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Introduction

Cancer continues to be one of the foremost health 
challenges worldwide, causing millions of deaths each 
year [1]. The principal goal of cancer therapy is to 
maximize efficacy while minimizing the adverse effects 
associated with treatment [2-3]. Traditional chemotherapy, 
though potent, often lacks specificity, leading to significant 
systemic toxicity and collateral damage to healthy tissues. 
To overcome these limitations, targeted drug delivery 
systems have emerged as a pivotal innovation, promising 
to enhance therapeutic precision and reduce side effects 
[4-5]. Millions globally are affected by oral cancer, a 
highly aggressive and often deadly disease with limited 
treatment choices [6-9]. Among the various strategies for 
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targeted therapy, folate receptor (FR)-mediated targeting 
stands out [10]. In many cancer types, folate receptors 
are often elevated in cancers of the ovary, kidney, lung, 
mammary gland, brain, endometrium, and myeloid 
cells of hematopoietic origin. This characteristic can be 
leveraged to direct therapies specifically to malignant 
cells [11-12]. Folate-conjugated molecules are particularly 
adept at binding to and being internalized by cells that 
express these receptors, thereby delivering the therapeutic 
agents directly to the tumor site [13]. Bleomycin (BLM) 
is an anticancer agent used to treat several cancers but 
is hampered by its lack of targeting specificity and 
severe side effects, such as pulmonary toxicity [14-15]. 
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Encapsulating BLM within liposomes can mitigate these 
issues, and further functionalizing these liposomes with 
folic acid to create Folate-Targeted Liposomal Bleomycin 
(FL-BLM) aims to enhance drug delivery precision. 
This advanced formulation promises to concentrate the 
drug at the tumor site, thereby increasing efficacy and 
minimizing systemic exposure [16]. This study explores 
the development of FL-BLM using the thin film hydration 
technique, incorporating folic acid for targeted delivery. 
By comparing the therapeutic outcomes of FL-BLM 
with non-targeted liposomal bleomycin (L-BLM) and 
conventional bleomycin (BLM), we aim to demonstrate 
the benefits of folate-mediated targeting. Specifically, we 
assess the capability of FL-BLM to induce G2/M phase 
arrest a critical phase where cells can be halted before 
division, offering a strategic target for cancer treatment. 
The potential of FL-BLM to enhance targeting accuracy, 
improve drug efficacy, and reduce toxicity in cancer 
therapy is critically evaluated, highlighting its significance 
in the evolution of cancer treatment paradigms.

Materials and Methods

Materials
The following materials were sourced from various 

suppliers: DSPC from Lipoid GmbH (Germany), DSPE-
mPEG2000 and DSPE-PEG (2000)-Folate from Avanti 
Polar Lipids Company (USA), Bleomycin from Cell 
Pharma GmbH (Germany), and several reagents from 
Sigma-Aldrich Corporation, Merck, and Invitrogen 
Corporation, while the cell lines OECM-1 and A2780CP 
were obtained from the National Cell Bank of Iran.

Preparation of nanoliposomes
Nanoliposomes, either unencapsulated or encapsulating 

a drug, were produced via the thin-film hydration 
technique. Initially, specific molar ratios of DSPC/
cholesterol/DSPE-mPEG2000, equating to weights of 
100 mg, 14 mg, and 24 mg respectively, were dissolved 
in 14 ml of a MeOH mixture. This mixture was then 
positioned in a round-bottom flask and evaporated under 
a rotary evaporator at 60 ºC and 120 rpm. Following 
evaporation, the film was dried with a nitrogen gas flush 
and subsequently rehydrated in phosphate buffer saline 
(PBS, pH 7.2) either with 5 mg of drug for the test sample 
or without for the blank control sample, and heated at 
60 °C in a water bath. To ensure focused distribution, 
3.5 mg of FA-PEG2000-DSPE was incorporated into 
the suspension using the post-insertion technique as 
shown in figure 1. Drug-loaded nanoliposomes devoid 
of FA-PEG2000-DSPE, designated as L-BLM, were also 
fabricated as controls to assess the targeting efficiency 
of folate-targeted liposomal bleomycin (FL-BLM). In 
preparing L-BLM, the amount of mPEG2000-DSPE was 
raised from 24 mg to 28 mg. Finally, liposomal BLM was 
isolated from free BLM using a Sephadex G-50 column 
balanced with PBS (pH 7.2).

