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Effects of Polyvinylpyrrolidone and Ethyl Cellulose
in Polyurethane Electrospun Nanofibers on
Morphology and Drug Release Characteristics
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llac Salim Ozellikleri Uzerinde Polivinilpirolidon ve Etil Seltilozun Etkileri
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ABSTRACT

Objectives: Polyurethanes (PUs) are a popular choice for composing nanofibers due to their spinnability, biocompatibility, high chemical stability,
and good mechanical and elasticity properties. The desired release behaviors are also achieved by using combinations of PUs and various polymers.
In this study, we investigated effects of polyvinylpyrrolidone (PVP) and ethyl cellulose (EC) on PU electrospun nanofibers in terms of morphological
structures and drug release characteristics.

Materials and Methods: Nanofibers were prepared using blends of PU with either EC or PVP in different ratios by electrospinning. The effects of
PVP or EC on the morphology and diameter of the prepared nanofibers were examined with scanning electron microscope (SEM). The compatibility
of the components used in the formulations of nanofibers was determined by attenuated total reflection (ATR)-fourier-transform infrared (FTIR).
Donepezil hydrochloride (DNP), a water soluble compound, was selected as a model drug to examine its release characteristics from both PU/PVP
and PU/EC electrospun nanofibers. In vitro drug release studies from electrospun nanofibers were performed according to the method defined in
the monograph as the “paddle over disk method” of United States Pharmacopeia 38.

Results: The SEM images showed that addition of EC or PVP to PU solutions did not affect the generation of nanofibers, and those formed had a
smooth surface without beads in nanoscale. The ATR-FTIR spectra disclosed that EC and PVP were separately incorporated into the PU matrix. The
in vitro release data indicated that the presence of EC or PVP in PU nanofibers dramatically changed the release behavior of DNP. PU/EC nanofibers
(F4) provided sustained drug release with the Korsmeyer-Peppas drug release kinetic mechanism, in which the release rate was controlled by
diffusion of the drug, while all of the PU/PVP nanofibers exhibited fast drug release.

Conclusion: Overall, these characteristics of PU/EC (10/8) electrospun nanofibers has suggested their potential use as a drug carrier from which
water-soluble drug release may occur in a sustained fashion.
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Amag: Politiretanlar (PU) egirmelerinin kolayligl, biyouyumluluklari, ytuksek kimyasal stabiliteleri ve iyi mekanik ve elastik 6zelliklere sahip olmalari
nedeniyle nanoliflerin kompoze edilmeleri igin siklikla tercih edilirler. PU’lar ve gesitli polimerlerle bilesimleri kullanilarak istenen salim davranislari
da elde edilmektedir. Bu galismada, elektro-egirme ydntemi ile tretilen PU nanoliflerin morfolojileri ve ilag salim 6zellikleri Gzerinde polivinilpirolidon
(PVP) ve etil selilozun (EC) etkisini arastirdik.

Gereg ve Yontemler: Nanolifler farkli karisimlardaki PU'nun farkli oranlarda EC veya PVP ile birlikte kullanilmasi ile elektro-egirme yontemiyle
hazirlanmistir. Hazirlanan nanoliflerin morfolojisi ve gapi Uzerinde PVP veya EC'nin etkisi taramali elektron mikroskobu (SEM) ile incelenmistir.
Nanolif formulasyonlarinda kullanilan maddelerin gegimliligi zayiflatilmis toplam yansima tniteli fourier déntstmlu kizildtesi spektroskopisi (ATR-
FTIR) ile belirlenmistir. Hem PU/PVP hem de PU/EC nanoliflerin salim davranislarini incelemek igin suda ¢dziinen bir madde olan donepezil
hidroklordr (DNP) model ilag olarak segilmistir. Elektro-egirme yontemi ile hazirlanan nanoliflerden ilag salim galismalari Amerikan Farmakopesi

38'de tanimlanan “disk Uzerinde palet yontemine” gére yapilmistir.
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Bulgular: SEM gorintuleri, EC'nin veya PVP’'nin PU ¢6zeltisine eklenmesinin nanolif olusumunu etkilemedigini; olusan nanoliflerin pirizsuz yluzeye
sahip oldugunu ve boncuk seklinde yapilar icermedigini géstermistir. ATR-FTIR spektrumlari ise EC ve PVP'nin ayri ayri PU matrikse yiiklendigini
ortaya koymaktadir. /n vitro salim verileri, PU nanoliflerde EC veya PVP varliginin DNP'nin salim davranisini snemli lgiide degistirdigini gdstermistir.
PU/PVP nanolifleri sirekli ilag salimi sergilemis ve PU/EC nanolifleri (F4) ise salim hizinin ilacin diftizyonuyla kontrol edildigi Korsmeyer-Peppas

kinetik mekanizmasi ile uyumlu uzatilmis ilag salimi saglamistir.

