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Abstract: It was proven that metformin (MET), a phytochemical broadly used drug in the treatment of type 2 diabetes and 

Polycystic ovary syndrome (PCOS), can prevent the growth and reproduction of various human tumors like lung cancer 

cells. Also, in past studies, it was found that MET shows an excellent anti-cancer effect by diminishing the proliferation 

and stimulating the apoptosis of various cancerous cells. In this study, in the first stage, we synthesized the PEGylated 

(polyethylene glycol) magnetic niosome (MNio) nanoparticles (NPs) loaded by MET, in the next stage, we evaluated the 

reaction of MET on the invasion abilities and migration of the A549 cancer cell line in the in vitro condition to create a 

novel and targeted drug delivery system. Cytotoxicity assay showed that the growth of A549 cell lines was barricaded by 

free and PEGylate magnetic niosomal metformin (PEG-M-Nio-MET). It was proven that encapsulation of MET in 

modified niosome decreases the amount of IC50 in the A549 cell line. Also, RT-PCR results demonstrated that the 

expression levels of the BCL-2 and BAX were considerably decreased in the A549 cancer cell line with PEG-M-Nio-MET 

and Nio-MET compared to free MET. It is predicted that the application of encapsulated MET in the modified magnetic 

niosome could significantly improve the treatment efficiency of human lung cancer. 

Keywords: Lung cancer, Metformin, Targeted drug delivery system, Magnetic Noisome 

Introduction 

Lung cancer is one of the most common cancers 

all over the world. Abnormal cells start to growth 

and spread throughout the lung uncontrollably. 

Lung cancer causes critical health problems that 

lead to the death of the patient. Some common 

symptoms of lung cancer disease are shortness of 

breath, chest pain, haemoptysis (coughing up 

blood), persistent cough and lung infections [1, 2]. 

Small cell carcinoma (SCLC) and [3] are the most 

prevalent kinds of lung cancer, SCLC is less 

prevalent but growth rapidly, while NSCLC is the 

most prevalent but growth sluggishly.  
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Some diagnostic techniques for lung cancer are 

MRI (magnetic resonance imaging), chest X-rays, 

biopsy and bronchoscopy. Therapy of lung cancer 

is dependent on the extent of expansion and the 

kind of cancer. Early and timely diagnosis of 

cancer may cause acceptable results and effective 

treatment. Some effective treatments for lung 

cancer include radiotherapy (radiation), surgery and 

chemotherapy commonly used based on the stage 

and type of cancer. In the chemotherapy technique, 

drugs target quickly dividing cancer cells and also 

some normal cells. Despite the cancer drugs are 

more efficient, they show considerable side effect 

that leads to a reduction in the dose of 

chemotherapy drugs [4]. These side effects are 
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overcome by utilizing novel drug delivery systems 

like niosome (Nio), liposome (Lip), polymer and 

micelle. Nio is a novel nano vesicle utilized in 

novel drug delivery systems. Nios are prepared 

with cholesterol (Chol) and non-ionic surfactants to 

create a bilayer vesicle [5-8]. Nios superiority over 

other nano-carriers is that they can encapsulate 

both hydrophilic and hydrophobic anti-cancer 

drugs in the lipid bilayer and aqueous layer. Nios 

enhances the half-life of both drugs in the 

cancerous cells. The non-ionic surfactant used in 

Nios structure is biocompatible and biodegradable, 

therefore, it is compatible with the human immune 

system [9, 10]. Chol increases the stability and 

decreases the leakage of Nio, causing to 

improvement in the entrapment efficiency (EE) of 

the entrapped drugs [11]. Recently, novel magnetic 

niosome (MNio) loaded with anticancer 

phytochemical drugs have been evaluated [12]. 

Hopeful outcomes are reports about various drugs 

released at the cancerous tissue by applying an 

external magnetic field (EMF). MNio has a major 

and necessary role in biomedicine, especially in the 

area of novel drug delivery systems. In this study 

pay special attention to Nio-PEG-MNPs-MET due 

to their magnetic properties in the exact targeting of 

the MET entrapped in PEGylated magnetic 

niosome into the desired cancerous tissue [13, 14]. 

