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Abstract

Niosomes are bilayer vesicles formed by self-assembling non-ionic surfactants. They act as a potential
oral drug delivery system for poorly soluble drugs to enhance their dissolution and oral bioavailability. Axitinib,
a tyrosine kinase inhibitor, works by blocking the vascular endothelial growth factor receptors (VEGFR), which
suppress tumor growth. It is classified as a class Il drug, which has poor solubility and high permeability. In this
study, axitinib (AXT) capsule-based niosomes were formulated by the thin film hydration method as liquid
niosomal dispersion using span 60: cholesterol (1:1 weight ratio), 5mg dicetyl phosphate (DCP) and 5 mg drug,
with an entrapment efficiency of 96.5% and a particle size of 64.5nm. They were then converted to dry powder
via silicified microcrystalline cellulose (SMCC) and evaluated for flow properties, in-vitro drug release,
permeation study, cytotoxicity study and bioavailability investigation. The results showed good flow properties
of the powder content of prepared capsule-based niosomes. The drug release from capsule-based niosomes was
rapid in the initial phase, where 40.61% of the drug was released from capsule-based niosomes in an acidic
medium (stomach) followed by continuous release (in the intestine), and compared with the drug release of
marketed tablets. The permeation results showed enhancement of drug permeation when prepared as noisomes.
The study of the in-vitro cytotoxicity effect showed that the cytotoxic effect of prepared capsule-based niosomes
is significant (p<0.05) and higher than that of pure drugs, increasing with time. The bioavailability investigation
of capsule-based niosomes compared with marketed tablets revealed that capsule-based niosomes enhanced the
oral bioavailability of axitinib. The pharmacokinetic results showed that the capsule-based niosomes revealed a
higher peak drug concentration (Cmax = 5.23+0.07 pg/ml) with a maximum peak time (Tmax=4 hrs). In contrast to
the Crnax= 4.8+0.025 pg/ml and Tmax = 6 hrs for conventionally marketed tablets, the AUC 0-24 for capsule-based
niosomes was 70.092 pg/ml.hr, which is highly significant (p<0.05) in comparison with the AUC 0-24 for
marketed tablets, which was 53.714 pg/ml.hr. This substantial difference suggests improved drug solubility
dissolution, eventually improving oral bioavailability when loaded in niosomes. The results indicated that
niosomes are successful nano-carriers for enhancing drug dissolution and bioavailability.
Keywords: Axitinib, Anti-cancer, Bioavailability, Niosomes, Oral capsule.
Introduction

The success of most cancer Chemotherapy water SOlUblllty and membrane permeability, first-

depends on many factors, such as the active agent,
patient status, chemotherapy schedule, dosage form
and route of drug administration ©®.The
administration of the drug by the oral route is widely
prevalent due to several advantageous factors,
including the convenience associated with oral drug
administration, patient preference, cost-
effectiveness and the ease of large-scale
manufacturing of oral dosage forms, as the
adherence of patients to oral formulations appears to
be somewhat higher compared to parenteral
strategies or inhalation dosage forms @ With these
advantages, the improvement of oral formulations
confronts various problems, such as the
physicochemical characteristics of drugs @, limited

pass metabolism and drug efflux resulting in erratic
absorption and low oral bioavailability ®.
Niosomes are one of the drug delivery
systems, defined as non-ionic surfactant vesicles
that contain an aqueous phase and can encapsulate a
wide variety of molecules within the aqueous spaces
and their lipid membranes ®This vesicle of drug
delivery provides many advantages compared to
alternative conventional methods, such as dose
reduction, enhanced drug stability and compatibility
with non-ionic surfactants, accessible modification,
and delayed clearance ©.Applying colloidal nano-
carriers as an oral drug delivery system improved the
surface area, enhanced the drug dissolution rate, and
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substantially improved the oral absorption process
™ Axitinib belongs to the specific second-
generation inhibitor of vascular endothelial growth
factor receptors (VEGFR1, 2, and 3), inhibiting the
growth of new blood vessels in several types of
tumours such as metastatic renal cell carcinoma
(mRCC), thyroid cancer, and non-small cell lung
cancer ® | with absolute bioavailability (58%) ©.
This study prepared axitinib as oral hard gelatin
capsule-based nano-sized niosomes (no previous
study developed this anti-cancer drug as oral
capsule-based niosomes) to enhance drug solubility
and dissolution. Then, the contribution of the
niosomes in improving oral bioavailability will be
studied through an in-vivo study using animal
models for such prepared capsules compared to the
available marketed conventional tablets with similar
doses.

