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ABSTRACT: Nanotechnology has yielded nanostructure-based drug delivery ap-
proaches, among which nanofibers have been explored and researched for the potential
topical delivery of therapeutics. Nanofibers are filaments or thread-like structures in the
nanometer size range that are fabricated using various polymers, such as natural or
synthetic polymers or their combination. The size or diameter of the nanofibers depends
upon the polymers, the techniques of preparation, and the design specification. The four
major processing techniques, phase separation, self-assembly, template synthesis, and
electrospinning, are most commonly used for the fabrication of nanofibers. Nanofibers
have a unique structure that needs a multimethod approach to study their morphology
and characterization parameters. They are gaining attention as drug delivery carriers, and
the substantially vast surface area of the skin makes it a potentially promising strategy for
topical drug products for various skin disorders such as psoriasis, skin cancers, skin
wounds, bacterial and fungal infections, etc. However, the large-scale production of
nanofibers with desired properties remains challenging, as the widely used electrospinning processes have certain limitations, such as
poor yield, use of high voltage, and difficulty in achieving in situ nanofiber deposition on various substrates. This review highlights
the insights into fabrication strategies, applications, recent clinical trials, and patents of nanofibers for different skin disorders in
detail. Additionally, it discusses case studies of its effective utilization in the treatment of various skin disorders for a better
understanding for readers.

1. INTRODUCTION
Skin as the outermost sheath of the human body serves as a
protective barrier from the outer environment, microbial
infections, and other hazards like UV radiation. The skin is
composed of three different layers: the epidermis, the dermis,
and the hypodermis which are responsible for different
functions and ultimately maintain homeostasis.1 It provides
physiological and mechanical support to the underlying cells
and organs and prevents the entry of foreign substances. Any
kind of damage and infections can destroy this protective layer,
causing redness, itchiness, and inflammation resulting in
different skin conditions and autoimmune skin disorders like
atopic dermatitis, ichthyosis, acne, scleroderma, epidermolysis
bullosa, psoriasis, vitiligo, pemphigus, etc.2 Mostly, in these
disorders, topical delivery of drugs becomes the first line of
therapy to achieve localized or targeted therapeutic action.
Decrease in systemic side effects, avoidance of first-pass
metabolism, ability to provide site-specific delivery, and
minimization of dosing frequency by boosting the drug levels
at the point of action are some of the noted advantages of
topical drug delivery approaches.3 Also, the large surface area
of the skin makes it a potential route for the delivery of
pharmaceutical products like local anesthetics, antiseptics,
antibacterial, antifungal, and anti-inflammatory agents for
localized therapeutic action.4

The skin itself acts as a major challenge for topical drug
delivery as it restricts the entry of the therapeutic substances to
reach the target site, hence scientists have been looking for
ways to make topical drug delivery more effective. Creams and
ointments are the most commonly used conventional topical
formulations with limited permeation and retention. Hence,
permeation enhancers have been used in the conventional
formulations, which cause side effects like irritation due to
their high concentration and disrupt the skin barriers,
temporarily inviting chances of further infections.5 In searching
for other alternatives, researchers have found that small
molecules can easily permeate through the skin, and hence
efforts have been put into exploring the use of nanotechnology,
particularly nanofibers and nanoparticulate systems for trans-
dermal and topical delivery of the therapeutics.6

Nanofibers are nanostructures that are fibrous in nature,
forming threads of size ranging from micrometers to a few

Received: February 12, 2023
Accepted: May 11, 2023
Published: May 18, 2023

Reviewhttp://pubs.acs.org/journal/acsodf

© 2023 The Authors. Published by
American Chemical Society

18340
https://doi.org/10.1021/acsomega.3c00924

ACS Omega 2023, 8, 18340−18357

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yashika+Tomar"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nisha+Pandit"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sakshi+Priya"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Gautam+Singhvi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.3c00924&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00924?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00924?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00924?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00924?fig=tgr1&ref=pdf
https://pubs.acs.org/toc/acsodf/8/21?ref=pdf
https://pubs.acs.org/toc/acsodf/8/21?ref=pdf
https://pubs.acs.org/toc/acsodf/8/21?ref=pdf
https://pubs.acs.org/toc/acsodf/8/21?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.3c00924?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://acsopenscience.org/open-access/licensing-options/


nanometers and exhibiting a high ratio of surface area to
volume, allowing both hydrophilic and hydrophobic drugs to
be delivered efficiently. It shows tunable porosity, and
biological and therapeutic molecules can be easily function-
alized on them.7 Polymers, ceramics, and their mixtures are
among the numerous materials that are utilized to produce
nanofibers. They are commonly fabricated from natural or
synthetic polymers or their blend as they offer a wide range of
therapeutic applications. For greater permeability through
different channels of the skin, size reduction of the drug
carriers acts as a rule of thumb. The distribution of the active
therapeutic moiety using nanofibers works on the principle of
increased drug dissolution rate because of the increased surface
area and exposure of the drug-loaded carriers as a consequence
of small particle size.8

Nanofibers have shown the ability to improve physicochem-
ical properties and provide good penetration of drugs due to
their nanosize. In an experiment, hydroxypropyl-β-cyclodextrin
(HPBCD) and polyvinylpyrrolidone (PVP) nanofibers loaded
with a drug (resveratrol) exhibited improved aqueous solubility
as compared to pure resveratrol by more than 20,000-fold due
to the conversion of a crystalline form of the drug to an
amorphous form (intermolecular bond formation) following
nanofiber fabrication. Additionally, the skin permeation study
was performed using Franz diffusion cells, which showed that
nanofiber formulation resulted in higher penetration into the
epidermis and dermis layers than pure resveratrol and thus
displayed good anti-inflammatory activity.9

Generally, in nanofibers, the drug molecules are entrapped
between the mesh frameworks formed by the polymeric
nanofibers and therefore can provide controlled delivery of
drugs. Jalvandi et al. through a study revealed that designing
nanofibers using poly(vinyl alcohol) (PVA) resulted in a
controlled release approach of the drug (levofloxacin (LVF)).
The drug, being covalently attached to chitosan via a cleavable

amide bond, was electrospun with PVA to form nanofibers.
They found 27% release in the case of the PVA-conjugated
chitosan-loaded LVF nanofiber-mats as compared to 90%
release with PVA-LVF (control) after 8 h which exhibited a
reduction of in vitro burst release. The possible mechanism
behind this was inferred to be the amide bond between LVF
and chitosan which hydrolyzed at neutral pH, resulting in a
controlled release over 72 h.10 The findings suggested that
drug conjugation to the polymer backbone is an effective
method to achieve prolonged delivery with reduced burst
release of the drug.

