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Abstract

Background: Niosomes or Nonionic surfactant vesicles are nano vehicles utilized in drug delivery systems,
especially in cancer therapy. In this study, these vesicles were applied as delivery system for anticancer drug,
paclitaxel and then, its anticancer activities was compared with free paclitaxel on Human Acute Lymphoblastic
Leukemia (ALL) cell line Nalm-6.

Materialas and Methods: In this exprimental study, paclitaxel loaded niosome was prepared by thin film
hydration method. The characterization tests included dynamic light scattering (DLS) and UV-Vis
spectrophotometry were employed to evaluate the quality of the nanocarriers. Cytotoxicity of niosomal
paclitaxel nanoparticles and free paclitaxel on human acute lymphoblastic leukemia cell line Nalm-6 after 24
hours were studied by MTT assay to determine cell viability.

Results: Percent of encapsulation paclitaxel prepared with sorbitane monostearate, cholesterol, and DSPE-
mPEG 2000 was 97.21 %. In addition, the polydispersity index, mean size diameter, and zeta potentials of
niosomal paclitaxel nanoparticles were found to be 0.244 + 0.011, 106.3 + 1.5 nm, and -26.03 + 1.34;
respectively. Paclitaxel released from nanoniosome in 72 h was 19.81 %. The results demonstrated that a
2.5~fold reduction in paclitaxel concentration was measured when the paclitaxel administered in nanoniosome
compared to free paclitaxel solution in human acute lymphoblastic leukemia cell line Nalm-6.

Conclusion: As a result, the nanoparticle-based formulation of paclitaxel has high potential as an adjuvant
therapy for clinical usage in human acute lymphoblastic leukemia therapy.
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Introduction in children, particularly those between the
Cancer is one of the main causes of ages of 2 and 5. In the United States it is
mortality worldwide and demonstrates a the most common cause of cancer and
serious health problem (1). By 2050, death from cancer among children.
according to the World Health Chemotherapy is the initial treatment of
Organization (WHO), it is anticipated that choice, and most ALL patients receive a

17.5 million cancer deaths and 27 million
new cancer cases will happen annually (2).
Acute lymphoblastic leukemia (ALL) is a
cancer of the lymphoid line of blood cells
characterized by the development of large
numbers of immature lymphocytes (3).
ALL affected about 876,000 people
globally in 2015 and resulted in about
111,000 deaths. It occurs most commonly

combination of medications (4). Paclitaxel
(PTX) is a diterpenoid natural plant
product (western yew, Taxus brevifolia)
with a unique antineoplastic mechanism of
action. PTX has been utilized for many
years to treat ovarian, breast, lung, bladder,
prostate, esophageal, pancreatic cancer,
metastatic melanoma, and leukemia. PTX
is a cell cycle-specific drug that binds with
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high-affinity to microtubules, stabilizing
and enhancing tubulin polymerization and
suppressing spindle microtubule dynamics.
Therefore, paclitaxel effectively inhibits
mitosis, motility, and intracellular
transport within cancerous cells, leading to
apoptotic cell death (5-10). The clinical
advances in paclitaxel are limited due to its
formulation. Because of its low solubility,
paclitaxel is formulated in a mixture of
Cremophor EL/absolute ethanol (1:1 v/v).
Cremophor EL is known to cause severe
hypersensitivity reactions,
yelosuppression, and peripheral
neuropathy. As a result, various
formulation  strategies  have  been
investigated to reduce vehicle-related side
effects and meanwhile improve the
chemotherapeutic efficacy of PTX (11-13).
Much interest has been remarkably
concentrated on developing
nanotechnology-based PTX formulation
such as polymeric micelles, liposomes,
solid lipid nanoparticles, PTX-polymer
conjugates, and emulsions (14-18).
Nanotechnology = has  revolutionized
diagnosis and treatment of cancer (19).
Nano-sized drug delivery system (DDS) or
nanocarrier is designed to deliver
therapeutic and/or diagnostic agents to
their target sites (20). Over the last
decades, drug delivery systems using
vesicular carriers have attracted great
interest because these carriers provide high
encapsulation efficiency, control drug
release, enhance drug solubility, carry both
hydrophilic and hydrophobic drugs, reduce
side effects, prolong circulation in blood,
and are able to target a specific area (21,
22). By definition, vesicles made of natural
or synthetic phospholipids are called
liposomes while transferosomes are
modified liposomal systems that, in
addition to phospholipids, contain a single
chain surfactant as an edge activator.
Ethosomes contain ethanol as an edge
activator instead of a single chain
surfactant. Despite  having  some
advantages over conventional dosage
forms, they have found many problems in
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practical applications such as high cost,
utilize of organic solvent for preparation,
and limited shelf life due to the lipids
rancidification (23). Therefore, continuous
endeavor is concentrated on finding an
alternative vesicular carrier that is capable
to provide adequate stability,
biocompatibility, and lower toxicity. This
requirement is accomplished by niosomes,
emerging as an noteworthy candidate for
drug delivery applications (24). Niosomes
or non-ionic surfactant vesicles are uni- or
multilamellar ~ spheroidal  structures.
Niosomes are preferred as an effective
alternative to conventional liposomes.
They offer several advantages over
liposome such as greater stability, lower
cost, biodegradable, biocompatible, non-
immunogenic, low toxicity, and lesser care
in storage for industrial production in
pharmaceutical applications. The
Niosomal systems are considered to
enhance the bioavailability of poorly
water-soluble drugs such as paclitaxel (22,
25-29). The present study attempted to
effectively deliver paclitaxel to human
acute lymphoblastic leukemia cell line
Nalm6 using niosomes in order to improve
the solubility and the therapeutic effects of
paclitaxel.

