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Introduction: Breast cancer is among the most prevalent mortal cancers in women worldwide. In the present study, an optimum
formulation of letrozole, letrozole-loaded niosome, and empty niosome was developed, and the anticancer effect was assessed in
in vitro MCF-7, MCF10A and MDA-MB-231 breast cancer cell lines.

Materials and Methods: Various niosomal formulations of letrozole were fabricated through thin-film hydration method and
characterized in terms of size, polydispersity index (PDI), morphology, entrapment efficiency (EE%), release kinetics, and stability.
Optimized niosomal formulation of letrozole was achieved by response surface methodology (RSM). Antiproliferative activity and the
mechanism were assessed by MTT assay, quantitative real-time PCR, and flow cytometry. Furthermore, cellular uptake of optimum
formulation was evaluated by confocal electron microscopy.

Results: The formulated letrozole had a spherical shape and showed a slow-release profile of the drug after 72 h. The size, PDI, and
eEE% of nanoparticles showed higher stability at 4°C compared with 25°C. The drug release from niosomes was in accordance with
Korsmeyer—Peppa’s kinetic model. Confocal microscopy revealed the localization of drug-loaded niosomes in the cancer cells. MTT
assay revealed that all samples exhibited dose-dependent cytotoxicity against breast cancer cells. The ICsq of mixed formulation of
letrozole with letrozole-loaded niosome (L + Lj3) is the lowest value among all prepared formulations. L+L; influenced the gene
expression in the tested breast cancer cell lines by down-regulating the expression of Bcl, gene while up-regulating the expression of
p53 and Bax genes. The flow cytometry results revealed that L + L3 enhanced the apoptosis rate in both MCF-7 and MDA-MB-231
cell lines compared with the letrozole (L), letrozole-loaded niosome (L;), and control sample.

Conclusion: Results indicated that niosomes could be a promising drug carrier for the delivery of letrozole to breast cancer cells.
Keywords: breast cancer, niosome, letrozole, drug delivery system, anticancer

Introduction

Over the past decade a surge of breast cancer incidence was observed among the female population.'* Most breast
cancers are hormone-dependent and estrogen is a mediator hormone in progression and metastasis of tumor cells.**
Letrozole, as an oral non-steroidal aromatase, decreases estrogen levels by binding to heme ion of cytochrome P-450 that
converts testosterone into small amounts of estrogen in postmenopausal women; it does not stop estrogen production in
the ovaries. By declining the amount of estrogen, the growth of hormone-receptor-positive breast cancer cells
decreased.””” However, clinical application of letrozole is limited owing to poor solubility and drug resistance, different
systemic side effects such as headache, breast tenderness, short half-life, bone fractures, arthralgia,
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hypercholesterolemia, and carcinogenic failure.® Accordingly, the recommended dose of letrozole is 2.5 mg/day for
postmenopausal women with advanced breast cancer previously treated with antiestrogens.”'® Development of targeted
drug delivery systems (DDSs) has received extensive attention.'*'*!*!> The combination of medicine and nanotechnol-
ogy has modified multifunctional nanocarriers that can be loaded with different drugs.'>™'® Nanoparticle-based DDSs,

such as liposomes, nanotubes, '’ ! 22,23 24,25

metallic nanoparticles, metal-organic frameworks, mesoporous silica
nanoparticles,”® are promising carriers for targeted delivery due to their high surface area to mass ratio and high
interaction which lead them to carry drug molecules efficiently rather than free drug molecules in solution. Moreover,
these particles transfer their loaded active drug into cancer cells by selectively using tumors’ peculiar stimuli.''’
Functional nanoparticles and photosensitizers have been encapsulated to maintain their appropriate concentration in the
tumor section.”® Chitosan/polyaniline/laponite hydrogels showed a high biocompatibility and the cell viability which
provide a new reference for the tumor therapy and tissue regeneration.29 Polydopamine decorated mesoporous silica
nanoparticles showed a significant heat to kill colorectal cancer cells.*

