
 

 
C

ur
re

nt
 D

ru
g 

D
el

iv
er

y
�����%��;>BC.9:;<
����%��;<C>.>C:A

������
����	
�
�
���

����������������	���
��#�����	������

�%���������

��#��������	������

�����	

��������	

&���"���

���������������

�������������

&������������

'�������		��

�������������		��

(����

)�����#���	

*���
�
)�2�'��2
��3
��

��������	��	
������	��

������

�������	����	��������	������

Send Orders for Reprints to reprints@benthamscience.ae 1360

 

Current Drug Delivery, 2018, 15, 1360-1374 

 

REVIEW ARTICLE 

A Summary of Electrospun Nanofibers as Drug Delivery System: Drugs

Loaded and Biopolymers Used as Matrices 

 

Erick José Torres-Martínez1,2, José Manuel Cornejo Bravo1,2,*, Aracely Serrano Medina1,3, Graciela Lizeth 
Pérez González1,2,4, Luis Jesús Villarreal Gómez1,2,4,* 

1
Universidad Autónoma de Baja California, Calzada Universidad 14418, Parque Industrial Internacional, Tijuana Baja 

California C.P. 22390, México; 
2
Facultad de Ciencias Químicas e Ingeniería, Universidad Autónoma de Baja California, 

Unidad Otay, Tijuana, Baja California, México; 
3
Facultad de Medicina y Psicología, Universidad Autónoma de Baja 

California, Unidad Otay, Tijuana, Baja California, México; 
4
Escuela de Ciencias de la Ingeniería y Tecnología,  

Universidad Autónoma de Baja California, Unidad Valle de las Palmas, Tijuana, Baja California, México  

 

A R T I C L E   H I S T O R Y 

Received: November 07, 2017 
Revised: April 15, 2018 
Accepted: July 14, 2018 
 
DOI:  

10.2174/1567201815666180723114326 

Abstract: Recently, electrospun polymeric nanofibers have proven to be an interesting strategy for 

drug delivery systems application. The high surface-to-volume ratio of the fibers can improve some 

processes, such as cell binding and proliferation, drug loading, and mass transfer processes. One of the 

most important and studied areas of electrospinning is in the drug delivery field, for the controlled re-

lease of active substances ranging from antibiotics and anticancer agents to macromolecules such as 

proteins and DNA. The advantage of this method is that a wide variety of low solubility drugs can be 

loaded into the fibers to improve their bioavailability or to attain controlled release. This review pre-

sents an overview of the reported drugs loaded into polymeric nanofibers, to be used as drug delivery 

systems. For instance, it presents the reports on drugs with different bioactivities such as anti-

inflammatory, anti-microbial, anticancer, cardiovascular, anti-histamine, gastrointestinal, palliative and 

contraceptive drugs, etc. It also analyzes the electrospinning techniques used in each system, as well as 

the polymers used as matrices for the preparation of the nanofibers; unfolding the advantages of elec-

trospun polymeric nanofibers over other drug delivery systems. This review intends to enlist and sum-

marize the reported literature concerning this topic. In addition, it proposes future research in the field. 

Keywords: Biopolymers, electrospinning, nanofibers, drug release, fast release, controlled release. 

1. INTRODUCTION 

 Rapid dissolution or controlled release have become im-
portant for developing novel strategies for drug delivery ap-
plications; this is because of their advantages: increasing the 
drug solubility and bioavailability, or controlling the rate and 
site of delivery. Most of the known drug delivery systems are 
administered by enteral routes, in the form of tablets, cap-
sules, granules, etc., while some are administered by par-
enteral routes, such as intravenous, intra-arterial, intramuscu-
lar, or subcutaneous. The routs and forms of administration 
have some disadvantages, such as first-pass metabolism,  
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discomfort or pain. These problems can be resolved by ad-
ministrating the drugs directly in the buccal cavity. For this 
purpose, it is convenient to incorporate the active substances 
into nanofibers. Nanofibers prepared by electrospinning are 
designed to be wetted instantly by saliva, dissolved or disin-
tegrated in the patient's mouth without the need to drink or 
chew, releasing drugs almost instantaneously into the buccal 
mucosa for immediate absorption (Fig. 1). This can be 
achieved using water-soluble polymers and a large surface 
exposed to the dissolution medium. In the case of controlled 
release, the drug delivery system is required to dissolve or 
disintegrate in a set period of time. Both oral or transcutane-
ous controlled-release allow the administration of pharma-
ceutical drugs once or twice a day, improving the patient 
compliance and reducing the toxic plasma peak concentra-
tions that can be produced by multiple administration of im-
mediate release formulations [1, 2]. 

 An alternative method for these types of release is load-
ing active pharmaceutical ingredients by the electrospinning 
technique, since this is a method that produces ultra-fine 
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fibers (from micro- to nanometers of diameter), with con-
trolled surface morphology. These fibers are fabricated by 
generating a strong electrical field on the desired polymer 
solution or, if the polymer lacks a good solvent, by melting 
the polymer and exposing it to the electrical field [1, 3]. 

 When the diameters of the polymer fiber materials are 
reduced to micrometers or nanometers, interesting features 
may appear, such as an increased surface area to volume 
ratio, flexibility in surface functionalities, and superior me-
chanical performance (e.g., stiffness and resistance to trac-
tion); compared to any other known form of the material. 
These outstanding properties make polymer nanofibers the 
optimum candidates for many important applications in the 
biomedical areas [1, 2]. 

 Because of the nanofibers characteristics mentioned 
above, the purpose of this review is to highlight a great vari-
ety of drugs with different bioactivities, such as: anti-
inflammatory, anti-microbial, anticancer, cardiovascular, 
miscellaneous, anti-histamine, gastrointestinal, palliative and 
contraceptive drugs: as well as the polymers used for this 
application such as poly(vinyl alcohol) (PVAL), 
poly(ethylene oxide) (PEO), poly( -caprolactone) (PCL), 
chitosan (CHS), poly(acrylic acid) (PAA), ethyl cellulose 
(EC), cellulose acetate (CA), hydroxypropylmethyl cellulose 
(HPMC), poly(L- lactic acid) (PLLA), poly(lactic-co-glycolic 
acid) (PLGA), poly(acrylonitrile) (PAN), cellulose acetate 
phthalate (CAP), and poly(urethane) (PU), among others, 
unfolding the advantages of electrospun polymeric nanofi-
bers over other drug delivery systems. Finally, this review 
intends to summarize the reported literature regarding this 
subject and guide scientist in this field, including a critical 
review of publications on drugs currently on the market, ad-
ministered in conventional formulations, with the aim of 
improving their bioavailability [4]. 

2. ELECTROSPINNING AND APPLICATION ON 

DRUG DELIVERY SYSTEMS 

 The electrospinning term is derived from "Electrostatic 
Yarn" which is a dry spinning process that utilizes electro-
static forces to form small fibers (10-100 μm to 10-100 nm) 
from a polymer solution (or in its case, a melted polymer). In 

Fig. (2), it is illustrated that a basic configuration for the 
electrospinning device, as well as what type of chemical and 
biological components may be inside of the nanofibers. This 
technique consists of three main components: a high voltage 
source, a syringe pump and a conductive collector [3, 4]. 

 The polymer solution (dissolved or molten) is filled in a 
syringe and placed over the syringe pump. When a droplet of 
the polymer solution appears on the tip of the needle (this 
should be made of a conductive metal), and a high voltage is 
applied (usually from 5 kV to 50 kV) to the same droplet, 
this will become highly electrified and the induced charges 
will be evenly distributed over its surface. Then the droplet 
will deform into a conical object (also known as the "Taylor 
cone"). This cone appears when the space between the 
electrical conducting liquid and insulator exceeds a critical 
voltage, making the liquid drop unstable and transforming 
from a rounded shape to a conical shape [5, 6]. When the 
voltage exceeds a threshold value, the electric force exceeds 
the surface tension of the drop and then one or more jets are 
expelled from the tip of the drop depending on the electric 
field strength. As the jet travels to a metal collector (usually 
a conductive one, like aluminum), the solvent evaporates and 
a nonwoven scaffold is formed on the collector surface [7-9]. 

