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Introduction

Abstract

Background: Buccal route for drug administration has several advantages over oral route, such as
improved systemic bioavailability via avoidance of first-pass metabolism and drug degradation
in the gastro-intestinal tract. This work aims to improve the dissolution of amisulpride, anti-
psychotic drug, employing nanofibers strategy through the development of fast dispersible oral
films for buccal drug administration.

Methods: Drug-loaded polymeric nanofibers were prepared with or without surfactants.
Poly(vinylpyrrolidone) and poly(vinyl alcohol) were used as film former, while Poloxamer-188
and Cremophor® RH 40 were selected as surfactants. The film prepared by solvent casting
was also prepared for comparison. Nanofiber mats were characterized by scanning electron
microscopy (SEM), thickness and in vitro drug release. The optimized nanofibers mat was further
characterized using differential scanning calorimetry (DSC), X-ray diffraction (XRD), pH value,
disintegrating time and folding endurance. In vivo evaluation of the antidepressant effect was
performed using forced swim test.

Results: Nanofibers formation was confirmed by SEM. The average diameter ranged from
228.3+85.6 nm to 502.1£90 nm. In vitro dissolution reflected improved amisulpride
dissolution from nanofibers compared to unprocessed drug. Cremophor® RH 40 was superior
to Poloxamer-188 with a 4-fold increment in the percentage drug released after 5 min. Physical
characterization indicated reduced drug crystallinity with suggested polymorphic transformation.
The in vivo pharmacodynamic evaluation of the optimized nanofibers (using albino rats)
indicated 2-fold reduction in the duration of immobility.

Conclusion: Oral film for buccal administration employing nanofibers strategy was a useful tool
to increase amisulpride dissolution, with subsequent improvement in bioavailability.

Formulation of oro-dispersible or oral dissolving film

Amisulpride is an atypical antipsychotic drug that is a
substituted benzamide derivative and its structure is
related to sulpiride. It has selective blocking properties on
dopamine D3 and dopamine D2 receptors. Amisulpride is
used for the treatment of chronic and acute schizophrenia
with prominent negative and/or positive symptoms.
Unfortunately, amisulpride suffers from poor water
solubility that is considered the main limitation for its
oral bioavailability.! Therefore, different strategies have
been conducted to improve its aqueous solubility. These
strategies include formation ofliquid self-nanoemulsifying
drug delivery system,* complexation with cyclodextrins,**
solid nano-dispersion drug polymeric matrix which
transforms into nanometer-sized particles upon exposure
to gastrointestinal fluids,® co-crystallization using sodium
acetate as co-former,” and Nano-crystallization employing
emulsion solvent diffusion method.®

is an attractive strategy for systemic drug delivery. Oral
film can be defined as a small, ultra-thin strip that quickly
disintegrates upon contact with saliva in the oral cavity,
releasing the incorporated drug. This administration route
offers advantages, especially for geriatric and pediatric
patients, due to its convenience.”!® Additionally, no water
is required for administration, which is important for
patients having difficulties in swallowing. As a substantial
amount of the drug is expected to be absorbed via buccal
mucosa, avoiding pre-systemic drug degradation, if
present, with rapid therapeutic response are expected.'!
Recently, nanofibers have been developed and employed
in a variety of pharmacological applications as a novel
drug delivery system with promising improvement in drug
dissolution. Nanofibers can be defined as solid state linear
nanomaterials that are flexible with small fiber diameter
and high length to diameter ratio.’? Nanofibers can
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combine the approaches of nano-therapeutic strategies
and traditional solid dispersion techniques for enhancing
drug dissolution rate."

Basically, nanofibers can be prepared using the
electrospinning apparatus. The method is based on
applying high-static electric potential to spin nanofibers
out of polymeric dispersions and successive atomization
of the solvent molecules to produce the dry nanofibers
mat."* The setup is simple, and the procedure is fast.
Continuing production of fibers can be easily attained
and the scale up of the process is possible. NFs-based
fast-dissolving delivery system can be scaled up to fulfill
the market requirements in the pharmaceutical industry.
Essentially, the traditional electrospinning equipment has
been successtully scaled up for this purpose.'®

Nanofibers hold significant promise in drug delivery
owing to their physicochemical properties, such as the
extremely high porosity and surface-to-volume ratio.
These properties lead to better film contact with the oral
mucosa and salivary secretion. With their high drug
loading capacity, these characteristics can result in a
substantial improvement in drug therapeutic response.'®

Various polymers have been employed as the base
components of nanofiber mats for fast-dissolving
delivery systems. These polymers included, for example,
polyvinyl,'”'®  poly(vinyl alcohol),” Eudragit,”® and
gelatine.’ Amongstthesepolymers, Poly(vinylpyrrolidone)
is the most widely used polymer in nanofibers fabrication.
Its high hydrophilic nature with super-disintegrating
properties made it widely used to improve the solubility of
poorly soluble drugs.?

To improve the nanofibers quality, addition of
surfactants is a common practice to improve nanofibers
formation owing to improved electro-spinnability. This
is largely due to the reduction in the surface/interfacial
tension, in addition to modification in the viscosity and
electrical conductivity of the polymeric solution.”