Sonug: Sonugta, elektro-egilme ydntemiyle Uretilen PU/EC (10/8) nanoliflerin siirekli sekilde suda ¢ozinir ilag salimi saglayan &zellikleri, bu
yapilarin ilag taslyicisi olarak potansiyel kullanimlari olabilecegini géstermektedir.

Anahtar kelimeler: Elekro-egirme yontemi ile Uretilen nanolifler, ilag salimi, politretan, polivinilpirolidon, etil sellloz

INTRODUCTION

Electrospun nanofibers have attracted great attention because
of their potential applications for biomedical devices, tissue
engineering, biosensors, filtration, wound dressing, and
enzyme immobilization in recent years. They have also received
considerable attention in drug delivery especially because of
their high surface area to volume ratio, which might permit
drug molecules to diffuse out of the matrix promptly due to the
highly porous structure.?® Additionally, electrospun nanofibers
have other superiorities such as high drug loading capacity,
cost effectiveness, and ease of fabrication.*

Polyurethanes (PUs) are widely used for composing nanofibers
due to their spinnability, biocompatibility, chemical stability, and
good mechanical and elasticity properties. They could generally
be adapted for many applications such as filters, wound dressing,
biosensors, biomedical devices, and tissue engineering,
owing to their various structures.® The addition of a second
component such as cellulose derivatives, polyethylene glycol,
and polycaprolactone to PUs could give rise to the fabrication
of a new type of nanofiber with different morphological and
physical structures for special applications.®” The desired
release behaviors are also achieved using various polymer
combinations.®

Ethyl cellulose (EC) is a non-ionic and physiologically inert
cellulose derivative. This material, which is insoluble in
aqueous media, has a moderately low swelling degree.” Thus,
it is an appropriate compound for the production of a sustained
drug release matrix'® and does not require addition of release
modifiers."

Polyvinylpyrrolidone (PVP) is a nonionic, biodegradable,
and biocompatible polymer produced from monomer
N-vinylpyrrolidone.” It has outstanding spinnability in various
solvents such as ethanol, methanol, and chloroform.2* PVP
has a hygroscopic property, so that it absorbs water up to
40% of its weight in atmospheric conditions and could result
in unstable nanofibers. However, besides these properties,
PVP is a hydrophilic polymer that leads to fast dissolution
and immediate release of drugs.® PVP has already been used
to modulate the release of drugs from nanofibers.!® The drug
release from PVP, EC, or PVP/EC nanofibers has been studied
by various researchers.2° However, the morphology and drug
release characteristics of electrospun fibers composed of
blends of PU with either EC or PVP are not yet available in the
literature.

In the present study, we proposed to investigate effect of
EC and PVP in PU electrospun nanofibers on morphology

and drug release characteristics. At the second stage, fibers
were prepared from PU and either hydrophobic polymer EC
or hydrophilic polymer PVP blends in different combinations.
PU/EC and PU/PVP fibers were assessed as a carrier system
to determine the drug release profile. The developed PU/
EC and PU/PVP nanofibers in different combinations were
characterized morphologically and structurally. At the second
stage, effects of EC or PVP on the release rates of donepezil
hydrochloride (DNP), which is a water-soluble drug, were
examined and their kinetic mechanisms were estimated based
on in vitro release data.

MATERIALS AND METHODS

Materials

PU; Mw~93,000 g/mol was purchased from Flokser Corporation
(Turkey). EC and PVP K30 were supplied by Dow (United States)
and Hangzhou Sunflower Technology (China), respectively.
N,N-dimethylformamide was obtained from Labkim (Turkey).
DNP was given as a kind gift by Santa Farma Pharmaceutical
Company (Turkey). All of the chemical materials were of
analytical grade.

