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Abstract

The aim of the study was to compare incorporation of bupivacaine base, bupivacaine stearate and indomethacin in diluted suspensions |
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.gpri(suspensions) and 0.5—2fn (concentrates) were prepared
using a hot emulsification with high-shear mixing and cold resolidification method. None of the studied drugs was successfully incorporated in
the lipid core. The increased incorporation of drugs determined in the concentrated lipospheres was only apparent, since in fact all the dose w.
only attached to the surface of the lipid particles and was transferred to the aqueous phase in the course of an intensive agitation. The presence
hydrophilic polymers in the aqueous phase did not prevent the expulsion effect although drug precipitation was retarded. The expulsion effect di
not correlate with the solubility of drugs determined in the bulk lipids.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The release of a drug incorporated in the lipid matrix whose
melting point is above body temperature occurs due to degra-
Lipids are promising candidates as components of biodegradtation of the particles by lipase present in the site of injection.
able matrices incorporating drugs, appropriate for parenteralhis mechanism enables prolonged release of drugs from SLN
delivery. Technology of solid lipid nanoparticles (SEN siz-  (Milller et al., 2000; Gasco, 20p&nd lipid microparticles
ing below 1um (average 0.1-048m), was developed in order (Masters and Domb, 1998n the respect of the extended drug
to obtain injectable nanospheres, which can be administere@lease micron-sized lipospheres are theoretically more effective
intravenously uller et al., 200). Use of the lipid particles than SLN.
as drug carriers for extravenous injection (intramuscularly, sub- In contrastto SLN the research on lipid microparticles is very
cutaneously, for nerve infiltration) has been also consideretimited. Similarly to SLN, physical instability of the dispersions
(Masters and Domb, 1998; Toongsuwan et al., 20B4r this  of lipid microspheres, demonstrated by gelation of the system,
route of drug delivery, larger particles, up to 3046 (lipo- can be a problem. In our previous studi¢detkiewicz and
spheres, lipid microspheres or microparticles) are acceptabl&znitowska, 200¢4suspensions of lipid microspheres whose flu-
RecentlyMller et al. (2002proposed concentrated SLN con- idity and lipid/surfactant composition is suitable for parenteral
taining up to 80% of lipid phase as a new drug delivery systemadministration were developed. Precirol (palmitostearate) was
The concentrate is semisolid and should be diluted before injeatsed as a matrix forming agent because of its appropriate melt-
tion. ing temperature (55C) and biocompatibility. Physically stable
10% (w/w) suspensions of lipid microspheres were produced
using saturated triglycerides in combination with medium chain
unsaturated triglycerides (Miglyol) as lipids and polysorbate 80
* Corresponding author. Tel.: +48 58 3493180; fax: +48 58 3493190. (2%, wiw) as a surfactant. The process developed for lipid micro-
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 beloyain and is required molar ratio 1:1. Alternatively, both substances were dissolved
for SLN (Muller et al., 200). in ethanol and the solvent was evaporated from the com-
Despite of numerous studies there is no clear evidence thained solutions (co-precipitation method). The resulting sub-
SLN are good carriers for many drugs since incorporation of difstances were subjected to DSC analysis and the thermograms
ferent drugs may be unpredictable. Good incorporation potentialere compared with those of bupivacaine base and stearic
of SLN was demonstrated for coenzyme QWigsing et al., acid.
20043, cyclosporine A Hu et al., 2004, paclitaxel Chen et
al., 2002, prednisoloniuhlen et al., 1998 mifepristone Hou  2.3. Solubility and partitioning of drugs in water and lipids
et al., 2003 and several others presented in the recent review
(Wissing et al., 2004b On the other hand, problems withincor-  In order to determine the solubility of bupivacaine base and
poration of other lipophilic molecules like gamma-cyhalothrin bupivacaine stearate in water or in a phosphate buffer (pH 7.0
(Frederiksen et al., 20Q3tetracaine and etomidat®i(ihlen et  and 8.0) the drugs in excess were suspended in a solvent and
al., 1998 as well as coenzyme Q18(njes et al., 2001lwere  the suspension was stirred with a magnetic stirrer at tempera-
reported. Moreover, majority of very lipophilic spin probes wereture 204+ 1°C for 24 h. After centrifugation the supernatant was
found to be located not in the core of SLN but at the interphaséiltered and analysed for drug content.
between phospholipid layers and the coidl{n et al., 2000, The solubility of bupivacaine, bupivacaine stearate and
2003. The low incorporation capacities were explained by theindomethacin in solid bulk lipids or their mixtures with Miglyol
crystalline structure of the solid lipidNestesen et al., 1997 was estimated by visual inspection of lipid films obtained after
The aim of the reported study was to compare incorporation ofooling the melted lipids containing drugs in different concen-
lipophilic compounds in diluted suspensions (10%, w/w of lipid) trations.
and in concentrates (50%, w/w of lipid) of lipospheres. Bupi- The partitioning of bupivacaine base and bupivacaine stearate
vacaine base and bupivacaine stearate as well as indomethabietween lipid and water was determined. Bupivacaine was dis-
were investigated as model drugs. The lipid cores were comsolved in melted Precirol (200 mg per 1 g of the lipid) and warm
posed of a mixture of solid and liquid triglycerides in order to water was added (8@). After 10 min of stirring the emul-
obtain less crystalline structure as proposed for SMNil{ler et sion was cooled and after 24 h the separated aqueous phase was
al., 2002. analysed for concentration of bupivacaine. For Miglyol/water
Suspensions of lipid microspheres with bupivacaine wergoartition coefficient saturated aqueous solution of bupivacaine
already described in the literature but the results regarding drugas shaken with the oil and concentration of the drug in the
loading capacity were not consistent, largely depending on typesqueous phase was analysed. From the difference of concentra-
of the triglycerides and surfactanfBoongsuwan et al. (2004) tions before and after partitioning the partition coefficient was
demonstrated fast precipitation of the expulsed drug, whilealculated.
Masters and Domb (1998)icceeded in a high-drug loading. All determinations were done at least in triplicates.

