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Abstract

The main purpose of this study was to develop self-emulsifying drug delivery systems (SEDDS) for the improvement of the
stability of 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU) after released from poly (d,l-lactide-co-glycolide) (PLGA) wafer and
to evaluate its in vitro antitumor activity against 9L gliosarcoma cells. The in vitro stability test of BCNU was characterized
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y the BCNU amount in phosphate buffered saline (PBS, pH 7.4) at 37◦C. SEDDS increased in vitro half-life of BCNU
o 130 min compared to 45 min of intact BCNU. Self-emulsified (SE) BCNU was fabricated into wafers with flat and
urface by compression molding. In vitro release of BCNU from SE BCNU-loaded PLGA wafer was prolonged up t
ollowed first order release kinetics. Beside, the cytotoxicity of SE BCNU-loaded PLGA wafer against 9L gliosarco
as higher than intact BCNU-loaded PLGA wafer which is more susceptible to hydrolysis. SE BCNU degraded mu
lowly than the intact BCNU in PLGA matrix at 25◦C. These results strongly suggest that the self-emulsion system inc
he stability of BCNU after released from PLGA wafer. From these results, it could be expected that the penetration
CNU could be improved in brain tissue using self-emulsion system.
2005 Elsevier B.V. All rights reserved.
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1. Introduction

The localized, controlled delivery of antican
agents using biodegradable polymeric implant i
alternative to the systemic administration
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chemotherapeutic agents for treating malignant
brain tumors. Gliadel® made of poly 1,3-bis(p-
carboxyphenoxy)propane-sebacic acid copolymer
(polyanhydride, PA) and 1,3-bis(2-chloroethyl)-1-
nitrosourea (carmustine, BCNU) as a chemothera-
peutic agent has been commercialized in treating
malignant brain tumors (Dang et al., 1996; Sampath
and Brem, 1998). However, the conventional therapies
cannot extend the median survival of patients signifi-
cantly because these tumors tend to recur within 2 cm
of treated site (Chasin et al., 1990).

In our previous study, we applied BCNU-loaded
poly(d,l-lactide-co-glycolide) (PLGA) wafer to study
for brain tumor, because PLGA has been approved for
drug delivery use by the Food and Drug Administra-
tion (FDA). Long-term delivery of BCNU (Seong et
al., 2002), the BCNU release behavior with the changes
of various dimension of wafer (Chae et al., 2004) and
additives (An et al., 2002a,b; Lee et al., 2003), cyto-
toxicity against various tumor cell lines (Seong et al.,
2003; Lee et al., 2004) and in vivo anti-tumor activ-
ity were investigated. But it has been reported that
BCNU presents very short penetration distance because
it gets drained out of the system before being able
to diffuse to any appreciable distance (Wang et al.,
1999).

BCNU is known to cross the BBB due to its low
molecular weight and lipophilicity (Paoletti, 1984).
However, its effectiveness was hindered by both dose-
limiting side effects and relatively short half-life
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retard exposure of BCNU from aqueous media. SEDDS
were mainly used to improve the bioavailability of
poor water soluble drug compounds (Humberstone and
Charman, 1997; Kommuru et al., 2000). Moreover,
the drug dissolution into oil components was diffused
without any activity in the mean time of forming emul-
sion, because of the presence of a surfactant, which
can adsorb on the oil droplet surface (Dickinson and
Matsumura, 1994).

In objective of this study, SEDDS of BCNU was
developed for enhancing the stability of BCNU. The
self-emulsified (SE) BCNU was incorporated into
PLGA wafer as a new polymeric implant. In vitro
release pattern of BCNU from SE BCNU-loaded
PLGA wafers and cytotoxicity according to droplet
size and stability of the SE BCNU-loaded PLGA wafer
against 9L gliosarcoma cells were assessed.

