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Abstract. Propranolol (PPL) imprinted microspheres (MIP) were successfully prepared via oil/water
polymerization using a methyl methacrylate (MMA) monomer, PLL template, and divinylbenzene
(DVB) cross-linker and favorably incorporated in a Eudragit-RS100 nanofiber membrane. A non-PPL
imprinted polymer (NIP), without a template, was used as a control. The morphology and particle size of
the beads were investigated using scanning electron microscopy. The results revealed that both MIP and
NIP had a spherical shape with a micron size of approximately 50-100 pm depending on the amounts of
DVB and PPL used. NIP2 (MMA/DVB, 75:2.5) and MIPS (PPL/MMA/DVB, 0.8:75:2.5) were selected for
reloading of PPL, and the result indicated that increasing the ratio of PPL to polymer beads resulted in
increase PPL reloading (>80%). A total of 10-50% NIP2 or MIP8 was incorporated into a 40% (w/v)
Eudragit-RS100 fiber membrane using an electrospinning technique. PPL could be bound to the 50%
MIP8 composite fiber membrane with a higher extent and at a higher rate than the control (NIP2).
Furthermore, the MIP8 composite fiber membrane showed higher selectivity to PPL than the other -
blockers (atenolol, metoprolol, and timolol). Thus, the MIP8 composite fiber membrane can be further

developed for various applications in pharmaceutical and other affinity separation fields.
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INTRODUCTION

In recent years, the affinity membrane separations have
received more attention as a novel technology for separation
and purification. To heighten selectivity in the filtration pro-
cess, affinity membranes have been developed to isolate mol-
ecules based on differences in physicochemical features rather
than molecular size (1,2). Owing to the high productivity of
membranes and the inherent selectivity of chromatography
resins, affinity membrane chromatography is now an attractive
and competitive method for purifying proteins or other bio-
molecules from biological fluids (1-3). The fabrication of mo-
lecularly imprinted polymers (MIPs) has been rapidly
growing. The molecular imprinting technique permits the spe-
cific recognition of macromolecules using templates (4,5). In
molecular imprinting, the complex formed between the tem-
plate molecule and the functional monomer is fixed via poly-
merization in the presence of an excess amount of a cross-
linking monomer. After removal of the template, MIPs can
rebind the original template very specifically (6). MIPs possess
several advantages including low cost, ease of preparation,
stability during storage, retention of activity over repeated
operations, high mechanical strength, good thermal and chem-

! Pharmaceutical Development of Green Innovations Group
(PDGIG), Faculty of Pharmacy, Silpakorn University, Nakhon
Pathom, 73000, Thailand.

2To whom correspondence should be addressed. (e-mail:
praneet@su.ac.th)

1530-9932/13/0200-0838/0 © 2013 American Association of Pharmaceutical Scientists

838

ical stability, and applicability in aggressive media (7,8). Thus,
MIPs have been widely applied in an increasing number of
applications including use as sensors (9-13), in chromato-
graphic separation (14-16), as artificial antibodies (17,18), in
binding assays (19), and for drug separation (20,21). In the
molecular imprinting processes, the selection of the template
and cross-linkers are important factors affecting the binding
affinity and specificity of the imprinted polymer. Yoshimatsu
et al. have demonstrated that imprinted microspheres selective
for propranolol (PPL) could be synthesized using the precipita-
tion polymerization method. When the ratio of two different
cross-linkers (divinylbenzene (DVB) and trimethylolpropane
trimethacrylate (TRIM)) was altered, the resulting micro-
spheres displayed different binding affinity and specificity for
PPL and different sizes. Use of the DVB cross-linker resulted in
superior binding affinity and specificity for PPL compared to use
of the TRIM cross-linker (22).

