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ABSTRACT

Nanofiber (NF) represents one of the newest, promising and advanced technologies in transdermal and
oromucosal drug delivery due to its unique advantages. The present study aims to fabrication of
electrospunned pentoxifylline loaded biocompatible PVA: PVP based nanofibrous mucoadhesive film for
the oral submucous fibrosis. The fabricated NF film mechanical and physicochemical properties were
assessed. These nanofibers were then characterised for drug content, FTIR, DSC, SEM), XRD analysis,
in-vitro diffusion and ex-vivo permeation studies using franz diffusion cells. The SEM and IR elucidated
the thin, uniform, smooth surface of NF without bead formation and interaction between drug and
polymers. The PXRD and DSC revealed the molecular dispersion with less crystalline nature of the NF.
The diffusion and permeation study resulted initial burst release with gradual diffusion with zero order
kinetics. Using the electrospinning approach, PTX-loaded nanofiber film was successfully fabricated and

can be explored as biocompatible film for the effective cure of oral Submucous Fibrosis.
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INTRODUCTION

Oral submucous fibrosis (OSMF) is a
persistent, intricate and  precancerous
disorder with a high risk. The patient with
OSMF has the typical inflammation in the
juxta-epithelial cells with excessive collagen
formation (progressive fibrosis) of the
submucosal tissues (lamina propria and
deeper connective tissues) [1]. It is a
potentially cancerous condition that is most
common among people of asian heritage. The
oral cavity, pharynx and upper portion of the
esophagus are the primary sites of OSMF
induced by chronic consumption of areca nut
and commercial preparations [2]. In this
condition, mucosal stiffness of oral mucosa is
the prominent early sign which further
sporadically transfer to the pharynx and
esophagus region which results in locking of
jaws and further has a potential risk of
malignant transformation [3-6]. As per the
statistics, the prevalence of OSMF in India
stands between 0.2 to 2.3% mejortility
affecting male population from South and
South East Asia [7] and which can be
attributed to the rising popularity of chewing
pan masala (areca nut) among younger
generations [8, 9]. Further, the consumption
of commercialized smokeless tobacco

products, a high intake of chilies in the diet,

the presence of dangerous traces of copper in

food products, micronutrient deficiencies and
genetic predisposition are some additional
risk factors that have been hypothesized to
contribute to the disease process [10].

Pentoxifylline (PTX), is a xanthine
derivative, has a wide range of biological
functions such as  anti-inflammatory,
antioxidant and vasodilator properties which
preferred to treat muscle pain in people with
peripheral artery disease [11]. It reduces
collagen synthesis, interleukin-6 expression
and transforming growth factor-betal
expression in hepatic stellate [12-15]. PTX is
a water-soluble with a LogP value of 0.3. It
undergoes extensive first-pass metabolism
resulting in its poor bioavailability (20 %)
and short half-life (0.4-0.8 h) [16, 17].
Further, PTX has most prevalent adverse
effects like nausea and vomiting, dyspepsia,
bloating, flatus, headache, dizziness, tremor,
anxiety and disorientation [18]. Therefore,
there is a need to draw a fine line between
therapeutic and toxic concentration of PTX
by developing the novel drug delivery with
controlled site specific release of PTX which
help to maintain the optimum concentration
of PTX at a particular site of infection.

The development of novel carrier that can
deliver PTX to the target site of action in a

controlled manner is a viable means of
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lowering the frequency of systemic exposure
and unfavourable side effects with
establishment of standard and safe line of
treatment [19]. One such delivery technology
such like nanofibers (NFs) is useful for
treating many diseases because of their
unique features like large surface area and
highly adaptable architectures [20-24].
Further, NFs are advantageous because they
may  administer medications  through
transdermal, oral, sustained, depot and other
routes [25-27]. Additionally, dependent on
their technique of manufacture, electrospun
nanofibers provide a regulated release
profiles including delayed, pulsatile and
rapid biphasic release of bioactive [28].
Electrospinning is regarded as a flexible
technique  for  producing  continuous
polymeric nanofibrous material due to its
efficiency among the several described
approaches [29-34].

