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containing etoposide on lung cancer
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aDepartment of Chemical Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran; bDepartment of Pilot
Nanobiotechnology, Pasteur Institute of Iran, Tehran, Iran; cDepartment of Chemical Engineering, South Tehran Branch, Islamic Azad
University, Tehran, Iran

ABSTRACT
Introduction and objective: Lung cancer is the most common one in terms of outbreak and mortality.
Since most modern treatments have many side effects, finding an effective and alternative therapy
seems necessary. The present study aimed to determine the effect of PEGylated liposomal etoposide
nanoparticles on the lung cancer (A-549 and Calu6 cell lines).
Materials and methods: The PEGylated liposomal etoposide nanoparticles were prepared by reverse-
phase evaporation method. The particle size and zeta potential of the nanoparticles were measured by
Zetasizer. The nanoparticle cytotoxicity was examined by MTT method. The vesicular drug release pat-
tern was examined by dialysis method. The amount of loaded drug and the encapsulation efficiency
(EE) was also measured and calculated. Apoptosis test was performed using flow cytometry with
Annexin V kit.
Results: The mean particle size, size distribution, and zeta potential of PEGylated liposomal etoposide
nanoparticles were 122.5 ±4.8 nm, 0.252±0.12 and �13.7 ± 0.51mv, respectively. The etoposide release
in prepared formulations was detected to be about 15.64% after 50 hr. The cytotoxic effect of etopo-
side nanoparticles on lung cancer A-549 and Calu6 cell lines showed more anti-tumour activity com-
pared to the free drug used.
Conclusion: The results showed that the PEGylated liposomal nanoparticles were used as a suitable
nanocarrier for etoposide injection. It was also found that the drug effect on the nanodrug formula-
tions was higher than that of the free drug.
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Introduction

Cancer is one of the most common causes of mortality today
[1,2]. Lung cancer is the most common cancer in terms of
outbreak and mortality worldwide. In 2008, 1.61 million new
cases, and 1.38 million lung cancer deaths were reported.
People over 50 with a history of smoking are more likely to
suffer from lung cancer [3]. Surgery, chemotherapy and radi-
ation therapy are the treatment methods for lung cancer,
which have the greatest effect on improvement. At present,
the limiting factor in cancer chemotherapy is the lack of drug
selectivity against cancer cells [4,5]. In addition, most anti-
cancer drugs have a small therapeutic index, which cause
toxic side effects. During the chemotherapy, some cells
become resistant to treatment that physicians either increase
the drug dosage during the treatment or use a number of
medications at the same time to solve this problem. But the
drug toxicity also increases with these measures [6]. The
inhibiting etoposide is the topoisomerase II enzyme and
inhibits the DNA production by affecting the pre-mitotic
stage of cell division [7] that is why it is used to treat lung

cancer. Like other chemotherapy drugs, taking this medica-
tion also has many side effects [8]. On the other hand, com-
mon chemotherapy drugs are distributed in the body
passively, affecting cancer cells and others together.
Therefore, it limits the receivable dose in the tumour.
Targeted cell therapy has been developed as one of the
ways to overcome the limitations of drugs used in chemo-
therapy [9]. Therefore, increasing resistance in cancer cells
can cause cellular poisoning. It causes limitations not only in
chemotherapy but also in targeted drug delivery [10].
Nanoparticles can increase the intracellular concentration of
chemotherapy drugs without causing cellular poisoning for
other cells [11,12]. Different types of nano drug delivery sys-
tems have been developed to reduce side effects and
improve existing drugs, including microspheres, nanospheres,
nanoliposomes, archeosomes and neosomes [7,13,14].

Liposomes are closed vesicles [15], made up of amphi-
philic lipid layers divided into two single-layer and multi-lay-
ered groups depending on the number of lipid layers. Single-
layer central systems have the ability to load water-soluble
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drugs, while multi-layered structures load fat-soluble drugs
[16]. Liposomes are identified with the opsonization phenom-
enon and are linked to proteins present in the blood and are
therefore eliminated from the blood by the macrophages in
the liver and spleen. Therefore, liposomes have a short half-
life in the bloodstream, which can increase the half-life of the
nanoparticle blood several times by coating or modifying the
liposome surface with hydrophilic polymers [17,18].

