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ABSTRACT: In the present contribution, electrospinning was used to fabricate ultrafine fiber mats from neat poly-

caprolactone (PCL) and poly(vinyl alcohol) (PVA) solutions as well as PVA/sodium alginate (SA) blend solutions and

the PCL and PVA solutions that contained diclofenac sodium (DS) and tetracycline hydrochloride (TH) as the model

drugs. The effects of solution and process parameters (i.e., solution concentration, applied electrical potential, and col-

lection distance) on morphological appearance and size of the as-spun PCL, PVA, and PVA/SA fibers were investigat-

ed. Generally, the average fiber diameter increased with increasing solution concentration and decreased with increas-

ing both the applied electrical potential and the collection distance. Incorporation of the model drugs caused the

resulting as-spun fibers to be larger in their diameters. The cumulative release of the model drugs from drug-loaded

as-spun PCL and PVA fiber mats increased monotonically with increasing immersion time and became practically con-

stant at long immersion times. Finally, a thin layer of PVA/SA fibers that were coated on TH-loaded PVA fiber mats

caused the total amount of the drug released to decrease appreciably. [doi:10.1295/polymj.PJ2006011]
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Electrostatic spinning or electrospinning is a proc-
ess by which a mat of ultrafine fibers with diameters
of the individual fibers in sub-micrometer down to
nanometer range can be fabricated. These ultrafine fi-
bers exhibit several interesting characteristics, e.g.,
high surface area to mass or volume ratio and flexibil-
ity for surface functionalization; while the as-spun fi-
ber mat exhibits a high porosity with pore size being
in sub-micrometer length scale.1,2 These unique prop-
erties render electrospun ultrafine fiber mats as excel-
lent candidates for potential use in various biomedical
applications, e.g., tissue engineering scaffolds,3–6

DNA delivery systems,7 and drug delivery systems.8–12

Fabrication of ultrafine fibers by electrospinning
process concerns with the application of a high electri-
cal potential from an emitting electrode of a high-volt-
age power supply to a polymer liquid across a finite
distance between a conductive nozzle and a grounded
collector.13 The Coulombic repulsion force between
charges of the same polarity generated in the polymer
liquid destabilizes the partially-spherical droplet of
the polymer liquid located at the tip of the nozzle
to finally form a droplet of a conical shape (i.e., the

Taylor cone). Further increase in the electrostatic field
strength beyond a critical value causes the Coulombic
repulsion force to finally exceed that of the surface
tension, resulting in an ejection of a charged stream
of the polymer liquid (i.e., the charged jet) from the
apex of the cone. The charged jet travels in a linear
manner for a short distance before undergoing a bend-
ing instability, resulting in a looping trajectory of the
jet.14 During its flight to the collector, the charged jet
elongates and, simultaneously, dries out or solidifies,
leaving ultrafine fibers on the collector.
Electrospun fiber mats from a good number of poly-

mers have been developed as the matrix materials for
delivery of drugs. Poly(lactic acid) (PLA) and poly-
(ethylene-co-vinyl acetate) (PEVA) were successfully
electrospun with tetracycline hydrochloride (TH) (an
antibiotic drug) by Kenawy et al.8 It appeared that
the total amount of TH released from corresponding
cast films was lower than that from the as-spun fiber
mats, due possibly to the much lower surface area.8

Zong et al.9 also used PLA as the matrix for delivery
of mefoxin (an antibiotic drug). They arrived at a sim-
ilar finding to that reported by Kenawy et al.8 For
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poorly water-soluble drugs, such as itraconazole (an
anti-fungal drug) and ketanserin (a drug for ischemic
acute renal failure), polyurethane, a non-biodegrada-
ble polymer, was used as the matrix.11 It was conclud-
ed that the release of poorly water-soluble drugs could
be achieved using a water-insoluble polymer and the
rate of release could be tailored by varying the drug
to polymer ratio.11