 Various drug delivery systems have been developed or 
are currently being investigated: Nanoscale formulations 
(like liposomes), polymer micelles, some complexes and 
nanofibers. These have attracted special attention during 
these last decades because they have the potential to improve 
the therapeutic effects and reduce the toxicity of conven-
tional dosage forms. Some of the attractive features for an 
ideal drug delivery system would be high loading capacity, 
high encapsulation efficiency, simultaneous delivery of vari-
ous therapies, ease of operation and cost-effectiveness, either 
for immediate or extended release, as well as wound dressing 
and local chemotherapy. In comparison to other drug deliv-
ery systems, the electrospinning technique is very versatile in 
the selection of its materials and Active Pharmaceutical In-
gredients (APIs) for their release. In contrast with other sys-
tems, in the electrospinning strategy, the researcher can have 
manipulated the rate of degradation of the fibers, hence the 
delivering rate of the drug. On the other hand, the admini-
stration of the drug to a patient is easier than other methods, 

 

Fig. (1). Nanofibers scaffolds instantly disintegrated by saliva, in the patient's mouth without the need to drink or chew, releasing drugs al-
most instantaneously into the buccal mucosa for fast absorption. Scheme based on [1, 2]. 
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since it is easy to place the electrospun mats in the tongue of 
a patient. For all the above, the electrospinning is an attrac-
tive technique for the area of drug delivery systems [1]. 

3. COMPONENTS OF NANOFIBERS (POLYMERS + 

DRUGS) 

 Nanofibers can be fabricated with a great variety of 
polymers. In drug delivery applications, a polymer solution 
(polymer + specific solvent) is prepared, then, a defined pro-
portion of the drug is mixed into the polymeric solution, cre-
ating a homogeneous solution or a suspension (depending on 
drug´s solubility into polymeric solution). This mixture is 
electrospun to produce nanofiber composed with a solid 
complex of polymer-drug. The solvent is evaporated in the 
process. Different types of nanofibers can be synthesized, 
depending of the electrospinning strategy used. In the other 
hand, nanofibers are composed by a polymeric backbone or 
base, which represent most of the fiber composition and a 
bioactive molecule (drugs, proteins, hormones, etc.), or other 
polymer but in smaller proportion than the base polymer [6].  

 Fig. (3), explains how nanofibers are obtained from dif-
ferent strategies of the electrospinning method: with the (a) 
electrospinning + drug dissolved; it can obtain embedded 
molecules into nanofibers, (b) Electrospinning + drug 
loaded nanocarriers; it can prepare nanocarriers that are 
attached outside the fibers, (c) Electrospinning + drug post 
treatment; the drug or a biomolecule are attached outside the 
fibers. Finally, (d) Core-shell electrospinning; molecules are 
inside a bulk into nanofibers.  

 When the resulting nanofiber mats are placed in  
aqueous media (e.g., the mouth), the system delivers con-
tinuously the drug meanwhile the nanofibers are degradated 
(Fig. 4) [1]. 

 

Fig. (3). Graphic representation of several strategies for the prepa-
ration of drug-loaded nanofibers. (a) Electrospinning + drug dis-
solved (b) Electrospinning + drug loaded nanocarriers. (c) Electro-
spinning + drug post treatment. (d) Core-shell electrospinning. 
Scheme based on [6]. 

4. POLYMERS 

 Various carrier materials, including natural and synthetic 
polymers and/or a mixture of both (biodegradable and non-
degradable) have been an object of experimentation and re-
search with the electrospinning technique, as well as with 
many active pharmaceutical components. As for the drug 
delivery behavior, this is determined by the diffusion of the 
drug and/or degradation of the carrier. In a few words, the 
fibers formed by this technique can be designed to control 
the dispersion of a drug and thus improving the release kinet-
ics of APIs [10]. 

 

Fig. (2). Basic diagram of the electrospinning device. Scheme based on [3]. 
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Fig. (4). Release of drug components from an electrospun nanofi-
ber. Scheme based on [1, 4]. 

 
 The use of polymers -especially biodegradable ones- has 
drawn a special attention in electrospinning investigations 
because polymers have different advantages: For example, 
no second surgery is required to remove an implanted sup-
port since the polymer is absorbed and degraded by the body. 
In rapid dissolution drug delivery systems, the polymers are 
degraded, while the loaded drugs are absorbed. Polymers 
such as poly( -caprolactone) (PCL), poly(vinyl alcohol) 
(PVAL), poly(vinylpyrrolidone) (PVP) and chitosan (CHS) 
have been extensively investigated to make fibers with de-
sired properties for tissue engineering and drug delivery ap-
plications [9, 11]. 

 One of the great benefits in the area of drug delivery it is 
the ability to transport drugs and release them as the polymer 
degrades. As the polymer slowly breaks down into smaller, 
non-toxic fragments, releases the drug wherever is necessary. 
It is also noted that the body can degrade polymers that are 
being placed in it, by the metabolic pathways that take effect 
for the natural elimination of these compounds, into much 
simpler products. In tissue regeneration, these polymers are 
of interest because they reduce the risk of the body rejecting 
the implant or response of the immune system. Polymers that 
are biocompatible have been extensively investigated for the 
manufacture of scaffolds with properties desired for tissue 
regeneration [9], or delivery of APIs (Table 1) [9, 11, 12]. 

5. DRUGS LOADED INTO ELECTROSPUN NANOFI-

BERS 

 The aforementioned properties of the electrospun fibers, 
such as a large surface area, a possibility of loading large 
amounts of drug, simultaneous administration of various 
therapies, ease of operation and cost-effectiveness has led the 
scientific community to expand, in the past few years, in the 
area of improving the current drug delivery systems. The 
last-mentioned properties about the fibers make them good 
prospects for the administration of a poorly water-soluble or 
a low-bioavailability active pharmaceutical components. 
Among the most investigated areas, drug delivery (either 
rapid dissolution or controlled release), tissue regeneration 
and local cancer treatments are of the most interest. The fol-

lowing are some of the drugs used in the electrospinning 
area. 

5.1. Anti-inflammatory Drugs 

 Anti-inflammatory drugs are substances that reduce in-
flammation and swelling symptoms and may possess analge-
sic and antipyretic effects [39]. It is noted that these drugs 
have been previously used in electrospinning to formulate 
new delivery systems because many pharmaceutical compo-
nents of this kind are poorly water-soluble and the desired 
effect of an almost immediate relief is of a great interest for 
many. It is shown below that with the electrospinning tech-
nique, the electrospun nanofibers that have been studied are 
usually fabricated with an anti-inflammatory and another 
pharmaceutical component (mostly with analgesics), to have 
an improved treatment [4, 13-17]. 

 A drug widely studied is IBU, which is a therapeutic 
agent in the class of nonsteroidal used to treat pain, fever and 
inflammation. This includes painful menstrual periods, mi-
graines and rheumatoid arthritis [40]. IBU has been studied 
using the electrospinning method because it is poorly water 
soluble, but with a high bioavailability, been a candidate for 
an immediate release system in various articles [11, 12, 41].  

 Yu et al. (2009), reported a PVP K30 electrospun mesh 
loaded with IBU. The polymer´s solutions used were from 
solid dispersions or as some amorphous physical form. In the 
first paper, Diffraction Scattering Calorimetry (DSC) and X-
ray Diffraction (XRD) results, and morphological observa-
tions showed that IBU was distributed as nanosolid disper-
sions in the fibers. Fourier Transform Infrared Spectroscopy 
(FTIR) results showed that the major interactions between 
PVP and IBU were mediated by hydrogen bonds. It was 
shown that the drug delivery membranes, with different drug 
concentrations, had almost the same wetting and disintegra-
tion times (about 15 and 8 seconds, respectively), but these 
had differences that were significant in the dissolution rate, 
this because of the drug presents different physical states. 
IBU was released at 84.9% and 58.7% respectively, in the 
first 20 seconds, for the membranes with drug to PVP ratios 
of 1:4 and 1:2, respectively [12].  

 In a second paper by the same authors, it was shown that 
the drug had good compatibility with the polymer, and was 
well distributed in an amorphous physical state. This was 
confirmed with the results from Scanning Electron Micros-
copy (SEM), DSC and FTIR. In vitro dissolution tests 
showed that the electrospun fiber mats were capable of dis-
solving in 10 s. The authors concluded that the rapid dissolu-
tion of drug-loaded fibers may lead to applications that im-
prove the dissolution rates of drugs that are poorly soluble in 
water [41]. 

