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Introduction

Cancer is a significant global health concern due to its 
high mortality rate, particularly among women and men. 
The most common types of cancer include breast cancer, 
lung cancer, prostate cancer, brain cancer, sarcoma cancer, 
and endometrial carcinoma (Fazilat‐Panah, Dehghani et 
al. 2021, Ahmadi, Sheida et al. 2022, Fayyad, Mohammed 
Ali et al. 2022, Mohammadinejad, Jafari-Gharabaghlou 
et al. 2022, Kalantari, Moqadam et al. 2022, khoshravan 
Azar, Dadashpour et al. 2022, Loghmani, Moqadam et 
al. 2022, Nayerpour Dizaj, Jafari-Gharabaghlou et al. 
2023, Sabzalian, Kharajinezhadian et al. 2023, Zarean 
Shahraki, Azizmohammad Looha et al. 2023). Brain 
tumors constitute 85% to 90% of all primary central 
nervous system (CNS) tumors and rank as the 10th leading 
cause of death for both men and women (Ostrom, Price 
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et al. 2022). In the year 2020, approximately 180,047 
individuals in the United States were estimated to be living 
with brain and other nervous system cancer (Fan, Zhang et 
al. 2022). Notably, the incidence of brain tumors is higher 
among females, accounting for 58.7% of diagnoses, in 
contrast to males at 41.3% (Miller, Ostrom et al. 2021). 
Regarding age distribution, adults aged 65 years or older 
represent 43.5% of all brain tumor cases, followed by 
adults aged 40 to 64 years at 40.0%, adolescents and 
young adults aged 15 to 39 years at 14.3%, and children 
under 15 years at 2.1% (Neff, Price et al. 2023). Cancer, 
like infectious diseases and Alzheimer’s disease, poses 
a significant global health challenge. While it shares the 
spotlight with other infectious diseases, cancer is part of 
a larger landscape of medical concerns that are influenced 
by a complex interplay of factors. (Torkaman, Nasiri et 
al. 2014, Torkaman, Kamachi et al. 2015, Derakhshan, 
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Eslampour et al. 2016, Allahyartorkaman, Mirsaeidi 
et al. 2019, Farmanfarma, Mohammadian et al. 2019, 
Vienne-Jumeau, Tafani et al. 2019, Moghimhanjani 
et al 2020, Hatami et al 2022, Kalani, Zare et al. 
2022, Moghimhanjani and Taghavirashidizadeh 2022, 
Taghavirashidizadeh  et al 2022, Khajeh, Ganjavi et al. 
2023, Sadrabad, Ghahremanfard et al. 2023, Sadrabad, 
Pedram et al. 2023). One of the primary treatment 
options for cancer is chemotherapy, which involves the 
use of drugs to eradicate cancer cells. Carboplatin, a 
chemotherapy drug, is commonly used for the treatment 
of specific cancer types, including brain carcinoma. 
However, the effectiveness of carboplatin can be enhanced 
by utilizing innovative drug delivery systems. In the field 
of cancer research, various studies have explored different 
aspects of cancer treatment and drug delivery systems. 
For instance, Alimirzaei and Kieslich (2023) focus on 
utilizing machine learning models to predict anticancer 
peptides, potentially contributing to the development of 
novel cancer therapies. Additionally, the investigation 
highlights the development of nanocomposites for 
applications in bone tissue engineering, underscoring the 
versatility of nanotechnology across various biomedical 
fields (Askari, Rasouli et al. 2021). Moreover, Rasouli, 
Darghiasi et al.  discuss the application of hydroxyapatite-
based nanoparticles for drug delivery and local controlled 
release, emphasizing the potential of nanomedicine in 
advancing treatment strategies. These nanoparticles offer 
multifunctionality and can be customized for specific 
therapeutic purposes. 

