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ABSTRACT 

 

This study aimed to improve the anticancer activity of letrozole through a niosomal 

formulation. Optimized niosomal formulation of letrozole was achieved by response surface 

methodology (RSM). The niosomes were well-characterized by several methods. The 

anticancer activity and its mechanism were studied in MCF-7 and MDA-MB-231 breast 

cancer cells. The release of the drug from the niosomes was according to the Kors Meyer-

Peppa kinetic model. The niosomes were stable with high encapsulation efficiency. 

Significant higher anticancer activity and more induction of apoptosis were obtained for 

niosomal letrozole. Results indicated that niosomes could be a promising drug carrier for 

delivery of letrozole to breast cancer cells. 

 

Keywords: Drug delivery system; Niosome; Letrozole; Breast cancer; Anticancer. 
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1. Introduction 

According to WHO report, cancer is the second leading cause of death in the world, and is 

responsible for an estimated 9.6 million deaths in 2018 [1]. Breast cancer is the most common 

malignancy among women according to 246,660 new cases of breast cancer and 14% of 

reported deaths due to breast cancer in the United States in 2016 [2]. The aromatase-dependent 

breast cancer type is treated with letrozole as a hormonal anticancer. Aromatase is a 

biocatalyst enzyme that increases the biosynthesis of estrogen from testosterone [3]. However, 

letrozole decreases estrogen level by blocking cytochrome P-450 that converts testosterone 

into small amounts of estrogen in postmenopausal women; it does not stop estrogen 

production in the ovaries. By decreasing the amount of estrogen, the growth of hormone-

receptor-positive breast cancer cells is decreased [4]. Recently, targeted drug delivery systems 

received extensive attention [5, 6]. The combination of medicine and nanotechnology has 

modified multifunctional nanocarriers that can be loaded with different drugs [1, 2, 7, 8]. 

Niosomes as nonionic surfactants have been widely studied due to their useful properties 

including biodegradability, biocompatibility, low immunogenicity, long shelf life, high 

stability, and allow drug delivery to the target site at a controlled release rate [4, 9-12]. 

Researchers demonstrated that aqueous solubility and oral bioavailability of niosomal 

Candesartan cilexetil- a commercially marketed compound with low bioavailability (15%) - 

significantly enhanced [13]. In another study, PEGylated niosomal vincristine showed potent 

in vitro toxicity in BCL1 lymphoma cancer cells [14]. A PEGylated niosomal formulation of 

artemisinin was prepared by Asgharkhani and his colleagues. The anticancer activity of the 

new formulation was evaluated against MCF-7 breast cancer cells. They found a significant 

cytotoxicity effect for niosomal artemisinin compared to the free drug solution [15]. In this 

paper, the attempts are made to indicate the efficacy of niosomal letrozole on breast tumor 

cells. In this regard, letrozole-loaded niosomes was optimized, formulated, and 
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physiochemically characterized by several techniques. The mean particle size, zeta potential, 

drug entrapment efficacy, in vitro drug release, and stability of the niosomes were 

determined. Furthermore, the cytotoxic effects of letrozole-loaded niosomes against MCF7, 

MDA-MB, and MCF10A cell lines were evaluated. Real-time, flow cytometry and cell cycle 

analysis were used to determine the expression rate of apoptosis-related genes (P53, BCL2, 

and Bax). 

 

2. Materials and methods 

2.1. Materials 

Letrozole was kindly donated by Tofigh Daru (Tehran, Iran). Sorbitan monolaurate (Span20, 

Cat# S6635), Sorbitan monostearate (Span60, Cat# S7710), Sorbitan monooleate (Span80, 

Cat# S6760), Cholesterol (CHOL, Cat# C8667), dicetylphosphate (DCP, Cat# 850042P), 

Sodium dodecyl sulfate (SDS, Cat# L3771) and dialysis membrane (MWCO 12kDa, Cat# 

D6191) were obtained from Sigma Aldrich (USA). Dimethyl sulfoxide (DMSO, Cat# 

109678), Chloroform (Cat# 107024), Amicon (Ultra-15-Membrane, MWCO 30kDa, Cat# 

C82301) were purchased from Merck (Germany). Trypsin-EDTA (Cat# 15400054), Trypan 

blue (Cat# 15250061), RPMI-1640 culture medium, DMEM (Dulbecco's Modified Eagle 

culture medium, Cat# 11965092), phosphate-buffered saline (PBS, Cat# 10010049), fetal 

bovine serum (FBS, Cat# 16000044), MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5 -

Diphenyltetrazolium Bromide) (Cat# M6494) and penicillin /streptomycin (PS, Cat# 

10378016)100 X were purchased from Gibco, (USA). The MDA-MB-231, MCF-7, and 

MCF10A cell lines were obtained from Pasteur Cell Bank (Iran). The Annexin V-FITC flow 

cytometric kit was obtained from Affymetrix biosciences (USA). RNA extraction and cDNA 

synthesis kits were purchased from Transgene Biotech, China (Cat#. ER101-01 and AE301-

02). 
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2.2. Preparation of letrozole-loaded niosomes 

 