Electrospinning is a simple and versatile technique that
can be used to fabricate ultrafine fibers with diameters ranging
from submicrons to nanometers. The fibers generated using
this method exhibit excellent attributes, such as very large
surface to volume ratios and a high porosities with a small
pore size (23). Because of these attractive properties,
electrospun nanofibers have been used in biomedical sciences,
filtration, optical sensors, and affinity membranes (24-26)

Previous studies have demonstrated that preformed MIP
particles can be incorporated into membranes (22) and due to
a high productivity of membranes, a high surface-to-volume
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ratio, and high porosities with a small pore size which could be
increase separation efficiency and the inherent selectivity of
MIP. Thus, the objective of this study was to develop a novel
material for affinity membrane separation using electrospun
fiber containing PPL-selective MIP. First, PPL-selective MIP
was synthesized using o/w emulsion polymerization. PPL,
methyl methacrylate (MMA), benzoyl peroxide (BP), and
DVB were used as the molecular template, monomer, initia-
tor, and cross-linker, respectively. A non-molecular imprinted
polymer (NIP) prepared using the same approach as the MIP
but without the template was used as a control to determine
the selectivity of the resultant MIP. The morphologies and
particle sizes of the resulting MIP and NIP were determined
using scanning electron microscopy (SEM). The percentage of
PPL loaded into the obtained PPL-selective imprinted poly-
mer beads compared with NIP was investigated. The selectiv-
ity for the PPL of imprinted polymer beads was also
investigated by comparing the binding ability to other B-
blockers including atenolol (ATE), metoprolol tartrate
(MET), and timolol maleate (TIM). Finally, the PPL-selective
MIP was incorporated into an electrospun fiber and was char-
acterized to create a PPL-selective MIP membrane that can be
applied in various fields.

MATERIALS AND METHODS

Materials

Poly(ethyl acrylate-co-methyl methacrylate-co-
trimethylammonioethyl methacrylate chloride) (Eudragit-
RS100) was purchased from Rohm GmbH, co., Germany.
Polyvinyl alcohol (PVA; MW 85,000-124,000, 87-89% hydro-
lyzed), MMA 99%, BP 75%, DVB 80%, ATE, MET, PPL
hydrochloride, TIM, and N,N dimethylformamide (DMEF,
>99.8%) were purchased from Sigma Chemical Co., USA.
All other reagents and solvents were commercially available
and were of analytical grade.

Synthesis of the PPL-Selective Imprinted Polymer Beads

PPL-imprinted polymer beads were synthesized by
o/w emulsion polymerization. The formulations contained
MMA (75 ml), BP (3 g), and various amount of PPL
template and DVB as shown in Table I. The PPL in free
base form was dissolved in the oil phase containing
MMA, DVB, and BP. The oil phase was gradually added
to the aqueous phase, a 500-ml 0.5% (w/v) PVA solution,
at 85°C with fixed stirring (400 rpm). The solution was
maintained under these conditions until polymerization
was complete (4 h). The bead was then rinsed several
times with deionized water and methanol. The template
was extracted from the polymer microspheres by repeat-
edly rinsing with a 1:9:9 (v/v/v) acetic acid,
dichloromethane, and methanol mixture until no template
could be detected from the washing solvent by UV-visible
spectrophotometry at a wavelength of 290 nm
(NanoVue™, GE Healthcare, UK). The NIPs were pre-
pared using the same method as the MIP but without the
addition of the PPL template during polymerization. The
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Table I. Formulations and Percentage Yield of PPL-Imprinted and
Non-PPL Imprinted Polymer Beads

PPL template
Formula (g) MMA (ml) DVB (g) BP(g) % yield
NIP1 0 75 2 3 532
NIP2 0 75 2.5 3 48.3
NIP3 0 75 3 3 42.6
MIP1 0.4 75 2 3 314
MIP2 0.4 75 2.5 3 26.5
MIP3 0.4 75 3 3 444
MIP4 0.6 75 2 3 18.6
MIP5 0.6 75 2.5 3 18.2
MIP6 0.6 75 3 3 25.0
MIP7 0.8 75 2 3 8.4
MIPS8 0.8 75 2.5 3 6.4
MIP9 0.8 75 3 3 12.5

NIP non-molecular imprinted polymers, MIP molecularly imprinted
polymers, PPL propranolol, MMA methyl methacrylate, DVB
divinylbenzene, BP benzoyl peroxide

percentage yields of NIP and MIP beads were calculated
using Eq. 1.

