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Abstract

Axitinib is anticancer drug act on different solid tumours by inhibition protein kinase enzyme which is
responsible for support the tumours with blood demand. Due to its low solubility, it has low bioavailability when
given orally also it is affected by liver metabolism. Axitinib formulated as (niosomes) for the first time to study
the effect of different variables on the in vitro behaviour of vesicles to increase drug dissolution, absorption
ultimately enhance drug oral bioavailability. Niosomal dispersion formulas were formulated by diverse
techniques (thin film hydration method, phase reverse evaporation method and sonication method) via multiple
kinds of surface-active agent (tween and span), cholesterol and dicetyl phosphate then evaluated for visual
appearance, efficiency of drug entrapment (EE%), size of the vesicles, poly dispersity index, zetapotential,
viscosity, invitro drug release and study the vesicles morphology by field emission-scanning electron microscopy
FE-SEM. Numerous factors effecton  entrapment  efficiency  (EE%)  were  studied including
surfactant sum and sort, impact of surfactant combination, effect of different proportions of cholesterol, effect of
DCP in different amount, impact of preparation procedures and impact of sonication time. The results showed
that thin film hydration method with sonication for four minutes was the best method for preparation of axitinib
niosomes, the EE% between (50.97%-98.24%), the particle size was found within the range (64.5 nm - 530.79
nm), zeta potential which was between ( -16.6 to -31 mV), polydispersity index (PDI) <1 and viscosity between
(584 — 889.6) centipoise. The niosomal dispersion F1 which contained 1:1 weight ratio (span60: cholesterol) was
found with high EE% (96.5+0.16%), smallest particle size (64.5+0.5 nm), highest drug release (100%) of drug
released at the end of 4 hours and FE-SEM photograph showed that niosomes were spherical with no aggregation
and had a smooth surface. The results showed that the type and amount of surfactants used, cholesterol ratio,
stabilizer and the time of sonication had a substantial effect on EE%, the size of the vesicles as well as drug
release; which were investigated so as to optimize the niosomal dispersion of anti-tumour drug reaching to an
optimum formula that may improve drug bioavailability.
Key words: Axitinib, Anticancer, Entrapment efficiency, Invitro behaviour, Surfactants, Vesicles.
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Introduction

Angiogenesis or aberrant vascularization is
considered as both a hallmark of solid tumours and
a hallmark of tumour recurrence. Tumours establish
blood supply early in their development upon
growing beyond a few millimeters. Blood and
lymphatic vessels are conduits for cancer cell
transportation toward new sites, i.e. metastasis @,
Angiogenesis inhibitors can be designed to block the
formation of new blood vessels and the growth of
tumours would thereby be halted but not
eliminated®. Axitinib is an effective and selective
inhibitor of vascular endothelial growth factor
receptors 1, 2, and 3. And cut down the growth of
the tumours by prevent angiogenesis . This
antiangiogenic agent act as a single agent against
numerous solid tumours including metastatic renal
cell carcinoma (mRCC), non-small cell lung cancer
(NSCLC), thyroid cancer and melanoma and
exhibited anticancer activity with tolerable safety
profile®.

Axitinib it is classified according to
biopharmaceutical classification system as class 11 (
low solubility and high permeability), it is a weak
base, white to light-yellow powder, non-
hygroscopic with a pKa (4.8), the partition
coefficient (octanol/water) is 3.5, molecular weight
is 386.47 Daltons, it is highly soluble at low pH but
the solubility declines rapidly as the pH increases
above 2, Limitation of drug absorption due to poor
solubility considered as a potential problem that can
be encountered when delivering an active agent via
the oral route ©,

To improve the solubility of poorly soluble
drugs various techniques are available, such as
traditional techniques as (micronization, amorphous
forms, chemical modification of drug and inclusion
complex etc)”, as well as nanoparticles and

nanocarrier technology as liposomes and niosomes
8.9

Niosomes are one of the auspicious drug carriers
that consist of bilayer structure which
created by self-assembly of surface-active agent and
cholesterol in an aqueous medium. They have
extended shelf life and display high stability also
they are biodegradable, biocompatible and non-
immunogenic ©

The niosomal approach assumed to improve
the poor oral bioavailability drugs through passing
the anatomical barrier of gastrointestinal tract 9,
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also the niosomes as nanoscale carrier, increased
surface area  which lead to enhance drug
dissolution rate @9,

The aim of this work is to prepare niosomal
dispersions containing anticancer drug (axitinib)
and adjust through considering the factors
influencing influencing the vesicle conduct
reaching to the best formula that may enhance the
drug oral bioavailability.