The aim of this work was to prepare oro-dispersible
film of amisulpride employing nanofibers technology,
with the intention of improving its dissolution. Hybrid
of poly(vinylpyrrolidone) and poly (vinyl alcohol) were
used as film matrix. The latter was used due to its high
thermal stability and mechanical strength. To improve
electro-spinnability and consequently the quality of the
obtained nanofibers, surface-active agent was added as
a ternary component to the polymeric dispersion. The
effect of surface-active agent’s type (either Poloxamer 188
or Cremophor® RH 40) and concentration on the product
quality was investigated. For comparison, a film prepared
by the simple film cast technique was prepared and
assessed. The antidepressant effect of amisulpride from
the optimized nanofibers mat was evaluated employing
forced swim test using male albino rats.

Materials and Methods
Materials
Amisulpride was a gift sample from Al Andalous

Pharmaceutical ~ Industries,  Egypt. =~ Cremophor®
RH 40 is a gift sample from BASE, Ludwigshafen,
Germany. Poly(vinylpyrrolidone) K 30, poly(vinyl
alcohol), Poloxamer 188, were obtained from Sigma
Pharmaceutical Company, Egypt. Ethanol and Potassium
dihydrogen phosphate (Analytical grade) were purchased
from El Gomhouria Company for Trading Chemicals,
Tanta, Egypt.

Drug assay

Calibration curve of amisulpride was constructed by
dissolving the drug in ethanol (1.0 mg/mL). From
this stock solution, serial dilutions were made using
phosphate buffer pH 6.8 to obtain a concentration range
of 6-14 pg/mL. The prepared samples were analyzed
spectrophotometrically using double beam UV/VIS
spectrophotometer (T80, Leicestershire, UK) at A of 280
nm.’ The recorded absorbencies were plotted against the
corresponding concentrations. The correlation coefficient
attained after fitting the data to straight line equation
was equal to 0.999. The linear regression of the obtained
calibration curve gave the equation of Y =0.056x+0.0018.
The calculated % recovery was in the range of 98.9 -
101.5% and 100.1-103.0% for the inter- and intra-day
accuracy, respectively, reflecting the accuracy of the assay.
The limit of detection of amisulpride was computed to be
0.58 pg/mL and the limit of quantitation was 1.76 ug/mL.

Saturated solubility of amisulpride

To ensure sink condition during the in vitro drug release
study, it was necessary to determine saturated solubility
of amisulpride in phosphate buffer pH 6.8 (dissolution
medium). This was performed by dispersing an excess
amount of the drug in 10 mL buffer in a glass vial with
a screw. The dispersions were then rotated at 20 rpm
in a water bath (kept at 37+0.5 °C) for 48 hours. The
supernatant was filtered (0.45 pum membrane filter),
appropriately diluted, and drug concentration was
determined spectrophotometrically.*

Preparation of solutions for electrospinning

The detailed composition of the fabricated nanofiber
mats is shown in Table 1. poly(vinyl alcohol) (10% w/v)
aqueous solution was prepared by dissolving 1.0 g of
poly(vinyl alcohol), and in 10 mL distilled water heated
to 70 °C, the solubility was aided by occasional sonication.
The solution obtained was kept overnight at room
temperature, 25 °C, to attain a clear solution. Then, 1.0 g of
poly(vinylpyrrolidone) and Poloxamer 188 or Cremophor®
RH 40, if present, were dissolved in the aqueous solution.
On the other hand, 0.5 g of amisulpride was dissolved in
ethanol (10 mL). The ethanolic solution was then added
to the aqueous solution and mixed till complete blending
and formation of homogenous solution. Based on the
composition of different formulations, the theoretical
amisulpride loading ranged from 15.15% (in NF5) to
20% (in NF1).
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Table 1. Composition of the prepared amisulpride nanofibers mates (NF mat) and cast film (Film), expressed as percentage (w/v) in the final liquid to be electrospun

Code Amisulpride PVA PVP Poloxamer 188 Cremophor Conductivity Surface tension Viscosity
(%ow/v) (%ow/v) (%w/v) (Y%w/v) RH 40 (%w/v) (pS/cm) (dyne/cm) (cP)
NF1 2.5 5 5 46.3+0.1 48.7+3.7 67.5+4.5
NF2 2.5 5 5 2 55.3+0.1 46.8+2.2 73.3+5.3
NF3 2.5 5 5 3 56.1+0.1 45.1+£2.9 93.2+6.0
NF4 2.5 5 5 2 57.9+0.2 41.4+3.1 87.1+6.8
NF5 2.5 5 5 4 62.5+0.1 39.3+2.4 95.4+5.4
Film 2.5 5 5 4 NA NA NA

PVA and PVP for poly(vinyl alcohol) and poly(vinyl pyrrolidone), respectively

Physical evaluation of the polymeric solutions

The physical characteristics of the polymeric solutions
were evaluated. Viscosity was measured using Ostwald
viscometer,” surface tension was measured using a
stalagmometer, and electric conductivity was measured
using a microprocessor conductivity meter (HANNA
Instruments, HI 2300). All measurements were performed
at room temperature, and in replicates to ensure
consistency of the results. The recorded values were
reported as the means of the measured values.