 The objective of a similar study was to explore electros-
pun nanofibers of PCL loaded with IBU, as a model for the 
oromucosal administration of drugs that were poorly soluble 
in water. It was seen that incorporating IBU in the PCL re-
duces its crystallinity. DSC analysis demonstrated that the 
components that were incorporated in the nanofibers were 
partially dispersed in the polymer matrix, and partly in the 
form of dispersed nanocrystals. The incorporation of IBU 
into PCL nanofibers significantly improved their dissolution 
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Table 1. Biocompatible polymers used as drug delivery carriers.  

Polymer Chemical Structure Loaded API Refs. 

PVP 
N

O

n  

IBU, NP, INDO, MEL, KETO, 
APAP, FOG, LOR, SPIRO, 

GRIS, AMOX, SDS 
[12-22] 

PVAL 
OH

n  

SUM, AC, CA, RFN, DOC, 
CIPRO, DONEPEZIL [10, 22-24] 

PEO 
HO

OH

n  

GML, DOX, PTX [25-27] 

PCL 
O

O

n  

IBU, SUM, NP, 

CVD, TCN, AMB 
[11, 28-30] 

CHS 
O

O
O

HO

HO

OH
OH

OH

NH2 NH2 NH2

OHHO
HO

n  

SUM [28] 

PAA 

O OH

n  

SUM [28] 

EC 
O

RO

O

OR

OR
n

R=H or CH2CH3  

KETO [16] 

CA 
O

O

O

HO

O

O

O

O

O

O

O

O

O

n
 

KETO [16] 

Eudragit S100 
HO

O
O

O

n  

AC [31] 

HPMC 
O

RO

O

OR

OR
n

R=H or CH3 or CH2CH(OH)CH3  

DPH [32] 

Table (1) contd…. 
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Polymer Chemical Structure Loaded API Refs. 

PLLA 
O

O
n  

TCH 

DOX 
[26, 33] 

PLGA 
HO

O
OH

O

O
x y

 

MET-HCl 

PTX 
[30, 34] 

PAN 

N

n

 

ACV [35] 

Kollidon VA64 

 

ITR [36] 

CAP 
O

O

OR

OR

RO

RO

RO

O R

OR

OR

O

*

* OH

O O
or

 

TDF [37] 

PU 

H

N

H

N O
O

O O

n  

ITR [38] 

Polymers: PVP: poly(vinyl pyrrolidone); PVAL: poly(vinyl alcohol); PEO: poly(ethylene oxide); PCL: poly( -caprolactone); CHS: Chitosan; PAA: poly(acrylic acid); EC: Ethyl 
cellulose; CA: Cellulose acetate; HPMC: Hydroxypropylmethyl cellulose; PLLA: poly(L- lactic acid); PLGA: poly(lactic-co-glycolic acid); PAN: poly(acrylonitrile); CAP: Cellulose 
acetate phthalate; PU: Poly(urethane). Active pharmaceutical ingredient: IBU: Ibuprofen; NP: Naproxen; INDO: Indomethacin; MEL: Meloxicam; KETO: Ketoprofen; APA: Aceta-
minophen; LOR: Loratadine; SPIRO: Spirolactone; GRIS: Griseofulvin; AMOX: Amocycilin; SDS: Sodium dodecylsulfate; SUM: Sumatriptan; AC: Aceclofenac; CAF: Caffeine; 
RFN: Riboflavin; DOC: Docetaxel; CIPRO: Ciprofloxacin; DONEPEZIL: Donepezil hydrochloride; GML: Glycerol Monolaurate; DOX: Doxorubicin; PTX: Paclitaxel; CVD: 
Carvedilol; TCN: Tetracycline; TCH: Tetracycline hydrochloride; AMB: Amphotericin B; DPH: Diphenhydramine; MET-HCl: Metoclopramide hydrochloride; ACV: Acyclovir; 
ITR: Itraconazole; TDF: Tenofovir disoproxil fumarate. 

 

rates. PCL nanofibers released nearly 100% of the incorpo-
rated IBU in 4 h, demonstrating the influence of drug proper-
ties, such as molecular weight and solubility on the release 
from the polymer matrix [11]. 

 Vrbata et al. (2013), incorporated NP in fibers. This API 
is a non-steroidal anti-inflammatory drug that relieves pain, 
fever, swelling and stiffness. It is indicated for juvenile and 
rheumatoid arthritis, osteoarthritis, ankylosing spondylitis, 
pain, primary dysmenorrhea, tendonitis, bursitis and acute 
gout [28, 40].  

 NP and its salt were incorporated into membranes 
through the electrospinning process. As mentioned above, 
anti-inflammatory drugs have been studied in combination 
with other drugs for a more effective treatment; in this case, 
NP was combined with SUM succinate. They were studied 
alone and in combination. The release of NP and SUM with 
three hydrophilic polymers was tested: CHS, PVAL and 
PAA; and one hydrophobic: PCL. The later showed a very 
rapid release of the two drugs used. All polymers used in the 
work had a release of more than 90% of the APIs, and the 

fiber were dissolved in the acceptor phase within 10 min. 
SEM images showed that the fibers had the homogeneity, 
flexibility, mechanical resistance and drug loading capacity 
(up to a 40% of the membrane mass) that the authors were 
aiming for. These investigations are very advantageous for 
the formulation of sublingual drug delivery systems, as well 
as controlled release systems [28].  

 Canbolat et al. (2014), selected PCL as the polymer ma-
trix to create a drug delivery system for NP. In this case, the 
drug was complexed with beta-cyclodextrin (BCD) to form 
an inclusion complex and then electrospun. The diameter of 
the fibers was around 300 nm, according to SEM. The com-
plexed drug in the fibers showed a better release than from 
fibers with uncomplexed drug; this because the complex 
improved the solubility of the drug [29]. 

 Wu et al. (2014), reported a successful coaxial electro-
spinning to fabricate NP-loaded PVP nanofibers with only 
one solvent: ethanol; as part of the PVP solution, and as a 
solvent for the shell. Field Emission Scanning Electron Mi-
croscopy (FESEM) showed that higher quality nanofibers 
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could be obtained by this method, with a diameter of 270 ± 
60 nm, also with linear morphologies, with no beads or spin-
dles, and a smooth surface. The authors analyzed XRD pat-
terns and verified that the nanofibers were amorphous nano-
composites with the drug distributed homogeneously in the 
polymer. The in vitro dissolution tests showed that the medi-
cated nanofibers could release the contained drug rapidly, at 
once, while in contact with the dissolution medium, which is 
considerably faster than for the commercially available, dis-
persible tablets [13]. 

 López et al. (2014), studied another anti-inflammatory 
drug in fiber-loading, INDO, which is a non-steroidal anti-
inflammatory drug used as an antipiretic, against pain and 
stiffness. It is estimated that INDO is about 20 times more 
potent than acetylsalicylic acid (AA). The authors of the arti-
cle state that over a long term of administration, there is a 
chance that a high rate of intolerance limits drug use. This 
drug is not usually administered as an analgesic or antipyretic 
of first choice, unless the fever has been resistant to other 
treatments. A series of experiments were performed for the 
optimization of a release system, involving two sets of elec-
trospun PVP fibers loaded with INDO produced with a mix-
ture of solvents (acetone/dimethylacetamide). The authors 
stated that was possible to obtain loadings of the API up to a 
33% w/w. Their SEM analysis showed that the fibers were 
smooth and uniform and, it was also found by XRD and DSC 
that the drug exists in amorphous physical state in the fibers. 
Interesting enough, the authors found that the amorphous form 
of the drug was stable after storing the fibers for 8 months in a 
desiccator with relative humidity <25%. This means that the 
fibers could be stored for long periods of time and still be sta-
ble if administered after months of being fabricated. And fi-
nally the functional performance of the fibers was also studied 
in the article; the fibers released their components very rap-
idly, offering accelerated dissolution compared to the drug 
formulated in conventional ways [14]. 

 MEL is a drug that has also been studied as an immediate 
release by the electrospinning technique. This drug is an 
oxycodone derivative, which are enolic acids that inhibit 
cyclooxygenases 1 and 2 (COX-1 and COX-2) with anti-
inflammatory, analgesic and antipyretic activity; also, show 
moderate selectivity against COX-2. It was approved as an 
NSAID selective for COX-2 in some countries [40]. This 
drug is commercially produced in suspensions and tablets. 
However, these forms of dosage have received complains 
and have poor acceptance in the community because of their 
bitter taste and difficulty in swallowing, especially for chil-
dren. In addition, MEL has a poor solubility in oral admini-
stration, so its absorption is incomplete. So the main point of 
the article was to improve these limitations and thereby pre-
pare formulations for rapid release, even for the masking of 
its bad taste. So, electrospun PVP fibers were fabricated, 
loaded with MEL. The incorporation of BCD and sweeteners 
were carried out to improve solubility, disintegration time, 
and release of MEL, as well as to improve the taste of the 
dosage forms. The authors found that disintegration time, 
MEL release characteristics, cytotoxicity and stability the 
drug improved, achieving masking of its bad taste [15]. 