Liposomes enable the drug delivery for both hydrophilic
and lipophilic drugs due to the amphipathic properties of its
elements, therefore, it is suitable for the drug delivery of eto-
poside which has low solubility in water and hydrophobicity
[19]. On the other hand, features such as low intrinsic tox-
icity, biodegradability, good dissolution and ease of prepar-
ation have led liposomes to be considered as a very suitable
carrier in novel drug delivery systems [20]. One of the other
benefits of liposomes is the physical entrapment of the drug,
which does not alter the place of the drug effect, and also
immunes the drug within these liposomal carriers from the
enzymatic degradation. All of this has led to the selection of
this formulation compared to other formulations available to
examine the release of etoposide drug.

There are several ways to modify the surface to produce
non-detectable nanoparticles by the reticuloendothelial sys-
tem (RES). A very common species for surface modification is
hydrophilic and non-ionic polymer of polyethylene glycol
(PEG). In addition, PEG has good biocompatibility [21]. In
general, the goal of using drug nano carrier, such as
PEGylated liposomal nanoparticles, is to increase drug deliv-
ery, reduce the toxicity and side effects of anticancer drug
and its longer shelf-life in the bloodstream. In this study, eto-
poside was loaded using a reverse-phase evaporation
method in PEGylated liposomal nanoparticles, and the drug
loaded in these nanoparticles were evaluated in terms of par-
ticle size, size distribution, zeta potential, drug loading effi-
ciency and encapsulation efficiency. Finally, the cytotoxicity
of nanoparticles was investigated by MTT on A-549 and
Calu6 cell lines of lung cancer and kinetics of drug release.

Materials and methods

Materials

Etoposide was purchased from KLAB Company in India, and
the cholesterol, polyethylene glycol (PEG-2000), phosphatidyl-
choline, polySorbate 80, and methyl thiazolyl tetrazolium
(MTT) were prepared from Sigma-Aldrich in USA. RPMI-1640
culture medium was purchased from Invitrogen in USA.
Methanol and chloroform solvents were obtained from the
Merck Company. The A-549 and Calu6 cell lines were pre-
pared from the National Cell Bank of Iran, Pasteur Institute of
Iran. All materials were analytical grade. Distilled water was
used during the study.

Validation parameters of etoposide analysis

Validation parameters of the etoposide analysis including
Linearity, Range, Limit of Detection (LOD) and Limit of
Quantification (LOQ) were studied in this study. Also,

Equation (1) was used to examine LOD and LOQ, and their
values were calculated for etoposide drug using calibration
curve information [22,23]:

LOD ¼ 3:3 r
S

; LOQ ¼ 10 r
S

(1)

where

r ¼ the standard deviation of the response
S ¼ the slope of the calibration curve

Preparation of nanoparticles

Preparation of nanoparticles was done by reverse-phase evap-
oration method. 177.63mg of phosphatidylcholine, 10.17mg
of cholesterol, 26.31mg of PEG-2000 and 4.65mg of etoposide
were weighted by digital balance and dissolved in 30ml of
chloroform: methanol (2:1 v/v). The resulting solution was
then placed on a heater at 300 rpm for 24h at room tempera-
ture to obtain a yellow suspension. The solvent was removed
by rotary evaporator (Heidolph, Germany) under vacuum con-
ditions (90 rpm for 45min at 65 �C) and a thin film was formed
on the bottom of the flask. The thin film of lipid was dried
with N2 gas to remove any trace of organic solvent.
Afterwards, 20ml of phosphate buffer (PBS, pH ¼ 7.4) was
added to the thin film and stirred at room temperature
(300 rpm-24h). Finally, the prepared formulations were soni-
cated by the Ultrasonic Bath (Bandelin Sonorex Digitec,
Germany) for 5min. Homogenizer was also used to produce
smaller nanoparticles. For this purpose, the produced suspen-
sions were homogenized for 10min at 8000 rpm (SilentCrusher
M, Instruments GmbH, Schwabach, Germany). These were
done to reduce the liposome size and to increase their homo-
geneity [10,13]. Blank nanoparticles were prepared as control
formulation without the addition of etoposide as in the
above method.