Preparation of nanofiber mats

The electrospinning process was operated using NANON-
01B electrospinning equipment (MECCO, LTD, Japan).
The feed rate was controlled by using a syringe pump,
to adjust the flow rate of the polymeric solution from
the nozzle. The formed nanofiber mats were collected
from stainless-steel collector. The entire equipment was
situated on an enclosure cover with a securely locked
door to protect against excessive voltage.” Based on the
preliminary trials, nanofibers were prepared using the
following spinning conditions; the needle tip-to-collector
distance was kept at 15 cm, feed rate of 0.2 mL/h, and the
voltage was 29 kV.

Preparation of film by solvent casting

The composition of the prepared film by solvent casting
technique is shown in Table 1. To differentiate between
films prepared by electrospinning and solvent casting
techniques, the latter will be identified as ‘Film’ throughout
the manuscript. The polymeric solution containing the
drug was prepared in the same way as described above
for nanofiber mats (section 2.2). The solution was then
poured into petri dishes (10 cm diameter each) and was
left to dry at room temperature.” To keep the thickness of
the film close to that of the nanofiber’s mat, about 2.5 mL
of the polymeric solution was poured per each petri dish.
The dried Films were carefully peeled off the dishes and
kept in a closed container until use.

Characterization of the prepared formulations

Drug content

A representative sample of three replicates were used from
each mat and the Film for drug content determination.
Each piece was dissolved in 20 mL ethanol, aided by

sonication if needed. The absorbance was detected to
determine the content of amisulpride in each sample. Drug
content (%) was computed using the following equation®”:

% Drug content=(W_/ W) X100

Where W _and W are the actual and theoretical weight
of amisulpride in each film, respectively. Should the
drug content fall in the range of 85-115%, the film is
considered acceptable.

Thickness of the prepared films

The thickness of the prepared films (nanofiber mats and
the one prepared by solvent casting) was recorded. A piece
(2cmX2cm) was taken from each film. The measurements
were performed at three different locations using digital
Vernier Caliper.”” The recorded values were reported as
the means of the measured values.

Scanning electron microscopy (SEM)

Images of nanofibers mats were taken to study the
morphology as well as fibers diameters employing SEM
(A JSM-IT 200 microscope, JEOL, Japan). Films pieces
were coated with gold by using a sputter coating device
before image been captured. The diameter was measured
by taking five SEM images from different zones for
each film, then 50 nanofibers diameters were computed
using Image] software (version 1.48 v National Institute
of Health, Bethesda, Maryland, USA) to compute the
mean diameter.

In vitro drug dissolution

The in vitro dissolution studies were performed using
USP dissolution tester, paddle type (Model: DIS
6000 from Copley scientific Nottingham, UK). The
dissolution medium was phosphate buffer (pH 6.8,
900 mL), maintained at 37+0.5°C with a paddle speed
of 50 rpm. Nanofiber mat or the Film’ equivalent to
50 mg of amisulpride was placed in each dissolution
vessel. Unprocessed amisulpride (as control) was also
investigated. Samples (5 mL) of the dissolution liquid were
collected at appropriate time intervals for 30 min. Constant
dissolution volume was maintained by replenishing with
fresh medium. The collected samples were filtered through
a 0.45 mm Millipore filter (Whatman®) and were analyzed
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spectrophotometrically at 280 nm for drug concentration.
The cumulative amounts dissolved were plotted versus
time to obtain the dissolution profiles. The amount of
drug dissolved after 5 minutes (Q5) and 30 minutes (Q30)
was computed and compared. The dissolution efficiency
(DE) was determined from the area under the dissolution
plot at specific time ‘t. This was calculated utilizing the
nonlinear trapezoidal rule and presented as the percentage
of the area of the rectangle expressed by 100% dissolution
at the same time.?

Evaluation of optimized nanofibers mat

Differential scanning calorimetry (DSC)

Thermal analysis of selected samples was performed
using DSC (Shimadzu DSC-60 module, Japan). Samples
equivalent to 3-5 mg of amisulpride, poly(vinylpyrrilidone)
K30, poly(vinyl alcohol), Cremophor® RH 40, NF5 mat
were separately loaded into the specific pans that were
tightly crimped. Thermal behavior was followed at the
temperature range of 0.0-300 °C, at a heat rate of 10 "C per
min. The collected data was analyzed utilizing DSC TA-60
analysis software.

Powder X-ray diffraction (PXRD)

The crystalline structure of amisulpride was investigated
before and after formulation. PXRD studies were
conducted for unprocessed amisulpride, pure excipients
and NF5 mat as well as plain NF mat (same composition
of NF5 but without drug). PXRD was not conducted on
Cremophor® RH 40 as it is a semisolid material which was
previously shown to be amorphous.” This study employed
X-ray diffractogram (Bruker D8 advance, Germany).
The scanning was conducted at 20 value ranged from 3
to 65° using scanning step size of 0.03°. For comparative
purposes, the crystallinity index was calculated for
selected diffractograms (pure amisulpride and NF5) by
dividing the sum of the areas under all diffraction peaks
by the total area of the diffractogram in the same 26 range.

