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ABSTRACT

ARTICLE HISTORY

Thiosemicarbazones and their analogues are of significant interest due to their antiviral,
antibacterial and anticancer properties. Recent advancements in nanoparticle-based ther-
apeutics have enabled targeted cancer cell treatment while minimizing harm to healthy
cells. This study focused on encapsulating patented N(1)-R1-salicylidene-N(4)-R2-salicylidene-
S-methylisothiosemicarbazone complexes into albumin nanocarriers, creating albumin-bound
Fe(lll)-S-methyl-thiosemicarbazone (ALB-FeTc) nanoparticles via a novel UV-C lamp-assisted
method. The nanoparticles were characterized using FTIR, UV-Vis, DLS and EDX-SEM. Cytotoxic-
ity was evaluated in MCF-7 breast cancer cells and HUVEC cells using an MTT assay. Fluorescence
microscopy and flow cytometry were employed to investigate the mechanism of cell death.
The study demonstrated strong cytotoxicity of FeTcs against cancer cells, with enhanced effects
observed for ALB-FeTcs. The ALB-FeTcs induced apoptosis selectively in cancer cells while spar-
ing normal cells. These results suggest that ALB-FeTcs are promising candidates for breast cancer
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1. Introduction

The most dangerous tumor in women is breast cancer,
where about fifteen percent of breast tumors have a
significant overexpression of HER2, which is associated
with a higher risk of recurrence and a more aggres-
sive disease course [1]. Breast cancer survival rates have
improved worldwide due to advances in early detection
and treatment. According to the World Health Orga-
nization (WHO), 5-year survival rates for breast can-
cer vary significantly by region and stage at diagno-
sis. In high-income countries, for example, the 5-year
survival rate for breast cancer is over 85%. In low -
and middle-income countries, survival rates tend to be
lower due to limited access to medical resources, late
diagnosis and suboptimal treatment. Mortality rates
also vary around the world, with higher rates in regions
with limited access to healthcare and screening pro-
grams [2]. Despite the use of therapeutic techniques
such as radiation, chemotherapy and surgery, breast
cancer remains a potentially fatal disease for humans.
The current study looks at the new possibilities that
nanomedicine has opened up in the treatment of breast
cancer. Chemotherapeutic drugs and natural products

are administered via nanocarriers that both increase
cytotoxicity to breast cancer cells and prevent the
development of drug resistance [3].

The class of thiosemicarbazones from the di-2-
pyridylketone group exhibits potent anticancer proper-
ties by binding essential metal ions such as iron (Fe(ll)),
copper (Cu(ll)) and zinc (Zn(l1)) in cancer cells and form-
ing metal complexes. These drugs are promising when
it comes to preventing the three main causes of cancer
death: Tumor development, metastasis and resistance
[4]. Although they are lethal to cancer cells, thiosemi-
carbazones tend to crystallize under normal conditions
[5]. This condition can occasionally make their use as
a therapeutic agent challenging. This can make their
use as a therapeutic agent challenging at times. It can
also be difficult for the body to excrete them as they
can crystallize and solidify in the cell. Therefore, it is a
challenge to find commercial samples for clinical use.
In this study, we aim to facilitate the use of the highly
effective thiosemicarbazones in treatment by reduc-
ing their disadvantages. On the other hand, the aim
is to get the drug into the cancer cell while minimiz-
ing damage to healthy cells. In the treatment of breast
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cancer, nanocarriers can provide a framework for drug
delivery. Breast tumors can become more receptive to
chemotherapy when treated with drugs [3].