2. Materials and methods 2.4. Preparation of lipospheres—in the form of suspension
and concentrate
2.1. Materials
The content of lipids in suspensions was 10% (w/w) and in

Bupivacaine free base was donated by Polfa Pharmaceuticabncentrates—50% (w/w). In all formulations polysorbate 80
Works (Warsaw, Poland) and indomethacin by Jelfa (Jeleniavas used as an emulsifying agent (2.0%, w/w) and glycerol
Gora, Poland). Precirol (glyceryl palmitostearate) was a giftwas added for isotonicity (2.3%, w/w). Precirol in a mixture
from Gattefosé (Lyon, France). Miglyol 812 (medium chain with Miglyol (4:1) constituted the lipid matrix of the lipo-
triglycerides) was manufactured by Caelo Caesar and Loretgpheres. The formulations were prepared as follows using a hot
(Hilden, Germany). Egg lecithin (Lipoid E-80) was purchasedemulsification and cold resolidification method. Precirol was
from Lipoid (Ludvigshafen, Germany) and polysorbate (Tweenmelted with Miglyol and polysorbate at 8C, bupivacaine base,
80) from Merck (Darmstadt, Germany). Stearic acid wasbupivacaine stearate or indomethacin was added and the lipid
manufactured by Loba Feinchemie (Fischamend, Austria).  phase was transferred to the aqueous phase (water and glycerol

Sodium carmellose was purchased from Sigma (Steinheingt 80°C). Concentration of drugs in suspensions or concen-
Germany), hydroxyethylcellulose (Natrosol 250 HX) from Her- trates are shown iffable 1 Hydrophilic polymer, if present
cules (Wilmington, USA) and poloxamer 188 (Pluronic F68) (Table 1), was dissolved in the agueous phase. The emulsifica-
from Boehringer Ingelheim (Heidelberg, Germany). Cethyltion was performed at 8@ using a high-shear mixer Ultra-
alcohol and cetostearyl alcohol were manufactured by Henkélurrax (IKA Labortechnik, Staufen, Germany) at 8000 rpm

(Hamburg, Germany). for 5min. Crystallization of lipids occurred at°€, while for
some formulations fast crystallisation by immersion in a liquid
2.2. Preparation and analysis of bupivacaine stearate nitrogen was also performed. The suspensions or concentrates

were stored in a refrigerator {(€). In all formulations contain-
Bupivacaine stearate was prepared by melting at teming bupivacaine, before cooling, pH was adjusted to 8.0 with
perature 108C bupivacaine free base with stearic acid in NaOH.
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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 suspensiongrates aftipéd
(Precirol and Miglyol 4:1) microspheres

Drug Drug concentration (%, w/w) Polymer in agueous phase (%, w/w) Crystallization of drug Free drug content (% of total)
Suspensions containing 10% (w/w) lipid
Bupivacaine free base 0.5 - 48h 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 <24h 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 <24h n.s.
Concentrates containing 50% (w/w) lipid
Bupivacaine free base 2.0 - n.d. g2.5
10.0 - n.d. 28.9
Bupivacaine stearate 4.0 - n.d. 44.4
Indomethacin 1.0 - n.d. 60.9
5.0 - <24h n.s.

