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Introduction

Gastric cancer ranks among the most widespread 
malignancies, characterized by a substantial mortality rate, 
and stands as a foremost contributor to global mortality 
(Afaq et al., 2002). Cancer has always been a big problem 
in the world. Alzheimer’s disease, microbial diseases such 
as Mycobacterium tuberculosis and infectious diseases, 
especially respiratory diseases are also very important 
in the world (Farnia, 2014; Torkaman et al., 2014, 2015; 
Derakhshan et al., 2016; Allahyartorkaman et al., 2019; 
Mahmoudreza Moghimhanjani, 2020; Hatami N, 2022; 
Taghavirashidizadeh et al., 2022; Khajeh et al., 2023). 
Currently, the standard treatments consist of surgery and 
chemotherapy. Nonetheless, patients frequently encounter 
local recurrence and distant metastasis, contributing 
to a challenging issue in this disease characterized by 
low patient survival rates (Ebrahimifar, Hasanzadegan 
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Roudsari, et al., 2017). Recent investigations have 
unveiled alterations in 300 to 500 genes within each cancer 
subtype. While cancers stem from intricate aberrations 
in cellular signaling pathways, numerous contemporary 
anti-cancer interventions focus on this predicament. This 
narrow approach yields limited efficacy, poses safety 
concerns, and escalates the financial burden on patients 
(Ebrahimifar, Hasanzadegan Roudsari, et al., 2017). 
Consequently, extensive research endeavors are directed 
toward the development and utilization of compounds and 
multi-targeted medications capable of affecting cancer 
cells. Notably, some herbal products exhibit multi-targeted 
activity, often exceeding the potential of synthetic drugs. 
Moreover, these herbal alternatives involve reduced 
processing costs and exhibit fewer side effects compared 
to synthetic counterparts (Aggeli et al., 2013). In recent 
decades, there has been significant attention directed 
toward the development of drug delivery systems aimed at 
controlling and managing the distribution of drugs within 
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the body. An approach includes using nanoliposomes, 
which can navigate through the gaps between endothelial 
cells in developing tumor blood vessels and accumulate 
inside the tumor. By encapsulating anticancer drugs, 
these nanoliposomes make use of these natural properties 
to increase the concentration of therapeutic agents 
specifically within the tumor, thereby reducing their harm 
to healthy tissues(Zhang et al., 2011). Nanomaterials like 
liposomal NPs present alternative strategies for addressing 
these challenges and have garnered significant interest. 
Liposomal NPs have demonstrated their capacity to 
enhance the effectiveness of chemotherapy medications 
while concurrently mitigating their adverse effects 
(Trendowski, 2015). Paclitaxel, a novel anti-microtubule 
medication, finds widespread use in treating head and 
neck cancer, breast cancer, gastric cancer, non-small 
cell lung cancer, and various other malignancies. The 
US National Comprehensive Cancer Network (NCCN) 
guidelines advocate Taxanes, either as standalone agents 
or in conjunction with other drugs, as preferred first-line 
therapeutics in advanced gastric cancer. Liposomal-
paclitaxel (L-PTX), a liposomal variant of paclitaxel, 
offers heightened effectiveness and diminished adverse 
effects in comparison to conventional paclitaxel. This 
formulation is considered relatively safe for individuals 
with advanced gastric cancer who have a poor performance 
status (PS) (Ajani et al., 2016). Despite previous endeavors 
to use various carriers for delivering Paclitaxel, there have 
been challenges in developing the perfect nanoliposome 
formulation for this drug. In this study, we fine-tuned the 
formulation of Paclitaxel nanoliposomes and evaluated 
their impact on the toxicity of gastric cancer cell lines.

Materials and Methods

Materials
Paclitaxel, Lecithin, Cholesterol and MTT were 

purchased from Zhechem (Hangzhou, China), Acros’ 
company (Geel, Belgium) and Sigma (St. Louis, USA), 
respectively. PEG 3350 was provided by KEC Company 
(Arak, Iran). The AGS gastric cancer cell line was supplied 
by the Cell Bank of the Pasteur Institute of Iran, located 
in Tehran, Iran. All utilized materials were of analytical-
grade quality.

