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bstract

Bovine serum albumin microspheres (BSA-MSs) containing Pingyangmycin hydrochloride (PYM) were prepared for the interventional emboliza-
ion by an emulsification-crosslinking method. The average diameter of the MSs was 83.6 �m with 80% ranging from 35 to 200 �m. The MSs
howed a rather high entrapment efficiency (EE%) of 87.6 ± 5.7% and the drug loading efficacy (DL%) was 20.2 ± 1.3%. The drug release
ehaviors were evaluated both in vitro and in vivo, using UV-spectroscopy and HPLC, respectively. The in vitro results showed a significantly
elayed release of drug for 10 days. The central auricular artery of rabbit was chosen as an embolization sites to study the in vivo drug release
nd the pharmacokinetics of the MSs compared with PYM injections. Experiments performed by artery perfusion and embolization in rabbits
entral auricular artery revealed that the PYM loaded BSA-MSs (PYM-BSA-MSs) could obviously prolong in vivo drug release, extend the mean
esidence time (MRT) and had equal bioavailability compared with plain PYM injections. These results demonstrated that by embolization of the

entral auricular artery with PYM-BSA-MSs, the local drug concentration could maintain at a relative high level for a longer time, thus achieve
he aim of tumor targeting therapy. PYM-BSA-MSs are excellent potential alternatives of interventional embolization materials for the treatment
f maxillofacial region tumors.

2007 Elsevier B.V. All rights reserved.

ion-cr

R
b
e
t
c
t
t
e
o
i
a

eywords: Microspheres; Pingyangmycin; Bovine serum albumin; Emulsificat

. Introduction

Head and neck tumors are serious diseases with a high attack
ate of nearly 10% of the total incidence of malignant tumors in
hina (Li, 1993). The therapy of head and neck tumors mainly
epended on surgery for a long time, however, there are so many
hallenges for conventional surgery such as high risk, heavy
rauma and high tumor relapse rate due to the complex blood sup-
ly and anatomic structure in the oral and maxillofacial regions.
nd further, the potential of deformation of facial features after

urgery also have significant effects on the patients’ quality of

ife (Wang and Zhu, 2004). Embolization has been used exten-
ively to occlude vessels in the last few decades as an alternative
o such diseases, especially when traditional therapy failed.

∗ Corresponding author. Tel.: +86 28 85502809; fax: +86 28 85502809.
E-mail address: chg-wang@hotmail.com (S. Hou).
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ecently, embolization techniques have been employed more
roadly and with greater precision and convenience (Bendszus
t al., 2000; Yamamoto et al., 2003). As a result, this “last resort”
echnique has quickly evolved into first-line therapy for many
omplex clinical conditions (Robert et al., 2004). Nowadays, as
echnological advancements allow easier and safer emboliza-
ion access to small and remote lesions, transcatheter arterial
mbolization (TAE) offers a new approach for the therapy of
ral and maxillofacial malignant tumors (Chen et al., 2005). An
deal embolic agent is a prerequisite for successful TAE ther-
py in clinical applications, it must be biodegradable, spherical,
mooth surfaced and cannot be absorbed quickly (Yutaka et al.,
000). BSA has a good biocompatibility, the degradation prod-
cts of BSA were nontoxic, which was found many applications

n diagnosis and treatment in recent years and more than 100
iagnostic agents and drugs have been incorporated into albu-
in microparticles (Dandagi et al., 2006), which suggests its

uitability in the drug delivery field and artery embolization.

mailto:chg-wang@hotmail.com
dx.doi.org/10.1016/j.ijpharm.2007.02.013
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PYM, as also called Bleomycine A5, is a new type of cyto-
oxic glycopeptide antitumor antibiotic, which was developed in
hina in the 1980s. Besides its benefit of wide antitumor spec-

rum and lower toxicity in chemotherapy of malignant tumors,
YM plays a particular curative role in head and neck tumors

herapies (Wan et al., 1999; Li et al., 2000). But it has obvi-
us defects such as short half-life and lung-toxicity (Li et al.,
995). In the present study, we employed BSA as a matrix for
YM-MSs through an emulsification-crosslinking method, for

he sake of developing a new embolic agent for interventional
hemoembolization therapy, which cannot only occlude ves-
els to cut off the nutrition supply of tumor tissues but also
ontrol the drug release to maintain an effective therapeutic
oncentration at local tissues. For this purpose, the PYM-BSA-
Ss were prepared and characterized, the pharmacokinetics

nd embolic effect of drug-loaded MSs were investigated as
ell.