Materials and Method

Materials

AXitinib, span 20, span 40, span 60, span 80,
tween 20, tween 60, tween 80, cholesterol and
dicetyl phosphate (DCP) were purchased from china
(sales tunchem company). Monobasic sodium
phosphate, dibasic sodium phosphate and tribasic
sodium phosphate were from India (alpha chemika).
Organic solvents (methanol, chloroform) were
obtained from merck (darmstadt, germany). Other
chemicals with analytical grade.
Preparation of axitinib
dispersions

Thin film hydration technique was used to
prepare niosomal dispersions using various types of
surfactants (span 20,40,60,80 and tween 20,60,80),
cholesterol as well as charge inducing agents
[dicetyl phosphate (DCP)] as shown in Table 1.
Each niosomal dispersion was prepared by
dissolving the surfactant, cholesterol and DCP in
chloroform and methanol in proportion 1:1 (v/v) in
rounded bottom flask and the drug dissolved in 10
ml of methanol and added to first mixture. The
organic solvent was evaporated using rotary
evaporator rotated at 130 r.p.m at 60°C till a smooth
dry lipid film was formed.

The film was then hydrated with 10 ml of
phosphate buffer saline pH 7.4 at 60°C for 1hour and
sonicated using ultrasound probe sonication applied
for 4 minutes. The obtained dispersions were kept in
a refrigerator at 4°C 12, This method applied for the
preparation of F1-F28, while formula F29 was
prepared by sonication method where the surfactant,
cholesterol, DCP and drug were dispersed in the
aqueous phase. This dispersion was then bath
sonicated for 10 min at 60°C and further
ultrasonicated by probe sonicator for 4 minutes 9.
Formula (F30) was formulated by reverse phase
evaporation process where a mixture of surface-
active agent span 60, cholesterol and DCP

loaded niosomal
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solubilized in 9 ml of a chloroform/methanol blend
(2:1 viv). By using a rotary evaporator at 60°C the
organic solvents were gradually vaporized under
reduced pressure till a thin dry film was obtained on
the inner wall of the rotating flask. The film was
redissolved in 12 ml chloroform and a solution
containing 5 mg drug dissolved in 4 ml methanol
with 6 ml phosphate buffered saline (pH 7.4). The
mixture was sonicated in bath sonicator for 2 min,

Axitinib oral niosomes

vortexed by hand and re-sonicated again for another
2 min in a bath sonicator. The obtained dispersion
was rotary evaporated to interrupt the gel formed
instantly then 10 ml phosphate buffered saline (pH
7.4) was added and rotary evaporation was persisted
for an additional 15 minutes duration to confirm the
elimination of remaining organic solvent. The
niosomal dispersion was kept overnight at 4°C™4,

Tablel. Composition of the prepared niosomal dispersions of axitinib

Formulation | Surfactant | Axitinib Surfactant: Dicetyl Mixer type and time
codes type (mg) cholesterol phosphate (DCP)
ratio (mg)
F1 Span 60 5 50 mg :50mg 5 Probe sonication/4minutes
F2 Span 60 5 75mg :50mg 5 Probe sonication/4minutes
F3 Span 60 5 100 mg:50mg 5 Probe sonication/4minutes
F4 Span 40 5 50mg:50mg 5 Probe sonication/4minutes
F5 Span 40 5 75mg:50mg 5 Probe sonication/4minutes
F6 Span 40 5 100mg :50mg 5 Probe sonication/4minutes
F7 Span 20 5 50mg:50mg 5 Probe sonication/4minutes
F8 Span 20 5 75mg :50mg 5 Probe sonication/4minutes
F9 Span 20 5 100 mg:50 mg 5 Probe sonication/4minutes
F10 Span 80 5 50 mg:50 mg 5 Probe sonication/4minutes
Fl11 Span 80 5 75 mg:50 mg 5 Probe sonication/4minutes
F12 Span 80 5 100 mg:50 mg 5 Probe sonication/4minutes
F13 Tween 20 5 50 mg:50 mg 5 Probe sonication/4minutes
F14 Tween 20 5 75 mg:50 mg 5 Probe sonication/4minutes
F15 Tween 20 5 100 mg:50 mg 5 Probe sonication/4minutes
F16 Tween 60 5 50 mg:50 mg 5 Probe sonication/4minutes
F17 Tween 60 5 75 mg:50 mg 5 Probe sonication/4minutes
F18 Tween 60 5 100 mg:50 mg 5 Probe sonication/4minutes
F19 Tween 80 5 50 mg:50 mg 5 Probe sonication/4minutes
F20 Tween 80 5 75 mg:50 mg 5 Probe sonication/4minutes
F21 Tween 80 5 100 mg:50 mg 5 Probe sonication/4minutes
F22 Span80+ 5 50 mg:50 mg 5 Probe sonication/4minutes
tween80
F23 Span60+ 5 50 mg:50 mg 5 Probe sonication/4minutes
tween60
F24 Span20+ 5 50 mg:50 mg 5 Probe sonication/4minutes
tween20
F25 Span60 5 50 mg:25 mg 5 Probe sonication/4minutes
F26 Span60 5 50 mg:75 mg 5 Probe sonication/4minutes
F27 Span60 5 50 mg:50 mg 2.5 Probe sonication/4minutes
F28 Span60 5 50 mg:50 mg 10 Probe sonication/4minutes
F29* Span60 5 50 mg:50 mg 5 Bath sonication 10 minutes
then probe sonicated /4
minutes
F30** Span 60 5 50 mg:50 mg 5 Bath sonication
F31 Span 60 5 50 mg:50 mg 5 Extensive vortex/ 10
minutes
F32 Span60 5 50 mg:50 mg 5 Probe sonication/6minutes
F33 Span60 5 50 mg:50 mg 5 Probe sonication /8minutes

