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ABSTRACT: The objective of the present work was to
study the release behavior of plain and blend micro-
spheres (MS) of PLGA and Pluronic F68/127. In this
study, a novel blend MS of poly(D,L-lactic-co-glycolic acid)
(PLGA) and Pluronic F68/127 (PLF68/127) were prepared
by the emulsion–solvent evaporation method. Repaglinide,
an antidiabetic drug with a very short half-life, was suc-
cessfully encapsulated into the blend MS. Various formu-
lations were prepared by varying the ratio of PLGA and
PLF68/127. Drug encapsulation up to 91% was achieved
as measured by UV spectroscopy. Scanning electron mi-
croscopy showed that MS have smooth surfaces even after
incorporation of PLF68/127. Particle size, as measured by
using laser light scattering technique, gave an average size
ranging from 12 to 47 lm. Differential scanning calorime-

try (DSC) was performed to understand the crystalline na-
ture of the drug after encapsulation into MS. DSC
revealed the crystalline dispersion in the polymer matrix.
In vitro release experiments performed in simulated intes-
tinal fluid, indicated the dependence of release rate on the
amount of PLF68/127 present in the MS; slow release was
extended up to 153 h. Release data have been fitted to an
empirical equation to compute the diffusional exponent
(n), which indicated that the release mechanism to be non-
Fickian type. VVC 2009 Wiley Periodicals, Inc. J Appl Polym Sci
116: 366–372, 2010
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INTRODUCTION

Blends of novel biodegradable polymers having
properties distinct from the individual polymer com-
ponents and that are suitable for use as carriers of
pharmaceutically active agents were prepared from
well-known versatile polymers such as Pluronics
and poly(D,L-lactic-co-glycolic acid) (PLGA). Consid-
erable research has focused on gaining a better
understanding of blends of various biodegradable
polymers. Blending can significantly alter the result-
ant properties, which depend sensitively on the me-
chanical properties of the component as well as the
blend microstructure and the interface between the
phases. Poly(lactic acid) (PLA) and poly(glycolic
acid) (PGA) have glass transition temperatures
above room temperature, rendering them hard and
brittle; this property of PLA and PGA is useful for
very long-term drug delivery applications. To make

its use for short periods of time as well as for
improvement of its other properties, surface modi-
fied MS of PLGA, PLA, and PGA are observed in lit-
erature. Csaba et al.1 reported a new type of
nanoparticles consisting of PLGA and polyoxyethy-
lene blends, which exhibit a number of features that
make them a very promising nanocarrier for trans-
mucosal DNA vaccination. Also, PLGA-based plur-
onic coated systems were developed for producing
biologically active protein delivery profiles.2 PLGA
microcapsules of low densities (0.24 g/cm3) with
novel dimpled surfaces for pulmonary delivery of
DNA (15–28% loading), were developed in pluronic-
stabilized emulsions in earlier literature.3 Polymeric
MS with ‘‘open/closed’’ pores for sustained release
of human growth hormone has been developed.
Highly porous biodegradable PLGA MS were fabri-
cated by using Pluronic F127 as an extractable
porogen.4

A microsphere-based system has several clinical
potentials in delivering small molecular weight
drugs and protein pharmaceuticals over a wide time
scale. The most commonly used microencapsulation
procedure to load pharmaceuticals into biodegrad-
able MS utilizes solvent emulsification/evaporation
techniques.5,6 A series of publications has dealt with
the effects of formulation and process parameters
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affecting microsphere characteristics such as size dis-
tribution, morphology, encapsulation efficiency, and
drug release profiles.7–12 Typical variables studied
include emulsifier type and concentration, phase vol-
ume ratio, polymer type, preparation temperature,
and solvent evaporation rate.