Preparation of drug-loaded nanoparticles
The method of choice to fabricate pegylated liposomal 

NPs was the reverse phase evaporation method. In brief, a 
mixture of cholesterol, lecithin, paclitaxel and PEG 3350 
in a molar ratio of 8:12:1:1, respectively, was dissolved in 
96% ethanol. The solvent was subsequently removed by 
subjecting it to vacuum conditions (45°C, 90 rpm) using a 
rotary evaporator, leading to the formation of a film inside 
the round-bottom flask. After adding phosphate buffered 
saline (PBS; pH 7.2), vesicles loaded with the drug were 
generated. The mixture was agitated for a duration of 7 
hours at a temperature of 45 °C. The final concentrations 
of paclitaxel, lecithin, PEG 3350 and cholesterol were 
1.2 mM, 14 mM, 1.3 mM, and 10 mM, respectively. For 
enhanced size uniformity, the NPs underwent sonication 
using a bath sonicator device (50 W, Bandelin Sonopuls 

HD 2070, Germany) for 6 minutes and homogenization 
(M-110P lab homogenizer; Trident Equipment’s Pvt. Ltd., 
India) for 10 minutes at 21,420 g. The same procedure was 
applied to generate blank NPs. Furthermore, standard drug 
solutions were formulated using identical concentrations 
of the drug in PBS.

Nanoparticle characterization
The zeta potential and size of the NPs were determined 

using a Zetasizer instrument (Nano ZS3600, Malvern 
Instruments, and UK). The nanoparticle suspension 
was diluted to the appropriate concentration, and the 
absorbance was assessed at 630 nm. Afterward, the 
size and zeta potential of suspension was evaluated by 
Zetasizer instrument.

Entrapment efficiency
The amount of drug encapsulated within the NPs was 

assessed using a spectrophotometric method. To do this, 
the nanoparticle pellet was isolated by centrifugation 
(49,087 g, 30 minutes, and 4°C). The drug concentration in 
the supernatant was determined by employing a standard 
curve at 230 nm, and the entrapment efficiency was 
computed using the formula below:

Entrapment efficiency (%) = Initial concentration 
of Drug−Concentration of drug in supernatant/ Initial 
concentration of drug ×100.

Drug release study 
The release of the drug from the NPs was investigated 

using the dialysis bag technique. In brief, a nanoparticle 
precipitate was obtained and subsequently re-suspended 
in fresh PBS. This suspension, along with a standard drug 
solution of equivalent concentration dissolved in 5 mL 
PBS (0.3 mg/mL), was introduced into separate dialysis 
bags (with a cut-off of 10,000 Da; Sigma). These bags 
were then immersed in a PBS solution and subjected to 
stirring (200 rpm, 100 mL, room temperature). At specific 
time points, 2 mL of buffer was taken from each bag and 
replaced with an equivalent amount of fresh buffer. The 
drug concentration released into the PBS was measured 
using a spectrophotometric method.

In vitro cytotoxicity
The gastric cancer cell line (AGS) was cultivated at 

a density of 104 cells in each well of 96-well plates. The 
cell culture medium consisted of RPMI-1640, which was 
supplemented with 10% fetal bovine serum (FBS), along 
with penicillin/streptomycin antibiotics at concentrations 
of 0.1 mg/mL and 0.06 mg/mL, respectively. The cultures 
were maintained in a humidified atmosphere containing 
5% CO2. Following a 24-hour incubation, the cell culture 
medium was removed, and new medium containing 
either paclitaxel-encapsulated NPs or regular paclitaxel 
at the same concentrations was added to the wells. After 
incubating for 24 and 48 hours, the cell culture medium 
was substituted with an MTT solution (0.5 mg/mL) 
and left to incubate for 3 hours. The formazan crystals 
obtained were dissolved in pure isopropanol (100%), 
and their absorbance was quantified at 540 nm using a 
microplate scanning spectrophotometer (ELISA reader; 
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the free drug over the course of 24 hours (Figure 2) and 
48 hours (Figure 3). Specifically, the IC50 values for the 
nano drug and the free drug were calculated as 30.7±2.8 
µM and 59.0±4.7 µM, respectively, following a 24-hour 
incubation period. Similarly, during a 48-hour incubation, 
the IC50 values were estimated as 22.1±1.1 µM for the nano 
drug and 44.9±3.9 µM for the free drug. Additionally, it is 
observed that the cytotoxicity of the nano drug displayed 
a greater increase in response to escalating concentrations 
compared to the standard drug.

