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Abstract: Electrospinning is a powerful and cost-effective method that applies a strong electric field
and polymer solution to fabricate versatile nanofiber using a wide array of raw materials for
different biological applications. Electrospun nanofibers have developed as potential materials for
the manufacturing of nanocarriers for therapeutic platforms due to controllable surface decoration,
large surface areas, complex pore structure, good surface functionalization with high
biocompatibility. The prominence of this technique is the possibility of merging low soluble drugs
loaded in the nanofibers to enhance drug release and bioavailability. Incorporation of metal
nanomaterials with electrocatalytic and/or plasmonic features into electrospun polymer nanofiber
enhances thermodynamic and mechanical properties to obtain synergetic function and properties.
This review comprehensively discusses an overview of theory of electrospinning, progress and
concerns, and challenges currently face in fabricating efficient and effective drug delivery systems.
Additionally, the drug-loaded into electrospun nanocarriers for drug delivery applications and
insights into future prospects were explained.
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1. General overview

Nanotechnology is a promising technique that dramatically developed with an impressive
impact in the healthcare industry for prevention, diagnosis, and treatment [1]. Drug delivery using
nanocarrier is one of the many areas in healthcare in which nanotechnology is advancing [2]. Drug
delivery systems are nanocarriers that can load with molecules that can act as a carrier of specific
substances to be applied in the pharmaceutical industry [3]. Nanocarriers can enable a novel class of
therapeutics, minimize the side effect of available drugs and improve the therapeutic efficacy,
transfer bioactive agents into target zone, and encourage the development of research on biologically
active new molecular entities for pharmaceutical applications [2,4,5]. Liposome [6], nanoemulsions
[7,8], Pickering emulsions [9], micelles [10,11], dendrimers [12], and polymeric nanoparticles reported
as nanocarriers in drug delivery systems [4]. There are challenges, and concerns in fabricating
efficient drug delivery system for enhancement of biomedical investigation. The main challenges in
drug delivery system is target delivery, solubility and degradation rate of drugs [13,14].

Spinning technique forms a group of top-down approaches including electrospinning [15],
microfluidic spinning [16,17], centrifugal spinning [18,19], and solution blow spinning [20,21], which
produce polymer-based 1D nanoscale objects for biomedical applications. Electrospinning
approaches developed remarkably in drug delivery application in order to increase fiber
productivity, versatility and controlled morphology of the deposited nanofibers include coaxial
electrospinning, melt electrospinning, solution electrospinning, multi-jet electrospinning, near-field
electrospinning, and needless electrospinning [4,15,22]. Electrospinning techniques are cost-effective,
controllable process, reproduceable, simple and versatile for manufacturing of non-woven fiber in
Proceedings 2020, 4, x; doi: FOR PEER REVIEW www.mdpi.com/journal/proceedings



Proceedings 2020, 4, x FOR PEER REVIEW 20f17

micro to nano range (50 nm - 500 pm) with diverse morphology (e.g. patterned, core shell, hollow
random, janus, and aligned) for numerous purposes such as drug delivery, therapy techniques,
biomaterials, tissue engineering, regenerative medicine, biosensing, surgical masks, and disease
modeling [22,23]. Nanofibers with great criteria including large surface area-to volume ratio, low
hinderance for mass transfer, high interfiber porosity, adjustable morphology, flexible handling and
appropriate mechanical properties are suitable for therapeutic patches, nanocarriers in drug delivery
and porous fibrous mats for biomedical applications. Fig. 1 illustrates the properties and the
biophysiochemical features of nanocarriers for drug delivery applications.
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Figure 1. The nanocarriers for drug delivery approach and the biophysiochemical properties. Many
factors are involving in the therapeutic potential of nanocarriers in drug delivery applications
including size, shape, materials, and surface chemistry of nanomaterials. The size of nanomaterials
can be in the range of 1 to 100 nm and with structures such as dendrimers, liposomes, polymer,
hydrogels, metal nanoparticles. The surface functional group, coating, surface charge, and targeting
ligand impact on the properties of drug delivery.