Materials and method

Materials
Axitinib, span 60, cholesterol, dicetyl
phosphate  (DCP), silicified microcrystalline

cellulose (SMCC), and anhydrous calcium chloride
were purchased from Tunchem Pharm Company,
China. Monobasic sodium phosphate, dibasic
sodium phosphate, and tribasic sodium phosphate
were purchased from India (Alpha Chemika).
Organic solvents (methanol, chloroform) were
obtained from Merck (Darmstadt, Germany)—other
chemicals with analytical grade.
Preparation of niosomal powder from the niosomal
dispersion

A liquid niosomal dispersion (containing
span60: cholesterol 1:1 weight ratio, 5 mg of dicetyl
phosphate (DCP), and 5 mg of axitinib) was
prepared by the thin film hydration method by
dissolving the cholesterol, surfactant, and DCP in an
organic solvent (a mixture of chloroform and
methanol in a proportion of 1:1 v/v) in a rounded
bottom flask. The drug was dissolved in 10 mL of
methanol and added to the first mixture. The organic
solvent was evaporated using a rotary evaporator
rotated at 130 rpm at 60°C till a smooth, dry lipid
film was formed. The film was then hydrated with
10 ml of phosphate buffer pH 7.4 at 60°C, rotated
for 1 hour, and sonicated using ultrasound probe
sonication for 4 minutes.

The obtained milky dispersions were kept in
a refrigerator at 4°C @9, The entrapment efficiency
of niosomal dispersion was determined using the
centrifugation method, where the formula was
placed in an eppendorf tube and then rotated for 60
minutes at 10000 rpm at 4°C using a cooling
centrifuge to get a pure supernatant. HPLC analysis
determined the free drug in the supernatant ‘9. The
dispersion was converted into a powdered form by
adding the liquid niosomal dispersion to 300 mg of
silicified microcrystalline cellulose (SMCC) powder
12, The resulting mixture was then left for 15
minutes at room temperature, followed by agitation
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using a vortex mixer for five minutes. Subsequently,
the mixture was left overnight in a desiccator that
contained anhydrous calcium chloride until
complete dryness 2. The powder obtained was
filled in hard gelatine capsules size 0 @9,
Flow properties determination for the dried powder
A. The measurement of the angle of repose

The angle of repose for the powder
formulation was determined using the fixed funnel
method. In this method, a funnel was placed at a
fixed distance of approximately two centimetres
above a circular piece of paper set horizontally. The
powder was poured down the funnel, then the
diameter of the powder cone was determined, and
subsequently, the angle of repose (6°) was obtained
employing the following equation @4,

tan@ = h
T

Where: h = powder cone height; and r = powder cone
radius.

b- Compressibility index or Carr’s index

This approach involves carefully pouring the
powder into a graduated cylinder, measuring its
mass and volume, and then computing the bulk
density. After that, the powder settles after 100 taps
on the cylinder. The process of tapping causes a
change in density, or compressibility @%. The
following equation may be used to compute it and
associate it with flow.

Equation. (1)

Carr’s Compressibility index =
Tapped Density (T)—Bulk density(B)
Tapped density o

. Equation....

().
Where: B = freely settled bulk density of the
granules and
T = tapped bulk density of the granules.

Powders with a Carr’s index greater than 25 are
considered to have poor flowability <%
c- Hausner ratio

It is a ratio of a powder’s tapped bulk density
to its poured (treated) bulk density. This ratio can be
applied to provide an index of the flow character of
a powder. In order to calculate the Hausner ratio (H),
the tapped bulk density (pt) and aerated bulk density
(pa) of a powdered substance are obtained according
to the following equation (6

L3

H= oa Equation. (3)

d- Study the morphology of the produced niosomes

Field emission scanning electron microscopy
(FE-SEM) was employed to study the shape and
morphology of niosomes. It gave an idea about the
surface structure of the niosomes and measured the
size of the vesicles 7).