Production of electrospun nanofibers

Homogeneous PU solutions were prepared by dissolving PU
(12.5%, w/v) in dimethylformamide. DNP was added to these
clear polymer solutions and it was dissolved. Following the
addition of either EC or PVP at different ratios to PU solutions
(Table 1), the mixtures were stirred for 1 h to provide a
homogeneous solution for electrospinning.

The conductivity of solutions was determined by a conductivity
meter (Eutech Instruments, Netherlands) at 25°C. Each of the
measurements was conducted at least three times.

In the electrospinning process (Figure 1), each of the mixed
polymer solutions was loaded into a 10 mL syringe equipped

Table 1. Composition of nanofiber solutions

Formulation Ratio of PU/ PU EC/PVP DNP Solvent
d EC/DNPor (o) (@ ) (mbL)

code PU/PVP/DNP 'S g g m

F1, F5* 10/1/1 125 1.25 1.25 100

F2, F6* 10/2/1 125 25 1.25 100

F3, F7* 10/4/1 125 5.0 1.25 100

F4, F8* 10/8/1 125 10.0 1.25 100

*Contains PVP instead of EC, PVP: Polyvinylpyrrolidone, PU: Polyurethane, EC:
Ethyl cellulose, DNP: Donepezil hydrochloride
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Figure 1. Schematic illustration of the setup of electrospinning and process of preparing polymer solution

PU: Polyurethane, DNP: Donepezil hydrochloride

with a metallic needle of outer diameter 0.8x38 mm. The
syringe was mounted on a syringe pump (New Era Pump
Systems, USA) and aluminum collector. A positive electrode of
high voltage power supply (Gamma High Voltage Inc., USA) was
attached to the syringe needle. The polymer solution was fixed
at a rate of 1 mL/h. A high electric voltage was set to 15 kV and
the distance between the needle tip and the aluminum collector
was 15 cm. All solution preparations and electrospinning were
performed at ambient temperature.

Morphology of electrospun nanofibers

The surface morphology of PU/EC and PU/PVP electrospun
nanofibers was examined by a scanning electron microscope
(SEM) (Philips-XL30 SFEG, Japan) after each of the samples
was coated with a thin layer of gold/palladium alloy to render
it electrically conductive. The SEM data were recorded at an
accelerating voltage of 20 kV and average fiber diameter (AFD)
was estimated via Imaged by randomly measuring the diameters
of 20 different nanofibers in the images for each sample.

Compatibility of components on electrospun nanofibers

The compatibility of components used in the formulations of
nanofibers is crucial for the fabrication of stable nanofibers.
For this reason, fourier transform infrared spectroscopy (FTIR)
spectroscopic assessments of the nanofibers developed
were carried out via attenuated total reflectance-FTIR (ATR)
(PerkinElmer, USA).

In vitro drug release from electrospun nanofibers

In vitro drug release studies were carried out in accordance
with method defined in the monograph as the “paddle over disk
method” of United States Pharmacopeia 38.2' 2.5 cm in diameter
of fiber sections were immobilized between a glass holder and
a stainless steel sieve. The samples were immersed into 500
mL of (phosphate buffer, pH 6.5) to maintain sink conditions

for DNP. At specified time points (from 30 min up to 6 h), 2 mL
aliquots of the samples were withdrawn periodically from the
release medium and equal volumes of medium were immediately
replaced to maintain a constant volume. Concentrations of DNP
in the samples were analyzed via a ultraviolet (UV)-visible
spectrophotometer (Shimadzu, Japan) at a wavelength of 229
nm. The cumulative amount of released DNP per cm? through
the nanofibers was plotted versus time. Each experiment was
conducted three times. UV-visible spectrophotometry was
validated for selectivity, linearity, accuracy, and precision. It was
determined to be linear over the concentration range 2.5-20 pg/
mL with a high correlation coefficient (r2>0.999) and accuracy
(recovery >98%). There were no interfering absorbances with
DNP, verifying selectivity of the method.

Determination of drug release kinetics and modeling

To understand the mechanism and kinetics of DNP release
from electrospun nanofibers, the release results were fitted to
kinetic models via the free open source software DDSolver®?
as explained following equations 1-5:

Zero-order kinetic model:

C=k,t+C, M

First-order kinetic model:

In C=In C+kt )

Higuchi square root kinetic model:

C=k,t"2, (©)]

where C is the drug concentration released at time t, C; is
the drug concentration at the beginning, and k,, k, and k, are

zero-order, first-order, and Higuchi release rate constants,
respectively.

