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bstract

Poly(�-caprolactone) (PCL) microspheres encapsulating disodium norcantharidate (DSNC), a drug in salt form and with high water solubility,
ere prepared by s/o/w solvent evaporation technique and characterized in terms of size, morphology, encapsulation efficiency and drug release.
he viscosity of s/o dispersion was crucial to the successful encapsulation of DSNC. Scanning electron microscopy (SEM) studies showed that the
rug-loaded microspheres had coarse surface and porous internal structure. The analysis of X-ray diffraction (XRD) indicated that there was no

nteraction between DSNC and PCL, but the degree of crystallinity of PCL decreased with the introduction of the drug. The drug release profiles
ndicated an initial burst release followed by a slow release, and a further investigation into the release mechanism implied that the release of DSNC
rom PCL microspheres was caused by a combination of diffusion and osmotic pressure.

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

Disodium norcantharidate (DSNC, Fig. 1), a demethylated
nalogue of cantharidin isolated from the dried body of blis-
er beetle, is a potent anti-cancer drug against primary hepatic
arcinoma, breast cancer and abdominal cancer (Wang, 1989).
espite the increased antihepatoma activity, its toxicity to

he gastrointestinal and urinary tracts is not eliminated com-
letely (Tagwireyi et al., 2000). Additionally, DSNC has a
hort biological half-life of 2–4 h and is eliminated rapidly
fter oral or intravenous administration. Microencapsulation
ith biodegradable polymer can provide a feasibility to over-

ome these side-effects and demerits by controlling drug release
Freiberg and Zhu, 2004), however, few investigations on the
icroencapsulation of DSNC were reported.
Solvent evaporation technique is one of the most popu-
ar ways to accomplish microencapsulation (Bodmeier and
cGinity, 1987, 1988; Alex and Bodmeier, 1990; O’Donnell

nd McGinity, 1997; Viswanathan et al., 1999; Lee et al., 2000;
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arrasquillo et al., 2001). As usual, the desired polymer is
issolved in a suitable organic solvent, and the drug can be
issolved, dispersed or emulsified into the polymer solution,
hich is then emulsified in an aqueous or oil phase containing

mulsifier. As the solvent evaporation occurs, the microspheres
arden and can be harvested by suitable filtration and drying.
election of microencapsulation methods is primarily deter-
ined by the solubility of the drug and the polymer (Bodmeier

nd McGinity, 1988; Herrmann and Bodmeier, 1998). The
/o/w and s/o/w solvent evaporation techniques are commonly
sed to encapsulate water-soluble drugs (Takada et al., 1997;
érez et al., 2000; Lai and Tsiang, 2005). Compared to w/o/w-

echnique, s/o/w-technique possesses two major advantages: the
rst, s/o/w-technique need not prepare w/o primary emulsion,
hose stability is a prerequisite for the successful stabilization
f a multiple emulsion and the high loading of drug within the
olid microparticles (Nihant et al., 1994); the second, the drug in
olid state requires a dissolution step prior to the diffusion into
ontinuous phase, thus allowing higher encapsulation efficiency

Lamprecht et al., 2000).

Poly(�-caprolactone) (PCL) is one of the biocompatible and
iodegradable polyester polymers and does not generate an acid
nvironment unlike the polylactide or polyglycolide polymers,

mailto:srguo@sjtu.edu.cn
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the determination of DSNC in microspheres, drug loading and
Fig. 1. Chemical structure of disodium norcantharidate.

esides, it possesses high hydrophobicity, non-toxicity and high
ermeability to low molecular weight drugs (Pitt, 1990). There-
ore, many investigations have focused on its application for
ontrolled delivery of various drugs (Kim and Lee, 2001; Lin
nd Huang, 2001; Dhanaraju et al., 2003; Sinha et al., 2004;
amprecht et al., 2000; Pérez et al., 2000).

The objectives of this study are first to encapsulate DSNC
nto PCL microspheres by s/o/w solvent evaporation technique
nd secondly to characterize the microspheres in terms of
article size, morphology, encapsulation efficiency and drug
elease.

. Materials and methods

.1. Materials

Disodium norcantharidate was purchased from Ange Phar-
aceutical Company (Nanjing, China). Poly(�-caprolactone)

MW 50,000) was supplied by Daicel Polymer Ltd. (Minato-
u, Tokyo, Japan). Polyvinylalcohol (PVA, 88% hydrolyzed)
as provided by Weicheng Chemical Industry Co. Ltd. (Shang-
ai, China) as emulsifier. Tween 80 and dichloromethane were
btained from Sinopharm Chemical Reagent Co. Ltd. (Shang-
ai, China).