Characterization of nanoliposomes
To ascertain the average particle size of the created 

liposomal formulation loaded with anticancer drug, a 
dilution factor of 1:15 was applied utilizing Phosphate 
Buffered Saline set to pH 7.2. Post absorbance quantification 
at 633 nanometers wavelength, the particles’ dimensions 
alongside surface charge characteristics were scrutinized 
with the assistance of a specialized Zetasizer instrument 
(model NANO ZS3600; manufactured by Malvern 
Instruments based in the United Kingdom).

In vitro Drug Release Study
The influence of the carrier on drug release behavior 

was assessed through a membrane diffusion technique 
in phosphate buffer saline (PBS). Specifically, 2 ml 
of the drug formulation containing 0.8 mg of the drug 
was sealed in dialysis bags (cellulose membrane, 10 
kD cutoff) and immersed in 65 ml of PBS at pH 7.2. 
The experimental setup was maintained at 37 °C with 
continuous stirring at 100 rpm using a magnetic stirrer. 
Aliquots were periodically taken from the buffer chamber 
and replaced with fresh PBS. Before analysis, these 
aliquots were filtered through a 0.45 µm syringe filter. 
Drug concentrations in each aliquot were measured using 
high-performance liquid chromatography (HPLC), and 
drug release profiles were presented in comparison to the 
controls using a standard curve.

In vitro cytotoxicity studies
The cytotoxicity of different nanoliposomal bleomycin 

(BLM) formulations on OEMC-1 and A2780CP cell lines 
was assessed through the MTT assay. Cells were cultured 
in a medium with 10% FBS, 100 μg/mL streptomycin, 
100 U/mL penicillin, and 0.25 μg/mL amphotericin B, 
and incubated in a 5% CO2 humidified atmosphere at 
37°C. Approximately 10,000 cells were seeded per well in 
a 96-well plate containing 200 μL of medium and allowed 
to attach for 24 hours. The medium was then replaced with 
either fresh medium (negative control) or medium with 
various concentrations of nanoliposomal BLM, followed 
by a 48-hour incubation. At the end of this period, the 
medium was replaced with 180 μL of fresh medium and 
20 μL of MTT solution (5 mg/mL in PBS) for a 3-hour 
incubation. The reaction was stopped by adding 200 μL of 
DMSO to dissolve the formazan crystals. Optical density 
was read at 570 nm using an AccuReader microplate 
reader (M965 Series, Metertech, Taipei, Taiwan), and IC50 
values were calculated with GraphPad Prism 6 (GraphPad 
Software Inc., San Diego, CA).

Cellular uptake study
The study on the vital role of cellular uptake of 

drug-loaded vesicles in their biological effects involved 
evaluating the efficiency of cell absorption. To determine 
this, cells were exposed to FL-BLM and L-BLM at 
temperatures of 37°C for two hours. OEMC-1 and 
A2780CP cells were initially cultured at a density of 3 × 105 
cells per well in 24-well plates, either in a medium without 
folate or one containing 1 mM folic acid. Following an 
overnight incubation, the cells were promptly washed with 
cold PBS and a pH 3.5 saline solution (130 mM NaCl, 
20 mM NaOAc) to release any folate bound to receptors. 
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Drug Release Study 
The release of BLM from the FL-BLM and L-BLM 

formulations in phosphate-buffered saline (PBS) at pH 
7.2 was assessed using the membrane diffusion method. 
Both formulations showed a consistent release pattern 
with no initial burst effect. After 42 hours of dialysis in 
PBS, the BLM release rates were approximately 32% for 
FL-BLM and 34% for L-BLM, as shown in Figure 2. This 
indicates minimal differences in the release profiles of 
BLM between the two formulations at pH 7.2. However, 
the formulation released BLM at a much slower rate 
compared to the unencapsulated BLM formulation at 
both pH levels.