Hixson-Crowell kinetic model:
WO‘/3—WtV3:kHt, (4)



GENCTURK et al. Polyvinylpyrolidone and Ethyl Cellulose in Polyurethane Nanofibers 641

where W, and W, are the initial and remaining amounts of drug
in the nanofiber at time t, respectively, and k,, is the Hixson-
Crowell release rate constant.

Korsmeyer-Peppas kinetic model:

M/M_=k t", (5)

where M, is the drug concentration released at time t, M_ is
the equilibrium concentration of drug that must be released
at infinite time in the release medium, Mt/MM is the fraction of
drug in the release medium at time t, k, is the release rate
constant, and n is the diffusional exponent showing the type
of release mechanism. If n equals 1, the release mechanism is
zero order; otherwise, if 0.5¢ n <1, non-Fickian transport is the
case. Moreover, the first 60% drug release data were fitted in
this model.?®

The coefficient of correlation (r?) was calculated using linear
curves generated by regression analysis of the drug release
profile. The model with the highest r? value was selected as the
most feasible.

RESULTS AND DISCUSSION

Production of electrospun nanofibers

The solution features (e.g., polymer type and concentration) as
well as the electrospinning parameters including the flow rate,
applied voltage, and tip-to-collector distance are very important
to produce bead-free nanofibers.?* Therefore, the preliminary
nanofiber fabrication studies were performed using only PU
solutions at diverse concentrations and the electrospinning
process parameters (e.g., flow rates, applied voltages, and
tip-to-collector distance) were tested to determine the
optimal parameters and polymer concentration as described
in our previous study.® The data had indicated that bead-free
nanofibers might be produced with 12.5% (w/v) concentration
of PU solution.? In the present study, DNP and either EC or
PVP in different ratios (Table 1) were added to optimized PU
solution and then conductivity of the solutions was determined
to observe effect on the morphology of electrospun nanofibers.
The conductivity of solutions and the AFD diameter of nanofibers
are presented in Table 2. Interestingly, there was a correlated
increase in conductivity with increasing AFD diameter of the
PU/EC/DNP and PU/PVP/DNP nanofibers. However, this case
did not show a linear increase between the conductivity of the
polymer solutions and the AFD diameter of the nanofibers, as
expected.

Morphology of electrospun nanofibers

To research effects of EC or PVP amounts on the morphology of
PU/DNP electrospun nanofibers and to verify the production of
bead-free nanofibers with smooth surfaces, the morphological
features of PU/EC/DNP and PU/PVP/DNP nanofibers were
examined using SEM analysis. Figures 2a, 2b, 3a and 3b present
the morphological features and the diameter histograms of PU/
EC/DNP and PU/PVP/DNP nanofibers with diverse ratios of
EC and PVP. Most of the electrospun fibers (except for PU/
PVP/DNP at a ratio of 10/8/1) had smooth surfaces and uniform
structures without any “beads-on-a-string” morphology.

Table 2. The conductivity of the solutions and average fiber

diameter of electrospun fibers (n=3)

Average fiber

Code Conductivity (uS.cm-1) diameter (nm)
F1 109.33+4.15 41047
F2 115.70£6.65 556+46
F3 116.66+1.65 518+39
F4 123.60+2.20 603+42
F5* 134.03+£3.85 34056
Fé* 110.20£2.70 294+39
Fr7* 109.57+£2.55 27957
F8* 131.40£1.50 328+66

F1,F2, F3,and F4 are described for PU/EC/DNP, F5* F6*, F7*, and F8* are described
for PU/PVP/DNP nanofibers, PVP: Polyvinylpyrrolidone, PU: Polyurethane, EC:
Ethyl cellulose, DNP: Donepezil hydrochloride

Figure 2a. SEM images of (PU/EC/DNP) (at different ratios) electrospun
nanofibers (the scale bars represent 5 um)

SEM: Scanning electron microscope, PU: Polyurethane, EC: Ethyl cellulose, DNP:
Donepezil hydrochloride
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Furthermore, no drug particles were observed on the surface
or outside of the nanofibers, revealing good compatibility
between the polymers and drug and encapsulation of drug in
the nanofibers. SEM images of the PU/EC/DNP nanofibers are
given in Figure 2a. The diameter of PU/EC/DNP nanofibers
relies upon the existence of EC in the formulation. PU/DNP
(10:1 nanofibers without EC had a mean diameter of 775+16
nm?® while the mean diameter of the nanofibers with addition
of EC decreased to between 410+47 and 603+42 (Table 2). In
addition, the shape and uniformity of PU/EC/DNP nanofibers
were maintained even with increasing EC amount in the
nanofibers.