.2. Preparation of microspheres

DSNC-loaded PCL microspheres were prepared by a mod-
fied s/o/w solvent evaporation technique (Lamprecht et al.,
000). The drug was micronized with a planetary ball mill (Pul-
erisette 6, Fritsch, Germany). A different amount of micronized
rug (50–250 mg) was dispersed in 3 ml of dichloromethane
ontaining PCL (150–750 mg). This s/o dispersion was added
ropwise into 40 ml of 1% (w/v) PVA aqueous solution. The
esulting emulsion was stirred with a double-bladed propeller
ontinuously for 40 min under ambient pressure, and then stirred
or another 20 min under reduced pressure (20 Pa). Finally, the

icrospheres were collected by filtration, washed with deion-

zed water and dried in a vacuum desiccator at room temperature.
The blank PCL microspheres were prepared by simple o/w

olvent evaporation method, and the variables were kept constant
uring the preparation.

e

D
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.3. Particle size analysis

Particle size of microspheres was measured by a particle size
nalyzer (CIS 100, Ankersmid, Netherlands). For the analysis,
he sample was prepared by suspending 50 mg of microspheres
n 5 ml of 0.2 �m filtered distilled water containing 2% (w/v)
ween 80 and then sonicating in a water bath for 3 min to pre-
ent aggregation between microspheres. The particle size was
xpressed as the volume mean diameter in micrometer.

.4. Morphology of microspheres

The surface and internal morphologies of microspheres were
bserved with field emission scanning electron microscope
SEM) (JSM-7401F, JEOL, Japan). Dried microspheres were
ounted onto stubs using double-sided adhesive tape with con-

uctive effect and analyzed with SEM. To reveal the internal
tructure, the stuck microspheres were cross-sectioned with
azor blade prior to the observation.

.5. X-ray diffraction

X-ray diffraction patterns were obtained using an X-ray
iffractometer (D/max 2200, Rigaku, Japan). The samples were
laced in a steel holder and scanned over a 2θ range of 0–40◦
t the rate of 6◦ min−1. The degree of crystallinity (XC %) was
valuated from the following equation (Gonzalez et al., 1999):

C% = IT − IA

IT
× 100% (1)

here IT and IA are the intensities of the whole sample and the
morphous phase (area under the curve), respectively.

.6. HPLC method analysis

The drug content of DSNC-loaded PCL microspheres
as determined by high performance liquid chromatogra-
hy (HPLC), equipped with a variable wavelength detector
SPD-10ADVP, Shimadzu, Japan). To extract DSNC from
he microspheres, 20 mg of microspheres were dissolved in
.2 ml of acetonitrile, and then 8.8 ml of purified water was
dded to precipitate the polymer matrix. The resulting solution
as centrifuged for 10 min at 10,000 rpm and the super-
atant was collected for HPLC analysis. HPLC analysis was
arried out under the follow condition: DiamonsilTM C18 col-
mn (250 mm × 4.6 mm, 5 �m, Dikma Technologies, Beijing,
hina), wavelength fixed at 208 nm and mobile phase composed
f acetonitrile and water (12:88, pH 3.1, adjusted with phos-
horic acid). The linearity of the response was verified over the
oncentration range of 20–640 �g/ml (r2 = 0.999). According to
ntrapment efficiency were calculated as follows:

rug loading = Mass of drug in microspheres

Mass of microspheres
× 100%

(2)
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ncapsulation efficiency

= Actual drug loading

Theoretical drug loading
× 100% (3)

.7. In vitro release behavior

Thirty milligram of microspheres were placed in 3 ml of
.05 M phosphate buffer (PB) adjusted to pH 7.4 and incu-
ated in a horizontal-shaker at 37 ◦C. At predetermined intervals,
icrospheres were centrifuged for 2 min at 500 rpm, then 0.1 ml

f supernatant was extracted and 0.1 ml of fresh buffer was
dded. The extracted supernatant was diluted with 0.9 ml of
obile phase for HPLC analysis.