The amalgamation of MNPs and Nio enables both 

drug protection attributes and well as drug-

targeting, this makes Nio-PEG-MNPs-MET an 

effective nano-carrier for novel and efficient drug 

delivery systems. It is possible to synthesize the 

Nio-PEG-MNPs-MET by enclosing MNPs and 

MET inside the Nios. Phytochemical drugs are 

generally the extract of pharmaceutical plants with 

various remedial utilizations. In the past several 

decades, scholars have attention to plant extracts, 

due to their anti-neoplastic and anti-cancer 

attributes [15]. Metformin is an extract isolated 

from the pharmaceutical plant Galega officinalis. 

MET has the major active group of guanidine 

(nitrogen-rich organic compound) in structure that 

barricade the growth of cancerous cells and reduce 

the possibility of expansion solid tumors, including 

breast, colon and ovarian cancers [2, 16-20]. 

Previously, MET was used as type 2 antidiabetic 

agent, which adjust glucose homeostasis by 

restriction of liver glucose preparation and 

enhancement in muscle glucose uptake [21, 22]. 

Nowadays, the anticancer feature of MET is 

identify to be relevant to the attendance of 

guanidine groups to inhibit cancer cells, interaction 

with DNA, invasion and participate with the cell 

cycle [23]. MET has some side effects like allergic 

reactions, chest pain, gastric discomfort, high dose 

(2–3 times a day) and lactic acidosis [24, 25]. 

Hence, novel drug Nano-carrier for Met are 

necessary to overcome mentioned side effects 

causes to systemic drug dispensation and attain 

most therapeutic effect [26, 27]. This study 

performed to evaluate the role of MET 

encapsulated in Nio-PEG-MNPs in compare with 

free MET in targeting the A549 lung cancer cell 

line. For this purpose, Nio-PEG-MNPs-MET was 

prepared by TFH method and their morphological 

and physio-chemical properties were investigated 

[13, 28, 29]. In the following, the MTT assay was 

used to evaluate cell viability. In addition, 

apoptosis, cellular uptake rate and cell cytotoxicity 

effects of Nio-PEG-MNPs-MET were evaluated in 

vitro [30, 31] (Scheme 1). 

Experimental 

Materials and Methods 

Materials 

Metformin hydrochloride, Sorbitan monostearate 

(Span 60), cholesterol, DMEM (Dulbecco’s 

Modified Eagle Medium), Dialysis tubing 

(cellulose membrane avg. flat width 1 cm and 

molecular weight cut-off 14000 Da), dimethyl 

sulfoxide (DMSO), 3– (4, 5 dimethylthiazol-2-yl)-

2, 5-diphenyltetrazolium bromide (MTT), trypsin, 

phosphate-buffered saline (PBS), Iron (III) chloride 

hexahydrate (FeCl3 .6H2O), Iron (II) chloride 

tetrahydrate (FeCl2 .4H2O), polyethylene glycol 

(PEG, MW 4000), methanol and chloroform were 

obtained from Sigma-Aldrich (St Louis, MO). 

A549 cells were obtained from the Tabriz 

University of Medical Sciences (Faculty of 

Advanced Medical Sciences). 

Synthesis of magnetic nanoparticles 

Commonly, the co-precipitation technique was 

performed to prepare magnetic nanoparticles 

(MNPs) (Scheme 1A). briefly, FeCl3.6H2O (5.50 g, 

2 mol) and FeCl2·4H2O (4 g, 1 mol) was dissolved 

in 60 mL of deionized water in a flask and under 

N2 atm (atmosphere) with strong stirring at 75 °C 

for 2 hours. Ammonium hydroxide (NH4OH, 15 

mL) was inserted into the mixture drop-wise, 
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stirred under N2 atm for another 2 hours, then 

placed at room temperature to cool. The Fe3O4 NPs 

as black sediments were deposited on the bottom of 

the flask. Black sediments were collected by an 

external magnet and washed several times with 

deionized water and ethanol until neutral pH to 

eliminate impurities. Finally, the black powder was 

dried at 75 °C for 24 hours to prepare the final pure 

products [32]. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Synthesis of Nio-PEG-MNPs-MET with thin-film hydration method. Nio: niosome, PEG: Polyethylene glycol, 

