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University, Mashhad, Iran chitosan bound to folate. After characterization, the amount of Ant loading in nanopar-

ticles was measured by the absorption method and then its toxicity effects on breast
cancer cell lines, colon, and normal cells were evaluated by the MTT method. The
real-time QPCR method was used to investigate the expression changes of apoptosis-
related genes in the treated cells compared to the control cells, and finally, the anti-
tumor effects of nanoparticles were evaluated in the mouse model carrying breast
cancer. The results of this investigation showed the presence of nanoparticles with
dimensions of 252 nm, a dispersion index of 0.28 mV, and a surface charge of 27.14 mV,
which are trapped in about 88% of ATL. The toxicity effect of nanoparticles was shown
on breast, colon, and normal cancer cells, respectively. In addition, the examination

of the gene profile under investigation showed an increase in the expression of BAX
and caspase-3 and -9 along with a decrease in the expression of the Bcl-2 gene, which
confirms the activation of the internal pathway of apoptosis. The decrease in the
volume of tumors and the presence of apoptotic areas in the tissue sections confirmed
the antitumor effects of nanoparticles in the in vivo model. The inhibition percentage
of free Ant and nanoparticles with a concentration of 25 and 50 mg/kg/tumor volume
was reported as 36.9%, 56.6%, and 64.9%, respectively, during 15 days of treatment.
These results showed the effectiveness of the formulation in inhibiting cancer cells
both in vitro and in vivo.
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Introduction

Conventional cancer treatment involves surgery, in conjunction with chemo- and radio-
therapy if necessary (Satapathy et al. 2023). Despite their efficiency, both medications
have significant adverse effects, which limit their use (Maleki et al. 2019). It is, therefore,
possible for these treatments to be more aggressive and to cause numerous unwanted
side effects as well as negative effects on the cells in the body other than cancerous cells
(Mirhadi et al. 2020). It is possible to reduce these adverse effects using plant products
as complementary treatments, in conjunction with a reduction in exposure to chemo-
therapy and radiotherapy (Greenwell and Rahman 2015).

Traditionally, flavored plants have been used as homeopathic remedies to treat a vari-
ety of diseases, including cancer. It has been found that herbal ingredients possess the
ability to inhibit the proliferation of cancer cells as well as to reduce the side effects asso-
ciated with chemotherapy and radiotherapy. Hence, traditional medicine may offer a
more effective and specific treatment for cancer than chemotherapy compounds (Zim-
mermann-Klemd et al. 2022).

Anethole (1-methoxy-4-propenyl-benzene, iso-estragole) (Ant) is an alkoxypropenylb-
enzene derivative and an important flavoring component of essential oils from aromatic
plants including anise, star-anise, and fennel (Aprotosoaie et al. 2016; Ponte et al. 2012;
Huxley 1992). In nature, trans-Ant constitutes around 90% of the naturally occurring
isomer form of anethole (Jurado et al. 2006). Around the world, traditional uses of plants
that contain Ant are mainly for treating digestive and neurological disorders, and inflam-
matory conditions of the skin or respiratory tract. Trans-Ant is considered food grade
and can mask unpleasant odors, mainly acidic, sour, and sulfurous. Therefore, it is widely
used as a masking agent in cosmetics, soaps, and oral hygiene products (toothpaste and
mouthwash) is used (Dongare et al. 2012). In addition, Ant is used in food preservation,
industrial products, feed additives, artificial flavors, and pesticides (Lal et al. 2022). As
a potential antitumor agent, Ant interferes with the biology of cancer cells with its pro-
apoptotic, anti-metastatic, and anti-inflammatory effects. Ant and its synthetic analogs
show therapeutic activity by suppressing invasive and non-invasive adenocarcinomas
(Rhee et al. 2014).