Specification of nanoparticles

The Zetasizer (Nano ZS3600, Malvern Instrument, UK) was
used to describe the nanoparticles in terms of size, the par-
ticle size distribution and zeta potential. Particle morphology
was studied by scanning electron microscope (SEM). To pre-
pare the sample, after dilution with distilled water, a drop of
nanoliposomes was placed on a glass slide to be dried and
eventually coated with a layer of gold.

Determination of the loaded drug and its efficacy

The encapsulation efficiency (EE) is a rate of the drug weight
encapsulated in a carrier system to total drug added [11].
The loaded drug is a rate of drug weight to the total weight
of the carrier system. For this purpose, 2.5ml of PEGylated
nanoliposomes and its blank formulation were centrifuged at
35,000 rpm for 45min at 4 �C (ultra-centrifuged UCEN-100
Iran). After centrifugation, a clear supernatant was separated
containing a non-encapsulated drug in the nanocarrier, and
the optical density of this phase was measured by
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spectrophotometer (UV-160IPC, Shimadzu, Japan) at 284 nm
using a standard curve. To determine the loaded drug and
EE, the two formulas presented below are used [11,24]. To
obtain the standard curve, different concentrations of etopo-
side with serial dilution method were prepared and the
optical density was measured at 284 nm.

EE %ð Þ ¼ Amount of drug in carrierð Þ
Amount of drug initiallyð Þ � 100 (2)

Loadingefficiency %ð Þ¼ Amount of drug in nanoparticle mgð Þ� �

Amount of nanoparticle mgð Þ� �

�100

(3)

In vitro drug release

The dialysis bag technique was used to measure the release
from the PEGylated nanoliposomal formulation of the drug.
1ml of etoposide PEGylated nanoliposomal formulation, its
control and free drug were poured into three separate dialy-
sis bags (with a cutoff of 12,000Da, Sigma) and the bags
were immersed in a flask containing 25ml of PBS (pH ¼ 7.4).
Each flask was then placed on a magnetic stirrer (100 rpm)
for 50 h at 37 �C. At predetermined intervals, 1ml of phos-
phate buffer taken and replaced with fresh PBS. Finally, some
etoposide released in the PBS was measured by spectro-
photometric method at 284 nm, and the etoposide release
rate was obtained using a standard curve.

In vitro cytotoxicity studies

The toxicity of PEGylated nanoliposomal etoposide was meas-
ured by MTT on the A-549 and Calu6 cell lines. Cells were
seeded in 96-well plates with a density of 1� 104 cells in
RPMI-1640 medium (containing 10% foetal bovine serum
(FBS) and 1% penicillin/streptomycin antibiotic) with 5% CO2
at 37 �C. They were incubated for 24 h at 37 �C and 5% CO2.
After supernatant removal, the cells were seeded with differ-
ent concentrations of free etoposide and PEGylated nanolipo-
somal etoposide. Cytotoxicity was investigated after 24-h, 48-
h and 72-h incubation. Absorption at 570 nm was measured
by Elisa reader (BioTek Instrument, USA). The half maximal
inhibitory concentration (IC50) was determined by linear
regression based on Equation (4) [25]. In order to calculate
the cell viability, Equation (5) was used as follows: [26]

Y ¼ aX þ b; IC50 ¼ 0:5� bð Þ=a (4)

Cell Viability %ð Þ

¼mean of absorbance value of the treatment group
mean of absorbance value of the control group

�100

(5)

Apoptosis analysis by Annexin-V staining

In this study, the cells were stained with FITC Annexin V kit
(BioLegend Inc., San Diego, CA) according to the man-
ufacturer’s instruction to study and measure apoptosis in

A-549 and Calu6 cells by the formulation of PEGylated liposo-
mal nanoparticles containing etoposide. For this purpose,
5� 105 cells from each cell line were seeded in each well of
a six-well culture plates. Then, they were incubated for an
overnight at 37 �C in 5% CO2. Then, the medium was
replaced with fresh medium containing formulation of nano-
drug at the IC50 concentration. After 48 h of incubation, the
medium was removed and the cells were collected and
washed twice with BioLegend cell staining buffer. The result-
ing cell deposition was suspended in an Annexin-V binding
buffer. A specific amount of cell suspension was transferred
to the test tube and 5 lL of FITC Annexin V and 10lL of PI
solution was added, then slowly vortexed and incubated for
15min at room temperature in the dark room. Finally, each
tube was diluted by Annexin-V binding buffer and then ana-
lysed by flow cytometry to investigate cell death and detec-
tion of early apoptosis and late apptosis from necrosis.