. Materials and methods

.1. Materials

PYM was supplied by Taihe pharmaceutical Co. Ltd. (Tian-
in, China) and BSA was purchased from Boao Biotechnology
o. Ltd. (Shanghai, China); purified rapeseed oil was purchased

rom Lijia corn and oil Co. Ltd (Sichuan, China). All other
hemicals used were of analytical grade.

.2. Preparation of PYM-MSs

PYM-BSA-MPs were prepared by an emulsification-
rosslinking method. Briefly, 75 mg of PYM was dissolved in
.5 ml BSA solution (25%) in phosphate buffer solution (pH
.4) (PBS) and used as the aqueous phase. The oil phase com-
rised of 25 ml rapeseed oil with 1% Span-80 (as stabilizer
nd emulsifier). The aqueous phase was added dropwisely to
he oil phase and stirred at the 250 rpm for 10 min to form a
rimary emulsion. Then 50 ml ether was added to dilute the
rimary emulsion, and soon 0.2 ml formaldehyde (25%) were
dded to solidify the MSs and the mixture was kept stirring
or 1 h. The suspension containing the MSs was centrifuged at
500 rpm for 30 min and the sedimented MSs were washed for
hree times with ether to remove traces of oil on MSs surfaces.
he obtained MSs were then dried in vacuum overnight and
tored at 4 ◦C.

This experimental method has been published elsewhere
n details (Wang et al., 2003). The main factors influenc-
ng the particle size of MSs, i.e. water/oil ratio; viscosity of
il phase; BSA concentration; pH; stirring rate; emulsifica-
ion time; dose of emulsifier; crosslinking agent and amount;
rosslinking time, etc., were tested by single-factor studies.
ubsequently, three factors (stirring rate; emulsification time;
ose of emulsifier) among the above mentioned variables which

nfluence the size distribution considerably were chosen and
ivided into seven levels. An U7 (76) uniform design table
as used to optimize the experiment. Recovery rate and size
istribution were regarded as the indices and the results were
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tatistical analyzed using a uniform-design data-processing
rogram.

.3. Particle size distribution and morphology

Particle size analysis was performed by Malvern-2000 parti-
le size analyzer and each sample was detected in triplicate. The
orphology was observed by the light microscopy (Olympus,

apan).

.4. EE% and DL%

Ten milligram of PYM-BSA-MSs was transferred to a 25 ml
olumetric flask. A quantum of PBS (pH 7.4) was added to a
otal amount of 25 ml and then ultrasonicated for 30 s to dissolve
YM absorbed on the surface of MSs. After centrifugation, the
upernatant was collected for further determination. The washed

Ss were digested by 5 ml of 5% pepsase solutions and metered
olume by PBS (pH 7.4). All the samples were filtered (PTFE
.45 �m) before determination by a UV spectrophotometer (Shi-
adzu spectrophotometer U-2201 Instruments, Japan) at the
avelength of 293 nm. Triplicate measurements were performed

or each sample. The concentrations of washed solution and the
igested sample were referred as C1 and C2, respectively, the
E% and the DL% of the MSs can be calculated according to

he Eqs. (1) and (2):

E% = C2

C1 + C2
× 100% (1)

L% = C2

the amount of MSs
× 100% (2)

.5. In vitro release studies

The drug release study was carried out using the small beaker
ethod, as described in the Chinese Pharmacopoeia 2000, PBS

pH 7.4) (100 ml) was used as the release medium at 37 ◦C and
t a stroke speed of 100 rpm. A dynamic dialysis technique was
mployed. Typically, fifty milligram of PYM-BSA-MSs was
ispersed in a pretreated dialysis bag with 5 ml PBS (pH 7.4).
he dialysis bag was sealed and suspended in 95 ml PBS (pH
.4) to ensure a sink condition. Samples of 5 ml were removed
t predetermined time intervals, filtered through a Millipore
lter (PTFE 0.45 �m), and assayed spectrophotometrically at
wavelength of 293 nm according to the previously reported
ethod (Chen et al., 2000). Five milliliter of PBS (pH 7.4) was

dded to the release medium immediately after sampling. All
he in vitro release tests were carried out in triplicate, and the
ccumulation release amount of drug from PYM-BSA-MSs was
alculated.