Total weight of polymer beads(Experimental value)

Yield (%)=
ield (%) Total amount of monomer added(Theoretical value)

x100

M

Alkali Hydrolytic Reaction of Polymer Beads

CH, i,

Fon—{—- oF -t
C=0 =0
tl)(:i-l_‘ OH

MMA MAA

The purpose of this reaction is to remove the methyl
groups of MIP to generate carboxylic acid functional groups
which are used for binding with propranolol. Briefly, 1 g of
MIP or NIP was hydrolyzed in a mixture of 4 g of NaOH and
1.8 ml of deionized water in 80 g of isopropyl alcohol at 85°C
for 12 h. The morphologies and particle sizes of the obtained
MIP and NIP beads were evaluated by SEM. The chemical
structures were characterized using Fourier transform infrared
(FTIR) spectrophotometry.

High voltage power supply

Polymer solution

Syringe pump

Rotating Grounded
Collector

Fig. 1. Electrospinning setup scheme
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Binding Ability of Polymer Beads to PPL

After the polymerization step, the polymer beads were
rinsed with a mixture of acetic acid, methanol, and
dichloromethane with a 1:9:9 (v/v/v) ratio. Dichloromethane
was added to swell the beads, and acetic acid and methanol
were added to remove any un-reacted monomers and tem-
plate molecules. Then, the methyl groups of the polymer
beads were removed by alkali hydrolysis to generate the
carboxylic acid functional groups as described above. The
ability of the PPL-imprinted polymer beads to selectively
bind to PPL was determined by the amount of bound drug
from the aqueous solution. In this process, the weight ratio

Tonglairoum et al.

of PPL/MIP or NIP was varied at 1:0.5, 1:1, and 1:2. The
mixture was stirred at 200 rpm at 30°C for 48 h. The
incubated dispersions were sampled every 2 h after centri-
fugation at 3,000 rpm for 5 min. The concentration of PPL
in the supernatant was determined by UV-visible spectro-
photometry at a wavelength of 290 nm (NanoVue™, GE
Healthcare, UK). The amount of bound drug was calculat-
ed from the difference in the concentrations before and
after incubation. All of the experiments were run in tripli-
cate (n=3). To compare the binding ability, other p-
blockers (ATE, MET, and TIM) were similarly prepared
using a weight ratio of p-blocker (ATE, MET, or TIM)/
MIP or NIP of 1:1.

Table II. SEM Images of Polymer Beads Obtaining PPL as a Template, MMA as a Functional Monomer, DVB as Cross-linker, and BP as an
Initiator (at Magnification of x100)

PPL (2)

MMA (ml):DVB(g):BP(g)

Template

0.4

0.6

0.8

53.8+9.0 ym

50.5+11.9 um

54.1£6.3 pm

PPL propranolol, MMA methyl methacrylate, DVB divinylbenzene, BP benzoyl peroxide
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Fig. 2. FTIR spectra of a NIP2 and b MIPS8 beads
Preparation Eudragit-RS100 Fiber Membrane

The homogeneous electrospun solutions were prepared
by dissolving Eudragit-RS100 in DMF/ethanol (67:33) at the
concentrations varied from 30% to 60% (w/v). Before
electrospinning process, shear viscosity and conductivity of
each solution was measured using a Brookfield DV-III pro-
grammable viscometer and an ECtestrl1+ conductivity, re-
spectively at 25°C. The Eudragit-RS100 solutions were
contained in a glass syringe with a plane tipped stainless steel
needle. The electrospinning process was conducted at 25°C
with the fixed applied voltage, the distance between a tip and
a collector, and the feeding rate at 15 kV, 15 cm, and 0.5 ml/h,
respectively. The electrospun nanofibers were collected on
aluminum foil that was covering the rotating collector. The
electrospinning setup is shown in Fig. 1.

