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bstract

Bupivacaine has been encapsulated by solvent evaporation method based on O/W emulsion, using poly(dl-lactic-co-glycolic) acid (PLGA)
0:50. The particle size can be controlled by changing stirring rate and polymer concentration. The encapsulation efficiency was affected by
olymer concentration and burst effect of bupivacaine released from particles was affected by drug/polymer mass ratio. Orthogonal design was
sed to optimize the formulation according to drug content, encapsulation efficiency and burst effect. The dissolution profile and release model were

valuated with two different bupivacaine microspheres (bupi-MS) groups including low drug loading (6.41%) and high drug loading (28.92%).
t was observed that drug release was affected by drug loading especially the amount of drug crystal attached on surface of bupi-MS. The drug
elease profile of low drug loaded bupi-MS agreed with Higuchi equation and that of high drug loaded bupi-MS agreed with first order equation.

2007 Elsevier B.V. All rights reserved.
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. Introduction

In recent years, several approaches have been carried out
o obtain controlled release drug delivery systems due to their
otential advantages over the conventional drug therapy. These
elivery systems can be localized at specific region in the body
nd make it possible to achieve prolonged pharmacological
ffects while lowering the systemic concentrations of drugs.
mong the different approaches, drugs have been incorporated
n biostable polymers as well as in biodegradable system. Sev-
ral recent publications (Kreuter, 1994; Damge et al., 1988;
uong et al., 1998; Hyon, 2000) review the mostly applied
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atural or synthetic polymers, such as poly(lactic acid) (PLA),
oly(dl-lactic-co-glycolic) acid (PLGA), acrylic polymers or
opolymers, pluronic polys, alginates and so on. The most
idely used polymers are PLA and PLGA because of their quite

ong history of biodegradation studies, fabrication techniques,
pplication as suture materials and drug delivery system (Yang
nd Cleland, 1997; Bala et al., 2004). PLA and PLGA provide a
ide range of degradation rate, from months to years, depend-

ng on their composition and molecular weight (Sah and Chien,
995; Sah et al., 1994; Luan and Bodmeier, 2006).

The biodegradable microspheres can be prepared by dif-
erent techniques recently (Jiang and Schwendeman, 2001;

chwendeman et al., 1998; Duarte et al., 2006; Seong et al.,
003), such as solvent evaporation or solvent extraction method,
pray drying method, method using fluids under supercritical
onditions without toxic residual solvents.

mailto:zyqsmmu@126.com
dx.doi.org/10.1016/j.ijpharm.2007.10.004
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Local anesthetics which are used for regional anesthesia and
or regional control of major pain, are administered either via
entral routes, i.e. spinal and epidural routes, or via peripheral
outes. Bupivacaine has been widely used for local anesthe-
ia after surgery because of its rapid onset and relatively
ong-lasting anesthetic effect as compared to other commonly
sed local anesthetics (Arky and Charles, 2003). However,
he frequent local administration of a low dose of bupiva-
aine hydrochloride solution is often required due to its fast
ocal clearance and high systemic absorption which may lead
o cardiovascular and central nervous system toxicity. Recent
eports have shown that microspheres could be used as a drug
elivery system to prolong the duration of action of bupi-
acaine and to reduce its systemic absorption (Corre et al.,
002).

The influences of drug loading and hydrophilic coating on
idocaine release from PLA and poly(lactic-co-glycolic acid)
PLGA) nanoparticles have previously been demonstrated (Gref
t al., 1994; Peracchia et al., 1997). It has been observed at the
icrospheres of this type that bupivacaine release curves comply
ith a simple square-root formula which serves as a general indi-

ator of the dominant role of a diffusional mechanism (Corre et
l., 1997). The process of drug release occurs by several, often
imultaneous mechanisms. In the case of drug released from
LA and PLGA micro- or nanoparticles, the following mecha-
isms have been assumed (Li et al., 2001): (a) surface desorption,
b) diffusion through particle pole, (c) diffusion through an intact
olymer, (d) diffusion through a water swollen polymer, (e) sur-
ace or bulk erosion of polymer matrix. Other effects are the
hanges of particle morphology which consequently influence
he rate of diffusion release, swelling of the polymer network
nd solid drug dissolution (Jalil and Nixon, 1990). As has been
entioned above, the dissoution of drug crystals represents an

mportant mechanism, which influences the rate of bupivacaine
elease from PLGA particles.