*Prepared by sonication method ** prepared by reverse phase evaporation method

Entrapment efficiency (EE%) calculation

The entrapment efficiency of niosomal
dispersion was determined using the centrifugation
method, formulas (F1-F33) where each formula was
placed in an eppendorf tube and then rotated at
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10,000 rpm for 60 minutes at 4°C using a cooling
centrifuge to get a pure supernatant %, By a UV
spectrophotometer set at 260 nm, the free drug in the
supernatant was determined®. The value of drug
entrapment efficiency was calculated via the
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equation below:
Entrapment Ef ficiency (%)

= [(dt

— df) /dt] x 100..........(1)
Where: dt is the total concentration of drug and df is
the concentration of free drug®?.

Variables impact on the entrapment efficiency of
the prepared niosomal dispersions
Effect of surfactants type on EE%

Formula F1 (span60), F4 (span40), F7
(span20), F10 (span 80), F13 (tween 20), F16 (
tween 60) and F19 (tween 80) were prepared using
1:1 surfactant : cholesterol weight ratio and 5mg of
DCP in order to determine the effect of surfactants
type on niosomal entrapment efficiency €,

Effect of surfactant’s amount on EE%

Formula F1- F21 were formulated to
demonstrate the impact of different amounts of
surfactants ( span60, span40, span20, span80)
keeping the same amount of cholesterol while
varying surfactants ratio as (1:1, 1.5:1, 2:1
surfactant: cholesterol weight ratio) where F1-F3
was used to study the influence of various amount of
span 60, F4-F6 to study the effect of different
amount of span 40, F7-F9 to investigate the impact
of various amount of span 20, F10-F12 to determine
the impact of different amount of span 80, F13-F15
to determine the effect of different amount of tween
20, F16-F18 to study the effect of different amount
of tween 60 and F19-F21 to study the effect of
different amount of tween 80 @9,

Effect of surfactant’s combination on EE%

The impact of surfactant’s combination on
EE% was studied in formulas F22-F24 which were
formulated to contain combination of equal amount
(2:1)  weight ratio of (span80/tween80)
,(span60/tween60) and  (span20/tween  20)
respectively with maintain the same surfactant:
cholesterol weight ratio (1:1) and DCP 9,
Effect of different ratios of cholesterol on EE%

The effect of cholesterol ratios on EE% was
studied in formulas F1, F25 and F26 which were
prepared to contain various ratios of cholesterol with
the equal amount and type of surfactant (span 60) as
1:1, 1:0.5 and 1:1.5 surfactant : cholesterol ratio
respectively with maintain the same amount of drug
and DCP @Y,

Effect of different amount of DCP on EE%

Formula F27 and F28 were prepared
containing 2.5 and 10mg of DCP in comparison to
F1 (containing 5 mg of DCP), keeping the same
weight ratio of span60: cholesterol (1:1) to study
the effect of different amount of charge inducer on
EE% @2,

Effect of preparation method on EE%

The impact of preparation method was
studied in F29 and F30 prepared by different
methods (sonication method and phase reverse
evaporation method) respectively compared with
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thin film hydration method (used to prepare F1) in
order to study the effect of preparation method on
EE% @,