In the research by Salehi et al. on 2023, they discusses 
the challenges of diagnosing and treating cheilitis 
glandularis, a rare and poorly understood condition. The 
study emphasizes the importance of medical research in 
developing new treatments for such medical conditions. 
Furthermore, Soleymani, Halimehjani et al. 2023 
discuss the synthesis of iodine-containing compounds, 
highlighting efficient methods that involve nanoparticle 
synthesis for drug delivery applications. The focus 
is on a chemical synthesis method, indicating a high 
degree of control over the reaction. The methodology’s 
advantages include mild reaction conditions, high yields, 
easy purification, and the use of inexpensive reagents, 
making the protocol attractive for chemical synthesis. The 
study also explores the cytotoxicity of the synthesized 
silver nanoparticles, indicating that their genotoxic 
effects become more evident at higher concentrations. 
Furthermore, it sheds light on the challenges associated 
with treating brain tumors, attributing them to the blood-
brain barrier. This barrier impedes the uptake of lipophilic 
molecules, xenobiotics, potentially toxic metabolites, and 
drugs. The primary treatment options for brain tumors 
encompass surgical intervention, radiation therapy, 
chemotherapy, and targeted drug therapy. Surgery stands 
out as the most commonly employed treatment for 
brain tumors, and in many instances, it suffices as the 
sole therapeutic approach (Rivera, Norman et al. 2021). 
Radiation therapy employs high-energy beams like X-rays 
or protons to eliminate cancer cells (Scaringi, Agolli 
et al. 2018). Chemotherapy drugs are pharmaceuticals 
designed to eradicate cancer cells. While chemotherapy 

is rarely employed as a standalone treatment for brain 
tumors, it is often combined with surgical and/or radiation 
therapies (Sawyer, Piepmeier et al. 2006, Weiss, Weller 
et al. 2016). Transporting drugs across the blood-brain 
barrier presents a significant obstacle in the treatment of 
brain disorders. To overcome this challenge, researchers 
are actively exploring innovative strategies, such as 
utilizing nanoparticles for brain-targeted purposes 
(Moazzam, Hatamian-Zarmi et al. 2023)Targeted therapy 
medications are accessible for specific types of brain 
cancers and benign brain tumors (Wei, Chen et al. 2014). 
Carboplatin is a versatile anticancer medication currently 
utilized in chemotherapy to combat ovarian, breast, and 
brain cancers (Esim, Gedik et al. 2021, Alavi, Raza et al. 
2022). To mitigate the adverse effects of carboplatin and 
enhance its effectiveness in cancer treatment, researchers 
have developed Carboplatin-Niosomal nanoparticles 
(Alavi, Raza et al. 2022). Additionally, investigations 
have explored the use of PEGylated-Niosomes loaded 
with magnetic nanoparticles for targeted delivery of 
carboplatin in the fight against tumors (Davarpanah, 
Khalili Yazdi et al. 2018, Alavi, Raza et al. 2022). 
Despite previous attempts to employ various carriers for 
carboplatin delivery, the creation of the ideal nanoniosome 
formulation for this drug has encountered challenges. This 
study addresses this issue by refining the formulation of 
carboplatin nanoniosomes and assessing their impact on 
the toxicity of brain cancer cell lines.

Materials and Methods

Carboplatin, Span 40, polyethylene glycol (PEG) 400, 
and cholesterol were procured from Sigma-Aldrich Co., 
UK. The RPMI 1640 cell culture medium was sourced 
from Gibco Co., Germany. Furthermore, the C6 cell line 
was acquired from the Pasteur Institute cell bank in Iran.

Nanoniosomal drug preparation
Niosomal nanoparticles were created through the 

reverse phase evaporation method. In a concise summary, 
6 mg of carboplatin, 65 mg of span40, 40 mg of cholesterol, 
and 38 mg of PEG 400, with a molar ratio of 60:45:5 per 
cent, were dissolved in 120 ml of 96% (v/v) ethanol. This 
mixture was then heated to 37˚C and stirred at 140 rpm for 
2 hours until complete dissolution occurred. The solvent 
was subsequently removed using a rotary evaporator, 
leaving behind a thin film. This thin film was dissolved 
in two separate additions of 10 cc of phosphate buffer 
(pH 7.4). Finally, the formulations underwent sonication 
for 6 minutes using an ultrasonic bath (Bandelin Sonorex 
Digitec, Germany). The particles were then stored at 4℃ 
until the subsequent studies.

