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Abstract

The aim of the study was to compare incorporation of bupivacaine base, bupivacaine stearate and indomethacin in diluted suspensions of
lipospheres (10%, w/w of lipid) and in concentrates (50%, w/w of lipid). The lipid cores were composed of a mixture of solid and liquid
triglycerides (Precirol and Miglyol 4:1). The lipospheres sizing between 0.5–10�m (suspensions) and 0.5–20�m (concentrates) were prepared
using a hot emulsification with high-shear mixing and cold resolidification method. None of the studied drugs was successfully incorporated in
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he lipid core. The increased incorporation of drugs determined in the concentrated lipospheres was only apparent, since in fact all th
nly attached to the surface of the lipid particles and was transferred to the aqueous phase in the course of an intensive agitation. The
ydrophilic polymers in the aqueous phase did not prevent the expulsion effect although drug precipitation was retarded. The expulsio
ot correlate with the solubility of drugs determined in the bulk lipids.
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. Introduction

Lipids are promising candidates as components of biodegrad-
ble matrices incorporating drugs, appropriate for parenteral
elivery. Technology of solid lipid nanoparticles (SLN®), siz-

ng below 1�m (average 0.1–0.3�m), was developed in order
o obtain injectable nanospheres, which can be administered
ntravenously (Müller et al., 2000). Use of the lipid particles
s drug carriers for extravenous injection (intramuscularly, sub-
utaneously, for nerve infiltration) has been also considered
Masters and Domb, 1998; Toongsuwan et al., 2004). For this
oute of drug delivery, larger particles, up to 30–50�m (lipo-
pheres, lipid microspheres or microparticles) are acceptable.
ecentlyMüller et al. (2002)proposed concentrated SLN con-

aining up to 80% of lipid phase as a new drug delivery system.
he concentrate is semisolid and should be diluted before injec-

ion.
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The release of a drug incorporated in the lipid matrix wh
melting point is above body temperature occurs due to d
dation of the particles by lipase present in the site of injec
This mechanism enables prolonged release of drugs from
(Müller et al., 2000; Gasco, 2001) and lipid microparticle
(Masters and Domb, 1998). In the respect of the extended d
release micron-sized lipospheres are theoretically more effe
than SLN.

In contrast to SLN the research on lipid microparticles is
limited. Similarly to SLN, physical instability of the dispersio
of lipid microspheres, demonstrated by gelation of the sys
can be a problem. In our previous studies (Pietkiewicz and
Sznitowska, 2004) suspensions of lipid microspheres whose
idity and lipid/surfactant composition is suitable for parent
administration were developed. Precirol (palmitostearate)
used as a matrix forming agent because of its appropriate
ing temperature (55◦C) and biocompatibility. Physically stab
10% (w/w) suspensions of lipid microspheres were prod
using saturated triglycerides in combination with medium c
unsaturated triglycerides (Miglyol) as lipids and polysorbat
(2%, w/w) as a surfactant. The process developed for lipid m
E-mail address: msznito@amg.gda.pl (M. Sznitowska). spheres does not involve high-pressure homogenization which is
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a critical step allowing particle sizes below 1�m and is required
for SLN (Müller et al., 2000).

Despite of numerous studies there is no clear evidence that
SLN are good carriers for many drugs since incorporation of dif-
ferent drugs may be unpredictable. Good incorporation potential
of SLN was demonstrated for coenzyme Q10 (Wissing et al.,
2004a), cyclosporine A (Hu et al., 2004), paclitaxel (Chen et
al., 2001), prednisolon (Mühlen et al., 1998), mifepristone (Hou
et al., 2003) and several others presented in the recent review
(Wissing et al., 2004b). On the other hand, problems with incor-
poration of other lipophilic molecules like gamma-cyhalothrin
(Frederiksen et al., 2003), tetracaine and etomidate (Mühlen et
al., 1998) as well as coenzyme Q10 (Bunjes et al., 2001) were
reported. Moreover, majority of very lipophilic spin probes were
found to be located not in the core of SLN but at the interphase
between phospholipid layers and the core (Ahlin et al., 2000,
2003). The low incorporation capacities were explained by the
crystalline structure of the solid lipid (Westesen et al., 1997).