Folding endurance, surface pH and disintegration time
Surface pH value was measured by placing a piece of
NF5 mat (2x2 cm) in a small Petri dish and carefully
moistened using 2 mL of phosphate buffer solution (pH
6.8, simulating the pH value of the saliva) and left for 30
sec, after which the pH value was measured.***!

The folding endurance was determined by repeatedly
folding the mat (2x2 cm). The number of folding cycles
required to break the mat was recorded.*

For the disintegration time, 10 mL distilled water (at
37+0.5°C) were placed in a petri dish, and then a piece of
NF5 mat (2x2 cm) was placed in the dish (zero time). The
petri dish was shaken slightly and the time for complete
film disintegration was recorded.”

In vivo antidepressant testing
Animals
Male albino rats (average weight of 150-200 g) were

obtained from National Research Center (Giza, Egypt).
Rats were acclimatized to the laboratory environment for
7 days before conducting the test, with permitted access
to pellet food and tap water. The rats were randomly
distributed into 3 different groups (six rats each) as
follows: Group 1 receiving distilled water (placebo), group
2 (positive control) receiving unprocessed amisulpride
dispersion, and group 3 (test) receiving formulation NF5.

Forced swim test procedure

The rats were placed into a plexiglass container (40 cm
height x 25 cm diameter) filled to 25 cm depth with water
at room temperature (about 25+ 1.0 °C). This water level
ensures that rats will not be able to support themselves by
touching the bottom of the container with their tails or
paws. The day prior to the experiment, rats were trained
to swim by forced swimming for about 15 min (pre-test).”
On the day of the experiment, unprocessed drug (140
mg) or its equivalent of NF5 were dispersed in 10 mL
of distilled water with the aid of stirring. For Group 1
(placebo rats), each rat received 1.0 mL/kg of distilled
water. For group 2 (drug suspension) and group 3 (NF5)
each rat was administered amount equivalent to 70 mg/
kg by oral gavage one hour prior to test.** The rats were
re-forced to swim for 5.0 min and the time (taken by
seconds) that the immobility lasted was recorded.

Statistical analysis

All in vitro experiments were conducted at least in
triplicates and data were presented as mean + standard
deviation. The obtained data were statistically analyzed
using Student’s t-test. The significance was considered at
P value <0.05. Dissolution profiles were also compared
using similarity factor test which computes the F2 value
employing the following equation:

n 0.5
F2 =50.log{{l+’112(131 T,)Z} }100
t=1

Where F2 is the similarity factor, n is the number of data
points, Rt is the amount (%) dissolved from the reference
at time t, Tt is the amount dissolved (in percentage)
from the test, at the same time. F2 less than 50 indicates
dissimilar release profiles, while F2>50 indicates similar
profiles.

For the in vivo studies, One-way analysis of variance
(ANOVA) with Tukey’s test for post hoc analysis was
used for comparison between different animal groups, as
multiple comparisons were made. Statistical significance
was considered at a P value <0.05.

Results and Discussion

Characterization of the prepared nanofiber formulations
Drug content and loading capacity

Amisulpride contents in the prepared nanofiber mats
and the cast film are presented in Table 2. Principally,
the electrospinning technique employed for nanofibers
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Table 2. Thickness, average nanofibers (NF) diameters, drug content and drug loading of all formulations, together with in vitro dissolution parameters percentage
drug released after 5 minutes (Q5) and 30 minutes (Q30), and dissolution efficiency (%DE)

Code Drug content (%) Thickness (mm) Average diameter (nm) Q5 (%) Q30 (%) %DE

Pure drug 18.2+0.2 60.1+3.7 66.4+1.8
NF1 89.7+1.7 0.23+0.02 502.1+90 26.1+2.6 79.5+£1.0 50.6+1.4
NF2 87.8+1.4 0.22+0.03 301.8+43 58.2+1.6 94.5+3.2 87.1+0.9
NF3 85.5+0.8 0.19+0.03 275.5+70 61.0+1.2 88.3+3.0 83.4+1.7
NF4 89.5+1.6 0.23+0.02 290.8+43 55.8+0.8 93.0+2.3 86.0+0.4
NF5 87.7+0.9 0.22+0.03 228.3+85 73.1+1.8 98.1+1.3 90.5+1.0
Film* 92.0+0.8 0.24+0.01 NA 53.7+0.4 78.3+0.9 74.4+0.4

* Film prepared by solvent casting.

formation has no extreme intermediate processes that may
negatively affect the drug entrapment into the polymeric
matrix in a considerable manner. This was reflected in
the results, where drug contents were of acceptable values
and ranged from 85.5+0.8 (NF3 mat) to 89.7+1.7% (NF1
mat). These values are within the allowed limits (85-115
%) specified for oro-dispersible films as per the 10" edition
of European Pharmacopeia.” The loss in the drug could
be due to some loss during the traveling of the polymeric-
drug jet through the needle tip until reaching the collector
surface, in addition to the presence of some nanofibers
outside the collector vicinity. Comparable results were
reported and were similarly explained.'”?”