Preparation of MIPs and NIPs Composite Eudragit-RS100
Fiber Membrane

An Eudragit-RS100 solution at a concentration of
40% (w/v) was selected for the preparation of Eudragit-
RS100 fibers containing 10-50% (w/w) MIP and NIP. The
size of the MIP or NIP beads was reduced using a ball
mill (speed 400 rpm). The beads were then added into the

70+

40% (w/v) Eudragit-RS100 in DMF/ethanol (67:33) solu-
tion and the mixture was stirred. The obtained solutions
underwent the electrospinning process described above,
and the obtained fibers were then dissolved in ethanol
to liberate the embedded MIP beads. The MIP was then
weighed and the % loading efficiency was calculated
according to Eq. 2.

% loading efficiency

_ Total amount of obtained beads

100
Total amount of initial beads x

)

Characterization of Fiber Membranes

The morphology and diameter of the nanofiber mats and
NIPs and MIPs composite Eudragit-RS100 fiber membranes
were determined using a SEM (Camscan Mx2000, England).
In this process, a small section of the electrospun fiber mats
was sputtered with a thin layer of gold prior to SEM observa-
tion. The average diameter of the fibers was determined by
using image analysis software (JMicroVision V.1.2.7, Switzer-
land). The chemical structure of the fibers was characterized
using a FTIR spectrophotometer (Nicolet 4700, USA). The
fiber samples were ground and pressed into KBr plates prior
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Fig. 3. FTIR spectra of a non-hydrolyzed and b hydrolyzed MIP8 beads
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Fig. 4. The percentage loading of PPL at drug-to-polymer beads ratios of triangle 1:0.5, square 1:1, and diamond 1:2 a
NIP and b MIP

to the FTIR analysis with a wave number range of 500-
4,000 cm ™.

Binding Affinity of 3-Blockers to NIP and MIP Composite
Eudragit-RS100 Fibers

The electrospun fiber mats containing polymer beads
were cut into circular plates with diameters of 1.5 cm and
then pulled away from the aluminum plate substrate. A
mixture of the p-blocker solution (PPL, ATE, MET, or
TIM) was incubated with the electrospun fiber containing
MIPs and NIPs at a weight ratios of 1:1. The mixture was
agitated at 200 rpm for 2 h at 30°C. The incubated disper-
sions were withdrawn after 3, 5, 10, 20, 40, 60, and
120 min. The amount of bound drug was calculated from
the difference in the concentrations before and after incu-
bation. All of the experiments were run in triplicate (n=3).
The concentration of each B-blocker in the supernatant was
determined using high-performance liquid chromatography
(HPLC) (Agilent Technology, USA). A Thermo (USA)
C18 column (4.6 mmx250 mm, 5 pm particle sizes) was
used. The elution was performed with a solvent system
containing acetonitrile and phosphate buffer (pH 7.4), and
0.2% (w/v) triethylamine at a flow rate of 0.8 ml/min at
ambient temperature. The detection wavelength of the di-
ode array detector was set at 225, 227, 290, and 294 nm for
ATE, MET, PPL, and TIM, respectively. The content of

a

100+

801

601

401

% PPL Reloading

20+

0 12 2 36 48
Time (h)

Tonglairoum et al.

[
[

% loading

24 36 48
Time (h)

each drug was determined using its calibration curve with
respect to the dilution factor.

Statistical Analysis

All of the experimental measurements were performed in
triplicate. Resulted values were expressed as mean value=+
standard deviation. The different percentage loading between
NIPs and MIPs were analyzed using the independent samples
t test. Statistical significance of differences in percentage load-
ing of all polymer bead formulations was examined using one-
way analysis of variance followed by least significant differ-
ence post hoc test. The significant level was set at p<0.05.