The aim of the reported study was to compare incorporation of
lipophilic compounds in diluted suspensions (10%, w/w of lipid)
and in concentrates (50%, w/w of lipid) of lipospheres. Bupi-
vacaine base and bupivacaine stearate as well as indomethacin
were investigated as model drugs. The lipid cores were com-
posed of a mixture of solid and liquid triglycerides in order to
obtain less crystalline structure as proposed for SLN (Müller et
al., 2002).
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molar ratio 1:1. Alternatively, both substances were dissolved
in ethanol and the solvent was evaporated from the com-
bined solutions (co-precipitation method). The resulting sub-
stances were subjected to DSC analysis and the thermograms
were compared with those of bupivacaine base and stearic
acid.

2.3. Solubility and partitioning of drugs in water and lipids

In order to determine the solubility of bupivacaine base and
bupivacaine stearate in water or in a phosphate buffer (pH 7.0
and 8.0) the drugs in excess were suspended in a solvent and
the suspension was stirred with a magnetic stirrer at tempera-
ture 20± 1◦C for 24 h. After centrifugation the supernatant was
filtered and analysed for drug content.

The solubility of bupivacaine, bupivacaine stearate and
indomethacin in solid bulk lipids or their mixtures with Miglyol
was estimated by visual inspection of lipid films obtained after
cooling the melted lipids containing drugs in different concen-
trations.

The partitioning of bupivacaine base and bupivacaine stearate
between lipid and water was determined. Bupivacaine was dis-
solved in melted Precirol (200 mg per 1 g of the lipid) and warm
water was added (80◦C). After 10 min of stirring the emul-
sion was cooled and after 24 h the separated aqueous phase was
analysed for concentration of bupivacaine. For Miglyol/water
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Suspensions of lipid microspheres with bupivacaine w
lready described in the literature but the results regarding

oading capacity were not consistent, largely depending on
f the triglycerides and surfactants:Toongsuwan et al. (200
emonstrated fast precipitation of the expulsed drug, w
asters and Domb (1998)succeeded in a high-drug loading

. Materials and methods

.1. Materials

Bupivacaine free base was donated by Polfa Pharmace
orks (Warsaw, Poland) and indomethacin by Jelfa (Je
óra, Poland). Precirol (glyceryl palmitostearate) was a

rom Gattefosśe (Lyon, France). Miglyol 812 (medium cha
riglycerides) was manufactured by Caelo Caesar and L
Hilden, Germany). Egg lecithin (Lipoid E-80) was purcha
rom Lipoid (Ludvigshafen, Germany) and polysorbate (Tw
0) from Merck (Darmstadt, Germany). Stearic acid
anufactured by Loba Feinchemie (Fischamend, Austria)
Sodium carmellose was purchased from Sigma (Steinh

ermany), hydroxyethylcellulose (Natrosol 250 HX) from H
ules (Wilmington, USA) and poloxamer 188 (Pluronic F
rom Boehringer Ingelheim (Heidelberg, Germany). Ce
lcohol and cetostearyl alcohol were manufactured by He
Hamburg, Germany).

.2. Preparation and analysis of bupivacaine stearate

Bupivacaine stearate was prepared by melting at
erature 108◦C bupivacaine free base with stearic acid
g
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artition coefficient saturated aqueous solution of bupivac
as shaken with the oil and concentration of the drug in
queous phase was analysed. From the difference of conc

ions before and after partitioning the partition coefficient
alculated.

All determinations were done at least in triplicates.