.6. Pharmacokinetics studies
.6.1. Chromatography
An ion-pairs-HPLC was employed for determination of

YM concentrations in plasma samples. A Hanbang C18 col-
mn (150 mm × 4.6 mm, 5 �m) was used. The mobile phase
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ratio, the initial added drugs were mainly attached and absorbed
at the surface of MSs, however, when rashed with PBS, the
drug loosely absorbed at the surface was removed, which led
to the decrease of EE%. So in present study, a high DL% and
C. Wang et al. / International Journa

as a mixture of methanol:acetonitrile:water (15:8:50), the
ater phases contains: 0.186% ethylenediamine tetraacetic acid

EDTA), 0.098% sodium pentanesulfonate, 0.44% (v/v) tetram-
thyl ethylenediamine (TEMED), 0.9% (v/v) glacial acetic acid
nd was adjusted to pH 4.0 with phosphoric acid. The flow rate
as l.0 ml/min. The effluent was monitored at 293 nm at 40 ◦C

nd Caffeine was selected as internal standard. All measure-
ents were performed in triplicate.

.6.2. Plasma sample preparation and validity
Plasma (500 �l) was obtained after centrifugation (15 min,

000 rpm) and stored at −20 ◦C until analyzed. When the plasma
ample thawed, 25 �l of caffeine (2 mg/ml) solution and 475 �l
f 10% trichloroacetic acid (TCA) were added, and agitated for
0 s. This mixture was shaken for 3 min and then centrifuged
t 12,000 rpm for 10 min. Aliquots (20 �l) of the supernatant
ere injected for HPLC analysis. The method was validated
y adding various quantities of PYM and the same amount
f caffeine to blank rabbit plasmas. The resulting concentra-
ions of PYM were 0.5, 1.0, 5.0, 10.0, 20.0 and 50.0 �g/ml.
hese calibrations were subjected to the entire analytical pro-
edure, so as to test the linearity, precision and accuracy of the
ethod.

.6.3. Pharmacokinetic study of PYM injections and
YM-BSA-MSs in rabbits

Twelve rabbits (2.5 ± 0.11 kg) were used for pharmacokinet-
cs studies which were divided randomly into two groups, and
asted for 12 h but water was available ad lib. In the experi-
ents, PYM-BSA-MSs formulations equivalent to 8.0 mg/kg

calculated by PYM) suspended in soybean oil were adminis-
ered to one group of rabbits through auricular central artery.
he PYM injections equivalent to 8.0 mg/kg of PYM were
dministered in the same way to another group. Blood spec-
mens were collected from another auricular brim veins of
abbits at different predetermined time intervals (0, 5, 10, 15,
5, 35, 45, 55, 75, 95, 115, 190, 250, 310 min) in heparinized
ubes.

Pharmacokinetic values such as the area under the curve
AUC), half-life, and mean residence time (MRT) were cal-
ulated with pharmacokinetics program Drug And Statistics
DAS2.0, Anhui, China) and compartment models were based
n AIC variance and F-values.

.7. Statistical analysis

The results were expressed as mean values ± S.D. the
tudent’s t-test was applied to examine the significance of dif-
erences when analysis of normality and equal variance were
assed. In all cases P < 0.05 was considered to be significant.

. Results and discussion
.1. Preparation of MSs

In previous studies, Bahukudumbi found that particle size
as significantly affected by the stirring rate and duration
Fig. 1. The effect of drug/BSA ratio on DL% of PYM-BSA-MSs (n = 5).

Bahukudumbi et al., 2004). In this experiment, once the stirring
ate exceeds 500 rpm, the particle size decreased rapidly to an
verage of 20 �m, and the stirring time can be controlled under
0 min to form a suitable particle size, but the duration should be
onger than 5 min in order to provide sufficient energy to form
he primary emulsion.

Emulsifier is also extremely important for maintain the sta-
ility of the primary emulsion when the ether was poured into
he system. If the amount of emulsifier is above 2%, the particle
ize decreased dramatically to form a large amount of MSs which
nfit for embolization. After preliminary studies, 1% Span-80
as chosen as a stabilizer and emulsifier.
The concentration of BSA solution was also investigated, the

ptimum concentration was 25% (g/ml), with such a concentra-
ion, the MSs with optimum flexibility as a rigid spherical entity
an be obtained, while those produced from lower concentra-
ion were not suitable for embolization therapy due to the high
welling rate and soft textures.

.2. EE% and DL%

The drug/BSA ratio has a significant influence in EE% and
L%, which is summarized in Table 1. DL% increased with the

nitial drug amount (Fig. 1), while the EE% kept at still level or
ven decreased with the initial drug amount to a certain point.

hen the ratio exceeds 15/50, a rapidly decrease of EE% was
bserved (Fig. 2). It reveals that with the increase of drug/BSA
Fig. 2. The effect of drug/BSA ratio on EE% of PYM-BSA-MSs (n = 5).
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Table 1
DL% and EE% of formulations with different drug/BSA ratios (n = 5)

No. 0 1 2 3 4 5 6 7

PYM/BSA 0/50 10/50 15/50 20/50 25/50 30/50 40/50 50/50
EE ± S.D.% – 82.4 ± 5.0 87.6 ± 5.7 80.2 ± 1.6 74.1 ± 2.8 68.5 ± 0.6 59.8 ± 3.3 52.8 ± 2.5
DL ± S.D.% – 13.7 ± 0.8 20.2 ± 1.3 22.9 ± 0.4

(–), the concentration is below the LOD.
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“burst effect” could be controlled also, in other word, the drug
Fig. 3. Light microscopy of PYM-BSA-MSs, scale bar: 100 �m.