Materials and methods

2.1 Preparation of paclitaxel niosome by
the thin film hydration method

The thin film hydration method employed
to prepare niosome (30). Surfactant of
sorbitane monostearate (Span 60) (Sigma
Chemical Co St Louis, MO, USA),
cholesterol (Sigma, USA) and
polyethylene glycol (Lipoid PE 18 : 0/18 :
0— PEG2000, DSPE-mPEG 2000, Lipoid
GmbH, Germany) (77:6:19.4:3 molar
ratios) were dissolved in chloroform.
Then, 0.5 mgmL"' paclitaxel (Stragen,
Switzerland) was added and the mixture
was warmed to 45 °C for 45 min. The
solvent phase was evaporated on rotary
evaporator until a thin-layered film
formed. The thin film was hydrated with
3000ul distilled water at 55 °C for 30 min.
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The resultant suspensions were sonicated
(model UP200St, Hielscher Ultrasonics
GmbH, Germany) at 50 HTz and 4 °C for
25 min in order to decrease niosomal
particle size. Afterwards, free PTX
(unloaded) was separated from niosomal
PTX (Nio-PTX) by dialysis membrane
(Jingkehongda Biotechnology Co., Ltd
Beijing, China) that had a cut-off of 12
kDa.

2.2 Nanoparticle characterization

The Niosomal hydrodynamic diameters
(particle size distribution ), surface
charges (zeta potential), and
polydispersity  index  (PDI)  were
determined using dynamic light
scattering technique (Zeta-  Sizer
instrument, DLS, Malvern Zatasizer
Nano- ZS, Worcestershire, UK). Scattered
light was detected at room temperature at
an angle of 90°, and the diluted samples
in 1700 puL of deionized water (0.1 mg
mL™') were prepared and immediately
measured after preparation. All
measurements ~ were carried out three
times, and their mean values were
calculated.

2.3 Determination of paclitaxel -loaded
efficiency

In order to evaluate the entrapment
efficiency, spectroscopic measurements
were performed. The Nio-PTX particles
were lysed with isopropanol to analyze
PTX concentration. Nanoparticles were
mixed with isopropanol to lyse the
membranes and rapid shed of entrapped
drugs. The amounts of PTX in niosome
formulation were analyzed with a UV
spectrophotometer (model T80+, PG
Instruments, United Kingdom) at 236 nm
(Amax) (24). A standard curve of PTX
(0.2-2 mg.ml) in isopropanol was plotted
at 236 nm to determine the correlation
between the concentration of PTX and its
absorbance with a dilution series of
isopropanol solution of paclitaxel. All
measurements  were carried out three
times, and their mean values were

calculated. In order to evaluate the
encapsulation efficiency, the following
formula was used:

Encapsulation efficiency (%) =
Theamount FTX in niozome{mg) %100

Total drug of PTX added { mg)

2.4 In vitro release study

The release of paclitaxel from niosome
was monitored by dialysis bag (MW cutoff
= 12000 Da, Sigma, Germany) against
PBS (dialysis medium) for three days at
37°C and pH 7.4. Then, 2 mL of samples
were  taken at  different  times
(1,2,3,4,5,6,7,8,10,12,24,36,48, and 72
hours) and immediately replaced with the
same volume of PBS to evaluate the PTX
release rate from the niosome. Samples
were  analyzed using the UV
spectrophotometer at 236 nm and the
percentage of drug release was obtained
using the PTX standard curve in PBS (0.2-
2 mgml). All  measurements  were
carried out three times, and their mean
values were calculated.