Using the nanofiber sandwich technology, prolonged release
of drugs can be achieved. In this technology, a drug-loaded
layer of nanofibers is put in between the drug-free nanofiber
layers. The external layers which are devoid of the drug act as a
barrier and are thus responsible for prolonged drug release.11

Recently, a group of researchers prepared a multilayered
electrospun nanofibers mesh in which the gelatin nanofiber
with drug was sandwiched with another layer of nanofibers
without drug with cross-linking. Results showed a zero-order
drug release up to 48 h due to the formation of a diffusional
barrier.12 This shows that nanofibers may be modulated to
design the drug release profile to suit the desired individual
clinical application. Another advantage of nanofibers is the
possibility to modify the nanofibers’ functionality through
surface modification.13 Gautam et al. prepared a tripolymer
composite nanofibrous scaffold by modifying the surface of
nanofibers with collagen type I grafting which improved the
fibroblast and keratinocyte cells adhesion and ensured good
cell proliferation as found in the study for wound healing and
skin tissue regeneration.14 The modulation in drug release can
be achieved with a change in nanofibers diameter and the
effective contact surface area15

Smart nanofibers, also known as on-demand drug release
systems, are the most recent advanced drug delivery systems

Figure 1. Application of nanofibers for topical delivery of therapeutics in skin disorders.
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designed to release drugs due to stimuli such as temperature,
enzyme, pH, etc.16 In 2021, researchers fabricated a
ketoconazole-loaded temperature-responsive nanofibrous film
made of poly(N-isopropylacrylamide) (PNIPAM) and poly-
caprolactone which showed a shift from a hydrophilic to a
hydrophobic condition when the temperature increased from
25 to 37 °C (room temperature to body temperature). This
resulted in a sustained drug release behavior at body
temperature and with a lower temperature resulting in faster
drug delivery.17 Similarly blends of PVA and PNIPAM
nanofibrous membranes were fabricated for delivering
Levothyroxine topically with temperature change.18 Hence,
with the help of temperature-responsive properties, the
fabricated nanofibers are useful for both the on-demand and
prolonged drug release approach. Therefore, nanofibers with
their unique properties of high porosity, good interconnectiv-
ity, and the flexibility of molding the nanofiber meshes are
suitable for topical delivery of therapeutics in the management
of skin cancer, bacterial infections, inflammatory conditions,
and wounds.19 Several published reports are available on
materials and techniques utilized in the fabrication of
nanofibers and the individual application of nanofibers in the
management of specific skin disorders. However, there is a
need to bring intense attention to the utilization of nanofibers

in the management of various skin disorders in one place.
Therefore, in this work, the authors provide insights into the
compilation of the application of nanofibers in therapeutic
delivery in skin disorders such as wound healing, bacterial
infection, fungal infection, psoriasis, acne, atopic dermatitis,
vitiligo, and skin cancer (Figure 1). Additionally, various case
studies, clinical trials, and patents are compiled for extensive
knowledge to readers.

2. FABRICATION OF NANOFIBERS
Nanofibers are mainly fabricated using different types of
polymers. The size or diameter of the nanofibers depends upon
the polymers, the techniques of preparation, and the design
specification.

2.1. Materials Utilized in the Fabrication of Nano-
fibers. Numerous polymers have been employed to develop
nanofibers, which can be broadly divided into three categories:
natural, synthetic, and mixed or blended polymers.

2.1.1. Natural Polymers. Polymers of natural origin are
mainly utilized in the preparation of nanofibers due to the
advantages they offer such as being biodegradable, biocompat-
ible, and nontoxic.

Natural origin polymers belonging to proteins such as
gelatin, collagen, and polysaccharides like chitosan, cellulose,

Figure 2. (A) Schematic representation of the fabrication of nanofibers by the electrospinning technique. (B) Different fabrication techniques of
nanofibers: (a) self-assembly, (b) template synthesis, (c) phase separation, and (d) drawing. Adapted with permission from ref 8. Copyright 2022
Elsevier.
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dextran, hyaluronic acid, and alginate are most commonly used
in nanofibers so far with a wide range of applications.20 Gelatin
electrospun nanofibers scaffold containing tellurium nano-
particles were developed for wound dressing to avoid
immunogenic responses due to the natural origin of gelatin.21

Also in another experiment, gelatin was combined with
bacterial cellulose to produce nanofibers and was tested for
diabetic wound healing achieving a system made up of an all-
natural polymer construct.22

2.1.2. Synthetic Polymers. Polymers derived synthetically
have also been employed in making nanofibers as they can be
easily modified according to their requirements during the
synthesis process to offer mechanical strength, stability,
durability, and other properties.23 Although their biocompat-
ibility is low, they are easy to produce, and their reproducibility
gives them an advantage over natural polymers. Some examples
of synthetic polymers that have found their application in
nanofibers are polylactic acid, PVA, poly(ethylene oxide),
polycaprolactone, poly(lactic-co-glycolic acid), PVP, etc. Zinc
oxide and silver bimetallic nanoparticles encapsulated in PVP,
and polycaprolactone-based nanofibers have shown enhanced
antibacterial activity.24 PVA nanofibers loaded with cinnamal-
dehyde phytoconstituent were fabricated to tackle the irritant
effect associated with cinnamaldehyde and also to boost its
therapeutic efficacy for eradicating Candida biofilm by solving
the problem of high volatility and low aqueous solubility.25 In a
recent development, antimicrobial peptides (AMPs) were also
fabricated as nanofibers using poly(ethylene oxide) for the
purpose of wound healing.26

2.1.3. Mixed or Blended Polymers. Mixed polymers are
combinations of both natural-origin and synthetically made
polymers used together to fabricate nanofibers. They have
been blended and used to overcome the limitations of each
other by modifying their properties, such as the biocompat-
ibility of natural polymers with the high mechanical strength of
synthetic polymers. For example, polycaprolactone, chitosan,
and PVA were used together in nanofibers for treating burns
and cuts, whereas Ferulic acid-loaded collagen hydrolysate and
polycaprolactone nanofibers were developed.27 Even two
different synthetic or natural polymers can be blended together
for the preparation of nanofibers. Amphotericin B-loaded
coaxial nanofibers were fabricated using PVA, chitosan,
poly(ethylene oxide), and gelatin to make a new dressing for
cutaneous leishmaniasis and superficial mycoses.28 As a result,
polymers are crucial in the development of nanofibers that
serve the intended applications.