Niosomes as nonionic surfactants have been widely studied due to their advantages including biodegradability,
biocompatibility, low immunogenicity, long shelf life, high stability, and allow drug delivery to the target site at
a controlled release rate.>' >® Aqueous solubility and oral bioavailability of niosomal Candesartan cilexetil,
a commercially marketed compound with low bioavailability (15%), was significantly enhanced.** In a study,
PEGylated niosomal vincristine showed potent in vitro toxicity in B-cell lymphoma cancer cells.>> Anticancer analysis
of PEGylated niosomal formulation of artemisinin against MCF-7 cell lines showed a substitutional cytotoxicity effect
for niosomal artemisinin compared with the free drug solution.>® Furthermore, Melittin-loaded niosome revealed
a significant higher apoptosis rate and inhibited cell migration, invasion in cancer cell lines compared with the free
melittin samples.*’

In this paper, attempts are made to indicate the efficacy of niosomal letrozole on breast tumor cells. The letrozole-
loaded niosome formulations were optimized and physicochemically characterized in terms of mean particle size, zeta
potential, drug entrapment efficacy, in vitro drug release, and stability. Furthermore, the cytotoxic effects of letrozole-

loaded niosomes against MCF7-7, MDA-MB-231, and MCF10A healthy cell lines as control were evaluated by MTT

6234 s International Journal of Nanomedicine 2022:17
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Ahmadi et al

assay. Real-time PCR, flow cytometry, and cell cycle analysis were used to determine the expression rate of apoptosis-
related genes (p53, Bcl,, and Bax). Moreover, cellular uptake of optimum Letrozole-loaded niosome to cancer cells was
investigated by confocal electron microscopy.

Materials and Methods

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), Nile red and Coumarin 6 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).

Preparation of Letrozole-Loaded Niosomes

Letrozole-loaded niosomes were formulated by the thin-film hydration method."'>*® 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°C 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 Ultrasonic processor, Germany. Different niosomal formulations of letrozole are
presented in Table 1.

Characterization

The mean particle size, PDI and zeta potential 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 was based on dynamic light
scattering. The surface morphology of the optimized formulation was visualized by SEM (scanning electron micro-
scopy), 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 5 pL of
diluted niosomes on 1 cm? 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.>’°

Fourier-Transform Infrared Spectroscopy (FTIR)

To study the interaction between different ingredients, we performed FTIR (Fourier transform infrared spectroscopy) by
enjoying Spectrum Two, PerkinElmer, USA, and KBr disc method. Samples were scanned over the range of 4000 to
400 cm . Infrared spectroscopic studies were done for letrozole, Span80, cholesterol, DCP, letrozole loaded niosomes
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Table | Different Niosomal Formulations for Encapsulation of Letrozole (L,-Ls)

Formulation Type of Lipid®*/Drug | HLB® Transition Drug Sonication Surfactant:
Surfactant | (Mol Ratio) Temperature, Tc | Concentration | Time (min) Cholesterol: DCP*
°C) (mg/mL) (Molar Ratio)
L Span20 10 8.60 16 | 5 2:1:0.05
L, Spané60 10 4.70 53 | 5 2:1:0.05
Ls Span80 10 4.30 -12 | 5 2:1:0.05
L4 Span20 20 8.60 16 | 5 2:1:0.05
Ls Span60 20 4.70 53 | 5 2:1:0.05
Le Span80 20 4.30 -12 | 5 2:1:0.05

Notes: “Lipid is the total amount of cholesterol, surfactant, and DCP. bHydrophiIic-IipophiIic balance. “DCP: Diacetyl phosphate.

and empty niosome. Sample scanning was carefully conducted by using the PerkinElmer Spectrum software (Model
1600, Massachusetts, USA).

Differential Scanning Calorimetry (DSC) Measurements

Pure letrozole, letrozole-loaded niosomes, and empty niosome 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 to 300°C with 5°C/min scan rate). The study was operated under nitrogen as the

purge gas.

Powder X-Ray Diffractometry (XRD) Analysis

X-ray diffraction (XRD) studies was performed by X’ Pert Pro MPD, Panalytical, the Netherlands. In this regard,
letrozole, letrozole-loaded niosomes and empty niosome were taken into plane glasses. Small-angle XRD was acquired
using an X-ray super-speed diffractometer with a Ni filter and Cu radiation (A = 0.542 nm), tube voltage 25-45 kV and
tube current 100-200 mA, and scanned from 2° to 80°, 260.

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 Millipore filters with a molecular weight cut-off (MWCO) of
30,000 Da. The inner chamber of the cell was filled by 500 pL of formulation and the assembly was centrifuged for 20
min at 4000xg in 4°C 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 (EE) and loading efficiency (LE) was calculated by the following equations.