Statistical analysis

The results were expressed as significance ± SD (SD, n¼ 3).
Statistical analysis was done using one-way analysis of vari-
ance (ANOVA), followed by Dunnett post hoc test using SPSS
version 22.0. The significant statistical coefficient was deter-
mined at p< .05.

Results

Specification of nanoparticles

The size, particle size distribution, and zeta potential of the
PEGylated nanoliposomal etoposide were 122.5 ± 4.8 nm,
0.252 ± 0.12 and �13.7 ± 0.51mv, respectively (Figure 1).

The size of the nanoliposomes is an important factor for
their penetration into cells and tissues [27,28]. Smaller and
PEGylated particles are generally more slowly absorbed by
the reticuloendothelial system (RES); therefore, they have a
longer cycle time, slower release, and a longer half-life [29].
The morphology of nanoparticles was shown by SEM in
Figure 2. The figures showed that the nanoparticles have a
flat surface and a monodisperse and integrated pattern, and
the vesicles are spherical.

Validation parameters

Validation parameters of the etoposide analysis were eval-
uated and the results are presented in Table 1. According to
the linear equation obtained from the etoposide calibration
curve, the values of r and S were 0.03396 and 83.8550,
respectively. As a result, the values of LOD and LOQ were
obtained in 0.00133 and 0.00404mg/ml, respectively.

Estimation of loaded and encapsulated drug

Encapsulation efficiency (%EE) is defined as the ratio of drug
in nanoparticles to the total amount of drug added to the
formulation. The percentage of encapsulation was obtained
based on the standard curve of the drug’s formulation.

3224 F. ZAREKAZEMABADI ET AL.



Figure 1. Micrograph of the size and size distribution of the PEGylated liposomal nanoparticles containing drug obtained from the zetasizer.

Figure 2. SEM microscope images of PEGylated liposomal nanoparticles containing etoposide in various magnifications: (a) 100 nm, (b) 200 nm, and (c) 500 nm.
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The standard curve is shown in Figure 3. Using the formulas
2 and 3, EE percent and loading efficiency were obtained
99.8 ± 1.8% and 8.2 ± 1.2%, respectively.

In vitro study of released drug

Dialysis method was used to determine the in vitro release
behaviour of PEGylated liposomal etoposide nanoparticles
and free etoposide to evaluate the effect of nanoliposomes
on drug release. Etoposide release from the PEGylated liposo-
mal nanoparticles was measured in phosphate buffer saline
(pH ¼ 7.4) at time intervals 1, 2, 4, 6, 8, 12, 24, 30, 48 and
50 h (Figure 4). The results showed that 15.64% of the drug
was released in the PEGylated nanoliposomal formulation in
a phosphate buffer for 50 h. The etoposide release was exam-
ined by spectrophotometry and the results showed that the
release of PEGylated nanoliposomal etoposide was slower in
comparison with free etoposide at a similar time (50 h).

In vitro toxicity and etoposide nanoparticle cell stability

Various concentrations of nanoparticles containing drug were
tested by MTT and all experiments were done with three rep-
lications to increase the accuracy of results. The activity of in
vitro toxicity and the ability of PEGylated liposomal etoposide
nanoparticles and free drug were evaluated using MTT on
two cell lines consisting of A-549 and Calu6 cell lines. The
results of experiments in Figures 5 and 6 for each cell line
have shown that the drug and the PEGylated liposomal drug
showed a dose-dependent toxicity in cell lines. However,
blank nanoparticles do not affect the cell and show similar
results as untreated cells because nanoparticles were selected
at a safe concentration with nontoxic effect on the cells. The
PEGylated nanoliposomal etoposide toxicity can be attributed
to the toxic effect of etoposide. As the concentration
increased, toxicity also increased, showing that the drug

concentration plays an important role in the etoposide in
vitro toxicity. Ic50 of the PEGylated liposomal drug nanopar-
ticles and free drug for two types of cell lines is shown in
Figure 7. These results indicate that the toxicity of the drug
loaded onto the nanoparticles on cancer cells is significantly
(p< .05) more than that of free drugs. All data are presented
as significant ± SD (n¼ 3).