Effect of type of mixing on EE%

Formula F31 used to demonstrate the impact of
type of mixing (10minutes of extensive vortex) on
EE% compared with F1 ( probe sonication),
knowing that both formulas were prepared by thin
film hydration process @4,

Effect of sonication time on EE%

Formula F32 and F33 were prepared to
investigate the impact of sonication time on EE%,
where both prepared by thin film hydration method
followed by probe sonication but F32 was probe
sonicated for 6 minutes and F33 for 8 minutes in
comparison with F1 (sonicated for 4 minutes) @9,
Characterization and evaluation of the prepared
niosomal dispersions
Visual appearance

The prepared formulas (F1-F33) were
investigated visually for any sign of precipitation

by placing the formulas in transparent containers @5
27)

Determination of vesicles size, surface charge,
polydispersity index and viscosity.

The size of the vesicles, the charge (zeta
potential) on the particle surface, size range of the
vesicles (polydispersity index) were measured for
the prepared niosomal dispersions formulas which
showed highest percent of EE% (F1-F5 and F8 -
F10) using 90Plus particle size analyzer. The device
working principle depends on dynamic light
scattering system (DLS) @9, which detected
electrophoretic movement of charged particles
under an applied electric field from doppler shift of
scattered light. The light scattering was measured
after 1 ml of each niosomal dispersion formula
diluted with phosphate saline pH7.4 was injected
in to a folded capillary zeta cell at room temperature
@8, 29 Viscosity was studied by Brookfield
programmable DV-E Il viscometer using spindle
$63 with an optimum speed 50 r.p.m €9,

In vitro release study

The dialysis membrane method was used to
study in vitro release study of niosomal dispersions
(F1-F5 and F8- F10). Also, the drug release profile
of selected formula compared with the drug release
from marketed oral tablet.

The dialysis membrane (3500 MWCO) was
quite cleaned and immersed in distilled water over
night. After closing one end with a clip, 10 ml of
each niosomal dispersion (containing 5mg drug)
was poured into dialysis bag and the bag was closed
with another closure clip. The Dialysis bag then
immersed in a jar of dissolution apparatus (paddle
type) containing 500 ml of 0.1 N HCI (pH 1.2) for 2
hours followed by transferring the dialysis
membrane to a jar containing 500 ml of phosphate
duffer saline pH (6.8) and 2%SLS for 4 hours. The
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temperature was kept at 37 °C and rotated100 rpm.
Aliquots (5mL) were taken and substituted with a
freshly prepared medium in pre-determined time
interval  then drug content analysed using a
UV/visible spectrophotometer at 260 nm 132,
Selection of the optimum niosomal dispersion
formula

The choice of the optimum formula based on
its visual observation, highest entrapment
efficiency, smaller particle size, morphology and
best drug release.
Study the morphology of niosomes

To study the shape and morphology of
niosomes, field emission scanning electron
microscopy was used (FE-SEM) ©2 | A drop of
optimized niosomal formulation was taken and
placed on an aluminium stub with adhesive silver
tape. Under vacuum, aluminium stubs were

stored overnight ¢,

Axitinib oral niosomes

Statistical analysis

Data are expressed as the mean + standard
deviation. Statistical analysis was conducted using
SPSS software (Statistical Packages for Social
Sciences- version 24). Unpaired t-test and one-way
analysis of variance (ANOVA) were used to
compare between two and multiple groups,
respectively. P < 0.05 was considered significantly
different.

Result and Discussion
Entrapment efficiency of the prepared niosomal
dispersions

Thirty-three niosomal dispersion formulas
were formulated to assess the efficacy of various
contents and variables on the entrapment efficiency
of axitinib niosomes. The entrapment efficiency for
all the prepared niosomal formulas was calculated
and the results were shown in Table 2.

Table 2. Entrapment efficiency of the prepared niosomal dispersion formulas

Formula code EE% Formula code EE%

Mean £SD Mean £SD

F1 96.55+0.16 F16 79.91+0.54
F2 94.81+0.45 F17 73.55+0.66
F3 96.46+0.12 F18 75.89+0.57
F4 95.21+ 0.95 F19 77.78+0.41
F5 98.24+ 0.25 F20 70.96+0.62
F6 81.53+0.5 F21 71.88+0.68

F7 75.22+0.11 F22 60.8+0.53
F8 95.29+0.05 F23 60.85+0.614
F9 95.63+0.42 F24 58.9+0.34
F10 92.36+ 0.21 F25 70.74+0.42
F11 86.6+0.41 F26 69.84+0.38
F12 86.63+0.24 F27 73.41+0.53