Saturated solubility of amisulpride

The saturated solubility of amisulpride in phosphate
buffer pH 6.8 (dissolution medium) was investigated. The
computed saturated solubility was 4.1+0.2 mg/mL. This
indicates that the selected conditions for the in vitro drug
dissolution studies provided sink conditions.

Physical characterization of polymeric solutions

The results of physical characterization of the prepared
electrospinning polymeric solutions are shown in
Table 1. Polymeric solution for NF1 formula showed the
lowest viscosity of 57.5+4.5 cP. Addition of surfactants
increased the viscosity in all solutions. Solution for NF2
(2% w/v Poloxamer 188) showed a viscosity of 73.3+5.3
cP, increasing surfactant concentration in NF3 solution
increased the viscosity to 93.2+£6.0 cP. This coincides
with the previously reported results where increasing
surfactant concentration resulted in increasing the
solution viscosity.® Likewise, increasing Cremophor®
RH 40 concentration increased the viscosity of NF5
solution compared to NF4 (Table 1). Among the tested
formulations, the polymeric solution of NF5 showed the
highest viscosity of 95.4+5.4 cP.

Since higher surface tension of electrospinning
solution was shown to reduce the nanofibers quality
due to possible beads formation, it was necessary to
evaluate the surface tension of the prepared polymeric
solutions. Solution for NF1 (with no surfactant) had a
surface tension of 48.7+3.7 dyne/cm. The addition of
either Poloxamer 188 or Cremophor® RH 40 resulted in

reduced surface tension in a concentration-based manner
(Table 1). Though the polymeric solution of NF5 showed
the highest viscosity, it reflected the lowest surface tension
of 39.3+2.4 dyne/cm. This correlates with high surfactant
concentration (4% w/v).

The electrical conductivity of the polymeric solution
plays an important role in the electrospinning procedure,
affecting the development of the ‘Taylor cone and
consequently the nanofibers morphology. Therefore, the
electrical conductivity of the electrospinning solutions was
determined. Though both Poloxamer 188 and Cremophor®
RH 40 are non-ionic surfactants, their presence affected
the electrical conductivity of the solutions. It has long been
accepted that non-ionic surfactants have a surprisingly
positive conductivity.*** This could be attributed to the
hydrophilic nature of these surfactants with the formation
of solvation shell from the vehicle’s molecules.** Solution
of NF1 showed low electrical conductivity of 46.3+0.1
uS/cm. Addition of surfactant increased the electrical
conductivity over that for NF1 solution (Table 1). The
electrical conductivity of NF5 solution showed the highest
conductivity value of 62.5+0.1 pS/cm.

Thickness of the prepared films

The thickness of the prepared nanofiber mats and the
Film (prepared by solvent casting) are listed in Table 2.
The thickness ranged from 0.18+0.03 mm for NF3 mat
and 0.23+0.02 mm for NF4 mat. The thickness of the
cast Film was comparable to those for NF mats (P <0.05).
The similar thickness across all nanofiber mats and the
Film eliminates the potential for variation during in vitro
dissolution study based on thickness differences.

Scanning electron microscopy and size distribution
Regarding morphological characterization, the SEM
images of the prepared nanofibers are shown in Figure 1.
The diameter was measured as described in the method
section.”’ The results of the average nanofibers diameters
are presented in Table 2, and the size distribution of
the nanofibers diameters are graphically illustrated as
histograms in Figure 1.

Nanofiber NF1 (prepared with no surfactant) showed
a mat with interconnected fibers and noticeable beads.
This could be due to the relatively low viscosity and
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Figure 1. Scanning electron microscopy images and size distribution histograms of all nanofibers. Images for NF1, NF4 and NF5 have a scale of 5 pm, and that

for NF2 and NF3 is 2 pm

high surface tension of the polymeric solution that may
have led to the breakup of the liquid jet and formation of
beaded fibers.”” The average diameter was computed to be
502.1+90 nm and nanofiber diameter with the highest %
frequency was 600 nm.

The average diameters of NF2 through NF5 were
significantly (P<0.05) lower than that of NF1. Addition
of surfactants produced more uniform and compact fibers
with smooth surfaces and smaller average diameters. For
nanofibers prepared using Poloxamer 188, the average
diameter of NF2 was 301.8+4 3 nm with the highest
% frequency at 300 nm (Figure 1). Further increase in
Poloxamer 188 concentration in NF3 (3% w/v) reduced
average diameter to 275.5+70 nm, with the highest %
frequency at 200 nm (Table 2 and Figure 1).