Apoptosis analysis

To express the effect of the new form of etoposide (nano-
drug formulation) on induction of cell death and etoposide
cytotoxicity, apoptosis analysis was performed on A-549 and
Calu6 cells using flow cytometry method. As shown in
Figure 8 and Table 2, 3.63 ± 1.23% of A-549 cells were treated
with PEGylated liposomal nanodrug formulations suffered
from early apoptosis and about 28.7 ± 2.82% of the cells suf-
fered from late apoptosis and about 8.31 ± 1.63% of cells had
necrosis. These results clearly indicate that the use of
PEGylated nanoliposomes as carriers for etoposide delivery
leads to an increase in apoptosis cells compared to control
group. Similar results were obtained for Calu6 cells, with
6.32 ± 1.09% of the cells suffering from early apoptosis,
17.68 ± 2.17% of the cells had late apoptosis and 1.83 ± 0.41%
of the cells had necrosis.

Discussion

Lung cancer is a disease characterized by an uncontrolled
growth of the cell in the lung tissue [30]. If the disease is not
cured, cell growth can spread out of the lung in a process
called metastasis and reach the surrounding tissues or other
organs. On the other hand, since lung cancer is latent in the
first five years, and one notices the progression of the dis-
ease when a large proportion of the cells are involved in can-
cer, it is necessary to seek therapeutic strategies to increase
the performance of chemotherapy drugs, especially an etopo-
side – anticancer drug – to treat the damaged tissues.

Liposomes are used in the delivery of anticancer drugs,
bactericides, anti-viruses, antifungals, enzymes and vaccines.

Table 1. Parameters of the calibration curve for etoposide.

Linearity range (mg/ml) 0.31–10
Slope 83.855
Intercept 0.0332
Correlation Coefficient 0.9905
Limit of detection (mg/ml) 1.33
Limit of Quantification (mg/ml) 4.04
Residual standard deviation 0.0339
Sample size 6

y = 83.855x + 0.0332
R² = 0.9905

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.002 0.004 0.006 0.008 0.01 0.012
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Figure 3. The standard curve for etoposide.
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Liposomes are able to reduce adverse side effects and
increase drug stability [31,32]. Polyethylene glycol (PEG) is
used to prolong half-life of drugs, prevent nanocarrier elimin-
ation by RES system, reduce side effects of drugs and reduce
potential toxicity [27]. In this study, liposomes are also cov-
ered by PEG biodegradable polymer coating.

In the present study, we have succeeded in preparing the
PEGylated liposomal nanoparticles for etoposide loading
using reverse phase evaporation method. All experiments in
this study were done in 3 replications. Studies have shown
that particles smaller than 400 nm can exhaust the endothe-
lial system of the vessel and accumulate in the tumour site

[33]. The results also confirmed this and showed that the size
of etoposide PEGylated nanoliposomal particles was equal to
122.5 ± 4.8 nm. The zeta potential of nanodrug was
�13.7 ± 0.51mv, which is directly related to the sustainability
of the prepared suspension [34,35]. The SEM results showed
that the nanoparticles had a smooth, uniform, monodisperse
and integrated pattern, and the vesicles were spherical, indi-
cating slow release of the drug [36]. This result was also con-
firmed by a study by Mehrabi et al. [11].

Drug release from nanoparticles is an effective factor in
detecting the biologic effects of carriers [37]. Figure 4 shows
the release rate of the free drug in comparison to the drug
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loaded in the nanoparticles at the same time interval.
Compared to the free drug release rate, drug release rates
from NPs were much lower. This showed that NPs had the
ability to encapsulate the drug [11] and only 15.64% of the
drug was released from nanoparticles after 50-h incubation,
while about 60.37% of the free drug was released in the
same time period. The study of release experiments showed
that the release process consisted of two different phases:
fast release and slow release. These results were also men-
tioned in a study by Poy et al. [18]. At about first 6 h, the
explosive release of drugs was observed, and then, over time,

the release rate was reduced, which could be due to the
presence of PEG. Because PEG can reduce the release rate in
nanoparticles. Nanoparticles loaded with anticancer drugs
can easily reach the cell membrane and increase the drug
concentration at cell surface compared to the standard drug,
which increases the effect of drug [9,38]. Therefore, the drug
encapsulation efficiency in nanoparticles is important. EE effi-
cacy was 99.8 ± 1.8% according to the standard curve and
spectrophotometric method, which was higher than other
studies in the field of nanoliposomes carrying the
drug [11,13,15].

