Heliyon 10 (2024) e33703

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Platinum nanoparticles-embedded single-walled carbon nanotubes
as a new carrier for curcumin delivery and investigating its
anticancer effect on cell line 4T1

Ali Mohammadi *°, Fariba Bagherib, Yasamin Abutalebi”, Afsoon Aghaei®,
Hossein Danafar >
@ Zanjan Pharmaceutical Nanotechnology Research Center, Zanjan University of Medical Sciences, Zanjan, Iran

® Zanjan Pharmaceutical Biotechnology Research Center, Zanjan University of Medical Sciences, Zanjan, Iran
¢ Department of Chemistry, University of Zanjan, Zanjan, Iran

ARTICLE INFO ABSTRACT

Keywords: Cancer, a prevalent disease across various societies, presents a significant challenge in treatment
Radiation therapy research. Studies show that combination therapies are one of the methods that can help in the
Radiosensitizer

effective treatment of cancer. Chemotherapy and radiation therapy are among the main cancer
treatments and in this project, for combined chemoradiotherapy treatment, carbon nanotubes
were used as improved carriers of chemotherapy in tumors, as well as a substrate for the prep-
aration of radiation sensitizers for local radiation therapy. Following the synthesis of CNT-
Platinum-Curcumin nanoparticles (CNT-Pt-CUR), a series of analyses were conducted to verify
the successful production of these nanoparticles. Techniques such as Transmission Electron Mi-
croscopy (TEM), Dynamic Light Scattering (DLS), UV-Vis spectroscopy, Fourier Transform
Infrared Spectroscopy (FTIR), and X-Ray Diffraction (XRD) were employed. The characterization
data revealed a spherical shape Pt nanoparticle morphology with an 8.5 nm diameter on rod-
shape CNT, as observed through TEM. Furthermore, FTIR analysis confirmed the successful
loaded of the drug into the nanoparticles, highlighting the potential of this approach in cancer
treatment. Then, hemolysis and (3(-4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) tests on normal cells were used to assess the biocompatibility of CNT-Pt-CUR nano-
particles. It also explored the anticancer efficacy of these nanoparticles at varying concentrations
against cancer cells, both with and without exposure to X-rays. The research confirmed the
successful synthesis of these nanoparticles and demonstrated their potential impact on cell
viability. Specifically, breast cancer cells exhibited heightened susceptibility to toxicity when
exposed to nanoparticles and X-rays. Further analysis revealed that the toxicity of nanoparticles is
dose-dependent, and modifying the surface of carbon nanotube (CNT) nanoparticles with CUR
significantly reduced blood toxicity. Interestingly, nanoparticle toxicity was significantly ampli-
fied in the presence of X-rays, suggesting mechanisms such as DNA damage and increased reactive
oxygen species (ROS) levels within cells.
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1. Introduction