SEM images of PU/PVP/DNP fibers are given in Figure 3a.
PU/PVP/DNP nanofibers with diverse ratios of PVP had mean
diameters from 279+57 nm to 34056 nm. The mean diameter of
nanofibers decreased with addition of PVP to the formulations,
as also seen in PU/EC/DNP nanofibers. However, some clumps
were observed in PU/PVP/DNP nanofibers at a ratio of 10/8/1,
because of low PVP solubility in electrospinning solution
(Figure 3a), as reported previously.” In conclusion, these data
confirmed that PU/PVP/DNP and PU/EC/DNP nanofibers with
smooth surfaces and bead-free were produced for nearly all of
the ratios.

A) (PU/PVP/DNP) (10/1/1) B) (PU/PVP/DNP) (10/2/1)

D) (PU/PVP/DNP) (10/8/1)

C) (PU/PVP/DNP) (10/4/1) |

Figure 3a. SEM images of (PU/PVP/DNP) (at different ratios) electrospun
nanofibers (the scale bars represent 5 pm)

PU: Polyurethane, DNP: Donepezil hydrochloride, PVP: Polyvingl pyrrolidone

Compatibility of components in electrospun nanofibers

The ATR-FTIR spectra of PU/EC/DNP and PU/PVP/DNP (10/2/1,
10/4/1,10/8/1) are seen in Figures 4 and 5 in the wave number
range of 4000-800 cm”; the spectra of 10/1/1 were not given
because there were no differences between 10/1/1 and 10/2/1.
The spectra of drug loaded PU/EC and PU/PVP nanofibers have
similar characteristic FTIR bands, but the spectra of fibers also
show some small difference. Characteristic absorption bands
of PU were described in detail in our previous study,?® such as:
1727 cm™ band, because of carbonyl groups in urethane bonds
(C=0); 1550 cm™ band, assigned to secondary amide (RCONHR");
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Figure 3b. Diameter histograms of (PU/PVP/DNP) (at different ratios)
electrospun nanofibers

PU: Polyurethane, DNP: Donepezil hydrochloride, PVP: Polyvingl pyrrolidone
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Figure 4. ATR-FTIR spectra of drug loaded electrospun nanofiber of PU/
EC in various ratios

ATR: Attenuated total reflection, FTIR: Fourier-transform infrared, PU: Polyurethane,
EC: Ethyl cellulose

1630 cm™ band, assigned to carbonyl groups in urea bonds; 1170
cm” band because of C-O stretch and C-N stretch; 3350 cm'
and 2944 cm™ bands from N-H and C-H groups.

The decrease in characteristic absorption bands of PU at
the 1727 cm™ band from 10/2/1 to 10/8/1 (PU/EC/DNP) and
also amendments at 1062 cm™ and 2952 cm™ clarify that EC
is incorporated into the PU matrix in Figure 4. Because of
the lower rate of the drug according to PU/EC and PU/PVP
mixtures, characteristic absorption bands of the drug molecule
may not be observed. Hence, the interactions could not be
determined between the drug and polymers.

With addition of PVP to PU, new broad peaks located at 3434
cm™ and 1658 cm™ are observed in Figure 5. The new band
at 3434 cm™ is because of stretching vibration of the hydroxy!
group and at 1658 cm™ is because of stretching vibration of

[PU/PVPIDP] (10/811)
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the C=0. The increase at 2949 cm is assigned to the C-H
asymmetric stretching vibration from PVP.
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Figure 5. ATR-FTIR spectra of drug loaded electrospun fiber of PU/PVP
in various ratios

ATR: Attenuated total reflection, FTIR: Fourier-transform infrared, PVP:
Polyvinylpyrrolidone, PU: Polyurethane

In vitro drug release studies

PU/EC/DNP and PU/PVP/DNP nanofibers were used to
research effect of EC and PVP amounts on drug release. The
drug release profiles from PU/EC nanofibers are presented in
Figure 6.