. Results and discussion

.1. Preparation of microspheres

In this study, the s/o/w solvent evaporation technique was
elected to encapsulate DSNC, a highly water-soluble and low
olecular weight drug. First, PCL polymer was dissolved in 3 ml

f dichloromethane, and then the micronized drug was dispersed
n the polymer solution. This s/o dispersion was added dropwise
nto 40 ml of 0.1% PVA aqueous solution, and the resulting mix-
ure was stirred with a double-bladed propeller at 20 ◦C. Since
he residual dichloromethane easily led to the agglomeration of
he microspheres, reduced pressure was adopted at the final stage
f stirring to ensure complete evaporation of dichloromethane.
fter the removal of dichloromethane, the microspheres were

ollected by filtration, washed with deionized water (three times
nd 10 ml per time) and dried in a vacuum desiccator at room
emperature.

.2. Encapsulation efficiency and particle size

Among several parameters of the formulation, the polymer
oncentration played an important role in the encapsulation of

SNC. As shown in Table 1 (B1–B5), at a constant feed ratio
f PCL to DSNC and the fixed stirring rate, the encapsulation
fficiency of DSNC increased with the increasing concentra-
ion of the polymer. The increase in entrapment efficiency was

(
r
l
Y

able 1
article size, drug loading and entrapment efficiency of DSNC-loaded PCL microsph

atch CPCL (%) WDSNC (mg) Stirring (rpm)

1 5 50 1000
2 10 100 1000
3 15 150 1000
4 20 200 1000
5 25 250 1000
6 20 100 800
7 20 100 1200
8 20 100 1000
9 20 300 1000

PCL, concentration of PCL in organic phase; WDSNC, weight of the drug dispersed in
fficiency of DSNC. The volumes of organic phase and water phase were 3 and 40 m
ig. 2. Effect of polymer concentration on the viscosity of s/o dispersion and
orresponding encapsulation efficiency of DSNC-loaded PCL microspheres: (�)
iscosity of s/o dispersion; (�) encapsulation efficiency.

ainly attributed to the increased viscosity of s/o dispersion,
hich prevented the leakage of drug into the aqueous phase
uring the hardening stage. Fig. 2 shows that the viscosity of
/o dispersion increased with the increasing concentration of the
olymer, and the more viscous the s/o dispersion was, the higher
ntrapment efficiency was achieved. This result is in agreement
ith other studies (Takada et al., 1997; Yang et al., 2000). The

ncreased polymer concentration can accelerate the solidifica-
ion of the phase-separated polymer domain, which answers for
he increase in particle size as well as the decrease in drug loss
Kim et al., 2006). In addition, the increasing amount of drug
ddition led to an increase in encapsulation efficiency (Table 1,
4, B8 and B9). The probable reason for the increase in encap-

ulation efficiency is that the polymer was not overloaded with
he amount of the drug (Benoit et al., 1999). Finally, the effect
f stirring rate was taken into account. Higher stirring rate led
o smaller mean diameter and lower encapsulation efficiency

Table 1, B6–B8), which was due to the fact that higher stir-
ing rate resulted into smaller emulsion droplets, facilitating the
eakage of drug into the water phase (Sansdrap and Moës, 1993;
ang et al., 2000).

eres obtained under various preparation conditions (n = 3)

Particle size (�m) D.L. (% ± S.D.) E.E. (% ± S.D.)

39.2 ± 1.6 0.70 ± 0.03 2.80 ± 0.12
67.7 ± 2.1 2.17 ± 0.11 8.68 ± 0.44

122.3 ± 3.1 6.76 ± 0.18 27.04 ± 0.72
178.7 ± 4.8 18.11 ± 0.40 72.44 ± 1.60
229.4 ± 4.2 20.23 ± 0.32 80.92 ± 1.28
257.5 ± 5.7 7.87 ± 0.19 55.09 ± 1.33
143.4 ± 3.4 7.12 ± 0.21 49.84 ± 1.47
172.9 ± 3.9 7.63 ± 0.24 53.41 ± 1.68
181.6 ± 4.4 25.25 ± 0.67 75.75 ± 2.01

polymer solution; D.L., drug loading of the microspheres; E.E., encapsulation
l, respectively.



S. Wang et al. / International Journal of Pharmaceutics 350 (2008) 130–137 133

F ) and
t orph

3

s
a
(
h
c
t
b
r

c
p
M
s
w
s
e

ig. 3. Scanning electron microscopic photographs of DSNC-loaded (a, b and c
echnique: (a and d) external morphology; (b and e) surface; (c and f) internal m

.3. Morphology of microspheres

The surface morphology and internal structure of micro-
pheres were observed by SEM. The drug-loaded microspheres
ppeared spherical with diameters in the range of 39–258 �m
Fig. 3a), and were easily found to be coarse and porous at a
igh magnification (Fig. 3b). The coarseness and porosity was

ommonly considered as a result of solvent removal during the
erminal stage of the formulation (Dash, 1997). However, the
lank PCL microspheres prepared under the same conditions
evealed the smooth surface without pores (Fig. 3d–f). Thus, the

t
d
i
t

blank (d, e and f) PCL microspheres prepared by the s/o/w solvent evaporation
ology.