F13 80.77+0.68 F28 78.92+0.2
F14 81.63+0.24 F29 60.93+0.58
F15 87.52+0.52 F30 50.97+0.78
F31 96.69+0.54

F32 85.67+0.69

F33 80.78+0.69

n=3 (experiments were done as triplicate)

Effect of different variables on the entrapment
efficiency of the prepared niosomal dispersion
formulas:

Effect of surfactants type on EE%

Entrapment efficiency of vesicles was
influenced by the type of surfactant used. The
obtained data showed that the EE% of vesicles
contained span 60 (F1) higher than span 40 (F4),
span 20 (F7) and span 80 (F10). All these formulas
contain the same weight ratio of surfactant:
cholesterol (1:1) with the same amount of DCP and
drug as shown in (Table 2), because span 60 which
has a longer saturated alkyl chain (C18) compared
to span 40 which has alkyl chain (C14) and span 20
has alkyl chain (C12) ©4, Span 80 has the same
alkyl chain of span60 but the nature of the
hydrophobic alkyl chain is unsaturated ©%. that
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lessen the encapsulation of drug as found in (F10),
since the double bond made the chain bend, that’s
means the adjacent molecule cannot be tight when
they form the membrane of vesicles ®® . Vesicles
prepared with surfactants possess low transition
temperature (Tc) values had low EE% such as( span
20 and span 80), while span 40 and span60 possess
(hight Tc values) formed vesicles with high EE% C7
%), because they are more likely to be in an ordered
gel form thus lowering bilayer leaking ©% 40,

The vesicles prepared by using tween 20
(F13) , tween60 (F16) and tween80 (F19) (all
containing the same surfactant: cholesterol weight
ratio 1:1 with same DCP amount) showed lower
EE% compared with vesicles prepared by ( span 60)
F1, (span 40 ) F4, (span 20) F7 and (span80) F10,
this is due to that the HLB value of surfactants has
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crucial rule to vesicles formation so the surfactants
with high HLB 14-17 such as (tween20,60,80) have
high aqueous solubility and gave low entrapment
efficiency “9.  The alkyl chain in tween 80 is
unsaturated which leads to leaky bilayers in
niosomes and low EE% “V. Based on HLB values,
the affinity for lipids was predicted to be in span
more than tween as illustrated higher EE% with
formulas containing span compared with those
containing tween, this suggested that hydrophilic
surfactants destabilized the lipid bilayers which lead
to decrease EE% “2)

Effect of surfactants amount on EE%

To study the effect of surfactants amount,
different niosomal dispersions were prepared with
span 60 (F1, F2, F3), span40 (F4, F5, F6), span20
(F7, F8, F9), span80(F10, F11, F12), tween20 (F13,
F14, F15), tween60 (F16, F17, F18) and tween 80
(F19, F20, F21) each surfactant was used in three
different ratios of surfactant: cholesterol(1:1, 1.5:1
and 2:1) with the same amount of drug and DCP.

The results exhibited that increasing the
amount of span 60 from 1(F1) to 2 (F3) weight ratio
had no significant difference (P>0.05) in their EE%.
which was high in both formulas. The high EE%
was due the long saturated alkyl chain of span60 and
highest phase transition temperature “3,

Span 40 and span 80 when increased from
1(F4 and F10) to 2 (F6 and F12) weight ratio lead to
significant reduction (P<0.05) in EE%, as the
lipophilic drugs are intercalated almost completely
within the lipid bilayer of the vesicles leading to a
competition between the surfactant at high
concentration and drug which led to exclusion of the
drug from the bilayer so decreased the EE% “4. In
addition the existence of the double bond in the
alkyl chain of span 80 leads to high membrane
permeability, low density and low EE%®“®. While
the EE% of formulas prepared by span 20 was
increased upon increasing the surfactant amount
from 1(F7) to 2 (F9) weight ratio, this might be
related to increase the total lipid concentration so
higher lipid concentration (amount of lipophilic
surfactant) might have caused higher encapsulation
volume and thus increase entrapment efficiency of
lipophilic drug “®.

In all formulas containing tween (F13-F21)
when the amount of surfactant increased there was
no significant (P> 0.05) change in EE% in
comparison to formulas containing span, as the
hydrophilic surfactants (tween) destabilized the lipid
bilayers and caused diffusion of the drug in the
aqueous medium during preparation “7).