Letrozole-loaded niosomes were formulated by the thin-film hydration method [7, 16]. The 

lipid: drug mixture was prepared in different molar ratios of 10: 1 and 20: 1. Surfactant 

(either Span20, 60 or 80): CHOL: DCP (as a negative charge inducing agent) ratio was kept 

2:1:0.05 in all batches. The mixture was dissolved in 10 mL chloroform. The organic phase 

was evaporated under reduced pressure using a rotary evaporator (Heidolph, Germany) at 60 

℃ for 30 min. The dried film was hydrated in 10 ml of PBS for 30 min at 60 ° C and rotation 

at 120 rpm. Finally, the solution was sonicated for 5 min by Hielscher up to 50 H ultrasonic 

processor, Germany. Different niosomal formulations of letrozole are presented in Table 1. 

 

Table 1. Different niosomal formulations for encapsulation of letrozole 

Formula

tion 

Type of 

Surfact

ant 

Lipida/D

rug 

(mol 

ratio) 

HL

B 

Transitio

n 

temperat

ure ,Tc 

(°C) 

Drug 

concentration(

mg/ml) 

Sonicat

ion 

time 

(min) 

Surfacta

nt: 

Choleste

rol: 

DCPb 

(molar 

ratio) 

L1 Span20 10 
8.6

0 
16 1 5 2:1:0.05 

L2 Span60 10 
4.7

0 
53 1 5 2:1:0.05 

L3 Span80 10 
4.3

0 
-12 1 5 2:1:0.05 

L4 Span20 20 
8.6

0 
16 1 5 2:1:0.05 

L5 Span60 20 
4.7

0 
53 1 5 2:1:0.05 
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L6 Span80 20 
4.3

0 
-12 1 5 2:1:0.05 

a Lipid is the total amount of cholesterol and surfactant and DCP 

b DCP: Dicetyl phosphate 

 

 

2.3. Particle Size, Size Distribution, and Zeta Potential  

 

The mean particle size and the polydispersity index of the niosomes were determined by the 

Zeta-sizer instrument at a wavelength of 25 ° C and 633 nm (Nano ZS3600, Malvern 

Instruments Ltd, UK) which based on dynamic light scattering. 

 

2.4. Morphology 

 

The surface morphology of the optimized formulation was visualized by SEM (scanning 

electron microscopy), TEM (transmission electron microscopy), and AFM (Atomic force 

microscopy). For SEM, the letrozole loaded niosomes suspension was diluted with deionized 

water and a drop of that was placed on a silicon wafer and dried completely overnight in a 

desiccator. Then a thin gold layer was sputtered on the samples, and they were studied under 

a field emission scanning electron microscope (NOVA NANOSEM 450 FEI, USA). TEM 

analysis was performed by placing a drop of letrozole loaded niosomes on carbon-coated-

300-mesh copper grids, the excess sample was removed after 2 min by a filter paper. Samples 

were eluted by distilled water and stained by 2% Uranyl acetate. Final analysis was 

performed at 80 kV on a field emission TEM (TENAI G2 F20, USA). AFM samples were 

prepared by placing 5μl of diluted niosomes on 1cm2 glass slides and left to dry at room 

temperature. Prepared samples were visualized with a Nanowizard II atomic force 

microscope (JPK Instruments, Berlin, Germany) with a low-stress silicon nitride cantilevers 

(AppNano, USA) using AC mode at 66k Hz scan[17, 18]. 
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2.5. Fourier-transform infrared spectroscopy (FT-IR) 

 

To study the interaction between different ingredients, we performed Fourier transform 

infrared (FTIR) spectroscopy by enjoying Spectrum Two, PerkinElmer, USA, and KBr disc 

method. Samples were scanned over the range of 4000 to 400cm-1. Infrared spectroscopic 

studies were done for letrozole, Span80, Cholesterol, DCP, letrozole loaded niosomes and 

drug-free niosome (niosomes without drug or empty niosomes). Sample’s scanning was 

carefully conducted by using the PerkinElmer Spectrum software (Model 1600, 

Massachusetts, US). 

 

2.6. Differential scanning calorimetry (DSC) measurements 

 

Pure letrozole, letrozole loaded niosomes, and drug-free niosomes samples were also 

analyzed by differential scanning calorimetric method (TA, Q600, USA). To do this, 3 mg of 

each sample was sealed thematically in aluminum pans (scan range temperature was from 20 

to300℃ with 5°C/min scan rate). The study was operated under nitrogen as the purge gas. 

 

 

2.7. Powder X-ray diffractometry (XRD) analysis 

 

X-ray diffraction (XRD) studies was performed by X’ Pert Pro MPD, Panalytical, 

Netherlands. In this regard, letrozole loaded niosomes, dug-free niosomes and letrozole were 

taken into plane glasses. Small-angle XRD was acquired using an X-ray super-speed 

diffractometer with a Ni filter and Cu radiation (λ = 0.542 nm), tube voltage 25–45 kV and 

tube current 100–200 mA, and scanned from 2 ° to 80°, 2θ. 