2.2. Preparation Methods. Nanofibers are prepared using
different processing approaches.29 However, the four major
fabrication techniques, i.e., self-assembly method, phase
separation technique, template synthesis, and electrospinning
approach are widely utilized for biomedical applications
(Figure 2).8 Electrospinning is one of the convenient
techniques which has been used industrially for commercial-
scale production, and it has provided numerous ways to
control the properties of the produced nanofibers as a result of
its instrumental setup and its influencing parameters.30 There
is one other technique, i.e., the drawing technique, that mainly
utilizes viscoelastic materials for the fabrication of nanofibers
and is also limited to only a laboratory scale.8 A comparison
between various fabrication techniques is included in Table 1.

2.3. Loading of Drugs in Nanofibers and Drug
Release Mechanism. For developing drug delivery systems,
drugs can be loaded onto nanofibers using physical adsorption, T
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blend-electrospinning, coelectrospinning, and covalent immo-
bilization methods.35 The drug loading process is determined
through the drug’s characteristics and the application of the
systems. Different drug release patterns are expected depend-
ing on the drug loading mechanism within or onto the
nanofibers. The most crucial method for drug loading into
nanofibers is blending the medicament with a polymeric
solution using an electrospinning (single-phase) process.36 The
compatibility of the drug and polymer, as well as their
physicochemical characteristics, must be taken into account in
order to ensure effective drug encapsulation, drug distribution,
and optimal release kinetics. Hydrophilic drugs are loaded into
hydrophilic polymer solutions, whereas lipophilic drugs are
placed into lipophilic polymer solutions. An alternative
technique includes chemically or physically immobilizing the
molecule. Dipping nanofibers into the drug solution causes
physical adsorption, which includes electrostatic interaction.37

However, the drug release profile cannot be controlled with
this approach. Chemical processes involve infusing nanofibers
with acid or base for a predetermined amount of time.
Through the chemical alteration of the functional groups on
the surface, the drug molecule is covalently bonded to the
nanofibers’ surface.38

Emulsion and coaxial electrospinning techniques have
recently acquired popularity, owing to a lower risk of first
burst release and superior shielding of loaded drugs.36 These
techniques yield nanofibers with a core−shell structure. A
spinneret with separate chambers for each of the components
is used to load the polymer and drug solution. The active
moiety is delimited in the central core of the coaxial
nanofibers, which is surrounded by a polymer shell.39 The
drug solution and the polymer solution form the aqueous and
oil phase, respectively, in the emulsion electrospinning. When
employing low molecular weight drugs, the drug disperses
inside the fibers after electrospinning. However, with macro-
molecules, the drug forms a core−shell kind of nanofibrous
structure. The emulsification process may cause delicate
medicinal substances like plasmid DNA or proteins to degrade,
which is a drawback of this approach.40 Coaxial electrospinning
has been referred to as a new technique to prevent initial burst
release, and instability as the drug or bioactive agents are
incorporated into a double-layered nanofiber structure. It is a
two-fluid electrospinning technique where the structures have
shown a long-lasting release profile due to the absence of any
free drug molecules on or near the exposed surfaces of the
nanofibers. This encapsulation not only enables sustained drug
release but also shields the agent from outside influences and
supports the maintenance of its biological activity.41

Degradation, diffusion, or swelling are the mechanisms
involved in releasing the drug from the polymeric network.
Physical and chemical degradation are the two ways by which
polymer degradation or erosion of polymeric carrier occurs. In
some cases, enzymatic cleavage, hydrolytic cleavage, or
oxidation may happen to convert the polymeric fibers into
small monomers or oligomers.42 These parameters also
recommend the duration of time the nanofibers can be applied
topically. However, it also depends upon the specific product
and the type of drug delivery. Some nanofiber-based drug
delivery systems with a sustained release over an extended
period of time, such as for several hours or even days, can be
left on the skin for a longer duration to ensure a steady release
of the drug. The recommended duration of application also
depends on the dose and concentration of the drug being

delivered, as well as the condition being treated. For example, a
wound dressing containing nanofibers with an antibacterial
drug may need to be applied for a longer period of time to
ensure complete eradication of the infection.21 For a controlled
release profile, a diffusion-based mechanism is generally
exhibited, where an encapsulated drug is released by diffusion
along with matrix erosion.43 Smart nanofibers diffuse the drug
in response to stimuli or any change in pH, temperature,
enzyme, light, and other conditions. The factors which
influence the release mechanism or behavior are the polymer
mixture composition, polymeric blend interaction, and the
methods of preparation.44

3. THERAPEUTIC APPLICATIONS OF NANOFIBERS
Encapsulating active molecules in nanocarrier drug delivery
systems is a viable strategy for reducing side effects, improving
solubility, achieving controlled release, improving biocompat-
ibility, and also preventing drug degradation.45 Additionally,
nanofibers are designed to have biological activity on their own
or to be integrated with and utilized to administer active
pharmaceutical ingredients in a controlled, regulated way.
Incorporating biological products such as cells, microbes,
proteins and peptides, genes, and nucleic acids as well as drugs
needs the employment of diverse loading techniques to achieve
the required release profile.46 Several studies have been
summarized in Table 2 exploring nanofibers as a potential
therapeutic delivery system for skin disorders.