Initial drug added — Free drug
Initial drug added

EE(%) = x 100 1)

weight of the drug in nanoparticles

LE(%) =

100 2
weight of the nanoparticles % @)

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). In this regard, 2 mL of the niosomal suspension were placed into a dialysis bag, sealed, and immersed
into 50 mL of PBS-SDS (pH 6.8, 37°C) as release or receiver medium and placed on a magnetic stirrer at 300 rpm.
Samples were taken from the buffer compartment at predetermined time intervals and replaced by fresh PBS-SDS. The
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optical density of each batch was determined by UV spectrophotometer at wavelength of 240 nm 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. To illustrate, the
Higuchi model is cumulative % drug release vs square root of time, the Korsmeyer—Peppa model is log cumulative %
drug release vs log time, zero-order model is cumulative % drug release vs time and the first-order model is cumulative
% drug remaining vs time. In order to calculate the linear curve, the correlation coefficient (r) values obtained by
regression of the plots derived from the aforementioned models were used. The Higuchi model describes the drug release
by diffusion. Korsmeyer—Peppa model describes and analyzes the drug release from a polymeric nanoparticle dosage
form such as hydrogel, or when release follows several kinetic mechanisms or combination of the diffusion Fickian
transport and non-Fickian transport. The zero-order model is dependent on drug dissolution, which describes the system
where the drug release rate is independent of the concentration. The first-order rate equation describes the drug release
where the rate of drug release is dependent on its concentration.

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 size (Z-average), PDI and EE% of the dispersions
were measured and the results compared with fresh samples.

Cytotoxicity Assay

MCF-7, MDA-MB-231 and MCF10A cells were cultured separately at a density of 1x10* cells per well in 96-well tissue
culture plates and incubated at 37 °C in 5% CO, incubator for 24 hours. Different concentrations (0—200pg/mL) of empty
niosome (L3p), free letrozole (L), letrozole-loaded niosomes (L3) and letrozole mixed by letrozole-loaded niosome (L+L;
; 1:2 v/v) were added to 96 well plates in eight replicates and incubated at 37 °C in a 5% CO, incubator for 48 and 72
hours. After incubation, cells were treated by 100 uL of MTT (0.5 mg/mL in PBS) and incubated for 4 hours in a 5%
CO, incubator at 37°C. Then 100 pL 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:

Eq. 2 Cell viability (%) = (A treatment—A blank) / (A control—A blank) x 100

Apoptotic Gene Expression Analysis

MCF-7, and MDA-MB-231 cells were treated with Lsg, L, L3, and L + L3 at ICso 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 BCL,, Bax, and p53 were assessed using real-time
PCR. The beta actin (f8-actin) expression level was used as an internal control. The real-time PCR primers are listed in
Table 2. The real-time PCR program was as follows: 95°C 10 min, 95°C 15 s (35 cycles), and 72° C 1 min. The total
volume of the amplification reaction was 20 pL using SYBR® Green Master Mix (Bio-Rad, USA) and the products were
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 (C,) value.

Table 2 Primers and Their Sequences Used in the Real Time PCR3®

Gene Forward Primer Reverse Primer
Bax 5-CGGCAACTTCAACTGGGG-¥ 5’-TCCAGCCCAACAGCCG-3¥
Bcl, 5’GGTGCCGGTTCAGGTACTCA-3’ 5-TTGTGGCCTTCTTTGAGTTCG-3
p53 5’-CATCTACAAGCAGTCACAGCACAT-3' | 5-CAACCTCAGGCGGCTCATAG-3’
B-actin 5”"TCCTCCTGAGCGCAAGTAC -3’ 5’CCTGCTTGCTGATCCACATCT-3
International Journal of Nanomedicine 2022:17 https: 6237
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Confocal Laser Scanning Microscopy

Confocal laser scanning microscopy was used to evaluate cellular uptake of letrozole-loaded niosome. Accordingly,
1x10° of MDA-MB-231 cells were seeded for 24 h in plates containing RPMI-1640 medium that was supplemented with
10% FBS. Then 500 pL of Nile red was used as a model hydrophobic molecule and loaded into the niosome. Extra stain
and niosomes were removed by dialysis method (MWCO 12 kDa). The Nile red-loaded niosomes (50 pg/mL) were
added to the cell cultures and incubated for 3 h. The cancer cells were washed three times with PBS, fixed with 4%
paraformaldehyde (PFA), stained with coumarin-6 (green fluorescence) for 15 min and examined with a confocal laser
scanning microscope (TCS SP5, Leica Microsystems, Wetzlar, Germany).