 

2.8. Entrapment efficiency (EE %) 

 

Entrapment efficiency was calculated by measuring concentration of non-entrapped letrozole. 

In this regard, the free drug was separated from niosomal dispersion by Ultracel-30K 
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Millipore filters with a molecular weight cut-off (MWCO) of 30,000 Da. The inner chamber 

of the cell was filled by 500μl of formulations and the assembly was centrifuged for 20 min 

at 4000×g in 4℃ by cooling centrifuge (Eppendorf® 580R centrifuge, Germany). The 

amount of free drug in the outer chamber of the device was determined by UV-visible 

spectrophotometry at 240 nm (JASCO, V-530, Japan). The encapsulation efficiency was 

calculated by the following equation.  

 

              𝐸𝐸(%) = Initial drug added−Free drugInitial drug added × 100                     (Equation 1)                  

 

 

2.9. In vitro release study and kinetic model  

 

The in vitro release of drugs from letrozole-loaded niosomes was studied using the dialysis 

diffusion method (molecular weight 12 KDa). To do this, two milliliters of the niosomal 

suspension were placed into dialysis bag, sealed, and immersed into 50 ml of PBS (pH 6.8, 

37℃) as release or receiver medium and shacked on a magnetic stirrer at 300rpm. Samples 

were taken from the buffer compartment at predetermined time intervals and replaced by 

fresh PBS. The optical density of each batch was determined by UV–Vis spectrophotometer 

at wavelength of 240nm and the amount of released drug was estimated by standard curve 

equation. The cumulative release was then plotted against the time. The kinetic of release was 

analyzed by the Higuchi, Korsmeyer-Peppas, zero-order and first-order models.  

 

2.10. Stability studies  

 

The stability of optimized letrozole loaded niosomes was studied for 60 days at two different 

temperatures (25±2°C and 4±2°C). At specific time intervals (14, 30 and 60 days) the particle 
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size (Z-average), polydispersity index (PDI)  and entrapment efficiency (EE) of the 

dispersions were measured and the results compared to fresh samples. 

 

2.11. Cytotoxicity assay 

 

MCF-7, MDA-MB-231 and MCF10A cells were cultured separately at a density of 1×104 

cells per well in 96-well tissue culture plates and incubated at 37 ºC in 5% CO2 incubator for 

24 hours. Different concentrations (0-200μg/ml) of drug-free niosome (L3B), letrozole 

solution (L), letrozole loaded niosomes (L3) and letrozole mixed by letrozole loaded niosome  

(L+L3; 1:2 v/v) were added to 96 well plates in eight replicates and incubated at 37 ºC in a 

5% CO2 incubator for 48 and 72 hours. After incubation, cells were treated by 100 µL of 

MTT (0.5 mg/ml in PBS) and incubated for 4 hours in a 5% CO2 incubator at 37 ºC. Then 

100 µL of DMSO was added to each well after removing the medium. Formazan formation 

was quantified using a microplate reader (Biotek, USA). Finally, the cell viability for each 

treatment was calculated by the following equation: 

 

Cell viability (%) = (A treatment A blank) / (A control A blank) × 100 (Equation 2) 

2.12. Apoptotic gene expression analysis 

 

MCF-7, MDA-MB-231 and also MCF10A cells were treated with L3B, L, L3, and L + L3 (1:2 

v/v) at IC50 concentrations for 72 h. The RNA extraction kit (Transgene biotech) was used for 

isolation of RNA content of the treated cells. The cDNAs were obtained using the cDNA 

synthesis kit (Takara, Japan). The expression rate of BCL2, Bax, and P53 were assessed using 

real time PCR. The beta actin (ß-actin) expression level was used as an internal control. The 

real time PCR primers were listed in Table 2. The real-time PCR program was as follows: 95 

ºC 10 min, 95 ºC 15 sec. (35 cycles), and 72 ° C 1 min. The total volume of the amplification 

reaction was 20 µL using SYBR® Green Master Mix (Bio-Rad, USA) and the products were 
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run on 2% agarose gel. Data were evaluated by the icycler iQ real-time detection system, and 

the fold changes were calculated based on the threshold cycle (Ct) value. 

 

Table 2. Primers and their sequences used in the real time PCR [4]. 

Gene Forward Primer Reverse Primer 

Bax 5’-CGGCAACTTCAACTGGGG-3’ 5’-TCCAGCCCAACAGCCG-3’ 

BCL2 5-’GGTGCCGGTTCAGGTACTCA-3’ 
5’-TTGTGGCCTTCTTTGAGTTCG-

3’ 

P53 

5’-

CATCTACAAGCAGTCACAGCACAT-

3’ 

5’-CAACCTCAGGCGGCTCATAG-

3’ 

ß-

actin 
5-’TCCTCCTGAGCGCAAGTAC -3’ 

5’CCTGCTTGCTGATCCACATCT-

3’ 

 

 

2.13. Flow cytometry 

 

MCF-7, MDA-MB-231 and MCF10A cells were seeded in cell culture plate at a density of 

5×105 cell/well and incubated overnight at 37 ºC in a 5 % CO2 to attach completely. Then, 

the cells were separately treated with L3B, L, L3 and L+L3 (1:2 v/v) at IC50 concentrations for 

72 h. After washing twice with cold sterile PBS (pH 7.4), 1×106 cells were suspended in 250 

µL binding buffer provided by the kit (Transgene Biotech ER101-01). According to 

manufacturer's instruction, certain amounts of propidium iodide and annexin v added to the 

cells and incubated for 10 min at room temperature. In the final step, the cell suspensions 

were moved to a flow cytometric tube and subjected to flow cytometry analysis (BD 

Biosciences, Singapore). 