A single milligram of the formulation was dissolved in 
3 ml of phosphate-buffered saline (PBS). Following this, 
the nanoniosomes’ absorption at 633 nm was assessed, and 
their zeta potential and average diameter were measured 
using a Zetasizer (Nano ZS3600, Malvern Instruments, 
UK).

Encapsulation efficiency
Initially, a standard curve for Carboplatin was 
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et al. 2016, Ebrahimifar, Nili-Ahmadabadi et al. 2017).

Cytotoxicity assay
Cytotoxicity assessment was conducted using the 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) assay. After a 48-hour exposure period, 
the supernatant was aspirated, and a 100 µl solution of 
MTT (0.5 mg/ml) was introduced to the cells. The cells 
were then kept in incubation for 3 hours, followed by the 
addition of a 100 µl solution of isopropanol to the culture 
medium. After a 30-minute interval, the optical absorbance 
of the formazan product was quantified at 570 nm using 
a plate reader (Synergy Multi-Mode Elisa Reader, Bio-
Tek, USA). Lastly, the IC50 value was computed using 
the pharm program.

Statistical analysis
Statistical analyses for this study were conducted with 

GraphPad Prism software version 8.00, and a Student’s 
t-test was employed to assess statistical variances. The 
outcomes were presented as mean values along with 
their corresponding standard deviations (SD) based on a 
sample size of three (n = 3). Statistical significance was 
established when the p-value was below 0.05.

Results

Particle size and zeta potential analysis
As depicted in Figure 1, the average size of 

nanoniosomal carboplatin was measured at 290.5±5.5 
nm, and the zeta potential was found to be -21.7±7.4 
mV. Furthermore, the findings from measurements 
of encapsulation, drug loading efficiency, size, and 
zeta potential after a one-month period affirmed the 
nanoparticles’ reliable stability (refer to Table 1).

Furthermore, EE% and DLC% were calculated using 
the standard curve (Figure 2) and the following formula. 

Optical density OD= 11.114X + 0.0151
The calculations revealed an encapsulation efficiency 

of 60.2±2.3% and a drug loading content of 2.5±1.1%.

In vitro drug release studies
As illustrated in Figure 3, we monitored the release of 

carboplatin from the nanoniosomes into the PBS buffer 
at specific time points: 1, 2, 4, 10, 23, 27, 31, and 48 
hours. To ascertain the amount released, we employed a 
standard carboplatin curve. The findings indicated that, 
within the 48-hour duration, the nanoniosomes released 
approximately 74.6±4.8% of the carboplatin.

established by preparing different drug concentrations 
(0.039, 0.019, 0.009, 0.004, and 0.002 mg/mL) in PBS 
at a wavelength of 227 nm. Free-drug liposomes were 
employed as a reference to prevent any interference or 
overlap from other liposome or nanoparticle components. 
Subsequently, 2 mL of each formulation was subjected to 
centrifugation (at 14,000 rpm, 4°C, for 15 minutes), and 
the absorbance of the supernatant was determined at 227 
nm using a spectrophotometer from Hitachi, Japan. EE% 
and DLE% were then determined using the following 
equations:

(1)

                                                                             

(2)

Additionally, an assessment was conducted to 
determine the nanoparticles’ stability. This involved 
storing a suspension of particles in a refrigerator at 4°C 
for a duration of 1 months. Subsequently, the nanoparticles 
underwent a reevaluation, considering factors such as size, 
zeta potential, encapsulation, and drug loading efficiency.

Drug release study
To assess the release pattern of nanoniosomal 

carboplatin, we took 1 ml of the niosomal drug suspension 
and its control, placing them both in a dialysis bag with 
a molecular weight cut-off of 10,000 Daltons. This bag 
was then immersed in 80 ml of PBS buffer with a pH of 
7.4 and stirred at room temperature for a duration of 40 
hours, at a stirring speed of 140 rpm. After this period, 
2 ml of the old PBS buffer was removed and replaced 
with 2 ml of fresh PBS buffer. We measured the optical 
absorbance of the samples at 227 nm and calculated the 
concentration of the free drug using a standard curve. The 
cumulative percentage of drug release was determined 
using the following formula:

Drug release (%) = Released drug from particles (mg) 
/Total drug in particles (mg) × 100

