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Abstract: Biodegradable and elastic poly(L-lactide-co-g-caprolactone) (PLCL) was electrospun to prepare nanofi-
bers, and N-isopropylacrylamide (NIPAAm) was then grafted onto their surfaces under aqueous conditions using
*Co-y irradiation. The graft yield increascd with increasing irradiation dose from 5 to 10 kGy and the nanofibers
showed a greater graft yield compared with the films. SEM confirmed that the PLCL nanofibers maintained an inter-
connected pore structure after grafting with NIPAAm. However, overdoses of irradiation led to the excessive forma-
tion of homopolymer gels on the surface of the PLCL nanofibers. The cquilibrium swelling and deswelling ratio of
the PNIPAAm-g-PLCL nanofibers (prepared with 10 kGy) was the highest among the samples, which was consis-
tent with the graft yield results. The phase-separation characteristics of PNIPAAm in aqueous conditions conferred
a unique temperature-responsive swelling behavior of PNIPAAm-g-PLCL nanofibers, showing the ability to absorb
a large amount of water at < 32 °C, and abrupt collapse when the temperature was increased to 40 °C. In accordance
with the temperature-dependent changes in swelling behavior, the release rate of indomethacin and FITC-BSA
loaded in PNIPAAm-g-PLCL nanofibers by a diffusion-mediated process was regulated by the change in tempera-
ture. Both model drugs demonstrated greater release rate at 40 °C relative to that at 25 °C. This approach of the tem-
perature-controlled release of drugs from PNIPAAm-g-PLCL nanofibers using gamma-ray irradiation may be used

to design drugs and protein delivery carriers in various biomedical applications.
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Introduction

Electrospinning is a useful technique for producing non-
woven and highly porous nanofibers with diameters in the
nm-pm range.'” Recently, this technology has been used to
control the morphology, porosity, and composition of bio-
materials for many biomedical applications.** In particular,
the potential of applying micro/nano-scaled scaffolds in tis-
sue engineering 1S enormous, becaus¢ the nano-scalc
dimensions provide a well-defined architecture with high
surface area to volume ratio, allowing a favorable microen-
vironment for tissue growth.™” Thus, tissue engineering
with scaffolds has been focused on the production of an
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ideal three-dimensional nanofibrous structure capable of
reconstituting natural extracellular matrix (IECM) and allow-
ing for the subsequent proliferation of seeded cells, thereby
stimulating new tissue formation."

To enhance tissue repair and regeneration, growth factors
are often loaded within the scaffolds and delivered in a local
tissue defect. Although many carriers loaded with growth
factors have been proposed for particular types of tissue, the
control over the growth factor release from the scaffolds
remains a challenge.'*"* Because tissue regeneration is a
highly coordinated process involving many types of growth
factors, it is imperative to produce an ideal delivery carrier
with the capability of releasing growth factors in a con-
trolled manner. One approach to this problem is the use of a
stimuli-sensitive delivery system, which is able to regulate
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growth factor release in response to external stimuli—such
as small changes in pH or temperature—through the change
of its swelling behavior, permeability, or mechanical
strength. '8

Poly(N-isopropylacrylamide)(PNIPAAm) has been used
to produce temperature-sensitive drug delivery carriers due
to its lower critical solution temperature (LCST) in aqueous
conditions at around 32 °C.*'*** PNIPAAm hydrogels exhibit
remarkable hydration/dehydration in response to tempera-
ture change. Although NIPAAm has been widely employed
to prepare hydrogels and films, there has been little study of
temperature-responsive nanofibers. Furthermore, grafting
NIPAAm to nanofibrous synthetic biodegradable polymers
such as poly(L-lactide), poly(glycolide), poly(caprolactone),
and their copolymers is more challenging, due to the pres-
ence of limited number of functional groups for conjugation
with NIPAAm.