MNPs: magnetic nanoparticles, MET: metformin 

 

Synthesis of NIOs by thin film hydration 

method 

The Nio vesicles were synthesized by the thin 

film hydration (TFH) technique (Scheme 1B) [28, 

33]. Generally, 36 mg of Span 60 and 5 mg of 

cholesterol were dissolved in 6 mL of methanol and 

3 mL of chloroform solvents (with a 2:1 ratio) in a 

special rotary evaporator round bottom flask 

(containing Glass beads). The prepared solutions 

solvents were evaporated by a rotary evaporator 

device to form a thin dry film (60 °C, 120 rpm, 60 

min). MET (3 mg), PEG (3 mg) and MNPs (1.5 

mg) were dissolved in PBS (PH 7.4) then the thin 

dry film was hydrated by this solution (120 rpm, 60 

min) for the formation of Nio-PEG-MNPs-MET 

(Scheme 1C) [19, 33, 34]. Then the milky-like 

mixture was collected into a Falcon 15 ml and kept 

at 4 °C for prevention of agglomeration. The 

milky-like mixture was sonicated by using a probe 

sonicator (bandelin, sonopuls, Berlin, Germany) at 

4 °C for 15 min [30, 35]. The prepared samples 

were kept in the refrigerator for later evaluation. 

The structure of the evaluated Nio formulations is 

shown in Table 1. 

 

Table 1. Composition of various niosomal formulations (molar ratio) 

Formulation 

 

independent variables (molar ratio) Dependent Variables 

Span60 Cho PEG MNPs PDI Nio size (nm) EE% 
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Nio-MET 1 1 0 0 0.345 280 72 

Nio-MET 3 1 0 0 0.312 265 75 

Nio-MET 5 1 0 0 0.290 275 77 

Nio-MET 8 1 0 0 0.190 215 85 

Nio-PEG-MET 5 1 1 0 0.215 285 82 

Nio-PEG-MET 8 1 1 0 0.205 240 88 

PEG-Nio-MNPs-MET 5 1 1 1 0.202 280 83 

PEG-Nio-MNPs-MET 8 1 1 1 0.195 235 89 

Nio: niosome, MET: metformin, PEG: Polyethylene Glycol, MNPs: magnetic nanoparticles, Cho: cholesterol, PDI: 

Polydispersity Index, EE: Encapsulation Efficiency. 

 

Characterizations of Niosomal Formulation 

The Nio size, zeta potential and polydispersity 

index (PDI) were investigated by a zeta sizer 

instrument (Malvern, UK) at 25 °C. various Nio 

morphology was evaluated by transmission 

electron microscopy (TEM). In such a way that a 

few drops of Nio were poured on a carbon film-

coated copper grid and sample morphology was 

characterized by TEM at 100 kV (LEO906E, Carl 

Zeiss, Oberkochen, Germany). A Field Emission 

Scanning Electron Microscope (FE-SEM) (Seron 

Technologies, Gyeonggi-do, Korea) was used to 

evaluate the morphology of the synthesized Nio. 

First, put some drops of a diluted best Nio 

formulation (1:1000) on the SEM holder. Covered 

it with a layer of gold, and put the SEM holder in 

the device (2 atm, 3 min). Atomic Force 

Microscopy (AFM) (AFM, Brisk, Frankfurt 

Germany) was utilized to analyze the size and 

morphologies of the Nios. A diluted sample 

(1:1000) was dropped on the AFM mica holder and 

dried at room temperature then evaluated by the 

device. The FT-IR spectra of Span 60, Chol, MET, 

blank Nio, Nio-PEG-MNPs-MET, PEG and MNPs 

were evaluated in a range of 400 to 4000 cm
−1

 

(PerkinElmer FT-IR, USA). 
 

Fourier-Transform Infrared Spectroscopy (FT-

IR) 

The molecular interactions of MET, span60, 

cholesterol, blank Nio, Nio-PEG-MNPs-MET and 

PEG were investigated by FT-IR (Bruker Tensor 

27 FT-IR Spectrometer, Canada). For this test, all 

samples were separately investigated in KBr discs 

and their assay was utilized in the range of 4000 to 

400 cm
−1

 at room temperature. 