Nanomaterials have proven to be promising tools
in the treatment of cancer due to their unique prop-
erties and versatility [6]. These materials are produced
using chemical or green synthesis methods and are
used in a variety of ways, including drug delivery, imag-
ing and therapy, reducing drug resistance, enhancing
antitumor activity and minimizing side effects [7-13].
Protein-based nanocarriers have gained popularity over
other nanomaterials because they have several advan-
tages and can be used safely under physiological condi-
tions. Albumin can enhance the attachment and inter-
nalization of nanomaterials by attaching to specific
receptors that are overexpressed in malignant cells [14].
Various tumors overexpress the 60 kDa glycoprotein
(gp60) receptor and secrete an acidic and cysteine-
rich protein (SPARC) [15]. Albumin can bind to gp60
and SPARC, thoroughly enhancing the uptake of the
nanocarrier and preventing albumin-based nanopar-
ticles from excreting the drug from tumor cells [16].
In addition, it is known that albumin has a high pro-
portion of carboxyl and amino groups, which can
be used for active targeting via surface functional-
ization. As a result, albumin-based nanocarriers show
their efficiency by reducing the efflux of the drug
from the cell and, at the same time, increasing the
uptake of the drug into the cell. As a result, the drug
accumulates in the tumor, which can overcome anti-
cancer drug resistance [14]. Nab-paclitaxel has also
been shown to increase the binding of paclitaxel to the
endothelium by 9.9-fold compared to Cremophor EL-
paclitaxel, and paclitaxel are delivered 4.2 times more
efficiently [16, 14].

The term “externally stimulating” refers to carriers
under the control of one or more agents external to
the body. These agents can modify drug release behav-
ior, direct the carrier to a specific site, add a therapeu-
tic approach, etc. There are reports of various forms of
external stimulation systems, such as light, magnetic
field, ultrasound, and others, used in cancer therapy
[17-19]. The minimally invasive procedure known as
photothermal therapy (PTT) raises the temperature of
specific tissues by using photothermal agents (PTAs)
that emit visible or non-visible light at wavelengths
such as microwaves, ultrasound, or near-infrared. As
cancer cells are more sensitive to high temperatures,
this technique kills cancer cells while protecting healthy
cells [20].

The advantages of using nanomaterials for thermal
stimulation in biological systems are their absorbabil-
ity, biocompatibility, small size, biodegradable solvent
dispersion, and heat generation upon external stim-
ulation [21]. A shift in synthesis for specific nanopar-
ticles alters the absorption peak within a particular

wavelength range, improving the photothermal effect
and PTT quality. In addition, the biological capac-
ity of nanostructures can be modulated, and toxic-
ity issues can be minimized by linking nanomaterials
with various surface-modifying molecules such as poly-
mers or antibodies [22]. Another advantage of nano-
materials is their ability to direct a drug to specific
body regions. This situation minimizes the required
dose and enables safe drug delivery while protect-
ing non-target tissues and cells from harmful side
effects.

The present study loaded iron-bound thiosemicar-
bazones onto the albumin nanocarrier to form the
ALB-FeTc group. We investigated the biotechnologi-
cal drug potential of the thiosemicarbazones we stud-
ied at lower doses and for more extended periods to
increase their efficacy and selectivity further (with mini-
mal toxicity to healthy cells). In recent years, it has been
determined that the stimulation of various nanoparti-
cles with X-irradiation enhances their anticancer effi-
cacy [23,24]. Therefore, it has emerged that such combi-
natorial therapies may be particularly effective against
breast cancer. To this end, we synthesized ALB-FeTcs
and investigated their cytotoxic effect on breast can-
cer cell lines. In contrast to the albumin nanoparticles
that have already been explored, this work uses UV
light to ensure that the drug is bound to the albumin
in a controlled manner during the incorporation of the
thiosemicarbazones into the albumin, thus controlling
the size of the nanoparticles.

2. Materials and Methods

Bovine serum albumin of analytical grade was pur-
chased in analytical grade (Sigma Aldrich) Roswell
Park Memorial Institute (RPMI) (Biological et al. Num-
ber: BI01-100-1A), MTT (Invitrogen™ CAS Number:
DAL110), fetal bovine serum (FBS) (Serana CAS Number:
SRS-FBSP-EU-002), penicillin/streptomycin (Serana CAS
Number: SRRAL-002-100M), phosphate Buffered Saline
(PBS) (Gibco, CAS Number: 10010023), dimethyl sulfox-
ide (DMSO) (Sigma CAS Number: 67-68-5), Annexin V-
FITC Apoptosis Detection Kit (Sigma-Aldrich CAS Num-
ber: APOAF-20TST), 4',6-Diamidino-2-phenylindole
dihydrochloride (DAPI) (ThermoFisher CAS Number:
D1306) were purchased.