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

Inthe preliminary studies suspensions of lipospheres contain- The dilutions were observed microscopically. Those, where
ing Precirol as a sole lipid were also prepared using the samerystals of the drug were not visible were subjected to the
method as described above. analysis of drug content in the aqueous phase.

For indomethacin additional formulation was prepared by The concentrates with indomethacin were diluted with water
dissolving the drug in ethanol (50% solutions) and introducingn the ratio 1:4.
this solution into the melted lipid, Precirol. Further, the suspen-
sion of lipospheres (without Miglyol) containing 0.4% (W/w) 2.6. Analysis
indomethacin was prepared as described above. Besides, sus-
pensions of lipospheres made of Precirol alone or its mixture Visual and microscopic observations were carried out using
with cethyl alcohol, cetostearyl alcohol and Miglyol were pre-an optical microscope. Particle size distribution was measured

pared and evaluatedgble 2. using a laser diffractometer Mastersizer E (Malvern Instr.,
Malvern, UK).
2.5. Dilution of concentrated lipospheres The total amount of bupivacaine (base or stearate) in

the formulations and in the aqueous phase of the formula-
The concentrated lipospheres containing bupivacaine bag®ns (unincorporated dose) was studied by HPLC method
or stearate were diluted with 0.015mol/l HCI in the ratio using a mobile phase—0.01 M phosphate buffer pH 7.7:ace-
1:4. The concentration of HCI was chosen on the basisonitrile:methanol 35:40:25 and Lichrospher RP-18 column
of the preliminary experiments to obtain pH 6.ZQ.1) in (250 mm, 5um; Merck) with detection at 220 nm. HPLC analy-
the diluted formulation. Different procedures were employedsis of indomethacin was performed using methanol and 0.01 M
for dilution: hand shaking for 3 min, ultrasounds for 15 min sodium acetate buffer pH 3.6 (65:35) as the mobile phase and
(22 Hz), Vortex for 5 min or Ultra-Turrax stirring (8000 rpm, for Lichrospher RP-18 column (125 mmyun) with detection at

5min). 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)

Lipid Drug solubility, X (%, w/w) Precipitation of drug in suspension of liposphéres
After preparation After 7 days (&)

Precirol 2.0<x<5.0 +

Precirol:Miglyol, 4:1 0.2<X<0.5 — +

Precirol:cetostearyl alcohol, 4:1 >10.0 Semisolid formulation

Precirol:cetostearyl alcohol:Miglyol, 3:1:1 0.5 1.0 — +

Precirol:cethyl alcohol, 4:1 >10.0 +

Precirol:cethyl alcohol:Miglyol, 3:1:1 0.5X<1.0 — +

@ Precipitation observed (+); no precipitation)(
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The free drug content was calculated on the basis of drug sl Liel {*l\l%& .

concentration in the aqueous phase, as a percentage of the toti L ' i
: X

dose. In order to separate the aqueous phase, ultrafiltration wa
performed using centrifuge filtration units—Microcon YM-100
(cut-off 100kDa, Millipore, Bedford, USA). Before filtration
the concentrates with bupivacaine were diluted with water in
ratio 1 +4 adjusting pH to 1-2 with HCI in order to enable fil-
tration and to dissolve crystals of bupivacaine, if present. The
suspensions of lipospheres were also adjusted to acidic pH. Fol
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 at85appears. 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 14fml, respectively. Con-
centrations of bupivacaine in saturated solutions in buffers pH
8.0 and 7.0 were 239 and 10R8/ml, respectively. Solubility
of bupivacaine and bupivacaine stearate estimated semiquanti
tatively in bulk Precirol were 200 mg/g and above 250 mg/g,
respectively. This was higher than solubility of bupivacaine
base in two other triglycerides (glyceryl tristearate, 100 mg/g; (b) ket
glyceryl tripalmitate, 100 mg/g). Low solubility of the drug in a
mixture of Precirol and Miglyol (4:1) was observed, i.e. aproxi-
mately 10 mg/g, although solubility in Miglyol alone was higher
(more than 100 mg/g). For bupivacaine base the partition coefnixture of Precirol and Miglyol as matrix component. The pro-
ficients ||p|d/W3.ter were determined as 3741 for Precirol andposed method enables preparation of suspension of |ip03pheres
13.9 for M|g|y0| The SOlUblllty of indomethacin determined in with sizes ranging from 0.5 to ]m A|though laser diffrac-

