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ABSTRACT

The possible applications of electrospun fibers in drug delivery systems (DDS) are critically examined in this study. Nanofibers
are among the most desirable resources in some kind of a variety of scenarios due to their operational capabilities including
valuable features for another young generation of resources in energy, climate, even wellness. Because of its possibility to
synthesize polymers with specific functions like greater porous design electrospinning was already presented as the most
effective technique for fabricating polymer-based nanostructures. Electrospinning has emerged with the most significant
challenge for fabricating nanostructures with several advantageous properties which are helpful in a wide range of uses first
from the atmosphere to biomedicine. The medicine delivering mechanisms depending upon nanofibers have made significant
progress in terms of regulated and sustained release. This analysis summarizes significant advancements within the production
of electrospun nanofibers-based rapidly dispersing dosage form using many fibers, therapeutic agents, including entrapment
approaches, as an emphasis on mouth administration. The oral cavity became the most discussed mucous membrane location
because it would be open or even simple to examine, whereas the others are difficult for the patient and difficult to determine in
vivo, according to this study. The drug-loaded nanofibrous structures are described based on their main functions and also the
areas for operation.

Keywords: Electrospinning, Nanofibers, Sources of nanofiber, Drug delivery system, Applications of nanofibers.

ARTICLEIN F O: Received 26 June 2021; Review Complete; 30 July 2021 Accepted; 11 August 2021 Available online 15 August 2021
Cite this article as:

Dawange SR, Boraste SS, Pingale PL, Amrutkar SV, Nanofibers in Drug Delivery System, Asian Journal of Pharmaceutical Research
and Development. 2021; 9(4):151-157. DOI: http://dx.doi.org/10.22270/ajprd.v9i41011

*Address for Correspondence:

Prashant L. Pingale, Department of Pharmaceutics, Gokhale Education Society’s Sir Dr. M. S. Gosavi College of Pharmaceutical Education and
Research, Nashik-422005, India

INTRODUCTION and electrostatic repulsion overcomes surface tension,

resulting in jet initiation. Meanwhile, rapid solvent

drug needs the proper drug-delivery mechanism to

ensure its specific release profile to achieve the

desired therapeutic effect. A drug's release position,
timing, and rate must all be tailored to the drug's
therapeutic target as closely as possible. However, like
DDS, this may be a significant obstacle. Nanofibers are a
promising drug delivery method among the many options
available. Nanofibers are solid fibers with a diameter
ranging from a few nanometers to 1000 nm that have
special functionality and nanoscale properties. A syringe
containing polymer solution, a needle, a power supply, and
a collector make up an electrospinning setup. The solution
becomes charged when an appropriate voltage is applied,
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evaporation occurs, resulting in the accumulation of
ultrathin nanofibers on the collector. As a result, they are
among the most universal and promising drug-delivery
mechanisms, with the ability to accommodate a wide
variety of drug-release kinetics. They can be administered
via a range of routes, including oral, topical transdermal,
and transmucosal. Nanofibers can also shield a drug from
decomposition in the body until it reaches its intended
target. Some of the techniques in nanotechnology can be
used to create nanofibers®**. Due to their highly porous
structure, small pore size and distribution, unique surface
area, and compatibility with inorganics, the value of
nanofiber webs is increasingly increasing. Due to its ability
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to fabricate nanostructures with specific properties such as
a high surface area and porosity, electrospinning has been
introduced as one of the most effective techniques for the
fabrication of polymeric nanofibers. Electrospinning
methods are used to generate more than half of the research
papers on nanofiber. A dosage form, such as a mouth
dissolving formulation, may be preferred for young kids
who may have difficulty eating, biting, as well as nausea
sometimes during applications. Due to their large surface or
even porous structure, as well as their minimal film
thickness, they're effective to treat many local injuries.
Antimicrobials preparations were studied in dental care in
recent times>®. The use of electrospun fibers as a novel
drug delivery mechanism for tumor treatment has received
a lot of attention’.The technique of electrospinning is
indeed a very safe, convenient, even adaptable method for
combining different bioactive components with therapeutic
agents so it's a good choice for making nano-sized fibrous
mats.