Assessment of encapsulation efficiency (EE) 

The EE% of various Nio was investigated 

indirectly by calculating free MET after 

centrifugation by an Amicon (Ultra 15 membrane) 

at 4 °C at 4000 rpm for 25 min. The free MET was 

removed via the membrane and the MET-loaded 

Nio was stuck in the upper chamber. In the 

following, the concentration of free MET was 

evaluated at 232 nm wavelength by a UV-Vis 

spectrophotometer. The amount of EE was 

measured by the following equation: 
Entrapment efficiency (EE) % = [(Ci – Cf )/ Ci] × 100 

Ci is the primary MET concentration for Nio 

synthesis and Cf is the concentration of free MET 

after centrifugation. 

Assessment of drug release 

A solution (2 mL) of Nio-PEG-MNPs-MET and 

Nio-MET were inserted in the dialysis bag 

(cellulose membrane average flat width 10 mm and 
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molecular weight cut-off 14000 Da). Then plunged 

in 50 mL release solution (SDS-PBS 0.5 % w/v) 

with gradual stirring (60 rpm) for 72 h at 37 °C in 

various PH (1.2, 5.4 and 7.4). At the determined 

period (1, 6, 12, 24, 48 and 72 h), 1 mL of release 

solution was taken and replaced with fresh 

solution. The amounts of releases were evaluated at 

232 nm by UV-vis spectroscopy (for every 

sample). Considering that the free MET is the 

control. 

MTT assay 

The MTT assays are one of the first methods to 

investigate the cytotoxicity of nanocarriers and 

drugs on cell proliferation. The MTT assay was 

used to evaluate the cytotoxicity and synergistic 

inhibitory of free MET, modified niosome-loaded-

MET and their combination after 48 h drug 

therapy. The A549 cancer cell lines were seeded at 

a density of 5 × 10
5 

cells/well in RPMI additives 

with 10% FBS and 1x penicillin-streptomycin. 

After 48 h incubation, the cells were remedied with 

various concentrations of MET, Nio-MET and Nio-

PEG-MNPs-MET (free MET con. 0, 5, 10, 15, 30 

and 40 mM),( Nio MET concentration 0, 25, 50, 

100, 150 and 200 µM). After 48 h, 5 mg/mL MTT 

was inserted into every cell culture well and the 

plates were coated with a thin layer of aluminum 

and incubated for 4 h at 37°C under 5% CO2. The 

viability rate of cells was investigated by utilizing 

an ELISA microplate reader (BioTek Power Wave 

XS) and the absorbance rate at 570 nm was 

calculated and a reference wavelength of 630 nm. 

The percentage of the Cell viability was calculated 

by utilizing the formula shown below: 

                             ( )  
   

   
     

Where ODt is the OD630-570 treatment and ODc is 

the OD630-570 control (optical density). 

Gene Expression Analysis 

An RT-PCR assay was utilized to evaluate the 

transcription mRNA of BCL-2 and BAX genes. in 

the first stage, 1.2 × 10
6
 A549 cancer cells were 

seeded in 6-well plates and incubated with 5% CO2 

at 37 °C for 24 h. then, cells were treated with free 

MET, Nio-MET and Nio-PEG-MNPs-MET at their 

determined IC50 concentration. After 48 hours of 

treatment of free MET, Nio-MET and Nio-PEG-

MNPs-MET, all mRNAs were extracted by Trizol 

reagent (Merck, Germany) according to protocol. 

After that, by calculating the OD260/OD280, the 

quality and amounts of all extracted mRNAs were 

investigated. In the next stage, utilizing a cDNA 

synthesis kit (Fermentas, Vilnius, Lithuania), 

cDNAs were prepared from mRNA extracted from 

every sample following the producer’s protocol. 

Statistical analysis 

Statistical analysis was accomplished by Graph 

Pad Prism software (version 10, Boston, USA). 