.4. Preparation of lipospheres—in the form of suspension
nd concentrate

The content of lipids in suspensions was 10% (w/w) an
oncentrates—50% (w/w). In all formulations polysorbate
as used as an emulsifying agent (2.0%, w/w) and glyc
as added for isotonicity (2.3%, w/w). Precirol in a mixt
ith Miglyol (4:1) constituted the lipid matrix of the lipo
pheres. The formulations were prepared as follows using
mulsification and cold resolidification method. Precirol
elted with Miglyol and polysorbate at 80◦C, bupivacaine bas

upivacaine stearate or indomethacin was added and the
hase was transferred to the aqueous phase (water and g
t 80◦C). Concentration of drugs in suspensions or con

rates are shown inTable 1. Hydrophilic polymer, if presen
Table 1), was dissolved in the aqueous phase. The emuls
ion was performed at 80◦C using a high-shear mixer Ultr
urrax (IKA Labortechnik, Staufen, Germany) at 8000 r

or 5 min. Crystallization of lipids occurred at 4◦C, while for
ome formulations fast crystallisation by immersion in a liq
itrogen was also performed. The suspensions or concen
ere stored in a refrigerator (4◦C). In all formulations contain

ng bupivacaine, before cooling, pH was adjusted to 8.0
aOH.
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Table 1
The effect of drug concentration and hydrophilic polymers on crystallisation of the drug and its content in the aqueous phase of suspensions and concentrates of lipid
(Precirol and Miglyol 4:1) microspheres

Drug Drug concentration (%, w/w) Polymer in aqueous phase (%, w/w) Crystallization of drug Free drug content (% of total)

Suspensions containing 10% (w/w) lipid
Bupivacaine free base 0.5 – 48 h 100.4

0.5 CMC 1.0 3 days 87.0
0.5 HEC 1.0 7 days 101.0
0.5 Poloxamer 5.0 <24 h n.s.

Bupivacaine stearate 1.0 – 3 days 93.4

Indomethacin 0.2 – 7 days 100.0
0.2 Poloxamer 5.0 3 weeks 102.0
0.5 Poloxamer 5.0 <24 h n.s.

Concentrates containing 50% (w/w) lipid
Bupivacaine free base 2.0 – n.d. 82.5*

10.0 – n.d. 28.9*

Bupivacaine stearate 4.0 – n.d. 44.4*

Indomethacin 1.0 – n.d. 60.9*

5.0 – <24 h n.s.

CMC: sodium carmellose; HEC: hydroxyethylcellulose; n.s.: not studied due to drug crystallisation before ultrafiltration; n.d.: not detected in the undiluted concen-
trates; asterisk (*): the concentrate diluted with hand shaking.

In the preliminary studies suspensions of lipospheres contain-
ing Precirol as a sole lipid were also prepared using the same
method as described above.

For indomethacin additional formulation was prepared by
dissolving the drug in ethanol (50% solutions) and introducing
this solution into the melted lipid, Precirol. Further, the suspen-
sion of lipospheres (without Miglyol) containing 0.4% (w/w)
indomethacin was prepared as described above. Besides, sus-
pensions of lipospheres made of Precirol alone or its mixture
with cethyl alcohol, cetostearyl alcohol and Miglyol were pre-
pared and evaluated (Table 2).

2.5. Dilution of concentrated lipospheres

The concentrated lipospheres containing bupivacaine base
or stearate were diluted with 0.015 mol/l HCl in the ratio
1:4. The concentration of HCl was chosen on the basis
of the preliminary experiments to obtain pH 6.7 (±0.1) in
the diluted formulation. Different procedures were employed
for dilution: hand shaking for 3 min, ultrasounds for 15 min
(22 Hz), Vortex for 5 min or Ultra-Turrax stirring (8000 rpm, for
5 min).

The dilutions were observed microscopically. Those, where
crystals of the drug were not visible were subjected to the
analysis of drug content in the aqueous phase.

The concentrates with indomethacin were diluted with water
in the ratio 1:4.

2.6. Analysis

Visual and microscopic observations were carried out using
an optical microscope. Particle size distribution was measured
using a laser diffractometer Mastersizer E (Malvern Instr.,
Malvern, UK).

The total amount of bupivacaine (base or stearate) in
the formulations and in the aqueous phase of the formula-
tions (unincorporated dose) was studied by HPLC method
using a mobile phase—0.01 M phosphate buffer pH 7.7:ace-
tonitrile:methanol 35:40:25 and Lichrospher RP-18 column
(250 mm, 5�m; Merck) with detection at 220 nm. HPLC analy-
sis of indomethacin was performed using methanol and 0.01 M
sodium acetate buffer pH 3.6 (65:35) as the mobile phase and
Lichrospher RP-18 column (125 mm, 5�m) with detection at
260 nm.