Cancer is one of the major causes of death globally. The most common type of cancer in women is breast cancer [1]. According to
the 2020 annual report, 55.9 % of women are diagnosed with breast cancer, over the last 25 years, global trends in breast cancer
incidence and mortality of 12.8 % indicate a remarkable rise worldwide [2,3]. Endocrine factors, environmental factors, and genetic
factors are three important factors related to breast cancer [4]. Currently, the main methods that exist for the treatment of cancer
include surgery, chemotherapy, and radiation therapy [5,6]. Each of the above methods has disadvantages that cause limitations in the
effective treatment of cancer, including being invasive and the possibility of cancer recurrence in surgery, not targeting the drugs to the
cancerous tissue, the problems of dissolution of some drugs, and high side effects in chemotherapy« damage to healthy cells during
radiation therapy due to exposure to X-rays is one of the treatment limitations of the above methods [7]. When drug delivery systems
(DDSs) are utilized during the healing process, it is possible to minimize the limitations and constraints associated with them [8]. These
technologies offer focused and efficient delivery, resulting in fewer side effects and a lower risk of tumor recurrence [9,10]. Nano-
particle delivery systems including nanoparticles, hydrogels, dendrimers, micelles, and liposomes [11]. Offer a revolutionary approach
to drug design and administration and change the pharmacokinetic characteristics of commonly used chemotherapeutic drugs
reducing adverse effects of some otherwise very toxic chemotherapeutic drugs by enabling targeted delivery [12]. CNTs have been
widely employed in previous studies [13]. The chemical and mechanical properties of CNTs make them promising candidates for drug
delivery platforms. These nanostructures can be customized by incorporating biomolecules like proteins, antibodies, or DNA [14].
Carbon nanotubes (CNTs) are structures composed of carbon atoms arranged in a hexagonal pattern. These structures have a cylin-
drical shape with diameters that can range from 2.5 to 100 nm. The classification of these nanostructures as single-walled or
multi-walled depends on the number of carbon sheets they contain. Carbon nanotubes (CNTs) have been found to be the strongest and
most rigid materials in terms of tensile strength and modulus [15]. Despite their exceptional properties and numerous applications, the
hydrophobic nature, toxic effects, and potential for inflammation of SWCNTSs, limit their use [16]. Among parameters such as length,
size, biological composition, and functionalization degree parameter, length and size parameters are important factors in CNT toxicity
[17]. The toxicity of single-walled carbon nanotubes (SWCNTs) can be reduced through surface modifications [18]. PtNPs have
attracted researchers’ interest in various sectors, including the chemical industry, automotive, biomedical, and therapeutic fields. In
the biomedical field, PtNPs have shown perfect biocompatibility, high surface/volume ratio, small size, enhanced reactivity, and
electro catalytic properties. These properties make them suitable for biomedical uses, such as nanoenzymes with behaviors similar to
those of superoxide dismutase and catalase. Additionally, PtNPs have optical characteristics related to surface plasmon resonance
(SPR), making them potential candidates for radiotherapy agents [19]. Radiation therapy is an important component of cancer
treatment, and approximately 50 % of cancer patients receive radiation therapy during their illness. The main mechanism by which
radiotherapy destroys cancer is the production of reactive species (ROS) and damage to cellular components such as proteins, lipids,
and DNA, which ultimately stop cell proliferation and cause necrosis or even apoptosis [20,21]. One of the most important challenges
in radiation therapy is that a large percentage of patients show resistance to RT. Ionizing radiation affects both healthy tissues and solid
tumors. Since the surrounding tissue is also affected by radiation, increasing the radiation dose often results in damage to normal
tissues [22]. That is why radiotherapy requires improvements in radiation delivery techniques to reduce damage to surrounding
tissues. Radiosensitizers are a suitable solution to overcome this problem. Radiosensitizers are adjunctive treatments that make tumor
cells more susceptible to radiation. They are designed to improve the killing of tumor cells while having much less impact on normal
tissues. Platinum nanoparticles can be mentioned as one of the radiosensitizers [23]. CUR, a natural polyphenol, is the active
ingredient found in turmeric. It has been historically utilized as a medicinal plant due to its antioxidant, anti-inflammatory, anti--
mutagenic, antimicrobial, and anticancer properties [24], anti-mutagenic, antimicrobial [25,26], and anticancer properties. In terms
of solubility, CUR is soluble in alkaline or highly acidic solvents [27]. Curcuminoid compound with a predominant keto form in acidic
or neutral solutions, while the enol form is dominant in alkaline solutions and exhibits good chelating properties for metal ions [28]. It
has been demonstrated over the past 50 years that majority of the benefits of turmeric are mainly due to CUR, which may have impacts
on diabetes, allergies, arthritis, Alzheimer’s disease [29], and other chronic diseases [30]. In the current investigation, it was aimed at
using platinum nanoparticles as a radiosensitizer to increase the intensity of radiation in cancer cells. We synthesized these nano-
particles on carbon nanotubes and used this carrier for the delivery of CUR for combined chemoradiotherapy treatment.

2. Material and methods
2.1. Materials

Curcumin was provided from the Merck (Germany). The 4T1 cell line and the HFF-2 cell line were obtained from the Pasteur
Institute (Iran). MTT was procured from Sigma (USA), Fluka (St. Gallen, Switzerland). Ethanol was from Kimia alchohol (Iran).
Hexachloroplatinic(IV) acid hexahydrate (~40 % Pt) and Dimethylsulfoxide (DMSO) were obtain from the Merck (Germany). Growth
medium, DMEM, Fetal Bovine Serum, Penicillin, Streptomycin, and phosphoric acid were from Gibco (Germany). All other chemicals
were analytical-grade and commercial products.

2.1.1. Synthesis method of platinum-modified CNTs

For the synthesis and purification of Single-Walled Carbon Nanotubes (SWCNTs) functionalized with Fe-Mo catalyst, we adopted a
methodology previously reported [31]. In order to synthesize SWCNTs-Pt, 11.75 pL of HaPtCls.6H20 (1 M) solution was added in drops
to a solution of 4.7 mg SWCNTs, followed by the addition of freshly prepared NaBH4 solution with a concentration of 0.21 mg/mL
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dropwise to the reaction. The mixture was stirred at room temperature for 12 h, followed by purified through dialysis for 48 h.

