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Nimesulide PLA microspheres as a potential sustained release
system for the treatment of inflammatory diseases
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Abstract

Polylactic acid (PLA-l) microspheres were prepared as a biodegradable polymeric carrier for a non-steroidal anti-inflammatory
drug, nimesulide. The preparation of this system was performed by the classical emulsion solvent-evaporation method. Size
analysis of the microparticulate system showed that unloaded and loaded nimesulide-PLA microspheres had average diameters
of about 42.9 nm and 2.1�m, respectively. Scanning electron microscopy (SEM) of loaded and unloaded microsphere samples
showed that the particles shape were perfectly spherical, the loading efficiency of nimesulide in PLA microspheres was 70%;
Thus, the microparticle system evaluated in this work showed the potential to act as a sustained release system for nimesulide: in
vitro dissolution profiles showed the PLA-l microparticles were able to sustain the release of the drug for a considerable period
of time (28.7% within 108 h).
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. Introduction

Nimesulide (4 nitro-2 phenoximethanosulfonil-
mid) is a potent and widely used nonsteroidal anti-

nflammatory, antipyretic and anesthetic drug (NSAID)
howing local effects. This drug is five to sixteen times
ore selective for the inhibition of cyclooxygenase-
(COX-2), than other drugs of the same class; it has
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also been employed by peripheral administration
regional management of acute and chronic major
(Tognella, 1993). Nimesulide’s usefulness is limite
by a short duration of action and the loss of its
hibitory COX-2 selectivity, when administrated ora
Repeated injections have been required to achieve
lasting and constant patient pain relief. Complicat
may result from these techniques, which in cer
cases are contra indicated. Long-acting formulat
acting by single-dose injection would be a clinica
important means of extending the time of action
nimesulide. The preparation of nimesulide aque
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formulations is rather difficult; thus, a sustained release
microparticle system could be an interesting and suit-
able way for its administration by promising to extend
the release and period of action of this drug.

Polymeric micro/nanoparticles are being increas-
ingly investigated for sustained release effects and to
achieve target drug delivery. Colloidal drug carriers
are interesting in this field because their small particle
size, allows their permeation through biological barri-
ers (Couvreur et al., 1995).

A wide variety of polymeric particulate carriers have
been devised to protect active molecules from inacti-
vation by the host and to control drug release in body
fluids.

Special attention has been paid to the biodegrad-
ability of polymers in order to prevent chronic toxicity
encountered in special after parenteral administration
of non-biodegradable polymers. Microparticles made
from biodegradable polymers, such as poly lactide-
co-glicolic (PLGA) (O’Hagan et al., 1991), poly
d-,l-lactide (PLA) (Wada et al., 1990) and poly gli-
colide (PGA) (Redmon et al., 1989) have been studied
as delivery systems for controlled-release vaccines, cy-
tostatics and insulin.

Polylactic acid (PLA) microspheres have been in-
vestigated for the past 15 years as a long-acting, in-
jectable drug delivery system. Since the properties of
polymers can be controlled by their molecular weight
and monomer composition, the in vitro releasing be-
havior of drugs from microsphere systems may differ,
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loading and a high entrapping efficiency should reduce
the quantity of carrier required for the administration of
therapeutically sufficient amounts of active compounds
(Thirumala et al., 1999).

Biodegradable nano/microparticles have shown
promise in controlling the biodistribution and elim-
ination pattern of drugs following parenteral ad-
ministration; preparation techniques for injectable
nano/microparticles formulations have been developed
and improved over the past two decades (Michael et
al., 2002). The major aim of the present study was
to prepare and characterize a parenterally adminis-
trable nimesulide microparticle system, evaluating its
loaded and unloaded microparticle dispersion parame-
ters, mean diameter, encapsulation efficiency, morphol-
ogy, drug releasing profile and kinetic properties.