Our goal is to design a controlled release delivery system of
upivacaine-loaded PLGA microspheres for spinal anesthesia.
n the present article we reported the optimization of micro-
pheres fabrication procedure and drug encapsulation, followed
y the characterization of microspheres and the study of drug
elease under in vitro conditions.

. Materials and methods

.1. Materials

Poly(dl-lactic-co-glycolic) acid named PLGA RG503
50:50), Mw 25,000–30,000 g/mol as indicated by the sup-
lier (Boehringer Ingelheim Int. Cop., Germany), bupivacaine

Shanghai Sanwei Pharmaceutical Co. China), sodium algi-
ate (AR Shanghai Reagent Supply Station), dialytic bag (Ø
5 mm, molecular weight of penetrants passing through is
0,000, 15,000, Shanghai Biochemical Reagents Store, China).
he organic solvent was methylene chloride (Shanghai Reagent
actory, China).
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M
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9
p
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.2. Preparation of microspheres

The microspheres, loaded with bupivacaine were prepared by
n emulsion–solvent evaporation technique (Corre et al., 1994).
ypically the solution of polymer 240 mg in 1 mL of methy-

ene chloride containing proper bupivacaine (from 20 to 120 mg)
as mixed with 30 mL of 1% sodium alginate solution contain-

ng 0.2% Tween 20 (w/w). This mixture was stirred for 15 min
y a constant speed stirrer and then removed into a water bath
t proper temperature for 3 h to evaporate the organic phase.
he microspheres were recovered by filtration and washed twice
ith 10 mL 0.02 mol/L sodium oxyhydride solution, then dried

n vacuum drier. The amount of non-entrapped bupivacaine in
he filtrated and washed solution was determined by UV/vis
pectrophotometry as described later.

.3. Characterization of microspheres

All microspheres size was measured with Coulter counter
Model TX-II, Coulter Electronic, UK). The microspheres were
esuspended in saline together with 0.5% (v/v) Tween 80 and
onicated before counting. The morphology of microspheres
as observed by scanning electron microscopy (SEM). SEM

equires a previous coating with a palladium:gold (60:40) mix-
ure, which was performed in a Fine coat Sputter at 1.2 kV, 5 mA
or 5 min. The microspheres physical status characterization
as performed by jointly measuring the differential scanning

alorimetry (DSC) and X-ray diffractometry (XRD) patterns.
o carry out DSC tests, 4 mg of sample was sealed in stan-
ard aluminum pans with lids. The sample was purged with
ure dry nitrogen at a flow rate of 50 mL/min. The temperature
amp speed was set at 10 ◦C/min from 30 to 130 ◦C. Indium was
sed as the standard reference material to calibrate the tempera-
ure and energy scales of the DSC instrument. Crystalline state
f bupivacaine was analyzed by powder XRD (D/MAX-III B,
igaku, Japan). A Ni filter at 40 kV and 45 mA generated the

adiation. The samples were placed in a quartz sample holder
nd scanned from 5◦ to 60◦ at a scanning rate of 3◦/min.