In vitro cytotoxicity assay
After a 48-hour incubation at 37 °C, BLM-loaded 

nanoliposome cytotoxicity was evaluated against 
conventional BLM at equivalent doses on OEMC-1 
and A2780CP cells. The findings, presented in Table 
2, indicated that FL-BLM exhibited notably higher 
cytotoxicity than conventional BLM in both A2780CP 
and OEMC-1 cells. 

Cellular uptake study
The function of the folate receptor (FR) in the uptake of 

folate-conjugated nanoliposomes was examined through a 
cellular uptake investigation. As seen in Table 3, FL-BLM 
was significantly more readily absorbed by A2780CP and 
OEMC-1 cells than by L-BLM and traditional BLM.

Cell Cycle Analysis
BLM demonstrates anticancer effects by inhibiting 

DNA synthesis, leading primarily to cell cycle arrest in 
the G2/M phase. To assess the impact of folate-targeted 
nanoliposomes on cell cycle progression, OEMC-1 and 
A2780CP cells were exposed to 2 μM of FL-BLM and 

Then, 1 mL of fresh medium with 0.07 mg/mL BLM in 
various formulations (FL-BLM, L-BLM, and standard 
BLM) was added to the existing medium, and the cells 
were incubated again for two hours at either 37°C or 4°C. 
After incubation, non-adherent carriers were removed by 
washing the cells twice with cold PBS (pH 7.4). The cells 
were then collected by centrifuging for five minutes at 
10,000 rpm. The cell pellet was lysed with 200 µL of 0.5% 
Triton X-100 after discarding the supernatant. An equal 
volume of acetonitrile was added to the lysate (1:1 v/v) to 
precipitate proteins. Following another centrifugation at 
10,000 rpm for five minutes and filtration through a 0.22 
µm filter, 20 µL of the filtrate was analyzed by HPLC to 
measure cellular uptake efficiency.

Equation 1: Cellular Uptake Efficiency (CUE %)
CUE %: the amount of BLM in the cells after 

incubation time /amount of BLM in the nanoliposomes 
inserted into the cells× 100

Cell cycle analysis
The influence of nanoliposomes on cell cycle 

progression was assessed through DNA flow cytometry. 
Roughly 5 × 105 OEMC-1 and A2780CP cells were 
seeded in six-well culture plates and kept at 37 °C in a 
humidified 5% CO2 atmosphere for 24 hours. The medium 
was then replaced with 2 µM of conventional BLM and 
FL-BLM, and cells were incubated for an additional 48 
hours. Following incubation, the medium was discarded, 
and the cells were trypsinized, rinsed, and collected. 
They were fixed in 70% cold ethanol on ice for at least 
2 hours, then centrifuged at 200×g for 5 minutes to form 
a pellet. The pellet was resuspended in PBS with 20 µg/
mL propidium iodide (PI), 1 mg/mL RNase, and 0.1% 
Triton X-100 and incubated at 37 °C for 15 minutes in 
the dark. DNA content and cell cycle phase distribution 
were examined using a Partec GmbH flow cytometer 
(Munster, Germany) with FlowJo software (FlowJo, 
LLC, Ashland, OR), with appropriate gating strategies 
employed to exclude cell debris.

Statistical Analysis
The mean ± standard deviation (SD, n = 3) was used 

to express the data. Using SPSS software version 19, 
ANOVA and Student’s t-test were used for statistical 
evaluations, with a significance threshold set at p < 0.05.

Results

Characteristics of Nanoparticles
The physicochemical characteristics of nanoliposomal 

BLM are presented in Table 1, which includes parameters 
like polydispersity index (PDI), mean particle size, and 
zeta potential.