2. Materials and methods

2.1. Materials

Polylactic acid (PLA-l) was purchased from
Boehringer Ingelheim, Germany. Nimesulide (MW
308.31, mp 143–144.5, oral LD50 in rats 324 mg/kg,
solubility in water of 10�g/ml at 25◦C) was pur-
chased from Galena, a chemical products distributor
from Campinas, S̃ao Paulo, Brazil. Polyvinil alcohol
(PVA, 99–100% hydrolyzed, MW 85,000–146,000)
was purchased from Mallinckrodt Chemical®; dial-
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any products have been investigated. A wide ra
f synthetic, as well as of biological drugs (enzym
ormones and proteins), have been microencapsu
icrospheres have been manufactured by various
iques, including solvent evaporation (Mortada, 1982
chida et al., 1986) and phase separation (Jalsenjak an
ondo, 1981; Deasy et al., 1980), using non-solvent ad
ition or solvent partition. The simplest and most co
only employed method, oil-in-water (O/W) emuls

olvent-evaporation, showed a good encapsulation
f water insoluble compounds. For this reason, it
mployed in the present study.

The potenciality of site specific drug delive
or the optimization of drug therapy (Douglas e
l., 1987) has given impetus to significant a
ances in the engineering of novel dosage forms
ano/microparticles, i.e. solid colloidal polymeric c
iers. A nano/microparticle system with maximal d
sis tubing (12,000 Da) was purchased from Sig
hemicals, St. Louis, USA. Solvents like acetonit

HPLC grade), methanol (HPLC grade), chlorofo
HPLC grade), ethanol (HPLC grade) were used a
ivered by Sigma, St. Louis, MO. Deionized water w
sed in the preparation of aqueous phase and pota
hosphate buffer used in the mobile phase.

Equipment: Ultra Turrax T 25 basic IKA–Work
olumn C18 Cat. 1.50943 Lichrospher 100 RP-

5�m), Lot 1497117; scanning electron microsco
eica Stereoscan 440; light scattering autosizer 4
alvern, USA and dissolution equipment SR8 Plus
ak, Hanson Corporation, Chatsworth, CA, USA.

.2. Methods

.2.1. Microsphere preparation
The preparation of PLA-l microparticles was pe

ormed by the classical emulsion solvent-evapora
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method (Niwa et al., 1993; Birnbaum et al., 2000).
A 1%, 3% or 8% (w/v, 50 ml) of PVA aqueous so-
lution was prepared by heating and stirring during
PVA addition. The organic phase containing different
amounts of PLA-l (0.05; 0.10 or 0.15%) dissolved in
chloroform (5 ml) was then slowly added to the aque-
ous phase during around five minutes under stirring at
about 11,000 rpm using the Ultra Turrax equipment.
The microparticle suspension was subsequently left
under magnetic stirring at a controlled temperature of
25◦C for 4 h; thus, all the chloroform had evaporated,
the spherical microparticle were produced.

Samples produced were identified as (A) PVA 1%
and PLA-l 0.10%, (B) PVA 3% and PLA-l 0.10%, (C)
PVA 8% and PLA-l 0.10%, (D) PVA 3% and PLA-l
0.05% and (E) PVA 3% and PLA-l 0.15%. For the first
three samples, we could choose the adequate amount
of surfactant and for the other two samples the suitable
amount of polymer was determined.

After the determination of these adequate amounts
of polymer and surfactant, the formulation was pre-
pared with nimesulide (7.5 mg) dissolved in the or-
ganic phase (sample F). The separation of the nime-
sulide microparticles was performed by centrifugation
(3000 rpm; 15 min), thus, washing with water for three
times to remove PVA and final sample lyophilization.

2.2.2. Characterization of the PLA-lmicrospheres
The shape and surface topography of the dry mi-

croparticles were observed under the scanning electron
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Nimesulide PLA-l microparticles in powdered form
were obtained by lyophilization after the microparti-
cles washed with water, and the surfactant PVA and
the nonencapsulated drug had been removed following
repeated centrifugation at 3000 rpm. A known amount
of weighed lyophilized microparticles (5 mg) was dis-
solved in chloroform; ethanol was added to preferen-
tially precipitate the polymer. The suspension was fil-
tered through a membrane filter to remove the polymer,
dried and was properly diluted with the mobile phase
to be analyzed by HPLC as described below. The per-
centage of drug entrapped in the PLA-l microparticles
is represented by Eq.(1) and the scheme of its deter-
mination is shown inFig. 1.