Recently, noticeable number of biocompatible nanofibers scaffolds fabricated using
biodegradable synthetic polymers (poly (e-caprolactone) (PLC), poly lactic-co-glycolic acid (PLGA)
, poly lactic acid (PLA), Polyethylene glycol (PEG), poly butylcyanoacrylate (PBCA)) via electrospun
approaches [24,25]. The most investigated stimuli-responsive behaviour polymers are poly(N-
Isopropylacrylamide) (pNIPAM) and poly(4-vinylpyridine) with thermo and pH-responsive
polymers, respectively [26-28]. Several process factors including feeding rate (0.01- 1 mL min-1),
polymer concentration and composition, solvent volatility, elasticity, viscosity, conductivity, the
distance between the metal collector and the injector (5 - 20 cm), electric field strength, applied voltage
(5 - 35 kV), and external factors such as humidity and temperature affect the fiber diameter in
electrospinning approaches [22,28].

This review we represented an overview on theory of electrospinning, achievements and
concerns and challenges currently face in fabricating efficient drug delivery system. Additionally, the
drug-loaded into electrospun nanocarriers for drug delivery applications and opportunities, and
insights into future prospects are explained.

2. Drug delivery challenges
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The main challenges for effective drug delivery are solubility, degradability, and target delivery
of the drugs (Fig. 2). Biopharmaceutical system classification (BCS) categorized drugs into four
classes (L, 1I, III, and IV) based on permeability and solubility of active pharmaceutical ingredients.
The definition of permeability is different in-vitro and in-vivo assesses, and a permeable drug is one
associated with 90% absorption as evaluated by urinary extraction data, or 90% oral bioavailability.
Solubility defined as the maximum concentration of drug in solution when a solid drug/solvent
mixture has been allowed to reach equilibrium. Permeability refers to the ability of a drug to achieve
the latter is known as its permeability. Dissolution rate is a kinetic term, and details how quickly the
drug dissolves into solution. Class I drugs dissolve easily in the formulation and permeable, therefore
can be used relatively into drugs (~35% of drugs). Class II drugs possess low solubility in the
formulation and easy permeability (~30%). Class III can be formulated into drugs easily but they are
less soluble which needs permeation enhancer to allow them to pass to the systematic circulation
(~25%). Class IV drugs are tremendously challenging to apply in the formulation of medicine to be
permeable and soluble (~10%). Table 1 demonstrates the permeability and solubility of BCS.

Solubility

Drug
Delivery
challenges

Degradation

Figure 2. The main drug delivery challenges are solubility, degradation, and target delivery. By
crystal modification, pH modification, size reduction, crystallization, solvent polarity adjustment, use
of surfactant/ lipids, use of complexing agents, drug dispersions can solve the solubility problem to
some extent. The degradation of drug carriers can be modified by chemical degradation techniques;
oxidation, isomerization, hydrolysis, photolysis, and polymerization process, physical degradation;
amorphous to crystalline transformation, and precipitation. Targeting drug delivery allow targeted
deposition at the intended site, sustained release, safety, reduced dosing frequency, and patient
convenience. There are two target delivery approaches include 1. Passive (Physiology-Based)
Targeting 2. Active Targeting (2.1 Targeting Mediated by External Stimuli 2.2 Antibody-Directed
Enzyme Prodrug Therapy 2.3 Targeting in Gene Therapy).
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Table 1. The Biopharmaceutical Classification System Class Solubility Permeability [29].
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2.1. Solubility

After identifying the biological target, the main element for the successful formulation of dosage
is to know the physicochemical features of the drugs. Solubility, stability, molecular weight, partition
coefficient, and hygroscopicity of the drugs are important for effective drug formulation. The
aqueous solubility of drugs is remarkably challenging for the formulation scientists, due to molecular
property that possesses a vital role in-vivo a drug's bioavailability and distribution. The combination
of solubility and permeability is demonstrated by the amount of passive drug penetration across a
biological membrane. The foremost reason for many drug development failures is inadequate
solubility of drugs [30-32].