Cell culture 
The C6 cell line was cultivated in RPMI 1640 

medium, to which 10% fetal bovine serum, 100 μg/ml of 
streptomycin, and 100 U/ml of penicillin were added as 
supplements. The cell culture was consistently maintained 
at conditions of 37°C temperature, 5% CO2, and 90% 
humidity. In each cell culture, 100 µl of a cell suspension, 
containing 10,000 cells, was introduced into the wells of 
a 96-well plate. The plate was then kept in an incubator 
at 37°C with 5% CO2. After a period of 24 hours, the 
supernatant was gathered from the cells. Subsequently, 
varying concentrations of the nanoniosomal carboplatin 
formulation, the control, and the standard carboplatin 
drug were introduced to the cells and incubated for 
an additional 24 hours. This procedure was repeated 
following another 24-hour interval (Amiri, Ebrahimi-Far Figure 1. The Mean Size of Nanoniosomal Carboplatin
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Cytotoxicity assay
As illustrated in Figure 4, the IC50 values exhibited a 

noteworthy decrease in a dose-dependent fashion after 
exposing brain cell lines to both free carboplatin and its 
nanoniosomal formulation. This determination was made 
through the MTT assay (Figure 4). The cytotoxic effects 
exhibited a direct relationship with drug concentrations, 
with the nanodrug having an IC50 of 90.5±2.1 µM, 
demonstrating superior cytotoxicity compared to the 
standard carboplatin with an IC50 of 160.7±4.4 µM.

Discussion

Cancer is a condition arising from the uncontrolled 
growth and division of cells. These cells proliferate 
without regulation, infiltrate healthy tissues and organs, 
and eventually disseminate throughout the body. 

Moreover, cancer cells do not undergo programmed cell 
death, known as apoptosis, when subjected to conditions 
that would typically trigger it in normal cells, such as 
DNA damage. The initiation of apoptosis is a crucial 
approach for eliminating cancer cells with minimal 
side effects, and the majority of anti-cancer treatments 
function by inducing apoptosis (Mohamadi, Kazemi 
et al. 2017). In this study, carboplatin-loaded niosomal 
nanoparticles were prepared using the reverse phase 
evaporation technique. This method was selected due to 
its suitability for producing nanoparticles with the desired 
characteristics. Additionally, PEG (polyethylene glycol) 
was incorporated into the study for multiple reasons. 
PEG serves to enhance stability in the bloodstream, is 
soluble in water, exhibits minimal immunogenicity and 
antigenicity, and prolongs the duration of drug release 
(Kanaani, Ebrahimifar et al. 2017). The zeta potential of 
-21 mV verified the stability of the particles, highlighting 
the suitability of niosome nanoparticles as a promising 
drug delivery system. Niosomes can serve as drug 
reservoirs and regulate drug release by altering their 
compositions (Kanaani, Tabrizi et al. 2017). The literature 
contains various formulations of niosomes incorporating 
chemotherapeutics (Ahmadi, Seraj et al. 2022, Honarvari, 
Karimifard et al. 2022). As an example, Ahmadi, Seraj 
et al. in 2022 created controlled-release nanoniosomes 
to enhance the delivery and effectiveness of Letrozole 
in breast cancer treatment. Their research showed the 
formulation’s capacity for efficient delivery. Additionally, 
Honarvari, Karimifard et al. 2022 explored Folate-
Targeted Curcumin-Loaded niosomes for precise site-
specific delivery in breast cancer treatment. In a distinct 

Figure 2. A Standard Carboplatin Curve was Generated 
by Measuring the Absorbance (optical density; OD) of 
Various Dilutions of Carboplatin Concentrations.

Time Zeta potential (mV) Size (nm) EE (%) DLE (%)
Production time -21.1 290.4 60.1 2.5
1 months after production -23.9 314.5 55.2 2.1

Table 1. The Physicochemical Properties of Carboplatin Nanoparticles During Production and after a 1-month Period.

Figure 3. The Graph Illustrates How Carboplatin is 
Released in Vitro from the Carboplatin Nanoniosomes 
into a PBS Buffer. The information is depicted as the 
mean value along with the standard deviation (SD), and 
it originates from three distinct experiments, with each 
experiment conducted twice.