different lipid mixtures is presented ifable 2 In the presence tometer measurements revealed that the mean diameter of the
of cethyl alcohol solubility of indomethacin in bulk Precirol

Fig. 2. Optical microscopic picture of suspensions of lipospheres (a) and con-
centrated lipospheres (b) with bupivacaine base.

increased, while added Miglyol decreased solubility of the drug ,, % o -
significantly.
Figs. 2 and 3demonstrate comparison of particle sizes and 190
morphology in suspensions and in concentrates prepared with ¢ lso
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Fig. 1. Differential scanning calorimetry thermograms of bupivacaine stearat&ig. 3. Particle size distribution of lipospheres in suspension (a) and in diluted
(bs), bupivacaine base (bb) and stearic acid (sa). (hand shaking) concentrate (b) analysed with a laser diffractometry.
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Table 3 o o indomethacin, prolonging crystallization time up to 3 weeks,

The amount of bupivacaine determined in the aqueous phase (% of the total) Pfowever eveninits presence crystallization occurred within 24 h

the concentrates during storage aC4(mean values; = 3) ; h .
after the suspension was subjected to ultrasounds for 20 min.

Drug, % Day 0 Day 1 Day8 When the concentration of indomethacin was increased to 0.5%,
Bupivacaine base, 2.0% 82.6 _ 054 the polymer did not prevent fast crystallization which occurred
Bupivacaine base, 10% 28.9 28.9 28.5 within 24 h. In contrast, poloxamer did not retard crystallization
Bupivacaine stearate, 4% 44.4 53.3 419 of bupivacaine, however suspensions containing hydroxyethyl-

cellulose and sodium carmellose were stable up to 3 and 7 days,
respectively Table J).
particles in the concentrates is approximately2®(1-60uwm), The formulations where crystals were not visible under
but probably agglomerated particles were measured, since undeicroscope were analysed for the content of free drug in the
microscope no lipospheres larger tharu2 were found. The aqueous phase and the results are showhalsie 1 In sus-
shape of the lipid particles both in suspensions and in concempensions of lipospheres containing bupivacaine or bupivacaine
trates was sphericaFi{g. 2). In the presence of bupivacaine stearate 87-101% of the total drug was found in the aqueous
or indomethacin neither shape nor size of the particles waghase. The analysis of the ultrafiltrate of the lipospheres con-
changed. Similar size of the lipospheres was achieved whelaining indomethacin revealed that only 2—4% of the total dose
other lipids were used as matrix components. was present in the aqueous phase. However, after dilution of
The suspensions containing 10% (w/w) of lipid were fluid the suspensions with 60% methanol all the dose was found in
and did not gellify during storage at°€ for 12 months. The the ultrafiltrate Table 1. This procedure did not dissolve the
presence of the incorporated drugs did not change the fluidityipid particles what was proven by observations under micro-
as observed visually during at least 6 months. The pH of th&cope and additionally by measuring spectrophotometrically the
formulations with bupivacaine and indomethacin was 7.5-8.@bsorbance of an extract obtained when lipospheres loaded with
and 4.5-5.5, respectively. a lipophilic dye, Sudan Ill, had been treated in the same manner
In Table 1suspensions and concentrates, containing eithg{data not shown).
bupivacaine or indomethacin, are compared in respect of the Despite of the high concentrations of bupivacaine base or
amount of the free drug present in the aqueous phase arsdiearate (up to 10%, w/w) introduced to the concentrates (lipid
the kinetics of its crystallization. Within 48 h after preparation content 50%, w/w), no crystals of bupivacaine were observed
bupivacaine crystals (needles) were observed in suspensionsdiring storage of the undiluted preparatiofiat{le . In the
lipospheres (Precirol and Miglyol 4:1) with bupivacaine basecase of indomethacin such observation was true only for the
used in concentration 0.5% (w/w). Suspensions of lipospheresoncentrates containing 1.0% (w/w) of the drug. If the drug
incorporating bupivacaine stearate were more stable, but stifontent was higher (5%) the undissolved drug was present in
crystallisation of the free drug was observed after 3 days. Irthe form of square crystals as detected under microscope.
contrast, in suspensions of lipospheres prepared with Precirol The free drug content in the aqueous phase was determined
without Miglyol bupivacaine precipitated directly after prepa- after ultrafiltration of the diluted concentrates. Dissolution of
ration. Indomethacin, when introduced in concentration 0.2%gventually present crystals of bupivacaine was ensured by adjust-
(w/w) precipitated in the aqueous phase of the suspensions aftég pH to acidic. In the concentrates containing 2% of bupiva-
7 days, in a form of long needles. Precipitation was evidentgaine in the form of either base or stearate (4% of the stearate
irrespectively of the speed of cooling the formulations—aE4  corresponds to 2% of bupivacaine), 82.5% (77.8-88.3%) and
or in liquid nitrogen. Needle-shaped crystals of the precipitated4.4% (43.0-45.85), respectively, of the total drug was found in
indomethacin were also detected shortly after cooling the sughe agueous phas&gble 1. When the amount of bupivacaine
pension of lipospheres (mean sizg®) which were prepared base was increased to 10% (w/w) in the concentrates, only 28.9
by introducing the drug as ethanolic solution instead of dissolv% was found in the aqueous phase. This allows for estimating
ing it in melted lipid. the amountincorporated 142 mg/g of lipid. The amount of bupi-
Precipitation was retarded if hydrophilic polymers werevacaine present in the aqueous phase was not changed during 8
present in the formulations. Poloxamer was effective fordays of storage at4C as shown iable 3