Table 2
Solubility of indomethacin in bulk lipids and in suspensions of lipospheres (10% (w/w) of lipid; indomethacin content 20 mg/g of lipid)

L w/w) a

P
P
P
P
P
P

ipid Drug solubility,X (%,

recirol 2.0 <X < 5.0
recirol:Miglyol, 4:1 0.2 <X < 0.5
recirol:cetostearyl alcohol, 4:1 >10.0
recirol:cetostearyl alcohol:Miglyol, 3:1:1 0.5 <X < 1.0
recirol:cethyl alcohol, 4:1 >10.0
recirol:cethyl alcohol:Miglyol, 3:1:1 0.5 <X < 1.0

a Precipitation observed (+); no precipitation (−).
Precipitation of drug in suspension of lipospheres

After preparation After 7 days (4◦C)

+
− +

Semisolid formulation
− +

+
− +
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The free drug content was calculated on the basis of drug
concentration in the aqueous phase, as a percentage of the total
dose. In order to separate the aqueous phase, ultrafiltration was
performed using centrifuge filtration units—Microcon YM-100
(cut-off 100 kDa, Millipore, Bedford, USA). Before filtration
the concentrates with bupivacaine were diluted with water in
ratio 1 + 4 adjusting pH to 1–2 with HCl in order to enable fil-
tration and to dissolve crystals of bupivacaine, if present. The
suspensions of lipospheres were also adjusted to acidic pH. For
the analysis of the formulations with indomethacin dilution with
water and 60% (v/v) methanol was done.

3. Results

Fig. 1presents DSC thermograms of bupivacaine, stearic acid
and bupivacaine stearate. A very small peak of stearic acid and
no peak of bupivacaine are observed in a sample of bupivacaine
stearate, but a new peak at 55◦C appears. It is concluded that a
new chemical molecule was synthesized, with a small impurity
of stearic acid. The same thermograms were recorded for the
samples obtained by either melting or co-precipitation methods.

Solubility of bupivacaine and bupivacaine stearate in water
at room temperature was 203 and 149�g/ml, respectively. Con-
centrations of bupivacaine in saturated solutions in buffers pH
8.0 and 7.0 were 239 and 1035�g/ml, respectively. Solubility
of bupivacaine and bupivacaine stearate estimated semiquanti-
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Fig. 2. Optical microscopic picture of suspensions of lipospheres (a) and con-
centrated lipospheres (b) with bupivacaine base.

mixture of Precirol and Miglyol as matrix component. The pro-
posed method enables preparation of suspension of lipospheres
with sizes ranging from 0.5 to 10�m. Although laser diffrac-
tometer measurements revealed that the mean diameter of the

Fig. 3. Particle size distribution of lipospheres in suspension (a) and in diluted
(hand shaking) concentrate (b) analysed with a laser diffractometry.
atively in bulk Precirol were 200 mg/g and above 250 m
espectively. This was higher than solubility of bupivaca
ase in two other triglycerides (glyceryl tristearate, 100 m
lyceryl tripalmitate, 100 mg/g). Low solubility of the drug in
ixture of Precirol and Miglyol (4:1) was observed, i.e. apr
ately 10 mg/g, although solubility in Miglyol alone was hig

more than 100 mg/g). For bupivacaine base the partition
cients lipid/water were determined as 3741 for Precirol
3.9 for Miglyol. The solubility of indomethacin determined
ifferent lipid mixtures is presented inTable 2. In the presenc
f cethyl alcohol solubility of indomethacin in bulk Preci

ncreased, while added Miglyol decreased solubility of the
ignificantly.