Figure 4. Viability Effects of Carboplatin-loaded Nanoparticles 
Compared to the Standard Drug (carboplatin) on C6 Rat 
Glioma Cell Line after 48-h Incubation. (Graph represents 
mean ± SD; n= 3 independent experiments, ***p = 0.0002, 
two-way ANOVA with Šidák test).
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study, niosomes loaded with melittin were investigated 
for the treatment of breast cancer. These nanoparticles 
possessed a size of 197 nm and an encapsulation efficiency 
of 60%. A pharmacokinetic study conducted in vivo 
revealed that the targeted nanoparticles displayed extended 
circulation duration and improved bioavailability. This 
ultimately led to a noteworthy reduction in clearance 
and distribution volume when compared to both 
doxorubicin solution and non-targeted niosomes (Dabbagh 
Moghaddam, Akbarzadeh et al. 2021). Pharmaceutical 
biotechnology played a crucial role in promoting the 
adoption of innovative drug delivery strategies. In this 
context, nanocarriers, including niosomal nanoparticles, 
demonstrated great promise as viable options (Moghtaderi, 
Sedaghatnia et al. 2022).

This research assessed how various substances, 
including a non-ionic surfactant and cholesterol, impact 
encapsulation efficiency, nanoparticle dimensions, and 
drug delivery. The release of drugs plays a pivotal role 
in drug delivery systems (Porta-i-Batalla, Eckstein et 
al. 2016). In our current investigation, we successfully 
achieved a sustained release of carboplatin from the 
nanoparticles, characterized by an initial rapid release, 
which signifies the release of the drug that was initially 
adsorbed onto the nanoparticles. After 48 hours, 
approximately 16% of the drug had been released. 
The inclusion of PEG in the nanoparticle composition 
has the potential to improve stability and enhance 
the prospects of delivering the drug to tumor sites 
(Ebrahimifar, Nili-Ahmadabadi et al. 2017). This could be 
attributed to the nanoparticles’ ability to retain the drug, 
a feature likely influenced by the presence of PEG in the 
formulation. Furthermore, enhancing particle stability 
can contribute to the drug’s effectiveness by facilitating 
its delivery to tumor sites (Poy, Akbarzadeh et al. 2016).

In our current study, we employed niosomal 
nanoparticles to enhance the anticancer effectiveness 
of carboplatin against the C6 rat glioma cell line. 
The cytotoxic effects exhibited a direct relationship with 
drug concentrations, with the nanodrug having an IC50 
of 90 µM, demonstrating superior cytotoxicity compared 
to the standard carboplatin with an IC50 of 160 µM. This 
enhanced efficacy was attributed to the sustained release 
of the drug from the nanocarrier. To our knowledge, this 
is the first investigation to explore the effectiveness of 
carboplatin-loaded niosomal nanoparticles on the C6 
rat glioma cell line. The nanoparticles generated in this 
study exhibited favorable characteristics in both size 
and zeta potential. Additionally, the resulting nanodrug 
demonstrated a lower IC50 value in terms of cytotoxicity 
compared to the free drug. These findings indicate 
that the niosomal formulation of carboplatin is more 
effective at targeting and destroying brain carcinoma 
cells. The improved performance can be attributed to 
the niosomal nanocarrier’s ability to prolong the drug’s 
half-life in the bloodstream and provide protective 
benefits. Despite the low loading capacity in this study, the 
presence of PEG during nanoparticle preparation allows 
them to potentially remain concealed. Consequently, they 
can circulate in the bloodstream for extended periods, 
leading to enhanced drug efficacy (Kanaani, Ebrahimifar 

et al. 2017). To investigate the drug release behavior, 
the dialysis tubing technique was employed. The release 
profile of carboplatin-loaded nanoparticles exhibited 
an initial rapid diffusion phase, followed by a slower 
diffusion phase. Based on the findings, it can be inferred 
that the majority of drug releases occurred within the first 
four hours. Nonetheless, additional research is required 
to develop an improved carboplatin-loaded nanoparticle 
with enhanced loading capacity and efficiency. Such 
advancements would make it a more promising option for 
treating brain cancer and other types of cancers. In this 
context, it is advisable to consider the utilization of folate 
ligands, dextran, or monoclonal antibodies.
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