2. Materials and methods

2.1. Materials

BCNU was purchased from Sigma Chem. Co.
(St. Louis, MO, USA) and stored at−20◦C until
use. PLGA (50:50 mole ratio of lactide to glycolide)
having molecular weight of 8000 g/mole (Resomer®,
RG 502H) was purchased from Boehringer Ingel-
heim (Germany). Tributyrin was purchased from
Sigma Chem. Co. Cremophor RH 40 was purchased
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<20 min, in plasma) (Loo et al., 1966). The exposur
f BCNU released from matrix is very brief; therefo

he penetration depth is very short (2–3 mm in b
issue). Improving the permeation depth of BCNU
rain tissue is very important for treating brain tum
ffectively. One of the ways to improve the penetra
epth of BCNU is enhancing the stability of BCN
eleased from matrix against hydrolysis in vitro an
ivo.

One of the technological resources used to imp
he permanence of drugs more largely at the sit
ction, in this case, is the use of emulsions.
elf-emulsified drug delivery system (SEDDS) p
ared from oil, a surfactant, and possibly one or m
ydrophilic solvents or co-surfactants (Holm et al.,
003; Kang et al., 2004) when exposed to aqueo
edia under condition of gentle agitation, such as b

uid and blood (Tarr et al., 1987; He et al., 2003) to
rom BASF (Germany). Polyglycolyzed glycerid
Labrafill M-1944CS) were obtained from Gattefo
Westwood, NJ, USA). Methylene chloride (M
edia, Japan), methanol (Junsei, Japan) and aceto
HPLC grade, Hurdick & Jackson, USA) were u
s purchased. All other chemicals were reagent g
eionized water was prepared by a Milli-Q purifi

ion system from Millipore (Molsheim, France). Du
ecco’s modified Eagle medium (DMEM), fetal bov
erum (FBS), phosphate buffered saline (PBS)
rypsin/1,2-ethylenediaminetetraacetic (EDTA) w
urchased from Gibco BRL® (Grand Island, NY
SA). Sodium bicarbonate, amphothericin penic

sodium and 1, 2-cyclohexanediaminetetraac
cid (CDTA) were purchased from Sigma Che
o. Sulforhodamine B (SRB), TRIZMA® base an

richloroacetic acid (TCA) were also purchased fr
igma Chem Co. T-25, T-75, 6-well and 96-well pla
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Table 1
Composition of SEDDS formulations

Formulation Composition (w/w, g)

Solubilizer Surfactant Cosurfactant BCNU
Tributyrin Cremophor RH 40 Labrafil 1944

as – – –
bs 0.15 0.03 –
cs 0.15 0.03 0.15
ds 0.15 0.10 – 0.01
es 0.15 0.10 0.15
fs 0.15 0.15 –
gs 0.15 0.15 0.15

were purchased from Falcon Co. (Lincoln Park, NJ,
USA).

2.2. Preparation of SE BCNU and SE
BCNU-loaded PLGA wafer

A series of SEDDS were prepared in each of the
seven formulas (Table 1) with BCNU, oil, surfactant
and cosurfactant. Briefly, BCNU and oil were poured in
glass vials, and then the mixture was mixed by vortex-
mixing until BCNU perfectly dissolved. Surfactant and
cosurfactant were accurately weighed into glass vials,
respectively. Then the components were mixed by gen-
tle stirring and vortex-mixing.

SE BCNU and PLGA as a composition of
Table 2were mixed, sieved and molded into wafers
using Carver Press (MH-50Y CAP 50 tons, Japan)
at 20 kgf/cm2 for 5 s at 25◦C. The wafers were
3 mm× 1 mm in size with a flat surface and stored at
0◦C until use. InTables 1 and 2, the control SE BCNU
and wafer contained SE BCNU were indicated to (as)
and (aw).

2.3. In vitro stability test

SE BCNU and intact BCNU were immersed respec-
tively into PBS (pH 7.4) at 37◦C. At a scheduled time,
the specific amount of PBS solution was retrieved and
BCNU was extracted with acetonitrile. All samples
were analyzed using HPLC system equipped with a
Model P-2000 pump, a Model AS-3000 autosampler
and a Model UV-1000 UV detector at 248 nm (Thermo
Separation Products, Fermont, CA, USA). The col-
umn used was�-BondapakTM C18 (3.9 mm× 300 mm,
Waters, Milford, MA, USA). Mobile phase was
composed of deionized water and methanol (6:14
v/v) mixture and flow rate of that was adjusted
1.0 ml/min.