 

2.14. Cell cycle analysis 
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Propidium iodide (PI) staining was used to evaluate cell proliferation. In this regard, DNA 

content is used to detect the cell cycle stage, so the binding of PI to DNA is proportional to 

the DNA content. Cells were seeded in complete medium in 6-well plates at a density of 1 × 

106 cells/well. After an overnight incubation and three times washing with PBS, cells were 

treated with L, L3, L+L3 (1:2 v/v) for 72 h in complete medium. After that, cells were 

collected and fixed with 70% cold ethanol overnight at 4 ° C, and stained with 500 μl of PI 

solution (containing RNase) in the dark for 20 min at room temperature and then analyzed by 

flow cytometry. Experiments were repeated three times. 

 

3. Results 

3.1. Niosomal letrozole formulations  

Table 3 represents the impact of the type of surfactant and the molar ratio of lipid to drug on 

the structure and physicochemical properties of the prepared niosome. Results indicated that 

the niosomal formulations with different lipid/drug molar ratio and various surfactant types 

were indicated varied size and polydispersity index. Among different employed surfactants, 

the Span 80 with both lipids to drug molar ratio (10 and 20) formulation had optimal 

characterization parameters. However, among formulations with Span 20 and 60 those which 

were prepared based on 10 molar ratios of lipid to drug had smaller size and higher 

entrapment efficacy in contrast with formulation which was prepared based on 20 molar 

ratios of lipid to drug. Consequently, formulations obtained from span20, span60 and span80 

in a lipid-to-drug molar ratio of 10 were selected for further analyses. 

 

Table 3. Vesicle size, PDI, and EE % of different niosomal formulations. Data are 

represented as mean ± SD, n = 3. 

Formulation 
Vesicle Size (nm, 

average ± SD) 

Polydispersity index 

(average ± SD) 

EE (%) (average ± 

SD) 

L1 242.90±9.90 0.127±0.023 94.4158±0.0534 
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L2 186.70±2.88 0.181±0.012 96.0620±0.0051 

L3 190.30±17.84 0.162±0.007 97.9974±0.0175 

L4 301.73±19.23 0.213±0.035 91.3281±0.0304 

L5 184.33±7.35 0.234±0.014 94.5825±0.1674 

L6 176.03±7.25 0.283±0.058 98.4772±0.2063 

 

 

3.2. Morphological Characterization of Optimized Niosomes 

 

Morphology of the optimized niosomal formulation (L3) was studied by SEM, TEM and 

AFM. Figure 1a shows the SEM image of the niosomes, which confirms a uniform spherical 

shape and a smooth surface with an average size of 40 nm without any aggregation. The size 

of the niosomes obtained by SEM was smaller than that measured by the Nano Zetasizer. 

Figure 1b illustrates internal and topology structure of the niosomes which have been imaged 

by TEM. This image also confirmed the spherical and uniform structure of the vesicles. The 

AFM image of the niosomes is indicated in Figure 1c. In this figure, the niosomes also 

showed a spherical shape, but there was a large variation in the vesicle size, which may be 

related to the fusion of the niosomes as a result of interactions between the mica substrate and 

niosome surfaces. There was no significant difference between the sizes of the niosomes in 

all different methods. 
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Figure 1. Morphological characterization of optimized niosomes: (a) scanning electron 

microscopy (SEM), (b) transmission electron microscopy (TEM) and (c) Atomic force 

microscopy (AFM). 

 

3.3. Fourier transform infrared (FT-IR) analysis 

 

FT-IR spectra for different components of the niosomal formulations are represented in 

Table 4. The optimized drug-free niosomes (control) have most of the characteristic peaks of 

its components, including 80, DCP and cholesterol (see Figure 2, Table 4)[19]. FT-IR 

spectrum of letrozole showed intense band of functional groups, 1640-1690 cm-1 (N = C 

bonding), 800cm-1 (N–H out-of-plane bending vibrations), 1550-1640cm-1 (N-H bonding), 

1600-1680 cm-1 (C–C bonding), 1450-1600 cm-1 (Aromatic ring of C = C), 2250 cm-1 (C ≡ N 

bonding), and 1000-1350cm-1 (N-C bonding). The IR spectrum of letrozole loaded niosome 

showed characteristics peaks at 3452 cm-1, (O-H stretching), 1125 cm-1 (C–O stretching), 

1747 cm-1 (C =O stretching), 1000-1250 cm-1 (Aliphatic C-N stretching), and 2800-3000 cm-1 

(C-H stretching). Furthermore, the FT-IR spectrum of excipients including Span80, 
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cholesterol, and DCP has been reported in Table 4. However, the C=C stretching peaks (at 

1674 cm-1) peaks in cholesterol have vanished in the FT-IR spectra of the niosomes, further 

demonstrating the entrapment of cholesterol in the lipid bilayer shell and the formation of the 

niosomes [20, 21]. Another important result was disappearing of the main characteristics peaks 

of the drug molecule in the final optimized niosomal formulation, which revealed the 

successful encapsulation of the drug by the niosomes. 