Figs. 2 and 3demonstrate comparison of particle sizes
orphology in suspensions and in concentrates prepared

ig. 1. Differential scanning calorimetry thermograms of bupivacaine ste
bs), bupivacaine base (bb) and stearic acid (sa).
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Table 3
The amount of bupivacaine determined in the aqueous phase (% of the total) of
the concentrates during storage at 4◦C (mean values,n = 3)

Drug, % Day 0 Day 1 Day 8

Bupivacaine base, 2.0% 82.6 – 95.4
Bupivacaine base, 10% 28.9 28.9 28.5
Bupivacaine stearate, 4% 44.4 53.3 41.9

particles in the concentrates is approximately 20�m (1–60�m),
but probably agglomerated particles were measured, since under
microscope no lipospheres larger than 20�m were found. The
shape of the lipid particles both in suspensions and in concen-
trates was spherical (Fig. 2). In the presence of bupivacaine
or indomethacin neither shape nor size of the particles was
changed. Similar size of the lipospheres was achieved when
other lipids were used as matrix components.

The suspensions containing 10% (w/w) of lipid were fluid
and did not gellify during storage at 4◦C for 12 months. The
presence of the incorporated drugs did not change the fluidity,
as observed visually during at least 6 months. The pH of the
formulations with bupivacaine and indomethacin was 7.5–8.0
and 4.5–5.5, respectively.

In Table 1suspensions and concentrates, containing either
bupivacaine or indomethacin, are compared in respect of the
amount of the free drug present in the aqueous phase and
the kinetics of its crystallization. Within 48 h after preparation
bupivacaine crystals (needles) were observed in suspensions
lipospheres (Precirol and Miglyol 4:1) with bupivacaine base
used in concentration 0.5% (w/w). Suspensions of liposphere
incorporating bupivacaine stearate were more stable, but sti
crystallisation of the free drug was observed after 3 days. In
contrast, in suspensions of lipospheres prepared with Preciro
without Miglyol bupivacaine precipitated directly after prepa-
ration. Indomethacin, when introduced in concentration 0.2%
( s aft
7 ent
i 4
o ated
i sus
p d
b olv-
i

ere
p for

indomethacin, prolonging crystallization time up to 3 weeks,
however even in its presence crystallization occurred within 24 h
after the suspension was subjected to ultrasounds for 20 min.
When the concentration of indomethacin was increased to 0.5%,
the polymer did not prevent fast crystallization which occurred
within 24 h. In contrast, poloxamer did not retard crystallization
of bupivacaine, however suspensions containing hydroxyethyl-
cellulose and sodium carmellose were stable up to 3 and 7 days,
respectively (Table 1).

The formulations where crystals were not visible under
microscope were analysed for the content of free drug in the
aqueous phase and the results are shown inTable 1. In sus-
pensions of lipospheres containing bupivacaine or bupivacaine
stearate 87–101% of the total drug was found in the aqueous
phase. The analysis of the ultrafiltrate of the lipospheres con-
taining indomethacin revealed that only 2–4% of the total dose
was present in the aqueous phase. However, after dilution of
the suspensions with 60% methanol all the dose was found in
the ultrafiltrate (Table 1). This procedure did not dissolve the
lipid particles what was proven by observations under micro-
scope and additionally by measuring spectrophotometrically the
absorbance of an extract obtained when lipospheres loaded with
a lipophilic dye, Sudan III, had been treated in the same manner
(data not shown).

Despite of the high concentrations of bupivacaine base or
stearate (up to 10%, w/w) introduced to the concentrates (lipid
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r in liquid nitrogen. Needle-shaped crystals of the precipit

ndomethacin were also detected shortly after cooling the
ension of lipospheres (mean size 3�m) which were prepare
y introducing the drug as ethanolic solution instead of diss

ng it in melted lipid.
Precipitation was retarded if hydrophilic polymers w

resent in the formulations. Poloxamer was effective

able 4
he amount of bupivacaine and indomethacin determined in the aqueou
= 3)

rug and concentration Solvent (ratio)

upivacaine base, 10% 0.015 M HCl (1:5)

ndomethacin, 1% Water (1:5)a

Water (1:5)a

60% methanol (1:50)a

a Diluted with methanol 60% directly before ultrafiltration.
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s
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ontent 50%, w/w), no crystals of bupivacaine were obse
uring storage of the undiluted preparations (Table 1). In the
ase of indomethacin such observation was true only fo
oncentrates containing 1.0% (w/w) of the drug. If the d
ontent was higher (5%) the undissolved drug was prese
he form of square crystals as detected under microscope