Flow Cytometry

MCF-7 and MDA-MB-231 cells were seeded in a cell culture plate at a density of 5x10° cell/well and incubated
overnight at 37°C in 5% CO, to attach completely. Then, the cells were separately treated with L3, L, L3 and L+L3 at
ICs, concentrations for 72 h. After washing twice with cold sterile PBS (pH 7.4), 5x10° cells/well in 6-well plate were
suspended in 1X binding buffer provided by the kit (Transgene Biotech ER101-01). According to manufacturer’s
instructions, certain amounts of propidium iodide (red fluorescence) and annexin V-FITC (green fluorescence) were
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 (FACSCalibur, BD Biosciences, Singapore).

Cell Cycle Analysis

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 1x10° cells/well. After an overnight incubation and three times washing with PBS, cells
were treated with Lsg, L, L3, L+L; 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 puL 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.

Results

Letrozole-Loaded Niosome 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 had varied size and PDI. Among the 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

Table 3 Vesicle Size, PDI, EE % and LE% of Different Niosomal Formulations Containing Letrozole
(L,-L¢). Data are Represented as Mean + SD, n = 3

Formulation Vesicle Size Polydispersity Index EE* (%) LE** (%)
(nm, Average * SD) (Average * SD) (Average * SD) | (Average £ SD)
L 242.90 + 9.90 0.127 £ 0.023 94.4158 + 0.0534 | 6.9095 + 0.0082
L, 186.70 + 2.88 0.181 £ 0.012 96.0620 + 0.005! | 6.1518 +0.0113
L; 190.30 + 17.84 0.162 £ 0.007 97.9974 £ 0.0175 | 6.2864 + 0.0067
L4 301.73 £19.23 0.213 £ 0.035 91.3281 + 0.0304 | 3.4654 + 0.0075
Ls 184.33 + 7.35 0.234 £ 0.014 94.5825 + 0.1674 | 3.1262 + 0.0055
L 176.03 £ 7.25 0.283 + 0.058 98.4772 + 0.2063 | 3.2607 + 0.0433

Notes: *Entrapment efficiency. **Loading efficiency.

https:
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had smaller size and higher EE in contrast with formulation which was prepared based on 20 molar ratios of lipid to drug.
Consequently, formulations obtained from span 20, span 60 and span 80 in a lipid-to-drug molar ratio of 10 were selected
for further analyses.

Morphological Characterization of Optimized Niosomes

Figure 1A—F demonstrates the particle size of selected letrozole-loaded niosomes and related empty niosome formula-
tions. As can be seen, the average particle size and PDI of L; is 232.5 nm and 0.119, respectively (Figure 1A). The
average particle size and PDI of L;g is 173 nm and 0.155, respectively (Figure 1B). The average particle size and PDI of
L, is 184.7 nm and 0.188, respectively (Figure 1C). The average particle size and PDI of L,g is 158.5 nm and 0.172,
respectively (Figure 1D). Moreover, the average size and PDI of L; is 188.2 nm and 0.156, respectively (Figure 1E). The
average particle size and PDI of L;p is 184.4 nm and 0.175, respectively (Figure 1F). Figure S1A, C and E reveals that
the zeta potential of L; L, and L3 is —18.9, —23.7 and —20.6 mV, respectively. Moreover, Figure S1B, D and F
demonstrates that the zeta potential of Lp, Log and Lsg is —25.3, —28.7 and —27.9 mV, respectively. Morphology of
optimized niosomal formulation (L;) was studied by SEM, TEM and AFM. Figure 1G 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 1H illustrates internal and topology structure of the niosomes which have been imaged by TEM. This image
also confirms the spherical and uniform structure of the vesicles. The AFM image of the niosomes is indicated in
Figure 1I. In this figure, the niosomes also show 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.