The present study deals with the
development and evaluation of the poly vinyl
alcohol (PVA): polyvinyl pyrrolidone (PVP)
based nanofibrous oral film containing PTX.
The PVA is a ridged polymer that has a
lower oral solubility and mucoadhesion
capability when used alone. To overcome
this, mucoadhesive pore-forming (highly
soluble) polymer is therefore required to

work with PVA. The polyvinyl pyrrolidone

(PVP) is a more soluble and mucoadhesive
polymer to meet this demand due to its target
specific activity. To achieve nanofibers (NF)
with the smallest diameter and most drug
entrapment capacity, many of the process
primary independent variables including the
PVA: PVP ratio, the rate of the electro-
spinner jet and the distance between the
electro-spinning needle and collector were
tuned. These nanofibers were then
characterised for drug content, Fourier
transform infrared spectroscopy (FTIR),
Differential scanning colorimetry (DSC),
Scanning electron microscopy (SEM), X- ray
diffraction (XRD) analysis (XRD), in-vitro
diffusion and ex-vivo permeation studies
using franz diffusion cells.

MATERIALS AND METHOD

Materials

Pentoxifylline (PTX) is supplied by Supriya
Life science Ltd, Ratnagiri as a kind gesture.
Polyvinyl alcohol (PVA) and polyvinyl
pyrrolidone K-300 (PVP) was purchased
from Loba Chemie Pvt Ltd Mumbai, India.
All other solvents used in the study were
purchased from Merck Ltd, Mumbai, India.
Method

Preparation of Spinning Solution

The 5% of PVP dissolved in deionised (DI)
water with warm heating with constant

stirring. Then equal amount of PVA was
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added into the previous solution with
frequent heating as well as constant stirring.
After dissolving the polymers, PTX (0.5%) is
added to the previous solution at room
temperature with constant stirring of 200 rpm
for 4 h.

Preparation of Nanofibers

The prepared solutions were inserted using a
22-gauge needle into a 5 mL syringe. Using a
syringe pump, the feeding rate (0.2 mL/h)
was managed. The metallic needle received
an 18 kV high voltage feed. The ultrafine
fibres were collected using a piece of
aluminium foil held 15 cm away from the
needle tip wusing E-Spin Nano (PECO-
Chennai, India). For comparison, PTX-
loaded PVP/PVA films were also created
using the solvent casting approach with
solutions of similar composition.
Characterization

Entrapment efficiency (EE)

Quantification of PTX loaded into PVP/PVA
nanofibres and solvent cast film was done
using a UV spectrophotometric technique. In
a short, 10 mL of 6.8 pH phosphate buffer
was used to dissolve the PTX-loaded e-spun
PVP/PVA fibre and cast PTX loaded film
(cut into 2%2 c¢m in dimension). To determine
the precise amount of PTX in each solution,
the absorbance was measured at 272 nm

using a UV spectrophotometer (Shimadzu

UV1900i). The results of the drug content
analysis were utilised to calculate the EE
using Equation [35].

_ Weight of Pentoxifylline in Nanofiber mat or film
- Total weight of Pentoxifylline loaded

oRE

Scanning Electron Microscopy

The morphology of PTX loaded e-spun
PVP/PVA fiber film as well as solvent cast
film was characterized using SEM (JEOL
JSM-6360A, Tokyo, Japan). The fiber film
was mounted on an aluminium stud and
coated with a thin layer of platinum using an
auto fine coater before observation (Joel,
JFC, Tokyo, Japan). The average diameter of
PTX loaded e-spun film was measured.
Differential Scanning Calorimetry

A thermal behaviour of PTX, e-spun
PVA/PVP film and PTX loaded nanofiber
film was examined using DSC in a
calorimeter equipped with an intra-cooler
(Mettler-Toledo, Greifensee, Switzerland).
Indium standards were used to calibrate the
temperature and enthalpy scale.
Approximately 5 mg of sample was
hermetically sealed in an aluminium pan with
a hole and heated at a constant rate of 10 °C
/min over a temperature range of 50-350 °C.
Inert atmosphere was maintained by purging
nitrogen gas at a flow rate of 50 mL/min
[36].