.4. Determination of the loading drugs in microspheres
nd the free drugs in water phase

The amount of non-entrapped bupivacaine was determined
y spectrophotemetry at 263 nm (Warian, USA) .We used this
ethod to determine the non-incorporated bupivacaine in the
ltrated and washed solution. The filtrated and washed solu-

ion was filtered with Sartorius ultrafiltration system (Shanghai,
hina) equipped with a membrane filter (cut off 15,000 Da), then

he obtained solution was centrifuged at 3000 × g for 1 h.
We also directly determined the amount of bupivacaine

ntrapped in the microspheres. The MS were dissolved in
etrahydrofuran and the solution was filtered by 0.45 �m

illipore filters (Kele, Shanghai, China), HPLC analysis can

hen be done as previously described (Corre et al., 1997). HPLC
ystem was consisted of a Waters Model 515 pump and a PDA
96 Variable wavelength detector set at 205 nm. Analyses were
erformed with a Waters Model �Bondapack C18 column
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Table 1
Effect of stirring rate on bupivacaine content and encapsulation efficiency of
bupi-MS

Stirring
rate (rpm)

Theoretical drug
content (%)

Measured drug
content (%)

Drug entrapment
efficiency (%)

400 33.33 29.41 88.24
600 33.33 30.05 90.16
800 33.33 30.46 91.38

Table 2
Effect of PLGA concentration on encapsulation efficiency of bupi-MS

PLGA
concentration
(%)

Theoretical drug
content (%)

Measured drug
content (%)

Drug entrapment
efficiency (%)

5 33.33 26.20 78.62
1
2
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Fig. 1. Effect of stirring rate on bupi-MS size and distribution.

aintained at 30 ◦C. The mobile phase was acetonitrile–0.01 M
H 4.0 potassium dihydrogenophosphate mixture (40:60) at a
ow rate of 1 mL/min.

.5. In vitro release study

The in vitro release of bupi-MS were carried out with the
SPXXII rotating paddle apparatus at 100 rpm and 37 ◦C under

ink condition in 500 mL pH 7.4 PBS. Drug concentration was
easured by HPLC method as previously described. Each deter-
ination was made in duplicate.

. Results and discussion

.1. Optimization of the particle size, encapsulation
fficiency and burst effect of bupi-MS

In the formulation, sodium alginate instead of frequently used
VA, was used as the emulsifier. Compared with microspheres
abricated with PVA or Pluronic F-68, microspheres made with
odium alginate had more spherical shape, similar size and size

istribution in our experiments. This suggested that sodium algi-
ate could be a better emulsifier than PVA to fabricate bupi-MS
n the emulsion–solvent evaporation technique.

Fig. 2. Effect of PLGA concentration on bupi-MS size and distribution.
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0 33.33 27.81 83.43
0 33.33 30.32 90.98

In order to optimize the particle size, encapsulation effi-
iency and burst effect of drug release from bupi-MS, only one
arameter was changed in each series of experiments and all
ther experimental conditions were left constant as described
n Section 2.2. In all experiments described in this article, the
ean particle size decreased along with the increasing of stir-

ing rate (Fig. 1), probably because higher stirring rate provided
ore powerful shearing force to separate the oil phase into

maller droplets (Yang and Owusu, 2000). Fig. 2 shows the influ-
nce of polymer concentration on the microspheres size. It was
oticeable that the size of the microspheres was significantly
nfluenced by the polymer concentration. An increase in the
olymer concentration resulted in a larger particle diameter. This
ight be explained by a greater probability of fusion of semi-

ormed particles when they ran into each other in the medium. In
ddition, increasing the concentration of dissolved polymer also
ncreased the viscosity of the organic phase, which might pre-
ent an optimal shearing of the emulsion when agitated (Jeffery
t al., 1991; Sturesson et al., 1993). Table 1 reports the effect of
tirring rate on encapsulation efficiency of bupi-MS. The results
howed that encapsulation efficiency was not seriously affected
y stirring rate. As shown in Table 2, the encapsulation effi-
iency increased along with increasing polymer concentration.
his might because an increasing polymer concentration at a
xed internal phase volume resulted in a decreasing porosity of
he particles with an increased volume weight mean diameter
nd encapsulation efficiency of drug (Edith et al., 1997). Table 3
hows the influence of drug/PLGA ratio on the burst effect and

able 3
ffect of drug/PLGA ratio on burst effect of release of bupi-MS

rug/PLGA
ass ratio

Mean particle
diameter (�m)