2.1. Solution Preparation and Nanoparticle
Synthesis

1 mL of the 0.2 g/20 mL prepared albumin solution
was withdrawn and 1 mL each of the FeTcA, FeTcB and
FeTcC preparations were withdrawn and sonicated in
an Eppendorf tube for 30 s. The prepared solutions were
then stored in a sterile atmosphere for one hour under
a 30 W (Philips brand) UV-C lamp.



2.2. Characterization of ALB-FeTc Nanoparticles

2.2.1. Zeta Sizer Measurements

Zetasizer measurements were performed by DLS using
the Zetasizer Nano ZS (Malvern), which uses a 4 mW
He - Ne laser operating at a wavelength of 633 nm
and a detection angle of 173° at room temperature. Dis-
tilled water was used as the reference liquid. Both size
and surface load analyses were performed during the
measurements. Samples were stored in a refrigerator
at +4°C for 1 hour and measurements were performed
with the Zetasizer Nano ZS device at room temperature.
Each sample was measured three times and the average
of the three measurements was determined [25].

2.2.2. FTIR Analyzes

The FTIR studies were performed using the BRUKER
ALPHA device in diffuse reflectance mode at a resolu-
tion of 4 cm x 1. The measurement of each sample was
recorded after ten scans. After the device was set up
with pure water, the measurements were performed
with the samples. The liquid samples were placed in the
chamber under the ATR head. After the ATR head was
pressed onto the sample, the measurements were per-
formed with the device. The recorded data was analysed
after smoothing [25].

2.2.3. SEM-EDX Analyzes

First, the samples were placed on amorphous lamel-
lar glass substrates. Before use, these substrates were
cleaned with detergent and plenty of distilled water.
The samples were dried for one night at room tem-
perature and under typical air conditions in a clean
room. SEM-EDX studies were then performed on these
samples. The surface properties of the powders were
analyzed using a computer-controlled digital SEM Gem-
ini 500. Quantitative elemental analysis was performed
using an EDX spectrometer connected to the SEM [25].
Details of FeTc synthesis can be found in Supplementary
Table S1 and Figure S1.

2.2.4. UV-VIS. Analyzes

The Hach Lange DR 5000 spectrophotometer measures
the absorbance of the samples. Water was used as the
standard for the reference part of the spectrophotome-
ter, and the solutions prepared for the sample part were
used for reference measurements in the wavelength
range of 200-1100 nm [25]

2.2.5. Raman Analyzes

JASCO NSR-3100 Raman spectroscopy (with a 532 nm
laser probe) was used to record the broadband Raman
spectra of the Alb-FeTc nanoparticle samples. The lig-
uid samples were placed in the sample chamber. The
measurements were performed using the Raman spec-
troscopy instrument. The recorded data were analyzed
after smoothing.
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2.3. Cell Viability Test with MTT

2.3.1. Cell Culture and stabilization of cell lines
MCF-7 breast cancer and healthy HUVEC cell lines were
utilized within the scope of this investigation. The cells
underwent cultivation in RPMI enriched with 10% FBS,
subsequent to which they were subjected to centrifuga-
tion and distributed into either 75 or 25 cm? flasks based
on their respective densities. Following this, the cells
were subjected to incubation at a temperature of 37 °C
within an incubator containing a gaseous composition
of 95% O, and 5% CO,. The culture medium employed
in this study consisted of RPMI supplemented with 10%
FBS, into which 100.000 U/mL of penicillin and 100.000
g/L of streptomycin were incorporated. Passage of the
cells was performed upon reaching a confluence level
of 70-90%.

Cell viability calculation was made according to the
following formula:

Total cells = Cells counted
x Dilution factor

x Total volume x 10,000.