oarseness and porosity should not be caused by the preparation
rocedure itself, including the operation of reducing pressure.
uch to our surprise, the cross-section of DSNC loaded micro-

pheres showed highly porous internal structure (Fig. 3c), which
as quite different from other microspheres also prepared by

/o/w-technique (Takada et al., 1997; Lamprecht et al., 2000),
specially, in the investigation conducted by Lamprecht and his

eam, PCL was also chosen to encapsulate drug. The marked
ifferences in morphology were probably due to the differences
n physicochemical characteristics of the model drugs, because
he drug in salt form not only can generate osmotic pressure,
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ut also easily leads to a phase separation phenomenon during
he polymer coacervation (Weidenauer et al., 2003). In order
o confirm this explanation, an attempt to encapsulate varied
rugs or compounds was made under the same conditions. When
aCl was encapsulated, the microspheres showed coarse sur-

ace and porous structure, conversely, the microspheres revealed
mooth surface and non-porous structure when encapsulating 5-
uorouracil or other model drugs in non-salt form, including
orcantharidin, the acid anhydride form of DSNC (photographs
ot shown here). These results supported the explanation that
he coarseness and porosity was a result of the salt form of the

odel drug.

.4. X-ray diffraction analysis

X-ray diffractometry is widely used for the characteriza-
ion and evaluation of microspheres (Gonzalez et al., 1999;
ash et al., 2002). Fig. 4 shows the XRD spectra of pure
rug, PCL and the drug-loaded microspheres. As for the XRD
f PCL, it displayed two characteristic peaks in the range of
0–25◦, confirming the semi-crystalline structure of PCL poly-
er (Pérez et al., 2000). The characteristic peak of DSNC
as observed in the diffraction pattern of the drug-loaded
icrospheres, which indicated that DSNC retained its origi-

al crystallinity during the preparation of the microspheres.
ince DSNC is hardly dissolved in dichloromethane, crystalline
ragments of the drug were incorporated in the final micro-
pheres in the same state as initially dispersed in the polymer
olution.

PCL maintained its semi-crystalline characteristics through-
ut the preparation, however, the degree of crystallinity of the
olymer varied with the amount of the drug. As shown in Fig. 5,
he drug-free microspheres had a crystallinity value of 45.3%,
ut the value decreased with the introduction of DSNC, and the

ore amount of the drug was added, the lower crystallinity value
as obtained. The result was probably due to the fact that the
resence of DSNC was unfavorable for the recrystallization of
CL polymer. Besides, there was no interaction between DSNC

ig. 4. X-ray diffraction patterns of: (a) DSNC; (b) PCL; (c–e) microspheres
ith drug loading of 7.63, 18.11 and 25.25%, respectively.

r
h
m

F
l
�

ig. 5. Influence of the amount of DSNC added on the degree of crystallinity
XC) of PCL microspheres (the amount of PCL was fixed at 600 mg).

nd PCL, because the diffraction pattern of the microspheres
as only the summation of diffraction patterns of the individual

onstituents.

.5. In vitro release behavior

In vitro release profiles of DSNC from the microspheres of
ifferent drug loading in phosphate buffer (0.05 M, pH 7.4) were
hown in Fig. 6. Regardless of drug loading, the release profiles
xhibited a rapid release phase followed a slow release phase.
5–83% of the entrapped drug was released within 8 h. The

apid release was probably contributed to two aspects: one is the
igh water-solubility of DSNC (347 mg/ml), in favor of its rapid
igration to the dissolution medium; the other is the coarseness

ig. 6. In vitro release profiles of NCDS from the microspheres of different drug
oading in phosphate buffer (0.05 M, pH 7.4) at 37 ◦C (�, 7.63%; �, 18.11%;
, 25.25%; n = 3).
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Fig. 7. Morphologies of DSNC-loaded PCL microspheres after 72 h release for:
(

a
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r
b
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Table 2
Coefficients and exponents of the drug release from PCL microspheres with
various drug loading

Drug loading
(%)

Coefficient
constant (k)

Diffusional
exponent (n)

Correlation
coefficient (r2)

7.63 0.2926 0.4311 0.9935
1
2

3

h
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e
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e

w
c
o
s
n
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l
c
h
loading was appropriate to neither Fickian nor non-Fickian dif-
fusion. The above result implied that the release mechanism of
DSNC from PCL microspheres was not caused by pure diffusion.