PLGA is a well-known biodegradable and biocom-
patible polymer with a history of safe use in human
sutures, orthopaedics, bone plates, and extended-
release pharmaceuticals.13,14 It has been extensively
used for developing microparticulate controlled
release (CR) devices for various types of drugs as
injectable depot formulations for protein and peptide
drugs.15–19 Drug release kinetics from the PLGA MS
are mainly determined by both diffusion of drug
through the preformed aqueous pores and intercon-
nected channels, as well as an erosion of the poly-
mer matrix. Thus, the drug release rate can be
affected by the inherent drug properties such as mo-
lecular size and water solubility and initial micro-
sphere morphologies such as porosity and
tortuosity; on top of these effects, polymer degrada-
tion influenced by amorphous/crystallinity, hydro-
philicity, molecular weight, and the presence of
excipients play an important role.

Triblock copolymers of poly(ethylene oxide) (PEO)
and poly(propylene oxide) (PPO) (PEO-b-PPO-b-PEO),
available under trade name ‘‘poloxamer’’ or ‘‘Plur-
onic,’’ are recognized as pharmaceutical multipurpose
excipients capable of increasing aqueous solubility
and stability of drugs.20–22 These amphiphilic copoly-
mers are nontoxic and commercially available in a
wide range of molecular weights and architectures,
which determine their hydrophilic/lipophilic proper-
ties and hence show the ability to form nanoscopic
core-shell structures in water.23 Hydrophobic cores of
such structures (micelles) serve as reservoirs for
hydrophobic drugs, whereas the hydrophilic shell on
the interface between bulk aqueous medium and the
core stabilizes the micelle. The micellar structure can
enhance the solubility and stability of poorly water-
soluble compounds in biological fluids.24,25 An appro-
priate choice of the copolymer architecture enables
the control of important pharmacokinetic characteris-
tics of polymer-based drug formulations such as
blood circulation time, drug release profile, and tar-
geting capability.20,26,27

The main objectives of this study are the prepara-
tion and evaluation of plain PLGA and blend of
PLGA-PLF68/127 nonporous MS for CR of antidia-
betic drug such as repaglinide. In this study, PLF68/
127 acts as amphiphilic filler, which enhances the
release of a hydrophobic drug such as repaglinide.
Repaglinide, a fast- and short-acting meglitinide ana-
log, was chosen as the model drug since it is indi-
cated for the development of a dosage form with
increased gastro retention time (GRT). It has a very

short half-life of 1 h, low bioavailability (50%), and
poor absorption in the upper intestinal tract.28,29 The
in vitro release profiles of the drugs have been
investigated as a function of PLF68/127 content.

EXPERIMENTAL

Materials

Repaglinide was received as gift sample from Biocon
Limited, Bangalore, India. PLGA, 50 : 50, of molecular
weight � 75,000 and Pluronic F68 and F127, were
purchased from Aldrich Chemical Company, Milwau-
kee, WI, USA. Analytical reagent grade dichlorome-
thane (DCM) and poly(vinyl alcohol) (PVA) of
molecular weight 125,000 were all purchased from
S.D. Fine Chemicals, Mumbai, India. All the chemi-
cals were used without further purification.

Preparation of MS

Blend MS of PLGA and PLF68/127 were prepared
by emulsion–solvent evaporation method. PLGA,
PLF68/127, and the drug (30% by weight) were dis-
solved in 2 mL of DCM. This solution was emulsified
in 100 mL of 3% PVA solution to form the o/w emul-
sion using a Eurostar stirrer (IKA Labortechnik, Ger-
many) at 800-rpm speed at room temperature for 1=2
h in a hood. The microsphere solution was diluted by
water and solid MS were isolated by tabletop centri-
fuge (Jouan, MR 23 I, France). The MS were washed
2–3 times successively with distilled water to remove
the surface-adhered PVA. The MS obtained were
redispersed in a small amount of distilled water and
dried by lyophilization (Jouan). Different formulations
were prepared by varying the amount of PLGA and
PLF68/127. Totally, nine formulations were prepared
and the formulation codes as well as formulation pa-
rameters are given in Table I.
The percent amount of PVA and speed of the

overhead stirrer used for MS preparation was opti-
mized before preparing all formulations. Polyvinyl
alcohol stabilizes the MS during formation. When
the lesser amount of PVA was used, the agglomera-
tion of the MS was obtained in the aqueous media.