Table 4. The main characteristic peaks for FT-IR spectra of different samples or chemicals. 

Sample, chemicals Peak cm-1 Description 

DCP 

1243 P=O bonding 

724-843 P-O bonding 

1450 CH3 bonding 

1465 CH2 bonding 

Span 80 

1000-1300 C–O stretching 

2800-3000 C-H stretching 

3452 OH stretching 

1749 CH2 bonding 

1753 C =O stretching 

1497 Aromatic ring 

Cholesterol 

1747 C = O stretching 

2800-3000 C-H stretching 

3452 OH stretching 

1035-1378 CH2 bending and CH2 deformation 

1506 C-C stretching in aromatic ring 

1674 C=C stretching 

Niosome 

1165 C–O stretching 

1745 C = O stretching 

2800-3000 C-H stretching 

1498 Aromatic ring 

1000-1250 Aliphatic C-N stretching 

3452 OH stretching 

Letrozole 

1640-1690 N = C bonding 

800 N–H out-of-plane bending vibrations 

1450-1600 Aromatic ring of C = C 

2250 C ≡ N bonding 

1000-1350 N-C bonding 

1550-1640 N-H bonding 

1600-1680 C–C bonding  

Letrozole -loaded Niosome 

 

1125 C–O stretching 

1747 C = O stretching 

2800-3000 C-H stretching 

3452 OH stretching 

1000-1250 Aliphatic C-N stretching 
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Figure 2. Fourier Transform Infrared FTIR Spectra of (a) Cholesterol, (b) Span80, (c) DCP, 

(d) Letrozole, (e) Niosome, and (f) Letrozole loaded niosomes. 

 

3.4. Differential scanning calorimetry (DSC) measurements 

 

DSC data (Figure 3) revealed that free letrozole has a clearly sharp endotherm peak at 187.6 

°C relating to its melting point. However, the DSC thermogram of letrozole loaded niosomes 

represented a slight difference over 110.2, 116.1 and 234.6 ° C, which may result from a 

change in letrozole structure and can be indicative of inclusion complex formation. 
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Figure 3.DSC thermograms of (a) Letrozole, (b) Letrozole loaded niosome.  

 

3.5. Powder X-ray diffractometry (XRD) analysis 

 

The results obtained from the XRD analysis illustrated that despite the crystalline structure of 

letrozole, the letrozole loaded niosome showed an almost amorphous structure that confirmed 

the successful entrapment of the drug into the niosomes (Figure 4). This result was consistent 

with previous reports of XRD pattern for other formulations. 
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Figure 4. XRD patterns of (a) Letrozole, (b) Niosome, and (c) Letrozole loaded niosome. 

 

3.6. Drug release study 

 

This study was carried out to inspect the effect of the niosomes on the releasing rate of the 

drug from the vesicles. The achievement of a desirable drug release system was another aim 

of the study obtained using release kinetic models. Figure 5 presented the amount of 

letrozole retained in the different formulations of niosomes during the specific time intervals. 

The results revealed that the release of letrozole from niosomal formulations has a biphasic 

profile; an initial burst of release followed by a constant or slow rate of release. The amounts 

of drug released from all niosomal formulations were obtained about 33-36% during the first 

8 hours. After this time, the rate of release was constant, and no significant change in the rate 

of release was observed in all formulations.  
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Figure 5.  In vitro drug release profile of free letrozole and release profile of letrozole in 

optimum formulation of letrozole loaded niosomes (L1, L2 and L3); Data are represented as 

mean ± SD. 

 

Linear form of different kinetic models was plotted according to release data, in order to find 

the release mechanism. To determine the kinetic of release for optimized formulations, the 

regression coefficient of linear curve was calculated. As the kinetic model with a regression 

coefficient close to 1 is a desirable model for the release profile, Korsmeyer Peppas was 

selected as an appropriate model for all prepared niosomal letrozole formulations (Table 5). 

Table 5. The release kinetic models and the parameters obtained for niosomal formulations. 

Release Model 
Zero-Order Korsmeyer-Peppas First-Order Higuchi 

R2 R2 N R2 R2 

L1 0.6083 0.8476 0.5534 0.6789 0.8091 

L2 0.5773 0.8775 0.3973 0.6316 0.7760 

L3 0.4291 0.7056 0.3728 0.6911 0.6350 
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3.7. Physical stability of letrozole-loaded niosomes 

 

The physical stability of the niosomal formulations was determined by measuring the vesicle 

size and the retained drug in the niosomes before and after two months of storage at two 

different temperatures. In all niosomal formulations, the EE% decreased, whereas the particle 

size and PDI increased during the storage time. The samples stored at 4 ± 2 ° C were more 

stable than the samples stored at 25 ± 2 ° C. The change in particle size, PDI and EE % of the 

L3 formulation stored at 4 ° C and 25 ° C in different time intervals was less than in the L1 

and L2 formulations. The complete data of stability is represented in the supplementary file. 