2.1.2. Curcumin loading on CNT-Pt

4 mg of CUR was dissolved in 1.25 mL of acetone. This solution was then gradually added into a 20 mg aqueous CNT-Pt. The
mixture was stirred at room temperature using a magnetic stirrer for a duration of 24 h. Following this, to purify CNT-Pt-CUR, due to
CUR’s low solubility in water, a centrifugation process was employed at 14,000 rpm using 30 % ethanol. This procedure was repeated
multiple times.

2.1.3. Determining the structure, physical and chemical properties
Various techniques, such as TEM, DLS, UV-vis, FTIR, all of them were conducted according to the previous study [31].

2.1.4. Study of the effect of curcumin diffusion under different pH conditions

The synthesized nanosystem was dispersed three times in 1.5 mL of phosphate-ethanol buffer at pH 7.4, simulating physiological
conditions, at pH 4.7, mimicking the acidic environment of tumors, each time incorporating 4 mg of the nanosystem. Following
dispersion, the nanosystems were placed in dialysis bags and submerged in 15 mL of phosphate-ethanol buffer within containers. These
containers were then incubated at 37 °C in a shaker. At various intervals, samples were extracted and analyzed for absorbance at 430
nm using a UV-Vis. The absorbance data were utilized to determine the concentration of the released drug. Finally, the results of the
drug release measurements were plotted as the concentration of the released drug over a period of 50 h the evaluation of the drug
measurement method was conducted based on linearity, accuracy, recovery, limit of detection, and limit of quantification, adhering to
the standards outlined in the United States Pharmacopoeia.

2.1.5. Cell culture

The 4T1 cells, sourced from the Pasture Institute in Tehran, Iran, were employed in this research. Initially, the cells were cultivated
in Dulbecco’s Modified Eagle’s Medium (DMEM), which is supplemented with 10 % Fetal Bovine Serum (FBS) and 1 % Penicillin/
Streptomycin (Pen/Strep) from Sigma-Aldrich. The culture was maintained at 37 °C, with 5 % CO2, for 24 h until the cells achieved
70-80 % confluence, then cell passage was performed. After removing the culture medium from the flask, the cells were washed twice
with 1 mL of Phosphate Buffered Saline (PBS). To facilitate detachment, 1 mL of a 25 % trypsin-EDTA solution was added to the flask
and incubated for approximately 4-3 min. To neutralize the trypsin, 3 mL of culture medium enriched with serum was added, after
which the mixture was transferred to a Falcon tube and centrifuged at 1700 rpm for 7 min. The resulting cell pellet was then dispersed,
and the suspension was equally distributed between two new flasks before returned to the incubator.

2.2. Cell viability study

4T1 cells were seeded at a density of 7000 cells per well in a 96-well plate. To assess the cytotoxic effects of nanoparticles after
incubation with 4T1, for 24 h on these cells, the MTT assay, the 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide, was
employed. The control groups, 4T1 cells left untreated. The samples were incubated with MTT solution (100 pL, 1 in DMEM media) for
4 h. After 4 h incubation repeatedly, 100 pL of DMSO was added to each well, and their absorbance at a specific wavelength of 570 nm
was measured. the procedure was repeated at least five times.

2.3. Hemolysis assay

In summary, 200 pL of human red blood cells were mixed with 800 pL of a solution containing different concentrations of samples.
The samples were shaken in an incubator shaker at a temperature of 37 °C for 4 h. Deionized water was used as a positive control, while
a PBS solution was used as a negative control. After the incubation, the samples were centrifuged at 1300 rpm for 15 min. Subse-
quently, the absorbance of the resulting solution was measured at 540 nm. Finally, the percentage of hemolysis in the samples was
calculated using the given equations.

_ Asample — Anegative

= 1
Apositive — Anegative 00

Hemolysis(%)

2.4. Determination of toxicity on healthy cells

The cytotoxicity of the synthesized nanoscale system was assessed on the HFF-2 cell line using an MTT assay. Cells were exposed to
varying concentrations, with each concentration tested in 5 repetitions.

