 50 mg of hydrogen tet-
rachloroaurate (III) trihydrate (HAuCl4) in 10 
ml of deionized water. Afterwards, drops of 
30 ml of 0.3% alginic acid sodium salt were 
added to create an Au3+-alginic acid sodium 
salt mixture. The solution of cisplatin was then 
dropwise added when the final concentration 
was 50 ppm to the synthesized Fe2O3@Au /al-
ginate hydrogel. At the same time, a magnetic 
stirrer stirred the mixture strongly at 800 rpm 
at ambient temperature [14].

To investigate the size and morphology of 
the synthesized nanocomplex, transmission 
electron microscopy (TEM; LEO 906; Zeiss) 
was performed. Dynamic light scattering 
(DLS) was used to weigh the hydrodynamic 
diameter of the sample using the Malvern 
Zetasizer Nano ZS-90 instrument. The Ray-
leigh UV-1601 instrument was used to record 
the optical properties of nanocomplex.

Cell Culture
Human Mouth Epidermal Carcinoma (KB) 

cell line was provided by the National Cell 
Bank of Iran (NCBI), Pasteur Institute of Iran. 
To culture the cells, RPMI-1640 medium sup-
plemented with penicillin (100 μg/ml), 10% 
fetal bovine serum (FBS), streptomycin (100 
units/ml) and L-glutamine (2 mm), at 37 °C 
with an atmosphere of 5% CO2 was used. Cul-
tures were propagated or harvested by tryp-
sinizing with 500 μl of PBS containing 1 mm 
EDTA/0.25% trypsin (w/v).

Photothermal properties of hy-
drogel co-loaded with cisplatin 
and Iron oxide–gold core–shell 
nanoparticles

To investigate the photothermal effects of 
nanocmplex, the nanocomplex aqueous solu-
tions were irradiated using a NIR laser sources 
(continuous-wave 808 nm, Nanobon Com-
pany, Tehran, Iran) with different Fe2O3@Au 
concentrations (25-150 μg/ml) in microcen-
trifuge tubes. The intensity was 1.4 W/cm2 

and the time period was set at 5 min. An in-
frared thermal imaging camera (Testo 875-1i, 
Germany) was used to check the temperature 
changes continuously. The laser supply was 
1cm away from test sample. The focal point 
diameter of laser beam was 0.5 cm. For this 
reason, KB cells were seeded with a confluen-
cy of 5×106 cells per ml in 6-well plates (24 h 
at 37 °C) in a humidified 5% CO2 atmosphere. 
After that, RPMI medium(comprised of a 
variety of Fe2O3@Au concentrations (20, 40 
and 60 μg/ml)) was added into 96-well plates.
In four hours, the cells were rinsed for three 
times using ice cold PBS followed by trypsin-
izing, centrifuging, and resuspending in medi-
um. Then, real-time medium temperature dur-
ing laser (1.4 W/cm2, 5 min) irradiation was 
monitored.

Cell viability or cytotoxicity as-
say 

To examine and compare the possible cy-
totoxicity of nanocomplexes, cells were first 
seeded into a 96-well plate exposed to cispla-
tin (0.5-50 μg/ml), alginate coated Fe2O3@Au 
(Fe-Au@Alg) (25-150 μg/ml of Fe2O3@Au) 
and nanocomplex (concentration per cisplatin: 
2.5 μg/ ml, concentration per Fe2O3@Au: 20-
40-60 μg/ml). To study the influence of laser 
irradiation on the proliferation cultures grown, 
plates were incubated at 25 °C for 4 h with Fe-
Au@Alg and nanocomplex and then transfer 
to microtubes power density of laser irradia-
tion was 1.4 W/cm2 for 5 min. After 24 h of 
nanocomplex treatment, the cell cytotoxicity 
was performed using MTT assay following 
the standard instructions.