There are several strategies to enhance the solubility of drugs including pH modification, crystal
modification, size reduction, crystallization, solvent polarity adjustment, use of surfactant/ lipids, use
of complexing agents, and drug dispersions. pH modification by salt formation is an effective strategy
for enhancing the aqueous solubility of basic and acidic drugs for parenteral formulation [33,34].
Most of the compounds can crystalize into a number of stable, metastable, and unstable polymorphs.
The transformation of an amorphous solid to a crystalline drug may lead to a marked decrease in the
extent and rate of solubility [35-37]. The size reduction into the micro and nano dimension by top-
down approaches such as micronization and nanosizing increase the kinetic solubility, by increase
the large surface area and a concomitant increase in the rate of dissolution. controlling the
morphology, size and amorphous-crystalline conversions are challenging in these methods [38—41].
Applying water-co-solvent systems relies on creating a solvent mixture to made solubilize
hydrophobic drugs which resemble the polarity of the less soluble medicines. Solvents such as
ethanol, glycerol, dimethyl sulfoxide, dimethylacetamide, and N-methyl-2-pyrolidone, and
propylene-glycol have limitations in high concentration [42-44]. Surfactant solubilization
fundamentally based on encapsulation of the hydrophobic part to develop either kinetically (e.g.,
liposomes) or thermodynamically (e.g., micelles) steady solution to assure sufficient dissolution of
the solute [45—48]. The cyclic oligosaccharides (cyclodextrins) are composed of glucopyranose units
with an inner hydrophobic surface and outer hydrophilic surface to form a central cavity and 'cone-
like' toroid structure. This morphology of cyclodextrin molecule embedded a hydrophobic drug
molecule inside the hole and make an inclusion complex which is an effective way to enhance
bioavailability and solubility of drugs [49,50]. The solid dispersion approach is an effective technique
to solubilize hydrophobic compounds contain microcrystals in an inert crystal matrix-like urea or
sugar. The crystalline dispersion causes a thermodynamically stable matrix. This method is more
efficient than a solid dispersion system and dissolution [51,52].
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2.2. Degradation rate

The complex nature of chemical compounds causes a problem in the decomposition and
degradation of medicine. Decomposition can lead to the formation of toxic substances or reduce the
efficacy of drugs. Degradation is including chemical and physical degradation. Chemical degradation
is through oxidation, isomerization, hydrolysis, photolysis, and polymerization process and physical
degradation comprises processes such as amorphous to crystalline transformation and precipitation.
Modification of molecular structure ionic strength adjustment, and pH control of drug substances are
formulation approaches to prevent degradation [53-55].

2.3. Target drug delivery

The target drug delivery technique is an important and powerful method that is desired for
treating several medical conditions. This approach is an effective approach in cancer therapy, and in
drugs with short half-lives lesser than 4 hours, because decreases the intensity of undesired side-
effects of medicine due to drug concentration fluctuations. Drug targeting improves the delivery of
the drug to the specific tumor site and protect it from the extracellular environment [56,57]. Labeling
of nanoparticles with biomolecules and receptors ease attachment to the target cell. The most
targeting molecules are antibodies against the anti-epidermal growth factor receptor and epithelial
growth factor [58,59]. Polymer nanoparticles, polymer/inorganic nanocomposite, inorganic
nanoparticles with diverse structures and morphologies used for drug carriers’ applications [57,60].
Target drug delivery cause safety and sustainable release, reduce dosing frequency, patient
convenience, safety and allow targeted deposition at planned site. Target drug delivery includes
active (physiology-based) and active targeting. Active targeting is mediated by external stimuli,
antibody direct enzyme product therapy, and gene therapy. Cancer target therapy categorized based
on the site of treatment such as Blood-Brain Barrier, skin, pulmonary, retina, Intracellular, and
cologne [61].