 KETO is another non-steroidal anti-inflammatory drug 
that is derived from the propionic acid and has analgesic and 

antipyretic effects. In addition to the inhibition of COX, it 
can stabilize the lysosomal membranes and antagonize the 
actions of bradykinin. Nanofibers containing KETO have 
been developed using partially and fully hydrolyzed PVAL 
as a drug delivery system. Something interesting to note is 
that the electrospun PVAL fibers were stabilized against 
disintegration in water by treatment with methanol. Fibers 
were analyzed by UV spectrophotometer at body tempera-
ture (37°C) and at room temperature (20°C), the results 
showed that fibers treated with methanol do not present ac-
celerated release, but a controlled release fashion. This may 
be beneficial for certain treatments that need a more con-
trolled release and still use a well-known and studied poly-
mer for these applications [23]. 

 Moreover, Um-I-Zahra S and Zhu L (2015), also studied 
the formation of nanofibers loaded with KETO by the elec-
trospinning technique and their in vitro drug release profiles. 
The difference is that three polymers were selected for this 
method: EC, CA and PVP. They showed that the fibers had a 
clear formation and that they are affected by the type of sol-
vent and amount of drug used, this by SEM analysis. The in 
vitro drug release studies indicate that nanofibers that are 
hydrophilic have a higher drug loading percentages and also 
showed a faster drug release profiles compared to those nan-
ofibers that are hydrophobic, so, as expected, hydrophilic 
polymers are more attractive for rapid release formulations 
[16]. 

 One well-known drug today is APAP, which is used as 
antipyretic and analgesic, usually for mild to moderate pain. 
APAP increases the threshold to painful stimuli and there-
fore exerts an analgesic effect against pain due to various 
causes. This is often sold in combination with other ingredi-
ents (e.g., opioid analgesics). APAP is also used for more 
intense pain, such as cancer pain (chemotherapy) and after 
surgery [40]. 

 APAP is an electrospinning candidate because of its low 
water solubility. Solid dispersions, involving an electrospin-
ning process, with PVP as the base polymer and APAP as 
the drug were produced and showed successful results. Solid 
dispersions of electrospun fibers were compared to three 
traditional dispersion system processes: freeze drying, vac-
uum drying and heating drying. By using SEM, DSC, XRD, 
and FTIR techniques, the authors analyzed the surface mor-
phologies, drug physical status, drug-polymer interactions 
and in vitro dissolution, demonstrating that the electrospun 
nanofibers released 93.8% of the pharmaceutical compound 
content within the first 2 min and that the APAP dissolution 
rates of the different solid dispersions were as follows: Elec-
trospun membranes> vacuum-dried membrane  freeze dried 
membrane > heat-dried membrane. Electrospun solid disper-
sions showed a better dissolution performance in comparison 
to the other methods described above, this is because fibers 
showed larger surface area, high porosity (resulting from 
their web structure) and that had a more homogeneous distri-
bution of APAP in the fibers [17]. 

 Quan et al. (2011), studied another compound that was 
studied was the feruloyl-glycerol-oleyl (FOG), which is a 
mixture of a (3)-feruloyl-monooleoyl-glycerol (FMOG) and 
a (3)-feruloyl-dioleyl-glycerol (FDOG) (these last two being 
less studied as anti-inflammatory compounds) which are 
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derivatives of the ferulic acid (FA). The authors explained 
that this mixture has the biological properties of FA (antioxi-
dant, anti-inflammatory, antiviral and UV filter properties). 
This means that this drug can be used to prevent infection or 
bacteria growth. The downside of the compound is poor wa-
ter solubility which may limit its use. The authors choose to 
use FOG in conjunction with PVP (as the base polymer ma-
trix) to fabricate fast dissolving drug release membranes. The 
two materials were dissolved in a mixture of chloro-
form/ethanol (4:1 v/v). The results showed that the FOG had 
a good compatibility with the polymer, as well as a good 
FOG distribution within the fibers. They observed that the 
diameter of the fibers was influenced by the concentration of 
PVP and voltage, in this case, fibers with a diameter of 700-
800 nm were obtained with PVP concentration of 5% (w/v) 
and a voltage of 14 kV. Release assays confirmed that the 
fibers could be used for rapid dissolution system (dissolution 
time of 2.0 ± 1.5 s). These results demonstrated the potential 
of using solid dispersion with the electrospinning technique 
to improve the dissolution profile of poorly water soluble 
compounds [42]. 

 Goodman et al. (2011), reported that another drug that 
has been electrospun has been diclofenac (DF), which has 
analgesic, antipyretic and anti-inflammatory activities. Its 
potency is much greater than that of INDO, NP, or other 
traditional NSAIDs. In addition, the drug appears to reduce 
intracellular concentrations of free amino acids in leukocytes 
and modifies their release or uptake [40].  

 Karmoker et al. (2016), evaluated three drugs that were 
electrospun with PVAL as the drug carrier. These drugs were 
non-steroidal anti-inflammatories with different water solu-
bility: diclofenac sodium (DFS) (sparingly soluble in water), 
NP and INDO (both water insoluble). The composition of 
the drugs give the drug-loaded fibers different morphological 
appearances. The authors emphasize that the chemical com-
position of the drugs was not affected by the electrospinning 
process, this backed by the fact that the 1H NMR spectra 
showed favorable results. It was noted by the authors that the 
molecular weight of the drugs used in their investigation 
played an important role on the rate and the total amount of 
the drugs release, both decreasing when the increasing of the 
molecular weight of the drugs. Also, the authors compared 
the characteristics of release between fibers and films that 
were drug-loaded, and they concluded that the films did not 
exceed the release characteristics of the fibers [43]. 

 Another pharmaceutical compound that has been studied 
is AC, which is a Non-Steroidal Anti-Inflammatory Drug 
(NSAID), an aryl derivative of acetic acid, structurally re-
lated to DF, with an intermediate half-life indicated for the 
relief of pain and inflammation associated with rheumatic 
disorders, such as rheumatoid arthritis, osteoarthritis and 
ankylosing spondylitis [43].  

 AC has previously been electrospun with Pantoprazole 
(PP). The drug combinations were used for restricting and 
compensating adverse effects of the Non-Steroidal Anti-
Inflammatory Drug (NSAID), so co-administration with a 
proton pump inhibitors may be beneficial to patients that 
consume Nonsteroidal Anti-Inflammatory Drugs (NSAID) 
for the treatment of chronic diseases such as arthritis; avoid-

ing, in this way, to struggle with the irritation of the gastric 
mucosa [31]. 

 The drugs were simultaneously electrospun by using a 
composite solution of zein/Eudragit S100. The physical-
thermal characterization assays as thermogravimetric analy-
sis (TGA) and Differential Scanning Calorimetry (DSC) of 
the nanofibers showed that both active pharmaceutical com-
pounds were evenly distributed in the nanofibers in an amor-
phous state. They also noted that the in vitro release studies 
maintained the release of both drugs until 8 h, making it a 
good candidate for a controlled release treatment. Also, the 
co-administration of the active pharmaceutical compounds 
(PP with AC) reduced the gastrointestinal toxicity that 
NSAID induce. This was confirmed by animal experiments 
done in vivo. The researchers successfully developed a dual 
drug delivery system comprising polymers with different 
release characteristics and achieved oral administration of 
AC with reduced side effects [31]. 

5.2. Antimicrobial Drugs 

 Antimicrobials constitute a large group of compounds 
with diverse structures and mechanisms of action against 
bacteria (antibiotics), viruses (antiviral), fungi (antifungals) 
and parasites (antiparasitics); however, some generalizations 
can be made regarding important issues regarding the use of 
such drugs [4, 44]. 