In the present study, gamma-ray irradiation was applied to
prepare temperature-responsive PNIPAAm-grafted poly(L-
lactide-co-s-caprolactone) (PLCL) nanofibers. Gamma-ray
irradiation grafting technology is known to be a convenient
tool for the surface modification of the morphological and
chemical properties of various substrates.”* It is relatively
simple to use, and moreover, the ability to modify the inter-
nal surface of a 3D matrix can be controlled easily by varying
the irradiation dose.”** PLCL has several unique properties
such as high elasticity and biocompatibility, and is widely
used in scaffolds and drug delivery matrices.”

Firstly, the effect of irradiation doses on the graft yield of
PLCL substrate was investigated. We examined the gamma-
ray irradiation technique for introduction of PNIPAAm,
comparing the efficacy of addition to PLCL nanofibers and
films. Secondly, we examined the graft efficiency on the
swelling/deswelling ratio of PNIPAAm-g-PLCL substrates in
response to temperature change, under both static and pulsatile
conditions. Finally, the hydrophobic and hydrophilic model
drugs (indomethacin and FITC-BSA, respectively) were
loaded in PNIPAAm-g-PLCL substrates and their temperature-
dependent release behaviors were monitored and compared.

Experimental

Materials. L-Lactide was purchased from Purac Biochem
(Netherlands), purified by recrystallization using dried ethyl
acetate, and thoroughly dried for 24 h under vacuum prior
to use. Stannous octoate, -caprolactone, 2,2 2-trifluoroeth-
anol (TFE), NIPAAm, and chloroform were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). Toluene and
&caprolactone were distilled using calcium hydride, and
stannous octoate was purified at 175 °C by vacuum distilla-
tion (ca. 0.2 mmHg). Dulbecco’s phosphate buffered saline
(PBS) was purchased from Gibco BRI (Rockville, MD, USA),
and water was distilled and deionized using the Milli-Q
System (Waters, Millipore, MA, USA). All other chemicals

140

and solvents were of analytical grade and were used without
further purification.

Synthesis of PLCL and Preparation of PLCL Nanofi-
bers and Films. PLCL was synthesized as previously
described.**” Briefly, equal molar amounts of L-lactide and
&caprolactone (100 mmol) were co-polymerized, using
stannous octoate (1 mmol) as a catalyst, at 150 °C for 24 h
in a 50mlL glass ampoule under anhydrous conditions.
After the reaction, the product was dissolved in chloroform
and micro-filtered, and the purified solution was reprecipi-
tated with an excess amount of methanol. The molar ratio of
lactide to caprolactone in the final product was 5.1/4.9 as
determined by nuclear magnetic resonance spectroscopy.
Gel permeation chromatography confirmed that the number
average (M,) and weight average (M,) molecular weights
were 271,000 and 348,000, respectively.

In order to fabricate nanofibers, PLCL was dissolved in
TFE (10% w/v) and directly electrospun to an aluminum
foil sheet placed on the collector. Specifically, the PLCL
solution was loaded in a 20 mL glass syringe (Hamilton,
NV, USA) equipped with a blunt 23 gauge needle. The glass
syringe was then placed in a syringe pump (KD Scientific
Single-Syringe Infusion Pump, Fisher, MA, USA) and the
needle was connected to the positive output of a high volt-
age power supply (NanoNC, Seoul, Korea). The polymer
solution was then electrospun directly to the aluminum foil
wrapping around the ground collector (9 cm in diameter),
located at a fixed distance of 20 ¢m from the needle, at room
temperature (RT). The flow rate of the solution, applied
voltage, and spinning time were set to 2 mL/h, 18-20 kV,
and 24 h, respectively. Following the spinning process, the
nanofibers were rinsed three times with distilled, deionized
water (DDW) to remove any residual chemicals, and dried
at RT overnight.

PLCL films were prepared using a solvent casting pro-
cess. PLCL solution was dissolved in chloroform (20% w/v)
for 4 h at RT; 10 mL of the solution was poured into a 70
mm glass dish and dried at 60 °C.