2.4. Spinning

Electrospinning has been extensively acknowledged in recent years, due to its ability to rapidly
fabricate nanofibers and nanoparticles for drug and therapeutic agent delivery, tissue engineering
and regenerative medicine, wound dressing, biological sensing and filtration devices applications
[95,96]. Electrospinning is a top-down technique for the synthesis of 1D nanomaterials using a wide
range of feedstock such as sol-gel, polymer, melts, or suspensions. Moreover, the nanofibers can be
loaded with nanoparticles, drugs or prodrugs, and chromophores [97,98]. Selection of proper
spinning techniques is critical for a specific application. Spinning methods are physical solidification
process, that limits the materials, structure, and types of fibers. The innovations of spinning method
include electrospinning, microfluid spinning, centrifugal spinning, solution blow spinning, and
electrospray as illustrates in Fig. 3. This review article is emphasizing on electrospinning techniques,
which is only well-developed method for fabrication of uniform nanofibers and nanoparticles for
diverse biomedical applications.

2.4.1. Drugs carrier in spinning technique

Solution blow
spinning

Microfluid
spinning

Centrifugal

Electrospinning spinning

Electrospray

Figure 3. illustrates the current spinning methods. Electrospinning and electrospray techniques are
electrodynamic atomization methods. Electrospray approach fabricates monodispersed, and fine
aerosol of charged particles, while electrospinning prepares micro/nanofiber [98,99]. Microfluid
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spinning is a method for generation of complex nanostructure and allow the accurate manipulation
of fluid within microscale channels, and allow for fast prototyping and bulk production of nozzles
[100]. The centrifugal spinning technique applies a high-temperature around 900-1000 C to
maintaining liquid state and spinning heat rotation more than 3000 rpm [101]. Solution blow spinning
technique is applying a gas-flow-focusing liquid, in low voltage to generate fiber using a volatile
solvent and pressurized gas that flow around the polymer solution [102].

2.5. Electrospinning as a drug incorporation technique

William Gilbert in 1600 reported electrospinning technology by the movement of liquid and
electrostatic attraction of liquid droplets using electric forces [105,106]. Electrospinning consists of
four basic sections 1) injection/syringe pump, 2) spinneret and a nozzle/needle, 3) high voltage power
supply 4) collector as shown in Fig 5. The polymer solution/melt is pumped out at a steady flow rate
via spinneret to the nozzle which connected to the high voltage power supply and then fibers draw
from the needle tip (Taylor cone) under the electrostatic forces and collect on the collector [107].

Several factors influence fiber morphology and production in the electrospinning process
including solution properties (solution conductivity, viscosity, volatility, concentration, molecular
structure, and molecular weight), environmental parameters (temperature and humidity), and
electrospun variables (distance, voltage, flow rate, and collector). Collector possesses a significant
impact on the arrangement and productivity of the collected film structure and nanofiber [106]. The
variation in the electrospun setup to obtain the nanofiber for specific application leads to the design
of different types of electrospinning. The primary incorporation of drugs into the polymer is the
dispersion or dissolving of drugs in the solution polymer, and after that is the electrospinning
approach [104,108-111]. There are several electrospinning methods for incorporation of drugs for
drug delivery applications including solution electrospinning, emulsion electrospinning, surface
modification electrospinning, side by side electrospinning (janus), multi jet electrospinning,
multiaxial electrospinning, coaxial electrospinning, and blending electrospinning as shown in
Fig. 5. The cross sectional of electrospinning nanofibers illustrated in Fig. 6.
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Figure 5. Schematic represents the different drug incorporation approach through electrospinning
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Figure 6. The cross-section of drug carrier fiber using electrospinning approach. In a single fiber, a
drug is dissolved or dispersed in the fiber matrix. In the hollow fiber, the drug either dissolved in the
fiber matrix or filled in the cavity of fiber. Core-shell fiber applied two different fiber solutions and
the drug is covered in the core of the fiber. In the Janus fiber, two different bioactive agents (dissolved/
dispersed in the fiber) may be located side by side of the fiber. In the coaxial, the medicine is dispersed
in the core and sheath around it. Triaxial and multiaxial fiber is composed of more fiber solutions
using different bioactive agents. Island in the sea is a multiaxial technique in which all bioactive agents
are embedded in the one fiber matrix.