 GRIS is fungistatic against various species of the Der-
matophytes microsporum, Epidermophyton and Trichophy-
ton. The drug has no effect on bacteria or other fungi. Al-
though there is a rare lack of improvement in ringworm le-
sions, the strains of these patients are generally still suscepti-
ble to GRIS in vitro. In a previous study, the same authors 
that electrospun INDO also electrospun grisefulvin for the 
optimization of release, producing PVP fibers with an ace-
tone/dimethylacetamide solvent system. The results were 
similar to the results with INDO, this is: drug loading up to a 
33% w/w, smooth and uniform nanofibers were the drug was 
in amorphous physical state. This form was stable after being 
stored 8 months with a relative humidity <25%, and it had a 
very fast release of the pharmaceutical compounds compared 
to the conventional formulations [14]. 

 A bactericidal that is well known in the market is CIPRO, 
which inhibits Deoxy Ribonucleic Acids (DNA) replication 
by binding to DNA gyrase and topoisomerase IV. It is usu-
ally used against urinary tract infections, gastroenteritis, os-
teomyelitis and anthrax [45]. Modgill et al. (2016) studied 
the permeability of CIPRO incorporated to electrospun fi-
bers. The research focused on investigating the permeability 
of CIPRO from PVAL nanofibers through different biologi-
cal membranes because of the afforded mentioned properties 
of the electrospun fibers. The researchers found that the fi-
bers generated greater drug permeability than the pure bacte-
ricidal. Permeability following the order: Intestinal tissue> 
eye> trachea> sublingual> rectal> skin. The authors also 
found that these studies showed there was a steady-state re-
lease of the drug, which has not been seen with the current 
presentations of the drug, which also have a high degree of 
fluctuation on the release. The authors concluded that the 
fibers provide numerous advantages for use as a support sys-
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tem for encapsulating pharmaceutical compounds and thus 
enhancing current therapies [46].  

 Moreover, GML has been proposed as a microbicide 
component acting by blocking transmission-facilitating in-
nate immune response to vaginal exposure. It was shown in 
an especially rigorous test of protection in the SIV (Simian 
immunodeficiency viruses)-rhesus macaque model of HIV-1 
transmission to women, that GML used daily and before 
vaginal challenge protects against repeated high doses of 
SIV, by criteria that include virological and immunological 
assays to detect occult infection. It has also been evidenced 
for indirect mechanisms of action in GML-mediated protec-
tion. This compound has been tested for the electrospinning 
process and has been successfully electrospuned. The 
authors discussed and suggested the use as prevention tech-
nologies (technologies that simultaneously prevents un-
wanted pregnancy and Sexually Transmitted Infections 
(STIs) and emphasize that this is a global health priority). It 
was demonstrated that GML fibers designed for topical ad-
ministration can function as a combination of chemical and 
physical barrier as prevention technology. The polymers that 
were used in the work were PLLA and PEO (both are FDA 
approved materials) which would act as controlled-release of 
drugs and may facilitate the release of multiple agents simul-
taneously, against sperm and both viruses: HIV-1 and HSV-
2. It was observed by the authors that the infection of HIV-1 
in vitro was inhibited and the physical obstruction of the 
spermatozoa was successful by the drug-loaded fibers. It was 
also noted the activity by GML to inhibit the motility and 
viability of spermatozoa. The application of drug-loaded 
fibers for preventing STI’s (such as HIV-1) and unwanted 
pregnancies may be an innovative platform for drug delivery 
for future researches [25]. 

 Buschle-Diller et al. (2007), reported another compound 
that has antimicrobial properties is TCN, which was elec-
trospun with chlortetracycline hydrochloride and AMB, 
these studies were carried out to investigate release proper-
ties and antimicrobial efficacies of the model drugs. They 
were electrospun by a coaxial electrospinning. TCN was 
discharged from PCL at a higher rate, while AMB was 
slower. In dissolution tests, PCL drug loaded was almost 
completely released over time, while PLA released only 
about 10% of the total loaded drugs. By forming PCL-PLA 
fibers, the authors stated that the surface and release charac-
teristics could be modified to conform a sensitive drug deliv-
ery system. The authors talk about the importance of bio-
compatible nanofibers, that they can adapt to the physiologi-
cal conditions of the human body and how they have become 
increasingly important for clinical applications in recent 
years. Electrospun fibers offer special advantages because of 
their large surface area and their absorption/release proper-
ties and if loaded with pharmaceutical compounds, the ad-
ministration properties can be adapted to a specific release 
rate, so it is a versatile technique for the loading of these 
compounds [33].  

 Coaxial electrospinning was used to fabricate core-shell 
fibers for a drug delivery application, PLLA was used as the 
shell structure and TCH as a core material. The authors per-
formed SEM, TEM, DSC and a tensile test to characterize 
and investigate the viability of the resulting nanofibers for 

use as drug delivery vehicles. In vitro drug release behavior 
was also examined by UV-VIS spectroscopy. The results 
from the investigation indicated that the drug delivery device 
can be conveniently obtained for encapsulation of TCH in 
PLLA fibers, which generates the sustained release of TCH. 
They concluded that drug-containing hydrophilic fibers can 
be used as drug delivery vehicles or transformed into bio-
medical devices such as sutures and wound dressings [47]. 

 Amoxicillin (AMOX) is also an antibiotic that has been 
previously studied in electrospinning techniques. Authors 
found the optimum conditions for the preparation of a com-
posite of CA and PVP fibers, containing AMOX within the 
fibers, whereby the structure would be: CA/PVP-
amoxycillin/CA. The geometric, physicochemical and ther-
mal properties of the membranes were characterized by 
FTIR, DSC, SEM and TEM. In addition, the mechanical 
characterization of the fibers showed that the tensile strength 
of the membrane is not affected by the presence of AMOX 
inside the fibers. The effect of pH on the release rate of 
AMOX was also studied. The amount of antibiotic release 
increased with increasing pH, from 61% at pH 3 to 79% at 
pH 7.2. The authors assume that the release of amoxicillin is 
due to a diffusion mechanism. These composites are recom-
mended to resolve the problem of possible drug loss during 
the matrix entrapment process, with potential local applica-
tion to treat dental or cutaneous infections [20]. 

 The high temperature electrospinning process was used 
for the preparation of drug-loaded PAN fibers with acyclovir 
(ACV), an antiviral. The fibers were prepared from a di-
methyl sulfoxide solution of PAN and ACV at 80°C. As the 
temperature increased, the viscosities and surface tensions of 
the co-dissolution decreased while the conductivities in-
creased, which may explain the improved electrospinning 
ability of the solutions. 1H-NMR analysis showed that the 
chemical integrity of ACV was maintained during the high 
temperature electrospinning process. The ultra-fine fibers 
had a smooth surface and a uniform structure with no bead 
configurations on the strings. 94% of the fiber diameters fell 
within the range of 400-700 nm. X-ray diffractograms and 
DSC showed that almost all the ACV was distributed in the 
PAN fiber matrix in the amorphous state, and the FTIR spec-
tra demonstrated that PAN and ACV had sufficient compati-
bility due to hydrogen bonding. The fibers produced sus-
tained drug release (16 h), in vitro. This study demonstrates 
that an elevated temperature electrospinning process can 
extend the processing window and allow the preparation of 
new types of high-quality functional fibers for drugs which 
are insoluble in most solvents [35, 36]. 

 Huang et al. (2006), argues that despite advances in 
modern medicine, the human immunodeficiency virus (HIV) 
still affects the health of millions of people around the world 
and a lot of effort is being put into developing methods to 
prevent infection or eradicate the virus after infection. 
Authors describe the potential use of CAP electrospun fibers 
with TDF as a tool to prevent transmission of HIV. It was 
noted in an article that because of the pH-dependent solubil-
ity of the CAP, the fibers were stable in the vaginal fluid 
(healthy vaginal flora has a pH below 4.5), while the addi-
tion of small amounts of human semen (pH between 7.4 and 
8.4) immediately dissolves the fibers, producing the release 
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of encapsulated drugs. The pH-dependent release properties 
were carefully studied by the researchers and they showed 
that the antiviral drugs released, along with CAP dissolution 
have an intrinsic antimicrobial activity, efficiently neutralize 
HIV in vitro [37]. 