Iragi J Pharm Sci, Vol.34(3) 2025

Study the in-vitro drug released from the prepared
capsules

To study dealt with the drug release profile of
the prepared capsule-based niosomes, USP
dissolution apparatus 1l (paddle type, Copley
dissolution 8000, UK) was used in comparison to the
marketed axitinib (Inlybest®, where the capsule and
marketed tablet were immersed (separately) in a jar
containing 500 ml of 0.1 N HCI (pH 1.2) containing
2% sodium lauryl sulphate (SLS) and the release
was followed for 2 hours, then adjusted the pH to 6.8
via tribasic sodium phosphate and the release
followed for 4 hr. The temperature was maintained
at 37 °C while the paddle was set to rotate at a speed
of 100 rotations per minute. Samples of 5 mL were
taken out and replaced with a newly
prepared medium at predetermined time intervals.
Subsequently, @8, The sample was subjected to
analysis for the content of the drugs using HPLC.
The sample was subjected to analysis for drug
content using an HPLC-UV detector (the mobile
phase is composed of methanol: water at 85:15%
v/v) in column C18 (250x4.5 mm, 5 um) with a flow
rate of 1.0 ml/min. The temperature was maintained
at 30°C, the injection volume was 20 pl, and the
detection of the sample was done at 330 nm @b,
FTIR Spectroscopy

A FTIR study was done to determine the
compatibility and interactions between the drug
substance and excipients of the powder-based
niosome capsules, where the powder-based
niosomes, pure drugs, span60, cholesterol, DCP, and
SMCC were mixed with potassium bromide (each
one separately) and compacted to form a disc. The
disc was investigated by FTIR spectroscopy (IR
Affinity-1, Shimadzu, Japan), where the spectral
range was 4000 cm™ to 400 cm (19
Differential Scanning Calorimetry (DSC) analysis

The differential scanning calorimetry (DCS)
technique is employed for thermal investigation to
assess axitinib’s physical characteristics in its solid-
state formulation and other content (cholesterol,
span 60, DCP, and SMCC) to evaluate its
compatibility. The procedure for the experiment
involves the placement of the solid sample within
hermetically sealed aluminium pans, followed by
the gradual increase of temperature within the
ambient temperature range to 400°C. This
temperature elevation is carried out at a consistent
scanning rate of 10 °C per minute under constant
nitrogen purging of 20 ml/min at a rate of 20°C per
minute in the differential scanning calorimetry
(DSC) device (131 Evo, Setarm, France) 0,
Drug content determination

The drug content of the prepared capsules
was determined by HPLC (Sykamn, Germany), with
the mobile phase composed of (Acetonitrile:0.01 M
KH,PO, of 60:40 V/V), using column C18 (250%4.5
mm, 5 pm) with a flow rate of 1.0 ml/min. The
temperature was maintained at 30°C @V the powder
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was sonicated with 10 ml of methanol for 30
minutes, then filtered, and the drug concentration
was measured @2 The percent of drug content was
calculated from the following equation @3,

Actual t
% Drug content = — 2 _x10( ...

theoretical amount

Equation......... (4)

Ex-vivo permeation test

This investigation was carried out on
marketed tablets that used Franz cell technology and
powder-based niosome capsules. The small intestine
of the young male sheep was removed, cleaned, and
socked in PBS (pH 7.4) at 5+30C for 12 hours. The
small intestine was then sliced into 3.5 cm pieces
and mounted on the Franz cell’s glass ring ?% , after
the remaining corners were trimmed. With the apical
surface in contact with the donor chamber and the
basal surface in contact with the receiving medium,
the intestine segment was positioned between the
donor and receptor compartments. Within the
receptor compartment were 30 mL of pH 7.4 PBS.

In comparison, the donor compartment was
filled with powder-based niosome capsules
equivalent to 5mg of axitinib and marketed tablets
(each separately) after adding 10 ml of PBS pH 6.8
containing 2% SLS. The cell contents were stirred
using a magnetic bar at 100 rpm, and the temperature
was maintained at 37 +1°C @, Aliquots of 5 ml
were withdrawn (from the receptor compartment) at
regular intervals and replaced with an equivalent
amount of fresh medium. The amount of drug
permeated was quantified using HPLC. The
cumulative drug amount was plotted against time to
estimate the percentage of the dose permeated ).
Cytotoxic activity of axitinib capsules-based
niosomes