Surface Grafting of NIPAAm Onto PLCL-Based Sub-
strates Using Gamma-Ray Irradiation. NIPAAm was
grafted to the surface of the PLCL films and nanofibers
using gamma-ray irradiation (Figure 1). The PLCL films
and nanofibers were immersed into the NIPAAm solution (1
wi% in water), and exposed to “°Co jrays (ACEL type C-
1882, Korea Atomic Energy Institute, 2.15 x 10° rad/h, 5 or
10 kGy) at room temperature for 10 h. Following the graft
reaction, the samples were washed with DDW three times
and soaked in DDW for 72 h in order to remove any resid-
ual unreacted NIPAAm monomers, as well as homopoly-
mers that may have been produced during the irradiation
process. After thorough rinsing, the samples were dried
under vacuum at 50 °C before any measurements. The des-
ignation of each sample prepared from different irradiation
doses is presented in Table 1.
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Figure 1. Chemical structures of (a) NIPAAm monomer and (b) PLCL. (c) Schematic illustration of the grafting of NIPAAm onto the
surface of PLCL substrates to prepare PNIPAAm-g-PLCL films and nanofibers. R1-R7 represent possible structures of radicals formed

by gamma-ray irradiation.

Table L. Designation and Preparation Conditions of PNIPAAm-g-
PLCL Films and Nanofibers Using Various Irradiation Doses

Sample Types NIPAAm((\if([);oc)entration“ Irradi(akti(cg;l)Dose
PLCL Film { 15O

1 S
PLCL Nanofiber 1 o

“Solvent: water.

Characterizations of the PNIPAAm-g-PLCL Films
and Nanofibers. The graft yield was measured based on the
weight change during irradiation. The samples were
weighed before (%)) and after (W) the reaction, and the

graft yield was calculated by the following equation of (W,—

W1)/W,(%). The morphology of PNIPAAm-g-PLCL substrates
was examined using scanning electron microscopy (SEM,
JEOL JSM-6300, Japan). The specimens (5 x 5 mm) were
obtained before and after the irradiation and they were
mounted onto sample studs and coated with gold using a
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sputter coater (Eiko IB3, Tokyo, Japan) for 5 min. The
microscope was operated at 15 kV to visualize the morphol-
ogy of the samples.

To confirm the presence of functional groups on the sur-
face of the PLCL substrates, attenuated total reflectance
fourier transform infrared (ATR-FTIR) spectroscopic mea-
surement was carried out with a Bruker TENSOR 37 (Bruker,
MA, USA) spectrophotometer. ATR spectra were recorded
at 16 scans with resolution of 4 cm™ and the recording range
was between 2000 and 1000 cm™. The X-ray photoelectron
spectroscope (XPS) measurement was performed using an
ESCA LAB 2201 (Thermo VG Scientific, MA, USA) spec-~
trometer with a magnesium anode source producing Mg
Ko (1253.6 eV photons) X-rays, with pass energy of 20 eV
for high-resolution narrow scans and 150 eV for low-resolu-
tion wide scans.

Swelling Studies of PNIPAAm-g-PLCL Films and
Nanofibers. To study swelling kinetics in response to tem-
perature change, PNIPAAm-g-PLCL film and nanofiber
samples were incubated in DDW at 25 °C. The weight of
the swollen samples was measured at various time intervals
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up to 30 min, after excess water was removed from the sam-
ple surface. The swelling ratio was calculated using the fol-
lowing formula:

Swelling ratio (%) = (W,—W,) / W, *x100

where W, and W, are the weight of the samples in the swol-
len and dry state, respectively. The deswelling kinetics of
PLCL samples in response to temperature change were also
characterized, by measuring weight change following a
rapid increase in temperature from 25 to 40 °C.

The temperature-responsive equilibrium swelling behav-
ior was examined by measuring the swelling ratio of PLCL
samples after saturation in DDW for 1 day at each of four
different temperatures (25, 30, 37, and 40 °C).