2.4. Determination of drug content in the wafer
and in vitro release study

SE BCNU and intact BCNU in PLGA wafer
were assayed by HPLC in order to determine
drug content in the wafer. SE BCNU and intact

Table 2
Composition of 3.85% SE BCNU-loaded PLGA wafer

Formulation Composition (w/w, %)

SEDDS Drug PLGA

Tributyrin Cremophor RH 40 Labrafil 1944 BCNU 8 K g/mole

aw – – – 96.15
b
c
d
e
f
g

w 6.42 1.28

w 3.5 0.7

w 4.62 3.08

w 2.89 1.92

w 3.85 3.85

w 2.57 2.56
–
3.5
– 3.85 88.45
2.89
–
2.57
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BCNU-loaded PLGA wafer were dissolved respec-
tively in 2 ml of MC. PLGA was precipitated by
adding 18 ml of methanol and after centrifugation,
100�l of aliquots of supernatant were analyzed by
HPLC.

Release of BCNU from PLGA wafer was monitored
for a period of incubation in PBS, pH 7.4 at 37◦C.
Wafers were individually placed in 20 ml of PBS with
constant shaking at 110 rpm. At specific time following
incubation wafers were retrieved and freeze-dried for
48 h. Wafers were dissolved respectively in 2 ml of MC.
After precipitation of PLGA with methanol, 20�l of
aliquots of supernatant were analyzed by HPLC. Due
to the instability of BCNU in the release test media,
the amount of BCNU released into PBS was calculated
by the amount of BCNU remained in the wafer after
scheduled release test period.

2.5. Storage stability of SE BCNU from SE BCNU
loaded PLGA wafer

SE BCNU and intact BCNU-loaded PLGA wafer
were stored for 50 days at 25◦C to evaluate storage
stability of each sample. And only SE BCNU-loaded
PLGA wafer was stored for 90 days at different tem-
perature.

2.6. Emulsion size analysis of SE BCNU
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2.8. Preparation of PKH26-labeled cells

Nine litres of gliosarcoma cells were labeled with
PKH26 red fluorescent cell linker kit (Sigma Chem.
Co., St. Louis, MO, USA) and measured cell prolif-
eration of attached cells. Briefly, cells were concen-
trated by centrifugation, resuspended and washed two
times in serum free medium. The number of viable
cells were determined using a trypan blue exclusion
assay, enumerated using a hemocytometer (Reichert
Co., USA) and resuspended in serum-free medium at
concentration of 2× 107 cells/ml. Cells were labeled
with PKH26 (4× 10−6 M) at 25◦C for 2–5 min in
incubator. Two millilitres of FBS was added to stop
the labeling reaction, and then labeled solution was
removed by centrifugation. Finally, cells were washed
twice in complete medium by centrifugation and resus-
pended to the desired concentration. All centrifugation
steps were done at 400× g for 10 min.

2.9. Cytotoxicity test

Experimental cells were plated on 6-well flat-
bottomed plates with each well at a density of
2× 104 cells/well and incubated for 24 h at 37◦C in
the CO2 incubator. Cells were counted in a hemacy-
tometer using the trypan blue exclusion method. After
cells were attached on 6-well flat-bottomed plates, SE
BCNU and intact BCNU were directly added to cell
culture medium of 10 ml. The cells were incubated with
t
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The each sample of fabricated SE BCNU
ize measuring was diluted with distilled water i
olumetric flask and gently mixed by inverting t
ask. The emulsion size and its distribution of
CNU were measured by electrophoretic light s

ering (ELS-8000, Photal, Otsuka Electronics, Tok
apan).