Drug entrapment (%)

=

total amount of drug determinate in

microparticles× 100

total amount of drug theoretically

associated with microspheres

(1)

2.2.4. In vitro drug release studies and its kinetic
evaluation

Drug-loaded microparticle suspensions (5 mg cor-
responding to 0.318 mg of nimesulide in 200�l of
phosphate buffer, pH 7.4), were placed in a dialysis
membrane bag having a molecular weight cut-off at
1 ml
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icroscope. Particle diameters and distribution of
rospheres dispersed in an aqueous system (1 ml o
roparticle suspension in 9 ml of water) were meas
y means of a dynamic light scattering method.

.2.3. Determination of the drug encapsulation
ate

Nimesulide was assayed by high performance liq
hromatography (HPLC) as described byPtacek et a
2001).

The system consisted of an SPD-10A Shima
etector, LC-10AD, pump, and a C18 Cat. 1.50943
icrhospher 100 RP-18 (5�m) column. The mobil
hase was acetonitrile/methanol/potassium phosp
uffer, 15 Mm (30/5/65, v/v/v) adjusted to pH 7.3 w
OH (0.1N). Total sample volume was 20�l, nime-
ulide was detected at 404 nm, with a retention tim
bout 3.7 min at 30◦C.
2,000 g/mol, closed by tying, and dropped into 100
f a 0.1 M, pH 7.4, (sink condition), phosphate buf
he entire system was kept at 37◦C under continu
us magnetic stirring. At selected time intervals, du
08 h, 200�l of the aqueous solution were withdra

rom the release medium, and replaced by the s
olume of fresh medium. The absorbance of the p
hate buffer solution was negligible at 404 nm w
easured at the nimesulide concentration in this
tively dilute release medium. The solutions were
ayed by HPLC under the conditions described ab
he drug released in each sample was determined
calibration curve; the reported values are averag

hree replicates.
The profile and kinetic dissolution studies are

ortant because they correlate the in vitro–in vivo d
esponses by comparing results of pharmacokin
nd dissolution profile patterns (Khan, 1996).
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Fig. 1. Scheme of the determination of the drug encapsulation efficiency.

The kinetic parameter determinations permit one
know more about the formulation dissolution process
because one will be able to foresee its veloc-
ity, the maximal dissolvable drug amounts, and the
points of significant dissolution changes (Ferraz,
1997).

The interpretation of values obtained in dissolution
assays is eased by the use of mathematical equations
describing the release profiles as functions of some pa-
rameters related to the pharmaceutical dosage forms.
Some of the most relevant and commonly used mathe-
matical models describing the dissolution curves are
of zero order, first order, Higuchi, Baker–Lonsdale,
Hixon–Crowell and Korsmeyer–Peppas. These models
best describe drug release from pharmaceutical sys-
tems resulting from a simple phenomenon, or when
this phenomenon, by being the rate-limiting step, con-
ditions all the other processes occurring in the system
(Costa and Souza Lobo, 2001).

In this work, the Higuchi, zero and Baker–Lonsdale
mathematical models were applied to study the disso-
lution profile of nimesulide from micro spheres.

Higuchi (1961, 1963)developed several theoretical
models to study release of high and low water soluble
drugs incorporated in semi-solid and/or solid matrices;
drug release was described as a square root time depen-

dent diffusion process based in Fick’s law. This relation
can be used to describe drug dissolution from several
types of modified release pharmaceutical dosage forms,
as of some transdermal systems (Costa et al., 1996) and
from matrix tablets of water soluble drugs (Desai et al.,
1966a,b; Schwartz et al., 1968a,b).

The zero order model describes the drug disso-
lution from several types of modified release phar-
maceutical dosage forms, like some transdermal sys-
tems, as well as matrix tablets of little soluble drugs
(Varelas et al., 1995), coated forms, osmotic systems,
etc.

The Higuchi and zero order models represent two
limiting cases of drug transport and release phenomena.
Higuchi’s model has a large application in polymeric
matrix systems and the zero order model is ideal to
describe coated dosage forms or membrane controlled
dosage forms.