ELECTROSPINNING

Electrospinning requires both a polymer-based solution as
well as an electrical field. Within the majority of
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electrospinning setup styles, a feeding mechanism
transports the polymeric solution into the electric fields. A
high-voltage current is supplied to the reaction mixture.
Electrospinning is a technique for stretching viscoelastic
polymer solutions into fibers using electrostatic power. A
live power supply, a Spinneret, and even a fiber collector
hasthree key components of an electrospinning system®®. If
conductive solutions or melts are used, electrospinning
becomes hazardous or even impossible, as they can create
undesired contacts between both high voltage electrodes,
causing the high voltage to discharge, resulting in
flashovers. A voltage is applied to the syringe and the
collector in this step to create an electric field between
them.

The surface tension-held polymer droplet at the syringe's
tip is electrified, as a result, the stream is stretched and
enlarged, producing fibers with thickness varying from the
several nanometers ranges to a few micrometers. A typical
setup includes four main components, as shown in figure 1.
A greater supply, a pressure gauge, a syringe, and a base
receiver. Because of the repulsive force of ions upon this
droplet wall, the hanging liquid is straightened or even
changes shape into something like a spiral shape, going to
result in the removal of an electrically powered stream.

Syringe

Polymer solution

High
voltage
pover M

supply

Spinneret

Liquid jet

Taylor cone

=>

o
o )

L

Collector

Figure 1: Electrospinning technique®®

The technique of nanofiber preparation was illustrated
in (Figure 1.)

The electric-powered fluid previously traveled in something
like a straight path, but then it becomes unstable due to
whipping. The electric-powered jet should first find an
appropriate agent which disperses the material to maintain
optimal drug solubility. As it moves toward the receiver (to
produce droplets). Well enough and systematic review
articles based on implications any of these factors have
been presented based on research'.The interaction of the
electric field with the fluid's surface tension extends the jet
stream and causes it to whip, causing the solvent to
evaporate. This allows the jet stream to continually
elongate as a long and thin filament, which then solidifies
and is ultimately deposited onto a grounded collector,
creating a uniform jet stream. The electrospinning was done
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in a room with a temperature of 20°C and a humidity of
55%.

TYPES OF ELECTROSPINNING
Uniaxial electrospinning

The drug product ratio can be used to make the polymer
solution achieve optimal solubility or viscosity. The
solution can be extruded from the tubing by applying
significant pressure to the syringe. The Tylor cone, which
refers to a cone-like extrusive solution instead of just a
conventional cylinder-like product, is a key technique used
in this system under the input power on one nozzle. The
voltage is extraordinarily high, exceeding 27 kV % The
development of targeted nanostructures with absolutely
tiny, expanded features occurs once the surface tension of a
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system that offers charged interactions increases the surface
tension of the process. Solvents will vaporize or melt away
as the solution progresses at the predetermined rate, leaving
nanofibers on the metal collector™.

Coaxial electrospinning

Co-electrospinning is a technique for producing
biologically active fundamental nanostructures. A variety
of tubules are used to formulate nanoparticles and
formulations. Electrospinning is being used to conduct the
two solutions across a single nozzle, resulting in composite
nanostructures with a core-shell structure that is determined
by two very different solutions' interfacial stress and
stretchability***>. A variety of factors, including applied
conductivity, liquid density as well as flow velocity,
influence the nanostructure of nanofibers. The inner part of
the fabricated fibers contains bioactive molecules, while the
outer part is made of polymer. In comparison to blend
spinning, which combines biomolecules in one position,
coaxial electrospinning offers a uniform distribution of
bioactive compounds in the fibers.

NANOFIBERS

To make nanofibers, scientists use cellulose acetate (CA),
the most effective cellulose analog contained in green plant
cell walls. Biocompatible, biodegradable, even nontoxic,
cellulose ester is often a biomaterial®’. It's inexpensive, less
hygroscopic, chemically resistant, and resistant to
heat'®. The full and partial substituted forms of cellulose
include cellulose triacetate as well as cellulose diacetate.
Both derivatives are dissolved mostly in organic solvents,
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instead of liquids. CA can be used in many industrial and
biomedical applications®. Tissue engineering, antibacterial
applications, DDS, and wound dressings are some of the
biomedical applications of electrospun CA nanofibers®.
Electrospinning pure chitosan is complicated to its
polycationic solution nature, rigid structure, as well as
intramolecular interactions. Researchers have been trying to
use hazardous chemicals including polyvinyl alcohol
(PVA), polylactic acid (PLA), polyglycolic acid (PGA),
Poly (lactic-co-glycolic acid) (PLGA), and polyethylene
oxide (PEO) to improve chitosan electrospinnability. Toxic
solvents, whether used directly or indirectly, are
unwelcome in edible systems.