Two-way and One-way analysis of variance 

(ANOVA) was utilized to calculate the importance 

level of the diversity between groups (p-value < 

0.05). All information was presented as mean ± SD 

from 3 independent experiments. 

Results and discussion 

Characterization of synthesized Nio-PEG-

MNPs-MET 

The morphology and size of various modified 

Nios were evaluated by dynamic light scattering 

(DLS), transmission electron microscopy (TEM), 

Atomic Force Microscopy (AFM) and Field 

Emission Scanning Electron Microscope (FE-

SEM). The size of Nio calculated by DLS was 

bigger than that observed on SEM images (Figure 

2B). This distinctness between the two tests may 

refer to the drying of Nios prepared for the SEM 

test. According to the SEM picture (Figure 1B), 

synthesized Nios has a semi-uniform spherical 

shape. The SEM picture proved that the Nios have 

spherical morphology. Generally, the SEM picture 

demonstrates the morphological data of dried Nio, 

while DLS calculates the hydrodynamic size that 

involves the size of adsorbed molecules on the Nio 

surface and core. The TEM picture (Figure 1A) 

demonstrated that the synthesized Nio has a 

spherical structure. In addition, the zeta potential of 

Nio-PEG-MNPs-MET and Nio-MET were 

calculated -15 mV and -32.4 mV, respectively 

(Figure 2A). Based on the results of AFM (Figure 

1C), which are completely in agreement with DLS 

results and SEM pictures and show the size and 

particle structure with a height of 69 nm from the 

surface. Like as SEM pictures, the size of Nio was 

smaller than the results calculated by the DLS 

technique due to the dehydration of Nios [36-39]

. 
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Figure 1. Morphological assay of Nio-PEG-MNPs-MET. (A) transmission electron microscopy (TEM), (B) scanning 

electron microscopy (SEM), (C) Atomic Force Microscopy (AFM); Nio: niosome, PEG: Polyethylene Glycol, MNPs: 

magnetic nanoparticles, MET: metformin, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. (A) Size and PDI, (B) zeta potential of Nio-PEG-MNPs-MET; PDI: polydispersity index, Nio: niosome, PEG: 

Polyethylene Glycol, MNPs: magnetic nanoparticles, MET: metformin, 

 



Iranian Journal of Organic Chemistry Vol. 16, No.2 (2024) 3775-3788                                                R.Shahbazi, et.al.  

 

3781 
 

FT-IR Spectroscopy Analysis 

Fourier-transform infrared spectroscopy (FT-IR) 

was evaluated to prove the existence of MET in 

various Nio formulations for targeted drug 

delivery. The FT-IR spectrum of pure metformin 

Hydrochloride in Figure 3c shows some specific 

sharp and broad peaks that include 1200-950 cm
-1

 

(C–N stretching), 1600-600 cm
-1

 (N–H 

deformation), 3020-2850 cm
-1

 ((CH3)2N 

absorption) and 3370 cm
-1

 (N–H stretching). The 

FT-IR pattern for empty Nio (Figure 3d) displays 

some specific peaks in the range of 3450–1120 

cm
−1

. The C-H stretching was in the region of 

2850–3000 cm
−1

 refer to Span 60 and cholesterol. 

The broad peak at 3450 cm
−1

 was O-H stretching of 

Span 60 and cholesterol. the FTIR spectrum of 

cholesterol shows several peaks, where the O-H 

stretching at 3450 cm
−1

, C–H stretching in the 

region of 2750–3000 cm
−1

, C=C stretching at 1675 

cm
−1

, C–C stretching at 1506 cm
−1

 and CH2 

deformation and  CH2 bending in the region of 

1030–1400 cm
−1

 (Figure 3a). The FT-IR spectrum 

of Span 60 demonstrates some specific peaks 

including C–O stretching at 1120 cm
−1

, the C–H 

stretching in the region of 2850–3010 cm
−1

 and O–

H stretching at 3450 cm
−1

 (Figure 3b). In addition, 

the FT-IR spectrum captured from Nio-PEG-

MNPs-MET demonstrated a small peak that was 

referred to as the CH2 chain of PEG, proving the 

existence of PEG in the Nio structure at 1360 cm
−1

 