In all formulations, the size of the nanoparticles was changed. Changes in L1 were only 

significant on days 30 and 60. L2 on days 14, 30, and 60 and L3 only represented significant 

changes (P-value < 0.05) changes in day 30. Moreover, polydispersity index of L1 and L3  

was only significant in day 60 whereas PDI of L2 was significantly different in day 30 and 60 

for prepared samples which stored and 4 ± 2 °C and 25 ± 2 °C. The capture efficacy (EE) of 

all formulations was significantly (P-value<0.05)  different on day 30 and 60 in both storage 

conditions (Figure 6). 
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Figure 6. The effect of storage time and storage temperature on the average size, the 

polydispersity index (PDI), and the encapsulation efficiency of letrozole loaded niosomal 

formulation (L1, L2 and L3); Data are represented as mean ± SD and n=3; P<0.001***, 

P<0.01 **, P<0.05 *. 

 

3.8. In vitro cell viability 

 

The MTT assay was performed to investigate the antiproliferative effects of different 

formulations of niosomes (L3B, L, L3 and L+L3) on cancer cells. As presented in Figure 7a, b 

a significant decrease was observed in cell viability of cancer cells after 48 h of treatment 

with L, L3, and L + L3 compared to 72 h of treatment. Treatment of cancer cells with L, L3, 

and L + L3 (1: 2 v / v) showed dose-dependent toxicity. Significant decrease in cell viability 

was obtained for the L3 and L+L3 (1:2 v/v) formulations compared to the free drug (Figure 

7a, b). Therefore, it seems that the L3 and L + L3 (1: 2 v / v) formulations improved the 

antiproliferative activity of the drug. Drug-free niosomes (L3B) showed negligible 
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cytotoxicity against MCF-7, MDA-MB-231, and MCF10A cells (Figure 7c). The results 

revealed that L3 did not have significant toxicity in MCF10A cells after 48 and 72 h of 

treatment (Figure 7d), indicating that they have enough biocompatibility to use as a drug 

delivery system. IC50 values were calculated as µg/ml for L, L3 and L+L3, respectively.  
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Figure 7. The drug concentration effect on the viability of A) MCF-7 cells, B) MDA-MB-

231 cells. C) The effect of L3B on the viability of MCF-7 cells, MDA-MB-231 and MCF10A 

cells. D) The effect of L3 on the viability of MCF10A cells; Data are represented as mean ± 

SD and n=3; P<0.001***, P<0.01 **, P<0.05 *. 

As indicated in Figure 8, there is a significant decrease (P<0.05) between IC50 of the L 

formulation compared to the L3 and L+L3 formulations in both breast cancer cells at 48 and 

72 hours (Figure 8a). Furthermore, IC50 of all formulations were decreased as time-
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dependent manner for both MCF-7 and MDA-MB-231 cells. This decrease was significant 

for the L and L3 formulations, but not for the L + L3 formulation (Figure 8b).  L3B, L and L3 

IC50 on MCF10A cells were obtained higher than 200 µg/ml. 

 

 

Figure 8. IC50 values for different sample using MTT assay. A) in the different 

formulations, B) in the different time points. Data are represented as mean ± SD and n=3; 

P<0.001***. 
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3.9. Apoptotic gene expression analysis 

 

The expression of apoptosis-related genes (BAX, BCL2 and P53) in treated cancerous cells at 

transcription levels, were studied by real-time PCR. Comparison between gene expressions in 

cancer cell lines (MCF-7, MDA-MB-231) and control group indicated a significant increase 

in the expression level of pro-apoptotic Bax and P53 genes and a remarkable decrease in the 

expression of anti-apoptotic BCL2 gene, after 72 h exposure to the L, L3, and L+L3 (1:2 v/v) 

formulations (Figure 9). Furthermore, the expression level of BAX and P53 in cancer cells 

treated with L3 and L + L3 (1: 2 v / v) was significantly higher than that of the L formulation. 

A significantly lower level of BCL2 expression was obtained for cells treated with L3 and L + 

L3 (1: 2 v / v), while a higher level of expression was achieved for the L formulation (Figure 

9).  

 

 

Figure 9. The expression of BAX, P53 and BCL2 genes in MCF-7 and MDA-MB-231 cells 

after treatment with different samples. The IC50 was used for each sample; Data are 

represented as mean ± SD and n=3; P<0.001***, P<0.01 **. 
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3.10. Apoptosis study  

 

The Annexin-PI staining by flow cytometry was used to study the cytotoxicity, apoptosis and 

necrosis of the breast cancer treated by different formulations of letrozole. In this regard, the 

MCF-7 and MDA-MB-231 cells were treated for 72h with L3B, L, L3 and L+L3 (1:2 v/v) 

formulations at their IC50s. As illustrated in Figure 10, the apoptosis rate of MCF-7 and 

MDA-MB-231 cells which treated by letrozole solution (L) was about 15.505 % and 15.96 

%, respectively. The rate of apoptosis of MCF-7 and MDA-MB-231 cells treated with L3 was 

approximately 23.86 % and 25.665 %, respectively, and this rate for MCF-7 and MDA-MB-

231 cells treated with L + L3 (1: 2 v / v) was obtained around 38.70 % and 44.665 %, 

respectively. The rate of apoptosis for the cells treated by L3 and L+L3 (1:2 v/v) was 

significantly greater than that of treated by L and control groups (Figure 11).  