3.1. Nanofibers in Wound Healing and Surgical
Dressings. Wound dressings are used for treating injuries
and wounds. However, standard dressings are inefficient since
they restrict the restoration of the wounded skin’s structure
and functions, which can lead to wound infection and
dehydration and also interfere with the healing process as a
whole.47 As a result, there is a need for novel wound dressings
that could promote skin regeneration as well. Electrospun
polymeric nanofibers have been viewed as promising materials
for enhancing skin regeneration because of their structural
resemblance to the extracellular matrix of healthy skin, ability
to stimulate cell growth and proliferation, bacteriostatic
activity, and suitability to deliver bioactive molecules to the
wound site as shown in Figure 3. In a study conducted by
Doostmohammadi et al., in vivo wound healing capabilities of
tellurium nanoparticles embedded in polycaprolactone and
gelatin nanofibers (electrospun) were investigated on wounds
of Wistar rats using histopathology examination.21 Scaffolds
containing nanoparticles showed the maximum healing with a
score of 15 out of 19. In addition, the stated scaffold had dose-
dependent beneficial effects on collagen production and
collagen horizontalization and decreased the edema and
inflammation at the injury site. The results obtained strongly
confirmed their healing activity, which can be useful for wound
dressing.21

In addition to promoting cellular motility and morphological
changes at wound sites, the topographic surface conditions of
scaffolds also impact cellular behavior by promoting tissue
regeneration.48 Controlling the shape and morphology of fibers
and selecting combinations that do not disrupt regular
physiological function are critical for the production of
scaffolds in tissue engineering applications. Collagen, a well-
known biopolymer, is commonly used in electrospinning
nanofiber compositions. It is the most prevalent protein in the
human body with a high degree of in vivo stability and can also
maintain an excellent biomechanical strength over time; thus,
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it is mostly used to prepare scaffolds.49 Some researchers
formed ferulic acid (FA)-loaded polycaprolactone and collagen
hydrolysate (CH)-based composite electrospun nanofibers to
treat chronic wounds. The average tensile strength of the
nanofibers was 0.46 ± 0.3 MPa, and CH addition boosted their
hydrophilicity (with a reduced contact angle to 58.3°), which
improved cell adhesion and increased fibroblast proliferation,
which led to cell growth and regeneration of injured tissue.27

Thus, in addition to the objective of the study, to find the
wound healing efficacy, it also resulted that the prepared
system could be used as a protective cover for wounds.

Biomolecules and natural substances have also been
incorporated into the nanofibers to increase their effectiveness.
In 2015, a group of scientists synthesized N,O-carboxymethyl
chitosan (CMCS) and poly(ethylene oxide) blend nanofibrous
samples and mixed them with phenytoin sodium and vitamin
C to make wound dressings. As compared to the phenytoin
sodium and vitamin C 1% ointment, the nanofiber formulation
showed better efficiency in wound healing as it was observed
that the wound area was decreased to 12.5% (in the case of
ointment) and 3.8% (in the case of nanofibers) after 14 days.
Also, the wounds treated with optimized nanofiber formulation
resulted in epidermal layer regeneration because of the
generation of granulating tissues without necrosis before
collagen fiber accumulation.50 Chinatangkul et al.51 performed
an experiment in which Shellac and polyvinylpyrrolidone
(SHL-PVP) blended fibers were used to fabricate a desirable
wound dressing material with a natural antimicrobial lipid,
monolaurin (ML) to avoid microbial infection-induced
delayed wound healing. It was found that the presence of
PVP improved drug loading capacity (the maxiumum
concentration of ML loaded onto SHL fibers without polymers
was 7% w/w, but with PVP addition 5%−20% w/w could be
completely encapsulated according to Powder X-ray diffrac-
tometry results). The manufactured fibers had excellent
antimicrobial action against Staphylococcus aureus and Candida
albicans, as well as improved cell adherence was observed. The
nanofibers’ size-dependent antimicrobial efficacy was also
reported as improved activity with finer SHL-PVP blended
fibers at 27 kV than those prepared at 9 kV attributing to the
fact that high specific surface area with the smaller diameter
fibers leads to enhanced release of the drug.51

In a recent study by Zhang et al.,52 dendritic mesoporous
bioglass nanoparticles loaded with 5-fluorouracil were prepared
and fabricated in poly(ethylene oxide) and poly(ether-ester-
urethane) urea-based coaxially electrospun nanofibers. The
nanoparticles with 23% loading efficiency were found to have a
smooth surface and good adsorption rate to protein and also
showed similar mechanical properties and degradation rates
when compared to autologous skin. The nanofibers exhibited a
prolonged drug release profile for 20 days closely related to its
degradation profile. The therapeutic effectiveness of nanofibers
was evaluated in a rat wound model and with collagen I
labeling. All of the findings demonstrated that 5- fluorouracil-
loaded nanofibers showed a superior wound therapy influence
for the reconstruction of scar skin tissue, implying the
significant potential for clinical wound healing.52

3.2. Nanofibers in Treatment of Bacterial Infections.
Bacterial infections may occur in different skin conditions as
the amount of bacteria on the surfaces of the human body is
said to be equivalent to the number of human cells. Microbes
are effortlessly capable of triggering an infection by permeating
the skin or mucosa, and nanofibers can be applied as a film thatT
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acts as a barrier to further infections and prevents their growth
by releasing the therapeutic moiety over a period of time.53 In
an experimental study, vancomycin-loaded nanofibers were
applied on the wound of an animal model topically and
checked for topical skin infections treatment against
methicillin-resistant Staphylococcus aureus (MRSA) and

compared with free drug activity. A stronger antibacterial
action was seen in the animals treated with nanofibers than free
vancomycin.54 This provides evidence that nanofibers could be
an efficient approach to treat MRSA-induced skin infections by
playing the role of a potential topical delivery vehicle for drugs.

Figure 3. Representation of the properties that electrospun membranes must display to be used as wound dressings.