Nanotechnology has proven extremely successful in the delivery of drugs. A con-
sensus definition of nanoparticles has not yet been reached internationally. Particles
with sizes ranging from 1 to 100 nm are considered nanomaterials by many sources
(Auffan et al. 2009). A growing field of research involves the use of nanotechnology
with natural products. It is possible to deliver natural compounds in the treatment
of cancer and other chronic human diseases using nanotechnology. Natural products
can be made more bioavailable, targeted, and controlled-release by incorporating
nanoparticles (Watkins et al. 2015). As a highly water-soluble protein, bovine serum
albumin (BSA) binds drugs and inorganic substances noncovalently. By precipitating
albumin in organic solvents, and then crosslinking it with glutaraldehyde molecules,
microscopic particles and nanoparticles of albumin can be obtained (Tian et al. 2004).
The first commercially available albumin nanoparticles with paclitaxel were 130 nm in
size (Kratz 2008). According to some studies, hydrophobic compounds are effectively
transported by particles with a diameter of 20-200 nm (Xu et al. 2011). It is possible
that negative or positive charge molecules could be electrostatically adsorbing to BSA
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nanoparticles, and the presence of hydrophobic cavities could facilitate the incorpo-
ration of drugs that are insoluble in water (Mohanta et al. 2012; Subia and Kundu
2012). In comparison with liposomal nanocarriers, BSA nanoparticles are smaller and
have better-controlled properties for drug delivery (Wei et al. 2014).

Chitosan (CS) has been widely used as a particle-forming polymer and, more inno-
vatively, as a surface coating in pharmaceutical nanotechnology. Several types of
nanocarriers have been decorated with CS for a wide variety of applications, includ-
ing polymeric nanoparticles, lipid nanoparticles, and metal-based nanoparticles (Cé
et al. 2016; Gongalves et al. 2012; Hamedinasab et al. 2020; Fonte et al. 2011; Agotega-
ray et al. 2016; Frank et al. 2020). Researchers have demonstrated in vitro and in vivo
that CS can be used to modify the surface of nanocarriers of these types, improving
their physicochemical stability, controlling drug release, and promoting mucoadhe-
sive properties and tissue penetration. Modulating cell interactions, enhancing anti-
microbial effects, and enhancing bioavailability and drug efficacy are some of how this
can be accomplished.

Through the enhanced permeability and retention (EPR) effect, passive targeting
nanoparticles allow drugs to leak from blood vessels supplying cancerous cells (Cho
et al. 2008). In contrast, active targeting nanoparticles target ligands conjugated on
their surface, thereby increasing the rate of receptor-mediated endocytosis, thus
increasing drug accumulation in the tumor microenvironment and cells (Mashreghi
et al. 2018, 2021a). Various tumors overexpress folate, making it a cancer-targeting
ligand. As cancer progresses, folate receptor density increases. Nanocarriers can be
tagged with folic acid (FA) for imaging and diagnosis. Chemotherapeutics can be
delivered with FA-decorated nanoparticles (Ebrahimnejad et al. 2022).

This study aimed to prepare and characterize Ant-loaded BSA nanoparticles deco-
rated with FA-bonded CS. After characterization, the in vitro cytotoxicity and real-
time qPCR were performed. Then, the anti-tumor effects of Ant-BSA-CS—FA were
evaluated on mice-bearing tumor models.

Materials and methods

Materials

Ant, BSA, and MTT were obtained from Sigma Aldrich (Darmstadt Germany).
Human foreskin fibroblast (HFF) normal cells and MCF-7 human breast cancer,
HT-29 human colon carcinoma, and TUBO mice breast cancer cells were obtained
from Ferdowsi University of Mashhad cell bank, Iran. All materials and reagents
needed for cell culture were provided by Gibco (USA).

Preparation of the Ant-loaded BSA nanoparticles (Ant-BSA)
For the synthesis of nanoparticles, BSA was first dissolved in 10 mM NaCl and placed
on a continuous stirrer for 30 min. Then, the pH of the solution was increased to 8.2.
Next, Ant was dissolved in 96% ethanol and added dropwise to BSA. The resulting
mixture was placed on the stirrer for 10 min. Next, glutaraldehyde was added to the
mixture and it was kept under constant stirring for 24 h.



