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Abstract

Background: This study aimed to develop a novel drug formulation using polybutylcyanoacrylate (PBCA)
nanoparticles to deliver cisplatin, a commonly used chemotherapeutic agent for breast cancer treatment.
Materials and Methods: PBCA nanoparticles were synthesized using a mini-emulsion polymerization method,
and the resulting NPs were comprehensively characterized for their physical properties, such as size, size
distribution, zeta potential, drug loading, and encapsulation efficiency. In addition, the cytotoxicity of the NPs
was assessed, along with their ability to release the entrapped drugs over time. Results: The results showed that
the PBCA nanoparticles had a mean size of 457 + 7.4 nm, a size distribution of 0.253+0.011 and a negative zeta
potential of -12.3 = 1.3 mV. The drug encapsulation efficiency and loading capacity of cisplatin-PBCA were
found to be 45.6 =2.7% and 3.5 +0.8%, respectively. The release of the drug from the PBCA was estimated to be
approximately 12.2+1.1% after 45 hours. The cytotoxic effects of the nanoparticle formulation were significantly
enhanced compared to the free drug. The cytotoxicity of cisplatin-PBCA was evaluated in the T-47D breast cancer
cell line, showing promising results as a potential drug formulation for breast cancer therapy. Conclusions: These
findings suggest that cisplatin-PBCA may offer advantages over traditional cisplatin formulations, potentially
improving the efficacy and reducing the toxicity of breast cancer treatment.
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Introduction

A wide range of diseases shape our modern healthcare ~ disorders like Alzheimer’s, which progressively damages
landscape. These include complex neurodegenerative =~ memory and cognitive function, making it difficult to
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perform daily tasks [1]. There’s also the ongoing global
threat of infectious diseases like COVID-19, which has had
a profound impact on public health [2, 3]. Furthermore,
we must consider the persistent burden of chronic
conditions such as cirrhosis, a late-stage liver scarring
often caused by long-term liver damage from factors like
chronic alcohol abuse or viral infections [4, 5]. Hepatitis
C virus, a bloodborne pathogen, infects the liver, leading
to inflammation and potentially cirrhosis and liver cancer
if not treated [6]. High blood pressure or hypertension is
a chronic medical condition characterized by consistently
elevated blood pressure against the walls of the arteries
[7]. This condition significantly raises the risk of heart
disease, stroke, and various other health complications.
Vertigo is a disorienting sensation of dizziness or spinning,
often accompanied by a feeling of imbalance, and it can
result from various underlying medical conditions or
disturbances in the inner ear [8]. Cancer is a complex
group of diseases characterized by the uncontrolled growth
and spread of abnormal cells, and it encompasses a wide
variety of types, such as breast cancer, lung cancer [9],
prostate cancer [10], pancreatic cancer [11], gastric cancer
[12], brain cancer [13], and many more. Among these
cancers, breast cancer is marked by abnormal cell growth
in breast tissue, illustrating the diverse range of health
problems that require medical attention and research in
our complex healthcare system [14, 15]. Breast cancer is
a leading cause of death among women worldwide, and
its complexity arises from both genetic and environmental
factors. While age, gender, family history, obesity, diet,
race, and other factors can increase cancer risk, the exact
etiology of breast cancer remains unclear. Treatment
options for breast cancer include surgery, radiation
therapy, chemotherapy, hormone therapy, and others.
Although chemotherapy is an effective treatment option,
its toxic side effects, such as liver and kidney damage,
immunosuppression, vomiting, hair loss, and more, can be
significant limitations for patients. In addition, damage to
normal tissues caused by tumor drugs is a major concern
for individuals with breast cancer [16-18]. Cisplatin is a
widely used chemotherapy drug effective against various
types of cancer, including breast cancer. It works by
binding to DNA molecules, which leads to the induction
of programmed cell death (apoptosis) or accidental cell
death (necrosis) in cancer cells. However, its use can
also result in adverse side effects, such as kidney damage
(nephrotoxicity) and nerve damage (neurotoxicity) [19].
The utilization of nanotechnology materials for the
delivery of chemotherapeutics holds great promise, as it
can significantly improve drug penetration into tumors,
augment targeting efficiency, and concurrently minimize
adverse side effects [20, 21]. Polymeric nanoparticles
can be produced using two different polymerization
techniques: dispersion polymerization and emulsion
polymerization. PBCA NPs have several advantages, such
as the capacity to change the distribution of medicines
within the body, biodegradability, and simplicity of
synthesis and purification. Mini-emulsion polymerization
and anionic polymerization are the two most popular
ways to make PBCA NPs. With this approach, there is no
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need to move monomers or other hydrophobic substances
from one container to another during polymerization
because the droplets serve as both the beginning and the
growth of the polymerization sites, making mini-emulsion
polymerization a one-stage nano-encapsulation method for
encapsulating hydrophobic molecules [22].