The pulsatile swelling behavior was observed by measur-
ing the swelling ratio at alternating temperatures of 25 and
40 °C. Brietly, the samples were incubated in 40 °C for 5
min and their swelling ratio was measured; the samples
were immediately incubated at 25 °C for 5 min and their
swelling ratio was measured again. The same procedure
was repeated at least six times.

Thermo-Responsive Release of Indomethacin and FITC-
BSA. Indomethacin (IMC, 1-[p-chlorobenzoyl]-5-methnoxy-
2-methylindole-3-acetic acid) and FITC-BSA (Fluorescein
isothiocyanate-conjugated bovine serum albumin) were loaded
as model drugs in the PNIPAAm-g-PLCL films and nanofi-
bers. PLCL film and nanofiber samples grafied with
NIPAAm under the irradiation dose of 10 kGy were loaded
with each drug via swelling-mediated diffusion. Known
solutions of IMC (20% w/v) in ethyl alcohol and FITC-BSA
(10% w/v) in PBS (pH 7.4) were prepared, and the samples
(size=1x1 cm) were soaked in the drug solutions for
2 days at 25 °C. The samples were then blotted with filter
paper to eliminate the surface water and dried at room tem-
perature for 1 day.

The pulsatile drug release kinetics were observed by mea-
suring the cumulative amount of the drug released at tem-
peratures alternating between 25 and 40 °C four times. The
samples were incubated in 25 °C for 30 min and the drug
release was measured; after this the samples were immedi-
ately subjected to incubation at 40 °C for an additional
15 min and their drug release was again measured. The
amount of IMC released was analyzed using a HPLC spec-
trophotometer (YoungLin, Model UV730D, Seoul, Korea).
Solutions with known concentrations of IMC were used to
obtain the standard curve. The amount of released FITC-
BSA was determined with a microplate reader (A, 485 nm,
Aem 335 nm, Tecan Spectra Fluor Plus, MTX Lab Systems,
VA, USA).

Results and Discussion

Grafting of NIPAAm on PLCL Films and Nanofibers.
For both electrospun nanofibers and solvent-cast PLCL
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Figure 2. Graft yields of PNIPAAm-g-PLCL films and nanofi-
bers prepared with two different irradiation doses.

films, we found that graft yield increased with increasing
irradiation doses (Figure 2). When NIPAAm was grafted
onto the PLCL film, the graft ratio was increased from 0.05
+0.31% at 5 kGy to 0.43 £ 0.13% at 10 kGy. The nanofi-
bers demonstrated the same trend, but with considerably
higher graft yield: 0.99 + 0.11% at 5 kGy and 2.43 + 0.65% at
10 kGy. Graft yield can be regulated by various irradiation
parameters, including the concentration of monomers
(NIPAAm in our study), solvent type, reaction temperature,
and irradiation dose.”®* It has been widely established that
the irradiation dose is the predominating factor in control-
ling the graft yield. Consistent with previous reports from
other groups and our laboratories, the amount of grafted
NIPAAm onto the substrates appeared to be proportional to
the irradiation dose.***!

In an attempt to improve the graft yield, we increased the
irradiation dose above 10 kGy. However, this led to the for-
mation of PNIAAm homopolymer gels on the PLCL sub-
strate. The samples were extensively rinsed with DDW, but
the homopolymer gels appeared to be permanently attached
to the surface of the PLCL substrate. Therefore, 10 kGy
may be the maximum irradiation dose tested in our study
that minimizes the formation of the homopolymer gels on
the surface. Further improvements in the graft yield of
PNIPAAm-g-PLCL substrates may require the manipula-
tion of other conditions, such as the addition of non-solvent
to water (the current solvent) or adjustment of the monomer
concentration.