2.3.2. Determination of Cytotoxic Concentrations
(ICs0)

When MCF-7 and HUVEC cells were 70-90% confluent,
they were scraped from the bottom of the flask with
trypsin and stained with trypan blue, and their viabil-
ity was assessed by counting the cells. In 96-well plates,
90 pl of the cells were seeded at a cell count of 10* per
milliliter. After 72 hours of incubation, chemicals were
added at a dosage of (0.05, 0.5, 1, 2 pg/ml) and the MTT
assay [26] was performed on the cells. After 72 hours of
incubation, an MTT solution of 0.5 mg/ml prepared in
PBS was applied to the cells and after 4 hours of incuba-
tion in the dark at 37 °Cin an incubator, 100 pl of DMSO
was added to each well of the 96-well plate to dissolve
the cells. The ELISA device read the cells at 570 nm. Each
experiment was performed at least three times. The 1Csg
value was calculated using GraphPad Prism5 statistical
software.

2.4. Flow Cytometry Analysis for Apoptosis
Detection

The Annexin V-FITC Apoptosis Detection Kit was used.
MCF-7 cells (5 x 10°), untreated and treated with ALB-
FeTcs for 72 hours at 37 °C and 5% CO,, were harvested
from the 6 wells at the end of the incubation period
and placed in fluorescence-activated cell sorting (FACS)
tubes. Cold culture medium or PBS was used to wash
the cells. It was centrifuged at 4 °C for 5 minutes at
1800rpm. The supernatant was removed and the sus-
pended cells were kept in 1x binding buffer at room
temperature. The tubes were kept cold. To 100 pL of the
cell suspension, 1 pL of Annexin V-FITC solution and 2.5
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pL of dissolved propidium iodide (PI) were added. The
tubes were placed on ice and incubated for 15 minutes
in the dark. 400 pL of the 1x binding buffer was added
and mixed thoroughly on ice [27]. The Kaluza analysis
program examined the cell sample using the Beckman
Coulter Navios Flow Cytometry device.

2.5. DAPI Staining for Fluorescence Microscope
Imaging

DAPI is a dye that can be used as a tool to visual-
ize nuclear changes and assess apoptosis. DAPI binds
strongly and selectively to the minor groove of ade-
nine-thymine regions of DNA [28]. Coverslips were dis-
infected with alcohol and flame before being put on
sterile 6-well plates. MCF-7 cells were sown at a den-
sity of 10° per milliliter. Substance doses at ICgq levels
were applied and incubated for 24 hours at 37°C in a
5% CO; incubator. The medium was removed after 24
hours and rinsed with PBS. Each cell was fixed in alco-
hol for 15 min. After washing with PBS, it was incubated
in the dark for 30 min. with DAPI (1 nl stock DAPI dye
diluted in 5 ml PBS). PBS was used to rewash the stained
areas after staining. The coverslips were placed on the
slide, and images were taken using a Nikon Eclipse Ts2
immunofluorescence microscope.

3. Results And Discussion

It is known that thiosemicarbazone class compounds
have bioactivity against some types of cancer [29]. In
particular, protein-based nanocarriers have many favor-
able properties compared to other nanocarriers and can
be used safely in the biological environment, so they
are preferred over other nanomaterials. The synthesis
of albumin-based thiosemicarbazone nanoparticles is
aimed to create treatments with fewer side effects and
to provide targeted effects in cancer cells. Another rea-
son for choosing the protein albumin nanocarrier is that
it is FDA-approved, can be explicitly directed to can-
cer cells via the gp60 and sparc receptors in the cell
while carrying the drug, and albumin does not have
its toxicity [14]. Albumin and its nanoparticles can be
used in the diagnosis and therapy of various diseases,
such as various kinds of cancer [30-32]. In light of
this information, our study studied modified forms of
albumin-based nanoparticles as nano drugs on MCF-
7 breast cancer cells. Nanoparticle-based, especially
protein-based nanoparticles, attract attention because
they can be used safely thanks to their biocompatibil-
ity. In our study, the iron form of the albumin-based
nanoparticle was modified to bind FeTcs to albumin
in a regulated manner during the integration of the
thiosemicarbazones into albumin, UV light was used,
and the anticancer effect of ALB-FeTcs was investigated.