2.5 Cell lines and culture conditions
Human acute lymphoblastic leukemia cell
line Nalm-6 (was supplied from National
Cell Bank, Pasteur Institute of Iran,
Tehran, Iran) was cultured in RPMI-
1640 medium ( Gibco Invitrogen ,GmbH,
Karlsruhe, Germany) supplemented with
10% fetal bovine serum (FBS, Gibco,
USA) and  penicilin G (100
U/ml)/streptomycin (100 pg/ml) at 37°C
and 5% CO; maintained in an incubator
under standard condition.

2.6 Cell viability studies

The cytotoxicity of niosomal formulation
was determined by the MTT ((3-(4, 5-
dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide, Sigma, USA) assay
(31, 32). Briefly, 1x10* Nalm-6 cells were
plated in a total volume of 100 pl and
suspended in medium with different
concentration of free-PTX solution (0.4 -
0.003 mg.ml) and niosomal PTX(0.2 -
0.0007 mg.ml). After incubation for 24 h,
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20 ul MTT (5 mg.ml! in PBS) was added
into each 96- well plate and incubated for
three hour at 37 °C. Finally, 100 ul of
DMSO was added to the each well to
dissolve the formazan crystals.
Absorbance of each well was recorded by
EPOCH Microplate Spectrophotometer
(synergy HTX, BioTek, USA) at 570 nm.
The cytotoxicity of free-PTX solution and
N- PTX was expressed as the inhibitory
concentration (ICso) value defined as the
drug concentration required inhibiting cell
growth by 50% relative to the control. The
ICso values of free PTX and N-PTX were
calculated using GraphPad Prism software.

2.7. Statistical analysis

Statistical data analyses were
performed via GraphPad Prism software
and expressed as mean + SD. The student
t-test was used when comparing two
independent groups. P-value < 0.05 was
considered significant.

Results

3.1 Characterization of niosome
formulation

The polydispersity index, mean size
diameter, and zeta potential of niosomal
paclitaxel nanoparticles prepared with span
60 , cholesterol and DSPE-mPEG 2000
were found to be 0.244 + 0.011, 106.3 £
1.5 nm, and -26.03 + 1.34; respectively.

3.2 Encapsulation efficiency:
Encapsulation efficiency of  the
formulation was determined through
paclitaxel standard curve in isopropanol
(Figure 1). Percentage of encapsulation
rate of paclitaxel in niosome nanoparticles
was determined to be 97.21 + 1.5 %.

3.3 In vitro release study

Using the standard curve of paclitaxel in
PBS (Figure 2), the amount of released
paclitaxel from PEGylated nanoniosomal
formulation in PBS was calculated. After
72 h, 19.81 % of loaded PTX was released
form PEGylated nanoniosomal
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formulation. The drug release profile
increased with a gentle slope (Figure 3).

3.4 Evaluation of cellular cytotoxicity
effect

It was observed that toxicity of paclitaxel
in niosome formulation prepared with span
60, cholesterol, and DSPE-mPEG 2000
was higher than toxicity of free paclitaxel
(Figure 4b and 4c, respectively).
Furthermore, ICso for niosome formulation
was 8.52 £ 0.62 pg/ml, while the ICso for
free drug was determined to be 21.13 + 0.5
pg/ml  (Figure 5 and Figure 6,
respectively). A 2.5~fold reduction in
PTX concentration was measured when
PTX was administered in nanoniosome
compared to free PTX solution in Nalm-6
cells. The results showed that the
paclitaxel niosome formula displayed
significantly greater cytotoxic activity with
human acute lymphoblastic leukemia cell
line Nalm-6 in comparison with free
paclitaxel.

Percentage  of  encapsulation  was
determined through paclitaxel standard
curve in isopropanol (Figure 1).
Percentage of encapsulation rate of
paclitaxel in niosome nanoparticles was
determined to be 97.21 £ 1.5 %.