PLCL nanofibers showed significantly higher graft yield
than PLCL films. The increased graft yield for nanofibers
may be attributed to their greater surface area. Although we
did not quantitatively measure the surface area of the
nanofibers, the previous study has emphasized the advan-
tages of using nanofibers as drug delivery carriers or tissue
engineering scaffolds due to their greater surface area.”” Par-
ticularly, the electrospinning process proved to be an effec-

Macromol. Res., Vol. 16, No. 2, 2008
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Figure 3. SEM images and mean fiber diameters of PNIPA Am-g-PLCL films and nanofibers. PLCL films (a) before and (b) after 5-kGy
irradiation dose, respectively, and PLCL nanofibets (c) before and (d) after 5-kGy irradiation dose. The (¢) distribution of number of
fibers over ranges of fiber diameter where fiber diameters were measured from randomly chosen SEM images and (f) mean fiber diame-
ter of PNIPAAm-g-PLCL films and nanofibers prepared under the irradiation of 5 kGy.

tive source for the generation of a nanolibrous structure
comprising nano-scaled, non-woven, and interconnected pores
with a high surface area to volume ratio. Our results are in
good agreement with previous reports, suggesting that
nanofibers provide a greater platform for the grafting of bio-
logically functional groups by leading to higher graft yield
to the gamma-ray irradiation technique than 2-dimensional
films.

Characterizations of the PNIPAAm-g-PLCL Films and
Nanofibers.” Gamma ray irradiation did not alter the sur-
face morphology of the PLCL films (Figure 3). The SEM
image of nanofibers before and after 5 kGy irradiation also
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confirmed minimal change in the fiber diameter. For the
quantitative analysis, we chose more than 50 fibers from
randomly chosen 5 different fields of images and manually
measured their diameters using Photoshop. The largest
number of fibers were between 500 and 600 nm in diameter,
before and after irradiation (Figure 3(e)). Although the dis-
tribution of fiber diameters of nanofibers after irradiation
was shifted right-sided as compared to that before irradia-
tion, indicating slight increase in the fiber diameter, the
mean diameter was not statistically different. These results
suggest that the irradiation doses tested in our study suc-
cessfully introduced desirable functional groups on the sur-
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face of PLCL nanofibers without significant deformation of
the three-dimensional interconnected fibrous structure.
‘When we prolonged irradiation time and doses over 10 kGy,
surface gelation of PNIPAAm homopolymers was evident.
The SEM images (data not shown) demonstrated that these
homopolymers otten closed open pores between the nanofi-
bers and that the fiber diameters were significantly increased.
Although the gelation of PNIPAAm during the surface
grafting process has been reported elsewhere," the grafting
of PNIPAAm onto the nanofiber matrix, particularly biode-
gradable elastic PLCL, has not to our knowledge been pre-
viously studied. Therefore, the optimization of grafting
conditions by changing the solvent or the monomer concen-
tration may be an attractive topic for further investigation
(the tensile testing of the nanofiber specimen demonstrated
that the tensile strength and Young’s modulus were both
slightly decreased from 1.8 £ 0.3 to 1.1 + 0.4 (kgf/mm?) and
0.41+0.02 to 0.30=0.02 (kgf/mm?®), respectively. However,
the elongation at break of the nanofibers were from
159.5+£15.2 to 146.2 + 36.5 following the irradiation pro-
cess, which was statistically consistent. Despite the reduced
tensile strength and Young’s modulus, the nanofibers main-
tained elastic properties and were mechanically stable dur-
ing the whole experiment).

The surface properties of the PNIPAAm-g-PLCL films
and nanofibers were characterized by ATR-FTIR and XPS
measurements. The characteristic peak for PLCL was detected
at 1769 cm™ in all groups, indicating the presence of ester
groups,* while two additional peaks at 1540 and 1656 cm”
were observed in PNIPAAm-grafted samples (Figure 4(a)).
These bands are attributed to secondary amide C=0O stretch-
ing and N-H stretching of present in NIPAAm polymer
chains, suggesting the successful grafling of NIPAAm to the
PLCL substrate.”** Notably, the intensity of these two bands
in PNIPAAm-g-PLCL fibers was greater than those in
PNIPAAmM-g-PLCL films, indicating that the amount of grafted
PNIPAAm may be correspondingly greater. Together with
the results from quantitative measurement of the graft yield,
this suggests that nanofibers produce greater graft yield
under the conditions tested.