Figure 1. The Diagram of Preparation of Nanoliposomes 

Table 1. Physicochemical Properties of Nanoliposomes
Formulations Size (nm) Zeta Potential (mV) PDI
FL-BLM 185±6.2 -32±3.3 0.20±0.1

Each value demonstrates the mean ± SD (n=3).
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standard BLM for 48 hours. Flow cytometry analysis 
indicated a statistically significant rise in the percentage of 
cells arrested in the G2/M phase with FL-BLM treatment 
compared to conventional BLM (Tables 4 and 5).

Discussion

Targeted drug delivery has emerged as a critical 
advancement in cancer therapy, primarily aimed at 
enhancing therapeutic efficacy while minimizing 
systemic side effects. Traditional chemotherapy often 
suffers from a lack of specificity, which can lead to 
significant damage to healthy tissues. To address these 
challenges, innovative strategies have been developed, 
with liposomes, particularly folate-targeted liposomes, 
showing remarkable potential in improving drug 
delivery precision [16-20]. Liposomes are spherical 

vesicles composed of phospholipid bilayers capable of 
encapsulating both hydrophilic and hydrophobic drugs. 
Their inherent biocompatibility and ability to enhance 
drug solubility render them ideal carriers for anticancer 
agents. Encapsulating drugs within liposomes can 
significantly reduce toxicity and enhance the therapeutic 
index by providing controlled release at the tumor site. 
Furthermore, the surface of liposomes can be modified with 
targeting ligands, such as folic acid, to achieve selective 
delivery to cancer cells that overexpress folate receptors 
(FRs). This functionalization allows for a more targeted 
approach, increasing the likelihood of drug uptake by 
malignant cells while sparing normal tissues [18, 21-25]. 
Folate receptors are known to be overexpressed in various 
cancers, including ovarian and oral cancers. The strong 
affinity of folic acid for these receptors enables a more 
precise delivery mechanism, allowing for enhanced 
uptake of the drug specifically in FR-overexpressing 
cancer cells. This targeted approach not only improves 
the efficacy of the drug but also reduces the potential side 
effects associated with systemic chemotherapy [26-28]. 
Humanity has long grappled with a range of diseases, 
both mental and physical. Throughout history, our efforts 
have focused on easing these challenges. Today, new 
technologies like artificial intelligence are transforming 
this pursuit, providing powerful tools for designing 
and discovering innovative solutions. By integrating 
advancements in biology and chemistry, AI is helping to 
open new pathways in the search for effective treatments 
and therapies [29-54]. One example of drug delivery 
systems is exosomes, which have emerged as a novel 
alternative for transporting small molecules [55]. Another 
solution for addressing disease and its related factors is 
modeling [56]. In medicine, modeling is also used in brain 
cancer diagnosis, which has significantly addressed this 

Figure 2. The Release Profiles of FL-BLM, and L-BLM in 
Phosphate-buffered Saline (PBS) were Analyzed Using 
the Dialysis Method Over 42 hours at 37 ºC. The results 
are presented as the mean ± standard deviation (SD) with 
a sample size of three (n = 3).

Table 2. The IC50 values (μM) of Various BLM Formulations Against Different Cell Lines are Presented. Different 
formulations; F1: FL-BLM in folate-free medium; F2: FL-BLM in standard medium 1 mM folate; F3: FL-BLM in 
standard medium. 

Formulations A2780CP (IC50, µM) OEMC-1 (IC50, µM)
FL-BLM in folate-free medium 22.2±1.9 30.7±2.9
FL-BLM in standard medium 1 mM folate 48.3±2.5 60.8±5.5
FL-BLM in standard medium. 41.2±2.3 58.9±5.0

Each value demonstrates the mean ± SD (n=3).

Table 3. The Efficiency of Cellular Uptake (CUE %) was Evaluated to Ascertain the Effect of the Folate Receptor on 
the Absorption of Folate-conjugated Nanoliposomes (37oC). 