(Figure 3f).For pure PEG, the broad peaks appear 

at 3445 cm
−1

 (O-H stretching), 2869 cm
−1

 (C-H 

stretching), 1453 cm
−1

 (C-H bending vibrations 

from CH2 groups), 1245 cm
−1 

(C-O stretching 

vibration) and the peak observed at 1075 cm
−1

 refer 

to C-O-C symmetrical stretching (Figure 3g). The 

FT-IR spectrum of Fe3O4 NPs shows some peaks at 

585 and 635 cm
−1 

that are related to Fe-O 

stretching-vibration, O-H stretching at 3430 cm
−1 

and some peaks at 1385, 1630, 2865 and 2930 cm
−1 

are related to O-H bending due to de-ionized water 

used as solvent (Figure 3h). 

 Figure 3. FT-IR Spectra of (a) cholesterol, (b) Span 60, (c) MET, (d) blank Nio, (e) Nio-MET, (f) Nio-PEG-MNPs-MET, 

(g) PEG, (h) Fe3O4; MET: metformin, Nio: niosome, PEG: Polyethylene Glycol, MNPs: magnetic nanoparticles. 

Physical Stability of Nio-PEG-MNPs-MET 

An optimal and stable Nio has a uniform 

nanoparticle size and a high ability to encapsulate 

drugs without any leakage. Therefore, the PDI, Nio 

size and rate of MET remaining in the Nio-MET 

and PEG-MNPs-Nio-MET formulations were 

evaluated for 2 months in two storage conditions 

(25 ± 2 °C and 4 ± 2 °C) (Figure 4). The evaluation 

of the empirical data (Figure 4) proved that the 

PDI, entrapment efficiency and particle size of the 

Nio-PEG-MNPs-MET formulation stored in both 

conditions have more efficient stability than the 

other formulations. A notable difference was 

shown between the Nio-PEG-MNPs-MET and Nio-

MET formulations stored at 25 °C and 4 °C in 
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terms of EE%, PDI and particle size. According to 

the results obtained, the attendance of PEG in the 

Nio structure showed more efficient effects on the 

EE%, PDI and particle size after 2 months of 

storage. This demonstrated that the PEGylation of 

Nios may eliminate the problems related to Nio 

instability including drug leakage, aggregation and 

fusion. Regardless of the physical stability of Nio-

PEG-MNPs-MET and Nio-MET drug delivery 

systems during the storage time, it was 

demonstrated that the encapsulated drug leaked 

gently from various Nios, chiefly at 25 °C (room 

temperature). According to the results of the 

storage in two different conditions, there is a 

straight relation between the EE% and storage 

period (Figure 4C). Also, the enhancement of 

temperature is a reason for increasing the rate of 

Nio leakage. In addition, because of the 

aggregation and fusion of Nios, the PDI and 

average particle size may increase in storage time 

(Figure 4A and B). This increase was bigger at 25 

°C than the 4 °C. These cases may be related to as 

slow mobility and permeability of Nio at 4 °C 

temperature, while Nio stored at room temperature 

tends to stick together and create bigger Nios. 

According to the results, the Nio-PEG-MNPs-MET 

and Nio-MET are more stable in storage at 4 °C 

compared to room temperature [40-42]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Physical Stability on Nio-MET and Nio-PEG-MNPs-MET stored for 60 days at 25 ± 2 °C and 4 ± 2 °C. A) Size, 

B) PDI and C) EE (%). (∗: p < 0.05, ∗∗: p < 0.01 and ∗∗∗: p < 0.001); MET: metformin, Nio: niosome, PEG: Polyethylene 

Glycol, MNPs: magnetic nanoparticles, EE: Encapsulation Efficiency, PDI: Polydispersity Index. 

 

Evaluation of the in-vitro release of Nio-PEG-

MNPs-MET 

 

 



Iranian Journal of Organic Chemistry Vol. 16, No.2 (2024) 3775-3788                                                R.Shahbazi, et.al.  