The size of the nanocarrier system plays a crucial
role in drug delivery, as the nanoparticles up to 400 nm

preferentially accrue in the tumor microenvironment
via the “enhanced permeability and retention (EPR)”
effect [33]. The drug-loaded albumin nanoparticles are
transparent and have a diameter of hundreds of nm
(usually less than 200 nm). A 0.22um filter is used to
manage the size of the nanoparticles and sterilize the
formulation, removing impurities and microorganisms.
After that, nanoparticles are lyophilized (without any
cryoprotectant) to produce solid powders. The distribu-
tion can be reproduced by adding water or saline to
solid nanoparticles [34]. In this work, the size distribu-
tion of the nano-sized FeTcA sample begins at 58.75 nm
and extends to 190 nm, as shown in Table 1 and Figure
1. While the average particle size was estimated to be
101.9 nm, the Derived Count Rate was 4412 (PDI: 0.147).
Similarly, the FeTcB sample’s size distribution ranged
from 43.82 nm to 164.2 nm. While the average particle
size was estimated to be 75.57 nm, the Derived Count
Rate was as high as 2836 (PDI: 0.256). The FeTcC sam-
ple’s size distribution ranged from 50.75 nm to 164.2
nm. The average particle size was roughly 84.62 nm,
although the Derived Count Rate was as high as 4490
(PDI: 0.178). This finding indicates a high quantity of
albumin + FeTc in the environment.

According to Bhushan et al. 2015 [35], the noticeably
more significant zeta potential may cause the stability
of the NPs. The fact that the value is inside the sta-
ble range indicates that the creation of nanoparticles
promotes the development of stable systems. Further-
more, by preventing the nanoparticles from clumping
together in the colloid form, the electrostatic repul-
sive force between their negatively charged surfaces
provides the colloidal solution with excellent stability
[36]. The surface potential distribution of the nanoscale
FeTcA, FeTcB, and FeTcC samples is also provided in
Table 1. The FeTcA sample’s surface potential was -
21 mV (conductivity (mS/cm): 1.37). The FeTcB sample’s
surface potential was — 16.2 mV (conductivity (mS/cm):
1.34). The FeTcC sample’s surface potential was — 18
mV (conductivity (mS/cm): 1.40), as shown in Figure 2.
Generally, the conductivity, PDI values, and particle dis-
persion of the generated nanoparticle solutions did not
significantly alter. The size distribution of the particles is
similar despite minor differences in the average particle
size.

Figure 3 displays nanoparticle images captured by
SEM. There were no grains bigger than 100 nm. Dis-
persion was also seen in other samples; however,
FeTcA nanoparticles remained spherical. Naturally, even
though the structures are chemically identical, there
is still an impact from the irregularity of the solvent
evaporating out of the surrounding environment. These
outcomes support the DLS findings.

Nanostructure size is the most important for pene-
tration and exhibiting cytotoxic performance in tumor
sites. Cuietal. 37 [37] investigated the impact of replace-
able albumin nanoparticles, which they synthesized in
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Table 1. DLS (dynamic light scattering) results

Samples Average Particle Size (nm) Size Distribution (nm) Zeta Potential (mV) Conductivity (mS/cm) PDI

Alb-FeTcA 101.9 58.75-190 =21 137 0.147
Alb-FeTcB 75.57 43.82-164.2 —16.2 1.34 0.256
Alb-FeTcC 84.62 50.75-164.2 —18 1.40 0.178

Note: Alb-FeTc: Albumin-Bound Fe(lll)-S-Methyl-Thiosemicarbazones nanoparticles. The other molecular structures (Alb-FeTcA, Alb-FeTcB, and Alb-FeTcC) are
defined in the supplementary section.
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100.00 KX, EHT: 25.00 kV.

various forms, on 3D and in vitro melanoma spheroid
tumors. They discovered that larger ALB-NPs had a
faster 24-hour penetration rate into spheroids, which
led to a faster cytotoxic effect. However, within the
first 24 hours, tiny albumin nanostructures exhibit a
latent phase in cell toxicity. As the 96-hour mark drew
near, they discovered that the drug combinations they
had administered exhibited increased cytotoxic activity,
most likely as a result of the release profile. This finding
suggests that albumin nanostructures can be employed
as a versatile chemotherapeutic medication by varying
their time and spatial dimensions.