RESULTS AND DISCUSSION
MIP Bead Synthesis and Characterization

In molecular imprinting processes, the selection of the
template and cross-linker are important factors that affect
the binding affinity and specificity of the imprinted polymer.
Previous studies have demonstrated that imprinted micro-
spheres selective for PPL can be synthesized using the precipi-
tation polymerization method. Yoshimatsu et al. studied an
effect of the cross-linker ratio (DVB and TRIM) on the prop-
erties of microspheres including their binding affinity, specificity,
and size. The results indicated that use of the DVB cross-linker
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Fig. 5. The percentage PPL reloading in a NIP; circle NIP1 (DVB 2 g), square NIP2 (DVB 2.5 g), diamond NIP3
(DVB 3 g) and b MIP; circle MIP7 (DVB 2 g), square MIP8 (DVB 2.5 g), diamond MIP9 (DVB 3 g) at a drug-to-
polymer bead ratio of 1:1
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Fig. 6. The percentage loading of B-blockers at a drug-to-polymer bead ratio of (1:1) a NIP2 and b MIPS;
multiplication symbol propranolol, square metoprolol, triangle timolol, and diamond atenolol

resulted in a higher binding affinity and specificity for PPL than
the use of TRIM because of the additional 7—r interaction with
the aromatic moiety of (S)-propranolol in acetonitrile during the
imprinting reaction with DVB (27). Therefore, the cross-linker
(DVB) was selected for use in this work.

As shown in Table I, the formulations were prepared by
the oil in water (o/w) emulsion polymerization method using
MMA as the monomer, BP as the initiator, and different
amounts of DVB and PPL as the cross-linker and imprinted
template, respectively. The ratio of the monomer (MMA),
DVB, and PPL affected the particle sizes and % yields of
the obtained MIP and NIP. The percentage yield of MIP beads
slightly increased with an increase in the amount of DVB (2—
3 g), whereas the % yield of MIP beads decreased with an
increase in the amount of PPL. The morphologies and particle
sizes of the dried beads were determined using SEM, and the
results are provided in Table II. The SEM images of the NIP

Fig. 7. SEM images of Eudragit-RS100 fibers

revealed spherical and smooth surface without evidence of
collapsed particles, whereas those of the MIP revealed spheres
with small pores on the surface. The particle size of the beads
was approximately 50-100 um depending on the amount of
DVB and PPL used. The particle size of the NIP decreased
with an increasing amount of DVB. An increase in cross-
linker content resulted in stronger binding interaction be-
tween the cross-linker and monomer during the polymeriza-
tion process, which later resulted in a decrease in the bead
size. As indicated in Table II, with an increasing the amounts
of PPL, smaller particles were formed in all systems suggesting
that the template compound has an important influence on the
particle growth during the precipitation polymerization. A
previous study reported that in the absence of a template,
MAA can form hydrogen-bonded dimers in the non-
imprinted system. In the imprinted system, there is an addi-
tional molecular interaction between MAA and propranolol,

Fab

at magnifications of a x100 and b x350 and

50% (w/w) MIP8 Eudragit-RS100 fibers at magnifications of ¢ x100 and d x350
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Table III. The Bead Content After the Electrospinning Process for an
Initially Added 10-50% (w/w) of MIP8 Beads in a 40% (w/v)
Eudragit-RS100 Solution

Initial polymer beads (%, w/w) Bead content (%)

10 67.00
20 72.73
30 84.22
40 87.21
50 89.55

which might affect the growth of the cross-linked polymer
nuclei, resulting in smaller polymer beads (27).

The FTIR spectra of the NIP2 and MIP8 microspheres are
presented in Fig. 2. The NIPs spectra exhibited a sharp intense
peak at 1,732 cm ™', which is attributed to C=O stretching
vibrations. The broad peak ranging from 1,300 to 1,000 cm " is
attributed to C-O (ester bond) stretching vibrations. The broad
peak from 3,100 to 2,900 cm ' is attributed to the presence of C—
H stretching vibrations. The FTIR spectrum of the MIPS§
microspheres (Fig. 2b) exhibits the same pattern of peaks as
that of the NIP2 microspheres except for the peaks at 799 cm ™,
which are assigned to the substituted naphthalene of PPL.
Because no change was observed in the FI-IR spectra in the
area corresponding to the carbonyl group and C-O of ester
bond and a change was observed in the area assigned to
naphthalene of PPL, PPL is believed to have been embedded
into the MIP beads without bonding.