For mats prepared using Cremophor® RH 40, the
average diameter reduced from 290.8+43 nm to
228.3+85 nm when Cremophor® RH 40 concentration
increased from 2% (NF4) to 4% w/w (NF5), respectively.
The highest % frequency was 300 nm and 200 nm for NF4
and NF5, respectively. It is worth noting that the second
highest frequency for NF5 was 100 nm size range. This
indicates that the composition of NF5 was optimum for
obtaining nanofibers with the smallest fibers diameters
and, consequently, the highest length to diameter ratio.

The reduced diameters due to surfactants could be as

credited to the slight increase in electrical conductivity
and reduction of surface tension as mentioned earlier.”?
During electrospinning, the applied high voltage stretches
viscoelastic polymeric solution into a cone-like shape
known as “Taylor Cone” When electrical field force
overcomes the surface tension, a jet is ejected from this
cone’s tip. The presence of surfactant(s) in the polymeric
dispersion can induce instability motion of the charged jet
and, therefore, produce finer fibers.** This coincides with
previous investigation that reported improved nanofibers
quality with reduced diameters by surfactants owing to
improved electro-spinnability.*>

In vitro dissolution studies

Dissolution studies were carried out to investigate
the impact of electrospinning on the dissolution of
amisulpride. The dissolution profiles of unprocessed
amisulpride (control) and different formulations are
presented as cumulated amount of the drug released
(%) versus time plots (Figure 2). Dissolution parameters
were obtained from these profiles and expressed as the
percentage of drug released after 5 minutes (Q5), 30
minutes (Q30) and dissolution efficiency (DE%) (Table 2).
The dissolution profile of unprocessed amisulpride
showed slow and incomplete release. The amount of drug
liberated after 5 min (Q5) was 18.2+0.2% with a total
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Figure 2. (A) Dissolution profiles of amisulpride from the unprocessed form
and different nanofiber formulations NF1-NF4. (B) Dissolution profiles of
amisulpride from the unprocessed form, NF5 mat and the cast Film (n=3).
Detailed formulations are in Table 1

dissolution of 60.1+3.7%. A dissolution efficiency of
40.5% reflects poor drug solubility. These unsatisfactory
dissolution parameters are mostly due to the crystalline
and hydrophobic nature of the drug."¢

Regarding NFs, all formulations enhanced (P<0.05)
amisulpride dissolution compared to untreated drug. NF1
mat (prepared without surfactant) showed improvement
in Q5 (26.1+2.6%), Q30 (79.5+1.0%) and dissolution
efficiency (50.6 £1.4%). These results could be accredited
to particle size reduction and the significant increase in
surface area. Additionally, improved wettability due to
the presence of Poly(vinylpyrrolidone) K30 (hydrophilic
polymer) could be taken as an additional reason for the
observed improvement in drug dissolution."”

As the obtained amisulpride dissolution from NF1 mat
was not satisfactory as per our main aim of preparing oro-
dispersible film with fast drug release, the inclusion of a
surfactant as a ternary component to the polymeric hybrid
was investigated. Addition of surfactants considerably
improved drug dissolution behavior. Such improvement
could be accredited to increased wettability and micellar
solubilization posed by the surfactant, in addition to
better fibers quality as reflected from SEM images.

Addition of Poloxamer 188 in NF2 mat (at 2% w/v)
significantly (P<0.05) improved drug dissolution
compared to unprocessed drug and NF1 mat (Figure 2A).
The computed dissolution parameters were 58.2+1.6%,

94.5+3.2% and 87.1+0.9% for Q5, Q30 and dissolution
efficiency, respectively. Reduced fibers average diameter
with absence of beads increased the surface area, with
a subsequent increase in drug dissolution. It is worth
noting that, based on the drug loading (Table 2), the
concentration of the hydrophilic polymers in NF2 mat is
higher than that in NF1. This can further contribute to the
superiority of NF2 mat over NF1 mat.

Increasing Poloxamer 188 concentration to 3% w/v in
NF3 marginally (P>0.05) improved dissolution. This was
reflected by the similarity value (F2) of 70%, indicating
comparable dissolution profiles. Despite the comparable
average diameter and drug loading with NF2 mat, it was
expected that increasing Poloxamer 188 concentration
would improve dissolution from NF3. This unexpected
result could be attributed to the reversible thermo-gelation
property of Poloxamer 188 that can increase the viscosity
of the drug micro-domains.”

With respect to nanofibers containing Cremophor® RH
40, amisulpride dissolution was improved compared to
the control and the NF1 mat (Figure 2B). At concentration
of 2% w/v, the dissolution parameters of NF4 mat were
55.8+£0.8%, 93.0£2.3% and 86.0+0.4% for Q5, Q30
and dissolution efficiency, respectively. These results
were comparable to those obtained from NF2 mat as
reflected by similarity value of more than 50%. Increasing
the concentration of Cremophor® RH 40 (NF5 mat)
significantly (P <0.05) improved drug dissolution over all
formulations. This formulation liberated 78.3 £ 0.9% of the
loaded amisulpride in the first 5 min with overall release
of 98.1+1.3%. The dissolution efficiency was accordingly
increased to 90.5+1.0%. A similarity factor (F2) of 47%
supports the superiority of NF5 mat over NF4. Such a
considerable improvement in drug dissolution could be
due to the presence of Cremophor® RH 40, in addition to
the vastincrement in surface area. The results of nanofibers
dissolution indicate that Cremophor® RH 40 (at 4%w/w)
was better than Poloxamer 188. This may be explained by
taking into consideration the thermos-reversible gelation
properties of Poloxamers. At a certain critical temperature
(around 24 °C),* and polymer concentration (about 15%
w/v),Y” Poloxamer 188 liquid-phase micelles undergo
transition to liquid crystalline gel form. Under our
experimental conditions, the concentration of Poloxamer
188 in the microenvironment may be enough to form a gel
phase that slightly slowed down drug transfer through the
diffusion layer.**