Discussion

The reverse phase evaporation method was identified as 

Organon Teknika, the Netherlands) (Amiri et al., 2016). 
Cytotoxicity was assessed using the following formula:

Cytotoxicity (%) =1− mean absorbance of drug-treated 
cells /mean absorbance of negative control ×100, 

Viability (%) =100− Cytotoxicity (%).
Additionally, the program Pharm was employed to 

calculate the half-maximal inhibitory concentration (IC50).

Statistical analysis 
The study data were analyzed with GraphPad Prism 

version 9, and significance was determined for p-values 
< 0.05.

Results

Nanoparticles characterization
The size, size distribution, and zeta potential of 

nanodrug were determined to be 285 nm, 0.44, and -22 
mV, respectively. Furthermore, the size and distribution of 
NPs were reduced following the application of sonication 
and homogenization procedures (Table 1).

Entrapment efficiency 
According to the loading efficiency results, NPs were 

linked to 41% of the primary drug that was used. In other 
words, the percentage of entrapped drug was 41%.

Drug release study 
The findings from the drug release study demonstrated 

a consistent and prolonged release of paclitaxel from the 
NPs (Table 2). Within the initial hour of the investigation, 
there was an initial rapid release accounting for 15% of 
the cumulative discharge. However, by the 72-hour mark, 
merely 39% of the encapsulated drug had been released 
(Figure 1). In contrast, nearly the entirety of the standard 
drug was released from the liposomes within the initial 
32 hours.

In vitro cytotoxicity
Initially, it was determined that NPs of this kind 

possess no cytotoxicity. The outcomes indicated notable 
variations in the cytotoxicity of both the nano drug and 

Compounds Size 
(nm)

Size 
distribution

Nanodrug before sonication and 
homogenization

440 0.64

Nanodrug after sonication and 
homogenization

285 0.44

Table 1. How Sonication and Homogenization Processes 
Affect Nanoparticle Size and Size Distribution

Cumulative paclitaxel release (%)
Time (h) Nanodrug Drug
1 7±0.2 20±1.1
3 8±0.7 29±1.5
8 9.5±0.6 38±1.7
12 10±0.9 49±2.6
24 15.1±0.4 75±3.3
32 18.4±1.1 97±4.1
48 25±1.4 -
60 31±1.9 -
72 39±2 -

Table 2. The Data Illustrates the Cumulative Release of 
Paclitaxel in Phosphate-Buffered Saline, Presented as 
a Percentage, for Both the Encapsulated and Standard 
Drug Formulations
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Figure 1. Progressive Release of Paclitaxel in Both Its Standard and Encapsulated Formulations Over Time. The 
findings are presented as mean ± 5% values.



Zahra Abedi Cham Heidari et al

Asian Pacific Journal of Cancer Prevention, Vol 243294

Figure 2. Cell Viability of the AGS Gastric Cancer Cell Line was Assessed in Response to Different Drug Concentrations, 
Including Paclitaxel and Paclitaxel-Loaded NPs, Following a 24-hour Incubation Period (Graph represents mean ± 
SD; n= 3 independent experiments, ****p < 0.0001, ***p = 0.0002, **p = 0.0021, *p =0.0332, two-way ANOVA 
with Šidák test).