A549, a cell line derived from lung
carcinoma, was procured from the American Type
Culture Collection (ATCC) located in Middlesex,
United Kingdom. It was preserved in the cell bank
of Mustansiriyah University’s Biomedical Research
Centre in Iraq.
Cell Viability and Inhibitory Concentration (1C50)
by MTT Assay

To determine the vitality of A549 cancer
cells, prepared niosomes for axitinib and the drug in
its pure form were utilised in conjunction with the
MTT assay. The cell suspensions (A549) were
dispensed at concentrations of 5 x 103 cells per well
into 96-well flat-bottom tissue culture plates
(Falcon, USA). Under standard conditions, the
plates were incubated for 24 hours. For 48 hours, the
plates were incubated with 3 x 103 cells per well. All
incubation times were maintained at 72 hours. A549
cells at 90-100% confluency were trypsinized by
0.25% trypsin in phosphate-buffered saline (PBS,
pH 7.4), seeded into a 96-well plate at a density of
5000 cells per well, and incubated at 37°C in a 5%
CO, atmosphere for 24 hours. Serial dilutions of
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working concentrations were prepared, ranging from
500 to 1 pg/ml. When cells reached 50-60% growth,
they were treated with either pure axitinib (dissolved
in dimethyl sulfoxide (DMSOQ) and subsequently
diluted with the culture medium) or capsule-based
niosomes. The 96 well plates were incubated in the
cell culture incubator for 24, 48, and 72 hours.
Subsequently, a solution of MTT (5 mg/mL) was
introduced into each well. The supernatants were
extracted from the wells, after which the formazan
crystals were dissolved with dimethyl sulfoxide
(DMSO). The optical density (OD) was then
measured using a microplate reader at 560 nm and
600 nm wavelengths for the blank sample @9
Dimethyl sulfoxide (DMSO) was employed

as a negative control in the experimental setup,
including cells treated with pure axitinib.
Conversely, untreated cells were utilized as the
negative control in the experimental setup involving
cells treated with axitinib niosomes. The dose-
response curve, time response curve, and 1C50 value
were obtained using GraphPad Prism software,
version 9.0. The cell viability percentage was
calculated using the following formula:
Cytotoxicity% =

100 — Cell viability
Cell viability % =

0D560—-600(sample)

0D560-600(control)

Equation (5).

x 100@7)  Equation (6).
Bioavailability investigation

The study protocol received approval from
the animal care committee at the Iraqi National
Centre for Drug Control and Research. In this study,
three male rabbits, with weights ranging from 1.5kg
to 2kg, were captured in a rabbit hutch to collect
blood samples.

The rabbits were fasted overnight for 12 hours
with free access to water and a washout period of 2
weeks. During the investigation day, the rabbits
were arranged in a horizontal position on a table.
The oral dose for rabbits was determined according
to (equation 7 below) and subsequently administered
to the animals orally via gavage at 8:00 a.m. @9,

The experiments were conducted as a cross-
sectional animal study. The experiment included the
administration of axitinib conventional tables
(containing 10 mg of drug) dispersed in 10 ml of
phosphate buffer pH 7.4, administered orally to
rabbits, followed by collecting (1 ml) of blood
samples taken from the marginal ear vein at 0.5, 1,
2,4,6,12, and 24 hr. using EDTA tubes to prevent
the coagulation process. Samples were centrifuged
for plasma separation. The separated plasma was
immediately put in a refrigerator and kept at freezing
temperatures until the samples had become ready for
analysis %30 Following a washout period of 2
weeks, the capsule-based niosomes (containing 10
mg of axitinib) dispersed in 10 ml of phosphate
buffer pH 7.4 were administered orally to the same
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set of rabbits. The analysis of the samples was done
by HPLC @Y. To prepare the plasma sample for
HPLC analysis, 250 uL of plasma, 50 pL of internal
standard (crizotinib), and 2 mL of acetonitrile was
added. The above mixture was subjected to the
cyclomixer for 15 seconds, vortexed for 2 minutes,
and finally centrifuged for 3 minutes at 3200 rpm.
After centrifugation, the organic layer was collected,
and 10 pl was directly injected into HPLC ©Y,

The calculations of the oral dose for rabbits
were conducted using the body surface area (BSA)
normalization approach and the human equivalent
dose (HED) of pharmaceuticals, which incorporates
the species-specific factor. This factor, indicated as
Km, is calculated by dividing the body weight of the
rabbit in kilogrammes by its BSA in square metres.
The equation used for this calculation is as follows:

Animal equivalent dose (7:—5) =
Human dose(rs—j) X Human Km/

Animal Km.... Equation...... 7.