Table 2 and Figure 4 contain EDX analyses. The per-
centage amounts of the base material and coating
metals on which the samples were dropped are not
included in the table. As can be seen, there was no sub-
stantial change in the atomic ratios of C%, 0%, S%, N%,
and Cl% among all samples. As a result, organic com-
ponents in albumin’s structure contribute to the atomic
ratio. Iron, the heavy element in the middle, plays a crit-
ical role in such macromolecules. Even if the change is
still minimal, it is clear that Alb-FeTcC has the most sig-
nificant iron content and, thus, the most substance in
the nanostructure.

The UV-VIS spectra of the samples are displayed in
Fig. 5a. An emission peak at 320 nm and a particular

Table 2. EDX (energy-dispersive X-ray spectroscopy) analyzes
of FeTcs

% 0% S% N% Cl% Fe%

Alb-FeTcA 62.08 17.39 3.01 16.22 1.05 0.25
Alb-FeTcB 61.41 17.18 2.90 17.14 1.10 0.27
Alb-FeTcC 61.62 17.51 3.26 16.17 1.1 0.33

Note: Atomic percentage values of the elements are given in the table.

Table 3. The 1C5q Values (11g/mL) of FeTcA, FeTcB, FeTcC, and
ALB-FeTcA, ALB-FeTcB, ALB-FeTcC on HUVEC and MCF-7 cells.

The ICsp Values (ng/mL)

Compounds MCF-7 HUVEC

FeTcA 0.646 +0.101 1.181+£0.14
FeTcB 0.712£0.11 1.154 +0.11
FeTcC 0.607 £ 0.09 1.381+0.2
ALB-FeTcA 0.141 £ 0.06 0.933 +0.09
ALB-FeTcB 0.197 £0.08 0.940£+0.13
ALB-FeTcC 0.247 £0.07 1.037 +£0.107

maximum absorption peak at 244 nm was noted at
high albumin concentrations in an aqueous medium
(0.2 g/20 mL). The literature claims these peaks change
based on the albumin’s conformation and surroundings
[38]. When the medication was attached to albumin, the
emission peak, which belonged to the S-sheet structure
of albumin at 240 nm, either stayed below or was
dampened. The literature states that whereas the n-z *
and z-z* electronic transitions of thiosemicarbazones
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are thought to be responsible for the most significant
absorption peak at 260 nm, this depends on the solvent
environment of the metal and the thiosemicarbazone
attached to the structure. The highest absorption peak
at 244 nm moved to 234-237-260 nm due to thiosemi-
carbazone binding to albumin. The 320 nm emission

peak is no longer visible. Instead, at 382-392 nm, emis-
sion peaks were visible. Furthermore, around 475-478-
488 nm, specific absorption peaks (d-d transitions) asso-
ciated with FeTcs were also detected. According to all
of these studies [39-41], the drug binds to albumin
successfully.
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Figure 6. Effects of FeTcA, FeTcB, FeTcC and ALB-FeTcA, ALB-FeTcB, ALB-FeTcC on (a) MCF-7 and (b) HUVEC cell viability. Cell viabil-
ity experiments were performed with the MTT test after 72 hours of incubation. The data was analyzed by the GraphPad PRISM 5.
Student’s t-test was used to determine the significance of the difference between the FeTcA, FeTcB, and FeTcC groups and the ALB-
FeTcA, ALB-FeTcB, and ALB-FeTcC groups in comparison to the control groups. Comparisons with a “P” value < 0.05 were considered
significant. The concentrations were compared to the control in each group and given as the mean *P < 0.05.

The results of the Raman spectrum are shown
in Fig. 5b. While bulk albumin and Tc-Metal com-
plexes differed, ALB-FeTcA-B-C did not differ signifi-
cantly. Because of the remarkable similarity between
the functional groups in these three complexes, there
is no appreciable difference in Raman vibration spec-
troscopy. On the other hand, long-term efficacy also
depends on the stability of the nanostructure [42].
To establish the long-term efficacy of the cytotoxic
analyses, they were scheduled for 72 hours in this
investigation.