Statistical Methods
The collected data was analyzed using one-

way ANOVA test in SPSS (v.11). With a con-
fidence level of 95% and as a post hoc test, 
Tukey test was utilized to compare means of 
the treatment groups pairwise. The data are 
represented through mean±SD (P<0.05).
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Results

Characterization of hydrogel co-
loaded with cisplatin and Iron ox-
ide–gold core–shell nanoparticles 

Transmission electron microscopy (TEM) 
image analysis shows that nanocomplex has 
a magnetic core and alginate hydrogel matrix 
dispersed well (Figure 1a). The hydrodynamic 
diameter measurement by DLS was in 25-70 
nm range and the average diameter of about 
50 nm (Figure 1b). The UV-vis absorption 
spectrum of nanocomplex exhibits an absorp-
tion peak at 563 nm and a remarkably higher 

absorption at the near infrared region, that 
is consistent with the laser wavelength here  
(Figure 1c).

Photothermal Performance of hy-
drogel co-loaded with cisplatin 
and Iron oxide–gold core–shell 
nanoparticles 

Temperature measurement of the nanocom-
plex shows laser irradiation dose-dependent 
and heat generation increase with various con-
centrations of Fe2O3@Au (Figure 2a). Pure wa-
ter as control shows only a temperature change 
less than 4 °C, whereas with identical laser ir-

Figure 1: Characterization of hydrogel co-loaded with cisplatin and Iron oxide–gold core-shell 
nanoparticles. (a) Transmission electron microscopy (TEM) image of the nanocomplex illustrates 
Fe2O3@Au coated by alginate hydrogel. (b) Size distribution histogram of Fe2O3@Au, indicating 
the effective hydrodynamic size of the nanocomplex to be 50 nm (25-70 nm range). (c) UV-Vis 
spectra of the solution of Fe2O3@ shows a Plasmon band with the absorption peak at 563 nm.

Figure 2: Photothermal Performance of hydrogel co-loaded with cisplatin and Iron oxide–gold 
core–shell nanoparticles. (a) Water temperature change and water Fe-Au@Alg contain cisplatin 
at different Fe2O3@Au concentrations under laser irradiation (808 nm, 1.4 W/cm2) that depends 
on irradiation time. (b) Change in temperature of Human Mouth Epidermal Carcinoma (KB) cells 
treated with nanocomplex in advance at different Fe2O3@Au concentrations exposed to laser 
irradiation (808 nm, 1.4 W/cm2) that depends on irradiation time.
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radiation conditions nanocomplex suspension 
temperature increased significantly till 34.5 °C 
after 5 min at a concentration of 150 μg/ml of 
Fe2O3@Au. Furthermore, pretreated cells with 
different doses of nanocomplex compared to 
untreated cells displayed meaningful tempera-
ture enhancement. The cells pretreated with 
nanocomplex at the Fe2O3@Au concentration 
of 60 μg/ml were heated and the temperature 
increased by15 °C (Figure 2b). While without 
nanocomplex, the laser irradiation of the cells 
created a 5 °C temperature increase. The find-
ings demonstrate that nanocomplex coverts 
light into heath proficiently. Therefore, it is 
appropriate for photothermal ablation.

Chemo-photothermal therapy of KB 
cell

Figure 3a shows the cytotoxicity effects of 
Fe2O3@Au nanoparticle on KB cell in the 
presence of alginate coating. As illustrated, 
at the same Fe2O3@Au nanoparticle concen-

tration, the toxicity of Fe-Au@Alg is insig-
nificantly lower than Fe2O3@Au. However, 
the effect of alginate coating to enhance the 
biocompatibility of Fe2O3@Au nanoparticle 
is not statistically significantly. When treated 
with Fe-Au@Alg, the viability of KB cells is 
concentration-dependent. The concentration 
of 150 µg/ml reduced the viability of KB cells 
by about 65%. 

Chemotherapy efficiency of cisplatin loaded 
nanocomplex were plotted in Figure 3b, which 
shows the viability curves of KB cells in the 
presence of cisplatin in nanocomplex and its 
free structure. Apparently, under the same 
cisplatin concentration, hydrogel co-loaded 
with cisplatin and Iron oxide–gold core-shell 
nanoparticles can exert a more acute cytotoxic 
effect on KB cell in comparison with free cis-
platin. At the same cisplatin concentration, cy-
totoxicity effects of cisplatin on noncomplex 
(Fe2O3@Au concentration of 30 μg/ml) was 
significantly less than cisplatin alone. For in-