 Yu et al. (2011), described a new type of solid dispersion 
electrospinning was developed, in the form of a core-shell 
using coaxial electrospinning for poorly water-soluble drugs. 
The authors selected ACV as a model drug, PVP as a hydro-
philic filament-forming polymeric matrix, sodium dodecyl 
sulfate as a transmembrane enhancer and sucralose as a 
sweetener. The authors successfully prepared core-shell nan-
ofibers, with the shell consisting of PVP, SDS and sucralose, 
and the core part composed of PVP and ACV. It was re-
ported by the authors that the fibers had an average diameter 
of 410 ± 94 nm, with a uniform structure, as well as a 
smooth surface. The authors stated that the ACV, SDS and 
sucralose were well distributed in the amorphous matrix of 
PVP. This was determined by DSC and XRD, showing that 
the interactions were of second-order. In vitro dissolution 
and permeation studies demonstrated that solid dispersions 
of core-shell nanofibers could rapidly release ACV in one 
minute, with an increased permeation rate six-fold across the 
sublingual mucosa compared to that of the crude ACV. The 
authors concluded that the study provides an example of the 
systematic design, preparation, characterization and applica-
tion of a new type of solid dispersion consisting of multiple 
components and structural characteristics [21]. 

 ITR was also studied for the electrospinning process, 
however due to its low solubility in water, four different 
methods were tested: casting films, spray-drying, single sy-
ringe electrospinning and high-speed electrospinning, using 
copovidone (Kollidon ® VA64) as the polymer matrix, 
which is a vinylpyrrolidone/vinyl acetate copolymer (with a 
6:4 ratio). The high-speed electrospinning process was used 
by the authors to demonstrate the feasibility of this electro-
spinning process compared to the single-needle electrospin-
ning process. The formulations were evaluated in terms of 
improvement in the dissolution rate of ITR and were ana-
lyzed by SEM, DSC and XRPD. Despite the significant in-
crease in productivity of the high-speed electrospinning, it 
was demonstrated that the morphology obtained was very 
similar to the fibrous material of simple electrospinning. The 
results of the DSC and XRPD showed that the drug was 
transformed into an amorphous form in most cases, except 
for the film casting samples. The authors conclude that using 
the high-speed electrospinning system to the amorphous 
solid dispersions produce fibers proved to be a good alterna-
tive from the single-needle electrospinning, this because the 
fibers were very flexible, the process was scalable and easy 
to be set in a continuous manufacturing line, with good cost-
effectiveness ratio, since is a fast process [36]. 

 Electrospinning was applied to the preparation of non-
biodegradable drug-loaded nanofibers, in order to create 
topical drug delivery and wound healing. The specific objec-
tive of these studies was to assess if these systems could be 
of interest as water-poor delivery systems. ITR and ketan-
serin were selected as model compounds while polyurethane 
(PUR) was selected as the polymeric material. For both these 
drugs, the authors obtained an amorphous nanodispersion for 

ITR with dimethylformamide (DMF) and ketanserin with 
dimethylacetamide (DMAc). It was demonstrated that the 
collected fibers release the drugs at various speeds and pro-
files based on the morphology of the nanofibers and the con-
tent of the drugs. The data were generated using a specially 
designed release apparatus around a rotating cylinder. The 
authors found that loading a small amount of ITR, the release 
is a linear function of the square root of time (Fick kinetics), 
and that the drug did not have an initial burst release, being 
suitable as sustained release system [38]. 

5.3. Anticancer Drugs 

 Cancer is a group of diseases that affect abnormal cell 
growth with the potential to invade or spread to other parts of 
the body. DOC is a well-known mitotic inhibitor for oral 
cancer. It is available only as an intravenous formulation on 
the market. It faces problems of extravasation, inflammation 
of the veins and other side effects of chemotherapy. The aim 
of the authors was to design a mucoadhesive nano-carrier 
system that is maintained at the site of application and 
maximizes the therapeutic potential of the anticancer drug as 
well as attenuates its systemic side effects. In the study, 
DOC-PVAL fibers were prepared using the electrospinning 
method. The resulting fibers were characterized by various 
parameters such as surface morphology, drug loading, and in 
vitro drug release, tensile strength, mucoadhesivity, and drug 
permeability, degree of swelling and anticancer activities 
against selective cell lines to establish their therapeutic po-
tential. The results were positive and it was concluded that 
the current approach comprising polymeric nanofibers can be 
successfully used for local administration of anticancer drugs 
[8]. 

 Zhang et al. (2014), reported another compound that is 
used in the treatment of cancer is cisplatin (CP). CP is used 
in the treatment of liver cancer, but it has the drawbacks that 
the drug tends to accumulate in this organ and it has a poor 
intake after intravenous administration. Research focuses on 
making the chemotherapy less aggressive for the patient's 
liver by using an electrospun system. The system consisted 
of five layers, the first, third and fifth layer being the poly-
mer (PLA) and the second and fourth layer being the drug. 
The rationale for that conformation was to have a prolonged 
release of cisplatin and prevent local cancer recurrence after 
a surgical resection. The in vivo studies at 24 h showed that 
the multilayer fiber mat had a prolonged release and the re-
tention in the tissue was more stable. The authors observed 
in studies with mice that liver cancer had been retarded, mice 
had a prolonged survival time, and there was a reduced tox-
icity compared with other groups with different treatments. 
This study shows us the potential that electrospun fibers may 
have over the aggressiveness of some APIs. On the other 
hand, DOX is a chemotherapy medication used in a numer-
ous of types of cancer. This includes leukemia, lymphoma 
and many types of carcinomas (solid tumors), and soft tissue 
sarcomas. It is usually given by injection into a vein, a treat-
ment that has never been well received [48].  

 The electrospinning of poly(ethylene glycol) (PEG) fi-
bers loaded with DOX has been extensively studied. In one 
report, the authors developed fibers using a water-in-oil 
emulsion. The polymers used in the article (PEG and PLLA) 
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were dissolved in chloroform which constitute de oily phase 
while DOX was contained in the aqueous phase. The pur-
pose of this was to encapsulate the drug in the fibers within 
the oil phase. The diameter of the electrospun fibers was in 
the range of 300 nm to 1 μm (these being ultrafine). The con-
tent of DOX in the fibers was 1-5% by weight, and it was 
fully encapsulated within the fibers. The release was con-
trolled by diffusion and the mechanism of enzymatic degra-
dation. The antitumor activity of DOX incorporated into 
PEG-PLLA fibers versus mouse glioma cells (C6 cell lines) 
was assessed by the MTT method. The results showed that 
DOX could be released from the fibers without losing cyto-
toxicity, thus making the system object of interest for further 
studies [26]. 

 Vrbata et al. (2013), evaluated the drug release behavior 
of the loaded fibers prepared by an emulsion was the object 
of study, also with DOX as the model drug. Confocal micro-
scopic images of laser scanning indicated that the drug was 
incorporated in the PEG-PLLA copolymer nanofibers, form-
ing drug-loaded structural fibers. Drug release behavior of 
this system showed a three-stage diffusion controlled mecha-
nism in which the rate of release of the first stage was slower 
than that of the second stage, but both obeyed the second law 
of Fick. Based on these results, it is concluded that the DOX-
loaded fibers prepared by emulsion electrospinning may be 
used as a reservoir-type delivery system in which the rate of 
DOX release decreases when it is found at a higher 
concentration in the fibers [27]. 

 Nanofibers sensitive to the stimuli were developed through 
the electrospinning method. Poly(N-isopropylacrylamide-co-
acrylamide-co-vinylpyrrolidone) (poly(NIPAAM-AAm-VP)) 
was used as the material to prepare the electrospun fibers. 
DOX-loaded fibers were prepared and characterized by 
XRD, SEM and FTIR. The cytotoxicity of DOX-loaded fi-
bers was evaluated by MTT test on A549 lung cancer cell 
lines. The in vitro cytotoxicity assay showed that pristine 
fibers did not affect the growth of A549 cells. The antitumor 
activity of DOX-laden fibers against cells was maintained 
throughout the experimental process, whereas the effect of 
dissolved DOX disappeared within 48 h. The drug release 
pattern of these systems is zero order and the rate of drug 
release does not depend on the drug/polymer ratio in differ-
ent implant formulations. The researchers found that these 
new fibers were stable and retained their morphology even 
after incubation in release medium (pH 7.4, 37°C), while 
they collapse and disperse rapidly in an aqueous solution of 
acid medium at room temperature [49]. 

 PTX has also been electrospun. PTX is a drug that acts as 
a toxic substance for the mitotic spindle through its binding 
of high affinity to the microtubules with the intensification 
of tubulin polymerization. It has a remarkable activity in a 
wide range of solid tumors, such as ovarian, breast, non-
small cell lung cancer, head and neck cancer, esophageal, 
prostatic and bladder cancer, as well as AIDS-related Ka-
posi's sarcoma [45]. 