E% was obtained simultaneously when the drug/BSA ratio was
5/50. The DL% and EE% are 20.2 ± 1.3% and 87.6 ± 5.7%,
espectively.

.3. Morphology and particle size of MSs

MSs prepared under optimum conditions were spherical rigid
ntities with smooth surface under the light microscopy, which

re shown in Fig. 3. The average diameter of the MSs was
3.6 �m with 80% within 35–200 �m (Fig. 4 shows one of the
ize distribution profiles).

r
8
a

Fig. 4. Size distribution of PYM-BSA-
24.7 ± 0.9 25.7 ± 0.2 26.6 ± 1.4 26.4 ± 1.2

MSs could be separated with a multilevel sieve and sized for
ntervention embolization therapy in various tumors and at dif-
erent anatomic sites. Particles with an average diameter larger
han 40 �m are preferable for embolization of neck and head
umor artery and the blood vessel of angioma (Bastian et al.,
998), and the minimum diameter limitation of MSs is 10 �m,
voiding embolization of some other important organs such as
rain and lung. In our experiments, the average diameter of
ieved microparticles was around 80 �m with stirring rate of
pproximately 250 rpm, which fits the need of embolization.

hereas, when the stirring rate was raised to 500 rpm, the aver-
ge diameter of MSs became smaller than 30 �m. There were so
any critical preparation parameters which determine the size of

he MSs, such as BSA content, stability of emulsion, stirring rate,
nd types of solidification reagents (Ugwoke and Kinget, 1998).

.4. In vitro release studies

The characteristics of drug release were investigated in vitro
y UV spectroscopy. The cumulative percentage of drug release
f crude drug was found to be 88.28% at 4 h. The release
rofiles of PYM from BSA-MSs prepared by emulsification-
rosslinking method are shown in Fig. 5, which shows the
nfluence of formaldehyde treating time of BSA on the sustained-
elease behavior of PYM-BSA-MSs. Extension of the treating
ime would cause a decrease of ultimate-release rate and the
elease rate would slow down. The total release amount can reach
0% after 240 h (solidified for 1 h) and 480 h (solidified for 6 h
nd 12 h) (data not shown).

MSs detected by laser scattering.
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Fig. 5. The release profiles of PYM-BSA-MSs prepared by chemical-crosslink
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MSs and plain PYM solutions (8 mg/kg) were shown in Fig. 7.
And the calculated pharmacokinetic parameters were given in
Table 2, consequently, the parameters were calculated accord-
ethod in vitro (n = 6). (♦) The release curve of PYM-BSA-MSs solidified for
h; (�) the release curve of PYM-BSA-MSs solidified for 6 h; (�) the release
urve of PYM-BSA-MSs solidified for12 h; (©) the release curve of PYM.

The addition of enzyme (0.5% trypsin) can cause a rapid
ollapse and erosion of the MSs, and the drug release rate was
ccelerated obviously, 80% of entrapped drugs were released
fter 24 h.

The in vitro drug release behaviors of MSs made by
mulsification-heat-denatured method were also tested accord-
ng to dialysis method described above (Fig. 6). MSs denatured
or different heated time showed slight difference in drug release
rofiles. The drug release rate was more rapid than that solid-
ficated by formaldehyde. This fact indicates that PYM was not
nly encapsulated into the MSs but also covalently combined
ith the surface active amino residue of BSA by the formalde-
yde, which cause the sustained drug release during 10 days, this
esult is in accordance with previous research result (Merodio
t al., 2001).

According to these figures, we find that two batches of MSs
repared by different method have same release pattern except
he ultimate release rate. First, there is a slow release phase
aused by removing the free drugs on the surface of MSs, then a
apid release occurs with the diffusion of the inner drugs through

he BSA skeleton and the erosion of MSs and finally enter a
mooth release phase. This drug release procedures might be
he possible explanation for the absorption phase of in vivo drug
elease curve.

ig. 6. The drug release profiles of PYM-BSA-MSs prepared by heat-denatured
ethod (n = 6).

i

T
T
i

T

1
1
2
3

(

ig. 7. The plasma concentration-time profiles of PYM in rabbits after intra-
enous administration PYM-BSA-MSs and PYM solution (n = 6).