Figure 4. Antibacterial activity of chitosan/Cur@β-CD/AgNPs dressing. (a) Bacterial viability of P. aeruginosa, S. aureus and E. coli treated with
four nanoparticles. (b) Bacterial viability of P. aeruginosa, S. aureus, and E. coli treated with different concentrations of Cur@β-CD/AgNPs chitosan
nanofibers. (c) The inhibition zone of nanofibers on P. aeruginosa, S. aureus, and E. coli. Adapted with permission from ref 56. Copyright 2022 Taylor &
Francis.
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In another study, Hajiali and co-workers55 prepared
alginate−lavender nanofibers having an anti-inflammatory
and antibacterial action as a dressing to be applied on burn
wounds to diminish the risk of microbial infection. They
controlled and reduced the inflammatory response as well as
repressed the Staphylococcus aureus growth in the induced
human foreskin fibroblasts, and in the rodents. As compared to
the control animals (not treated with the dressing), 4, 10, and
7 times lower levels of interleukins (IL)-6, IL-1β, and tumor
necrosis factor-alpha (TNF-α), respectively, were reported
with nanofibers treatment after 24 h, and the levels further
decreased to 7, 24, and 19 times lower after 48 h,
respectively.55 The decreased level of cytokines production,
reduced erythema, and inhibited growth of bacterial infection
on the treated animal skin support the use of nanofibrous
dressings for burn management. Recent work in 2022
emphasized the preparation of nanofibrous materials with
dual properties, like antibacterial and tissue repair, which
would treat wounds with bacterial infection followed by scar
formation. Therefore, chitosan nanofibers composed of
nanoparticles containing silver (Ag) and curcumin were
prepared and showed antibacterial activity against Gram-
negative and positive bacteria (Figure 4).56 Moreover, studies
revealed that it showed higher rates of healing and wound-
closing properties (wound contraction up to 95% within 12
days with a small scar) in comparison with a commercial
formulation (Figure 5).56 Thus, it reported synergism with the
dual action of antibacterial activity and wound healing.56

Recently, Wu et al.57 fabricated biosafe nanofibers to achieve
long-term antibacterial therapeutic effects using chitosan and
lysozyme. The lysozyme was incorporated into nanofibers, and
chitosan and polydopamine were deposited on the surface of
layers. Lysozyme and chitosan showed synergistic effects
against Escherichia coli, and Staphylococcus aureus showed a
long-term release for 14 days with strong tensile stress of 6.7
MPa, demonstrating the biomaterial’s enormous promise for
wound dressings.57

3.3. Nanofibers in Treatment of Fungal Infections.
Skin in a diseased condition and with reduced immunity is
prone to microbial infections. Fungal skin infections have
emerged as one of the leading causes of morbidity, mainly in
immune-impaired individuals, and have become a serious
health concern on a worldwide scale. Nanotechnology-derived

carriers have gained huge attention for therapeutic delivery at
the disease site,58 and nanofibers can be incredibly helpful in
curing such infections. Misra et al.42 formed an antifungal
tolnaftate-loaded nanofiber scaffold to be applied topically at
the site of infection for the elimination of dermatophytes, a
topical fungal infection. Eudragit was used for better adhesion
and, along with the nanofibrous structure, ensured the
controlled release of the drug. Nanofibers with an average
diameter of 402.3 ± 65 nm showed 71.52% extended drug
release over 8 h (in vitro) due to high eudragit concentration,
and when its efficacy was compared in vivo with pure
tolnaftate, it was found that mice treated with pure tolnaftate
had dermatophytosis symptoms on the dorsal side, which was
not, however, the case with nanofibers-treated mice as shown
in Figure 6.42 Thus, in vivo studies demonstrated the fungal
pathogen inhibition and dermatophytosis management effec-
tively.42

Figure 5. Photographic images of the extent of wound healing and graphical illustration of the changes in wound size. Adapted with permission
from ref 56. Copyright 2022 Taylor & Francis.

Figure 6. In vivo study on Swiss albino mice infected by T. rubrum
dermatophyte (a,c) and their treatment with the tolnaftate drug (b)
and tolnaftate-loaded nanofibers (d). Adapted with permission from
ref 42. Copyright 2017 MDPI.
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Candida has been identified as one of the utmost lethal
fungal pathogens, causing health concerns from skin infections
to bloodstream infections. Its antifungal treatment shows some
side effects, and multidrug resistance is more common.
Nanofibers ensure targeted and effective drug delivery in
such infections. In a recent approach to target vulvovaginal
candidiasis pathogen (Candida albicans), poly(lactic-co-glycolic
acid) nanofibers with amphotericin B were fabricated.
According to the obtained results of in vitro and in vivo
fungicidal activity, controlled delivery of the drug provided
effective antifungal activity and decreased the fungal burden
from 3.43 ± 0.83 CFU mL−1 (100%) at 0 h to 0 ± 0 CFU
mL−1 (0%) at 72 h with a single local application within 3 days
of treatment.59 Hence, nanofibers offered an antifungal-
resistance-free strategy for its treatment. One study reported
that when cross-linked PVA/sodium alginate nanofibers loaded
with voriconazole were prepared, a slower release rate (38%
release in the first 30 min) was observed as compared to non-
cross-linked nanofibers (50% release in the first 30 min). Also,
the penetration of the formulation was found to be deeper into
the skin layers as compared to the control formulation
(voriconazole solution in 1% w/v propylene glycol). Further,
it also exhibited good antifungal activity with minimum
inhibitory concentration (MIC) values of 0.4 μg/mL against
Candida albicans on topical treatment of mouse fibroblast
cells.60

In a study by Ilhan et al.,61 layered nanofibers using gelatin
and PVA were developed incorporating cinnamaldehyde (CA)
and fluconazole (FLU) by the electrospinning technique to
treat fungal keratitis. The nanofibers were further evaluated for
tensile strength, swelling and disintegration behavior, and drug
release rates with an encapsulation efficiency of 73.84% and
68.58% of CA and FLU, respectively. The release profile
demonstrated the controlled release of CA for up to 96 h after
a burst release of 87% within 8 h. In the case of FLU, 61% of
the drug was released in 12 h, followed by extended release up
to 168 h. The MTT assay demonstrated the noncytotoxic
effect of the fabricated nanofibers, implying it has potential as
an effective long-term treatment strategy for fungal keratitis.61

3.4. Nanofibers in Treatment of Psoriasis. Psoriasis is a
prevalent inflammatory skin condition marked by keratinocyte
hyperproliferation mediated by T cells. It is a chronic
autoimmune disorder with scaly lesions on the skin exhibiting

characteristics of a typical inflammatory reaction: stinging
sensation, pain, and bleeding. Chronic plaque psoriasis, the
most prevalent form, is caused by a combined play of both
genetic predisposition and environmental triggers including
stress, damage, infections, etc.62,63 In research by Mart et al.,64

three compounds (capsaicin, salicylic acid, and methyl
salicylate) were utilized in the fabrication of nanofibers of
poly(methyl vinyl ether-alt-maleic ethyl monoester) (PMVE-
MA-ES) for the treatment of psoriasis dermal symptoms. With
respect to the amount of polymer, 3.5% w/w concentration of
the active constituents was loaded with 100% encapsulation
efficiency. Analysis of its activity was performed by applying
these nanofibers as adhesive dressings for topical application
on the arm of volunteers which reported release of the
contents and reddening of the skin due to capsaicin action
followed by degradation of nanofibers 8 h after the
application.64