Because of PPL could not be bound in the drug solution
during the drug loading process, therefore, the methyl groups
of MIP were removed by alkali hydrolysis reaction to generate
carboxylic acid functional groups. To evaluate the success of
the alkali hydrolytic reaction of polymer beads, IR spectra of
the obtained polymer beads were collected. The spectra of the
non-hydrolyzed MIP8 and MIP8 microspheres are presented
in Fig. 3. The FTIR spectra of the hydrolyzed MIP8 micro-
spheres (Fig. 3b) exhibit all of the peaks that were observed
for the non-hydrolyzed MIP8 microspheres (Fig. 3a); in
addition, a broad and strong peak associated with O-H
stretching of the carboxyl group is observed between 3,000
and 3,500 cm ™! in the spectrum of the hydrolyzed MIPS
microspheres.

Tonglairoum et al.

Binding Ability of Polymer Beads to PPL

NIP3 and MIP9 were selected for this study. After the
polymerization step, the template was rinsed from the poly-
mer beads, and then the methyl groups of the polymer beads
were removed via alkali hydrolysis to generate the carboxylic
acid functional groups. The polymer beads were reloaded with
PPL to evaluate the binding of PLL from the aqueous solu-
tion. In this reloading process, the weight ratios of PPL/MIP9
(1:0.5, 1:1, 1:2) or PPL/NIP3 (1:0.5, 1:1, 1:2), as a control, were
varied. The results are presented in Fig. 4. The percentages of
drug reloading at 48 h with the NIP3 formulation were 20%,
60%, and 100% for PPL to bead ratio of 1:0.5, 1:1, and 1:2,
respectively (Fig. 4a). However, the percentages of drug
reloading at 48 h for MIP9 increased more rapidly than that
of NIP3 with values of 40%, 80%, and 100% for PPL to bead
ratios of 1:0.5, 1:1, and 1:2, respectively (Fig. 4b). The percent
loading of PPL increased with an increased the weight ratio of
PLL/MIP. The equilibrium time of PPL loading to MIP was
shorter than that with NIP, demonstrating a faster rate of
binding. In addition, the percent drug loading of MIP was
greater than that of NIP. This result was most likely due to
the incorporation of PPL in the bead synthesis process which
created the molecularly specific spaces. At thel:1 ratio, the
PPL could be reloaded in the MIP9 at a higher extent and a
faster rate than in NIP3. Therefore, the ratio of the drug to
polymer bead of 1:1 was selected for further experiments.

Figure 5 demonstrates the effect of the cross-linker
(DVB) content on the percentage of PPL reloading for a drug
to polymer bead ratio of 1:1. Figure 5b shows the percentage
of PPL reloading in the polymer bead formulations MIP7
(DVB 2 g), MIP8 (DVB 2.5 g), and MIP9 (DVB 3 g) for a
drug-to-polymer bead ratio of 1:1. The results demonstrate
that the DVB cross-linker content affects the percentage of
PPL reloading in the beads. The percentage of PPL reloading
increased to a maximum when the DVB content was increased
from 2 to 2.5 g, then decreased with a further increase in DVB
content (3 g). This result might be due to the condensation of
the polymer beads, which decreased drug penetration into the
beads. The percentage of PPL reloading in the polymer bead
formulations NIP1 (DVB 2 g), NIP2 (DVB 2.5 g), and NIP3
(DVB 3 g) for a drug to polymer bead ratio of 1:1 (Fig. 5a)
exhibited the same pattern for the percentages of PPL
reloading as that for the polymer bead formulations MIP7-9.

a b
100 100
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2 2
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[} S
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&40 &40 a
S N
20 20
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0 20 40 60 80 100 120 0 20 40 60 80 100 120

Time (min) Time (min)
Fig. 8. The percentage reloading of p-blocker drugs at a drug to polymer bead ratio of 1:1 for a 50% (w/w) NIP2 composite Eudragit-RS100 fiber

mats and b 50% (w/w) MIP8 composite Eudragit-RS100 fiber mats; circle ATE, square MET, triangle TIM, diamond PPL
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However, the PPL could be loaded in all of the MIPs at a
higher extent and a faster rate than in the NIPs. Therefore,
NIP2 (MMA/DVB, 75:2.5) and MIP8 (PPL/MMA/DVB,
0.8:75:2.5) were selected for further experiments.