Effect of surfactants combination on EE%

Entrapment efficiency was reduced when
used surfactants combination (span and tween) as
shown in (F22-F24) in comparison to formulas
containing one surfactant, because the combination
of surfactants reduced their potential in solubilizing
the lipophilic drug “°%9, and the same result was
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observed in carotene niosomes prepared by mixture
of span 20/tween 20 9, The least encapsulation
efficiency (58.9%) was observed with combination
of span 20/tween 20 (F24) with respect to
combination of span80/tween 80 (F22) and span
60/tween60 (F23) due to the higher HLB of the
mixture (span20/tween20) which reduced its
potential in solubilizing the lipophilic molecule also
the liquid nature of these surfactants lead to more
drug permeability throughout the bilayer and
reduced the EE% @0,

Effect of different ratios of cholesterol on EE%

Entrapment efficiency of drug was observed
to be increased with increasing the cholesterol
weight ratio from 0.5 as in (F25, EE% equal 70%)
to 1 in (F1, EE% equal 96%) while entrapment
efficiency decreased on additional increase in
cholesterol ratio to 1.5 as in (F26, EE% equal 69%)
keeping the same type and amount of surfactant
(span 60) and the same amount of drug and DCP.
Upon increasing cholesterol ratio from 0.5 to 1, the
hydrophobicity and stability of bilayers vesicles
increased and leaking of drug decreased which may
cause efficiently trapping the hydrophobic drug into
bilayers as the vesicles formed Y. But on higher
amount of cholesterol (1.5) in F26, it may compete
with the drug for packing space within the bilayer
hence excluding the drug ©2,

Effect of different amount of dicetyl phosphate
(DCP) on EE%

The negatively charged molecules DCP
applied in niosomes for increasing the steadiness of
niosomes through electrostatic repulsion which
prevent vesicles aggregation and coalescence 3
Formula F1 had (EE% 96%) contains 5 mg of DCP,
the phosphate groups of DCP aligned next to the
polar heads of span 60 and the extended double
hydrocarbon chains of DCP oriented parallel to the
hydrocarbon chains of surfactants, impart more
packing by filling any disorder through the bilayer
membrane of niosomes 4. When the DCP amount
increased from 5mg (in F1) to 10 mg (in F28)
contain the same type and ratio of surfactant
(span60) : cholesterol (1:1) the EE% reduced from
96.55% to 78.92% since using high amount of
stabilizer (DCP) may prevent the niosomes creation
and reduced the EE% ©5). Same result observed with
fluconazole liposomes where incorporation of
dicetyl phosphate decreased the entrapment
efficiency of the drug ©6).

However upon reducing the amount of DCP
from 5mg (in F1) to 2.5 (F27) contain the same type
of surfactant span60 and same ratio of surfactant :
cholesterol (1:1) the EE% reduced from 96.55% to
73.41% that’s could be explained due to electrostatic
charges induced chain tilt and subsequent changes in
the lateral packing of the bilayers by the effect of
charge inducing agents, the same result observed in
flurbiprofen niosomes ©7).
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Effect of preparation method on EE%

Formula F29 and F30 were prepared by
sonication and reverse phase evaporation method
respectively and had EE% 60% and 50% compared
with F1 which was prepared by thin film hydration
(TFH) method and had EE% (96%) , because in F1,
the probe tip sonicator used deliver high energy
input to the prepared dispersion causing more
reduction in particle size and increasing its surface
area leading to higher EE ®®. Same result obtained
in preparation of liposomes loaded with betel leaf
(Piper betle L.) ethanolic extract prepared by thin
film hydration ©9,

Effect of type of mixing on EE%

To study the effect of type of mixing on
EE%, F31 which its preparation involved 10
minutes of extensive vortex compared with F1
involved probe sonication for 4 minutes. The result
showed the same high EE% in both formulas but
there was a significant difference in vesicles particle
size where vesicles size prepared by vortex mixing
was (1190nm) indicating the lack of enough energy
(using vortex mixer) lead to vesicles aggregation 9.,
While the vesicles size prepared with probe
sonication in F1 were small in size (64.5nm) due to
high energy in put which reduced the particle size
and disperse them in homogeneous manner €9,
Effect of sonication time on EE%

Formula F32 and F33 were formulated by
thin film hydration process and probe sonicated for
6 and 8 minutes respectively in comparison to F1
which sonicated for 4 minutes, the EE% decreased
from 96% (F1) to 85% in (F32) and 80% in (F33)
because the sonication for a long time may cause a
slightly temperature raise in niosomes dispersions (
despite of putting the sample into ice water bath)
because of high energy gaining through probe
sonication process ®1. Also excessive sonication
time could cause serious disruption of vesicles
structures lead to great drug leakage from niosomes
and low EE % ©2),