XPS indicates the presence of nitrogen atoms on the sur-
face of the PNIPAAm-g-PLCL films and nanofibers (Figure
4(b)). PLCL showed only C 1s and O 1s peaks presented at
binding energies of ca. 291 and 530 eV, respectively, and
the peak area ratio of O 1s/C s was also found to be in
good agreement with the theoretical values of O/C in PLCL
(data not shown). In addition, we observed the presence of
N 1s peak at 399 eV in PNIPAAm-g-PLCL films and nanofi-
bers, which was consistent with previous results.*’

Swelling and Deswelling of PNIPAAm-g-PLCL Substrates.
All samples demonstrated rapid swelling and reached an
equilibrium swelling state within 5 min (Figure 5). The
swelling ratios of nanofibers were greater than those of
PNIPAAm-g-PLCL films fabricated under the same condi-
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Figure 4. Surface chemical properties of PNIPAAm-g-PLCL

films and nanofibers. (a) ATR-FTIR and (b) XPS spectra of the
samples.

tions. For example, the equilibrium swelling ratio (after 10 min
of swelling) of PNIPAAm-g-PLCL films irradiated with
5 kGy was 0.45 + 0.75%, which was increased to 9.53 + 3.24%
for PNIPAAm-g-PLCL nanofibers irradiated with the same
dose. The swelling ratio of PNIPAAm-g-PLCL nanofibers
prepared by irradiation of 10 kGy was the highest (41.16 +
4.05%) among the samples, which may be due to their high
graft yield.*** Although the swelling ratio of the samples
was consistent with graft yield, it is not clear whether all the
grafted PNIPAAm was crosslinked with other chains or
maintained single chains to serve as polymer brushes.
Gamma-ray irradiation can generate a large number of radi-
cals, which indeed facilitate grafting as well as crosslinking
of NIPAAm to PLCL substrates in the reaction solution.
However, it is also difficult to control the cleavage sites
where new radicals are formed.

Deswelling occurred within 10 min, with the same trends
as observed for the swelling kinetics (Figure 5(b)). The deswell-
ing ratio of PNIPAAm-g-PLCL nanofibers prepared with
10 kGy irradiation was 84.27 + 6.48%, which was the great-
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Figure 5. Swelling and deswelling kinetics of PNIPAAm-g-
PLCL films and nanofibers in deionized water at (a) 25 °C and
(b) 40 °C.

est among all the samples. Meanwhile, PNIPAAm-g-PLCL
films prepared with 5 kGy irradiation were the least respon-
sive to the temperature change. The deswelling at the ele-
vated temperature is attributed to the loss of hydrophilic
interactions among amide groups in PNIPAAm chains.”’ As
the hydrophilic interactions are lost, the hydrophobic groups
in the PNIAAm network tend to form an aggregated structure.
The thermally induced hydrophobic interactions enforce the
collapse of the expanded chains formed at the lower temper-
ature, leading to the elimination of internally diffused water.
Although the grafted PNIPAAm hydrogels on the PLCL
substrates undergo temperature-dependent phase separation,
a small amount of water may be trapped within the hydro-
gels, which may explain the discrepancy between swelling
and deswelling ratio of all the samples.