Figure 3: The cytotoxicity assay. (a) The viability of Human Mouth Epidermal Carcinoma (KB) 
cells following Fe2O3@Au nanoparticle and Fe-Au@Alg treatment with different Fe2O3@Au con-
centrations.(b) The viability of KB cells following cisplatin (0.5-50 μg/mL) and Fe-Au@Alg treat-
ment along with cisplatin (per cisplatin: 0.5-50 μg/mL). (c) The viability of KB cells following 
Fe-Au@Alg (per Fe2O3@Au: 10, 20 and 40 μg/mL) and Fe-Au@Alg treatment with cisplatin (per 
Fe2O3@Au: 10, 20 and 40 μg/mL, per cisplatin: 2.5 μg/mL) along with laser irradiation (1.4 W/
cm2, 3 and 5 min) (* P value<0.05, ** P value<0.001). 
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stance, cisplatin (10 μg/ml) lowered the cell 
viability to 58%, although in nanocomplex 
with the equal cisplatin concentration, a nota-
bly lower cell viability of 25% was achieved.

To study the photothermal therapeutic effect 
of nanocomplex, viability of KB cell at differ-
ent Fe-Au@Alg concentrations (10, 20 and  
40 μg/ml) and Fe-Au@Alg with cisplatin after 
irradiation with the 808 nm laser (1.4 W/cm2, 
3 and 5 min) was measured. As seen in the  
Figure 3c, laser irradiation alone had no signif-
icant effect on cytotoxicity in KB cells, so that 
in 5 min after irradiation of laser, the viability 
was 90%. Fe-Au@Alg and Fe-Au@Alg with 
cisplatin mixed with laser irradiation exhib-
ited a reduction in cell viability, so that cell 
viability significantly decreased with Fe-Au@
Alg dose-dependent manner. Furthermore, the 
Figure 3c shows that at the same Fe-Au@Alg 
concentration, a significantly more cytotoxic 
was obtained for cells treated with Thermo-
chemotherapy than the individual therapy ap-
proaches. Consequently, hydrogel co-loaded 
with cisplatin and Iron oxide–gold core–shell 
nanoparticles have the potential for integrat-
ing photothermal therapy and chemotherapy 
into one nano-platform appearing to generate 
a synergistic effect.

Discussion
The non-targeted drug delivery and related 

toxicity in healthy tissues, as a result of the 
unwanted accumulation of compounds to or-
gans, decrease the efficacy and safety of che-
motherapy. Adding drugs to nanocarriers is 
a promising complementary and alternative 
method to standard chemotherapy in order to 
enhance drug stability, targeted drug deliv-
ery, and decreased tissue toxicity. Given that 
chemotherapy efficiency can be intensified at 
elevated temperatures, designing the thermo-
sensitive nanocarriers would be beneficial to 
combine chemotherapy and thermal therapy. 
To realize this goal, cisplatin and Iron oxide–
gold core–shell nanoparticles co-loaded into 
alginate hydrogel network were used along 

with the synergistic interaction upon laser ir-
radiation.

The findings showed that hydrogel co-load-
ed with cisplatin and Iron oxide–gold core–
shell nanoparticles increased the killing effi-
ciency of chemotherapy. Under the identical 
drug concentration, this complex significantly 
decreased cell viability compared to free cis-
platin. Our results are consistent with findings 
from other studies that were reported at a con-
centration range of 0.5-50 μg/ml, cisplatin and 
alginate hydrogel co-loaded with cisplatin and 
AuNPs (ACA) with a concentration of 2.5 μg/
ml (per cisplatin) and show similar cytotoxic-
ity on KB human nasopharyngeal cells [14]. 
In this study, alginate gel based on seaweed-
derived polysaccharides was used as a natu-
ral polysaccharide for surface modification of 
Fe2O3@Au. Alginate nanoparticles for drug 
delivery can enhance stability, bioavailabil-
ity, biocompatibility, toxicity, solubility rates 
of poorly water-soluble drugs [19-22]. More-
over, several studies with X-rays have shown 
the potential of ACA as a CT imaging contrast 
agent given the high X-ray absorption capacity 
of AuNPs [23]. Previous researches observed 
that treating KB cells with ACA significantly 
increased CT [14].