Characterization of and evaluation the prepared
niosomal dispersions
Visual observation

The niosomal preparations (F1-F33)
appeared as a milky dispersion and formulas
formulated by thin film hydration process where
homogenous and no precipitate appeared when put
it at room temperature overnight indicating their
stability un like the formulas prepared by sonication
and reverse phase evaporation method. Same results
observed with niosomes of niflumic acid 2,
Determination of vesicles size, surface charge,
polydispersity index and viscosity

The vesicles size, surface charge, poly
dispersity index and viscosity were determined for
formulas which had high EE% (F1, F2, F3, F4, F5,
F8, F9, F10) and presented in table 3. The niosomal
vesicles size was found within the range 64.5 nm to
530.7 nm (while F31was gave large particle size
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1190nm so it was excluded.

The results showed that surfactants with high HLB
value led to increase the vesicle size significantly
(P<0.05). Where niosomes containing different
types of span: cholesterol ratio ( 1:1) as
F1(containing span 60; HLB 4.7) has smallest
vesicles size (64.5nm) than F4 (containing span 40;
HLB 6.7) with vesicle size (108.42 nm) and F10
(containing span 80; HLB 8.6) had vesicle size
(133.3nm) and F8 (containing span 20; HLB 8.6)
had vesicle size (212.5 nm.), because when HLB
values moving towards hydrophilic region
(increased) the surface free energy of the vesicles
was increased and water uptake of the surfactants
increased leading to larger size of vesicles ©4),

Increasing the amount of surfactants lead to
decrease the particle size as shown in F8 and F9
(containing span 20 1.5:1 and 2:1 ratio respectively
) and F4 and F5 ( containing span 40 1.5:1 and 2:1
respectively), because increasing surfactant ratio
lead to particle stabilization ( enhanced interface
stabilization) by forming a thin layer around the
newly formed surface ®. While in F1, F2 and F3
(containing span 60: cholesterol 1:1, 1.5:1 and 2:1
ratio respectively) the particle size increased with
increased surfactant concentration due to the
interface stabilization reached maximum extent,
beyond which, the increase in surfactant
concentration lead to increased viscosity of the
medium reduces the net shear stress available for the
droplet break down, leading to an increase in the
particle size ©®. Same results observed with
preparation of methotrexate nanohybrid
(nanoparticles) for the possible treatment of
osteosarcoma ©7),

The result also showed that all the formulas
had polydispersity index < 1. Low value of
polydispersity index is considered to be required to
uniform distribution and homogeneity of the
particles within the preparation. Values close to zero
indicated a homogenous dispersion ©®),

Zeta potential which was between -16.6 to -
31 mV, the negative value attributed to the presence
of DCP common negative charge inducer additive
that imparts a negative charge on the surface of
niosomes so preventing vesicle aggregation and
fusion while maintaining vesicle integrity and
uniformity, consequently all formulas showed good
stability 69,

The viscosity of niosomal dispersion
increased with increase the surfactant amount as
shown in F1,F2 and F3 ( containing different ratio
of span60 ), F4 and F5 ( containing different ratio
span 40) as well as F8 and F9 (containing different
ratio span20) keeping the same amount of
cholesterol ). Span 40 (Tc = 42°C) and Span 60
(Tc =53°C) produced milky viscous niosomal
dispersion because they have high transition
temperatures and are solids at room temperature, so
they act as gelators by themselves. While span80



Iraqi J Pharm Sci, Vol.33(3) 2024

and span 20 had lowest transition temperatures

(16°C for span 20 and —12°C for span 80) and both
are liquid at room temperature with lower viscous
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niosomal dispersion. The same results observed with
formulation of pro-niosomal transdermal carrier
systems for flurbiprofen 9,

Table 3. Niosomal vesicle size, zeta potential poly dispersity index (PDI) and viscosity of the prepared
niosomal dispersion formulas

Formula code Niosomal vesicle size | Zeta potential PDI Viscosity (centipoise)
(nm) mean +SD (mean £SD) mean+SD mean £SD
F1 span60 1:1 64.5+0.5 -21.66+0.57 0.218+0.01 752.3+2.5
F2 span60 1.5:1 198.63+3.17 -31+1 0.32+0.02 765.315
F3 span60 2:1 530.7945.45 -26.66+1.52 0.3+£0.03 807.3+6.4
F4 span40 1:1 108.42+2.1 -27.3342.3 0.41340.1 872+4.3
F5span40 1.5:1 92.140.73 -24+1 0.194+0.23 889.6+1.5
F8 span20 1.5:1 212.5+0.85 -25.66+0.57 0.387+0.13 6555.5
F9span20 2:1 122.19+0.46 -21.33+0.57 0.3740.14 715+4.5
F10 span801:1 133.3+0.52 -16.6+1.15 0.125+0.1 584+4.1

n=3 (experiments were done as triplicate)