Nanofiber with antioxidant properties

There are three types of wound dressings, according to®.

1. Passive wound dressings: such as gauze or tulle, provide
permeability and gas transfer.

2. Interactive injury dressings: which including hyaluronic
acid or hydrogels, while also serving as a protector
against bacteria.

3. Bioactive wound dressings, like hydrocolloids and
chitosan  Since free radicals obstruct tissue
reconstruction, antioxidant compounds that function as
free radical scavengers can help with wound care and
repair in both infected or even noninfected wounds,
promoting tissue recovery and reducing healing times?*.

SOURCES OF POLYMERS FOR NANOFIBERS: The
different types of nanofibers are represented in the diagram
below, as per polymer sources as shown in table 1.

Table 1: The sources for the formation of nanofibers and their example

Sources of polymers Examples

Natural polymers Chitosan
Gelatin
Collagen
Alginate

Synthetic polymers

Polyglycolide (PGA)

Poly(L-lactide) (PLA)

Poly(lactic-co-glycolic acid) (PLGA)

Poly(caprolactone) (PCL)

Combinatorial polymers

PLGA/gelatin/elastin

PCL/gelatin

PLGA/collagen

Natural polymers

Biopolymers have gained popularity as a better alternative
to overcome some of the limitations posed by synthetic
materials®.

Chitosan: Chitosan is indeed a deacetylated chitin-based
natural polysaccharide. Antimicrobial properties, non-toxic,
cationic, compostable, as well as low immunogenicity®’.
Chitosan has of kind antibacterial and antifungal
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properties?®. Chitosan causes the tight junctions among
tissues to loosen®. It may be ineffective towards wound
management in diabetic foot ulcers, and it is also needed
for drugs incorporated in nanofibrous dressings that target
deeper tissue.

Gelatin:  Among the
components™.

extracellular matrix (ECM’s)
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Collagen: The main parts of the ECM, including the
involvement of connective tissue, the mechanical
characteristics of the ECM, and the degradation rate™'.
Alginate: Brown algae polysaccharide, Formation of
divalent cation hydrogels, low cell adhesion, and no
nanofiber production®.

Synthetic polymers

Mechanical characteristics, thermal stability, as well as a
predictable degradation profile, can all be built into this
form of polymer. Polyurethane is also used to create porous
structures that are used as tissue replacement materials®.
Polyglycolide (PGA): Unlike PLA and PLGA, this material
degrades quickly.

Poly(L-lactide) (PLA): Between PGA and PLGA, this
content is intermediately degradable.

Poly (lactic-co-glycolic acid) (PLGA): PLGA stands for
poly (lactic-co-glycolic acid) and is a biomaterial and
compostable material with a larger diameter nanofiber (760
nm) that degrades more slowly than PGA and PLA. This
polymer is made from lactic and glycolic acids. Because of
its good mechanical strength and durability, according to
some studies, PLGA is a beneficial polymer for
nanofibrous fabrication®.

Poly(caprolactone) (PCL): Slow degradation.
Combinatorial polymers

PLGA/gelatin/elastin: Improved cell interaction®®,
PCL/gelatin: Increased endothelial cell proliferation and
spread*®®.

PLGA/collagen: Excellent tissue formation stability“.

DRUG DELIVERY SYSTEM:
DNA drug delivery system

In gene-targeted delivery, the electrospinning fibers may
also carry DNA to particular locations. Nanofibrous DNA
for cellular transfection or even to encode some particular
protein, including such galactosidase, and enclosed it in a
nonwoven membrane made of a poly (lactic-coglycolide)
with poly (D, L-lactide-poly) blend. Manuscript (ethylene
glycol) accepted manuscript (PLA-PEG). The DNA that
was provided was in good condition also worked well.

pH sensitive drug delivery system

One way of achieving controlled drug release is to add an
acetyl compound to the backbone of a polymer to produce
acid-labile polymers. As a result, acid-labile polymers are
being used as a drug carrier, with breakdown and exposure
curves that are affected by the acidic conditions including
acid-labile polymer components. pH-responsive drug
release nanofibers were designed to treat tumor recurrence.
Inorganic components are applied to the reproductive
process*™. One study utilized emulsion electrospinning to
inject sodium bicarbonate and DOX within poly (lI-lactic
acid) (PLLA) polymers to produce an acid-responsive
scaffold, that inhibited tumor cells while inducing normal
cellular proliferation*.