Thiosemicarbazone ligands are drugs against cancer
that bind metal ions and have demonstrated anticancer
action in various in vitro and in vivo studies, including
several clinical studies [43-47]. In a study, it was pre-
ferred to create HSA complexes to deliver metal drugs
because they prevent the introduction of exogenous
chemical linkers and the exposure of metal pharma-
ceuticals to other chemicals and proteins during blood
circulation. It was discovered that while the HSA - metal
agent complex remains stable in circulation, the metal
agent can be liberated in an acidic environment like
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FeTcB and (d) Alb-FeTcC. The compounds were evaluated in MCF-7 cells at ICsg values by flow cytometry after 72 hours of incubation.

cancer cells. Furthermore, in vivo findings demonstrated
that the HSA complex was more selective and had
higher therapeutic efficiency than metal thiosemicar-
bazone alone [48]. In this study, to increase the metal
complex activity, the iron thiosemicarbazone complex
was loaded onto the albumin nanocarrier, and in vitro
analyses were performed. Accordingly, it was observed
that all ALB-FeTc compounds reduced cell viability to
below 50% at a dose of 0.1 ng/mL in MCF-7 breast
cancer cells (Fig. 6a). Accordingly, when all spectro-
scopic results are examined in the GraphPad Prism5
program, The IC5p value of Alb-FeTcA was found to
be 0.1 pg/mL, Alb-FeTcB was 0.19 pg/mL, and Alb-
FeTcC was 0.25 ng/mL. As seen in Figure 4, FeTcA is
found to be more toxic than FeTcB and FeTcC at lower
doses on its own. Hence, its loaded form onto albu-
min nanocarrier is also found to be more toxic. Due
to its chemical structure, it damages the MCF-7 cells
more strongly or more quickly. When Fig. 6b is exam-
ined, it was determined that the 0.05 ng/mL dose of
all ALB-FeTc groups in healthy HUVEC cells reduced

cell viability by at most 20%. For a substance to be
considered “cytotoxic,” it must kill more than 30% of
cells compared with the control (EN ISO 19993-5:2009);
in our study, any lower dosages of ALB-FeTc-treated
groups were not found at the IC59 concentration to
affect HUVECs to this extent. However, cell proliferation
did not significantly increase compared to the control
group. This finding suggests that ALB-FeTc compounds
were effective at deficient concentrations. In addition,
their effectiveness at higher concentrations in healthy
HUVEC cells is significant for the feasibility of anticancer
treatment. The concept is that albumin nanocarriers
infiltrate and aggregate in solid tumors and inflamma-
tory joints by utilizing both the EPR effect and active
targeting. The “desire” for albumin, a protein that is nec-
essary for the survival and growth of tumors, is another
factor that contributes to the increased accumulation
of albumin nanoparticles in solid tumors, in addition to
the existence of leaking vasculature and poor lymphatic
drainage. Further patient data is required to support
the involvement of this mechanism. Similar to cancer
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Figure 8. The use of DAPI labeling to identify apoptotic cells of Alb-FeTcA, Alb-FeTcB, and Alb-FeTcC treated MCF-7 cells by flu-
orescence microscopy. a. Control is spherical in shape and is shown as less brightly blue. b. Alb-FeTcA, c. Alb-FeTcB, d. Alb —
FeTcC, apoptotic cells exhibit brilliant staining along with other hallmarks of apoptosis, including chromatin condensation, nuclear
fragmentation, and the formation of apoptotic bodies. Compounds were applied at ICsq values for 72 hours.