Over the past few years, many researchers have in-
vestigated various parameters affecting morphology
and diameters of electrospun polycaprolactone (PCL)
fibers, e.g., solution concentration, solvent system, ap-
plied electrical potential,15,16 and rotational speed of
the rotating collection device.15 Potential uses of the
as-spun PCL fiber mats are, for examples, artificial tis-
sue grafts/scaffolds for engineered myocardium,17

cartilage,18 and bone,6 and delivery vehicles for hepa-
rin.19 Likewise, many researchers have investigated
various parameters affecting morphology and diame-
ters of electrospun poly(vinyl alcohol) (PVA) fibers,
e.g., solution concentration, solution flow rate, degree
of hydrolysis, applied electrical potential, collection
distance, ionic salt addition,20 molecular weight of
PVA,21–23 pH,24 surfactant addition,25 and type of col-
lector.26 Potential uses of the as-spun PVA fiber mats
are, for examples, immobilization membranes for
cellulase27 and delivery membranes of bovine serum
albumin (BSA),28 and sodium salicylate, diclofenac
sodium, naproxen, and indomethacin.12

In the present contribution, electrospun PCL and
PVA fiber mats were fabricated as carriers for deliv-
ery of model drugs. These materials were chosen
due to its biocompatibility, non-toxicity, good water
permeability, and, particularly, good electro-spinna-
bility. Various parameters (i.e., solution concentra-
tion, applied electrical potential, and collection dis-
tance) affecting morphological appearance and size
of the as-spun fibers were investigated using scanning
electron microscopy (SEM). The optimal conditions
producing uniform and smooth fibers were chosen to
prepare electrospun fiber mats that contained diclofe-
nac sodium (DS) or tetracycline hydrochloride (TH)
in various amounts. The release characteristics of
the drugs from the as-spun fiber mats were investigat-
ed using UV-visible spectrophotometry.

EXPERIMENTAL

Materials
Polycaprolactone (PCL; Mw � 65;000 g/mol) was

purchased from Sigma-Aldrich (USA). Poly(vinyl al-
cohol) (PVA; Mw � 70;000 g/mol; degree of hydroly-
sis � 98mol.%) was purchased from BDH (England).
Sodium alginate (SA) was purchased from Fluka
(Switzerland). Dichloromethane (Fisher Scientific,

England) and chloroform [Labscan (Asia), Thailand]
were of analytical reagent grade and used as solvents
for PCL without further purification. Sodium acetate
(Fluka, Switzerland) and acetic acid (BDH, England)
were of analytical reagent grade and used without
further purification for the preparation of the acetate
buffer solution.

Preparation and Characterization of Spinning Solu-
tions
To elucidate the effect of solution concentration on

morphological appearance and size of the obtained fi-
bers, PCL solutions in various concentrations (i.e., 5,
10, 13, 15, and 17% w/v) were prepared in either di-
chloromethane or chloroform. PVA solutions of vary-
ing concentration ranging between 8 and 16% w/v
were prepared in distilled water, while PVA/SA blend
solutions were prepared by mixing SA solutions of
varying concentration ranging between 1 and 5% w/v
with 10% w/v PVA solution at an equal weight ratio.
Slight stirring was used to expedite the dissolution.
Prior to electrospinning, the as-prepared solutions
were measured for their viscosity, surface tension,
and conductivity using a Brookfield LVDL-II+ vis-
cometer, a Krüss DSA10 Mk2 drop shape analyzer,
and a Orion 160 conductivity meter, respectively.

Electrospinning Process
Electrospinning of the as-prepared solutions was

carried out by stocking each solution in a 5mL glass
syringe. A 1 cm-long blunt-ended gauge-20 stainless
steel needle, used as the nozzle, was attached to the
open end of the syringe. A piece of aluminum sheet,
wrapped around a thick plastic sheet, was used as
the collector. A Gamma High Voltage Research UC-
30P DC power supply (Florida, USA) was used to
generate high electrical potentials. The emitting elec-
trode of positive polarity was connected to the needle
and the grounding electrode was connected to the alu-
minum sheet. The distance between the tip of the nee-
dle and the collector defined the collection distance. In
this particular work, the applied electrical potential
was fixed at 7.5 kV for the spinning of PCL solutions,
8 kV for the spinning of PVA solutions, and 10 kV for
the spinning of PVA/SA blend solutions, while the
collection distance was fixed at 10 cm. To elucidate
the effect of the applied electrical potential on mor-
phological appearance and size of the as-spun fibers,
the electrical potential was varied (i.e., 7.5, 8.5, and
9.5 kV for PCL solutions and 10 and 15 kV for PVA/
SA solutions for a fixed collection distance of 10 cm).
The collection distance was also varied (i.e., 10, 15
and 20 cm) during the spinning of 10% w/v PVA
solution under a fixed electrical potential of 8 kV to
investigate the effect of the collection distance on
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morphological appearance and size of the as-spun
fibers.