Photothermal therapy of nanocomplex dem-
onstrated thermo-responsive property of hy-
drogel co-loaded with cisplatin and Iron ox-
ide–gold core–shell nanoparticles whereby it 
is able to absorb NIR laser light energy and 
convert it into heat energy. KB cells pre-treat-
ed with hydrogel co-loaded with cisplatin and 
Iron oxide–gold core–shell nanoparticles un-
der laser irradiation displayed an enhanced 
temperature elevation in comparison with la-
ser radiation alone. Thereby, the intracellular 
uptake of noncomplex was sufficient to create 
efficient heating.

MTT assay suggested that the combination 
of alginate hydrogel co-loaded with cisplatin 
and Iron oxide–gold core–shell nanoplatform 
and laser irradiation can result in superior 
therapeutic outcomes than the corresponding 
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monotherapies, including laser and nanocom-
plex. Fe2O3@ Au showed a red-shift in the sur-
face plasmon band (absorption peak: 563 nm), 
making them a well-suited NIR photothermal. 
The magneticcore of Fe2O3@Au makes it pos-
sible for them to be targeted toward a desired 
location under external magnetic field and also 
be tracked through MRI.

The in vivo MRI analysis has shown that 
magnetic targeting is effective in concentrat-
ing nanoparticles into the tumor. So that, con-
siderably greater temperature enhancement 
has been shown in tumor after NIR radiation, 
leading to complete eradication of local tumor 
with no recurrence after 28 days therapy [23].

Enhanced permeability and retention (EPR) 
effect is a well-known strategy that mediated 
by leaky vasculature and ineffective lym-
phatic drainage in the tumor, through the pas-
sive accumulation of nanoparticle. The previ-
ous study showed that the systemic injection 
of hybrid Fe2O3@Au can cause effective  
accumulation of the nanocomplex in tumor 
tissue [24].

The findings indicated that diverse treatment 
with nanocomplex regimens caused different 
changes in the viability of KB cells in compar-
ison with the control group. The cytotoxicity 
of treated cells and concentration of nanocom-
plex demonstrated the correlation. Indeed, the 
higher concentrations of nanocomplex result-
ed in higher toxicity to tumor cells.

Conclusion
Considering the therapeutic advantages of 

combining heat and drug, a thermo-responsive 
nanocarrier was designed to combine photo-
thermal therapy and chemotherapy. The clini-
cal utility of photothermal therapy was extend-
ed using theranostic Fe2O3@ Au nanoparticles. 

The developed nanocarrier significantly in-
creased the effect of drug delivery through 
selective targeting of drugs. Irreversible dam-
age to the cells was caused by the intracellular  
co-localization Fe2O3@ Au, laser irradiation, 
cisplatin, and the synergistic interactions. 

These findings indicate that the developed 
nanocarrier can be used as an efficient plat-
form to heat and deliver drug to cancer cells 
effectively. Clinical entry dose of chemother-
apy agents is changed and the high dose-asso-
ciated side decreased.

Authors’ Contribution
M. Soleimani conceived the idea. The introduc-

tion of the paper was written by A. Ghadimi and M. 
Soleimani. R. Mirjani gather the related literature 
and also help with the writing of the related works. 
The method implementation was carried out by A. 
Ghadimi. Results and Analysis were carried out by 
M. Soleimani and A. Ghadimi. The research work 
was proofread and supervised by M. Soleimani 
and R. Mirjani. All the authors read, modified, and 
approved the final version of the manuscript.

Ethical Approval
Not applicable, because this article does not 

contain any studies with human or animal sub-
jects.Human Mouth Epidermal Carcinoma (KB) 
cell line was purchased from National Cell Bank 
of Iran (NCBI), Pasteur Institute of Iran (NCBI, 
C152).

Conflict of Interest
None

References
  1.	Seeta Rama Raju G, Benton L, Pavitra E, Yu JS. 

Multifunctional nanoparticles: recent progress 
in cancer therapeutics. Chem Commun (Camb). 
2015;51(68):13248-59. doi: 10.1039/c5cc04643b. 
PubMed PMID: 26234539.