Drug content

Drug content was estimated using DCM. Micro-
spheres (� 10 mg) were dissolved in 50 mL of DCM
and analyzed by UV spectrophotometer (Secomam,
model Anthelie, France) at the kmax of 243 nm. Drug
encapsulation efficiency was then calculated as:

% Encapsulation efficiency ¼
Drug loading

Theoretical drug loading

8
>>:

9
>>;� 100: ð1Þ
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Triplicate measurements were done, but the aver-
age data (standard errors <3%) are considered.
These data for various formulations are presented in
Table II.

Fourier transform infrared spectral studies

Fourier transform infrared (FTIR) spectral data were
taken on a Nicolet (Model Thermo 5700, Milwaukee,
WI) instrument to confirm the formation of IPN
structure and to find the chemical stability of the
drug in the MS. FTIR spectra of placebo MS, drug-
loaded MS, and pure drug were taken in the range
between 4000 and 500 cm�1. Samples were prepared
with KBr and pellets were obtained by applying a
pressure of 600 kg/cm2 using the FTIR pellet maker.

Particle size measurements

Particle size and size distributions were measured
using laser light scattering technique (Mastersizer-
2000, Malvern, UK). Particle size was measured by
using dry sample adopter to record volume mean
diameter (Vd). Results of particle size distribution
are given in Table II.

Differential scanning calorimetric studies

Differential scanning calorimetry (DSC) (Rheometric
Scientific, Surrey, UK) was performed on drug-
loaded MS, placebo MS, and pure drug. Samples

were heated from 25 to 400�C at the heating rate of
10�C/min in a nitrogen atmosphere (gas flow rate of
20 mL/min).

Scanning electron microscopic study

SEM photographs of PLGA-Pluronic blend MS
loaded with drug (Formulation F8) were taken.
Microspheres were sputtered with gold to make
them conducting and placed on the copper stub.
Scanning was done using a JEOL model JSM-840A
(Japan) instrument.

In vitro release studies

In vitro drug release from different formulations of
PLGA and PLF68/127 MS were investigated in
simulated intestinal fluid (SIF). These experiments
were performed using a water bath with a shaker
(Grant OLS200, Grant Instruments, Cambridge, UK)
at the stirring speed of 100 rpm. A weighed quantity
of each sample was placed in 500 mL of dissolution
medium maintained at 37�C � 0.2�C. The repagli-
nide concentration was determined spectrophoto-
metrically at the kmax of 243 nm. These studies were
performed in triplicate for each sample, but average
(with less than 3% standard errors) values were con-
sidered for data analysis.

RESULTS AND DISCUSSION

Preparation and characterization of MS

In the present study, novel PLGA and Pluronic F-68/
127 blend MS for the CR of repaglinide (antidiabetic
drug) were prepared by the emulsion–solvent evapo-
ration technique. A solution of PLGA, PLF68/127,
and repaglinide in DCM was poured into the agitated
aqueous solution of PVA. The subsequent evapora-
tion of DCM leads to the formation of solid MS. It
was observed that no formation of pores on the sur-
face of MS occurred. The PLF68/127 matrix acts as
the hydrophilic carrier and thus controls swelling and
release of the hydrophobic drug from the MS. The
percent encapsulation efficiency of all the formula-
tions varies from 37 to 91%. However, the percent

TABLE II
Encapsulation Efficiency, Volume Mean Diameter, and

Diffusion Exponent of Different Formulationsa

Formulation
code

% Encapsulation
efficiency

Volume mean
diameter (lm) n ra

CF 84 12 0.236 0.988
F1 91 15 0.383 0.992
F2 68 23 0.268 0.976
F3 54 29 0.284 0.991
F4 41 34 0.197 0.958
F5 88 19 0.347 0.969
F6 56 27 0.152 0.998
F7 45 36 0.221 0.988
F8 37 47 0.303 0.996

a Estimated at 95% confidence level.