 Vrbata et al. (2013), also studied emulsion electrospin-
ning of DOX in combination with PTX. These drugs were 
successfully loaded onto the PEG-PLA fibers for multiple 
drug delivery. The release behaviors of both drugs from the 
same fiber mats were attributed to their solubility and distri-

bution status in the fibers. They explained that due to its high 
hydrophilicity, DOX was easy to diffuse from the fibers, and 
its release rate was always faster than the hydrophobic PTX. 
In addition, the rate of release of PTX was accelerated by the 
release of DOX, so the both antitumoral compounds had a 
better effect in conjunction. The in vitro cytotoxicity against 
rat C6 glioma cells was performed by the authors and they 
indicated that the dual drug combination showed greater in-
hibition and apoptosis compared to single-drug system. The 
authors suggest multiple drug delivery that combines antitu-
moral components can be reached in the future [27]. 

 As for the treatment of C6 glioma in vitro, implants for a 
sustain delivery of PTX have been studied, this by electro-
spinning the drug with PLGA as a matrix to obtain fibers 
with diameters ranging from 10-30 nm (ultra-fine nanofi-
bers) by adding organic salts. The encapsulation efficiency 
was over 90% and was found in a solid solution state in the 
fibers (DSC measurements). The in vitro release study shows 
that the antitumoral achieved a sustained release of the drug 
for 60 days, this is important because sustained release of 
this type leads to effectiveness of the treatment. The authors 
stated that PTX-loaded PLGA fibers (36 mg/ml) are compa-
rable to the commercial formulation of PTX-taxol and con-
cluded that electrospun fibers are promising for the treatment 
of tumors as an alternative drug delivery device [34]. 

5.4. Cardiovascular Drugs 

 Cardiovascular Diseases (CVD) are a group of disorders 
of the heart and blood vessels, including: coronary heart dis-
ease, cerebrovascular diseases, peripheral arteriopathies, 
rheumatic heart disease, congenital heart defects, and pul-
monary emboli, which can detach and lodge in the vessels of 
the heart and lungs. Nicorandil (NICO) is a vasodilator 
medication used to treat angina pectoris, it is the principal 
therapeutic agent that has a capability to hyperpolarize mus-
cle tissues, and is an effective coronary vasodilator, it seems 
to be active in all types of angina pectoris, including ad-
vanced coronary artery lesion [50]. Angina pectoris is a chest 
pain resulting from episodes of transient myocardial ische-
mia. This can be caused by diseases such as arteriosclerosis, 
coronary arteriosclerosis and aortic stenosis. Angina com-
monly arises from vasospasm of the coronary arteries [51]. 
This drug has been electrospun for sublingual administration 
in an attempt to reduce mucosal ulceration and improve 
bioavailability of the drug. Polymeric nanofibers were ob-
tained using vitamin B12, and a mixture of hyaluronic acid 
and PVAL. The authors reported that the prepared nanofibers 
were found to be uniform by SEM (with a diameter of 200-
450 nm). Histopathological studies showed no evidence of 
mucosal ulceration at the site of application and a preclinical 
safety study was performed to evaluate the maintenance of 
an effective therapeutic level over an extended period. The 
authors demonstrated that the biocompatible nanofibers work 
as perfect carrier system for the sublingual administration of 
antianginal drugs, since one of the problems of NICO is its 
low bioavailability [50]. 

 Spironolactone (SPIRO) is a drug mainly used to treat 
fluid accumulation due to heart failure, liver scarring, or kid-
ney disease, and for the treatment of high blood pressure. 
The lipophilic SPIRO was electrospun with PVP K90. How-



A Summary of Electrospun Nanofibers as Drug Delivery System Current Drug Delivery, 2018, Vol. 15, No. 10    1371 

ever, instead of an immediate release of the drug, a tempo-
rary precipitation was observed. A small addition of BCD 
provided a dramatic increase in the rate of release, even at 
high concentrations of the drug. This approach ensured the 
near-total release of the drug in one minute, making the sys-
tem a suitable formulation for rapid release [19]. 

 CVD is a drug used for the treatment of congestive heart 
failure. It is indicated in the treatment of hypertension and to 
reduce the risk of mortality and hospitalizations in a subset 
of people after a heart attack. It may be used alone or with 
other antihypertensive agents. It was observed that the incor-
poration of this drug into electrospun PCL fibers reduced its 
crystallinity. Drug incorporated in the nanofibers was par-
tially molecularly dispersed in the polymer matrix and partly 
in the form of dispersed nanocrystals. The incorporation of 
the drug into PCL nanofibers significantly improved their 
dissolution rate. PCL loaded nanofibers released nearly 77% 
of the incorporated CVD in 4 h, indicating the influence of 
drug properties, such as molecular weight and solubility, on 
their release from the polymeric matrix [11]. 

5.5. Antihistamine Drugs 

 Antihistamine drugs have also been loaded into nanofi-
bers. One study focused on the administration of chlor-
pheniramine maleate (CPM). CPM was incorporated into the 
glutinous rice starch (GRS) with PVA electrospun fibers to 
prove a drug delivery carrier concept and drug release con-
trol from the nanofibers [52]. 

 LOR is indicated for the symptomatic relief of allergies, 
such as hay fever (allergic rhinitis), urticaria, chronic idio-
pathic urticaria and other skin allergies. For allergic rhinitis, 
LOR is effective for both nasal and ocular symptoms: sneez-
ing, runny nose, itching or burning eyes. LOR has been pre-
viously electrospun [40]. The authors observed that a low 
polymer concentration, low feed rate with the injection 
pump, and a high applied voltage (30% PVP concentration in 
ethanol, drug-to-polymer ratio of 1:4, 10 kV of voltage, and 
a feed rate of 1 ml/h), nanofibers with a smaller diameter and 
greater uniformity were created. The study concluded that 
the smaller the diameter of the fiber and the amount of drug, 
the faster its dissolution and lower the time of the release of 
this pharmaceutical component [18].  

 Another antihistamine is DPH, which decreases or pre-
vents the histamine effects on smooth muscle and immune 
cells, as well as antagonizes muscarinic receptors and -
adrenergic receptors. This drug is normally used for insom-
nia, common cold symptoms and nausea [53, 54]. DPH has 
been electrospun directly onto a polymeric backing film of 
HPMC and glycerol to improve a mucoadhesive system. The 
performance variables were evaluated: disintegration time, 
adhesion work, adhesion strength, the area under the curve 
(at 1 min) and the area under the curve of the permeation (at 
3 min); these last two were used to calculate the independent 
variables of the process which are the filling volume, HPMC 
and the glycerol concentration. The authors studied the phys-
icochemical and physicomechanical properties with the fol-
lowing methods: Rheology, FTIR, determination of tenacity, 
mucoadhesion and nanotensile tests. The data obtained from 
the physical-mechanical characterization confirmed the suit-
ability of the systems for the application in the delivery of 

drugs. The authors reach their goal to optimize the system 
and obtained a drug entrapment of 2.3 mg/1.5 cm2 with 
disintegration time of 12.8 s, this by the way, a fast release of 
the compound. In the case of antihistaminic, this is important 
since the goal of the administration of antihistamines is to 
obtain immediate relief of the annoying effects of an allergic 
response [32]. 

5.6. Gastrointestinal Drugs 

 Gastrointestinal disease is the name given to all of those 
diseases that damage the digestive system (esophagus, stom-
ach, small intestine, large intestine and rectum, and the ac-
cessory organs of digestion: liver, gallbladder, and pancreas) 
[55]. 

 Metoclopramide is a prokinetic drugs, which has an in 
vitro effects on contractility of colonic smooth muscle. It has 
been reported that MET.HCl was loaded into PVA-PCL 
(core-shell) fibers, which exhibited an initial burst of about 
55% of the total release. It was suggested that the burst effect 
is most likely due to the presence of pores (either micron or 
nano-sized) in the PCL shell [56]. 

 Core-Shell electrospinning of MET-HC has also been 
performed using various polymers (PCL, PLLA and PLGA 
80/20). The strategy to control the release was to have fibers 
consisted of two layers (polymer on the outside and the drug 
inside). It was shown that the rate of release of this hydro-
philic drug was controllable by varying the physical and 
chemical properties of the core and shell solutions. The ob-
jectives of this study were to discuss and point the impor-
tance of the controlled release of hydrophilic entities, such as 
peptides, proteins and even pDNAs (plasmid DNA), and the 
difficulties in being administered; as well as the advantages 
of using core-shell structures, to protect sensitive materials 
(Fig. 2). The results showed a clear difference in the release 
pattern between monolithic fibers made from hydrophilic 
and hydrophobic polymers, and various core-shell fibers 
with PCL, PLLA and PLGA 80/20 as shell polymers. The 
study gives us an overview of how much can be achieved by 
controlling release using core-shell fibers, and thereby, op-
tions for controlled release systems for hydrophilic drugs, 
peptides and pDNAs [30]. 