Table 1
Mathematical models used to describe the kinetics of the drug dis-
solution curves

Zero order Qt =Q0 +K0t

Higuchi Qt =KH
√
t

Baker–Lonsdale (3/2)[1− (1− (Md/Mt))2/3] − (Md/Mt) = Kt
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The model developed byBaker and Lonsdale
(1974) derives from the Higuchi model and de-
scribes drug controlled release from a spherical ma-
trix represented by the equation (Table 1) that has
been used for the linearization of release data from
several microcapsules or microspheres formulations
(Seki et al., 1980; Jun and Lai, 1983; Chang et
al., 1986; Shukla and Price, 1991; Branja and Pal,
1994).

3. Results

3.1. Microsphere preparation

The formulations produced showed differences in
aspect and stability at 25◦C. To confirm PLA-l mi-
crosphere formation and to detect the presence of ag-
gregates, samples were diluted with filtered water (1:3,
v/v) and observed by optical microscopy.

F
(
E

ig. 2. Scanning electron microphotographs of microspheres formulat
B) 2.50 K and 15.00 K, EHT 10.00 kV; (C) 1.00 K and 15.00 K, EHT 10
HT 10.00 kV; (F) 5.00 K and 45.00 K, EHT 20.00 kV.
ions at different magnification (×): (A) 2.50 K and 15.00 K, EHT 10.00 kV;
.00 kV; (D) 1.87 K and 15.00 K, EHT 10.00 kV; (E) 2.50 K and 15.00 K,
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Fig. 2. (Continued).

Only formulation (E) presented a significant amount
of spherical vesicular microspheres, without aggre-
gated structures confirmed by scanning electron mi-
croscopy (SEM) analysis. Although formulation (D)
did no aggregate presence, it contained only very
low number of microparticulated structures. There-
fore, most suitable formulation chosen to associate
with the drug was (E) using 3% PVA and 0.15%
PLA-l.

3.2. Characterization of PLA-l microspheres

Scanning electron micrographies of formulations
A to F are shown inFig. 2. Spherical microspheres
having average diameters of 42.9 nm (E) and 2.1�m
(F), respectively, were produced as shown by dy-
namic light scattering (Table 2andFig. 3). Micropar-
ticles without the drug had a smaller size than that
of nimesulide-loaded PLA-l microparticles presenting
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Table 2
The diameter distribution determinated by light scattering method

Sample Diameter (nm) Intensity (%)

PLA-l microespheres,
unloaded

42.9 63.7
54 8.10

271.0 8.7
341.2 4.7
857.5 0.9

1079.7 9.2
1359.4 4.5
8584.1 0.3

Nimesulide PLA-l
microespheres

159.7 25.6
195.1 33.3

2156.1 41.1

the drug dispersed in and adsorbed on the PLA-l
polymer matrix according to the model described by
Schaffazick et al. (2003). These results agree with the
observations obtained by SEM.

3.3. Determination of the rate of drug
encapsulation

The nimesulide PLA-l microparticle entrapment
efficiency was 70% and depended mainly on the poly-
mer’s composition. This relationship is a rather com-
plicated one, and can be affected by many factors, such
as molecular weight, the ratio between hydrophobic to
hydrophilic segments, crystallinity, etc. (Haixiong et
al., 2000).

3.4. Studies on the kinetic evaluation of in vitro
drug release

Fig. 4shows the in vitro release profile of nimesulide
from PLA-l microparticles. The main values are shown
in Table 3; the coefficient of variation at each point,

Fig. 4. In vitro drug release profiles of Nimesulide PLA micro-
spheres (�), and nimesulide powder (�).

measured in triplicate, was less than 10%. In this study,
a characteristic initial burst of release was followed
by a slower continuous rate of drug release. The burst
release effect was observed for just the first hours of
the experiment.

The burst effect is normally attributed to the pres-
ence of the included drug near the surface of the parti-
cle, which is known to be permeable to water. As time
progress, these microparticles are degraded, leading to
water diffusion into their core and nimesulide diffusing
into the water. In a biodegradable system, drug release
from the polymer matrix is very complex, and follows
erosion-diffusion kinetics. The results obtained in our
dissolution studies show that 22.65% of the drug was
released during the first 12 h, and 28.67% during a total
of 108 h.