TABLE I
Formulation Details of Drug-Loaded Microspheres Prepared from PLGA,

PLF68(F1–F4), and PLGA PLF127 (F5–F8)

Formulation
code

PLGA
(mg)

PLF-68
(wt %)

Formulation
code

PLGA
(mg)

PLF-127
(wt %)

CF 300 0
F1 300 10 F5 300 10
F2 300 20 F6 300 20
F3 300 30 F7 300 30
F4 300 40 F8 300 40
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encapsulation efficiency decreased as the content of
Pluronic was increased from 10 to 40%. For instance,
formulation F1 has higher percent encapsulation effi-
ciency than F2 and formulation F2 has higher percent
encapsulation efficiency than F3. The formulation F3
has greater % encapsulation efficiency as compared
with formulation F4. Thus the percent encapsulation
efficiency follows the sequence: F1 > F2 > F3 > F4.
Similar trends were also observed for formulations
F5, F6, F7, and F8. This could be due to higher hydro-
philic nature of Pluronics, thereby leading to the
leaching of more of drug particles during micro-
sphere preparation. The percent encapsulation effi-
ciency data are shown in Table II.

Fourier transform infrared spectral studies

FTIR spectra of (a) placebo MS, (b) drug-loaded MS,
and (c) pure repaglinide are presented in Figure 1. In
the case of repaglinide, a sharp band at 3307 cm�1

represents NAH stretching vibrations, whereas NAH
bending vibrations are represented by a band at
1566 cm�1. Aromatic CAH stretching vibrations are
indicated by a small band at 3030 cm�1, but aromatic
bending vibrations are represented by a band at
761 cm�1. Aliphatic CAH stretching vibrations are
indicated by bands at 2935, 2857, and 2804 cm�1,

whereas aliphatic CAH bending vibrations are indi-
cated by presence of bands at 1448 and 1385 cm�1.
The C¼¼O stretching vibrations of the ACOOH group
are indicated by a band at 1687 cm�1 and the AC¼¼O
stretching vibrations of secondary amide are repre-
sented by the presence of a band at 1636 cm�1. The
CAOAC stretching vibrations are indicated by bands
at 1149, 1091, and 1041 cm�1. In the case of drug-
loaded MS, all the bands observed in pure drug have
appeared, whereas these bands are absent in the pla-
cebo MS. This shows the absence of any chemical
interactions between the drug and the polymer
matrix.

Particle size analysis

Particle size data are presented in Table II. Particle
size increased as the Pluronic content is increased.
For instance, formulation F4 (with 40% Pluronic) has
a bigger particle size than F3 (with 30% Pluronic).
Similarly, formulation F3 has a larger particle size as
compared to F2 and formulation F2 has a bigger par-
ticle size than F1 (i.e., the trend is F4 > F3 > F2 >
F1). This could be due to the accumulation of more
of Pluronic in the matrix at higher Pluronic content,
thus leading to the formation of large size particles.

Differential scanning calorimetric studies

DSC thermograms of (a) placebo MS, (b) drug-loaded
MS, and (c) pure repaglinide are displayed in Figure 2.

Figure 1 FTIR spectra of (a) placebo microspheres, (b)
drug-loaded microspheres, and (c) pure repaglinide.

Figure 2 DSC spectra of (a) placebo microspheres, (b)
drug-loaded microspheres, and (c) pure repaglinide.
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In the case of placebo MS, a peak at 52�C represents
the melting endotherm for Pluronic. A peak at 58�C
indicates glass transition temperature for PLGA. A
broad and sharp peak at 355�C represents melting
endotherm for PLGA. Thermogram of repaglinide
showed a sharp peak at 132�C, indicating its melt-
ing. In the case of drug-loaded MS, a peak
observed at 50�C represents melting endotherm for
Pluronic. A peak at 55�C indicates the glass transi-
tion temperature for PLGA. The melting endotherm
for PLGA has shifted to 340�C after encapsulation
of the drug. However, a peak at 130�C corresponds
to the melting endotherm for repaglinide after load-
ing into polymer matrix. This indicates the crystal-
line nature of the drug after encapsulation into the
polymer matrix.