The maximum effective single daily dose of
axitinib for adult humans was 0.167 mg/kg and
0.515 mg/kg for rabbits, the values of Km for adult
humans and rabbits were 37 and 12, respectively ©2,
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
analyses of variance (ANOVA) were used to
compare between two and multiple groups,
respectively. P < 0.05 was considered significantly
different.

Result and discussion
Flow properties determination for the dried powder
The results of the angle of repose, Carr’s
index, and Hausner ratio are shown in Table 1. The
results showed good flow properties of the dried
powder, attributed to the presence of SMCC in the
formulation, which is characterized by excellent
flow properties. It gives satisfactory tensile strength
with less compaction force and absorbs much less
moisture from the environment ©2),
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Table 1. Flow property parameters of the prepared dried powder-based niosomes

Repose Angle (0) | Flow property

Carr’s index

Flow property | Hausner ratio | Flow property

12+0.58*

32.3x1.1* good

good 1.12+0.01* good

*n=3 (experiments were done as triplicate), meant SD

Study the morphology of the produced niosomes.
The FE-SEM photograph of the produced

niosomes presented in Figure 1 showed that

/11/2020 riv mag
1.31:14 PMI30.00 KV 100 000 x ETL

det | prexsu
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niosomes were spherical in shape without
aggregation, with a smooth surface and a diameter
within the nanoscale ¢4

re
3 o134 mm

Figure 1. Morphology of niosomes by field emission scanning electron microscopy (FESEM)

Study the in-vitro drug release from the prepared
capsules

The drug was released completely from
conventional tablets in an acidic medium (0.1N
HCI), where 100% of the drug was released within
20 minutes, while the release from capsule-based
niosomes was biphasic, with a fast initial phase
where 40.45% of the drug was released within 2
hours in the acidic medium, as shown in Figure 2.
Due to that, the drug is entrapped in the lipophilic
region of niosomes (nisomes act as protective
carriers for the drug), so it was not released

120
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PERCENT OF DRUG RELEASE
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completely in stomach media. However, it is highly
soluble in an acidic environment >3 followed by
slow continuous release from niosomes in the
intestinal medium (100% of the drug released
within 4 hours). The initial phase of release may be
attributed to the desorption of the drug from the
outer surface of the niosomes. In contrast, the slow,
continuous phase is probably dependent on the
gradual diffusion of the drug across the membrane.
@7 the niosome vesicles act as depots to release the
drug slowly ©9),

—4&— capsules based
niosomes

—{li— Marketed tablet

250 300

Figure 2.In vitro drug release profile of axitinib capsules based niosomes and marketed tablet
(n=3 (experiments were done as triplicate), meant SD
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FTIR spectroscopy
AXitinib exhibits characteristic absorption

Axitinib capsules based niosomes

peaks @9, as shown in Table 2.

Table 2. The characteristic absorption bands of pure axitinib by FTIR

Main characteristic Absorption bands groups Absorption bands group of Range of
bands for pure drug in pure Axitinib axitinib in dried powder absorption
(axitinib) spectrum
C=0 (Amide C=0-NH) 1635 cm 1647 (1600-1800)
N-H 3259cm(3200-3400) 3336.85 (3200-3400)
C=C (Aromatic) 1585¢cm(1600-1800) 1554.63 (1600-1800)

Possible overlap between the N-H stretching band of
the pure drug axitinib and a hydroxyl group (OH) of
other niosome components led to H-bond formation
and shifting in the amide absorption band from 1635
to 1647 as well as the amine band from 3259 to
3336.85 of the pure drug in dried powder-based
noisomes (due to the presence of the OH group in
span60 and cholesterol), which confirms the
successful encapsulation of axitinib by the niosomes
and forms the vesicles “9. Also, the relative drug

amount in the formulations was small compared
with other components, which could cause a lack of
the characteristic peaks of pure drugs. Also, more
than one band shared the same region of the
spectrum. However, the presence of the main peak
position (amide C=0-NH) of the pure drug in dried
powder (content of the capsule) implies the absence
of the interaction between the excipients and the
medication - as shown in Figure 3.

powder
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Figure 3. FTIR spectrum of the pure drug (axitinib), cholesterol, span60, DCP, SMCC, and prepared

powder content of capsules-based niosomes.