Sadeghzadeh et al. Cancer Nanotechnology (2023) 14:24 Page 4 of 15

Surface modification of the Ant-BSA

To modify the surface, chitosan was placed in 1% acetic acid on the stirrer for half an
hour, while FA was also activated with 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
(EDC) and N-hydroxysuccinimide (NHS). Next, NHS—FA was filtered and added drop-
wise to chitosan and kept under constant stirring on a stirrer for 24 h. After 24 h, the pH
was adjusted to 9.0 and the precipitate was collected by centrifugation. Next, Ant-BSA
and the precipitate of CS—FA in water and 1% acetic acid were mixed and incubated for
2 h under continuous stirring. After that, the Ant-BSA—CS—FA was collected and the
supernatant was used to check the amount of drug encapsulation.

Characterization of the Ant-BSA-CS-FA

To check the size and dispersion index of nanoparticles, the dynamic light scattering
(DLS) method was used. The surface potential of nanoparticles was also measured using
a Zeta sizer device. To evaluate these indicators, nanoparticles were first dissolved in
deionized distilled water and then diluted 10 times. After ensuring complete dispersion,
the resulting colloidal suspension was analyzed using DLS (Nano-ZS, Malvern, UK).
Scanning electron microscope (SEM) microscope was used to evaluate the morphology
of nanoparticles. For this purpose, a colloidal suspension was prepared and sprayed on
an aluminum grid. After drying, the surface of the nanoparticles was coated with gold
and subjected to microscopic examination. Functional groups of nanoparticles were
investigated by the Fourier transform infrared (FTIR) spectroscopy. For this purpose,
2 mg of nanoparticles were mixed with KBr powder and then compressed and made into
tablets. Tablets were analyzed in a spectrometer in the range of 400 to 5000.

Encapsulation efficiency (EE)

To check the amount of percentage of EE (EE%), an indirect method and absorption
spectrophotometer was used. First, different concentrations of Ant were prepared and
their absorption was measured at a wavelength of 259 nm and its standard curve was
plotted. By placing the absorption of the supernatant in the resulting formulation, the
amount of free Ant was calculated and the amount of the encapsulated drug was calcu-
lated using the following formula:

EE% = (amount of free drug — the total amount of drug) / total amount of drug x 100.

Cytotoxicity of the Ant-BSA-CS-FA

The MTT method was used to investigate the toxicity effect of nanoparticles. This
method is a colorimetric method and it is easy to reduce yellow tetrazolium salt by dehy-
drogenase enzyme of living cells and produce purple formazan crystals. For this purpose,
5000 cells were transferred to each well of a 96 plate and after 24 h of incubation, the
cells were treated in three replicates with different concentrations of nanoparticles. After
48 h of treatment, the cell culture medium was drained and 100 pL of MTT solution
in the culture medium were added to each well. After 4 h of incubation and depletion
of media, 100 pL of Dimethyl sulfoxide (DMSO) were added to each well and analyzed
under the ELISA reader device. The following formula was used to check the viability of
the cells and IC50 values were calculated using CalcuSyn version 2.0:
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Cell viability(%) = (absorbance of sample / absorbance of cells without treatment) x100.

Anti-apoptotic properties of the Ant-BSA-CS-FA using real-time qPCR

The expression levels of four genes including Caspase-3, Caspase-9, Bcl-2, and BAX were
evaluated in this study. The primers list is shown in Table 1. For this purpose, first, the
cells were transferred from the culture flask to four new culture flasks and after 48 h they
were treated with different concentrations of nanoparticles for 48 h. After the treatment
period, the total RNA of the cells was extracted using an RNA extraction kit according to
the manufacturer’s protocol. Next, the amount of RNA to prepare cDNA was measured
by the nanodrop method, and a specific volume of RNA was used for cDNA synthesis.
One microliter of cDNA was synthesized in specific concentrations along with 10 uL of
SYBR green, 3 pL of water, and 2 pL of primer to prepare the reaction mixture. Using
real-time qPCR, the amounts of gene expressions were analyzed.