Table 4
The amount of bupivacaine and indomethacin determined in the aqueous phase (% of the total) of the concentrates diluted using different pezcedaitess(m
n=3)

Drug and concentration Solvent (ratio) Method of dilution Drug in the aqueous phase (%)
Bupivacaine base, 10% 0.015M HCI (1:5) Hand shaking 3 min 28.9
Vortex 5min 93.2
Ultrasounds 15 min 101.9
Indomethacin, 1% Water (13) Hand shaking 3 min 60.9
Water (1:5% Ultrasounds 15 min 75.8
60% methanol (1:56) Hand shaking 3 min 97.5

a Diluted with methanol 60% directly before ultrafiltration.
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Different procedures of diluting the concentrates resultedsystem. This was in contrast to a very good solubility of bupi-
however, in different recoveries of the drugs from the aqueousacaine in Precirol. The conclusion was made that bupivacaine
phase, what is demonstratedTiable 4 Using more intensive is excluded from the lipid matrix during crystallization. The
mechanical stress than with hand shaking (ultrasounds, Vofexpulsion effect” was already described for SLWégstesen et
tex, high-shear mixing) allowed for releasing practically 100%al., 1997 and incorporation of a liquid oil (8—16%) to the solid
bupivacaine to the aqueous phase. In all diluted concentratdipid core was proposed as a method to improve the loading
crystallisation of the drugs was observed within 24 h@. capacity of the formulations, which were called nanostructured

The same was observed for the concentrates containingid carriers, NLC (enning et al., 2000; Mler et al., 2002
indomethacin as is shown ifable 4 The free drug content Considering this idea the attempt has been made to prepare lipid
was related to the mode of agitation during dilution: when handnicrospheres containing Miglyol in addition to Precirol (1:4
shaking with water was performed 60.9% (57.4-64.5%) of theatio).
drug was extracted but almost total dose was recovered if 60% In spite of the low solubility of bupivacaine observed in bulk
methanol was used for dilution, in spite of the fact that the core®recirol with Miglyol significant retardation of drug precipita-

of the lipospheres were not soluble in this solvent. tion was achieved in suspensions composed of the mixture of
these lipids. However, no improve in incorporation of the drug
4. Discussion in a modified matrix of lipospheres was observddile J.