The results obtained by the kinetic evaluation
(Figs. 5–7) show that the release of nimesulide from
PLA-l microspheres followed a Higuchi model, while
Table 4shows some kinetic parameters for this model
according to the equation: percentage of drug re-
leased = 0.9813

√
t (h) + 18.511. The burst effect was

not considerate in the kinetic analysis.

F d shap respectively.
ig. 3. Loaded (2) and unloaded (1) microsphere dispersion an
 e analysis by dynamic light scattering of samples (E) and (F),
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Table 3
Percentage of drug released from PLA-l microspheres comparing with its own dissolution. The variation between three replicates was less than
10%

Time (h) Percentage of drug released

Nimesulide from PLA-l microspheres ±S.D. Nimesulide ±S.D.

0 0 0 0 0
1 10.41807 0.00687 27.34882 0.045873
2 14.22597 0.02841 36.89017 0.149608
4 19.08050 0.04690 46.8141 0.052612
6 20.81400 0.03301 54.35167 0.030386
8 21.80519 0.01369 59.89283 0.056518

12 22.65257 0.02861 66.00545 0.133054
24 24.06907 0.03432 72.49919 0.216407
36 24.56440 0.03931 72.84133 0.220528
48 25.11325 0.04268 73.28542 0.211345
60 26.13579 0.04362 – –
72 26.53489 0.06441 – –
84 27.29595 0.06488 – –
96 28.15776 0.06444 – –

108 28.67520 0.07416 – –

Fig. 5. The Higuchi mathematical model applied to the dissolution
profile of nimesulide from PLA-l micro spheres.

Fig. 6. The zero order mathematical model applied to the dissolution
profile of nimesulide from PLA-l micro spheres.

Fig. 7. The Baker–Lonsdale model applied to the dissolution profile
of nimesulide from PLA-l microspheres. Md: amount of drug dis-
solved into the medium, Mt: Theoretical amount of drug associated
to the microsphere mass used.

Table 4
Kinetics parameters determined by the Higuchi mathematical model

PLA microspheres PLA-l
P(12) (%) 21.910
|KH| (h−1) 0.9813

P(12) (%): percentage of drug released in 12 h according to the equa-
tion obtained (item 3.4) andKH is the kinetic constant.

4. Discussion and conclusion

The preparation of PLA-l microspheres was based
on the emulsion evaporation method and for this prepa-
ration the relationship between the amounts of poly-
mer and surfactant seemed to be related to the vol-
ume of the aqueous phase. The aqueous volume of
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50 ml and the stirring velocity of 11,000 rpm were
used because we observed in the preliminary studies
that these parameters affect particles size distribution.
Thus, when the volume of the aqueous phase was in-
creased, the particles size increased as well, possibly
because it is much difficult to remove the organic from
the formulation, and resulted in microdroplet’s coale-
scence.

This technique for preparation of microparticles
is usually unsuitable because the poor incorporation
of water-soluble drugs. Another problem related to
this method is the possibility of the emulsion stabi-
lizer binding to microparticle surfaces (Verrecchia et
al., 1993; Shakessheff et al., 1997). In this method,
PLA dissolved in an organic solvent was emulsified in
an aqueous phase that contained the emulsion stabi-
lizer, and the evaporation of the organic solvent led to
the formation of PLA microparticles. Since the emul-
sion stabilizer remains at the oil/water (O/W) interface
during solvent evaporation, there was a possibility of
adsorption of the stabilizers.Lee et al. (1999)demon-
strated the existence of PVA layers on PLG micropar-
ticle surfaces and examined their quantitative behav-
ior by direct measurement. The mechanism of PVA
binding seemed to be by interpenetration of PVA and
PLG molecules, since a rheological study demonstrated
that hydrophobic segments of PVA penetrated into or-
ganic phase and interacted with PLG molecules during
the preparation of microparticles (Boury et al., 1995).
The irreversible binding of PVA on the particle sur-
f re-
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c
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w
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The choice of organic solvent constitutes another
important parameter to obtain a successful formulation.
The choice should take into account the solvent’s misci-
bility with water (if an oil water emulsion is to be used);
the ability to dissolve the polymer and drug; and its tox-
icity. In general, less solubility of the organic solvent
in water results in a more stable emulsion that leads to
spherical particles with nonporous surface and a better
size distribution (Thies, 1992; O’Donnel, 1997). The
ability of the solvent to dissolve large amounts of poly-
mer renders it easier to control particle size distribution
and drug encapsulation efficiency. The evaporation step
must be optimized to eliminate the organic phase in the
formulation.