Preparation of Drug-Loaded Electrospun Fiber Mats
Diclofenac sodium (DS) in various amounts (i.e.,

10, 30, and 50mg) was loaded in 10mL of 15% w/v
PCL solution, while tetracycline hydrochloride (TH)
in various amounts (i.e., 0.2, 0.3, 0.4, and 0.5 g) was
loaded in 10mL of 10% w/v PVA solution. The solu-
tions were electrospun into fiber mats under an electri-
cal potential of 7.5 kV that was applied over a collec-
tion distance of 10 cm for DS-loaded PCL solutions
and an electrical potential of 8 kV that was applied
over a collection distance of 10 cm for TH-loaded
PVA solutions. In addition, a thin layer of PVA/SA
fibers was coated on TH-loaded as-spun PVA fiber
mats to investigate the effect of such a coating on
the release of the drug from these coated mats.

Morphological Observation
Morphological appearance and size of both the neat

and the drug-loaded electrospun fibers was observed
by a JEOL JSM-5200 scanning electron microscope
(SEM). The specimens for SEM observation were pre-
pared by cutting an Al sheet covered with an electro-
spun mat and the cut sections were carefully affixed
on SEM stubs. Each specimen, prior to SEM observa-
tion, was gold-coated using a JEOL JFC-1100E sput-
tering device. Diameters of the as-spun fibers were
measured directly from the SEM images, from which
a histogram from at least 50 readings for each speci-
men was constructed and an average value and a
standard deviation were reported.

Determination of Drug Released from Drug-Loaded
Electrospun Fiber Mats
Each drug-loaded electrospun fiber mat was cut into

specimens of a square shape (about 2� 2 cm2). Each
of these specimens was immersed in an exact amount
of acetate buffer aqueous solution (pH ¼ 5:5) at 37 �C
under a constant mechanical stirring. At a specified
immersion period ranging between 0 and 465min
for drug-loaded PCL fiber mats or 0 and 390min for
drug-loaded PVA fiber mats, a small amount of the
buffer solution was taken out. The amount of the drug
dissolved in the withdrawn buffer solution was quan-
tified against a calibration curve (specific to each type
of drugs investigated) using a UV-visible spectropho-
tometer at a wavelength of 275 nm for DS and 355 nm
for TH, respectively. These data were carefully calcu-
lated to determine the cumulative amount of drug
released from the specimens for each specified immer-
sion period, based on an assumption that the distribu-
tion of drug within the fibers was uniform and directly
proportional to the initial loaded amount.

RESULTS AND DISCUSSION

Effect of Solution Concentration
The as-prepared solutions of PCL in dichlorometh-

ane at various concentrations (i.e., 5, 10, 13, 15, and
17% w/v), PVA in distilled water at various concen-
trations ranging between 8 and 16% w/v, and PVA/
SA in distilled water at various concentrations of SA
ranging between 1 and 5% w/v for a fixed PVA con-
centration of 10% w/v in an equal weight ratio be-
tween the two solutions were characterized for their
viscosity, surface tension, and conductivity, prior to
electrospinning, and the results are summarized in Ta-
ble I. For PCL and PVA solutions, the viscosity was
found to increase significantly, while the surface ten-
sion increased slightly, with increasing concentration
of the solutions. The increased viscosity was obviously
due to the increased molecular entanglements. For
PVA/SA blend solutions, addition of an equal weight
of SA solutions with 10% w/v PVA solution caused
the actual concentration of PVA solution to decrease
by about half, thus reducing the viscosity of the result-
ing blend solutions significantly (see Table I). The in-
crease in the SA concentration also caused the viscos-
ity of the resulting blend solutions to increase. In term
of the conductivity, an increase in the PVA concentra-
tion caused the conductivity to increase slightly. On
the contrary, the addition and an increase in the SA
concentration in the PVA/SA blend solutions caused
the conductivity of the blend solutions to increase