This may support the theory that the liquid oily constituent is
Lipospheres with the lipid cores composed of Precirol anchot actually building the structure of the lipid core but is also
Miglyol (4:1) and with polysorbate 80 as an emulsifying agentsexcluded from the solid matrix as demonstratedlbyes et al.
were prepared using a simple method employing high-shed®003, 2004)n the case of lipid nanospheres. Fast crystalliza-
mixing. The composition of the lipids and emulsifier enabledtion of the lipid matrix by immersion in liquid nitrogen did not
preparation of suspensions containing 10% (w/w) of lipid whichresult in higher efficacy of drug incorporation in the lipospheres
remained fluid during a long-term storage. The lipid particlesas evaluated on the basis of the free drug in the aqueous phase
were spherical, above jdm in size, what allows for calling (data not shown).
them lipid microspheres (lipospheres) in contrast to solid lipid It was expected that bupivacaine in the form of stearate can
nanoparticles (SLN) which are characterized by sizes beloMit better into the crystalline structure of the solid lipid, and this
0.5-1pm. should result in increased incorporation efficacy. This effect,
Concentrated SLN were introduced Mller et al. (2002) however, was not observed and the “expulsion” of the total dose
and following this idea concentrated lipid microspheres, conof bupivacaine stearate occurred, in spite of higher lipophilicity
taining 50% (w/w) of lipid, have been also prepared. In contrasof this chemical formTable J).
to suspensions, these formulations were semisolid, but upon The third drug, indomethacin was chosen due to its higiPlog
dilution with water (1 +4) they formed fluid suspensions. The4.2, however its solubility in lipids was not as high as observed
lipid particles in the concentrates were larger than in “de novo'for bupivacaine Table 2 and was very low in the presence of
prepared suspensions, but also spherical and, when diluted, in tMiglyol. Suspensions and concentrates of lipospheres contain-
size range acceptable for extravascular injectiéigg. 2 and 3 ing 0.2-0.5, and 1.0-5.0% of indomethacin, respectively, were
The advantage of the “ex tempore” diluted concentrates, in comexamined.
parison to suspensions, was five times lower concentration of the As for bupivacaine, the expulsion was also observed in the
surfactant—polysorbate. case of indomethacinTéble J. Introducing indomethacin in
Bupivacaine and indomethacin were chosen as modehe form of ethanolic solution did not result in more efficient
lipophilic active substances. Bupivacaine was used in a fornincorporation either.
of the free base and stearate. The stearate was synthesized fromTo support a theory that expulsion of the drug from the lipid
bupivacaine base and stearic acid and DSC thermogfeimdl)  matrix depends on the type of the lipid, various combinations
prove that the stearate was formed, with only small amount obf the solid or solid and liquid lipids were studied as matrix
residual stearic acid. Both methods of preparation, melting oformers for suspensions of lipospheres with indomethacin. The
co-precipitation, were comparably suitable for synthesis of bupisolubility of indomethacin in bulk lipids did not correlate with
vacaine stearate. Low solubility in water and good solubility inthe rate of drug precipitation in suspensions of lipospheres
lipids makes both forms of bupivacaine appropriate for incor{Table 2. Like in the case of bupivacaine, opposite relation-
poration in the lipospheres. Among three studied triglycerideship was even observed since in the presence of Miglyol, which
Precirol alone offered the highest solubility for bupivacaine baselecreased solubility of indomethacin significantly, precipitation
and bupivacaine stearate. The solubility in lipids as high a®f indomethacin was retarded. This indicates that even if opti-
200 mg/g theoretically should result in suspensions and cormal composition of lipids may offer a crystalline structure which
centrates of lipospheres containing at least 2 and 10% (w/wgnables efficient incorporation of drug molecules, it will not be
bupivacaine, respectively. easy to find such combination on the basis of drug solubility
When suspensions of lipospheres with bupivacaine in conestimated in bulk lipids.
centration 0.5% were prepared with Precirol alone, practically The presence of hydrophilic polymers in the agueous phase
all drug was found in the aqueous phase of the suspensions, aatithe suspensions of lipospheres may prevent crystallization of
precipitation of the drug was observed directly after cooling thedrugs Erederiksen et al., 2003Depending on the type of the
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polymer retardation of this process was observed: poloxamesf glyceryl palmitostearate (Precirol) and the strong drug expul-
was effective in the systems containing indomethacin but did nagion was not eliminated by introducing liquid oil to the solid
show any effect for bupivacaine. For the latter sodium carmelmatrix. The results may support the theory that solid lipid does
lose and hydroxyethylcellulose were more suitable. Howevemot embed the liquid oil which forms a separate compartment.
none of the polymers eliminated the expulsion effect as demonFhe drug excluded from the core easily distributes to the aque-
strated by total dose of bupivacaine or indomethacin found imus phase, unless the system is viscous/semisolid as in the
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