Differential scanning calorimetry (DSC)
analysis

The DSC analysis for powder content of
capsule-based niosomes, pure axitinb, span60,
cholesterol, DCP, and SMCC is shown in Figure 4.
The drug in its pure form had a distinct peak at
225°C, which aligns with its known melting point.
This observation serves as an indication of the
drug’s purity upon receipt. While the powder
content of capsule-based niosomes exhibited broad
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endothermic peaks at 88°C and 248°C, the absence
of the endothermic peak of the pure axitinib from
DSC curves of the powder content of capsule-based
niosomes suggested the incorporation of the drugs
into the niosomes with an amorphous property that
was homogeneously and molecularly dispersed in
the nanoparticle matrix. Also, the dilution effect was
considered an additional factor in the drug peak
disappearing. Similar results were observed with
acyclovir niosomes 2,
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Figure 4. DSC thermograms of pure drug (axitinib), span60, DCP, cholesterol, SMCC, and prepared

powder content of capsule-based niosomes.

Drug content determination

Generally, the determination of drug content
is essential to ensuring the presence of an effective
therapeutic dose. The result of the percent of drug
content in axitinib niosome capsules was 97.23%,
which agreed with USP requirements 3, indicating
the drug content uniformity in the prepared capsules
and the adequacy of the preparation method “4).
Ex-vivo permeation study

The test was conducted for the powder
content of capsule-based niosomes and marketed
tablets. The results in Table 3 revealed that the
drug’s intestinal permeability was found to be
significant (p < 0.05, p = 0.0021) higher in powder-

based niosomes than in marketed tablets. The results
showed that after four hours, 78% of the drug in
powder-based niosome capsules had permeated the
intestine, compared to 58% of it permeated in the
marketed tablets. The permeation enhancement of
the drug for the content powder of capsule-based
niosomes indicated the role of vesicles (niosomes)
in improving the drug’s intestinal permeation
because of the vesicles’ large surface area for
interactions and their nanoscale particle size.
Thermodynamic interactions  between these
vesicular niosomes and the intestinal membrane may
be the mechanism underlying the improved drug
penetration and absorption. “549),

Table 3. Permeation study parameters of the powder content of capsule-based niosomes and marketed

tablets
parameters Marketed tablets Powder content of the capsule-
based niosomes
Permeated amount after 4 hr (mg/cm?) 0.923+0.043* 1.242+0.12%*
Permeation percentage 58% 78%

* n=3 (experiments were done as triplicate), mean + SD.

Cytotoxic Activity of axitinib capsules based
niosomes comparison with pure drug

Ab549 cells were treated with a pure DMSO
dissolved in DMSO, with the knowledge that DMSO
exhibited negligible or no cytotoxic activity (as
measured by inhibition rate percent IR%) towards
both normal and tumour cells. Axitinib-loaded
niosomes showed a lower 1C50 (80.26 pg/ml) than
pure axitinib (IC50= 120 pg/ml), as shown in Figure
5. Similar findings were obtained with noisome
loaded with gemcitabine and cisplatin for the
treatment of lung cancer cells “7).

The dose-response curve (Figure 6) shows
that axitinib capsule-based niosomes’ cytotoxicity is
higher than pure axitinib. The cytotoxicity increased
with increased concentration, so at the concentration
of 500pg/ml of capsule-based noisome, the
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percentage of cell survival is 15.675%. In
comparison, the cell survival percent of the pure
drug was 25.987% at the same concentration, the
same result observed with niosomes loaded with
nintedanib against non-small-cell lung cancer “®:
The time-response curve (Figure 7)
showed that the cytotoxicity of prepared capsule-
based niosomes was higher than that of pure axitinib
and increased with time. The percent of cell survival
of capsule-based niosomes in concentration 250
pg/ml at 24 hr. was 25.87%, and at 72 hr., it was
18.78%. In comparison, the cytotoxicity of the pure
drug at 24 hr was 30.35%, and at 72 hr, it was
25.56% at the same concentration. The same results
were observed with buckysomes loaded with
pemetrexed against non-small-cell lung cancer “9,
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Figure 5. IC 50 determination for the prepared axitinib capsules based on niosomes and pure axitinib on
A529 cells.
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Bioavailability investigation