In vivo anti-tumor activities of the Ant-BSA-CS-FA

For this purpose, 32 BALB/s female mice aged approximately 4—8 weeks and weighing
18-23 g were purchased from the animal department of the Pasteur Institute of Iran,
Tehran, Iran. After 1 week of keeping in new conditions and adaption, the anti-tumor
test was performed.

TUBO mouse breast cancer cells were used to prepare the cell suspension required for
injection. The cells were cultured in 20% Dulbecco’s Modified Eagle Medium (DMEM)
culture medium until they reached the logarithmic phase, and then they were separated
from the flasks and the number of cells was counted. Next, 300,000 cells were injected
in a volume of 100 pL at the flanked area of each mouse. The mice were examined for
1 week in terms of tumor formation and after confirming the presence of tumors, the
mice were divided into 4 groups of 8 each (the first group included control mice without
treatment, the second group receiving free-drug, and the third and fourth groups receiv-
ing 25 and 50 mg/dose of Ant-BSA—CS-FA, respectively, by intraperitoneal injection
(i.p.) every day for 15 days. On the first day of treatment, the size of the tumors was eval-
uated and recorded using a digital caliper. Finally, after the treatment period, chloroform
was used to anesthetize the animals and then the tumors were removed and transferred
to 10% formalin for histological evaluations.

After undergoing histological preparations including, fixation, embedding, and sec-
tioning, the samples were stained in hematoxylin and eosin (H&E) staining, in which
the acidic components of the cell such as the nucleus, nucleic acids (DNA and RNA)

Table 1 List of primers used in real-time gPCR

Gene Forward Reverse

GAPDH GCAGGGGGGAGCCAAAAGGGT TGGGTGCCAGTGATGGCATGG
Bax AAACTGGT GCTCAAGGCCC CTTCAGTGACTCGGC CAGG
Bcl-2 GATAACGGAGGCTGGGATGC TCACTTGTGGCCCAGATAGG
Caspase-3 CTGGACTGTGGCATTGAGAC ACAAAGCGACTGGATGAACC

Caspase-9 CCAGAGATTCGCAAACCAGAGG GAGCACCGACATCACCAAATCC
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are stained with the basic dye of hematoxylin and the basic parts of the cell (cytoplasm)
are stained with the color of this eosin dye with acidic property to evaluate the tissue.
In this way, the cytoplasm of stained tissues is pink and the nucleus is dark, blue, or
purple. Finally, the slides were covered with a coverslip and subjected to microscopic
examination.

Statistical analysis

The data were analyzed using the GraphPad Prism software (version 8) and a one-way
ANOVA test. To analyze variance and compare means, the LSD method was used. A sig-
nificance level of p <0.05 was used to determine the significance of the results.

Results

Characterization

Examining the particle size by the DLS method showed that the formed nanoparticles
have a hydrodynamic diameter of 252 nm with a dispersion index of 0.28 (see Fig. 1A).
The nanoparticles’ small size and narrow dispersion distribution indicate the synthesis
of nanoparticles with high stability. The Zeta potential of nanoparticles with a zeta sizer
is shown in Fig. 1B. This indicator was reported as 27.14 mV, indicating the formation of
high-stability nanoparticles. The positive surface charge of nanoparticles can be attrib-
uted to the presence of chitosan coating around the particles. Examining the morphol-
ogy of nanoparticles with an SEM microscope, as shown in Fig. 1C, showed the presence
of multi-faceted and multi-shaped nanoparticles that have a smooth surface. Examining
the size of the particles shows that the size of most of the particles is consistent with the
data of the DLS report. In this study, BSA nanoparticles modified with CS—FA loaded
with Ant were analyzed by the FTIR method to check the presence of functional groups.
The results of this investigation shown in Fig. 1D, in which the presence of characteristic