Anticancer drug delivery system
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Antitumor medicines may be encapsulated in electrospun
polymers using direct blending®®. Curcumin as well as
chrysin, two main anticancer agents for breast cancer, were
polymerized into randomly arrayed nanostructures and
inhibited tumor cells very effectively*. Anticancer drugs
that are poorly soluble and unstable, like hydroxy
camptothecin  (HCPT), are solubilized with 2-
hydroxypropyl cyclodextrin (HPCD). As a local DDS,
electrospun fibrous scaffolds play a significant role in
cancer local therapy.

Fast dissolving drug delivery system

The electrospinning of nanofibers webs including drug
products (Functionalities) has been demonstrated to be a
successful approach for building fast-acting DDS*“*®Films,
patches/wafers, tablets, and capsules are only some of the
fast-dissolving systems available. Extrusion, solvent
casting, spraying, tableting, even freeze-drying are all
choices for manufacturing these preparations. Fast-
dissolving delivery systems have recently been developed
using nanotechnological methods. Electrospinning is one of
many techniques, which promotes the development of free-
standing networks composed of nano-sized fibrous
structures. By increasing the water solubility of drug
molecules, Electrospun nanofiber webs of hydrophilic
polymers can even be polymerized with a wide range of
drugs and wused as a fast-acting mouth delivery
mechanism*"*%. Polyvinylpyrrolidone (PVP), poly (vinyl
alcohol) (PVA), gelatin, eudragit, as well as other polymers
are used to make fast-dissolving DDS in the form of
nanostructured materials. PVP is often used in the
formulation of pharmaceutical formulations as a polymeric
surfactant to spread poorly soluble drug substances®. This
could lead to PVP becoming the most widely documented
polymer type for electrospinning of quick-dissolving
nanofibers, among other applications. Chemical solvents or
organic solvent combinations are used to dissolve both
polymeric matrices as well as hydrophobic drugs for
electrospinning  of  drug-dependent  fast-dissolving
nanofibers®.

Antimicrobial and antiviral drug delivery system

Antimicrobial agents are examined in the formulated
electrospun materials (on to the viscose) at the Nationalized
Healthcare Laboratory, Environment, and Food in Maribor,
Slovenia. Gram-positive strains, such as Staphylococcus
aureus and the bacteria Escherichia coli (Gram-negative
bacteria) have been used to examine the antimicrobial
properties of the product samples., along with their normal
errors (standard deviation calculation). Antiretroviral drugs
were incorporated into electrospun nanofibrous mats made
of polycaprolactone (PCL) and poly (lactic-co-glycolic)
acid (PLGA). In vitro research indicated that there was no
cellular toxicity and that the antiviral activity was strong. A
few of the latest treatment formulations for this antiviral
drug, acyclovir nanostructures with such an oral delivery
system that dissolves quickly, may be a promising
alternative to the current dose formulations. We formulated
acyclovir/HPCD inclusion complexes as polymer-free
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nanostructured materials for the first time for this purpose.
The control nanofibrous web was constructed using PVP,
the kind of water-soluble polymer that is most widely used.
Tooth decay is one of the most common infectious
diseases®. Caries affects approximately 10% of the world's
population in their initial teeth and 35% in their adult
teeth®. For the production as well as the progression of this
infection in this way, microorganisms, food intake
(primarily carbohydrate intake), and host defense all are
needed. New caries control and biofilm inhibition options
have appeared, including gels, mucoadhesive constructions,
nanomaterials, and nanostructures®. Nanostructures are
bacteriostatic or even bactericidal against Streptococcus
mutans and even Streptococcus sanguinis at these
concentrations, but it's not toxic to cells like Hcat cells,
such as stem cells for periodontal tissue. Nanofibers were
used for 60 minutes in vivo to minimize the level of
microorganisms found in good volunteers' saliva®’.
Extremely small fibers that are made of polycarbonate
urethane are effective against P. gingivalis. Two
ciprofloxacin molecules are attached to trimethylene glycol
through hydrolysable bonds and electrospun into nanofibers
from such a biomaterial. Ciprofloxacin was found to be
released continuously for 28 days when it was mixed with
trimethylene glycol, according to researchers. Furthermore,
the hydrolyzing tolerance of polycarbonate urethane
nanostructures  was  improved by  incorporating
ciprofloxacin with triethylene glycol. P. gingivalis was also
prevented by nanofibers containing ciprofloxacin and
triethylene glycol (seven percent wt.)*.