All of the nanofibers exhibited biphasic drug release with
moderately fast release in 30 min. The highest amount of drug
release was observed for PU/PVP/DNP (10/8/1) nanofibers
with the highest ratio of PVP (data not given). Conversely, an
increase in the EC amount in the formulation caused a reduction
in drug release (Figure 6). While approximately 350 pg/cm?
DNP from PU/PVP/DNP (10/8/1) nanofibers was released in
1 h (data not given), the concentration of released DNP from
PU/EC/DNP (10/8/1) nanofibers was around 100 pg/cm?
(approximately 20%) at the end of 1 h. This might be explained
by the hydrophilic property of PVP, which could gradually
accelerate the release of drug from PU nanofibers. In the case of
EC, the slow drug release could be attributed to its hydrophobic
character. Moreover, some clumps on the nanofibers with PVP
(Figure 3a) could have resulted in high immediate drug release.
Interestingly, for both nanofiber groups, no linear correlation
between amount of drug released and ratios of PVP or EC
was found. The data indicated that EC might induce retention
of water-soluble drugs in the nanofibers, which resulted in
inhibiting drug release and presenting sustained drug release,
as reported previously.? Conversely, PVP might expedite the
release of a water-soluble drug. Furthermore, it is well known
that water-soluble drugs exhibit a fast release profile; this is a
crucial point for controlled release of these drugs.?” In the light
of these data, sustained release of water-soluble drugs from
PU/EC nanofibers might be possible, with increased ratio of EC
(Figure 6).

Determination of drug release kinetics and modeling

The in vitro release results of nanofibers were analyzed using
kinetic models aforementioned in the method section, in order to
explain the release mechanism of DNP from PU/EC electrospun
nanofibers. The drug release mechanism and kinetics were
determined depending on r2 values, which signify goodness of
fit. Table 3 shows the r? values calculated via linear curves of
PU/EC/DNP electrospun fibers. In addition, r? values were not
estimated for kinetic models as drug release from PU/PVP/DNP
electrospun fibers was immediate. The regressed results for PU/
EC/DNP nanofiber (10/8/1) showed the highest r? value (0.999)
(Table 3) for the Korsmeyer-Peppas model. This revealed that
release of DNP from this nanofiber was controlled by a Fickian
diffusion mechanism with a value of release exponent (n) of 0.31
(£0.5). DNP was released by molecular diffusion depending on
drug gradient. A similar release kinetic has also been reported by
Yu et al.?® for ketoprofen-loaded PVP/EC nanofibers. However,
the other nanofibers with EC did not fit the Korsmeyer-Peppas
model (Table 3). In this case, an increase in EC ratio of the
nanofibers could influence the release kinetics and mechanisms
of a water-soluble drug, causing sustained-drug release. This
improvement in PU/EC/DNP electrospun fiber (10/8/1) might be
attributed to the hydrophobic nature of EC.
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Figure 6. In vitro release profiles of DNP from PU/EC nanofibers
DNP: Donepezil hydrochloride, PU: Polyurethane, EC: Ethyl cellulose

Table 3. Coefficient of correlation (r?) values for DNP loaded PU/
EC nanofibers

Ratio of PU/EC/DNP

Kinetic models 10/1/1 10/2/1 10/4/1  10/8/1
Zero order 0905 0.240 0542 0949
First order 0922 0.241 0530 0.8%
Hixson-Crowell 0917 0.241 0534 0915
Higuchi square root 0.863 0.358 0.658 0.9%4
Korsmeyer-Peppas 0.797 0493 0.767 0.999
(n) (014) (0.04) (0.05 (03D

PU: Polyurethane, EC: Ethyl cellulose, DNP: Donepezil hydrochloride
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CONCLUSION

Electrospun nanofibers composed of different blends of either
PU/EC or PU/PVP have been utilized by electrospinning.
DNP was loaded into these nanofibers as a water-soluble
model drug. All electrospun nanofibers fabricated had smooth
surfaces and uniform structures without any beads-on-a-
string morphology. The PU/EC electrospun nanofibers showed
a Korsmeyer-Peppas drug release kinetic mechanism in which
the release rate was controlled by diffusion of drug when the
EC ratios were increased in the nanofiber composition. The
data also suggest that types and ratios of polymer blends need
to be adjusted so as to optimize the drug release rate. Overall,
this ability of PU/EC (10/8) electrospun nanofibers suggested
their potential use as a drug carrier from which water-soluble
drug release may be sustained.
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