Paclitaxel standard curve in isopropanol

0.6
¥ = 0.264x - 0.0136
0.5 R? = 0.9993

0.4

0.3

Absorbance

0.2

0.1

0.0 T T T T 1
0.0 0.5 Lo L5 2.0 25

Concenteration (ug/ml)

Figure 1. Paclitaxel standard curve in isopropanol
(0.2-2 mg.ml) at 236 nm

All measurements were carried out three times,
and their mean values were calculated.
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Paclitaxel standard curve in PBS
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Figure2. Paclitaxel standard curve in PBS (0.2-
2 mg.ml) at 236 nm

All  measurements were carried out three
times, and their mean values were calculated.

Paclitaxel release curve

Cumulative release %

0 T T T 1
0 20 40 60 80

Time (h)

Figure 3. The in vitro release profile of
paclitaxel from niosomal formulation at
different times (1,2,3,4,5,6,7,8,10,12,24,36,48,
and 72 hours) after drug encapsulation. All
measurements were carried out three times,
and their mean values were calculated.

Figure 4. Nalm-6 cell line: (a) before adding
drugs, (b) after adding free PTX, (c) after
adding Nio PTX
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Figure 5. Cell viability assay of human acute
lymphoblastic leukemia cell line Nalm-6 after
24 hours of treatment with various
concentrations (0.2 - 0.0007 mg.ml) of
paclitaxel niosome

All  measurements were carried out three
times, and their mean values were calculated.

Free Paclitaxel on Nalm-6 cells
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£
L

0 T T T T

0 100 200 300 400
Concenteration (pg/ml)

Figure 6. Cell viability assay of human acute
lymphoblastic leukemia cell line Nalm-6 after
24  hours of treatment with various
concentrations (0.4 - 0.003 mg.ml) of free
paclitaxel

Discussion

It is specified that most of compounds
prepared by combinatorial chemistry are
compounds with low solubility which is
considered a challenge in formulating
these compounds. Using drug delivery
carriers is an approach for improving
solubility and maintaining physiological
activity of such drugs. In this
investigation,  anticancer  agent  of
paclitaxel was chosen as a model due to its
low solubility in order to encapsulate in
niosome nano carrier (22, 33). Nonionic
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surfactants are the most common form of
surfactant applied in preparing vesicles
due to the superior advantages they endow
with respect to stability, compatibility, and
toxicity compared to their anionic,
amphoteric or cationic counterparts.
Nonionic surfactants are less toxic, less
hemolytic, and less irritating to cellular
surfaces. The hydrophilic-lipophilic
balance (HLB) value of a surfactant lays a
key role in controlling drug entrapment of
the vesicle it forms. For a surfactant such
as span 60 with an HLB value <6,
cholesterol enhances stability of vesicles.
It is also shown that cholesterol enables
more hydrophobic surfactants to form
vesicles, suppressing the tendency of the
surfactant to form aggregates. The phase
transition temperature (Tc) of the
surfactant ~ affects the  entrapment
efficiency. Thus, span 60 with a high Tc
displays the highest entrapment efficiency
(34, 35). In order to improve stability
and circulation half-life, niosomes may
be coated with appropriate polymer
coatings such as polyethylene glycol
(PEG), creating PEGylated niosomes
(36). PEG coating also assists to reduce
systemic phagocytosis, which results in
lengthened systemic circulation, as well as
reduced toxicity profiles (37, 38). The thin
film hydration method used in this study to
prepare niosomes was easy and had
appropriate encapsulation efficiency and
low cost benefit (39). PEG addition to
niosomal formulation makes insoluble
drugs, such as paclitaxel, soluble which
results in encapsulation increment. This
study also showed paclitaxel could highly
be loaded into niosomes. It caused increase
in bioavailability of drug. Moreover,
nanoniosome was efficient in delivering
the PTX drug to Nalm-6 cells. A 2.5~fold
reduction in PTX concentration was
measured when the PTX was administered
in nanoniosome compared to free PTX
solution in Nalm-6 cells. Finally, the
obtained results suggested that niosomal
nanoparticles can be used as an appropriate
nanocarrier of paclitaxel for human acute
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lymphoblastic leukemia therapy and such
formulation can be further in vivo studied.

Conclusions

Our results attained successful formulation
of paclitaxel niosome that contained span
60, cholesterol and DSPE-mPEG 2000 by
thin film hydration method, which could
encapsulate PTX (0.5 mg/ml) with 97.21
% efficiency. The resulting paclitaxel
niosome had a suitable particle size of
106.3 nm, adequately controlled PTX
release (19.81% PTX after 72 hours) and
increased tumor cell kill. Hence, the
nanoparticle-based formulation of
paclitaxel has high potential as an adjuvant
therapy for clinical usage in human acute
lymphoblastic leukemia therapy.
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