Binding Ability of Polymer Beads to 3-Blocker Drugs

In this study, the MIP8 and NIP2 formulas were used to
study the effect of percentage of the p-blocker drug reloading.
Comparing the binding ability, other p3-blocker drugs (ATE,
MET, and TIM) were similarly prepared using the weight
ratio of p-blocker drug: MIP8 or NIP2 of 1:1. The mixture of
the B-blocker drug solutions (PPL, ATE, MET, or TIM) was
incubated with MIP8 and NIP2 at the weight ratio of 1:1. The
concentration of each drug in the supernatant was determined
using HPLC. The percentage reloading of the B-blocker drugs
in NIP2 and MIPS is indicated in Fig. 6. Comparing the
binding ability to other p-blocker drugs (ATE, MET, and
TIM), PPL exhibited the highest percentage drug reloading
in MIP8 (>80%). In addition, the percentage drug loading of
other B-blocker drugs in MIP8 was similar to that in NIP2 (40—
60%). Thus, these MIP8 were selective for PPL.

Characterization of Fiber Membrane Containing MIP

Because it is water insoluble and exhibits pH indepen-
dent solubility, Eudragit-RS100 was selected for the prepara-
tion of fibers containing NIP2 and MIP8. The MIP8 particles
were reduced in size using ball mill and sieved through a 400
mesh. An irregular, rough morphology with diameters of 20.4
+6.5 pm was obtained. In this study, the MIP8 content was
varied from 10 to 50% (w/w) with a 40% (w/v) Eudragit-
RS100 in DMF/EtOH (33:67) solution before being spun into
fibers. The Eudragit-RS100 solution containing MIP8 (>50%,
wiw) could not be electrospun because of an excess amount of
MIP, which clogged at capillary tip during the electrospinning
process. Thereafter, the obtained fibers were dissolved in etha-
nol to liberate the embedded MIP beads. The % loading effi-
ciency was increased by increasing the number of initially added
polymer beads (Table III). SEM images confirmed that smooth,
bead-free uniform fibers were observed in the blank fiber mats
(Fig. 7a, b), whereas bead-on-string fibers were observed in the
50% (w/w) MIPS fiber mats (Fig. 7c, d). Therefore, the 50% (w/
w) MIP was selected for initial addition into the Eudragit-RS100
solution to produce affinity fiber mats.

B-Blocker Binding Affinity of the MIP Fiber Mats

The selectivity for PPL of the fiber membrane containing
MIP beads was investigated by determining its binding ability
compared with other p-blocker drugs (ATE, MET, and TIM).
A testing solution containing 0.01 M of each drug (PLL, ATE,
MET, or TIM) was prepared. The percentage reloading of the
B-blocker at a drug-to-polymer bead ratio of 1:1 for a NIP
composite E-RS100 fiber (control) and a MIP composite
Eudragit-RS100 fiber is indicated in Fig. 8. The results reveal
that PPL can be bound at a higher extent and faster rate in the
MIP composite fiber than in the NIP composite fiber. More-
over, PPL showed a higher affinity to the MIP than those of
the other p-blockers. This result indicates that the MIP com-
posite E-RS100 fiber had a higher selectivity for PPL than to
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the other p-blockers. The percentage drug reloading of NIP
composite E-RS100 fiber was nearly 0%, which indicated that
NIP is not selective for any of the tested drugs. Thus, the MIP
composite E-RS100 fiber was selective for PPL.

CONCLUSION

Molecularly imprinted microspheres selective for PPL
were successfully synthesized by o/w emulsion polymerization
and were characterized. The microspheres were incorporated
at up to 50% (w/w) in Eudragit-RS100 electrospun nanofiber.
The MIP composite Eudragit-RS100 fiber showed higher se-
lectivity to PPL than to other p-blockers. Therefore, this
membrane can be further developed for various applications
in pharmaceutical and other affinity separation fields.
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