.7. Cell culture

Nine litres of gliosarcoma cells grown in DME
edium was added antibiotics (10�g/ml of ampho

ericin and 10 U/ml of penicillin G sodium) and su
lemented with 10% (v/v) FBS. The cells were cultu

n 95% air/5% CO2 atmosphere at 37◦C in a humidified
ncubator and dissociated with 0.05% trypsin–EDTA
ase of transferring or dispensing before experime
he wafers for 3 h at 37◦C in the CO2 incubator. SE
CNU and intact BCNU-loaded PLGA wafers we
lso directly added to cell culture medium of 10
espectively. And then, cells were washed with P
fter removing the wafers and the culture medi
emoved wafers were passaged into the 6-well
ottomed plate incubated the cells for 24 h at a de
f 2× 104 cells/well, repeatedly. Cell morphology w
bserved after 3 days treatment. Cells were observ
icroscopy system (Nicon TE-300) and photograp
y microscope attached camera (Nicon F70).

The cytotoxicity following the above-mention
reatments was evaluated by the SRB assay which
ures whole culture protein content as an index of tu
ell viability. The SRB assay is an indirect meas
f cell density or number of living cells attached

he culture plate. Briefly, the culture medium was a
ated and cells were fixed with 10% cold TCA. Pla
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Fig. 1. The degradation kinetics of intact BCNU and SE BCNU in
PBS at 37◦C: (as) control (intact BCNU).

were incubated for 1 h at 4◦C and then washed sev-
eral times with tap water to 25◦C for 30 min with
0.4% (w/v) SRB dissolved in 1% (v/v) acetic acid.
SRB was removed and cultures were rinsed several
times with 1% (v/v) acetic acid to remove unbound dye.
Residual wash solution was removed and plates were
air-dried. The bound dye was then solubilized with
2 ml of 10 mM unbuffered TRIZMA® base solution
(pH 10–10.5). After solubilizing, the absorbance was
measured with a SpectraMax 250 microplate reader
(Molecular Devices, Menlo Park, CA, USA) at a wave-
length of 520 nm. The results of two independent exper-
iments were expressed as treatment over control (T/C)
values; cell viability (%) =T/C × 100. All experiments
were performed in triplicate.

3. Results and discussion

3.1. In vitro stability test and release study of SE
BCNU

Degradation kinetics of intact BCNU and SE BCNU
were shown inFig. 1. Stability tests were performed
through the residual amount of BCNU by detecting
BCNU amount remained in PBS. In these results, half-
life of intact BCNU (Fig. 1 (as)) was 45 min. Beside
the SE BCNU composed of oil and surfactant and/or
cosurfactant increased the half-life of BCNU from
8 -
g NU

Fig. 2. The release profiles of intact BCNU and SE BCNU from
PLGA wafer in PBS at 37◦C: (aw) control (intact BCNU).

against the hydrolysis decomposition (Constantinides,
1995; Tuleu et al., 2004) after release from matrix.
The content of tributyrin and Cremophor RH40 in SE
systems can influence to the stability of SE BCNU.
Moreover, cosurfactant was not important for increas-
ing the stability of BCNU.

Fig. 2 shows the release profiles of BCNU from
intact BCNU and SE BCNU-loaded PLGA wafers.
Drug contents of intact BCNU and SE BCNU-loaded
PLGA wafers were observed from 95 to 105% and it
could confirm that SE BCNU was homogeneously dis-
persed in PLGA matrix. The release rates of BCNU
from the all wafers followed the 1st order release kinet-
ics. Moreover, the release rates of SE BCNU-loaded
PLGA wafers were faster than intact BCNU-loaded
PLGA wafers because it was considered that the SE
BCNU covered with oil phase had more disperse than
intact BCNU into aqueous phase. It could also be
explained that the penetration rate of water into the
matrix was retarded with increasing the PLGA contents
due to the hydrophobic property onto matrix surface
(Table 2).

Table 3
Storage stability of BCNU-loaded PLGA wafer at different
temperature

Temperature (◦C) Decomposition (%) Duration of
storage (days)

−18 4.6

90
4 8.1
0 min to 130 min (Fig. 1 (bs)). Therefore, we sug
ested that the oil system is partly protecting BC
25 36.2
37 54.1
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Fig. 3. Storage stability of intact BCNU and SE BCNU in PLGA
wafer at 25◦C: (aw) control (intact BCNU).

Fig. 5. The cell viability of intact BCNU and SE BCNU in PBS at
37◦C: (as) 30 min, (bs) 1 h, (cs) 2 h and (ds) 3 h.