 

 

Figure 10. The flow cytometry of A) MCF-7 and B) MDA-MB-231 cells after treatment with 

different samples. Different quadrants in the scatter plot of double variable flow cytometry 

could reveal the following information:  the Q1 quadrant (FITC−/PI+): necrotic cells; the Q2 
quadrant (FITC+/PI+): late apoptotic cells; Q3 quadrant (FITC+/PI−): early apoptotic cells; 

and the Q4 quadrant (FITC−/PI−): living cells; Data are represented as mean ± SD. 
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Figure 11. The quantitative apoptosis rate analysis of MCF-7 cells and MDA-MB-231 cells 

after treatment with different samples; Data are represented as mean ± SD and n=3; 

P<0.001***, P<0.01 **. 

 

3.11. Cell cycle analysis 

 

The impact of different formulations of letrozole on cell cycle progression in the breast 

cancer cells was investigated by flow cytometry (Figure 12 and Figure 13). As demonstrated 

in Figure 13, treatment with L, L3, and L + L3 (1:2 v/v) formulations, led to arresting cells in 

the sub-G1 phase of the cell cycle in both breast cancer cells. The amount of sub-G1 cell 

population in MCF-7 cells treated with L, L3 and L+L3 (1:2 v/v) was obtained about 5.32 %, 

9.985 % and 16.335 %, respectively. This amount for MDA-MB-231 cells treated with L, L3, 

and L + L3 (1:2 v/v) was around 7.335 %, 12.535 %, and 18.73%, respectively. These results 

were in agreement with the results of apoptosis study in which higher apoptosis rate was 

observed in MDA-MB-231 cells with higher impact for L+L3 (1:2 v/v) formulation. 
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Figure 12. Cell cycle analysis of MCF-7 and MDA-MB-231 cells treated by different 

formulations of niosomes by the same concentration of the drug.  

 
 

Figure 13. Cell cycle distribution for MCF-7 cells and MDA-MB-231 cells after treatment 

with different samples. The control sample refers to the cells without treatment with any drug 

or nanomaterial; Data are represented as mean ± SD. 
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4. Discussion 

As illustrated in Table 3, niosomal formulations with different lipid-to-drug molar ratios and 

also surfactant type was exhibited with various size and PDI. The entrapment efficiency and 

particle size strongly depend on the type of surfactants and the amount of cholesterol (i.e., 

lipid) in the niosomal structure because any change in chemical type and chemical 

composition directly affects the hydrophilic-lipophilic balance (HLB) in the niosomal 

formulation [22-25]. The smaller size of the 80-span niosomes may be attributed to the length of 

the hydrophobic chain of this surfactant and the more hydrophilic-hydrophobic interaction 

between the encapsulated letrozole, cholesterol, DCP, and the hydrophobic chain of the 

surfactant [19]. The prepared niosomes with a lipid-to-drug ratio of 10 showed a considerably 

smaller size compared to those with a lipid-to-drug ratio of 20. These results were in 

agreement with other studies [20] which have indicated that a higher amount of lipid in the 

niosomal formulation might result in a thicker lipid bilayer and larger nanoparticles [20]. The 

size of the particles is a crucial parameter for efficient drug delivery, which can affect the 

entrapment efficiency and drug release. This study confirmed that the amount of cholesterol 

could significantly affect the mean size of the niosomes, which was according to previous 

reports, that is, increasing the amount of cholesterol; the size of the vesicles was increased[26-

30].  

The polydispersity index illustrates the uniformity of particle size and is a criterion for the 

width of the size distribution [31]. The PDI value varies between 0 and 1, and the lower PDI 

value belongs to the more homogeneous suspension. The uniform particles have a narrow 

size distribution and low tendency to aggregate [32]. Our results indicated that probe 

sonication decreases the particle size of the niosomes and a higher amount of cholesterol, 

which leads to lower entrapment efficiency of the drug. These findings were in agreement 

with previous reports [26, 27]. It seems that beyond a certain level of cholesterol, the bilayer 
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structure may be altered and the amount of drug retained may be reduced [28]. Therefore, an 

optimal cholesterol ratio should be selected to achieve a high amount of drug loading and 

niosome stability[32, 33]. 

The size of the vesicles measured by SEM and TEM, were smaller than those of measured by 

Nano Zetasizer (DLS). This difference may be related to the drying process during the SEM 

and TEM imaging. In other words, SEM and TEM give the mean size of dried nano particles 

(measures the exact diameter of each particle). However, DLS measures the hydrodynamic 

diameter that includes core plus any molecule attached or adsorbed on the surface, including 

ions and water molecules[29, 30, 34, 35].   