In another interesting experiment, antipsoriatic medicine
tazarotene was delivered topically through magnetic nano-
particles embedded within a polycaprolactone nanofibers
patch. A smart nanofiber system was designed that stimulated
the drug release based on alternating magnetic-field-induced
hyperthermia. Results demonstrated that the permeation of
tazarotene was enhanced up to 70% with the magnetic field,
possibly through the Arrhenius mechanism.65 These findings
open up future approaches for remote-controlled drug delivery
devices for more effective psoriasis topical treatment. Cortico-
steroids are also applied in the treatment of psoriasis to
decrease inflammation, but they have reduced drug bioavail-
ability when given topically at the desired site of action. Hence,
to overcome this problem, in a recent study,66 pH-responsive
nanofibers of poly-L-glutamic acid and fluocinolone acetonide
conjugate were prepared and applied with hyaluronic acid-
poly-L-glutamate cross polymer for enhancement of skin
permeability. This system reduced the symptoms of psoriasis
with a decrease in the pro-inflammatory cytokines levels
(reduction of 51% in interferon-gamma (INF-γ) levels and
34% in IL-23 levels) in the tissue of the in vivo mouse model
displaying the anti-inflammatory capacity effectively.66 In
another study, cellulose nanofibrous film was fabricated for
topical delivery of curcumin (cur)-loaded nanostructured lipid
carriers. In comparison to the films without lipids, the
curcumin-loaded nanofiber films displayed a greater than 2-

Figure 7. Schematic illustration of the curcumin (cur)-loaded lipid-hybridized CNF film for the treatment of IMQ-induced psoriasiform dermatitis.
Adapted with permission from ref 67. Copyright 2018 Elsevier.
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fold surge in the amount of curcumin deposited to the skin’s
epidermis in a psoriatic mouse model. The decrease in pro-
inflammatory cytokine levels was found to be almost as
effective as corticosteroid topical creams. These findings
suggest cellulose nanofiber films as a viable drug delivery
strategy for topical psoriasis treatment due to the improved
drug retention and skin hydration benefit of the films (Figure
7).67

A synergistic treatment approach for psoriasis was evaluated
by a group of researchers through developing and evaluating
tazarotene and calcipotriol (CPT) co-loaded PVA/PVP-
nanofibers which were incorporated in a hydrogel film. The
electrospinning technique was used to fabricate the nanofibers
with an average diameter of 244.67 ± 58.11 and 252.31 ±
35.50 nm. The developed nanofibers were found to have a
good tensile strength of 14.02 ± 0.54 to 22.50 ± 0.03 MPa and
biodegrade within 2 weeks, indicating its biocompatible nature,
with a sustained release of the drug up to 72 h. In contrast to
tazarotene-loaded nanofibers, the hydrogel film made of
tazarotene and CPT-loaded nanofibers showed a strong
capacity for antipsoriatic activity in Wistar rats exposed to
imiquimod.68

3.5. Nanofibers in Treatment of Acne. Acne is one of
the common conditions of the skin caused by inflammation of
sebaceous glands due to bacterial infection, mostly seen in
young people and generally treated by antibacterial and anti-
inflammatory drugs. Recently, nanofibers have been explored
as an alternative treatment strategy with enhanced contact time
and drug permeation. Currently, in 2022 for the treatment of
acne vulgaris, chitosan, and melittin nanofibers were fabricated.
These nanofibers helped in decreasing redness and inflamma-
tion when they were applied topically as a dressing and showed
98.02 ± 3.53% inhibition in bacterial growth in both animal
studies and in vitro assessment.69 Khoshbakht and co-
workers70 designed tretinoin-loaded polycaprolactone nano-
fibers for topical skin delivery to treat acne. It showed a
biphasic release, i.e., burst release followed by slow sustained
release over 90 h, and the formulation provided stability to the
vulnerable unstable tretinoin. Also, slightly higher inhibition
diameters of the bacterial growth were observed for tretinoin
and erythromycin-loaded nanofibers (32 mm) when compared
with standard erythromycin discs (30 mm) because of the
higher surface-to-volume ratio of the nanofibers.70 This puts
the nanofibers in the list of suitable candidates as potential
antiacne patches.

In an approach to designing a depot formulation for the
development of an easily permeable skin delivery system,
PVA/quercetin/essential oils-based nanofibers were fabricated
for activity against acne. After obtaining positive results from
the laboratory experiments, a clinical trial was also performed
on patients with acne. Nanofiber formulation exhibited
antibacterial activity more efficiently as compared to quercetin
alone. The percentage decrease in total acne lesions,
comedonal, and inflammation were found to be 52.9 ± 9.9%,
14.7 ± 16.5%, and 61.2 ± 10.2%, respectively, with nanofibers
as compared to 15.3 ± 10.7%, 22.5 ± 19.9%, and 12.5 ±
15.2%, respectively, for commercial cream on clinical assess-
ment of the subjects.71 This shows the development of a
potential antiacne topical delivery system using nanofibers.

3.6. Nanofibers in Treatment of Atopic Dermatitis.
Atopic Dermatitis (AD), also known as eczema is an
inflammatory chronic skin disorder characterized by dry skin
and pruritus, and therefore its treatment includes antibacterial

protection, increasing skin moisture, and reducing irritation.72

With the aim of designing a patient-friendly topical
formulation providing biocompatibility, flexibility, breath-
ability, and efficacy using nanofibers that could be used as a
patch for its treatment, tacrolimus loaded into a polymeric
nanofibrous membrane was developed. Nanofibers helped to
achieve a sustained drug release profile and provided a
desirable tensile strength, and its efficacy was analyzed using
AD animal model. The results reported that the same
therapeutic effect was seen in the case of nanofibrous
membranes administered after every 2 days as compared to
the commercially available tacrolimus 0.03% ointment given
daily.73 This suggests that a tacrolimus-loaded nanofibrous
system with the advantage of less frequent application could be
an alternative for tacrolimus ointment. In 2021, researchers
developed patches of blackcurrant seed oil (rich in gamma
linoleic acid (GLA)) loaded polyimide membranes (electro-
spun) for the hydration of the atopic skin which reported more
than 350% stretchability and high (95.6%) membrane porosity,
making it desirable for skin patch development. In vivo skin
hydration tests revealed that more delivery of GLA was seen,
with longer patch application durations exhibiting enhanced
skin hydration in the case of subjects with very dry skin
(deficient of GLA).74 These systems can be tailored-made
according to individual AD patients based on their levels of
skin dryness.