Figure 3. Viability of the AGS Gastric Cancer Cell Line was Evaluated against Varying Drug Concentrations, 
Encompassing of Both Paclitaxel and Paclitaxel-Loaded NPs, Following a 48-hour Incubation Period (Graph 
represents mean ± SD; n= 3 independent experiments, ****p < 0.0001, ***p = 0.0002, **p = 0.0021, *p =0.0332, 
two-way ANOVA with Šidák test).

an appropriate technique for fabricating Paclitaxel-loaded 
liposomal NPs. Results from the Zetasizer instrument 
confirmed the particle formation at a nanoscale level, 
with the Zeta potential showing a direct correlation with 
the stability of the nanoparticle suspension (Poy et al., 
2016). The observed Zeta potential values validated 
the favorable stability of the particles. Additionally, the 
processes of sonication and homogenization not only 
resulted in a reduction of particle size but also enhanced 
homogeneity by reducing size variations. Various 
formulations of liposomal NPs loaded with Anti-cancer 
have been synthesized, and some are currently being 
evaluated in clinical trials (Mohammadinezhad et al., 
2023). Among these formulations, Lipoplatin, with a 

size of 285 nm, stands out as a particularly promising. 
Our formulation, in particular, leverages cost-effective 
materials. The effectiveness of liposomal NPs as drug 
carriers is closely tied to the physicochemical attributes 
of the liposomal membrane, the inherent characteristics 
of the components used, dimensions, surface charge, 
and the structural arrangement of lipids (Ebrahimifar, 
Nili-Ahmadabadi, et al., 2017). Furthermore, the correct 
choice of liposome preparation method is contingent 
upon the physicochemical attributes of the substances 
to be enclosed and the constituents employed in the 
liposomal formulation ( Mohammadinezhad et al., 2023). 
In the current investigation, the fabrication of pegylated 
liposomal NPs was achieved seamlessly through a 
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singular process, encompassing both sonication and 
homogenization. The outcomes of this study validated the 
employed protocol, the selected liposomal components, 
and the molar ratios of the utilized materials, affirming 
their appropriateness for nanoparticle preparation. An 
observed entrapment efficiency of 41% was deemed 
satisfactory. In contrast, the study conducted by Xiao et 
al., (2004) reported a loading efficiency of 80%. It is worth 
noting that our research capitalized on more cost-effective 
materials and simpler techniques. The release of drugs 
from nanoparticles significantly influences the biological 
impact of carriers (Poy et al., 2016). In our investigation, 
we observed a sustained Paclitaxel release profile. The 
release pattern began with an initial burst of release 
within the first hour of the study, likely due to the release 
of drug molecules that were adsorbed on the surface of 
the nanoparticles. Furthermore, our study confirmed the 
nanoparticle’s effective capacity for drug retention. The 
gradual and controlled release of the drug from the NPs 
could be linked to the inclusion of PEG in the formulation. 
This phenomenon is also reported in the study by 
EbrahimiFar et al., (2017). Additionally, PEG plays a 
role in enhancing the stability of NPs and increasing 
the likelihood of precise drug delivery to tumor sites, 
consequently augmenting drug efficacy (Poy et al., 2016). 
The cytotoxicity results for Paclitaxel NPs demonstrated 
that the encapsulated form exhibits significantly greater 
potency when compared to the standard drug. This 
augmentation was statistically significant. Other studies 
have also reported an enhancement in anti-cancer 
effectiveness through liposomal NPs (Roudsari et al., 
2016; Mohammadinezhad et al., 2023). In a study by 
Mohammadinezhad et al., (2023) they formulated a 
cationic liposome incorporating cisplatin and assessed 
its impact on cytotoxicity in the breast cancer cell lines. 
Their findings revealed that the liposomal formulation 
heightened cisplatin’s cytotoxic effects by 24% when 
contrasted with the standard drug. Similarly, Roudsari 
et al., (2016) discovered that the cytotoxic impact of 
lipoplatin on the carboplatin-resistant lung cancer cell 
line surpassed that of the standard drug. In our present 
study, we observed a 2-fold increase in cytotoxicity in 
comparison to the standard drug. This could potentially 
be attributed to the sustained release of the drug from the 
NPs. This indicates that this formulation holds promise 
as a potent alternative for future chemotherapeutic 
approaches in the management of Gastric cancer.
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