2.4.1. Therapeutic effects externally

Anti-cancer nanoparticles’ therapeutic effects on 4T1 cancer cells were evaluated with and without X-ray radiation using the MTT
assay. After transferring the cells to two 96-well plates, the cells were treated with different groups and concentrations. After 6 h
incubation, the culture medium was removed and the cells were washed twice with PBS. Then, fresh culture medium was added to each
well. In continuation, a plate was subjected to X-ray radiation of 6 MeV using the PRIMUS linear accelerator from Siemens, located in
the radiotherapy department of Valiasr Hospital in Zanjan, Iran. The exposure consisted of a dose of 6 Gy over 120 s for the cells. The
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incubation continued for another 24 h. To obtain cell viability, MTT reagent at a concentration of 10 pL with a concentration of 3 mg/
mL was added to each well. After 4 h incubation, 100 pL of DMSO was added to each well, and the absorbance of each well was read at a
wavelength of 570 nm. Finally, the percentage of cell viability was calculated by determining the absorbance ratio in the treated group
cells compared to the control group. Each concentration was tested in sets of 5 repetitions.

3. Results

TEM imaging was used to investigate the size and morphology of the CNT-Pt-CUR nanoparticles. The images confirmed the suc-
cessful production of Pt nanoparticles with an average diameter of 8.53 nm on the CNT surface. Additionally, Fig. 1 indicated that the
CNT diameter was 50 nm.

3.1. Investigation of FT-IR spectra

FT-IR spectra of CUR, single-walled carbon nanotubes, and single-walled carbon nanotubes containing CUR demonstrated. The
empty CUR spectrum displayed a distinct peak at 3442 cm ™, indicating the vibrations of O-H bonds. This peak in the CNT-Pt-CUR
spectrum became narrower compared to empty CUR and shifts to 3438 cm ™, indicating the formation of hydrogen bonds between
CUR and CNT-Pt. In the CNT-Pt-CUR spectrum, peaks at 1574 cm ™" and 1420 cm ™, are observed similar to those in CUR and single-
walled carbon nanotubes spectra. These peaks indicated that the presence of aromatic carbon-carbon double bonds (-C=C-).
Furthermore, a peak at 1640 cm ™" is noted, which corresponds to the vibrations of C=0, according to Fig. 2.

3.1.1. UV-vis spectrophotometer

To verify the successful loading of CUR onto the CNT-PT nanocarrier, a UV-Vis spectroscopy analysis was conducted (see Fig. 3).
This analysis revealed the characteristic absorption peaks of CUR at 430 nm and CNT-PT nanocarrier at 264 nm. Interestingly, a slight
red shift of approximately 2 nm was observed in the final nanosystem, indicating the interaction between CUR and the nanocarrier.

3.1.2. Analysis of the X-ray scattering pattern of synthesized carbon nanotubes

The XRD pattern of the prepared CNT-Pt is depicted in Fig. 4. According to the results, the obtained XRD pattern showed the peaks
of both constituents of the sample (i.e., CNT and Platinum). In this regard, three XRD peaks at approximately 39.7°, 46.2°, and 66.8°
were observed for Platine constitute of the samples that correspond to its (111), (200), and (220), crystallographic planes, respectively.
The CNT parts of the sample also revealed three corresponding peaks at 25°, 46.2°, and 55.9, which attributed to its (002), (100), and
(004) crystal planes. The presence of the XRD peaks of both CNT and Platine in the obtained XRD pattern indicates successful syn-
thesizing of CNT-Platine nanoparticles. The diffraction peak observed at around 25.1° corresponds with the carbon (0 0 2) refection of
the graphitic planes of the SWCNT (JCPDS card no. 75-1621). The peaks appearing at diffraction angles of 39.8°, 46.2°and 67.7°
(JCPDS-ICDD, Card No. 04-802) are corresponding to the face-centered cubic crystal (fcc) planes of (111),(200),(220),(311),
(222) respectively [32].

3.1.3. Zeta potential distribution

The average values of the zeta potential of CNT-Pt —11eV and CNT-Pt-CUR -14eV were observed (Fig. 5). Regarding the impact of
surface charge on blood circulation and stability, it is expected that CUR loaded with a decrease in surface charge and non-
identification particles by RES will enhance blood circulation in the body.

3.1.4. Drug-loading content
The drug loading was calculated using the given equation, resulting in a CUR loading amount of 27.14 %, with 90 % yield of
nanoparticles.