3.7. Nanofibers in Treatment of Vitiligo. Vitiligo is a
depigmentation skin disorder caused due to malfunctioning of
melanocytes, and its treatment lies in restoring the normal
functioning of the melanocytes and decreasing the immuno-
logical response toward them.75 This requires the delivery of
bioactive molecules, cytokines, and growth factors in the skin,
and nanofibers have been explored for such applications.76

Rahnama et al.77 designed a delivery system using poly-
caprolactone nanofibrous scaffolds to achieve prolonged
activity of bioactive molecules released from platelet-rich
plasma, paving a way for a low-cost and safe regenerative
therapy. The surface functionalization of scaffolds was done
with platelets of different concentrations, a prolonged 14-day
release of the bioactive molecules was seen, and the amount
released was almost 2-fold greater in the case of electrospun
scaffolds as compared to centrifugally spun ones. The
metabolic activity was found to be improved, with bioactive
molecules’ higher concentrations leading to the better
proliferation of melanocytes because of the functionalized
nanofibers.77 This shows evidence of onsite activity of the
nanofibers. Another similar study reported platelets function-
alized polycaprolactone electrospun scaffolds for the delivery of
different growth factors like epidermal growth factor (EGF),
platelet-derived growth factor (PDGF), etc. The results
depicted cell proliferation, cell spreading, and metabolic
activity of the skin cells (melanocytes, keratinocytes,
fibroblasts).78 This can be used as a base scaffold to design
treatment options for vitiligo with desired cells and growth
factors.

3.8. Nanofibers in Treatment of Skin Cancer. Skin
cancer or tumor cells of the skin have become one of the major
skin problems as a result of UV ray penetration due to
environmental degradation of the protective ozone layer. The
most prevalent kinds of skin cancer are squamous cell
carcinomas, basal cell carcinomas (nonmelanocytic skin
cancer), and cutaneous malignant melanomas (skin melano-
ma).79 Nanotechnology can provide better treatment options
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for melanoma skin cancer through targeted delivery of
nanofibers to the desired site, diminishing the side effects as
compared to other treatment options like surgical removal,
chemotherapy, and radiation. A group of researchers prepared
molybdenum nanoparticles loaded on a polycaprolactone
nanofibrous scaffold as a targeted approach for skin cancer
with the objective to achieve selective apoptosis of the tumor
cells. They observed more than 50% cancer cell viability
reduction by the mechanism of mitochondria-dependent
apoptosis, probably by the molybdenum oxide. The mecha-
nism was explored via Real-Time Polymerase Chain Reaction
(RT-PCR) through the analysis of three major genes.
Expression of P53 genes, pro-apoptotic marker BAX, and
Caspase 3 executioner protein increased in the Mol−
polycaprolactone nanofibers treated A431 cells. In vivo
experiment results reported cancer progression reduction by
more than 30% within 14 days in the zebrafish.80

Rengifo and co-workers81 prepared poly(ethylene oxide)-
chitosan nanofiber mats encapsulated with pyrazoline-loaded
carboxymethyl-hexanoyl chitosan and dodecyl sulfate nano-
particles for treating skin cancer. It showed controlled release
over a period of 120 h with an enhanced rate of transportation
through the epidermis, probably by increasing solubilization of
the drug and drug partitioning in the skin. An approximately 2-
fold increase in the amount of drug retained was seen in the
epidermis (3.08 ± 0.67 μg/cm2) as compared to the dermis
layer (1.60 ± 0.32 μg/cm2), attributed to the fact that the
epidermis, being the most lipophilic skin layer, has a higher
affinity for the lipophilic drug. A high intensity of fluorescence
was observed for skin treated with the nanofiber formulation as
compared to the free drug, confirming that nanofiber mats can
potentially be used for local chemotherapy in targeting
melanoma cells as shown in Figure 8.81 These results exhibited
the fact that nanofibers can be helpful in treating skin cancers
with fewer side effects because of the possibility of targeted
action of anticancer drugs topically.

Recently, Jiang et al.82 have explored the potential of
electrospun hybrid nanofibers for the postsurgical treatment of
glioblastomas. The curcumin-loaded zeolite Y nanoparticles
were synthesized and incorporated into a polycaprolactone−
gelatin-based nanofibrous mat. The fabricated nanofibers were
further characterized and evaluated for in vitro release and for
anticancer activity through an MTT assay, 4′,6-diamidino-2-
phenylindole (DAPI) staining, and a cell migration test using a
U87-MG cell line. The zeolite-nanoparticle-loaded nanofibers
showed more antimigratory activity as compared to the free-
drug-loaded nanofibers, with cell migration of 29.5% and 68%,
respectively. Similarly, it also showed superior activity, as
indicated by the decreased intensity of DAPI and high nuclear
fragmentation with a reduction in the number of glioblastoma
cells. The characterized bead-free nanofibers showed a
curcurmin release of up to 33.5% in 72 h, and 47% within
14 days of analysis. Additionally, the cells exposed to the
nanofibers demonstrated better cytotoxicity and pro-apoptotic
impact against the glioblastoma, depicting the conceivable
fabrication of curcumin-loaded zeolite Y nanoparticles
incorporated into nanofibers for glioblastoma treatment.82

For the treatment of melanoma skin cancer, a synergistic
approach was devised with coaxial nanofibers prepared by
electrospinning, where chitosan-loaded poly(ε-caprolactone)
and 5-fluorouracil (FU)-loaded poly(N-vinyl-2-pyrrolidone)
represented core and shell, respectively. It initially reported 5-
FU burst release, ensuring early apoptosis in B16F10 skin

cancer cells by increasing apoptosis cell numbers from 0.8% to
62.2%, and later sustained chitosan release displayed “remedy-
ing effects” on L929 normal skin cells by showing an increase
in the number of vital cells from 68.9% to 77.0%.83 This
demonstrates the capability of nanofibers in generating a
synergism for developing a potential strategy for chemo-
therapeutic therapy of skin cancer.