Scanning electron microscopic studies

The spherical natures of MS are evident from their
SEM micrographs [Fig. 3(a,b)]. As seen in the SEM
micrograph (for formulation F8), the presence of
Pluronic on the surface of MS is evident, but no
pores are observed on their surfaces. Rupturing was

observed on the surface of the MS that would have
occurred during the freeze-drying of the MS. Also
rupturing on the surface of the MS may happen due
to dynamics of emulsification.

In vitro release studies

To understand the drug release from repaglinide-
loaded blend MS of PLGA and PLF68/127, in vitro
release experiments were performed in the SIF
media. The results of the effect of PLF68 content in
formulations F1, F2, F3, F4, and control formulation
(CF) on their release rates are presented in Figure 4.
The percent cumulative release is higher for F4 as
compared with F3. Formulation F3 shows higher
release rate when compared with F2, and similarly,
F2 exhibits higher release rate than F1. The control
formulation exhibits a lesser release rate than formu-
lations F1, F2, F3, and F4. Only 36% of the drug was
released from CF in 153 h, whereas it was increased
to 46, 60, 69, and 75% when 10, 20, 30, and 40% of
PLF68 was used for MS preparation along with
PLGA, respectively (i.e., F1, F2, F3, and F4). In this
process, water molecules pass through a tortuous
path, but the degree of tortuosity depends on the
volume fraction of the filler. Thus, the presence of
PLF68 acts as a hydrophilic segment of the formu-
lated product. Hence, the higher the pluronic con-
tent in the polymer, the higher will be the drug
release rate.
The effect of PLF127 content in formulations F5,

F6, F7, and F8 are compared in Figure 5. The percent
cumulative release is higher for formulation F8,
which is greater than F7. The formulation F7 has

Figure 3 SEM images of (a) group of microspheres and
(b) a single microsphere.

Figure 4 Effect of PLF68 on in vitro release profiles of
formulations F1, F2, F3, and F4.
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higher release rate than F6. In turn, formulation F6
exhibits higher release rate than F5. Therefore, as the
content of PLF127 increases from 10 to 40%, the
release rate also increases from 53 to 80% in 153 h
because of the hydrophilic nature of PLF127. It was
observed that formulations containing PLF127 coded
as F5, F6, F7, and F8 exhibited higher release rates
than those formulations containing PLF68 coded as
F1, F2, F3, and F4. This could be due to high molec-
ular weight of PLF127 when compared with PLF68
as well as its hydrophilic nature. Also, faster drug
release rates from the blend MS prepared from
PLF127 and PLGA are attributed to the bulk struc-
ture of PLF127 in MS.

The mechanism of drug release from the blend
MS of PLGA and PLF68/127 have been studied by
fitting the release data to an empirical equation of
the type30:

Mt

M1
¼ ktn; (2)

where k is rate constant that is characteristic of
drug–polymer system and n is a diffusional expo-
nent. A value of n ¼ 0.5 indicates Fickian transport;
n ¼ 1.0 indicates the presence of Case-II (zero order)
transport. Values of n ranging between 0.5 � 1.0 are
attributed to the presence of anomalous transport.
The n values calculated by using eq. (2) are included
in Table II. Results for the present MS range from
0.152 to 0.383, indicating that the drug release from
the MS follows; non-Fickian trend.30 Previous stud-
ies reported in the literature also suggested similar
anomalies.31–34

CONCLUSIONS

The present study reports the development of a
novel blend MS of PLGA and Pluronic F-68/127
(PLF68/127) to study the controlled release of repa-
glinide using solvent evaporation method. The MS
produced exhibited encapsulation efficiencies up to
91% with spherical shapes and having smooth surfa-
ces. However, the incorporation of Pluronics could
produce narrow size distributions ranging from 12
to 47 lm. The drug release mainly depends on the
amount of Pluronics present in the matrix. The
release rate also increases because of the hydrophilic
nature of Pluronic, which enhances the release as
well as solubility of hydrophobic repaglinide from
the matrix. Since repaglinide has a very short half-
life, it must be released at appropriate concentrations
from the MS to maintain therapeutic concentrations.
Hence, higher release rates were obtained in case of
blend MS as compared to plain PLGA MS. The n
values ranged between 0.152 and 0.383, indicating a
non-Fickian release mechanism.
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