Table I. Some properties of the as-prepared

PCL, PVA, and PVA/SA solutions

Polymer

Solution
concentration

Viscosity
Surface
tension

Conductivity

(% w/v)
(cP)

(mN/m)
(mS/cm)

5 7 20.0 —

10 31 21.0 —

PCL 13 67 21.0 —

15 90 22.0 —

17 125 22.0 —

8 454 41.6 153

9 676 42.0 163

10 1996 42.0 174

11 2353 42.5 176

PVA 12 4156 43.0 179

13 5362 43.2 185

14 8415 43.9 192

15 — 44.1 198

16 — 44.2 217

1 185 44.4 1340

2 363 44.5 1620
10% w/v

3 684 44.6 2200
PVA/SA

4 888 45.0 2880

5 2134 45.7 3870
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significantly, likely a result of the dissolution products
of SA (i.e., Naþ and alginate� ions).
Electrospinning of the PCL solutions was carried

out at a fixed applied electrostatic field strength of
7.5 kV/10 cm. For PCL solutions in dichloromethane,
only droplets were obtained at the concentrations of
5, 10, and 13% w/v. At such low concentrations, the
viscoelastic force (i.e., a result of the low degree of
chain entanglements) in a given jet segment was not
large enough to counter the higher Coulombic repul-
sion force, resulting in the break-up of the charged
jet into many smaller jet segments, which later round-
ed up, as a result of the surface tension, to form drop-
lets. When the concentration increased to 15 and 17%
w/v, electrospun fibers were obtained (see Figure 1a
and b), which attributed to the increased chain enta-
glements that were sufficient to prevent the break-up
of the charged jet and to allow the Coulombic stress
to further elongate the charged jet during its flight
to the grounded collector.29,30 The average diameter
of the as-spun PCL fibers ranged between about 2.6
and 4.5 mm. A high magnification of the SEM images
(see Figure 1c and d) revealed rough surface topogra-
phy of the fibers, possibly a result of the rapid evapo-
ration of the solvent (i.e., boiling point of dichloro-
methane = 40 �C) prior to solidification. On the other
hand, electrospinning of the PCL solutions in chloro-
form at all concentrations investigated (i.e., 5, 10, 13,
15 and 17% w/v) only resulted in the formation of

droplets.
Electrospinning of the PVA solutions in distilled

water was carried out at a fixed applied electrostatic

(a)

(c)

(b)

(d)

Figure 1. Selected SEM images of electrospun fibers from (a,c) 15 and (b,d) 17% w/v PCL solutions in dichloromethane at (a,b) 200x

(scale bar = 100 mm) and (c,d) 1000x (scale bar = 10 mm). The applied electrostatic field strength was 7.5 kV/10 cm.

(a)

(b)

Figure 2. Selected SEM images (scale bar = 1 mm) of electro-

spun fibers from (a) 10 and (b) 12% w/v PVA solutions in distilled

water. The applied electrostatic field strength was 8 kV/10 cm.

K. KANAWUNG et al.

372 Polym. J., Vol. 39, No. 4, 2007



field strength of 8 kV/10 cm. Within the concentration
range investigated (i.e., from 8 to 16% w/v), all of the
PVA solutions produced uniform and smooth fibers
(see Figure 2). The average diameter of the obtained
PVA fibers ranged from about 244 nm at a concentra-
tion of 8% w/v to about 549 nm at a concentration of
16% w/v (see Figure 3). The increased concentration
(i.e., increased viscoelastic force) enabled the charged
jet to withstand larger Coulombic repulsion force, re-
sulting in the observed larger diameters of the charged
jet (ultimately, the as-spun fibers).30 The increased
viscoelastic force also caused the onset for the bend-
ing instability to occur further away from the tip of
the nozzle, causing the total path length that a jet seg-
ment traveled to the collector to decrease. The shorter
path length decreased the probability for the charged
jet to be elongated by the Coulombic repulsion force,

PVA concentration (% w/v)
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Figure 3. Average diameter of electrospun PVA fibers plotted

as a function of PVA solution concentration.