Fourier Transform Infrared (FT-IR) Analysis

FT-IR spectra for different components of the niosomal formulations are represented in Table 4. The optimized empty
niosomes (L) have most of the characteristic peaks of its components, including 80, DCP and cholesterol (Figure 2A and
Table 4).*' FT-IR spectrum of L showed intense band of functional groups, 1640—1690 cm ' (N = C bonding), 800 cm™ '
(N-H out-of-plane bending vibrations), 1550-1640 em ' (N-H bonding), 1600—-1680 em ' (C-C bonding), 1450-
1600 cm ™' (Aromatic ring of C = C), 2250 cm ™' (C = N bonding), and 1000-1350 cm™' (N-C bonding). The IR spectrum
of L; showed characteristics peaks at 3452 cm ', (O-H stretching), 1125 cm™' (C-O stretching), 1747 cm ' (C =0
stretching), 1000-1250 c¢m ' (Aliphatic C-N stretching), 2200 cm ' (C = N bonding), and 2800-3000 cm'
(C-H stretching). Furthermore, the FT-IR spectrum of excipients including Span80, cholesterol, and DCP has been reported
in Table 4. However, the C=C stretching peaks (at 1674 cm ') 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.**** 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.

Powder X-Ray Diffractometry (XRD) Analysis

The results obtained from the XRD analysis illustrated that despite the crystalline structure of L, the L; showed an almost
amorphous structure that confirmed the successful entrapment of the drug into the niosomes (Figure 2B). This result was
consistent with previous reports of XRD pattern for other formulations.

Differential Scanning Calorimetry (DSC) Measurements

DSC data (Figures 2C-E) revealed that free letrozole has a clearly sharp endotherm peak at 187.6 °C relating to its
melting point. However, the DSC thermogram of L; represented a slight difference over 110.2, 116.1 and 234.6°C, which
may result from a change in letrozole structure and could be indicative of inclusion complex formation.
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Table 4 The Main Characteristic Peaks for FT-IR Spectra of
Different Samples or Chemicals

Sample, Chemicals Peak cm™' Description
DCP 1243 P=0 bonding
724-843 P-O bonding
1450 CH3 bonding
1465 CH2 bonding
Span 80 10001300 C-O stretching
2800-3000 C-H stretching
3452 OH stretching
1749 CH2 bonding
1753 C =0 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
L3g 1165 C-O stretching
1745 C = O stretching
2800-3000 C-H stretching
1498 Aromatic ring
10001250 Aliphatic C-N stretching
3452 OH stretching
L 16401690 N = C bonding
800 N-H out-of-plane bending vibrations
14501600 Aromatic ring of C=C
2250 C = N bonding
10001350 N-C bonding
1550-1640 N-H bonding
16001680 C—C bonding
L 1125 C-O stretching
2200 C = N bonding
1747 C = O stretching
2800-3000 C-H stretching
3452 OH stretching
10001250 Aliphatic C-N stretching

Notes: Empty niosome (L3p). Letrozole (L). Letrozole-loaded niosome (L3).
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Figure 2 (A) Fourier Transform Infrared FTIR Spectra of (a) Cholesterol, (b) Span80, (c) DCP, (d) L, (e) Lsg, and (f) Ls). (B) XRD patterns of (a) L, (b) Lsg, and (c) L3. DSC
thermograms of (C) Lsg, (D) L and (E) Ls. (F) In vitro drug release profile of free letrozole and release profile of letrozole in optimum formulation of letrozole-loaded niosomes (L,
L, and L;). Data are represented as mean * SD.

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 2F presents 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.

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—

Peppa’s 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 Optimum
Niosomal Formulations Containing Letrozole (L,-L3)

Release Model | Zero-Order Korsmeyer—Peppas First-Order Higuchi
R? R? n* R? R?

L 0.6083 0.8476 0.5534 0.6789 0.8091

L, 0.5773 0.8775 0.3973 0.6316 0.7760

L; 0.4291 0.7056 0.3728 0.6911 0.6350

Note: *Diffusion or release exponent.

6242 s International Journal of Nanomedicine 2022:17
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Ahmadi et al

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 2 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 L; formulation stored at 4°C and
25°C in different time intervals was lower than L; and L, formulations. The complete data of stability is represented in
Figure 3. In all formulations, the size of the nanoparticles was changed. Changes in L; were only significant on days 30 and
60. L, on days 14, 30, and 60 and L only represented significant changes (P-value < 0.05) changes in day 30. Moreover,
polydispersity index of L, and L; was only significant in day 60, whereas PDI of L, was significantly different in day 30 and
60 for prepared samples which were stored at 4 = 2°C and 25 £ 2°C. The EE of all formulations was significantly (P <0.05)
different on days 30 and 60 in both storage conditions (Figure 3).