Fig. 4. The emulsion size of SE BCNU eous emulsion system by ELS.
in aqu
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3.2. Storage stability studies

Storage stability of BCNU-loaded PLGA wafer
about different temperature such as−18, 4, 25 and
37◦C was assayed by residual amount analysis for 90
days. Storage stability of BCNU preserved by PLGA
increased, but showed rapid decomposition above the
25◦C (Table 3). Storage stability of intact BCNU and
SE BCNU in PLGA wafer at the 25◦C was shown
in Fig. 3. All wafers were stored at 25◦C for 50

days and assayed for their drug content. SE BCNU
was more slowly degraded than the intact BCNU in
PLGA matrix: intact BCNU and SE BCNU showed
the decomposition of 20 and 10% at the 25◦C after 50
days, respectively. Therefore, BCNU was partly pro-
tected to heat decomposition by oil system in PLGA
matrix. In these results, we confirmed that BCNU was
very sensitive to temperature and the SE BCNU using
emulsion system increased stability for storage and
temperature.
Fig. 6. In vitro morphology of 9L gliosarcoma cells after treated
 by intact BCNU and SE BCNU-loaded PLGA wafer for 3 days.
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3.3. Emulsion size measurement of SE BCNU

The effect of the emulsion size and its distribution
in proportion to the each SE BCNU formulation were
shownFig. 4. We measured emulsion size to confirm
the effect on the cell viability according to change
of formulation and size of SE BCNU, because more
stable emulsion was obtained according to decrease
of emulsion size (Gullapalli and Steth, 1996). The
emulsion size of batch (bs), constituted by tributyrin
and surfactant was 732.1 nm inFig. 4. The size of
batches (cs), (ds) and (gs) showed 383.5, 397.7 and
142.2 nm from increasing with amount of surfactant
and co-surfactant. Therefore, the emulsion size was the
greatest influenced by the variation of tributyrin rate in
total amounts.

3.4. In vitro antitumor activity test

We investigated the effect of intact BCNU and SE
BCNU on cell culture medium for 9L gliosarcoma cell
for 3 h. In Fig. 5, intact BCNU was decreased with
above of 30% of cells up to 30 min in comparison with
control. Whereas, in the case of SE BCNU, all samples
did not show cytotoxicity for the 9L gliosarcoma cells
within 1 h, and affected the growth of 9L gliosarcoma
cells after 2 h obviously. In addition, these results were
strongly correlated with the results of intact BCNU in
vitro antitumor activity study. From these results, we
could confirm that cytotoxicity of SE BCNU came to
s SE
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Fig. 7. In vitro antitumor activity of intact BCNU and SE BCNU-
loaded PLGA wafers against 9L gliosarcoma cells.

other hand, the cell density of SE BCNU-loaded PLGA
wafers as batches (bw) and (cw) was lower than intact
BCNU. SE BCNU such as the batches (dw) and (gw)
which were relatively low stability did not show high
cytotoxicity against 9L gliosarcoma cell in this exper-
iment.

In vitro cytotoxicity of BCNU-loaded PLGA wafers
for Fig. 6is shown inFig. 7. This cell line was sensitive
to the stability and emulsion size of released drug when
it was exposed continuously to intact and SE BCNU
for 3 days. In the case of PLGA wafer only (with-
out BCNU, blank) in culture medium, all samples did
not show cytotoxicity for the 9L gliosarcoma cells test
period and the cells proliferate to 44.4× 105 cells/well
in forth day. Batch (aw) such as intact BCNU-loaded
PLGA wafer was dead about 25% of cells and batches
(bw) and (cw) of SE BCNU-loaded PLGA wafers
showed to higher in vitro antitumor activity, 30% and
half, than intact BCNU for 3 days. Whereas, in vitro
antitumor activity different SE BCNU wafers, batches
(dw) and (gw), were similar work and/or lower than
intact BCNU. As the result of that, we supposed that
the size as well as stability of SE BCNU affected in the
cytotoxicity against 9L gliosarcoma cell.