We next investigated the temperature-dependant swelling
behavior of PNIPAAm-g-PLCL samples by incubation at
four different temperatures (25, 30, 37, and 40 °C), PNIPAAm-
g-PLCL films and nanofibers prepared with 10 kGy irradia-
tion showed significant changes in swelling ratio when the
temperature changed from 30 to 37 °C (Figure 6). These results
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are consistent with the lower critical solution temperature
(LCST) characteristics of PNIPAAm; PNIPAAm in water
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exhibits a reversible phase transition around 32 °C." The
swelling ratio of PNIPAAm-g-PLCL films and nanofibers
(prepared with 10 kGy) decreased from 2.50 £ 0.67 to
0.85 + 0.47% and from 37.47 + 15.88 to 21.21 £ 2.91%,
respectively, when the temperature dropped from 37 to 30 °C.
However, PNIPAAm-g-PLCL films and nanofibers (pre-
pared with 5 kGy) maintained a similar level of swelling
ratio irrespective of the temperature change, which may be
due to their relatively low graft yields.

Pulsatile swelling processes in samples proved to be
repeatable with temperature changes (Figure 7). The
PNIPAAm-g-PLCL nanofibers (5 and 10kGy) rapidly
responded to temperature change, whereas the swelling ratios
of the PLCL films were unchanged during the swelling and
deswelling process.

In vitro Release Kinetics of IMC and FITC-BSA. Figures
8(a) and (b) show the release profiles of IMC and FITC-
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BSA released from PNIPAAm-g-PLCL films (10 kGy) and
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PLCL substrates for the delivery of hydrophobic as well as
hydrophilic molecules. The cumulative amount of IMC and
FITC-BSA released from the PNIPAAm-g-PLCL substrates
was 8.5+2.2 and 13.3+2.3 pg/mL, respectively, after three
cycles of repeated temperature changes between 25 and
40 °C. Figure 8(c) shows the pulsatile release rate based on
the release profiles. Distinct pulsed drug release kinetics
form the PNIPAAm-g-PLCL nanofibers were observed;
the release rate was significantly higher at 40 °C. The
deswelling and the increased molecular motion energy at
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the incorporated drugs from the PNIPAAm-g-PLCL sub-
strates. Consistent with previous results, the release rate
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and nanofibers in deionized water in response to temperature change between 25 and 40 °C.
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from the nanofibers was greater than that from the films.”
Therefore, the pulsatile release rate and the amount of drug/
protein released were controlled by both the deswelling
kinetic speed and the grafted PNIPAAm contents of the sur-
face substrates, which were considered to be important
parameters for controlled release using temperature-sensi-
tive nanofibers. Although the PNIPAAm-g-PLCL nanofi-
bers demonstrated temperature-sensitive release of IMC and
FITC-BSA, the ability of the substrate to respond to the
external stimuli seems to be reduced by the repeated experi-
ments. The control of the amount of PNIAAm and size of
nanofibers can be further optimized to maximize the num-
ber of repeatable release of desirable drugs in response to
the temperature change.

Conclusions

In this study, we prepared PNIPAAm-g-PLCL films and
nanofibers using gamma-ray irradiation. The graft yield
increased with an increase in the irradiation dose. In addi-
tion, under the same irradiation condition PLCL nanofibers
allowed for greater graft yield compared to PLCL films due
to their higher surface area to volume ratio. All the samples
grafted with PNIAAm reached an equilibrium swelling/
deswelling stage within 10 min. The equilibrium swelling
ratio increased with the increase in the irradiation dose. The
swelling ratio of samples showed temperature-dependent
collapse from the swollen state when the samples were
placed from 30 to 37 °C; the temperature-sensitive swelling
change was reversible. The swelling ratio of PNIPAAm-g-
PLCL nanofibers prepared by irradiation of 10 kGy was the
greatest among the samples. It was also found that the
release of model drugs, IMC and FITC-BSA could be con-
trolled by the pulsed temperature change. Collectively, tem-
perature-sensitive PNIPAAm-g-PLCL clectrospun nanofibers,
due to their simple fabrication method combined with the
surface grafting technique and effective controlled swelling
behavior in response to physiological temperature changes,
can be used for drug delivery carriers for various biomedi-
cal applications.
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