lower Based on the characterization and in vitro drug
dissolution, nanofiber NF5 mat was selected as the
optimum formulation.

As film-casting is considered one of the earliest and
most adopted methods for film production, film prepared
by casting method (Film) was prepared and compared
to NF5 mat. The Film was prepared to contain the
same components of the optimized nanofibers NF5 mat
(Table 1). The Film liberated about 53.7+0.4% of the
loaded drug in the first 5 minutes and 78.3+0.9% after
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30 min (Figure 2, Table 2). Though these dissolution
parameters were significantly higher (P<0.05) than pure
drug, however they were than those for NF5 mat (P> 0.05).
The low dissolution efficiency of 74.4%, compared to
90.5% for NF5 mat, together with F2 value of 31% (when
comparing the Film to NF5 mat), would indicate the
importance of electrospinning technique to achieve our
goal of oro-dispersible film with rapid drug release.

Physical state characterization of the optimized
nanofibers mat
Differential scanning calorimetry
Thermal behavior of NF5 mat and its individual
components were investigated. The obtained thermograms
are presented in Figure 3A. The thermogram of
unprocessed amisulpride displayed thermal events
coincide with the published data.® The drug exhibited a
sharp endothermic peak with an onset of 122.3 °C, endset
of 135.8 °C, and the Tm at 127.7 °C. This indicates the
crystalline nature of amisulpride. The melting transition
was followed by a broad exothermic peak starting at about
240 °C, most probably due to thermal decomposition.
The thermogram of poly(vinylpyrrolidone) showed a
broad endotherm starting from 50 till 140 °C, supposedly
due to the loss of adsorbed moisture.” A broad
endothermic peak with onset of 185.6 °C, endset of 203.8
°C and Tm of 194.3 “C was recorded for poly(vinyl alcohol)

@A)
PM
o ——N\F5
RCremophur
'RH 40
Y-
194°C PVA
- PVPK30
50-140°C
‘ ’ \ﬁmisulpride
127°C
0 50 100 150 200 250 300 350
Temperature (°C)
B)
72 13.8 20.5 274
- NF5
£z Plain Nanofiber
2 ~——
2
=
= 19.4
z R N PVA
=
& . PVP K30

62 117 165 23.6 264

Amisulpride

0 5 10 15 20 25 30 35 40 45 50 55 60 65

2 theta

Figure 3. (A) Differential scanning calorimetry of amisulpride, poly vinyl
pyrrolidone(PVP), poly vinyl alcohol (PVA), Cremophor® RH 40 and NF5
mat (B) X-ray diffraction of amisulpride, PVP K30, polyvinyl alcohol (PVA),
plain NFs, and NF5 mat

and represents its melting transition.”® Cremophor® RH 40
thermogram revealed an endothermic peak with Tm of
38.9 °C, indicating its melting transition.”'

With respect to NF5 mat, the main melting endotherm
of amisulpride disappeared in the thermogram. This
could be attributed to either drug solubility in the melted
polymer, or reduced drug crystallinity with formation
of amorphous form having weak intermolecular forces.
Similar findings were reported by other researchers.”>*

Powder X-ray diffraction

PXRD diffraction aimed to further investigate the solid-
state properties of the drug before and after processing. The
diffractograms of amisulpride, poly(vinylpyrrolidone),
poly(vinyl alcohol), NF5 mat as well as plain NF are
shown in Figure 3B. The diffractogram of raw amisulpride
confirmed its crystalline nature as revealed from the
presence of multiple intense diffraction peaks at 20 values
of6.2,11.7,15.5,19.7, 21.6, 22.7, 23.6, 25.4, 28.4°. Similar
PXRD configuration for amisulpride was previously
reported.” For poly(vinylpyrrolidone), the diffractogram
revealed diffused pattern with no sharp diffraction peaks
indicating its amorphous nature.””*> PXRD of poly(vinyl
alcohol) recorded a broad diffraction peak at 20 values of
19.48, which is consistent with previously reported data.*®

NF5 mat produced product with PXRD pattern that
was different from the sum of diffraction patterns of
amisulpride and the nanofibers mat forming excipients.
Most of the characteristic peaks of the drug and the
polymers disappeared. Interestingly, a new sharp
diffraction peaks at 20 values of 7.2, 13.8, 20.5, and 27.4°
were recorded. These changes may suggest possible
polymorphic transition with different crystalline lattice
energy. A new polymorph of amisulpride was previously
reported.” The diffractogram of the plain NF mat showed
absence of any diffraction peaks. This would support our
supposition that the new peaks were due to polymorphic
transition of the drug. However, this supposition requires
turther future investigations. Surprisingly, this change was
not reflected in the DSC, may be due to the very weak
crystalline structure of the newly formed polymorph which
consumed a small amount of heat that was not detected
by the normal DSC. This could explain the improved
amisulpride dissolution from NF5 mat compared to cast
Film, prepared by solvent casting.