(a)

(c)

(b)

(d)

(e)

Figure 4. Selected SEM images (scale bar = 1 mm) of electrospun fibers from blend solutions of 10% w/v PVA solution and SA solu-

tion of varying concentration [i.e., (a) 1, (b) 2, (c) 3, (d) 4, and (e) 5% w/v] in an equal weight ratio between the two solutions. The applied

electrostatic field strength was 10 kV/10 cm.
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hence the observed increase in the diameters of the
fibers with increasing concentration.30

Figure 4 shows selected SEM images of the as-spun
fibers from the blend solutions of 10% w/v PVA solu-
tion and SA solutions of varying concentration be-
tween 1 and 5% w/v in an equal weight ratio. Electro-
spinning of these blend solutions was carried out at
a fixed applied electrostatic field strength of 10 kV/
10 cm. As previously mentioned, the addition of an
equal weight of SA solutions with 10% w/v PVA so-
lution caused the actual concentration of PVA solu-
tion to decrease by about half, but the resulting blend
solutions still produced uniform and smooth as-spun
fibers. The average diameter of these fibers increased
from about 119 nm at the concentration of the SA so-
lution of 1% w/v to about 182 nm at the concentration
of the SA solution of 5% w/v (see Table II). Clearly,
these obtained fibers were much smaller than those
obtained from 8% w/v PVA solution (i.e., 244 nm),
as normally would obtain.

Effect of Applied Electrical Potential
To illustrate the effect of applied electrical potential

on morphological appearance and size of the obtained
PCL fibers, 17% w/v PCL solution in dichlorometh-
ane was electrospun under various electrical potentials
(i.e., 7.5, 8.5 and 9.5 kV) that were applied over a
fixed collection distance of 10 cm. Similar to what
have been shown in Figure 1, the obtained PCL fibers
were not uniform, possibly due to the high volatility
of the solvent. Specifically, the diameters of the as-
spun fibers were in the range of 4.5–4.7 mm at 7.5 kV,
3.4–4.2mm at 8.5 kV, and 3.0–3.9 mm at 9.5 kV. Appa-
rently, the fiber diameters decreased with increasing
applied electrical potential. The effect of applied elec-
trical potential was also investigated on the as-spun fi-
bers from PVA/SA blend solutions. In such studies,
the applied electrical potential was increased from 10
to 15 kV over a fixed collection distance of 10 cm.
Evidently from Table II, the average diameter of the
as-spun PVA/SA fibers for any given concentration

of the SA solutions was found to decrease with in-
creasing applied electrical potential. The observed
decrease in the diameters of the obtained fibers with
increasing applied electrical potential, in both cases,
could be due to the increase in the electrostatic
force.31 Nonetheless, conflicting results have also
been observed and reported.32,33

Effect of Collection Distance
Figure 5 shows selected SEM images of the as-spun

fibers from 10% w/v PVA solution under a fixed elec-
trical potential of 8 kV that was applied over a collec-
tion distance of 10, 15, or 20 cm. Clearly, the as-spun
fibers were uniform and smooth, with the average di-
ameter decreasing from about 310 nm at a collection
distance of 10 cm to about 269 nm at a collection dis-

Table II. Diameters of electrospun fibers obtained from

blend solutions of 10% w/v PVA solution and SA solution

of varying concentration ranging from 1 to 5% w/v in an

equal weight ratio under an electrical potential of either

10 or 15 kV across a collection distance of 10 cm

Solution
Fiber diameters (nm)

10 kV 15 kV

10% w/v PVA/1% w/v SA 119� 20 116� 15

10% w/v PVA/2% w/v SA 131� 15 123� 21

10% w/v PVA/3% w/v SA 134� 22 131� 22

10% w/v PVA/4% w/v SA 178� 38 150� 34

10% w/v PVA/5% w/v SA 182� 35 152� 41

(a)

(b)

(c)