Burst effect of
release in 30 min (%)

:7 112 ± 42 12.20
:4 121 ± 87 25.41
:2 128 ± 99 39.46
:1 119 ± 105 58.23
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Table 4
Orthogonal design and results

Test
number

Drug/PLGA
mass ratio

Temperature
(◦C)

S1 S2 S3 S

1 1:12 35 0.0641 0.8845 0.1523 0.7963
2 1:12 45 0.0563 0.8824 0.1541 0.7846
3 1:12 55 0.0578 0.8676 0.1634 0.7620
4 1:6 35 0.1224 0.8977 0.2116 0.8085
5 1:6 45 0.1088 0.8211 0.2241 0.6978
6 1:6 55 0.1002 0.6820 0.2268 0.5554
7 1:2 35 0.2892 0.8677 0.3452 0.8117
8 1:2 45 0.2737 0.8211 0.3646 0.7302
9 1:2 55 0.2273 0.6820 0.3753 0.5340
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Fig. 3 shows the particle size distribution of bupi-MS. Ninety-
five percent particle size focus on the range from 45 to 135 �m.
ig. 3. Particle size distribution of bupi-MS estimated by Coulter counter.

ean particle size. It was remarkable that the burst effect was
ignificantly influenced by the drug/PLGA ratio. An increase
n drug/PLGA ratio resulted in increasing burst effect. Increase
f initial drug loading amount at the same PLGA concentration
eans decrease of relative amount of PLGA that could encapsu-

ate drug and hence increase of burst effect could be explained
y relatively more drug could not be encapsulated in polymer
icrospheres or might be existed on surface of microspheres

Seong et al., 2003). The mean particle size was not affected by

he drug/PLGA ratio.

S
L

Fig. 4. Micrograph of bupi-MS by scanning electron microscopy. (A) Low dr
ig. 5. Cumulative percent drug release as a function of time of bupivacaine
rom powder and low drug loaded bupi-MS.

.2. Optimization of microspheres formulation

Orthogonal design was used to optimize the formulation
ccording to drug content, encapsulation efficiency and burst
ffect (Table 4)

1 =
(

content of drug

weight of MS

)
× 100%

2 =
(

determined content of drug

theoretical content of drug

)
× 100%

3 =
(

accumulative release amount in 30 min

total amount of drug in MS

)
× 100%

= S1 + S2 − S3

.3. Size distribution and morphology
EM observation showed that bupi-MS were spherical (Fig. 4).
ow drug loaded bupi-MS possessed a smooth surface with

ug loaded bupi-MS (6.41%), (B) high drug loaded bupi-MS (28.92%).
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Table 5
Correlation coefficients corresponding to the given models of low drug loaded
bupi-MS

Test number Zero order A Higuchi B First order C Ritger-peppas D

1 0.8720 0.9884 0.9731 0.9346
2 0.8728 0.9889 0.9755 0.9331
3 0.8785 0.9898 0.9758 0.9335
4 0.8731 0.9883 0.9774 0.9323
5 0.8780 0.9908 0.9787 0.9369
6 0.8813 0.9926 0.9826 0.9354

Mean 0.8760 0.9898 0.9772 0.9343

S.D. 0.0038 0.0016 0.0033 0.0017

Table 6
Correlation coefficients corresponding to the given models of high drug loaded
bupi-MS

Test number Zero order A Higuchi B First order C Ritger-peppas D

1 0.8142 0.9610 0.9875 0.8786
2 0.7903 0.9556 0.9796 0.8824
3 0.7892 0.9534 0.9796 0.8775
4 0.7880 0.9539 0.9805 0.8820
5 0.7853 0.9526 0.9773 0.8744
6 0.7887 0.9520 0.9821 0.8756
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Fig. 6. The correlation between cumulative release and square root of release
t

c
o
o
d
e
d
H
r
t
r
w
l
m
t
o
t
v
a
t
a
(
C
v
d
f
t

T
R

G

L
B
H
B

ean 0.7926 0.9548 0.9811 0.8784

.D. 0.0107 0.0033 0.0035 0.0033

ccasional pores and some drug crystals on the surface of high
rug loaded bupi-MS were observed.