Figure 8. Flow cytometric analysis to study the effect of nanoliposomes to induce apoptosis in A-549 and Calu6 cells. (a) Dot plot of A-549 and Calu6 cells treated
by PBS for 48 h (control), (b) dot plot of A-549 and Calu6 cells treated by PEGylated liposomal etoposide.

Table 2. The percentage of induction of apoptosis in cells treated with the nano drug in comparison with the control group and 48 h of incubation.

A-549 cells
Fomulation Vital cells % (An V�/PI�) Early apoptosis % (An Vþ/PI) Late apoptosis % (An Vþ/PIþ) Necrotic cells % (An V�/PIþ)
NPs containing the etoposide 59.71 6 3.50 3.63 6 1.23 28.762.82 8.3161.63
Control 87.94 6 2.46 1.91 6 0.43 6.42 6 1.71 2.9760.51

Calu6 cells
Fomulation Vital cells % (An V�/PI�) Early apoptosis % (An Vþ/PI�) Late apoptosis % (An Vþ/PIþ) Necrotic cells % (An V�/PIþ)
NPs containing the etoposide 75.2 6 3.39 6.32 6 1.09 17.68 6 2.17 1.836 0.41
Control 89.76 3.52 4.486 1.76 5.216 2.29 0.53760.11

All data are presented as means ± SD (n¼ 3).
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In this study, experiments were conducted to evaluate the
cytotoxicity of etoposide in standard form and it was pre-
pared with the PEGylated liposomal form using MTT method.
The results showed that blank formulations had no toxic
effects on A-549 and Calu6 cell lines. The IC50 of PEGylated
liposomal etoposide was less than the free drug. Therefore,
by liposomalizing the drug, the viability of the cancer cells
decreases. Similar results were reported in previous studies
on other drugs [11,13,39], expressing the effect of PEGylated
nanoliposomes on the pathway of cancer cell death and the
effect on cytotoxicity. The process of apoptosis or pro-
grammed cell death as a protected method is under the con-
trol of genes that is used to remove unwanted or
unnecessary cells in living organisms and interferes with
many mechanisms of the immune system or diseases [40,41].
The results of the flow cytometry test in this study showed
that the concentration of IC50 of PEGylated liposomal nano-
particles containing etoposide in the 48 h effect caused cell
death with an increase in induction of apoptosis in A-549
and Calu6 cells compared to the control group, which con-
firms the results of the nanodrug cytotoxicity measurement.
Also, induction of programmed cell death or apoptosis was
higher than cell necrosis, indicating that the formulation of
the produced nanodrug could induce apoptosis and could
prevent the growth of cancer cells [39].

Considering the results obtained in this paper and study-
ing the drug release in the in vitro conditions, it is necessary
to further study of prepared nanodrugs in vivo conditions be
done that is dependent on the natural system. Therefore, It is
suggested to researchers that prepared formulations using
the present study in the in vivo conditions examine and com-
pare its results. In this way, the effect of nanodrug on lung
cancer can be better confirmed than standard drugs.

Conclusion

Etoposide was significantly and successfully loaded on the
PEGylated liposomal nanoparticles using the inverse phase
evaporation technique. The nanoparticles prepared by this
technique were evaluated in terms of size, size distribution,
zeta potential, encapsulation efficiency, and cytotoxicity. The
results indicated that synthesized nanoparticles had high
encapsulation efficiency and improved cytotoxic effects and
nanoparticle efficacy on lung cancer cell lines. In fact, the
results of this study showed that the PEGylated liposomal
nanoparticles containing etoposide have a significant anti-
tumour activity and can become a promising new formula-
tion for lung cancer treatment in humans. Therefore, prepar-
ing a suitable formulation with high encapsulation efficiency
and the proper effect of the produced nanodrug on two cell
lines of lung cancer that increased induction of apoptosis in
cells, can be considered as an innovation of the present
study compared to previous ones.
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