The concentration of axitinib in rabbit blood
samples was determined using the HPLC method to
evaluate the pharmacokinetic behaviour of the
axitinib capsule-based niosomes compared with the
marketed conventional axitinib tablets. The axitinib
was detected with a retention time of 5.94 min., the
crizotinib (internal standard) retention time of 7.89
min., and the control (plasma without drug)
retention time of 3.89 min. The mean plasma drug
concentrations (pg/ml) of axitinib at the selected
time intervals for 3 rabbits with body weight (1.5-
2kg) and receiving a single dose of axitinib capsule-
based niosomes and commercial Inlybest® tablets
with a one-week washing period using a cross-over
design. The mean plasma concentration-time profile
is presented in Figure 8.

The pharmacokinetic parameters of axitinib
capsule-based niosomes and marketed tablets after
oral administration were determined using PK
Solver. (version 2.0) software, where a linear
trapezoidal rule calculated the area under the curve
(AUC) of the plasma drug concentration-time from
0 to 24 hr 60, The peak concentrations (Cmax) of
capsule-based niosomes and marketed axitinib were
found to be 5.28 ug/ml and 4.83 pug/ml, respectively.
The areas under the plasma concentration-time
curves (AUCO0-24) for capsule-based niosomes were
70.92 pg/ml, significantly (P < 0.05, p = 0.0032)
higher than the area under the concentration-time
profile of marketed axitinib tablets, which was

Axitinib capsules based niosomes

53.714 pg/ml.hr., as shown in Table 4. It indicates
a higher amount of drug absorbed from the capsule-
based niosomes. Also, the time required to achieve
maximum concentration (T max) for niosome-based
capsules (4 hr) and 6 hr for marketed tablets
indicated a faster absorption rate from capsule-based
niosomes than the marketed tablets. The relative
bioavailability (F-value) of capsule-based niosomes
to the marketed tablets was found to be 130.5%,
indicating the contribution of niosomes in
improving the rate and extent of drug absorption and
hence their oral bioavailability. Similar results were
observed with clarithromycin, where niosomes
enhanced its oral bioavailability compared to
conventional oral dosage forms ®9,

The efficacy of the noisome could be
attributed to its nano-size vesicles and high surface
area exposed to a dissolution medium that improved
drug solubility, dissolution, and permeation .1t was
reported that the surfactant components present in
the formulations have the potential to inhibit the
activity of P-glycoprotein (P-gp), hence reducing its
ability to facilitate efflux. Additionally, these
surfactant components may also lead to a decrease
in the activity of CYP enzymes, which play a crucial
role in the process of first-pass metabolism due to
the modulation of membrane fluidity ©2. Also, the
niosomes might cross the anatomical barrier of the
gastrointestinal tract via transcytosis of M cells in
the intestinal lymphatic tissues ¢,

Table 4. Pharmacokinetic parameters of a single dose of capsule-based niosomes and marketed tablets.

Parameters Marketed tablets Niosomes
AUC 0-o0 (ug/ml.hr) 53.714 70.092

C max (mcg /ml) 4.8+£0.025 5.23+0.07

T max (hr) 6 hr 4 hr
Clearance (observed) 0.186168506 0.142797332
(mg)/(ug/mly/h

formula / AUC marketed tablets = 130.5%

Relative bioavailability F % = (AUC niosomes based

O P N W & 0 O

plasma concentration microgram/m

—e— axitinib tablet

—

axitinib capsules based
niosomes

30

Time per hr

Figure 8. Plasma concentration-time profile for capsule-based niosomes and marketed conventional
axitinib tablets after single dose administration to rabbit (n=3 experiments were done as triplicate, mean

SD).
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Conclusion
Axitinib was successfully loaded in nano-
carrier vesicles and prepared as oral capsule-based
niosomes, which act as protective carriers for the
drug in an acidic medium compared to conventional
tablets, which release the drug completely in the
stomach. The in-vitro cytotoxicity investigation
revealed an enhanced cytotoxic effect on A549 lung
cells compared to the pure drug. The bioavailability
investigation revealed that the capsule-niosomes had
a higher bioavailability compared to marketed
tablets, which was attributed to the colloidal
structure of niosomes, which are nano-vesicles that
possess a larger surface area, which led to improved
drug dissolution and absorption, ultimately leading
to enhanced oral bioavailability of the drug.
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