Pt NPs
)
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Fig. 1. TEM micrographs of CNT-Pt-CUR nanoparticles at various scale bars.
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Fig. 3. The UV-Vis spectrum of the samples CUR, CNT-Pt, and CNT-Pt-CUR.
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3.2. Drug release study

The study examined drug release in a phosphate-ethanol buffer under two distinct pH levels: 7.4 and 4.7. The pH 7.4 was chosen to
mimic physiological body conditions, while the pH 4.7 was selected to simulate tumor conditions. The release of CUR in an acidic
environment was 79 %, whereas in a physiological environment, it was only 39 %. This indicates that the release of CUR from CNT-Pt-
CUR is pH-sensitive, with a higher release rate in acidic conditions compared to physiological one’s Fig. 6.

3.3. Determining the damages inflicted on red blood cells (hemolysis)

The blood toxicity of the synthesized Nanosystem of CUR with concentrations of 7.5, 15, 30, and 60 pg/mL, CNT-Pt with con-
centrations of 50, 100, 200, and 400 pg/mL, and SWCNT-Pt- CUR with concentrations of 50, 100, 200, and 400 pg/mL were inves-
tigated. As shown in Fig. 7 only CNT-Pt exhibited toxicity at concentrations of 200 and 400 pg/mL. Moreover, the data indicated that
the toxicity resulting from loading the CUR drug on CNT-Pt has decreased, which this decrease in toxicity can be indicative of suc-
cessful surface coverage of CNT-Pt with the CUR drug and the modification of the surface of the prepared nanosystem. The results of
the hemolysis test for the other compounds and concentrations were calculated to be less than 5 %, indicating the safety of the Nano
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3.4. Investigation of the toxicity effect on HFF-2 cell line

200

Before investigating the anticancer activity of the synthesized compound, the toxicity of nanoparticles on healthy embryonic
fibroblast cells was examined. HFF2 cells were treated with different concentrations of nanoparticles, and cell viability was determined
using the MTT assay. The results were presented in Fig. 8 indicating that the toxicity of nanoparticles increased with an increase in the
concentration of SWCNT-Pt. However, cell viability increased when loaded with CUR, which could be attributed to surface chemistry.
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Fig. 6. The CUR release profile of loaded CNT-Pt in pH 7.4 and 4.7. Drug release from loaded CNT-Pt in pH 7.4 was remarkably lower than that of
pH 4.7.
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Fig. 7. Examining blood toxicity of CUR nanosystems, including CNT-Pt and CNT-Pt- CUR, at various concentrations, (the assays were performed
and reported as the mean + SD, *p < 0.05; ***p < 0.001, ns: non-significant).

The control group exhibited no significant variation with CUR at concentrations of 4, 15, and 20 pg/mL, which could be due to the low
potential of CUR compared to other anticancer drugs, because of low solubility or low penetration ability into cells. Nevertheless,
according to the data, the investigation of the toxicity effect on the HFF-2 cell line showed no toxicity at CUR concentrations up to 20
pg/mL.

3.4.1. Therapeutic effects on cancer cells with or without X-ray radiation

Cells exposed to X-ray radiation exhibit a survival rate of approximately 81 %. Additionally, cells exposed to X-ray radiation in the
presence of nanoparticles exhibit significantly decrease survival rates, which clearly depend on the concentration. Cellular survival in
the presence of nanoparticles at concentrations of 25 pg/mL, 75 pg/mL, and 100 pg/mL, and under X-ray radiation (Gy6), is lower
compared to the non-radiated group and indicates higher cellular cytotoxicity. The results indicated that the presence of CNT-Pt
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Fig. 8. The impact of nanoparticles on healthy embryonic fibroblast cells, specifically HFF2 cells, was assessed through varying concentrations of
nanoparticles. Results were reported as mean + SD, with 'ns’ indicating non-significant findings.

nanoparticles enhances the effect of radiotherapy. MTT assays revealed that the combination of X-ray radiation with sensitizing
nanoparticles, led to greater cell damage, which can be attributed to the increased production of reactive oxygen species in the
presence of platinum nanoparticles Fig. 9.