The free drug content in the aqueous phase was deter
fter ultrafiltration of the diluted concentrates. Dissolution
ventually present crystals of bupivacaine was ensured by a

ng pH to acidic. In the concentrates containing 2% of bup
aine in the form of either base or stearate (4% of the ste
orresponds to 2% of bupivacaine), 82.5% (77.8–88.3%)
4.4% (43.0–45.85), respectively, of the total drug was foun

he aqueous phase (Table 1). When the amount of bupivacai
ase was increased to 10% (w/w) in the concentrates, only

was found in the aqueous phase. This allows for estim
he amount incorporated 142 mg/g of lipid. The amount of b
acaine present in the aqueous phase was not changed d
ays of storage at 4◦C as shown inTable 3.

se (% of the total) of the concentrates diluted using different proceduresean values

Method of dilution Drug in the aqueous pha

Hand shaking 3 min 28.9
Vortex 5 min 93.2
Ultrasounds 15 min 101.9

Hand shaking 3 min 60.9
Ultrasounds 15 min 75.8
Hand shaking 3 min 97.5
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Different procedures of diluting the concentrates resulted,
however, in different recoveries of the drugs from the aqueous
phase, what is demonstrated inTable 4. Using more intensive
mechanical stress than with hand shaking (ultrasounds, Vor-
tex, high-shear mixing) allowed for releasing practically 100%
bupivacaine to the aqueous phase. In all diluted concentrates
crystallisation of the drugs was observed within 24 h (4◦C).

The same was observed for the concentrates containing
indomethacin as is shown inTable 4. The free drug content
was related to the mode of agitation during dilution: when hand
shaking with water was performed 60.9% (57.4–64.5%) of the
drug was extracted but almost total dose was recovered if 60%
methanol was used for dilution, in spite of the fact that the cores
of the lipospheres were not soluble in this solvent.

4. Discussion

Lipospheres with the lipid cores composed of Precirol and
Miglyol (4:1) and with polysorbate 80 as an emulsifying agents
were prepared using a simple method employing high-shear
mixing. The composition of the lipids and emulsifier enabled
preparation of suspensions containing 10% (w/w) of lipid which
remained fluid during a long-term storage. The lipid particles
were spherical, above 1�m in size, what allows for calling
them lipid microspheres (lipospheres) in contrast to solid lipid
nanoparticles (SLN) which are characterized by sizes below
0
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system. This was in contrast to a very good solubility of bupi-
vacaine in Precirol. The conclusion was made that bupivacaine
is excluded from the lipid matrix during crystallization. The
“expulsion effect” was already described for SLN (Westesen et
al., 1997) and incorporation of a liquid oil (8–16%) to the solid
lipid core was proposed as a method to improve the loading
capacity of the formulations, which were called nanostructured
lipid carriers, NLC (Jenning et al., 2000; M̈uller et al., 2002).
Considering this idea the attempt has been made to prepare lipid
microspheres containing Miglyol in addition to Precirol (1:4
ratio).

In spite of the low solubility of bupivacaine observed in bulk
Precirol with Miglyol significant retardation of drug precipita-
tion was achieved in suspensions composed of the mixture of
these lipids. However, no improve in incorporation of the drug
in a modified matrix of lipospheres was observed (Table 1).
This may support the theory that the liquid oily constituent is
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nd bupivacaine stearate. The solubility in lipids as hig
00 mg/g theoretically should result in suspensions and
entrates of lipospheres containing at least 2 and 10% (
upivacaine, respectively.

When suspensions of lipospheres with bupivacaine in
entration 0.5% were prepared with Precirol alone, practi
ll drug was found in the aqueous phase of the suspension
recipitation of the drug was observed directly after cooling
n
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-
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-
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-

d

hould result in increased incorporation efficacy. This ef
owever, was not observed and the “expulsion” of the total
f bupivacaine stearate occurred, in spite of higher lipophil
f this chemical form (Table 1).

The third drug, indomethacin was chosen due to its high lP
.2, however its solubility in lipids was not as high as obse

or bupivacaine (Table 2) and was very low in the presence
iglyol. Suspensions and concentrates of lipospheres con

ng 0.2–0.5, and 1.0–5.0% of indomethacin, respectively,
xamined.