In vitro release study

In vitro drug release of axitinib from
formulas which had high EE% (F1, F2, F3, F4, F5,
F8, F9, F10) was biphasic involving an early release
phase (in 0.1N HCI) followed by continuous release
in intestinal media, The results are presented in
(Figure 1). The initial release phase may result from
drug desorption from the outer surface of the
niosomes and the second passive release phase
might rely on gradual drug diffusion through the
membrane(?, also, the drug is weak base, so it is
more soluble in acidic medium (0.1N HCI). But the
entire amount of loaded drug was not released in
0.IN HCI from the niosomes, while the drug
released completely in acidic medium of stomach
from marketed tablets (100% of drug released within
20 minutes) as shown in( Figure 2 ), this may be
due to entrapment of the drug in the lipophilic region
(bilayer membrane) of niosomes which protected it
from the acidic medium (stomach) while in
intestinal medium the drug released in continuous
manner 6,

There were many variables affecting the drug
release including surfactant type and amount, where
in F1, F2, F3 containing span60 in different weight
ratio showed drug release (100%, 53 % and 61.4 %

respectively) at the end of 4 hrs. There was a
significance decrease (P<0.05) in the release profile
as the ratio of span 60 increased in F2 and F3 in
comparison to F1 containing 1:1 surfactant ratio,
similar result observed with F8 and F9 containing
span 20. The retardation in drug release as the
amount of surfactant increased because the
surfactant act as a depot for the release of the drug
so when increased more drug entrapped and less
leakage from noisome to dissolution media %), The
same result observed in baclofen niosomes 3.

Formula F4, F5 containing span 40 showed
release (65 % and 63.51 % respectively) with non-
significant difference P>0.05 when the amount of
span 40 increased from 1 (F4) tol.5 (F5) as span 40
has longer alkyl chain (C18) and high transition
temperature (42°C) which lead to rigid bilayer and
provided more stable vesicles and slow drug release
G790, similar result obtained with metformin
hydrochloride loaded niosomes (/4.

Formula F10 containing span 80 (1:1)
surfactant: cholesterol ratio showed slowest drug
release because span 80 has mono unsaturated alkyl
chain (presence of double bond) and lowest
transition temperature (-12°c) ®. Same result
observed with simvastatin niosoms ©6),
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Figure 1. In vitro release profile of axitinib niosomal dispersion formulas (F1, F2, F3, F4, F5, F8, F9, F10)
in simulated gastric medium (pH 1.2) for 2hr followed in BPS (pH 6.8) for 4 hr in simulated intestinal
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medium at 37 °C.
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Figure 2. in vitro drug release profile of axitinib niosomes (F1) and marketed tablet.

Selection of the optimum niosomal dispersion
formula

Formula (F1) containing surfactant:
cholesterol ratio 1:1 was selected as optimum
formula due to high EE% (96.5%), smallest particle
size (64.5nm), highest drug release (release 100% in
4 hours).
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Study the morphology of optimum niosomal
dispersion

The FE-SEM photograph of niosomes F1
(Figure 3) showed that niosomes were spherical in
shape without aggregation, with smooth surface and
their diameter  within nanoscale ®.  Similar
morphology obtained with study of candesartan
cilexetil niosomes 7,

WD
13.6 mm

1T M
spect f SO-FE| Compan

Figure 3. Morphology of F1 by field emission scanning electron microscopy (FESEM).

Conclusion

Axitinib  niosomes prepared successfully
using thin film hydration method with sonication for
four minutes. Formula (F1) containing span60:
cholesterol (1:1) weight ratio and 5mg of stabilizer
showed high EE%, small particle size and highest
drug release comparison to other formulas, so these
variables (type and amount of surfactant, cholesterol
ratio, amount of stabilizer and sonication time)
exhibited remarkable effect on the in vitro behaviour
of niosomal dispersion of (F1) which is expected to
improve the oral bioavailability of drug through
crossing the anatomical barrier of gastrointestinal
tract via transcytosis of M cells at the intestinal
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lymphatic tissues, also by entrapment of the drug in
nano scale vesicles (niosomes) lead to increased
surface area so enhanced the drug dissolution,
absorption ultimately improved the drug oral
bioavailability.
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