Fig. 8. Release profiles of DSNC from PCL microspheres in phosphate buffers
a) external morphology; (b) surface; (c) internal morphology.

nd porosity of the microspheres, which facilitates the diffusion
f the water-soluble drug. Moreover, the morphologies of micro-
pheres after release (72 h) were almost alike to those before
elease (Fig. 7). The insignificant differences in morphology
etween before and after release can be attributed to the rapid

elease of DSNC as well as the slow erosion or degradation of
CL polymer.

(
0
�

8.11 0.4151 0.3062 0.9668
5.25 0.5041 0.2200 0.9848

.6. Kinetics of drug release

Since PCL possesses semi-crystallinity, slow degradation and
igh permeability to low molecular weight drug (Pitt, 1990),
rug release from PCL microparticles was commonly consid-
red as a result of drug diffusion, not of the degradation of the
olymer (Ha et al., 1997; Pérez et al., 2000). In order to exam-
ne the release mechanism of DSNC from PCL microspheres,
he release data (≤70%) were fitted to the following power law
quation (Ritger and Peppas, 1987):

Mt

M∞
= ktn (4)

here Mt/M∞ is the fraction of drug released at time t, k a
oefficient constant, and n is the diffusional exponent indicative
f release mechanism. With regard to non-swellable micro-
pheres, the kinetics of drug release indicates Fickian diffusion,
on-Fickian diffusion and zero-order transport when n is 0.43,
.43∼1 and 1, respectively. The results were summarized in
able 2, and the n value decreases with the increasing loading

evel. So far as the microspheres of low drug loading (7.63%) was
oncerned, the corresponding release data fit Fickian diffusion,
owever, the release kinetics for the microspheres of higher drug
pH 7.4) of different concentrations (�, 0.01 M; �, 0.05 M; �, 0.2 M) and in
.05 M phosphate buffer containing different amounts of NaCl (�, 4%; ©, 8%;
, 12%), n = 3.
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In order to investigate the release mechanism of DSNC, the
ffect of osmotic pressure was taken into consideration, because
rug salt distributed in the porous polymeric matrix can gener-
te high osmotic pressure, thus influencing the release profiles
Weidenauer et al., 2003). The effect of osmotic pressure on
he drug release was testified by studying the release profiles
n the solutions of different phosphate concentrations and dif-
erent ionic strengths. As shown in Fig. 8, the release of DSNC
arkedly slowed with the increasing concentration of phosphate

r NaCl. In other words, the drug release from PCL microspheres
ecreased with the increasing ionic strength of the buffer, which
s consistent with the investigations conducted by Lemmouchi
nd Schacht (1997). The results implied that internal osmotic
ressure generated by DSNC played a significant role in the
apid release phase.

As the drug release proceeded, the drug content decreased
nd the contribution of osmotic pressure gradually diminished.
o the slow release phase can be considered to represent the
rug release by diffusion through the polymer matrix.

. Conclusion

This study demonstrates that it is feasible to encapsulate drug
alt in the polymeric microspheres employing the s/o/w solvent
vaporation technique. Interestingly, the salt form of the drug
as responsible for the porosity of the microspheres as well

s the inner osmotic pressure. The drug release profiles can be
ivided into a rapid release phase and a slow release phase.
uring the rapid release phase, the release of DSNC is caused by
combination of diffusion and osmotic pressure, whereas during

he slow release phase, the drug release was mainly governed by
iffusion.

An investigation into modifying both the microspheres mor-
hology and the drug release has been carried out, and the results
ill be discussed in a forthcoming paper.
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érez, M.H., Zinutti, C., Lamprecht, A., Ubrich, N., Astier, A., Hoffman, M.,
Bodmeier, R., Maincent, P., 2000. The preparation and evaluation of poly(�-
caprolactone) microparticles containing both a lipophilic and a hydrophilic
drug. J. Control. Release 65, 429–438.

itt, C.G., 1990. Poly(�-caprolactone) and its copolymers. In: Chasin, M.,
Langer, R. (Eds.), Biodegradable Polymers as Drug Delivery Systems. Mar-
cel Decker Inc., New York, NY, pp. 71–120.

itger, P.L., Peppas, N.A., 1987. A simple equation for description of solute
release. I. Fickian and non-fickian release from non-swellable devices in the
form of slabs, spheres, cylinders or discs. J. Control. Release 5, 23–36.
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