The rate of drug release depends on the composition and fluidity of the bilayer membrane. 

Moreover, electrostatic interactions between drug and surfactants are essential, mainly when 

the drug exists in an ionized form at physiologic pH [36]. The initial phase involves the almost 

accelerated release of letrozole and then followed by a more passive release phase. The rapid 

initial release can be attributed to the release of loosely attached drug molecules on the 

surface of the vesicles and the slower phase is fundamentally related to the diffusion of 

letrozole through the bilayers [37-39].  

According to the R2 values of the release kinetic models in Table 5, it was found that drug 

release is controlled by diffusion and erosion mechanisms [20, 40, 41], and the values of n (0.43 

<n <0.85) indicate that drug release is based on Fickian diffusion release [35, 42].  

More stability of the niosomes stored at 4 ± 2 °C is possibly due to less mobility of bilayer at 

this temperature [20, 43, 44]. Increasing the size of the vesicle during storage may be related to 

its fusion [45] or aggregation [46]. Also, the decrease in EE% at high temperatures may be due 

to more fluidization of the lipid vesicles and drug leakage [47, 48]. In addition to this, due to the 

irregularity of the surfactant fatty acid chain at high temperatures, the thickness of the two 

layers decreases and leads to more drug diffusion from the vesicles [43]. Also, at high 
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temperature, the fatty acid chain of the surfactants gets irregular configuration so that, the 

bilayer thickness decreases and the rate of diffusion across the bilayer membrane increases 

[43].  

Treatment of cancer cells with a letrozole-loaded niosome and a letrozole-loaded niosome 

showed a correlation between dosage and toxicity. Interestingly, the results showed that 

cytotoxicity effect of free letrozole was lower than the letrozole loaded niosome at the same 

concentration. A possible explanation for these findings is that the antiproliferative activity of 

drug has been enhanced by niosomal encapsulation. As expected, drug-free niosomes showed 

no cytotoxicity against treated cells. It confirmed that the niosomes are biocompatible enough 

to be used as a drug delivery system. Flow cytometric results indicated that the cytotoxicity 

of letrozole and letrozole loaded niosomes on MDA-MB-231 cells was conducted through 

induction of apoptosis. Therefore, the niosome preparation process had no effect on the 

mechanism of action of the drug. These results are consistent with those of other studies that 

state that cancer cell progression and growth depend on the balance between pro- and 

antiapoptotic proteins, including the Bax and BCL-2 genes [49, 50]. The expression level of P53 

increased remarkably. It was shown that P53 plays a role as a regulator of the Bax to BCL-2 

ratio in the cell by increasing the expression of pro-apoptotic proteins such as Bax and Bid. 

Furthermore, interaction between P53 with proteins of the BCL-2 family leads to the 

activation and translocation of Bax and Bid to the outer membrane of mitochondria. P53 also 

translocates directly to mitochondria to activate the mitochondrial apoptosis pathway [51-53]. 

Cell localization is an important feature of nanoparticles that has been investigated in 

previous studies. For instance, mesoporous silica NPs could enter the cells and remain for a 

long time which is enough to allow the release of drug from NPs [54]. Other studies also 

showed that polymeric NPs could enter the cancer cells, diffuse in the cytoplasm and, escape 

from endosomal degradation [33, 54, 55]. Confocal microscopy studies showed that free 
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doxorubicin accumulated in the cell membrane and entered the cell slowly through a 

diffusion pathway, while encapsulated doxorubicin was mainly localized in the cytoplasm 

through the endocytosis pathway [56]. Silibinin, cisplatin, and vinblastine loaded niosomes had 

a higher cytotoxicity than free drugs in T-47D, TC-1, and BT-20 cancer cells, respectively [57-

59]. These reports support the current conclusion due to our observations by confocal 

microscopy, namely, higher toxicity and apoptotic rate of the letrozole-loaded niosomes 

attributed to the higher delivery efficiency of drug-loaded niosomes into cancer cells.  

 

5. Conclusions 

This study provided evidence that the use of niosomes as a drug carrier can enhance the 

anticancer activity of letrozole against human breast cancer cells. In this regard, niosomes 

were successfully prepared and optimized in terms of vesicle size, PDI, EE, and drug release 

pattern. The prepared niosomes showed appropriate morphology and stability. Biological 

activity of encapsulated letrozole was enhanced due to improvement in drug stability and 

physicochemical properties. In vitro studies showed that letrozole-loaded niosomes induced 

apoptosis in both breast cancer cells (MCF-7 and MDA-MB-231), which could be the result 

of down-regulation or up-regulation of genes related to apoptosis (BAX, BCL2, and P53). 

Localization of nanoparticles inside the cells and interaction between nanoparticles and living 

cells are very important in nanotechnology-based intracellular delivery of poor water-soluble 

drugs. Intercellular localization and long persistence of niosomes inside the cancer cells could 

enhance the therapeutic efficiency of niosomal formulations. The results of this study would 

develop a new view for further studies and effective methods to design the anticancer drugs.  
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