In vitro Cell Viability

The MTT assay was performed to investigate the antiproliferative effects of different formulations of niosomes (Lsp, L, L3 and
L+L3) on cancer cells. Figure 4A-D is a comparison between the effect of different formulations on MCF10A cell viability.
Based on Figure 4A, cytotoxicity effect of Lyg on MCF10A after 72 h was higher at 200 pg/mL of drug concentration. As
Figure 4B shows, the cytotoxicity effect of L on this cell line after 72 h was dramatically higher at 100 pg/mL (P<0.05). The
effect of L; on MCF10A proliferation was absolutely higher after 72 h at 12.5, 50, 100 and 200 pg/mL of drug concentration
(Figure 4C). Furthermore, the cell viability of cells treated with L+L; represented a remarkable time-dependent decrease, after
72 h, at concentrations of about 6.25, 12.5, 25, 50 and 100 pg/mL (Figure 4D).
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Figure 3 (A-C) Size stability evaluation of L, (A), L, (B) and L; (C) formulations, (D—F) PDI stability evaluation of L, (D), L, (E) and L3 (F) formulations, (G-I) EE (%)
stability evaluation of L; (G), L, (H) and L; () formulations. Data are represented as mean * SD and n=3; ***P<0.001, **P<0.01, *P<0.05.
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Figures SA-D represents the MCF-7 cell viability treated with Lsg, L, Ly and L+L3 formulations after 48 and 72 h. As
results show, the cell viability of cells treated with L;p after 48 h is higher than cells treated with L;g after 72 h at
concentrations of 6.25, 12.5 and 25 pg/mL. The cell viability of treated cells with L at concentration 200 pg/mL after 72
h is 7% lower than the same concentration after 48 h. Viability of cancer cells after 48 h which were treated with L3 compared
with 72 h dramatically decreased at 6.25, 12.5, 50 and 200 pg/mL. However, there is no remarkable difference in cell viability
of MCF-7 cells treated with L + L3 neither after 48 h nor after 72 h. Figure SE-H shows the cell viability of MDA-MB-231
treated with Lsp, L, L3 and L+L; formulations after 48 and 72 h. The results reveal a significant decrease of MDA-MB-231
cell viability at 6.25, 12.5 and 25 pg/mL after 72 h of treatment with drug-free niosomes in contrast with 48 h treatment.
Overall, it seems that the antiproliferation activity of drug had been improved after 72 h in comparison with 48 h. To illustrate,
cell viability of cells treated with L, after 48 h was higher than 72 h at concentration of 12.5, 25, 100 and 200 pg/mL.
Moreover, cytotoxicity of L; after 72 h is 7% greater than 48 h only at concentration of about 25 pg/mL of drug.

Schematic of cytotoxicity assay of letrozole from a niosome is represented in Figure 6A. As indicated in Figure 6B-E,
there is a significant decrease (P<0.05) between ICsq of the L formulation compared with the L; and L+L; formulations in
both breast cancer cell lines at 48 and 72 h(Figure 6B and D). Furthermore, 1Cs, of all formulations decreased in a time-
dependent manner for both MCF-7 and MDA-MB-231 cell lines (Figure 6C and E). This decrease was significant for the
L and L; formulations, but not for the L + L3 formulation (Figure 6C and E).

Apoptotic Gene Expression Analysis

Inhibitory features of all formulations impact on the expression level of different genes inside the breast cancer cells. The
expression of apoptotic Bax, Bcl, and p53 genes in treated cancerous cells at transcription levels, were measured by real-time
PCR (Figure 7A). 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 (Figure 7B, D, E, and G) and also
a remarkable decrease in the expression of anti-apoptotic Bc/, gene, after 72 h exposure to the L, L3, and L+L; formulations
(Figures 7C and F). Furthermore, the expression level of Bax and p33 in cancer cells treated with L; and L + L3 were significantly
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higher than that of the L formulation (Figures 7B, D, E, and G). A significantly lower level of Bcl, expression was obtained for
cells treated with L; and L + L3, while a higher level of expression was achieved for the L formulation (Figure 7C and F).