Cisplatin is a commonly used chemotherapy drug for
treating various types of cancer, including breast cancer.
Despite its effectiveness, it has been challenging to develop
a suitable nanoparticle formulation of cisplatin due to its
hydrophilic nature. Several methods and nanomaterials
are available today for treating cancer and other serious
diseases. The combination of iron nanoparticles with
metal-organic- frameworks and azathioprine has been
remarkably effective in drug delivery [23]. In this study,
we investigated the use of PBCA-nanoparticles as a
carrier system for delivering cisplatin. We employed
mini-emulsion polymerization to load cisplatin onto
PBCA-nanoparticles and evaluated their efficacy in vitro
using the T-47D cell line of breast cancer cells that exhibit
resistance to cisplatin. Our findings suggest that the
developed NPs could potentially enhance the therapeutic
index of cisplatin and overcome resistance in breast cancer
treatment.

Materials and Methods

Butyl cyanoacrylate monomer was purchased from
Evobond® Tong Shen Enterprise Co., Ltd., Taiwan.
Cisplatin, dextran 7000, and polyethylene glycol 400 were
obtained from Sigma-Aldrich Co., UK. Hydrochloric acid
and sodium hydroxide were supplied by Merck Company.
The T-47D cell line was obtained from the cell bank of
the Iran Pasteur Institute.

Preparation method for NPs containing drugs

To prepare NPs containing drugs, a combination of
butyl cyanoacrylate monomers, HCI, honey, olive oil,
dextran, PEG, and cisplatin was used. First, 330 puL of
butyl cyanoacrylate monomers were mixed with 300 pL of
HCI 0.01N, 130 mg of honey, 35 pL of olive oil, and 55
mg of dextran in a reaction vessel. Subsequently, 90 mg of
PEG and 60 mg of cisplatin were added to the mixture.
The components were thoroughly mixed under laboratory
conditions using a stirrer at 150 rpm. Next, 35 mL of cold
distilled water was gradually added to the mixture over two
steps while continuously stirring the mixture at 400 rpm
for 10 minutes. To create a pre-emulsion, the mixture was
then subjected to sonication using a probe sonicator (50 W,
Bandel in Sonopuls HD 2070, Bandelin Elec., Germany)
with the flask placed in an ice bath. The emulsion was
left to settle for 24 hours at 4°C before being transferred
back onto the stirrer and gently agitated (150 rpm, 3.5
hours) to allow the polymerization process to complete.
Finally, the pH of the mixture was adjusted to neutral
using NaOH 0.1N.

Characterization of PBCA
The characterization of PBCA involved determining
their mean size, size distribution, and zeta potential using
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a Zetasizer (Nano ZS3600, Malvern Instruments of UK).

In vitro study of drug release

In vitro drug release studies were conducted using
80 mg of centrifuged drug-loaded nanoparticles (NPs)
redispersed in 6.5 mL of fresh human serum in a capped
centrifuge tube. The tube was incubated at 37°C while
shaking at 120 cycles per minute using a Kithner shaker
incubator (Birsfelden, Switzerland). At predetermined
time points, the tube was centrifuged at 21,000 rpm and
4°C for 60 minutes, and the supernatant was removed.
The collected NPs were then redispersed in 6.5 mL of
fresh human serum for continued release study. The
amount of cisplatin released into the supernatant was
determined using ICP-EOS elemental analysis.