 

3783 
 

 

 

One of the important features of a novel drug 

delivery system is the control release capability of 

drugs at the targeted tissue. In this work, the drug 

release study of Nio-PEG-MNPs-MET and Nio-

MET was evaluated in an SDS-PBS medium with 

gentle stirring at 37 °C for 72 h. The release rate of 

MET from Nio-PEG-MNPs-MET and Nio-MET 

was evaluated at gastric fluid condition (pH = 1.2), 

pathological cancerous (pH = 5.4) and 

physiological condition (pH = 7.4). According to 

Figure 5, the drug releases were independent of pH 

rate. The most rapid drug release is shown at pH = 

1.2, which represents the pH of gastric fluid. A 

gradual release of the drug is present at pH = 7.4 

which represents the pH of the physiological 

condition. In addition, the drug release at pH = 5.4 

was faster, which is one of the necessities for the 

delivery of anticancer phytochemical drugs like 

MET to the acidic condition of cancer tissues. The 

outcomes have proven the major role of Nio in 

preventing the quick release of drugs at 

physiological conditions (pH = 7.4). Nio-PEG-

MNPs-MET and Nio-MET represented a biphasic 

release curve with an initial quick release in the 

first 8 h. in the following, after quick release, slow 

releases were observed of 25% and 35% for Nio-

PEG-MNPs-MET and Nio-MET formulations, 

respectively. After the release of drugs within 72 h, 

there is a fixed phase for all curves. When the pH 

drops the release of MET increases in 72 h (75 % 

and 85 % for Nio-PEG-MNPs-MET and Nio-MET, 

respectively). The main reason for this is the 

swelling of Nio in acidic conditions and as a result, 

breaking the Nio. Another reason for this behavior 

may refer to the quick hydrolysis of surfactants at 

acidic conditions, causing to release of drugs in 

lower acidic pH. Since 95% of the free MET was 

released during the initial 8 h from the dialysis 

membrane, while the Nio-PEG-MNPs-MET 

showed a gradual release than free MET and Nio-

MET formulation. This feature proves the potential 

of modified Nio for targeted delivery of MET into 

the cancerous tissue. Briefly, this drug release test 

demonstrated that the Nio-PEG-MNPs-MET could 

make better the availability of the MET for a more 

extended time. Hence the cytotoxic effects become 

diminished and the outcomes were completely in 

agreement with the past studies [43-45]. 

Figure 5. In vitro drug release status of MET from the Nio-PEG-MNPs-MET and Nio-MET formulations at 37 °C. (a) 

Free MET, (b) Nio-MET at pH=1.2, (c) Nio-MET at pH=5.4 (d) Nio-PEG-MNPs-MET at pH=1.2, (e) Nio-PEG-MNPs-

MET at pH=5.4, (f) Nio-MET at pH=7.4, (g) Nio-PEG-MNPs-MET at pH=7.4; MET: metformin, Nio: niosome, PEG: 

Polyethylene Glycol, MNPs: magnetic nanoparticles. 
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Cell cytotoxicity of MNNPs 

The results of this study showed that MET should 

prevent the expansion of A549 cancer cells. While 

entrapped MET in various niosomal formulations 

has efficient synergistic effects in analogy to free 

form. The encapsulation of MET in PEGylated Nio 

as well as can overcome the side effects and 

toxicity and approximately barricade the expansion 

of the A549 cell line in a dose and time-dependent 

method. The empty Nio does not have any notable 

effect on the A549 cell line even in upper doses. 

Figure 6 demonstrates the effect of the incubation 

period of MET-loaded-Nio with A549 cell lines on 

IC50. according to Figure 6, the amount of IC50 for 

all 3 samples (free Nio, Nio-MET and Nio-PEG-

MNPs-MET) reduced considerably by increasing 

the period from 24 h to 72 h on A549 cell lines. 