Formulations A2780CP (CUE %) OEMC-1 (CUE %)
FL-BLM 88 77
Free-BLM 38 40
L-BLM 37 42

Table 4. Effects of FR-targeted Nanoliposomes on the Cell Cycle Progression of A2780CP Cells after 48 Hours

Formulations Sub-G1% G0/G1% S% G2/M%
FL- BLM 9.46 ± 2.08 19.52 ± 3.8 52.37 ± 5.5 55.32 ± 4.8
Conventional BLM 19.33 ± 2.8 37.60 ± 4.4 42.29 ± 4.9 29.52 ± 5.5

Each data represents the mean ± SD (n = 3).
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major human challenge [57]. Another study, modeling can 
also be seen in the research conducted by Ms. Jafarian 
[58]. One example of utilizing modeling can be seen in 
another study [59]. Modeling can be applied in various 
industries as well [60]. One disease related to healthcare 
practices is oral squamous cell carcinoma [61]. Healthcare 
plays a fundamental role in promoting individual well-
being, and new methods, such as artificial intelligence, 
can significantly contribute to reducing diseases by 
considering multiple factors [62]. In addition to various 
types of cancer, diabetes causes a significant number of 
deaths in society. Research suggests that zinc and vitamin 
C can have effects on this disease [63]. In special issues, 
interpersonal communication plays an important role in 
enhancing learning [64]. In another issues, nurses have 
played a vital role in controlling this disease worldwide 
[65]. One example of diseases where gender plays a role 
is caseous calcification of the mitral annulus (CCMA), 
a rare form of mitral annular calcification (MAC). CCMA 
results from a chronic degenerative process involving 
the fibrous annulus of the mitral valve. Its prevalence is 
highest among women, especially those over the age of 
85 [66]. One disease associated with memory impairment 
is Alzheimer’s [67]. The study presented demonstrates 
that folate-targeted liposomal bleomycin (FL-BLM) 
significantly outperformed non-targeted liposomal 
bleomycin (L-BLM) and conventional bleomycin 
(BLM) in terms of cytotoxicity against cancer cell lines 
A2780CP and OECM-1. The IC50 values indicate that 
FL-BLM has a much lower IC50, with values of 22.2 µM 
for A2780CP and 30.7 µM for OECM-1 in folate-free 
medium, compared to higher values for conventional 
BLM, showcasing the enhanced therapeutic efficacy of 
FL-BLM. Moreover, cellular uptake studies revealed that 
FL-BLM demonstrated superior absorption by the cancer 
cells, achieving a cellular uptake efficiency of 88% for 
A2780CP cells and 77% for OECM-1 cells, while L-BLM 
showed only 37% and 42%, respectively. Flow cytometry 
analysis further supported these findings, as treatment 
with FL-BLM resulted in a significant increase in G2/M 
phase arrest, with 55.32% of A2780CP cells and 49.92% 
of OECM-1 cells arrested, compared to only 29.52% and 
25.24% for conventional BLM. These results underscore 
the effectiveness of folate-mediated targeting in enhancing 
drug delivery precision and reducing toxicity associated 
with traditional chemotherapeutic agents. 

In conclusion, cancer has been one of the most 
serious health threats [68]. To combat it, chemotherapy 
has become a widely used treatment over the past 
few decades [69]. The development of folate-targeted 
liposomal formulations represents a promising approach 
to enhancing the specificity and efficacy of anticancer 
therapies. The observed improvements in cellular uptake 

and cytotoxicity in recent studies highlight the potential 
of targeted drug delivery systems in cancer treatment. 
However, several challenges remain. While folate-targeted 
therapies aim to minimize off-target effects, the presence 
of folate receptors in normal tissues necessitates further 
refinement of specificity. Additionally, cancer cells may 
develop resistance mechanisms, which could undermine 
the effectiveness of these therapies. Ensuring formulation 
stability during storage and circulation in the bloodstream 
is also critical to achieving optimal therapeutic impact 
upon administration.

Future research should focus on optimizing 
folate-targeted formulations to enhance stability, efficacy, 
and specificity while addressing resistance challenges. 
Expanding the applicability of folate-targeted therapies 
across various cancer types and integrating multimodal 
approaches may provide synergistic effects, further 
improving treatment outcomes.
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