Determination of encapsulation efficiency and drug
loading

To evaluate the drug loading efficiency and
encapsulation of the nanoparticles, we employed
two mathematical formulas. We first centrifuged
the emulsion of NPs at 21,000 rpm and 4°C for 50
minutes to separate the particles from the solvent.
The amount of drug in the supernatant was then
determined using Inductively Coupled Plasma Optical
Emission Spectrometry (ICP-OES) elemental analysis
with a 730-OES instrument from Varian. This allowed us
to calculate the drug loading efficiency and encapsulation
efficiency of the nanoparticles.

Encapsulation (%)= (Amount of drug in carrier
(mg/ml) / (Amount of drug fed initially (mg/ml)) x100

Loading efficiency (%)= (Amount of drug in
nanoparticle (mg/ml) / (Weight of nanoparticle
(mg/ml)) x10

Cytotoxicity assay

The viability of T-47D cells was evaluated using an
MTT assay, which involved seeding the cells in a 96-well
plate at a density of 1x10* cells per well and culturing
them in a controlled atmosphere with 5% CO, at 37°C
in RPMI-1640 culture medium supplemented with 10%
fetal bovine serum and 1% penicillin/streptomycin
antibiotics. The cells were allowed to attach for 24 hours
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before treating them with varying concentrations of free
cisplatin and cisplatin-PBCA. The viability of the cells
was then assessed over a period of 48 hours, and the
absorbance was measured at 570 nm using an ELISA
reader (BioTek Instruments, VT, USA). The IC,, value
was determined using the statistical package Pharm-PCS
software (Springer Verlag, USA).

Statistical analysis

The results are presented as means = SD (n = 3).
We used one-way ANOVA in IBM Statistics SPSS
software version 19 for statistical analysis and set
statistical significance at p < 0.05.

Results

Characterization of nanoparticles

The size, polydispersity index (PDI), and zeta
potential of the PBCA were determined to be 457 + 7.4
nm, 0.253+0.011, and -12.3 £ 1.3 mV.

In vitro study of drug release

The cumulative release rate of Cisplatin from
Cisplatin-PBCA nanoparticles is depicted in Figure 1.
The results showed that the nanoparticles had a high
drug retention capacity, with only 7.1% (w/w) of the
drug being released after 64 hours. Initially, within the
initial 17 hours of the assessment, a rapid liberation of
the medication was noticed, which may have been due to
the release of adsorbed drug molecules on the surface of
the NPs. Subsequently, the release rate slowed down
significantly over time, with only 0.35% of the drug
being released during the final 24 hours of the evaluation
period. It is likely that the presence of PEG contributed to
the reduced drug release, as it can form a protective layer
around the NPs and hinder drug diffusion.

Determining Drug Loading and Encapsulation Efficiency

To determine the amount of drug loaded into the
nanoparticles and the encapsulation efficiency, we used
a standard curve for drug formulation. We found that the
encapsulation percentage was 40.6 = 2.7%, and the loading
efficiency was 3.3 +0.8%.
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TIME [HOUR)

33 42 51 64

Figure 1. Release Pattern of Cisplatin from Cisplatin-PBCA NPs Synthesized by Miniemulsion Polymerization.
The pattern is presented as a percentage of release in different time intervals.
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Table 1. Investigation of MTT Test on PBCA Nanoparticle and Free Drug

Cell line IC,, of cisplatin

IC,, of cisplatin-PBCA P value

T-47D 84.2+7.1

48.5+4.4 p <0.05.

In vitro viability

The in vitro viability of cisplatin-PBCA and free
cisplatin was evaluated using an MTT assay in T-47D
cells. The half-maximal inhibitory concentration
(IC,,) of cisplatin-PBCA and free cisplatin for T-47D cells
is depicted in Table 1. The results showed that both free
cisplatin and cisplatin-PBCA displayed dose-dependent
cytotoxicity against this cell line, with cisplatin-PBCA
demonstrating greater efficacy against tumor cells
compared to free cisplatin.