4. Conclusion

SEDDS composed of oil, surfactant and cosurfac-
t NU
s ld
imilar effect to intact BCNU after 2 h, because
CNU was protected by oil system for longer ti

han 1 h. We can also suggest that SE BCNU ca
cted on further distance than intact BCNU relea

rom BCNU-loaded wafers.
Cell morphology of 9L gliosarcoma treated int

nd SE BCNU-loaded PLGA wafers during 3 day
ncubator were shown inFig. 6. Because proliferatio
f cells was affected by incubation time from the m
hology of control, it was used PKH26-labeled cell
uppress condition about growth of cells. The wa
ere plated on 6-well flat-bottomed plates on wh

he cells were attached, and their cell morphology
ays was compared with control. In case of control,

ial cells during 3 days were constant separate as
s nearby wafer. In the case of intact BCNU-loa
LGA wafer, it affected the cytotoxicity nearby waf
ut did not vary extensively at a short distance. On
ant was established for the enhancement of BC
tability. SE BCNU resulted in a significant four-fo
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increase of half-life in vitro. SE BCNU degraded much
more slowly than the intact BCNU in PLGA matrix at
25◦C. The release rate and cytotoxicity of BCNU from
SE BCNU-loaded PLGA wafer was faster and higher
than intact BCNU-loaded PLGA wafer according to
the stability and emulsion size, respectively. Studies
on the penetration into brain tissue and in vivo anti-
tumor activity of self-emulsified BCNU-loaded PLGA
wafers are now underway.

Acknowledgement

This work was supported by KMOST (2004-
01352).

References

An, T.K., Kang, H.J., Moon, D.S., Lee, J.S., Seong, H., Jeong, J.K.,
Khang, G., Lee, H.B., 2002a. Effect of hydrophilic polymers on
the release of BCNU from BCNU-loaded PLGA wafer. Polymer
(Korea) 26, 670–679.

An, T.K., Kang, H.J., Lee, J.S., Seong, H., Jeong, J.K., Khang, G.,
Hong, Y., Lee, H.B., 2002b. Characteristics of BCNU-loaded
PLGA wafers. Polymer (Korea) 26, 691–700.

Chae, G.S., Lee, J.S., Jeong, J.K., Cho, S.H., Lee, H.B., Khang,
G., 2004. Preparation and characterization of BICNU-loaded
multi-layer PLGA wafer containing glycolide monomer. Poly-
mer (Korea) 28, 335–343.

Chasin, M., Hollenbeck, G., Brem, H., Grossman, S., Colvin, M.,
s: a

C dis-
tical

D .S.,

. J.

D ces:

G the
9.

H xel
ma-

Holm, R., Porter, C.J.H., Edwards, G.A., Mullertz, A., Kristensen,
H.G., Charman, W.N., 2003. Examination of oral absorption and
lymphatic transport of halofantrine in a triple-cannulated canine
model after administration in self-emulsifying drug delivery sys-
tems (SEDDS) containing structured triglycerides. Eur. J. Pharm.
20, 91–97.

Humberstone, A.J., Charman, W.M., 1997. Lipid-based vehicles for
the oral delivery of poorly water soluble drugs. Adv. Drug. Deliv.
Rev. 25, 103–128.

Kang, B.K., Lee, J.S., Chon, S.K., Jeong, S.Y., Yuk, S.H., Khang,
G., Lee, H.B., Cho, S.H., 2004. Development of self-emulsifying
drug delivery systems (SEDDS) for oral bioavailability enhance-
ment of simvastatin in beagle dogs. Int. J. Pharm. 274, 65–73.

Kommuru, T.R., Gurley, B., Khan, M.A., Reddy, I.K., 2000. Self-
emusifying drug delivery systems (SEDDS) of coenzyme Q10:
formulation development and bioavailability assessment. Int. J.
Pharm. 212, 233–246.

Lee, J.S., An, T.K., Shin, P.K., Chae, G.S., Jeong, J.K., Lee, B.,
Cho, S.H., Khang, G., Lee, H.B., 2003. In vitro antitumor activ-
ity of BCNU-loaded PLGA wafer containing additives. Polymer
(Korea) 27, 217–225.