Solution electrospinning system can generate nanofiber using different types of drugs, biological
compounds, polysaccharides, and nucleic acid, protein, and thermosensitive polymers and materials.
This technique needs a suitable solvent to dissolve drug into the polymer to form a uniform and
homogenous spinning solution for the fabrication of nanofiber after evaporation of the solvent. The
drug loading capacity in this method depends on the selection of solvents which is still challenging
due to the drug and polymer are dissolved in the spinning solution [112].

Emulsion electrospinning fabricates core-shell nanofiber using emulsion for the encapsulation
of growth factors, proteins, and drugs in to the inner core of nanocarrier. This method is effective for
encapsulation of lipophilic drugs employing hydrophilic polymers to prevent apply of organic
compounds. Also, the diluted polymer can be used without a negative impact on the quality of the
nanocarrier. Three factors are involved in emulsion a) oil phase, b) water phase, and c)
surfactants/emulsifiers, which impact on drug release. In the emulsion solution, a hydrophobic
polymer dissolved in solvent (oil phase), while hydrophilic drugs dispersed in water (water phase).
This approach is useful for the sustainable release of drugs, enhance bioavailability and effectiveness
of encapsulated medicine after delivery and release, and to simplify the metabolism, proliferation,
and differentiation of cells. Moreover, it reduces toxicity and frequency of drug administration
[113,114]. The drawback of this technique is employing an emulsified solution for stabilizing the
emulsion process which is not desirable and impacts the adhesion properties [104].

In surface modification electrospinning techniques a conductive surface can be chemically
adjusted and developed with the aim of modifying the external feature of the device, by incorporating
specific compounds to fortification the cover [115,116]. This method is useful to prevent rapid
primary burst release and reduce the rate of immobilization of the biological molecules on a particular
surface [103]. A recent study reveals dielectric barrier discharge oxygen plasma surface modified
electrospun Bombyxmori silk/Amoxicillin hydrochloride trihydrate (AMOX)/polyvinyl alcohol
(PVA) nanofibers for drug release applications significantly enhanced AMOX released rate. Besides,
the obtained nanofiber shows good antimicrobial activity in gram-negative and gram-positive
bacteria with less toxicity [117].

Side by side electrospinning (Janus), the challenge in this approach is to manipulate the working
fluids with various features and confirm that the flowing rate is similar and ensure that these are
drawn synchronously from the spinneret when parallel metal capillaries are using without separation
under an electrical field. The spinneret design is critical to fabricate a template for prepare nanofiber
and controlling the behavior of working fluids under an electrical field. This method is valuable in
generating multi-functional nanofibers, also Janus structure allows direct contact of both
compartments with their environment [118,119].

Multi-jet electrospinning approach exists in two forms including nozzle less and nozzles
electrospinning. This technique is beneficial for large scale nanofiber fabrication and ameliorates
productivity. Besides, this method affords the opportunity for the multicomponent polymer to gain
blend nanofiber with adequate dispersibility and uniform thickness, using multi-polymer which
unable to dissolve in a solvent with the same polarity. moreover, the fabricated nanofiber can deliver
multiple drugs and multilayer polymer coating which permits sustainable drug release. The
drawback of this approach is the alteration of the electric field because of the existence of another
electrospinning jet in the environment, which can be solved by employing secondary electrodes or
an auxiliary electrode of any polarity [78-80].
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Coaxial electrospinning method is useful for the fabrication of core-shell drug-releasing
nanofibers, core-sheath, hallow, and functional fibers loading with drugs using different solutions.
This technique is a gentle process for the protection and encapsulation of DNA, RNA, proteins, drugs,
and biopolymers with high susceptibility to destructive environment stimuli. Also, it can reduce the
release rate of small drug molecules from the hydrophobic matrix. The merit of this approach
including the high loading capacity of the diverse bioactive molecule, a slight harsh method which
allows susceptible drugs to be delivered, possible for the generation of core-shell nanofibers from
immiscible and miscible polymers, sustainable drug release for a longer time, and prevent the burst
release, and it is feasible to generate nanofibers from unspinnable solution [108-110]. The great
feature of this approach is the ability to alter the fiber thickness and modulate the release kinetics and
the potential to sequester stimulants in various components. The disadvantage of this technique is
the difficult removal of nanofibers from the collector [104].