4. CLINICAL TRIALS AND PATENTS
A human clinical trial (NCT04325789) was organized in
March 2020, titled “Rotator Cuff Healing Using a Nanofiber
Scaffold in Patients Greater Than 55 Years” in the United
States. It is still in the recruiting phase, planning to assess 240
patients in 6 different sites in the US, and it would use an FDA-
approved, Rotium nanofiber scaffold (FDA 510 (K)
#K183236) made up of poly(L-lactide-co-caprolactone) and
polyglycolide microfiber matrix which has reportedly demon-
strated improvement in the healing of tendons in the
preclinical studies. It is effective because of its possibility to
resemble the extracellular matrix, which provides concentrates
and holds together the cells at the site of repair, representing
an efficient healing tissue organizational structure. With
increasing age, vascularity decreases, leading to poor tendon
healing following rotator cuff surgery. Hence, the objective of
the trial aims to find if the scaffold application can bring any
improvement in the healing process to minimize the
perioperative failure of the repair risks.99

Another human clinical trial (NCT02680106) was designed
in February 2016 and completed in December 2017, with the
title “Evaluation of the SPINNER Device for the Application of
Wound Dressing: Treatment of Split Skin Graft Donor Sites
(SPINNER01)”. It was aimed at the safety and performance

Figure 8. (a) Retention (μg/cm2) of H3TM04-loaded nanoparticles
in human skin after 7 h of permeation assay. * Indicates statistical
difference (p < 0.05). (b) Fluorescence microscopy images of the
penetration of H3TM04 in human skin sections (20 μm) after 7 h of
treatment: (i) control, (ii) H3TM04, (iii) Nps CHC-SDS-H3, (iv)
PEOChH3, and (v) PEOChNps. Adapted with permission from ref
81. Copyright 2019 Elsevier.
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assessment of the device, as well as the analysis of the potential
treatment of the wound dressing generated from it, and any
side effects of them. The hand-held electrospinning device,
Spinner, produces in situ nanofiber dressings that are
personalized according to the user for the treatment of
external wounds and burns. High absorbance, nonadherence,
and easy peel-off without any pain are some of its advantages.
Also, it provides protection from bacterial infection and shows
outstanding conformability while covering the wound prop-
erly.100 Several patents have been filed for nanofibers in the
area of skin disorders as summarized in Table 3.

5. CHALLENGES AND FUTURE PERSPECTIVES
Different unique technologies and approaches for the scale-up
of nanofibers are under investigation, even though some of
these implementations are restricted to lab-scale studies.
Nanofiber-based formulations have yet to make a successful
transfer into the market, despite the potential benefits and
advances made in this field, highlighting the need for more
intensive study to address numerous restrictions and further in
vivo studies to better understand the effectiveness of nanofiber
compositions.111 In addition, the in vivo stability of nanofibers,
durability, and biocompatibility are some important factors for
nanofibers to consider. The large-scale production of nano-
fibers with desired properties remains a difficult issue, as the
widely used electrospinning processes have certain limitations,
such as poor yield, high voltage requirement, and difficulties
achieving in situ nanofiber deposition.112 Electrospinning, as
one of the most used methods, is known to be influenced by
many parameters which in turn influence the fiber diameter
and surface area. Although theoretical approaches have been
utilized to predict the electrospinning process, it is extremely
difficult to control the nature of the fibers generated through it.
Systematic studies on the multiple parameters that act during
the process are difficult to conduct and often fall short of
predicting how certain parameters affect the fiber’s nature due
to the delicate interaction between them.113 Different
experimental parameters are also known to pair in subtle
ways, making identification difficult for simple correlations
between these parameters and the resulting fiber character-
istics.

The significance of optimizing the release of active
constituents from nanofiber architectures cannot be disputed,
and for a suitable continuous release target, burst release must
be carefully regulated. Layer-by-layer technologies, the
incorporation of a hydrophobic and hydrophilic polymer into
the framework of nanofibers, and the notion of composite
nanofibers have all been investigated to optimize the release
characteristic of nanofibers.111 Thus, some of the challenges
associated with these systems include scaling up the
technology, producing affordable formulations, tailoring the
quantity of drug loading, and regulating the shape and porosity
of nanofibers for product uniformity.114 Formulation concerns
such as controlled porosity, homogeneous drug loading in the
fiber architecture, and regulated nanofiber thickness must be
monitored to generate cost-effective and reliable end-products.
Recently, the usage of nanofibers for various therapeutic and
biomedical applications has garnered a lot of interest. Many
poly blended nanofibers, made by electrospinning synthetic
and natural polymer combinations, have been used to offer
strong biochemical, structural, and mechanical capabilities that
no single polymer can match alone.115 Therefore, researchers
are working on modifying these nanofibers in ways that they

could more closely resemble local tissue systems. Poly blend
nanofibers may play an important role in regenerating
functional tissues like muscle tissue, bone tissue, heart tissue,
nerves, etc. Additionally, new developments are being made in
the simultaneous stimulation of cellular functions during tissue
regeneration, induction of differentiation of stem cells, and
preventive medicine by the integration of numerous bio-
molecules into poly blend solutions to fabricate nanofibers.

6. CONCLUSION
Nanofibers consist of a network of fibers in the nanometric size
range which owe them their intertwined ultrafine structure,
high surface area, and permeability, and so they have been
widely used in a variety of scientific domains for decades. To
customize the drug release profile for every therapeutic
application, a variety of properties can be modified, including
the drug-to-polymer ratio, diameter range of nanofibers, shape,
and/or porosity. Small molecules are found to permeate easily
through the skin layers, and thus researchers have explored this
nanotechnology as a therapeutic delivery system for topical and
other applications. Electrospun nanofibers have high porosity,
interconnectivity, and flexibility, making them ideal for topical
drug delivery; hence, they are gaining popularity as drug
delivery carriers that can also be targeted to deliver drugs to a
specific location for localized treatment. Therefore, they are
being explored for tissue regeneration, scaffold preparation,
wound healing applications, and treatment of different types of
skin disorders. Thus, the use of nanofibers has become a
rapidly developing domain that has made a huge contribution
toward revolutionizing medicine technologies as well.
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