Powder x-ray diffraction
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The x-ray diffractometer was used to perform
wide-angle XRD studies of PTX alone, PTX
loaded nanofibre film, and PTX loaded as
cast film (RigaKu, Tokyo, Japan). This
detects crystal lattice and is a powerful tool
for studying polymorphism, salts and
crystalline phases. The PXRD was recorded
on sample exposed to nickel filtrate radiation
(40 KV, 30 mA) and were scanned from 10-
40 °C with 26 at a size of 0.045 degree and
step time of 0.5 s.

Fourier transforms infrared spectroscopy
The FTIR (FT/IR4100, JASCO International
Co., Ltd., Tokyo, Japan) was used to analyse
the PTX alone, blank PVA/PVP nanofibres,
PTX loaded nanofiber film and PTX loaded
as cast films. In order to fill the mould, the
samples were combined with dry potassium
bromide (2 mg sample in 200 mg KBr). The
samples IR spectra were captured in the
range of 4000 to 400 cm™'.

In-vitro drug diffusion studies

Franz diffusion cell (Dolphin Instruments,
Mumbai, India) with a 32 mL reservoir
capacity was used for in vitro drug diffusion
investigations on dry PTX loaded nanofiber
and casted film samples. Each sample, which
contained 50 mg of PTX, was cut into
squares measuring 2 x 2 cm. Over the
cellophane membrane, the disc was

positioned in a donor compartment and

parafilmed. The phosphate buffer pH 6.8

containing receptor compartment's
temperature was held constant at 37 °C
throughout the experiment. By removing 1
mL of buffer from the receptor compartment
at specified intervals and replacing it with an
equal volume of buffer, sink conditions were
maintained throughout the experiment and
the quantity of PTX that diffused across the
membrane was calculated. The samples were
filtered using Whatman filter paper and their
PTX  concentration  was  determined
spectrophotometrically at a wavelength of
272 nm.

Ex-vivo skin permeation studies

PTX loaded nanofiber and casted film
samples were studied for ex-vivo skin
penetration utilizing franz diffusion cells
equipped with pig mucosal skin [37]. We
used a vertical franz diffusion cell with a 32
mL reservoir and a surface area of 2.54 cm?.
Throughout the experiment, phosphate buffer
pH 6.8 was continuously stirred using a
magnetic stirrer in the receptor compartment.
The buffer temperature was maintained
constant at 37°C. The PTX-loaded nanofiber
and casted films (equal to 50 mg of PTX)
were placed to the skin's epidermal surface.
A 2.5 mL sample of the media was taken at

predetermined intervals. The experiment was

conducted in a sink situation. Following the
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proper dilution, the samples were filtered
using whatman filter paper before being
examined for PTX concentration using UV
spectroscopy. The rate at which PTX
infiltrated (ug/cm?) the skin over time (min)
was shown. The slope of the linear part of the
graph was used to calculate the steady state
flux "J” (mcg cm? h'). Using Eq., the
permeability coefficient "Kp" (cm h'') was
derived.

Kp =]/Ce

Where Co= Concentration of drug in donor
phase and J = flux

RESULT AND DISCUSSION

The objective of the present study was to
manufacture PTX-loaded PVA/PVP
nanofiber film wusing an electrospinning
technique in order to improve the prolonged
release profile and therapeutic effectiveness
of PTX by overcoming its current drawbacks.
The NF film having nano porous structure
quickly absorbs moisture via tiny spaces
creating a strong adhesion. Additionally,
direct systemic distribution of PTX utilizing
NF film helps to delay the PTX for a longer
length of time by avoiding rate-limiting steps
like solubility and absorption. It also avoids
the first pass effect, resulting in better
bioavailability and longer-lasting

pharmacological impact due to the direct

discharge of the active ingredients at the site
of action.

SEM of PTX loaded PVA/ PVP fibre mats
The SEM was used to verify the production
of nanofibres as shown in Figure 1. The
SEM pictures showed the development of
distinct PVA/PVP nanofibres with PTX
loading that ranged in size from 100 to 200
nm. Since no drug crystals or aggregates
were seen in the photos, it is assumed that the
drug was molecularly disseminated and
encapsulated inside the electrospun fibres. In
contrast, the solvent cast film that had been
loaded with PTX revealed the existence of
drug crystals on its surface. The change in
the solvent's evaporation rate during
fabrication may also be the cause of the drug
aggregates' absence or presence on the
surface of the fibres or films. It took very
little time for the solvent to evaporate from
the fibres (i.e. during their flight to the
collecting device). On the other hand, the
solvent evaporation from the films happened
gradually. The presence of drug aggregates
on the surface of the drug-loaded as cast
films may be due to the solvent's slower rate
of evaporation.