  2.	Dreaden EC, Alkilany AM, Huang X, Murphy CJ, 
El-Sayed MA. The golden age: gold nanoparticles 
for biomedicine. Chem Soc Rev. 2012;41(7):2740-
79. doi: 10.1039/c1cs15237h. PubMed PMID: 
22109657. PubMed PMCID: PMC5876014. 

  3.	Moon JH, Moxley Jr JW, Zhang P, Cui H. Nanoparticle 
approaches to combating drug resistance. Future 
Med Chem. 2015;7(12):1503-10. doi: 10.4155/
fmc.15.82. PubMed PMID: 26334205.

  4.	Konings AWT. Thermoradiotherapy and Thermoche-
motherapy. Chapter, Interaction of heat and drugs in 
vitro and in vivo. Berlin, Heidelberg: Springer; 1995. 
p. 89-102. 

  5.	Ghaznavi H, Hosseini-Nami S, Kamrava SK, Irajirad 
R, et al. Folic acid conjugated PEG coated gold-iron 

123



J Biomed Phys Eng 2023; 13(2)

Ali Ghadimi Darsajini, et al

oxide core-shell nanocomplex as a potential agent 
for targeted photothermal therapy of cancer. Artif 
Cells Nanomed Biotechnol. 2018;46(8):1594-604. 
doi: 10.1080/21691401.2017.1384384. PubMed 
PMID: 28994325. 

  6.	Beik J, Abed Z, Shakeri-Zadeh A, Nourbakhsh M, Shi-
ran MB. Evaluation of the sonosensitizing properties 
of nano-graphene oxide in comparison with iron ox-
ide and gold nanoparticles. Physica E: Low Dimens 
Syst Nanostruct. 2016;81:308-14. doi: 10.1016/j.
physe.2016.03.023.

  7.	Beik J, Abed Z, Ghadimi-Daresajini A, Nourbakhsh M, 
et al. Measurements of nanoparticle-enhanced heat-
ing from 1MHz ultrasound in solution and in mice 
bearing CT26 colon tumors. J Therm Biol. 2016;62(Pt 
A):84-9. doi: 10.1016/j.jtherbio.2016.10.007. 
PubMed PMID: 27839555.

  8.	Taghizadeh B, Taranejoo S, Monemian SA, Salehi 
Moghaddam Z, et al. Classification of stimuli-
responsive polymers as anticancer drug deliv-
ery systems. Drug Deliv. 2015;22(2):145-55. doi: 
10.3109/10717544.2014.887157. PubMed PMID: 
24547737.

  9.	Yang X, Yang M, Pang B, Vara M, Xia Y. Gold 
Nanomaterials at Work in Biomedicine. Chem 
Rev. 2015;115(19):10410-88. doi: 10.1021/acs.
chemrev.5b00193. PubMed PMID: 26293344.

  10.	Neshastehriz A, Tabei M, Maleki S, Eynali S, Shakeri-
Zadeh A. Photothermal therapy using folate conju-
gated gold nanoparticles enhances the effects of 6MV 
X-ray on mouth epidermal carcinoma cells. J Photo-
chem Photobiol B. 2017;172:52-60. doi: 10.1016/j.
jphotobiol.2017.05.012. PubMed PMID: 28527427.

  11.	Amini SM. Gold nanostructures absorption capacities 
of various energy forms for thermal therapy applica-
tions. J Therm Biol. 2019;79:81-4. doi: 10.1016/j.
jtherbio.2018.12.007. PubMed PMID: 30612690.

  12.	Beik J, Khademi S, Attaran N, Sarkar S, et al. A 
Nanotechnology-based Strategy to Increase the Ef-
ficiency of Cancer Diagnosis and Therapy: Folate-
conjugated Gold Nanoparticles. Curr Med Chem. 
2017;24(39):4399-416. doi: 10.2174/092986732466
6170810154917. PubMed PMID: 28799495.

  13.	Shakeri-Zadeh A, Eshghi H, Mansoori GA, Hashem-
ian AR. Gold nanoparticles conjugated with folic acid 
using mercaptohexanol as the linker. J Nanotech 
Progress Int. 2009;1(1):1-44. 