The amounts of IC50 on A549 cell lines at 48 h 

were 12.02 mM ± 1.3%, 70 µg/mL ± 1.9% and 18 

µg/mL ± 2.3% for the free MET, Nio-MET and 

Nio-PEG-MNPs-MET, respectively. The IC50 

amounts at 72 h of incubation with A549 cell lines 

exhibited a similar process for the various drug 

formulations (3.9 mM ± 1.5% (free MET), 52 

µg/mL ± 0.98% (Nio-MET) and 13 µg/mL ± 1.9% 

(Nio-PEG-MNPs-MET). Moreover, as 

demonstrated in Figure 6, the IC50 of the drug-

loaded in Nio was considerably decreased 

compared with the free MET at both drug treatment 

periods (48 h and 72 h) on A549 cell lines. Also, 

the Nio-PEG-MNPs-MET demonstrates a notable 

decrease in IC50 compared with Nio-MET and free 

MET, proving that a low concentration of MET is 

efficient, so will have lower cytotoxicity in the 

patient treatment. Based on the curves shown in 

Figure 6, the Nio-PEG-MNPs-MET has lower IC50 

than free MET and Nio-MET on A549 cell lines. 

Surveys showed that Nio can efficiently deliver 

phytochemical drugs to various cancerous cells, 

and PEGylated-Nio did not cause cytotoxicity [46-

49]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. In vitro cytotoxicity of blank Nio, Nio-MET and Nio-PEG-MNPs-MET again A549 cancer cell lines A) 48 h 

and B) 72 h. blank Nio and free MET C) 48 h and D) 72 h. Data are represented as Mean ± SD from three independent. 

(***: p < 0.001, **: p < 0.01 and *: p < 0.05); MET: metformin, Nio: niosome, PEG: Polyethylene Glycol, MNPs: 

magnetic nanoparticles. 
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Real-time PCR 

for evaluation of the anti-cancer effects of free 

MET and various niosomal formulations in the 

A549 cancer cell line, the transcription levels of 

BCL-2 and BAX genes were investigated by Real-

time PCR technique. BCL-2 and BAX (anti-

apoptotic and pro-apoptotic, respectively) are 

dependent on the BCL-2 group, which adjusts the 

apoptosis procedure via the mitochondrial route. 

Recent work has demonstrated that the expression 

of BCL-2 in cancer cells leads to drug resistance, 

and the expression of BAX in cancerous cells was 

related to promising results. As a result, it is 

estimated that changes in BAX and BCL-2 will 

lead to apoptosis and barricade the growth of 

cancerous cells. In this study, it is proven that Nio-

PEG-MNPs-MET, Nio-MET and free MET induce 

the expression level of the BAX gene and prevent 

the expression of the BCL-2 gene. According to 

our study results (Figure 7), it is proven that Nio-

PEG-MNPs-MET may prevent the viability of lung 

cancerous cells through the reduction of BCL-2 

levels compared to free MET [50-54]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The expression of (a) BCL-2 and (b) BAX genes in A549 cell lines after treatment with different formulations. 

Data are represented as Mean ± SD from three independent experiments (*** p < 0.001, ** p < 0.01 and * p < 0.05); 

MET: metformin, Nio: niosome, PEG: Polyethylene Glycol, MNPs: magnetic nanoparticles. 

 

Conclusion 

In this study, Nio-PEG-MNPs-MET was 

successfully synthesized for the novel targeted drug 

delivery system to lung cancerous cells. The Nio 

various formulations were optimized and evaluated 

in terms of EE%, PDI and size. Also, the release 

rate of MET was advanced in the pathological 

cancer condition. According to the results of this 

study, the acidic pH of cancer tumors generally 

improves drug release and following that expedites 

the treatment action. Additionally, the Nio-PEG 

improves the cytotoxicity against lung cancerous 

cells. Interestingly, the cell viability state 

demonstrated that the lung cancerous cells 

treatment with Nio-PEG-MNPs-MET represents a 

notable decrease in terms of the number compared 

with other samples. The upregulation of the BAX 

gene and downregulation of the BCL-2 gene 

expression were increased when lung cancerous 

cells were treated with the Nio-PEG-MNPs-MET 

formulation. It can be concluded that the Nio-PEG-

MNPs-MET formulation is more efficient even at 

low dosages. Additionally, the Nio-PEG-MNPs-

MET formulation decreases the migration rate of 

lung cancerous cells, which is necessary for 

barricading metastasis. In conclusion, we designed 

and optimized an efficient novel drug delivery 

system nano-carrier for the targeted therapy of lung 
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cancerous cells that has minimum side effects on 

normal cells. 
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