X-ray diffraction studies

The produced samples were subjected to X-
ray diffraction analysis in order to determine

if any polymorphic transitions (if any) may
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have occurred in PTX when it was made into
nanofibres. Furthermore, utilising the relative
integrated intensity of reflection peaks in the
specified range of reflecting angle 20, XRD
patterns may be utilized to assess the degree
of crystallinity of a sample. The XRD spectra
of the drug PTX, PVA-PVP film and drug-
loaded nanofiber patches are shown in
Figure 2. The pure drug's XRD pattern
exhibits a number of diffraction peaks
demonstrating the crystal structure of PTX.
The sharp peaks are seen at diffraction angles
of 13.91°, 16.77° and 27.27° as shown in Fig
2C. However, PVA-PVP films have two
distinct peaks at 19.37° and 29.21° for PVA
and PVP respectively as depicted in Figure
2a. The XRD spectra of a PVA-PVP
nanofiber patch with PTX loaded are shown
in Figure 2b. It is noted that the PVA-PVP-
related peaks, which arise at 19.6° and 29.4°
and are pushed higher in the diffraction angle
are broadened. The peaks are visible despite
the drug's modest intensity level. This
suggests that the medicine interacts with
polymers, changing the molecule's original
crystalline structure.

Differential scanning calorimetry

The findings of the XRD tests were verified
by DSC thermograms of produced samples
as depicted in Figure 3. The degree of

crystallinity associated with a molecule may

be determined by measuring the temperature
and energy fluctuation involved in its phase
transitions using a technique called DSC. To
demonstrate its crystalline nature, PTX alone
displayed a pronounced endothermic peak at
105.8°C which corresponds to its melting
point. The PVP K-30 and PVA both
displayed a wide endotherm on the DSC
thermogram at temperatures of 67.2°C and
224.3°C  respectively. Furthermore, the
absence of the peak linked to the melting
temperature of PTX when it was formed as
nanofibres indicated that it had completely
amorphized. Consequently, the DSC study
findings were consistent with the XRD
analysis.

Fourier transforms infrared spectroscopy
The FTIR spectra was captured for PTX,
PVA-PVP, PTX loaded as cast films and
PTX loaded nanofibres. The PTX alone
showed characteristic band at 1700 cm
(C=0 & C=N stretching), 2800-2900 cm
(C-H stretching). The PVP showed peaks at
1691 cm! (C=0), 2800-2900 (C-H
stretching), 3098 cm™ (C=C stretching) as
well as PVA showed peaks at 3306 cm™ (O-
H stretching), 3062 cm™ (C=C stretching).
The PTX-PVA-PVP mat shows peaks at
1700 cm™ (C=0 & C=N stretching), 2800-
2900 cm’! (C-H stretching), 3098 cm™ (C=C
stretching). The spectra of PTX-loaded
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nanofibres and of the cast film demonstrated
retention of all the PTX and PVA-PVP
characteristic bands. Due to the lack of any
chemical interaction, there was also no
significant shifting of the existing bands or
the emergence of new bands that would
indicate compatibility of PTX with PVA-
PVP (Figure 4).

Drug content and encapsulation efficiency
In contrast to solvent cast films, which
exhibited PTX loading of roughly 64.8+
1.21% w/w, produced e-spun PVP nanofibres
had PTX content of 87.52 + 2.1%w/w.
Additionally, it was discovered that the EE of
9543 +
1.43%w/w, while the EE of solvent cast films
was around 73.5 + 2.67%w/w. The films

e-spun  PVP nanofibres was

were cast at a higher temperature (70 £1°C)
in order to thoroughly eliminate the solvent.
The higher drug EE was the consequence of
passive loading of PTX into the polymers
and solidification of the content by the
electrospinning process.