5.7. Palliative Drugs 

 Palliative medicine is a multidisciplinary approach to 
specialized medical care for people with serious illness. It 
focuses on providing patients with relief from symptoms, 
pain, physical stress and mental stress of a serious illness, 
whatever the diagnosis. The aim of this therapy is to improve 
the quality of life of both the patient and the family [57]. 

 Nanofibers loaded with donepezil.HCl were prepared as a 
dosage form so it could be dissolved orally. The authors in 
this research aimed to create a removable scaffold with an 
ultrafast release electrospinning, using PVAL as the matrix 
polymer and donepezil. HCl as the drug to be loaded. The 
authors found that the PVAL at a lower molecular weight 
had the best results. They also found diameters between 100 
nm and 300 nm by SEM. The in vitro tests performed 
showed an immediate release of the drug release (less than 
30 s) regardless of the drug content in the fibers, due to the 
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large surface area the nanofibers. The authors compared the 
scaffolds and the commercial tablets and conclude that the 
electrospinning technology is a promising method for the 
production of alternative effective dosage forms, especially 
with patients, children and elderly people with dysphagia 
[22]. 

5.8. Contraceptive Drugs 

 Oral contraceptives are used to prevent pregnancy. Estro-
gen and progestin are two female sex hormones that in com-
binations avoid ovulation. They also modify the lining of the 
uterus (womb) to prevent the development of pregnancy, and 
modify the mucosa of the cervix to prevent sperm from en-
tering [40]. 

 Blakney et al. (2014), produced electrospun PVAL nan-
ofibers with different microscale geometries for the admini-
stration of the progestin levonorgestrel. The authors exam-
ined composite materials stacked on tissue paper and studied 
the release kinetics of the drug and measured its  
cytotoxicity. In their results, they reported on the PVAL/ 
levonorgestrel solution and processing parameters for the 
electrospinning of free surfaces of medical tissues with con-
trolled microarchitecture and high drug loading (up to 20% 
by weight). It was observed that the in vitro release of 
levonorgestrel was affected by the composite microarchitec-
ture, fabric thickness and drug content, so the authors 
reached their goal and the electrospinning process was opti-
mized [58]. 

5.9. Miscellaneous 

 Among the most widely used substances in the world is 
CA, which antagonizes adenosine receptors, thus, CA tem-
porarily prevents or alleviates drowsiness, and therefore 
maintains or restores alertness. Some of the uses are: bron-
chopulmonary dysplasia in preterm infants for both preven-
tion and treatment, apnea of prematurity as primary treat-
ment (but not as a preventive treatment), treatment of or-
thostatic hypotension and general vasodilation, usually used 
to relieve headaches or even migraine [24, 59, 60]. 

 On the other hand, RFN (vitamin B2) is used in individu-
als with protein depletion and infections that complicate it, in 
other words: In the treatment of individuals with generalized 
macroscopic malnutrition. Electrospinning of the CA and 
RFN has also been studied, for example, rapid dissolution 
drug release systems were prepared by electrospinning using 
PVAL as the base polymer. These systems were evaluated 
by the authors using SEM, FTIR and XRD, to investigate the 
physicochemical properties of the electrospun nanofibers. 
The SEM images showed that nanofibers prepared from 
aqueous PVAL/drug solutions by electrospinning had a di-
ameter in the range of 260-370 nm (ultrafine morphology). 
In pharmaceutical tests, the authors showed that PVAL/CA 
and PVAL/RFN nanofibers had almost the same dissolution 
time (approximately 1.5 s) and wetting time (approximately 
4.5 s). Measurements of the release indicated that the drugs 
could be released in an accelerated manner (CA in an extent 
of 100% and RFN up to 40%, in 60 s). This study demon-
strates that nanofibers can also carry molecules that are not 
considered drugs, but vitamins or substances that have an-
other uses [61]. 

 Borbás et al. (2015), reported that the number of drugs 
poorly soluble in water is increasing continuously, so im-
proving the aqueous dissolutions of novel APIs has become 
one of the central challenges of pharmaceutical studies. Em-
phasizes that up to now, preclinical studies have mainly fo-
cused on formulation methods to enhance the dissolution of 
active compounds, in many cases without considering that 
the formulation matrix affects not only dissolution but also 
influences the transport of the molecules of the drug through 
membranes. The objective of a study was to test an electro-
spinning formulation based on cyclodextrin (CD) with 
aripiprazole (ARI) (an antipsychotic), using the μFlux appa-
ratus to monitors the permeation along with the dissolution, 
and by this means to have a better in vitro-in vivo correla-
tion. It has been demonstrated by the authors that the electro-
spinning formulation based on CD-ARI has the potential to 
ensure rapid delivery of drug through the oral mucosa due to 
the rapid dissolution of the drug in the formulation and the 
improved flow through the membranes [60]. 

CONCLUSION 

 Electrospinning is an old technology for the manufacture 
of continuous nanofibers with a relatively simple configura-
tion. However, in recent years it attracted much attention 
because of its potential in biomedical and other nanotechni-
cal applications. Its inherent high surface-volume ratio, ease 
of operation and cost-effectiveness are all attractive features 
for its biomedical application. Electrospinning for drug load-
ing into hydrophilic fibers is especially important to increase 
the dissolution and for instance biodisponibility, of poorly 
water-soluble drugs. Immediate dissolution formulations for 
buccal absorption of drug are produced with this technique 
for fast drug absorption and to avoid first pass metabolism, 
or degradation in gastric fluids. Systems for local delivery of 
antineoplastics, antimicrobials, etc. can also be developed by 
electrospinning. With the development of electrospinning 
techniques, such as coaxial electrospinning, and the avail-
ability of a rich variety of materials (including natural, syn-
thetic and semisynthetic polymers), several drugs have been 
electrospun into ultrafine fibers with controllable diameters 
and morphologies. Advanced electrospinning arrangements 
allow the production of delivery systems for hydrophilic 
drugs including macromolecules such as proteins and DNA. 

 This paper summarizes the modification of the electro-
spinning system configurations and the effect of the process 
parameters on the fibers, their application in drug delivery, 
including carrier materials, loaded drugs and their release 
kinetics, and illustrates their application for local chemother-
apy. To date, most studies on the release of antibacterial 
agents, drugs (psychoactive, antineoplasic, etc.), are carried 
out in vitro. In vivo, in-depth systemic studies are necessary 
before any clinical marketing is contemplated, especially 
those on the kinetics and dynamics of drug release in vivo; 
the effects of drug dosage and release kinetics on therapeutic 
efficacy and the biodistribution of the liberated drugs. Com-
plete studies are required on the toxic effect, as well as dis-
tribution and elimination process, of the polymeric carriers. 

 Until now, many pharmaceutical drugs have been loaded 
into nanofibers, but these studies are limited in just the load-
ing and characterization of nanofibers. It is observed that the 
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lack of the correct dosage is a common issue in most articles. 
It can be concluded, that this disadvantage is the stronger 
weakness of electrospinning: it is difficult to load a desired 
concentration into nanofibers with the end purpose of ap-
plied in clinical studies in humans. Also, it is important to 
incorporate flavors and sweeteners in the drug-loaded nan-
ofibers, particularly for applications on fast dissolving sys-
tems intended for buccal administration of drugs, consider-
ing that most drugs have an unpleasant taste. However, with 
the exception of reports on the loading of sugar in core-shell 
nanofibers, the efficacy of this process is not widely re-
ported. 

 This review proposes to continue the investigation to 
optimize the incorporation of interesting drugs into nanofi-
bers, but further clinical studies, considering patient accep-
tance of the administration form. Scaling to mass produc-
tions of drug loaded electrospun mats is also an issue that has 
to be considered. 

  Finally, it can be said, that electrospinning had demon-
strated been effective in a great diversity of biomedical ap-
plication and studies will continue on its different uses, 
because its versatility, cost-effectivity, easy to use and easy 
to fabricate in any research facilities, even with low eco-
nomic support. 
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