.5. Pharmacokinetics studies

.5.1. Chromatography
PYM in plasma was completely separated under analyt-

cal conditions, and standard curves ranging from 0.5 to
0 �g/ml were linear (r = 0.9985). The results attained from the
ethod recoveries of high, middle and low concentrations were

6.9 ± 2.1, 98.4 ± 3.7 and 97.2 ± 3.0%, respectively. The rel-
tive standard deviation (R.S.D.) in days were 4.89, 3.31and
.07%, respectively, the intra-days precision were 5.36, 4.55
nd 5.78%, respectively, which showed recoveries and R.S.D.
n days or intra-days were satisfactory, and the limit of detection
LOD) was 100 ng/ml.

.5.2. Pharmacokinetics
The mean plasma concentrion-time profiles of PYM-BSA-
ng to compartment models (Table 3). The mean retention

able 2
he plasma level after a single-dose of PYM solution and PYM-BSA-MSs after

ntravenous administration in rabbits (n = 6)

ime (min) PYM (�g/ml) PYM-BSA-MS (�g/ml)

5 21.20 ± 8.48 4.77 ± 1.20
10 12.21 ± 3.60 8.53 ± 2.59
15 9.22 ± 2.02 7.79 ± 1.86
25 7.43 ± 1.55 5.72 ± 1.30
35 7.22 ± 1.42 4.36 ± 1.07
45 5.46 ± 0.73 4.46 ± 1.68
55 4.11 ± 1.10 4.20 ± 0.34
75 2.53 ± 0.64 3.18 ± 0.25
95 2.28 ± 0.44 2.99 ± 0.37
15 1.67 ± 0.25 2.66 ± 0.52
90 0.83 ± 0.10 2.10 ± 0.16
50 – 0.94 ± 0.10
10 – 0.55 ± 0.04

–), the concentration is below the LOD.
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Table 3
Pharmacokinetic parameters of PYM and PYM-BSA-MSs in rabbits after intra-
venous administration (n = 6)

Pharmacokenitic parameters PYM injections PYM-BSA-MS

Cmax (mg/l) 21.20 ± 8.48 8.53 ± 2.59
t1/2α (min) 1.64 ± 1.41 47.99 ± 8.54
t1/2β (min) 25.84 ± 4.38 48.18 ± 6.42
Vc (l/kg) 0.09 ± 0.01 1.075 ± 0.21
C
A

t
s
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L
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W

W

W

Y

l (l/min kg) 0.008 ± 0.002 0.009 ± 0.001
UC(0–t) (mg/l min) 831.22 ± 123.37 774.81 ± 101.24

ime (MRT) of the drug was calculated using the statistical
quare method, whereas the area under concentration–time
urve (AUC) was obtained using the trapezoidal rule.

The parameters shown that the artery administration of PYM
olution could be metabolized more rapidly than MSs with the
pproximate same AUC (P > 0.05). The Cmax was reduced to
0% (P < 0.01) of the injection group; t1/2β was prolonged to
.86-folds (P < 0.01); clearance (Cl) was 1.12-folds (P > 0.05);
pparent volume of distribution (Vc) was 11.94-folds (P < 0.01).
he MRT0–310 min of injection and MSs was 45.51 min and
5.92 min, respectively. In conclusion, the half elinimination
ime of MSs was prolonged compared with PYM injections,
hich reflects higher stability in the embolized artery than the

ree drugs.

. Conclusion

To improve the effect of chemoembolization therapy, we
hoose BSA-MSs as sustained release carriers for interventional
mbolization. With formaldehyde as crosslinkers, BSA-MSs
ere prepared by improved emulsified-crosslinking methods.
he results indicated that by incorporation into the BSA-MSs,
sustained release of PYM was achieved both in vitro and

n vivo. The pharmacokinetics of PYM-BSA-MSs was eval-
ated and plain PYM injections was adopted as control. The
esults demonstrated that a small dosage of PYM-BSA-MSs by
rtery embolization could produce higher drug concentrations at
ocally tissues for a longer time and reduce the drug level of body

irculation, which achieve the goal of targeted tumor therapy.
ompared with other embolization materials, the ready-for-use
SA-MSs are excellent alternatives to superselective emboliza-

ion materials for arterioles. This drug delivery systems play

Y

harmaceutics 336 (2007) 361–366

potential role for the administration of antitumor drugs by
hemoembolization procedures.
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