A C iants thod B
umants me Mobiites

Mo 212 unispvsem
02850 StandacdOeviation: 081
Numberof Tackngs: 85

tEH

Size dispersion by Intensity

10000

May 2 T T T T T
44 2500 3000 %m 200 1500 1000

Fig. 1 Characterization. A Results of DLS reports indicated the Z-average of 252 nm. B Result of the
zeta-potential of the Ant-BSA-CS—FA, C SEM micrograph of the Pip—Ag-BSA-NP, and D FTIR spectra of the
Ant-BSA-CS-FA
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peaks of CS in the region of 3429 cm™! concerning the stretching of hydrogen bonds
between OH and NH molecules in chitosan and peaks in the range of 1638 cm™!
related to the C=0 vibration of acetyl groups in CS (Amide I). The Amide III band at
1416 cm ™! is due to a combination of NH deformation and CN stretching vibration, and
the 1027 cm ™! peak corresponding to C—O stretching vibration was also observed. The
presence of CS groups and small changes in their peaks confirm the formation of nano-
particles with CS coating. The EE% of Ant was reported to be 88.7%, which shows the
high efficiency of the prepared formulation.

Cytotoxicity studies

The cytotoxic effect of Ant-BSA—CS—FA on normal HFF skin cells is shown in Fig. 2A.
As can be seen, up to a concentration of 250 pg/mL, no toxic effects were observed
against normal cells, while at concentrations below 200 pg/mL, both cancer cells were
inhibited by more than 50% (see Fig. 2B, C). These results show the effectiveness of the
treatment against cancer cells. The safety of nanoparticles on normal cells below the
concentration of 250 pug/mL was shown by the MTT method. Examining the toxicity
effect of nanoparticles in colon cancer cells showed an IC50 of about 175 pg/mL. In
other words, 50% of cancer cells were inhibited at a concentration of 175 pg/mL of nano-
particles (see Fig. 2B). The inhibitory effect of nanoparticles on cells was reported in a

concentration-dependent manner. The toxicity effect of nanoparticles on breast cancer
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Fig. 2 Cytotoxicity effects of Ant-BSA-CS-FA. A Cell viability diagrams of the HFF normal cells, B HT-29 colon
carcinoma cells, and C MCF-7 breast cancer cells treated with various concentrations of Ant-BSA-CS-FA.
(**p<0.01, and ***p <0.001). The test was performed in triplicate. The data were shown as mean =+ SD
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cells is shown in Fig. 2C. The results of this study showed a concentration-dependent
reduction of nanoparticles against cancer cells. As shown in the graph, the IC50 of
96.6 pg/mL, and at this concentration, 50% of cancer cells have undergone apoptosis.
In the highest concentration of 70%, the inhibitory effect of nanoparticles against the
investigated cells has been shown. In addition, the comparison of the inhibition rate of
nanoparticles against two cell lines showed higher inhibition of nanoparticles on breast
cancer cells.