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 (Figure 8A). In this regard, the MCF-7 and MDA-MB-231 cells were treated for 72 h with
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L;p, L, L3 and L+L; formulations at their ICsgs. As illustrated in Figure 8B and C, 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 L; was approximately 23.86% and 25.665%, respectively, and this rate for MCF-7 and
MDA-MB-231 cells treated with L + L3 was obtained around 38.70% and 44.665%, respectively. The rate of apoptosis for the
cells treated by L; and L+L; was significantly greater than that of treated by L and control groups (Figure 8D and E).

Confocal Laser Scanning Microscopy

The cell-penetration and internalization potency of the niosomes into cancerous cells was investigated by confocal microscopy
with fluorescence detection. Moreover, the efficiency of niosome uptake by the cancer cells has been evaluated via this
method. In this way, the staining of the target cells was performed using coumarin-6. Also, Nile red was used as a hydrophobic
model molecule for the detection. As illustrated in the images of Figure S2, co-localization of the medication and the stained
cell, and further internalization are recognized through well mixing of the colors, which results in a compilation of two
different colors. The intensity of the mixed color represents well co-localization and overlap of the ingredients.**

Cell Cycle Analysis

The effect of different formulations of letrozole on cell cycle progression in the breast cancer cells was investigated by
flow cytometry (Figure 9A and B). As demonstrated in Figure 9C and D, treatment with L, L5, and L + L5 formulations,
led to arresting cells in the sub-G1 phase of the cell cycle in both breast cancer cell lines. The amount of sub-G1 cell
population in MCF-7 cells treated with L, L3 and L+L; was obtained about 6.12%, 13.04% and 19.58%, respectively.
This amount for MDA-MB-231 cells treated with L, L;, and L + L; was around 8.22%, 12.96%, and 21.20%,
respectively. These results were in agreement with the results of the apoptosis study in which higher apoptosis rate
was observed in MDA-MB-231 cells with higher impact for L+L; formulation.

Discussion

This study aims at developing niosomal formulation of letrozole as a potential platform to target and treat breast cancer.
As illustrated in Table 3, niosomal formulations with different lipid-to-drug molar ratios and surfactant type were
exhibited with various sizes 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.*** 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.*' The prepared niosomes with a lipid-to-drug ratio of 10 showed a considerably smaller size
compared with those with a lipid-to-drug ratio of 20. These results were in agreement with other studies** which have
indicated that a higher amount of lipid in the niosomal formulation might result in a thicker lipid bilayer and larger
nanoparticles.*? 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.*”

The polydispersity index illustrates the uniformity of particle size and is a criterion for the width of the size
distribution.>® 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.’> Our results indicated
that probe sonication decreases the particle size of the niosomes and results in a higher amount of cholesterol, which
leads to lower entrapment efficiency of the drug. These findings were in agreement with previous reports.**° It seems
that beyond a certain level of cholesterol, the bilayer structure may be altered and the amount of drug retained may be
reduced.’’ Therefore, an optimal cholesterol ratio should be selected to achieve a high amount of drug loading and
niosome stability.>>-°

The size of the vesicles measured by SEM and TEM, were smaller than those 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
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Figure 9 (A) Cell cycle analysis of MCF-7 and (B) MDA-MB-231 cells treated by different formulations of niosomes by the same concentration of the drug. (C) Cell cycle
distribution for MCF-7 cells and (D) 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.

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.’*>"®

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.>® 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.®® %
According to the R? values of the release kinetic models in Table 5, it was found that drug release is controlled by

diffusion and erosion mechanisms,*>**** and the values of n (0.43 <n <0.85) indicate that drug release is based on

Fickian diffusion release.®>%°

More stability of the niosomes stored at 4 + 2°C is possibly due to less mobility of bilayer at this temperature.>’**¢”
Increasing the size of the vesicle during storage may be related to its fusion®® or aggregation.®® Also, the decrease in EE% at

high temperatures may be due to more fluidization of the lipid vesicles and drug leakage.”®’" In addition to this, due to the
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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.®” Also, at high temperature, the fatty acid chain of the surfactants gets irregular configura-
tion so that the bilayer thickness decreases and the rate of diffusion across the bilayer membrane increases.®’