To explain why the suggested drug polymorph showed
better dissolution, its crystallinity index was calculated and
compared to that of the unprocessed drug. Crystallinity
index was found to be 0.031 and 0.012 for unprocessed
amisulpride and the new polymorph, respectively. The
lower index for the detected polymorph would explain the
improved drug dissolution after formulation of nanofibers,
in addition to the previously mentioned possible reasons.

Evaluation of the optimized nanofibers mat
The NF5 mat was evaluated regarding surface pH, folding
endurance and dissolution time. Surface pH value was
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measured to elucidate any change in pH value caused by
the oro-dispersible film to the buccal mucosa, as shifting in
the pH value to more alkaline or acidic value may produce
irritation to buccal mucosa. The surface pH of NF5 mat was
found to be 7.1£0.5, indicating acceptable value for Oro-
mucosal delivery. Buccal films with comparable pH value
were similarly developed.’” The NF5 mat endured more
than 300 folds without cracking, indicating the flexibility
of the film. This could be attributed to Cremophor® RH
40 contents that imparted some elasticity to the mat. The
film started to disintegrate immediately after the addition
of water with complete disintegration after 105 +38.0 sec.

In vivo forced swim antidepressant test

Forced swim test is widely accepted as a reliable
method to investigate the effect of all major classes of
antidepressants. During the test, rodents were forced
to swim inside a cylinder containing water, so they are
not able to get out and their behavior was scored either
swimming and climbing (active behavior) or immobility
(passive behavior), the time was reported for both
activities.”® A day before conducting the test, a 15-min
swimming was performed to highlight the differences in
behavior between baseline and the swim test (5-min) after
medication treatment on the next day. The reduction in
passive behavior and increase in active behavior is usually
taken as the antidepressant-like effect.” Figure 4A shows
some of the captured photos for each behavior.

The effect of the tested formulations on the duration
of immobility was calculated and is presented in Table 3,
together with the statistical comparison between different
groups. The period of immobility is defined as the time

during which animals were floating in the water with
no struggling and making only the motions required to
maintain their heads above water.”

Pretreatment with either unprocessed amisulpride
suspension (control group) or NF5 mat (test group)
reduced the duration of immobility compared to placebo
group (receiving plain water). Statistical comparison
(Table 3) implied that administration of NF5 mat and
unprocessed drug provided significant (P <0.05) decrease
in the immobility duration compared with the placebo
group, with a subsequent increase in the active behavior.
There was a reduction in the immobility duration of
18.1% and 35.8% in the positive control and test group,
respectively, compared to the placebo group. Compared
to drug suspension, NF5 mat reduced immobility time
by almost 2-fold. The significant response from NF5 mat
coincides with the recorded enhancement in the in vitro
drug dissolution study.

Conclusion

o In this work, amisulpride (BCS Class II) oro-
dispersible films were successively prepared using
nanofibers technology with the aim of increasing its
dissolution.

o Film matrix composed of poly(vinylpyrrolidone)
and poly(vinyl alcohol), with either Poloxamer 188
or Cremophor® RH 40, were successively prepared
by electrospinning. Instrumental analysis reflected
polymorphic transition of amisulpride after
electrospinning.

o The developed film was in the form of nanofibers
which underwent fast liberation of amisulpride. This

Table 3. Duration of immobility in rats after administration of distilled water (Placebo n=6), unprocessed amisulpride suspension (n=4), and nanofibers formula
NF5 mat (n=4), together with statistical analysis (P value) for comparison of the effect of the administration of NF5 mat in respect to untreated group (placebo)

and group received drug suspension

Duration of Percentage reduction in P-value NF5 mat and suspension P-value NF5 mat compared to
Treatment . .. . o . .
immobility (sec) immobility duration compared to placebo suspension
Group 1 Placebo 69.3+5.0 - -
Group 2 Drug suspension 56.8+6.8 18.1% 0.004 -
Group 3 NF5 mat 445+3.2 35.8% 0.000 0.004

Swimming

Figure 4. Photos reflecting active and passive states of rats during the forced swim test
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nanofibrous film was better than traditional film
prepared by simple solvent vaporization.

o The pharmacodynamic properties (i.e. antipsychotic
effect) of the optimized nanofiber mat in experimental
animals indicated the superiority of nanofiber mat
with 2-fold reduction in immobility time relative to
unprocessed amisulpride.

o This research introduces nanofiber technology as
a promising tool to prepare oro-dispersible films
for buccal delivery of amisulpride with improved
antipsychotic effects. Future pharmacokinetics
evaluations are recommended.
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