APPLICATIONSOF NANOFIBERS
Cellulose acetate

Cellulose acetate (CA) nanostructures are being widely
used to transfer a wide range of therapeutic drugs due to
various their biocompatibility, environmental friendliness,
biochemical persistence, non-toxicity, even thermal
stability. According to the study, nanofibers were also used
as patches, inserts to prevent adhesions after surgery also
infections, as well as scaffolds too for tissue-engineered
designs®. Improved cellulose acetate is used for
transmitting capsaicin and sodium diclofenac because this
drug reduces inflammation as well as skin wound care.
Before and after the drugs were primed, two processes were
considered: Cross-linking matrix of propargylated maltose
after following reaction of cellulose acetate. These
processes aided the release of drugs from the cellulose
acetate nanostructures that were transformed. Using a pad
that is filled with drugs, rats' wound healing could be done
in ten days. Another research used to transport sesamol,
researchers developed new nanocomposites structures made
of CA as well as zein which is a natural organic compound.
The effects of sesamol-loaded polymeric nanostructures on
diabetic mice's healing were then examined. The
researchers found that wound dressings made of
nanocomposites structures made from sesamol-CA and zein
could support diabetic mouse heal more quickly®.

Fibrous scaffolds
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Scaffolds made of fibrous materials consisting of the
common fundamentals of polymers are shown to have a
greater impact so if used to heal a cardiac injury. Such
implants are effective in overcoming obstacles, deficiencies
as well as problems, like an immune response as well as
degradation of fibers, after in vivo transplantation. Fiber-
based scaffolds may also be tweaked to enhance cell
adhesion and proliferation since their structure mimics that
of the ECM. Scaffolds assist cardiac regeneration by
providing an atmosphere that allows cardiomyocytes to
beat in time, as well as promoting cardiac tissue contractile
properties and the anisotropic design of myocardial
structure.

Electrospun scaffolds

The functionalization and maturation of regenerated tissues
would be assisted by electrospun scaffolds. The materials
that have historically been used to use electrospun scaffolds
do not have the right combination of mechanical and
electrical properties. The failure of engineered tissues to
keep up with the native myocardium's contraction rate is
due to this. As a consequence, arrhythmias are often found
when a scaffold is inserted into the heart®?. Scaffolds with
the desired conductivity were able to successfully detect
native electrical signals and avoid arrhythmias.

Electrospun nanofibers membranes and cell engineering

Because of the vital function performed with tissues within
the recovery period, new research® has reported, for the
treatment of injured tissue, various cell-cell lines (e.g.,
connective tissue, epidermal cells, epithelial cells, and
vegetative cell) are used. When vegetative cells are applied
directly to the site of injury, they die quickly and are
cleared quickly. Stem cells were grown on-site of
nanostructures to solve this deficiency. Electrospun
membranes with ultrafine fibers that mimic the topography
of the ECM facilitate stem cell survival and proliferation.
Furthermore, the structure and differentiation of cells can
be regulated by the alignment of these fibers.

CONCLUSION

The development of fast-acting oral DDS has shown that
electrospun nanofibrous networks made using drug
inclusion complexes were indeed successful materials.
Future improvements within nanostructures formation
method there is the greatest chance for making products
with polyions, but methodologies of this kind are extremely
costly for development. Moreover, the majority of studies
are the ones acceptable at a laboratory level. As a result,
industrial-scale investigations and also real-life scenarios
are needed to see how close these nanofibrous substrates
are to being commercially viable.
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