Multiaxial electrospinning method employs more than three polymers solution are supplied into
a Taylor cone via spinneret, which enables the generation of the more complex nanofiber. The
drawback of this technique is the set of physical and chemical conditions. In this technique, the
multiaxial nanofibers with different hydrophobicity and mechanical strength can generate. Due to
the complexity of this technique, limited researches were carried out. Multiaxial fibers using multiple
blends or polymers of synthetic or natural polymers have desirable mechanical, biological, and
chemical features for target delivery through controlled arrangement and dimension. Also, different
lipophilic, hydrophobic compounds such as drugs, inhibitors, DNA, growth factors, antibodies, and
hormones can be incorporated into the heterostructure fiber through the spinning procedure. The
drawback of this technique is the selection of solvents with proper boiling points [104,108,123,124].

Blending electrospinning technique ameliorates the equilibrium between physicochemical and
mechanical properties of the drug-loaded in nanocarrier in a single phase. Besides, it effectively
enhances the drug design formulation for the medicine to release from the polymer by amending the
balance between polymer and drug in the blend solution. Also, blending electrospun provides a long-
term drug release system by drug encapsulation and drug dispersion into the fiber [125,126]. The
main weakness of this approach is clearance and denaturation of protein/drug substances with their
severe burst release phenomenon, which reduce the lifetime hydrophilic drugs during encapsulation
[114].

The three approaches to fabricate drugs in the spinning method include electrospray
nanoparticles as drug carriers, electrospun nanofibers as drug carriers, and electrospray
nanoparticles that incorporated into electrospun nanofibers as drug carries as display in Fig. 4. Table
2 shows the list of potential drug delivery applications of electrospun nanocarriers. In the
electrospray method the bioactive polymeric solution is sprayed and generated drug monodispersed
nanodroplets due to the separation of the polymer chains via the solvent system. The needle gauge
diameter, distance between syringe and collector, voltage, flow rate, and conductive collector are
factors are influence the precise incorporation of the drug. The advantages of this method are high
encapsulation efficiency and scalable reproducibility and synthesis [103]. In electrospinning
technique, the drug fabricates in the form of fibers. The operation parameters solution properties,
and environmental conditions is impact on the final fiber features. Recently, the more advanced
approach is developed by a combination of electrospun and electrospray techniques which
incorporate hydrophobic or hydrophilic electrosprayed drug nanobeads in the electrospun fiber,
while only a few studies are reported in this domain [104].
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Figure 4. The drug carriers in spinning approach.

Table 2. List of potential drug delivery applications of electrospun nanocarriers.