  14.	Alamzadeh Z, Beik J, Pirhajati Mahabadi V, Abbasian 
Ardekani A, et al. Ultrastructural and optical charac-
teristics of cancer cells treated by a nanotechnology 
based chemo-photothermal therapy method. J Pho-
tochem Photobiol B. 2019;192:19-25. doi: 10.1016/j.
jphotobiol.2019.01.005. PubMed PMID: 30665146.

  15.	Qin Z, Bischof JC. Thermophysical and biological 
responses of gold nanoparticle laser heating. Chem 
Soc Rev. 2012;41(3):1191-217. doi: 10.1039/c1c-

s15184c. PubMed PMID: 21947414.

  16.	Eyvazzadeh N, Shakeri-Zadeh A, Fekrazad R, Amini E, 
et al. Gold-coated magnetic nanoparticle as a nano-
theranostic agent for magnetic resonance imaging 
and photothermal therapy of cancer. Lasers Med 
Sci. 2017;32(7):1469-77. doi: 10.1007/s10103-017-
2267-x. PubMed PMID: 28674789.

  17.	Fakhimikabir H, Tavakoli MB, Zarrabi A, Amouheidari 
A, Rahgozar S. Could FA-PG-SPIONs act as a hy-
perthermia sensitizing agent? An in vitro study. J 
Therm Biol. 2018;78:73-83. doi: 10.1016/j.jther-
bio.2018.09.010. PubMed PMID: 30509670.

  18.	Mirrahimi M, Hosseini V, Kamrava SK, Attaran N, et 
al. Selective heat generation in cancer cells using a 
combination of 808 nm laser irradiation and the fo-
late-conjugated Fe2O3@Au nanocomplex. Artif Cells 
Nanomed Biotechnol. 2018;46(suppl1):241-53. doi: 
10.1080/21691401.2017.1420072. PubMed PMID: 
29291635.

  19.	Chavanpatil MD, Khdair A, Panyam J. Surfactant-
polymer nanoparticles: a novel platform for sustained 
and enhanced cellular delivery of water-soluble mole-
cules. Pharm Res. 2007;24(4):803-10. doi: 10.1007/
s11095-006-9203-2. PubMed PMID: 17318416.

  20.	Feng W, Nie W, He C, Zhou X, et al. Effect of pH-re-
sponsive alginate/chitosan multilayers coating on de-
livery efficiency, cellular uptake and biodistribution of 
mesoporous silica nanoparticles based nanocarriers. 
ACS Appl Mater Interfaces. 2014;6(11):8447-60. doi: 
10.1021/am501337s. PubMed PMID: 24745551.

  21.	Almalik A, Alradwan I, Kalam MA, Alshamsan A. Ef-
fect of cryoprotection on particle size stability and 
preservation of chitosan nanoparticles with and with-
out hyaluronate or alginate coating. Saudi Pharm J. 
2017;25(6):861-7. doi: 10.1016/j.jsps.2016.12.008. 
PubMed PMID: 28951671. PubMed PMCID: 
PMC5605945.

  22.	Wang L, Li D, Hao Y, Niu M, Hu Y, et al. Gold 
nanorod-based poly(lactic-co-glycolic acid) with 
manganese dioxide core-shell structured multifunc-
tional nanoplatform for cancer theranostic applica-
tions. Int J Nanomedicine. 2017;12:3059-75. doi: 
10.2147/IJN.S128844. PubMed PMID: 28450782. 
PubMed PMCID: PMC5399988.

  23.	Abed Z, Beik J, Laurent S, Eslahi N, Khani T, et al. 
Iron oxide-gold core-shell nano-theranostic for mag-
netically targeted photothermal therapy under mag-
netic resonance imaging guidance. J Cancer Res Clin 
Oncol. 2019;145(5):1213-9. doi: 10.1007/s00432-
019-02870-x. PubMed PMID: 30847551.

  24.	Efremova MV, Naumenko VA, Spasova M, Ga-
ranina AS, et al. Magnetite-Gold nanohybrids as 
ideal all-in-one platforms for theranostics. Sci 
Rep. 2018;8(1):11295. doi: 10.1038/s41598-018-
29618-w. PubMed PMID: 30050080. PubMed PM-
CID: PMC6062557.

124