In vitro PTX diffusion studies

The drug release profile of PTX loaded PVA-
PVP mat and film was shown in Figure 5.
The polymer matrix rate of deterioration and
disintegration has a big impact on how
quickly drugs are released. The medication-
loaded water-soluble polymers that were

spun into fibres and employed as quick-

release carriers for oral drug administration
have been used in the past. Utilizing a water-
soluble component may also help ensure that
all of the active components are released
completely, preventing any trapping or
sluggish release of a small dose near the end
of the release profile. To regulate the PTX
release rate in this investigation, we
combined PVA with water-soluble polyvinyl
pyrrolidone (PVP). The release rate of PTX
increases when PVP ratio rises. As a result of
the water-soluble PVP included in the fibre
matrix, holes are formed inside the fibres that
allow the medicine to be released completely
and continuously into the environment. The
degree of swelling that the matrix material
experiences in water may also regulate the
medication release rate. In this situation, the
pores of a hydrophilic substance open up as a
result of swelling after absorbing water,
making it easier for medications to diffuse
out of the matrix. The comparison study
between PTX loaded nanofiber mat and
casting film show nanofiber will having
advatage being used as sustained drug
delivery.

In vitro release Kinetics

The drug release profile of each formulation
was examined in order to determine the PTX
release mechanism from the fibres by

applying the Zero-order, Higuchi and Peppas
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models. The measured drug release profile
(at pH 6.8) suited the Higuchi model well,
according to formulation (R2 > 0.977 for the
formulation). As a result, at pH 6.8, drug
release was regulated by diffusion. This may
be explained by the display which releases in
bursts at first and then slowly sustains them
for up to 89 hours. Our tests have shown
that this cutting-edge medication delivery
idea has a great deal of promise for treating
oral submucosal fibrosis more successfully.
Ex vivo skin permeation

Since the flux of the nanofibres mats was 17
times more than that of the as cast film
according to Table 1, the ex vivo skin
permeation data showed that they were
superior to as cast films. Additionally, it was
discovered that nanofibres had a higher

permeability coefficient than films. The

advantage of nanofibre mats over cast films

can be attributed to the solubility
improvement of PTX as a result of molecular
dispersion within PVA-PVP, fast swelling of
porous nanofibre mats due to small size and
enormous increase in area, ultimately leading
to leaching out of PTX molecules at a faster
rate  when
Additionally, both PTX loaded nanofibre

mats and as cast PVA PVP films showed a

compared to cast films.

linear rise in the permeation flux with an
increase in PTX. This might be explained by
a decrease in the proportion of polymer,
which serves as a diffusion barrier for PTX
and increases PTX release. As a result, the
larger absorption of PTX from the nanofibre
mats was made possible by the higher

concentration gradient.

Table 1: Mucosal skin permeation kinetics of pentoxifylline from PTX loaded nanofiber mats and as cast film

Formulation PTX loaded nanofibers PTX loaded solvent cast films
Flux 5.01+ 0.38 0.301+0.23
Permeability 0.00482 0.000588

Figure 1: SEM Images of (a) PTX loaded nanofiber mat at 50,000x (b) PTX loaded nanofiber mat at 100,000 (c¢) PTX
loaded film at 30,000x
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Figure 2: XRD of (a) PVA-PVP film (b) PTX loaded nanofiber mat (¢) PTX Drug
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Figure 3: DSC Thermogram of (a) PVA-PVP (b) Nanofiber mat (¢c) PTX drug
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CONCLUSION
Using the electrospinning approach, PTX-
loaded nanofibre mats were successfully
created in the current study. When analysed
for in vitro PTX release and ex vivo mucosal
skin penetration experiments, the
manufactured nanofibre mats of PTX were
found to be superior to PTX supplied as cast
films. The amorphization with reduced PTX
particle size, PTX dispersion at the molecular
level in the PVA-PVP matrix, and
significantly increased area for PTX
dissolution due to nanonization, as revealed
by SEM, XRD, and DSC studies, could all be
responsible for the improvement in drug
delivery kinetics of PTX loaded nanofibre
mats. In order to  optimise its
biopharmaceutical qualities and increase
therapeutic effectiveness in oral submucosal
fibrosis, mucoadhesie patch with PTX loaded
nanofibres might be thought of as an
alternate dosage form.
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