Real-time qPCR

The caspase-3 gene is common in the intrinsic and extrinsic pathways of apoptosis, and
the expression level of this gene changes with the activation of each of the intrinsic and
extrinsic pathways. As shown in Fig. 3A, the expression level of this gene has shown
a significant increase in all three investigated concentrations (*p<0.05 and **p<0.01),
which indicates the occurrence of apoptosis in cells treated with nanoparticles. The cas-
pase-9 gene is activated in the activation of the internal pathway of apoptosis, so the
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Fig. 3 Real-time gPCR. Quantitative analysis of caspase-3, caspase-9, BAX, and Bcl-2 genes expression in cells
treated with Ant-BSA-CS—-FA. (*p<0.05, **p < 0.01, p<0.01, and ***p <0.001). The data were presented as
mean = SD. The test was performed in triplicate
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increase in the expression of this gene in cells treated with nanoparticles indicates the
activation of the internal pathway of apoptosis. In other words, increasing the expres-
sion of BAX shows the activation of the internal pathway of apoptosis in cells treated
with Ant-BSA—CS-FA (see Fig. 3B). Figure 3C shows the changes in the expression of
the BAX gene as a pro-apoptotic gene which showed that the expression of this gene in
the cells increased in all the treated concentrations; however, only in the concentration
of 100 and 150 pg/mL, the increase in expression was shown significantly (***p <0.001).
Since the treatment with nanoparticles increased the expression of BAX as a proapop-
totic gene, the results show the effect of nanoparticles on the activation of the apop-
tosis process. The BCL-2 gene is known as an apoptosis inhibitor gene. Therefore, the
decrease in the expression of this gene causes the activation of the apoptosis process.
The results of this study showed a decrease in the expression of the BCL-2 gene in all
three concentrations. As it can be seen that nanoparticles inhibit BCL-2 in treated cells
in a concentration-dependent manner, these results show the effectiveness of Ant-BSA—
CS-FA in activating the apoptosis process (see Fig. 3D).

In vivo anti-tumor activates
Examining the volume of tumors in samples treated with Ant-BSA—CS—FA compared to
control and samples treated with the free drug showed the effectiveness of the formula-
tion in reducing tumor growth. As can be seen in Fig. 4A, the largest decrease in tumor
volume is observed in samples treated with a concentration of 50 mg/dose of nanoparti-
cles. Next, nanoparticles with a concentration of 25 mg/dose have shown a high inhibi-
tory effect. The inhibition percentage of free Ant and nanoparticles with a concentration
of 25 and 50 mg/kg/tumor volume was reported as 36.9%, 56.6%, and 64.9%, respectively,
during 15 days of treatment. Examining the size of the tumors after separating the sam-
ples from the body shows a reduction in the size of the tumor in the treated samples
compared to the non-treated samples (see Fig. 4B). These results can be related to the
effectiveness of Ant-BSA—CS—FA in reducing tumor growth during treatment.
Examining the histological changes in the tumor samples extracted from the treated
mice compared to the untreated mice, the effect of nanoparticles is shown in Fig. 5. As
can be seen in the picture, the control sample, is uniform and has sections called car-
cinoma islets, while in the samples treated with the Ant and two doses of Ant-BSA-
CS-FA, some carcinoma regions are destroyed and its cells are dark in color. These
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Fig. 4 Anti-tumor studies. A Results of tumor volume in mice treated with PBS, Ant, doses of 25 and 50 mg of
Ant-BSA-CS-FA. B Macroscopic image of tumors removed on the day after injection of the formulations
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Control

Fig. 5 Histological evaluations. H&FE staining of the tumor sections from the control group, free Ant, doses 25
and 50 mg of the Ant-BSA-CS-FA

islets have undergone apoptosis and show apoptotic areas. As can be seen, in the sample
treated with a concentration of 50 mg, the number of apoptotic islets is higher than in
other groups. In the samples treated with nanoparticles, an increase in apoptotic areas is
observed compared to the free drug, which shows the antitumor effects of the Ant in its

nanoparticle form.