.4. DSC and XRD analysis

In our work, differential scanning calorimetry and X-ray
iffractometry techniques have been employed to study the
hysical characteristics of bupi-MS. Crystalline state of bupi-
acaine was analyzed by XRD and thermal characteristics were
etermined by DSC. The results indicated that bupivacaine
rapped in the microspheres existed in crystallization status in
he polymer matrix (figures were not presented within the paper).

.5. In vitro drug release kinetics

In order to understand the release kinetics of bupi from bupi-

S, two different particle groups including low drug loaded

upi-MS (6.41%) and high drug loaded bupi-MS (28.92%)
ere prepared. The drug release was determined according to
ection 2.5. Fig. 5 shows the in vitro release profile of bupiva-

l
t
f
l

able 7
esults of paired t-test

roups A × B A × C

ow drug loaded t-Value 13.88 32.03
upi-MS(6.41%) Test P < 0.01 P < 0.01
igh drug loaded t-Value 16.22 44.27
upi-MS(28.92%) Test P < 0.01 P < 0.01
ime.

aine from low drug loaded bupi-MS. Higher release rate was
bserved in the initial 8 h, which may correspond to release
f drug on the surface of microspheres. From 8 to 48 h, the
rug release rate was relatively constant, suggesting that the
ntrapped bupivacaine began to release. By fitting the observed
ata shown in Tables 5–7 to several release models (zero order,
iguchi, first order, Ritger-peppas). We could found that drug

elease model was affected by drug loading especially the quan-
ity of drug crystal attached on surface of bupi-MS. The drug
elease from low drug loaded bupi-MS can be better agreed
ith Higuchi equation and the drug release from high drug

oaded bupi-MS can be agreed with first order equation. This
ight be explained by the fact that the release rate and pat-

ern of drug from the PLGA matrix is mainly dependent on not
nly degradation of PLGA but also diffusion of drug through
he matrix (Batycky et al., 1997). The concentration of bupi-
acaine released from bupi-MS prepared with prescription 1
nd from bupivacaine powder were studied as a function of
ime, respectively. The results over 48 h are shown in Fig. 5
nd the former could be better agreed with Higuchi equation
Q% = 6.10 + 26.88t1/2, r = 0.9850) during the first 12 h (Fig. 6).
ompared with bupivacaine powder, prolonged release of bupi-
acaine from microspheres was observed. In the case of our high
rug loaded particles (28.92%), the drug exists in crystalline
orm on the surface (observed in Fig. 4) and probably inside
he bupi-MS, so the burst effect is higher than that of low drug
oaded microspheres. According to Section 3.2, the prescrip-
ion 7 was selected to be the best prescription which was used

or the pharmacokinetics and pharmacodynamics researches
ater.

A × D B × C B × D C × D

13.87 6.89 6.05 23.44
P < 0.01 P < 0.01 P < 0.01 P < 0.01
20.93 2.85 8.36 76.07
P < 0.01 P < 0.05 P < 0.01 P < 0.01
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. Conclusions