4. Discussion

This study investigates the use of CNT-Pt nanoparticles loaded with CUR as a radiosensitizer. Initially, the nanoparticles were
synthesized and characterized. Subsequently, the release of CUR in a tumor-simulating medium at physiological pH was examined. The
efficacy of the synthetic nanosystem as a radiosensitizer on cancer cells was evaluated in vitro. Over the past few decades,
nanomaterial-based sensitizers containing high atomic number atoms have attracted considerable interest, particularly in cancer
therapy [33,34]. These nanosystems, including those coated with suitable materials, can exploit the Enhanced Permeability and
Retention (EPR) effect to deliver nanoparticles to tumor regions [35]. Materials rich in high atomic number elements, such as gold,
silver, platinum, and copper, can concentrate ionizing radiation in the target tissue, generating primary and secondary electrons under
X-ray radiation. This process leads to an increase in reactive oxygen species and cellular damage [36]. In this study, carbon nanotubes
were prepared according to the method described, followed by the addition of platinum and then CUR, which was carefully loaded
onto the nanocarrier. The size of drug delivery particles significantly influences their ability to undergo endocytosis by epithelial and
endothelial cells and their longevity during systemic circulation. To evade detection and destruction by the immune system, these
nanoparticles must be appropriately small [37]. The obtained nanoparticles are suitable for prolonging blood circulation as well as can
penetrate tissues and cells because of they are smaller than the physiological pores and fenestrations of the body (intestinal lumen,
endothelial connections, and tumors). Single-wall carbon nanotubes imbedded with platinum nanoparticles with a size of 8.5nm and a
surface charge of —14 eV demonstrates the significant potential of the designed Nanotechnology in drug delivery and the high
capability of blood circulation in the designed system. Therefore, it may be claimed that CUR -loaded carbon nanotubes were fabri-
cated properly with a proper size and good morphology. The analysis of the XRD graph reveals that the synthesized nanoparticles’ XRD
pattern aligns with the standard pattern, confirming the successful production of SWCNT-Pt [38]. Furthermore, UV-Vis and FTIR
analyses were employed to modify the surface of the prepared particles and investigate molecular interactions. These analyses confirm
the successful incorporation of the drug onto the nanocarrier. The drug release experiment revealed that the release of the drug is
pH-dependent, with higher release rates observed at acidic pH levels, mirroring the conditions of a tumor tissue simulator. Approx-
imately 79 % of CUR was released during the experiment. To evaluate the blood compatibility of the formulation, a hemolysis test was
conducted. The findings of the cytotoxicity of CNT studies on the HFF-2 cell line confirmed the results of the hemolysis experiments,
which show that the toxicity of the prepared nanosystem is dose-dependent and that its surface toxicity can be reduced through surface
modification with drug loading. A related study showed that CUR coating significantly reduced the inflammatory and cell
death-inducing potential in MWCNT [39]. Nanoparticles exhibit minimal toxicity towards 4T1 cancer cells on their own, and X-ray
radiation at the applied dose also did not show high toxicity. However, when combined, radiotherapy and nanoparticles significantly
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Fig. 9. Sensitivity of radiation to CNT-Pt-CUR nanoparticles is indicated by the following symbols: ns, *, **, *** and **** respectively indicate no
significant difference, significant difference with 05/0 p =, significant difference with p< 0.01, significant difference with p< 0.001, and significant
difference with p< 0.0001.

enhance cytotoxicity or therapeutic efficacy across all tested concentrations. Investigations by Abed and colleagues revealed that
porous platinum nanoparticles could induce DNA damage, generate ROS, and cause substantial cell cycle arrest [40]. Furthermore, the
study demonstrated that X-ray radiation, when paired with sensitizing nanoparticles, leads to increased cellular damage. This
enhanced effect is attributed to the generation of secondary electron cascades and an increase in intracellular ROS by platinum
nanoparticle sensitizers in the presence of X-ray radiation [41].

5. Conclusion

The data obtained from this project showed the successful synthesis of the multipurpose nanosystem CNT-Pt with chemotherapy
and radiation therapy capabilities, and the most important limitation of CNTSs, i.e. their toxicity, was significantly reduced by surface
modification through coating with CUR. The synthesis of CNT-Pt-CUR, is validated through several techniques such as TEM, XRD,
UV-Vis, DLS and FTIR. The characterization data revealed a spherical shape Pt nanoparticle morphology with an 8.5 nm diameter on
rod-shape CNT, as observed through TEM. The successful loading of curcumin onto CNT-Pt-CUR nanoparticles is confirmed by FTIR
and UV-vis spectroscopy. Drug loading of CUR is 27.14 %, with 90 % yield of nanoparticles. The drug release experiment revealed that
the release of the drug is pH-dependent, with higher release rates observed at acidic pH. Finally, the anticancer effect of the CNT-Pt-
CUR nanoparticles is evaluated on 4T1 cancer cells. The lowest survival rate of cancer cells with chemotherapy and radiation therapy
indicates the significantly enhance cytotoxicity or therapeutic efficacy. These results provide guidance towards a more successful and
comprehensive treatment of breast cancer in the future.
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