Lee, J.S., An, T.K., Chae, G.S., Jeong, J.K., Cho, S.H., Lee, H.B.,
Khang, G., 2004. Evaluation of in vitro and in vivo antitumor
activity of BCNU-loaded PLGA wafer against 9L gliosarcoma.
Eur. J. Pharm. Biopharm. 59, 169–175.

Loo, T.L., Dion, R.L., Dixon, R.L., Rall, D.P., 1966. The antitu-
mor agent, 1,3-bis(2-hloroethyl)-1-nitrosourea. J. Pharm. Sci. 55,
492–497.

Paoletti, P., 1984. Therapeutic strategy for central nervous system
tumors: present status, criticism and potential. J. Neurosurg. Sci.
28, 51–60.

Sampath, P., Brem, H., 1998. Implantable slow-release chemother-
apeutic polymers for the treatment of malignant brain tumors.
Cancer Control 5, 130–137.

Seong, H., Moon, D.S., Khang, G., Lee, H.B., 2002. Preparation
ior.

S 003.
-
tro.

T par-
s. 4,

T rke,
ogs
in a

on of

W NU
Langer, R., 1990. Interstitial drug therapy for brain tumor
case study. Drug Dev. Ind. Pharm. 16, 2579–2594.

onstantinides, P.P., 1995. Lipid emulsions for improving drug
solution and oral absorption: physical and biopharmaceu
aspects. Pharm. Res. 12, 1561–1572.

ang, W., Daviau, T., Ying, P., Zhao, Y., Nowotnik, D., Clow, C
Tyler, B., Brem, H., 1996. Effects of Gliadel® wafer initial molec-
ular weight on the erosion of wafer and release of BCNU
Control. Release 42, 83–92.

ickinson, E., Matsumura, Y., 1994. Proteins at liquid interfa
role of the molten globule state. Colloids Surf. B 3, 1–17.

ullapalli, R.P., Steth, B.B., 1996. Effect of methylcellulose on
stability of oil-in-water emulsions. Int. J. Pharm. 149, 97–10

e, L., Wang, G.L., Zhang, Q., 2003. An alternative paclita
emulsion formulation: hypersensitivity evaluation and phar
cokinetic profile. Int. J. Pharm. 250, 45–50.
of BCNU-loaded PLGA wafers and in vitro release behav
Polymer (Korea) 26, 128–138.

eong, H., An, T.K., Khang, G., Choi, S., Lee, C.O., Lee, H.B., 2
BCNU-loaded poly(d,l-lactide-co-glycolide) wafer and antitu
mor activity against XF-498 human CNS tumor cells in vi
Int. J. Pharm. 251, 1–12.

arr, B.D., Sambandan, T.G., Yalkowsky, S.H., 1987. A new
enteral emulsion for the administration of Taxol. Pharm. Re
162–165.

uleu, C., Newton, M., Rose, J., Euler, D., Saklatvala, R., Cla
A., Booth, S., 2004. Comparative bioavailability study in d
of a self-emulsifying formulation of progesterone presented
pellet and liquid form compared with an aqueous suspensi
Propgesterone. J. Pharm. Sci. 93, 1495–1502.

ang, C.H., Li, J., Teo, C.S., Lee, T., 1999. The delivery of BC
to brain tumors. J. Control. Release 61, 21–41.


	Enhancement of the stability of BCNU using self-emulsifying drug delivery systems (SEDDS) and in vitro antitumor activity of self-emulsified BCNU-loaded PLGA wafer
	Introduction
	Materials and methods
	Materials
	Preparation of SE BCNU and SE BCNU-loaded PLGA wafer
	In vitro stability test
	Determination of drug content in the wafer and in vitro release study
	Storage stability of SE BCNU from SE BCNU loaded PLGA wafer
	Emulsion size analysis of SE BCNU
	Cell culture
	Preparation of PKH26-labeled cells
	Cytotoxicity test

	Results and discussion
	In vitro stability test and release study of SE BCNU
	Storage stability studies
	Emulsion size measurement of SE BCNU
	In vitro antitumor activity test

	Conclusion
	Acknowledgement
	References