The emulsion–solvent evaporation procedure allowed us
o prepare spherical bupivacaine-loaded biodegradable PLGA

icrospheres. The particles size can be controlled by changing
tirring rate and polymer concentration. The drug/polymer mass
atio can dramatically affect the morphology of bupi-MS related
o the drug release rate and release model. Effect of drug/polymer

ass ratio on mean particle size was not observed. Drug/polymer
ass ratio can also affect the drug content, encapsulation effi-

iency and burst effect. A novel observation has been made in
his study that the drug release of low and high drug loaded MS
ere well agreed with Higuchi and first order model, respec-

ively. With low loaded microspheres (6.41%), a long-lasting
elease over 48 h was observed, but the release rate was well
greed with Higuchi model only during the first 12 h. There is
negative deviation which is similar to the previous paper of
iguchi (Higuchi, 1963).
Generally, the duration of action of bupivacaine is 3–6 h

ith a single injection of drug. In our work, after an initial
urst, a continuous drug release was observed for up to 24 h
hich meets the need of prolonging the duration of action of
rug.

According to our original experimental design, the time of
upivacaine released from microspheres should be from about
2 to 24 h with suitable burst release which served as the first
ose to achieve fast anesthetic effect. The release result we got
n the paper can basically be matched with the purpose of our
xperiment.

cknowledgements

The authors are very grateful to Professor Xinhua Wang and
iang Fu for many helpful discussions and technical support.

eferences

rky, R., Charles, S., 2003. Physician Desk’s Reference. Medical Economics,
Montvale, pp. 642–644.

ala, I., Hariharan, S., Kumar, M.N., 2004. PLGA nanoparticles in drug deliv-
ery: the state of the art. Crit. Rev. Ther. Drug Carrier Syst. 21, 387–
422.

atycky, R.P., Hanes, J., Langer, R., Edwards, D.A., 1997. A theoretical model
of erosion and macromolecular release from biodegrading microspheres. J.
Pharm. Sci. 88, 1464–1477.

orre, P.L., Estebe, J.P., Clement, R., Du Plessis, L., Chevanne, F., 2002.
Spray-dried bupivacaine-loaded microspheres: in vitro evaluation and bio-
pharmaceutics of bupivacaine following brachial plexus administration in
sheep. Int. J. Pharm. 238, 191–203.

orre, P.L., Guevello, P.L., Gajan, V., Chevanne, F., Le Verge, R., 1994.

Preparation and characterization of bupivacaine-loaded polylactide and
poly(lactide-co-glycolide) microspheres. Int. J. Pharm. 107, 41–49.

orre, P.L., Rytting, J.H., Gajan, V., 1997. In vitro controlled release kinetics
of local anaesthetics from poly(d, l lactide) and poly(lactide-co-glycolide)
microspheres. J. Microencapsul. 14, 243–253.

Y

Y

harmaceutics 351 (2008) 244–249 249

amge, C., Michel, C., Aprahanmian, M., 1988. New approach for oral adminis-
tration of insulin with polyalkyl cyanoacrylate nanocapsules as drug carrier.
Diabetes 2, 246–251.

uarte, A.R., Costa, M.S., Simplı́cio, A.L., Cardoso, M.M., Duarte, C.M., 2006.
Preparation of controlled release microspheres using supercritical fluid tech-
nology for delivery of anti-inflammatory drugs. Int. J. Pharm. 308, 168–174.

dith, J.M., Schlicher, K., Nancy, S.P., 1997. Preparation and characterization of
poly(d, l-lactic-co-glycolic acid) microspberes containing desferrioxamine.
Int. J. Pharm. 153, 235–245.

ref, R., Minamitake, Y., Peracchia, M.T., Trubetskoy, V., Torchilin, V., Langer,
R., 1994. Biodegradable long-circulating polymeric nanospheres. Science
263, 1600–1603.

iguchi, T., 1963. Mechanism of sustained action medication: theoretical anal-
ysis of rate of release of solid drugs dispersed in solid matrices. J. Pharm.
Sci. 52, 1145–1149.

yon, S.H., 2000. Biodegradable poly(lactic acid) microspheres for drug deliv-
ery systems. Yonsei. Med. J. 41, 720–734.