Polymer
Morphology materials Drug types Applications Ref.
system
Particles PLGA Doxorubicin Antineoplastic drugs [62]
Fiber PLA Dichloroacetate (DCA) Antineoplastic drugs [63]
Fiber PCL, Gelatin Doxorubicin (Dox) Antineoplastic drugs [64]
Particles in fiber PHB hydroxyapzzgﬁganopartlcle Antineoplastic drugs [65]
10-Hydroxycamptothecin
Fiber PEG, PLGA (HCPT)/hydrophilic tea Antineoplastic drugs [66]
polyphenol (TP)
Particles PLA Curcumin An} 1ne oplgstlc and [67]
antimicrobial drugs
Fiber PLA Doi;til;l;lccli?oiﬁgx()l/)%i?{rgl))l on Antineoplastic drugs [68]
Fiber PVP, HB Artemisinin (ART) Antineoplastic drugs [69]
Fiber PCL Paclitaxel Antineoplastic drugs [70]
Particles in fiber PLGA NaYF4:Eu®* Antineoplastic drugs [71]
Particles PLGA Curcumin Antineoplastic drugs [72]
Fiber PS bioﬁil(;gilg tﬁiﬁ{;geg?:ggg AM Antineoplastic drugs [73]
Fiber PLA, PEO Rapamycin Antineoplastic drugs [74]
Particles PLGA-PBA methotrexate Antineoplastic drugs [75]
Particles PLA Berberine Antineoplastic drugs [76]
Fiber PCL Ibuprofen or carvedilol Anti-inflammatory painkillers  [77]
Fiber PCL Naproxen (NAP) Anti-inflammatory painkillers  [78]
Fiber EC, zein Indomethacin Anti-inflammatory painkillers  [79]
Fiber PCL, gelatin Ketoprofen Anti-inflammatory painkillers  [80]
Fiber CA, PVP Amoxicillin Antimicrobial [81]
Fiber PEG, PCL Curcumin/doxorubicin Antimicrobial [82]
Fiber PCL Metronidazole/ciprofloxacin Antimicrobial [83]
Fiber PCL Gentamicin/Ag Antimicrobial [84]
Fiber PCL, chitosan Ciprofloxacin Antimicrobial [85]
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Fiber PVP, PCL, Nisin Antimicrobial [86]
cellulose acetate
Fiber PCNU Antimicrobial oligomer (AO) Antimicrobial [87]
Poly(methyl
Fiber vinyl gther-alt- Salicylic acid/me':t}'lyl salicylate Psoriatic lesions treatment [88]
maleic ethyl capsaicin
monoester)
Fiber PLGA Growth factors Regenerative medicine [89]
Fiber Chitosan, PEO Insulin Transbuccal insulin delivery [90]
Fiber PVP Carvedilol Buccal delivery of Carvediol  [91]
Particles trig.lycer.ide Superpargmagnetic iron oxide Theranostic agent [92]
tristearin nanoparticles and fluorophore
Particles Lactose Dry powder inhaler Pulmonary drug delivery [93]
Particles Alginate Silica supraparticles Long term drug delivery [94]

3. Conclusions, Challenges, and Future Perspectives

In conclusion, it is clear that the electrospinning method by the generation of desired nanofibers
and nanoparticles possesses excellent potential in pharmaceutical applications. However,
optimization of the different factors is crucial to generate nanocarriers with the desired function and
morphology for drug delivery application. Also, the electrospinning approach is an effective strategy
for sustainable drug release, target delivery, and encapsulation of drugs. Moreover, there are
drawbacks to this system for the commercialization of nanocarriers for drug delivery. Therefore,
further studies, standardization, and understanding of public health concern are required to develop
marketable products.

Although, the most studies have been restricted to clinical translation and in-vitro proofs of-
concept of such approaches, however the significant developments in on-demand externally
triggered nanocarrier-based drug release systems that needs further advances. The main challenges
are related to the biological response, chemical complexity, and predictability of externally triggered
release carriers in in-vivo physiological environment. Besides, the drug delivery systems schemes
using nonbiodegradable materials may hinder the drug delivery applications in biomedical field. In
this aspect, more studies are still essential to address these concerns.

In summary this review explored the challenges in drug delivery and the electrospinning
emerging trends for the fabrication of nanofiber as a nanocarrier for drug delivery application. We
explained the electrospinning system and each compartment. Also, the drug incorporation
techniques into fiber using the electrospinning method for enhancement of bioavailability of the
poorly water-soluble drugs and dissolution rate of drug are discussed.
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