Figure 5. Selected SEM images (scale bar = 1 mm) of elec-

trospun fibers from 10% w/v PVA solutions in distilled water

under an electrical potential of 8 kV applied across a collection

distance of (a) 10, (b) 15, or (c) 20 cm.
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tance of 20 cm. The observed decrease in the average
fiber diameter with increasing collection distance was
likely a result of the increased total path length that a
jet segment travelled to the collector, thus increasing
the likelihood for the charged jet to be further elongat-
ed by the Coulombic repulsion force.34

Release of Model Drugs from Drug-Loaded Electro-
spun Fiber Mats
Drug-loaded as-spun PVA fiber mats were prepared

from 10% w/v PVA solutions loaded with tetra-
cycline hydrochloride (TH) in various amounts (i.e.,
0.2, 0.3, 0.4, and 0.5 g) under an applied electrostatic
field strength of 8 kV/10 cm. Figure 6 shows selected
SEM images of TH-loaded as-spun PVA fiber mats.
Obviously, the addition of TH within the PVA solu-
tion affected the morphological appearance and size
of the resulting fibers. Noticeably, the obtained fibers
were not uniform, and the average fiber diameter was
found to increase with increasing amount of TH. Spe-
cifically, it increased from about 300 nm for neat as-
spun fibers to 330 nm for the PVA solution having
0.2 g of TH and, finally, to 560 nm for the PVA solu-
tion containing 0.5 g of TH. In a similar manner, drug-
loaded as-spun PCL fiber mats were prepared from
15% w/v PCL solutions incorporated with diclofenac
sodium (DS) in various amounts (i.e., 10, 30, and
50mg) under an applied electrostatic field strength
of 7.5 kV/10 cm. Figure 7 shows selected SEM im-

(a)

(c)

(b)

(d)

Figure 6. Selected SEM images (scale bar = 20 mm) of drug-loaded electrospun fiber mats from 10% w/v PVA solutions loaded with

the initial amount of TH of (a) 0.2, (b) 0.3, (c) 0.4, and (d) 0.5 g, respectively. The applied electrostatic field strength was 8 kV/10 cm.

(a)

(b)

Figure 7. Selected SEM images of (a) neat electrospun PCL

fiber mat (scale bar = 10 mm) and (b) DS-loaded electrospun

PCL fiber mat (scale bar = 20 mm) from neat and drug-loaded

PCL solutions. The concentration of the PCL solution was 15%

w/v; the initial drug content was 10mg; and the applied electro-

static field strength was 7.5 kV/10 cm.
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ages of neat and DS-loaded as-spun PCL fiber mats.
Evidently, the addition of the drug caused the fibers
to become larger and less uniform. Similarly, the di-
ameters of the resulting fibers were also found to
increase with increasing amount of DS.
The release characteristics of the model drugs from

DS-loaded electrospun PCL and TH-loaded electro-
spun PVA fiber mats were carried out by the total
immersion method, using acetate buffer solution as
the transfer medium at a controlled temperature of
37 �C. The cumulative amount of drugs released from
the DS-loaded electrospun PCL fiber mats and TH-
loaded electrospun PVA fiber mats with or without a
thin coating layer of electrospun PVA/SA fibers is re-
spectively shown in Figures 8 and 9. The cumulative
amount of drugs released was reported both as the
percentage of the calculated amount of drugs being
present in the specimens and as the weight of the
drugs released normalized over 1 g of the drug-loaded

fiber mat specimens.
For the release of DS from DS-loaded electrospun

PCL fiber mats, the cumulative amount of DS increas-
ed rapidly in the first 20 to 30min and became practi-
cally constant at long immersion times. Interestingly,
the total amount of DS released after long immersion
times (i.e., at 465min) was found to decrease with in-
creasing the initial amount of DS loaded in the PCL
solution. Specifically, such values were only about
3.09, 2.03, and 2.25% (see Figure 8a) for the initial
amount of DS of 10, 30, and 50mg, respectively. In-
tuitively, the DS-loaded as-spun PCL fiber mat from
the solution that contained the highest amount of the
drug should exhibit the highest rate of release and
the highest amount of drug released. Such an order
was not observed in Figure 8a, which is a result of
the difference in the thickness of the fiber mat sam-
ples, hence the difference in the weight of the sam-
ples. However, when the cumulative amount of the
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Figure 8. Cumulative amount of DS released from DS-loaded PCL fiber mats that were electrospun from PCL solutions loaded with