As for bupivacaine, the expulsion was also observed in
ase of indomethacin (Table 1). Introducing indomethacin
he form of ethanolic solution did not result in more effici
ncorporation either.

To support a theory that expulsion of the drug from the l
atrix depends on the type of the lipid, various combinat
f the solid or solid and liquid lipids were studied as ma

ormers for suspensions of lipospheres with indomethacin
olubility of indomethacin in bulk lipids did not correlate w
he rate of drug precipitation in suspensions of liposph
Table 2). Like in the case of bupivacaine, opposite relat
hip was even observed since in the presence of Miglyol, w
ecreased solubility of indomethacin significantly, precipita
f indomethacin was retarded. This indicates that even if
al composition of lipids may offer a crystalline structure wh
nables efficient incorporation of drug molecules, it will no
asy to find such combination on the basis of drug solub
stimated in bulk lipids.

The presence of hydrophilic polymers in the aqueous p
f the suspensions of lipospheres may prevent crystallizati
rugs (Frederiksen et al., 2003). Depending on the type of th
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polymer retardation of this process was observed: poloxamer
was effective in the systems containing indomethacin but did not
show any effect for bupivacaine. For the latter sodium carmel-
lose and hydroxyethylcellulose were more suitable. However,
none of the polymers eliminated the expulsion effect as demon-
strated by total dose of bupivacaine or indomethacin found in
the aqueous phase (Table 1).

The above observations are in agreement with the recently
published report on fast crystallization of bupivacaine free base
in the dispersions of lipospheres (1–300�m) composed of
triglycerides and phospholipids, with this phenomenon retarded
in the presence of sodium carmellose (Toongsuwan et al., 2004).

In comparison to suspensions of lipospheres increased con-
tent of lipids in the concentrates resulted in only partial recovery
of drugs from the aqueous phase what suggested that incorpo-
ration of the drug in lipospheres was efficient (Table 1). It was
observed that in the formulation where bupivacaine total con-
tent was 10% (w/w) the efficacy of drug incorporation in the
lipid matrix was higher than in the concentrate containing 2%
(w/w) of the drug and bupivacaine stearate was more suitable
than bupivacaine base. During short-term storage (8 days) the
amount of bupivacaine found in the aqueous phase of the con-
centrated lipospheres did not change (Table 3) what means that
expulsion of the drug was not progressing even if crystalliza-
tion of the lipids and polymorphic transition are time dependent
(Bunjes et al., 1996, 2003; Freitas and Müller, 1999).

su
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i ib-
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t
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ase,
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of glyceryl palmitostearate (Precirol) and the strong drug expul-
sion was not eliminated by introducing liquid oil to the solid
matrix. The results may support the theory that solid lipid does
not embed the liquid oil which forms a separate compartment.
The drug excluded from the core easily distributes to the aque-
ous phase, unless the system is viscous/semisolid as in the
concentrated lipospheres. The increased incorporation of drugs
determined in the concentrated lipospheres was only apparent,
since in fact all the dose was concentrated on the surface of the
lipid particles and was transferred to the aqueous phase in the
course of an intensive agitation. The presence of hydrophilic
polymers in the aqueous phase does not prevent the expulsion
effect although drug precipitation may be retarded. The choice
of the lipid forming the core of lipospheres, considered as the
most important factor determining drug incorporation efficacy,
cannot be based on the solubility of drug determined in bulk
lipid films, since such correlation has not been observed.
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K., 2004. Investigations on the structure of solid lipid nanoparticles
(SLN) and oil-loaded solid lipid nanoparticles by photon correlation spec-
troscopy, field-flow fractionation and transmission electron microscopy. J.
Contr. Release 95, 217–227.

Masters, D.A., Domb, A.J., 1998. Liposphere local anesthetic timed-release
for perineural site application. Pharm. Res. 15, 1038–1045.

Mühlen, A., Schwarz, C., Mehnert, W., 1998. Solid lipid nanoparticles (SLN)
for controlled drug delivery—drug release and release mechanism. Eur.
J. Pharm. Biopharm. 45, 149–155.
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