Data are expressed as mean + SD from three
independent experiments.

Discussion

In this study, we successfully synthesized PBCA NPs
containing a high level of cisplatin using miniemulsion
polymerization, which proved to be a reliable and
effective method. We conducted the experiment three
times to ensure the results were consistent and reliable.
Our findings demonstrated that the production of NPs
involving butyl cyanoacrylate monomer was influenced
by various factors, including monomer concentration,
stabilizer or dextran concentration, pH environment,
and rapid stirring. Notably, we utilized a combination of
honey and olive oil as a surfactant in the manufacturing
process, which contributed to the anticancer properties
of the NPs [22]. Sreelakshmi et al. discovered that gold
and silver nanoparticles (NPs) coated with honey exhibit
exceptional antimicrobial properties [24]. Similarly, Wu et
al. found that naked carbon NPs derived from commercial
food-grade honey showed improved imaging capabilities
for sentinel lymph nodes [25]. Additionally, researchers
have observed similar positive effects when using olive
oil as a coating material for NPs [26]. The PEG used in
this study has several advantages that contribute to its
effectiveness in cancer treatment. Firstly, it can enhance
the stability of drugs and improve their delivery to tumors
[27]. Additionally, PEG has high water solubility, which
reduces the risk of immune response and antigenicity,
making it less likely to trigger an adverse reaction [28].
Furthermore, PEG can prolong the duration of drug
release, allowing for more efficient treatment over time.
It’s possible that the presence of PEG in the nanoparticle
structure contributes to its ability to retain drugs and
release them slowly, further enhancing its therapeutic
potential.

The zeta potential measurement of -12 mV confirmed
the stable dispersion of nanoparticles. The high
encapsulation capacity of up to 45% demonstrated the
effectiveness of the preparation method. In addition, the
drug release study showed that PBCA nanoparticles were
capable of retaining cisplatin, but a burst release occurred
within 17 hours, suggesting the release of adsorbed drugs

from the particles. The low and slow release of drugs from
nanoparticles may be attributed to the presence of PEG in
the formulation, as previously reported by Ebrahimi far et
al [18]. Notably, PEG not only improves the stability of
nanoparticles but also enhances their ability to deliver
drugs to tumors, ultimately increasing the therapeutic
efficacy of the drug. Different studies have shown that
polymeric nanoparticles can decrease drug release into
the external environment [22].

The MTT assay is a widely used method for evaluating
cell viability and toxicity, and thus, it was employed in this
study to investigate the cytotoxic effects of nano-cisplatin
[29]. The results demonstrated that nanoparticle-mediated
delivery of cisplatin resulted in enhanced cytotoxicity
towards T-47D breast cancer cells, as evidenced by
a lower IC,; value compared to free cisplatin. This
suggests that the nanoparticle formulation potentiates the
anticancer activity of cisplatin. However, further research
is necessary to optimize the efficacy of this novel drug
delivery system and explore its potential for treating
various types of cancer. In this regard, strategies such
as incorporating folate ligands, dextran, or monoclonal
antibodies into the nanoparticle formulation may be worth
investigating.

In summary, the findings of this study indicate that
Poly Butyl Cyanoacrylate nanoparticles can effectively
enhance the cytotoxicity of cisplatin against breast
cancer cell line T-47D, with an IC,  value of 48 pM being
observed for the nanodrug, which is significantly lower
than the IC, value of 84 uM for free cisplatin. To the
best of our knowledge, this is the first study to evaluate
the efficacy of cisplatin-loaded Polybutylcyanoacrylate
nanoparticles on the T-47D cell line. These results provide
valuable insights into the potential of nanoparticle-based
drug delivery systems for improving the therapeutic index
of chemotherapeutics like cisplatin.

In conclusion, our findings suggest that PBCA
nanoparticles are an effective carrier for delivering
cisplatin to breast cancer cells. Our research indicates that
cisplatin loaded onto these nanoparticles exhibits greater
cytotoxicity compared to free cisplatin against brain tumor
cells. Therefore, this formulation could potentially serve
as a promising chemotherapy option for treating brain
cancer in the future.
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