Letrozole is considered as a great in vitro and in vivo aromatase inhibitor. Studies on relative effects of letrozole and
anastrozole on model cellular endocrine and tumor systems containing aromatase illustrated that there is no difference
between letrozole and anastrozole which are equipotent in a cell-free aromatase, while letrozole is 10-30 times more
potent than anastrozole in inhibiting intracellular aromatase.”” A study on 54 postmenopausal women who had invasive
breast cancer demonstrated a remarkably higher suppression of estradiol in patients treated with 2.5 mg letrozole in
comparison with those who have been treated with 1 mg of anastrozole.”” Moreover, using 0.1-5 mg/day of letrozole
decreased the concentration of estradiol, estrone, and estrone sulfate plasma by 75-95% from baseline, whereas doses
>0.5 mg suppress estrogens to below the limit of detection.”* In a study on 713 postmenopausal women with advanced
breast cancer previously treated with an anti-estrogen, the effect of letrozole (2.5 mg/day) and anastrozole (1 mg/day)
were directly compared. The results showed a higher responsibility rate for letrozole in contrast with anastrozole (19.1 vs
12.3%, P = 0.013).”° Other clinical trial research showed that 2.5 mg of letrozole is more effective and tolerable
compared with 160 mg megestrol acetate. Additionally, 0.5 mg/day dosage of letrozole was associated with poorer
response rates in this study.”® In another study which developed and evaluated the effect of letrozole-loaded hyaluronic
acid/chitosan-coated poly(d,l-lactide-co-glycolide) nanoparticles on 24 female albino mice (20-25 g) it was found that
300 mg/kg of the letrozole-loaded nanoparticles (equivalent to 10 mg/kg drug) is well tolerable.”’

The Food and Drug Administration of USA approved 2.5 mg/day of letrozole tablets as first-line treatment for
postmenopausal women with hormone receptor-positive or hormone receptor-unknown locally advanced or metastatic
breast cancer.” Whereas niosomal formulation of this drug revealed higher cytotoxic activity on cancer cells at lower
drug concentration in this study. Treatment of cancer cells with free letrozole 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.”®”® 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 translocated directly to
mitochondria to activate the mitochondrial apoptosis pathway.**®* Cell localization and penetration is an important
feature of nanoparticles that has been investigated in previous studies. Polymeric nanoparticles penetrate into cancer
cells, diffuse in the cytoplasm, and escape from endosomal degradation.’®***> Another study revealed that nano-
particles of mesoporous silica could enter the cells and remain for a long time which is enough to allow the release of
drug from formulation.*® TAT modification of liposome enhances drug delivery in the brain and especially glioma
tissues.”* Furthermore, conjugation of TAT peptide on optimized PEGylated niosome improved cellular uptake into
Hela cells.®” In similar study, the internalization of doxorubicin encapsulated in nanoparticle was evaluated. Confocal
microscopy results showed that encapsulated doxorubicin mainly localized in the cytoplasm through endocytosis
pathway while free doxorubicin aggregated in cancer cell membrane and entered slowly by a diffusion.*® In other
work, simvastatin-loaded niosomes revealed higher toxicity and apoptotic rate can be attributed to the higher
delivery.®” Silibinin, cisplatin, and vinblastine loaded niosomes had higher cytotoxicity than free drugs in T-47D,
TC-1, and BT-20 cancer cells, respectively.”® °* 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.
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Conclusions

The present study showed that providing a niosomal formulation of letrozole was adequate, more effective, and less
harmful. The synthesized letrozole-loaded niosomes were found to have homogeneous nanoscale sizes and showed
a sustained drug release pattern in physiological conditions. The biological activity of encapsulated letrozole was
enhanced due to improved drug stability and physicochemical properties. In vitro studies showed that letrozole-loaded
niosomes induced apoptosis in both breast cancer cell lines (MCF-7 and MDA-MB-231), which could result from
down-regulation or up-regulation of genes related to apoptosis (Bax, Bcl,, and p53). Localization of nanoparticles inside
the cells and interaction between nanoparticles and living cells are very important in nanotechnology-based intracellular
delivery of poorly water-soluble drugs. Intercellular localization and the long persistence of niosomes inside the cancer
cells could improve the therapeutic effects of niosomal formulations. Therefore, the results of this study can be
considered a promising methodology for designing a safe and effective targeted drug delivery system for breast cancer
therapy.
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