Discussion

In the present study, Ant was encapsulated in the BSA nanoparticles and these nanopar-
ticles were surface coated with CS—FA. Some environmental factors, such as ultraviolet
and visible light, temperature, atmospheric oxygen, and long-term storage significantly
affect the chemical stability of Ant, which cause oxidation and isomeric reactions and
finally destruction of it (Turek and Stintzing 2013). Hence, the formulation of such a
drug could enhance its chemical stability. In addition, nanocarriers improve the drug
solubility, and therapeutic index, as well as reduce the inhibitory effects on natural
cells, and increase the effectiveness of the treatment (Kumari et al. 2016). In addition,
by changing and modifying the surface of these carriers, controllable pharmacological
and physicochemical properties can be achieved, as well as the ability to remove chemo-
therapy barriers (Ernest et al. 2018; Mashreghi et al. 2021b).
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The high loading efficiency of BSA due to its ability to trap a large number of drug
atoms in each molecule, biocompatibility and biodegradability, non-toxicity, non-
immunogenicity, as well as specific absorption on tumor and inflamed tissue led to the
selection of this carrier in the present study (Choukrani et al. 2021). Modification of
nanoparticles, considering the type of nanoparticles, is an effective strategy to entrap
drugs and suppress their side effects, and it can increase the drug concentration in the
target organs or tissues, and then reduce the effective dose and adverse symptoms (Maiti
et al. 2018). Therefore, in this study, to increase the efficiency of the nanocarrier, CS—FA
was used to modify the surface of the nanoparticles. The binding of ligands, such as FA,
transferrin, and Arg—Gly—Asp (RGD), etc. has been used in various studies to effectively
identify and deliver drugs to cancer cells (Gu et al. 2017; Nik et al. 2021; Soe et al. 2019).

In this study, the desolvation method was used for the synthesis of nanoparticles, and
CS attached to FA was conjugated to Ant-BSA—CS—FA. The average particle size was
252 nm, with a dispersion index of 0.28 and a zeta potential of 27.14 mV. The presence
of a positive charge on the surface of nanoparticles can be attributed to the CS coating
on the surface of nanoparticles. The presence of amine groups in the structure of CS
increases the positive charge on the surface of nanoparticles, and this positive charge
leads to an increase in the adhesion and retention of nanoparticles in cancer cells (Wang
et al. 2013). On the other hand, the positive charge caused by the presence of CS on
the surface of nanoparticles reduces the possibility of interaction of nanoparticles with
phagocytes, which reduces the absorption of nanoparticles by these cells and increases
their durability in the body (Parveen and Sahoo 2011). The use of FA in the structure of
nanocarriers is one of the effective approaches in targeting and minimizing the accumu-
lation of chemotherapy drugs in non-target organs (Li et al. 2014). FA is a non-toxic and
non-immunogenic ligand that has a high tendency to bind to the surface of nanoparti-
cles (Cheng et al. 2017). Considering that breast cancer cells have a high expression of
FA receptors on their surface, therefore, in this study, to target drug delivery to cancer
cells, FA binding to the surface of nanoparticles was done. FA has a negative charge, and
it was shown that the attachment of FA to the surface of BSA nanoparticles can increase
the surface negative charge (Sun et al. 2019). While in the present study, the surface zeta
potential after modifying the surface of nanoparticles with CS—FA was reported to be
positive, and this difference in charge can be attributed to the presence of CS coating. In
addition, the results of a study showed that the use of FA on the surface of nanoparticles
can enhance the active targeting effect of nanoparticles in cells with high expression of
FA receptors, such as HeLa (Chu et al. 2021). In another study, the high-pressure homo-
geneous emulsification method was used for the synthesis of human serum albumin
nanoparticles conjugated with glycyrrhizic acid containing resveratrol in which The EE%
was 83.6% (Wu et al. 2017). Comparing the results of this study with the present study
shows that the particle size and EE% are almost the same.