( ) 10, ( ) 30 and ( ) 50mg of DS over an immersion period of 465min: expressing in terms of (a) percentage of initial drug loaded and

(b) weight of DS released (mg) per 1 g of drug-loaded PCL fiber mat.
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drug released was expressed as the weight of DS re-
leased per gram of the PCL fiber mats (see Figure 8b),
the total amount of DS release after 465min increased
with increasing the initial amount of DS loaded in the
PCL solution, which was found to be about 194, 413,
and 774mg per 1 g of the PCL fiber mats for the initial
amount of DS of 10, 30, and 50mg, respectively.
A similar behavior was also observed for the re-

lease of TH from TH-loaded electrospun PVA fiber
mats. Particularly, the total amount of TH released
at long immersion times (i.e., at 390min) was about
81.4, 62.6, 38.2, and 30.4% (see Figure 9a) for the in-
itial amount of TH of 0.2, 0.3, 0.4, and 0.5 g, respec-
tively. However, when a thin layer of as-spun PVA/
SA fibers were coated on the TH-loaded electrospun
PVA fiber mats, the total amount of the drug released
was reduced to about 28.3, 36.9, 35.4, and 24.9% (see
Figure 9b), respectively. Comparing with the total
amount of drug released from the drug-loaded PCL fi-
ber mats, the drug-loaded PVA fiber mats were able to

release the drug in a much greater amount, most likely
a result of the main difference between the two matri-
ces in which PVA was able to swell and partially dis-
solve in the aqueous medium, while PCL was not.

CONCLUSION

In the present contribution, the effects of solution
and process parameters (i.e., solution concentration,
applied electrical potential, and collection distance)
on morphological appearance and size of electrospun
polycaprolactone (PCL), poly(vinyl alcohol) (PVA),
and PVA-sodium alginate (PVA/SA) fibers were
investigated using scanning electron microscopy
(SEM). Generally, the spinnability and the average fi-
ber diameter were found to increase with increasing
solution concentration. For PCL fibers, the average fi-
ber diameter ranged between 2.6 and 4.5mm. For PVA
fibers, it ranged between 244 and 549 nm, while, for
PVA/SA fibers, it ranged between 119 and 182 nm.
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Figure 9. Cumulative amount of TH released from TH-loaded PVA fiber mats that were electrospun from PVA solutions loaded with

( ) 0.2, ( ) 0.3, ( ) 0.4, and (�) 0.5 g over an immersion period of 390min: (a) for the drug-loaded mats without a thin layer of as-spun

PVA/SA fibers and (b) for the drug-loaded mats covered with a thin layer of as-spun PVA/SA fibers.
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In addition, the diameters of the obtained fibers de-
creased with the increase in both of the applied elec-
trical potential and the collection distance. Incorpora-
tion of tetracycline hydrochloride (TH) in various
amounts in 10% w/v PVA solution caused the result-
ing as-spun fibers to be non-uniform and the average
fiber diameter was found to increase from about
330 nm for the PVA solution containing 0.2 g of TH
to about 560 nm for the solution containing 0.5 g of
TH. Incorporation of diclofenac sodium (DS) in
15% w/v PCL solution also resulted in larger as-spun
fibers. The release characteristics of the drugs from
these drug-loaded as-spun PCL and PVA fiber mats,
by the total immersion method, showed that the cumu-
lative release of the model drugs increased monotoni-
cally with increasing immersion time and became
practically constant at long immersion times. The total
amount of the drugs released for these drug-loaded fi-
ber mats at long immersion times was generally found
to decrease with increasing the initial amount of the
drugs loaded in the spinning solutions, a direct result
of the discrepancy in the weight of the samples. Final-
ly, a thin layer of PVA/SA fibers that were electro-
spun directly on TH-loaded PVA fiber mats caused
the total amount of the drug released to decrease ap-
preciably.
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