patients, rheumatoid arthritis patients frequently expe-
rience hypoalbuminemia, which is brought on by the
increased albumin consumption in the inflammatory
areas. Cachexia is a multifactorial phenomenon char-
acterized by significant weight loss and muscular atro-
phy. It is associated with all clinical diseases, includ-
ing cancer, infections, and autoimmune disorders, that
promote albumin accumulation in the affected tissue.
These considerations make it worthwhile to explore
whether the accumulation of injectable albumin-based
formulations - regardless of the medications they
contain — may either lessen or accelerate the growth
of tumors [34]. Because of treatment success, it has
also been shown that albumin can be used for selec-
tive cellular targeting when different drug combina-
tions are used [47]. Docetaxel and IR780, a near-infrared
dye, are combined to create multifunctional HSA NPs.
Castration-resistant prostate cancer may be treated
with this formulation because of its robust targeting
and theranostic potential [49]. In a different study,
stimuli-responsive albumin nanoplatforms for multi-
modal cancer therapy and combined theranostic ther-
apy are also produced. In order to accomplish both
the diagnostic and the treatment, multimode therapy
works in tandem with imaging technology and depends
on chemotherapy, radiotherapy, hypothermia, and
other treatments [50]. It has also been said that albumin
carrier nanostructures of combined 2-acetylpyridine-
4,4-dimethyl-3-thiosemicarbazone-copper(ll) [Cu(Ap44

mT)]Cl and paclitaxel achieve these properties by sup-
pressing angiogenesis in the tumor microenvironment
[51]. For these reasons, we think these compounds
loaded on albumin may be a new hope for cancer treat-
ment.

In line with the cytotoxicity results, we examined the
apoptosis/necrosis rates in cell death by flow cytometry
to determine how Alb-FeTcA, Alb-FeTcB, and Alb-FeTcC
nanoparticles cause cell death. As a result, we found
that Alb-ZnTcs generally caused cell death through
the apoptosis pathway (Fig. 7). Most chemotherapeutic
drugs induce apoptosis by altering DNA synthesis and
proliferation in cancer cells. Changes in apoptosis sen-
sitivity following medication treatment are suggested
to be a significant mechanism in acquired drug resis-
tance. Based on this evidence, it is believed that one of
the most significant goals of cancer medication therapy
is to promote the apoptotic process for malignant cells
[24, 37, 42, 52-54]. It is seen that early apoptotic cells
were found to be 17.24%, 16.03%, and 12.56% while
late apoptotic cells were detected as 15.85%, 16.72%,
and 16.97% in Fig. 7b-d, respectively. In Fig. 7, MCF-
7 cells were incubated with Alb-FeTcA, Alb-FeTcB, and
Alb-FeTcC nanoparticles at 1C5o values separately for
72 hours, and as a result, it can be seen that necrosis
is almost not observed in cell death in all cell groups,
and almost all cell death occurs by apoptosis. According
to these findings, the prepared nanostructures increase
apoptosis in breast cancer cells.



Fig. 8 shows fluorescence microscopy images of Alb-
FeTcA, Alb-FeTcB, and Alb-FeTcC in MCF-7 cells stained
with DAPI to see the effects on cell DNA. Since DAPI
staining provides the opportunity to visualize cell DNA,
it provides information about apoptosis in the cell.
In Fig. 8b-d, it is seen that the cells undergo apop-
tosis compared to the control. Our findings are com-
patible with the apoptosis results we evaluated by
flow cytometry. In a study, a novel In (lll) quinoline-
2-formaldehyde thiosemicarbazone compound (C5)
based on the unique property of human serum albumin
(HSA) nanoparticles (NPs) was developed, and fluores-
cence imaging under in vivo conditions detected the
PI3K - Akt signaling pathway in tumor cells. It has been
found that it inhibits and causes apoptosis [55]. Thus,
the importance of cellular targeting has been deter-
mined.

4. Conclusion

In this study, Albumin-Bound Fe(lll)-S-Methyl-Thiosemi
carbazones were successfully synthesized, and their
anticancer effects were examined. These NPs enhanced
the anticancer activity of Fe(lll)-S-Methyl-Thiosemicarb
azones on breast cancer cells. In contrast, when ALB-
FeTCs were administered in similar concentrations,
there was no discernible effect on healthy HUVEC cells.
Our results indicate that ALB-FeTCs may be a promis-
ing candidate for breast cancer treatment. However,
the study did not evaluate the long-term effects of the
nano drugs. Therefore, further research is needed to
understand the long-term effects of the drugs at in vivo
conditions and standardize the method.
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