Chloroform was the organic phase used in this work
because of the ability to dissolve large amounts of PLA-
l as well as the low solubility in water.

Both the loaded and unloaded microparticles pre-
pared by emulsion evaporation method were studied
by SEM and light scattering. SEM revealed that both
microparticles had a spherical shape and that surface
pores were not perceptible. Dynamic light scattering
measurements showed, not unexpectedly, that follow-
ing drug encapsulation, the average microparticle di-
ameter increased from 42.9 nm to 2.1�m. The mod-
ifications in polymer amount were in agreement with
the findings ofJeffery et al. (1991), that suggested that
the higher concentration of polymer in the sample led
to an increased frequency of collisions, resulting in fu-
sion of the droplets and producing an overall increase
i size
o .
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ace is likely to occur when the organic solvent is
oved from the interface in which interpenetration
VA and PLG molecules had occurred. According
oury’s study, the surface PVA density was indep
ent of the PVA concentration in the aqueous phase

t would have been important in the emulsion dro
ormation, however, it did not prevent the dropl
oagulation.

Moreover, we observed that the surfactant am
hat was in the continuous phase could inter
ith the microparticles. As showed inFig. 2, the

ower and higher concentration of PVA in the co
inuous phase promoted the coagulation of the
roparticles. Thus, the adequate amount of PVA
he aqueous phase for our formulation was 3%.
urfactant concentration was selected to be use
he preparation of microparticles loaded with
rug.
n the size of the microspheres. The microparticles
btained is suitable for intra muscle administration

The emulsion solvent-evaporation method use
his work showed to lead a good encapsulation (7
ependent on the solubility of the drug in the orga
olvent and the continuous phase. An increase in
oncentration of polymer in a fixed volume of orga
olvent could result in increased encapsulation
iency (Youan et al., 2001). However, other method
uch as interfacial polymer deposition followed by
ent evaporation, described byFessi et al. (1989)were
ble to produce better results for other drugs reac
n encapsulation above 95%.

The profile of the release of nimesulide from PLAl
icroparticles was sustained. In vitro dissolution t

esults showed that 28.67% of the drug was rele
rom microparticles within 108 h. The drug relea
rom microparticles seems to consist of two phase
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initial rapid release followed by a slower exponential
stage.

The results obtained until 4 h for the in vitro drug
release study were not considered because the burst ef-
fect that do not correspond to the real mechanism of the
drug release from microspheres. Although the signif-
icance of burst release in controlled delivery systems
has not been entirely considered, no successful theo-
ries have described the phenomenon yet. Despite the
fast release of drug in a burst stage is used strate-
gically in certain drug administration, the negative
effects caused the burst may be pharmacologically
dangerous and non-viable economically. Therefore a
through understanding of the burst effect in controlled
release systems is undoubtedly necessary. Some au-
thors asHuang and Brazel (2001), described some
experimental observations of burst release in mono-
lithic systems, and theories of the physical mecha-
nisms that cause it. These researchers were the first
to think about burst prevention as well as of the
treatment of the burst release in controlled release
models.

Calculating and comparing the coefficient of de-
termination for each kinetic model proposed, Higuchi
model presented the higherR2, thus, it was selected to
describe the kinetics release of nimesulide from micro-
spheres.

According to Higuchi model theory, the nimesulide
released from the microspheres studied in this work is
mainly controlled by micropores diffusion. Thus, with
t rease
o -
m

ults
w ula-
t us-
c lide.
F abil-
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e

A
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