alil, R., Nixon, J.R., 1990. Microencapsulation using poly(l-lactic acid) IV:
release. Properties of microcapsules containing phenobarbitone. J. Microen-
capsul. 7, 53–66.

effery, H., Davis, S.S., O’Hagan, D.T., 1991. The preparation and characteri-
zation of poly(lactide-co-glycolide) microparticles 1: oil-in-water emulsion
solvent evaporation. Int. J. Pharm. 77, 169–175.

iang, W., Schwendeman, S.P., 2001. Stabilization and controlled release of
bovine serum albumin encapsulated in poly(d, l-lactide) and poly(ethylene
glycol) microsphere blends. Pharm. Res. 18, 878–885.

reuter, J., 1994. Nanoparticles. In: Kreuter, J. (Ed.), Colloidal Drug Delivery
Systems. Marcel Dekker, New York, pp. 219–342.

i, X., Deng, X., Huang, Z., 2001. In vitro protein release and degradation of
poly-dl-lactide-poly(ethylene glycol) microspheres with entrapped human
serum albumin: quantitative evaluation of the factors involved in protein
release phases. Pharm. Res. 18, 117–124.

uan, X., Bodmeier, R., 2006. Influence of the poly(lactide-co-glycolide) type
on the leuprolide release from in situ forming microparticle systems. J.
Controlled Release 110, 266–272.

eracchia, M.T., Gref, R., Minamitake, Y., Domb, A., Lotan, N., Langer, R.,
1997. PEG-coated nanospheres from amphiphilic diblock and multiblock
copolymers: investigation of their drug encapsulation and release character-
istics. J. Controlled Release 46, 223–231.

uong, D., Neufeld, R.J., Skjak-Braek, G., 1998. External versus internal source
of calcium during the gelation of alginate beads for DNA encapsulation.
Biotechnol. Bioeng. 57, 438–446.

ah, H.K., Chien, Y.W., 1995. Degradability and antigen-release characteristics
of polyester microspheres prepared from polymer blends. J. Appl. Polym.
Sci. 58, 197–206.

ah, H.K., Toddywala, R., Chien, Y.W., 1994. The influence of biodegrad-
able microcapsule formulations on the controlled release of a protein. J.
Controlled Release 30, 201–211.

chwendeman, S.P., Tobio, M., Joworowicz, M., Alonso, M.J., Langer, R., 1998.
New strategies for the microencapsulation of tetanus vaccine. J. Microen-
capsul. 15, 299–318.

eong, H., An, T.K., Khang, G., 2003. BCNU-loaded poly(d,l-lactide-co-
glycolide) wafer and antitumor activity against XF-498 human CNS tumor
cells in vitro. Int. J. Pharm. 251, 1–12.

turesson, C., Carlfors, J., Edsman, K., 1993. Preparation of biodegradable
poly(lactic-co-glycolic) acid microspheres and their in vitro release of tim-
olol maleate. Int. J. Pharm. 89, 235–244.
ang, J., Cleland, J.L., 1997. Factors affecting the in vitro release of recombinant
human interferon-� (rhIFN-�) from PLGA microspheres. J. Pharm. Sci. 8,
908–914.

ang, Q., Owusu, A.G., 2000. Biodegradable progesterone microsphere delivery
system for osteoporosis therapy. Drug. Dev. Ind. Pharm. 26, 61–70.


	Bupivacaine-loaded biodegradable poly(lactic-co-glycolic) acid microspheres
	Introduction
	Materials and methods
	Materials
	Preparation of microspheres
	Characterization of microspheres
	Determination of the loading drugs in microspheres and the free drugs in water phase
	In vitro release study

	Results and discussion
	Optimization of the particle size, encapsulation efficiency and burst effect of bupi-MS
	Optimization of microspheres formulation
	Size distribution and morphology
	DSC and XRD analysis
	In vitro drug release kinetics

	Conclusions
	Acknowledgements
	References