After characterizing and checking the percentage of drug encapsulation and ensuring
success in the preparation of nanoparticles, the cytotoxicity of Ant-BSA—CS—FA against
breast and colon cancer cells was evaluated compared to normal cells. The results show
the safety of nanoparticles on normal cells at effective concentrations on cancer cells.
The increased effect of nanoparticles on cancer cells can be attributed to the high expres-
sion of the FA receptor on the surface of the cells and the increased internalization of the
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nanocarrier through receptor-mediated transfer. Since the amount of FA receptors on
the surface of normal cells is much lower than that of cancer cells, it can be said that
the modification of the surface of nanoparticles has an effective role in the targeted
transfer and internalization of the drug to the investigated cancer cells. In a study, albu-
min—paclitaxel nanoparticles (FA-BSA-PTX) conjugated with FA were synthesized,
and further investigation of the toxicity effect of nanoparticles on HeLa cells showed
that FA can act as a targeting ligand for albumin carrier to enhance the active targeting
effect of nanoparticles by expressing High FR is used (Chu et al. 2021). In another study,
BSA nanoparticles conjugated with FA were used to increase the solubility, bioavailabil-
ity, and transfer of baicalin to breast cancer cells, then the toxicity effects of nanoparti-
cles were evaluated using MTT. The results of this study showed that compared to the
control group and free baicalin, the synthesized nanoparticles inhibited the viability of
MCE-7 cells. These results clearly showed that the encapsulation of baicalin in FA—albu-
min nanoparticles improves its antiproliferative activity (Liu et al. 2022).

Apoptosis activated by the mitochondrial-mediated intrinsic pathway is initiated by
certain signaling molecules. When the permeability of the mitochondrial membrane
changes, cytochrome c is released from the mitochondria into the cytosol. Upon receiv-
ing the apoptotic signal, caspase-9 is activated first, followed by caspase-3, -6, and -7,
which ultimately leads to the cleavage of apoptosis-related protein substrates, and this
is a process regulated by Bcl family proteins (Liu et al. 2022). Here, we found that the
synthesized nanoparticles inhibited the expression of anti-apoptotic protein Bcl-2,
increased the expression of pro-apoptotic protein BAX, and activated caspase-9, -3 in a
dose-dependent manner, thereby causing It induces cell apoptosis.

In this study, the anticancer effects of Ant-BSA—CS—FA were investigated in a tumor-
bearing mouse model. The results of this study showed a decrease in the volume of
tumors during treatment with nanoparticles. In addition, the effect of nanoparticles on
tumor tissue was investigated by H&E staining and the results showed the formation of
apoptotic areas in the treated samples. In addition, it was found that the pro-apoptotic
effects of nanoparticles on tumor tissue increase with increasing treatment concentra-
tion. Similar to the present study, in a study in 2019, the effects of albumin nanoparticles
containing cabazitaxel conjugated with folate were investigated in tumor-bearing mice.
The results of the study showed that nanoparticles containing FA show stronger fluores-
cence at the tumor site than nanoparticles without FA, which indicates an increase in
delivery by FR-mediated endocytosis. In addition, the results showed that considering
that the presence of nanoparticles is also confirmed in other tissues, such as the liver and
kidney, the highest concentration is in tumor tissue. Examining the tumor volume in the
free drug sample and two nanoparticle forms with FA and without FA showed that all
three formulations inhibited tumor growth (Sun et al. 2019).

Conclusion

The results of this investigation showed the formation of Ant-loaded BSA nanoparticles
surface-decorated with CS—FA. The side of Ant-BSA—CS-FA was 252 nm and had nar-
row dispersion, which indicates the formation of stable nanoparticles with an acceptable
size for clinical applications. The surface charge of nanoparticles showed the presence of
repulsive force to prevent the agglomeration of particles. Examining the toxicity effect
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of Ant-BSA—CS-FA showed high toxicity of nanoparticles on breast and colon can-
cer cells compared to normal cells. Since the most toxicity was observed against breast
cancer cells, more analyzes were performed to determine the inhibitory mechanism of
nanoparticles. The results of the molecular analysis showed the activation of the internal
pathway of apoptosis, which together with the anti-tumor effects of Ant-BSA-CS-FA
that were shown in the tumor-bearing mouse model, showed the effectiveness of this
formulation in inhibiting cancer cells. It introduces as a promising factor in preclinical
and clinical investigations of cancer.
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