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ABSTRACT

This study deals with liposome formation from rawy decithin. Two procedures were
used: the first one provides aqueous dispersiofipasomes obtained through the hydration
of micronized lecithin produced by a dense carboride (CQ) method called supercritical
anti-solvent (SAS) process. The second, called Bamgmethod, enables liposome formation
through the dispersion in water of lecithin whicishbeen previously dissolved in a solvent
and submitted to solvent evaporation. One of thgpqgres of this work is to determine the
influence of experimental parameters (pressurep,/$o¥ent molar ratio and lecithin
concentration) on the characteristics of micronifesgthin and liposomes formed with the
SAS method. The Bangham method was adopted to gentipa characteristics of liposomes
(residual solvent level of processed lecithin; sipel encapsulation efficiency of liposomes)
prepared by a conventional method with those afslqggnes prepared by a dense gas method
(SAS method). Thus, several operating conditionseviested at 308 K with a phospholipid
organic solution flow rate of 22.8 mL*tand ethyl alcohol as a solvent: pressure varyiog f
9 to 13 MPa, phospholipid organic solution composifrom 15 to 25 wt% and Cf3olvent
molar ratio from 50 to 100. Liposomes with diamsteetween 0.1 and 200 pm were formed.
According to the results, the Golvent molar ratio has the most significant dffex the
micronization. To comminute phospholipids, £50lvent molar ratio must be higher than 60.
Unlike pressure, phospholipid organic solution @orication greatly influences the
micronization: higher lecithin concentration leadsigger particles. As concerns the second
step of liposome formation consisting in the hymatof the micronized lecithin, it appears
that the variation of lecithin powder charactecstihave small effect on liposome size
distribution. Finally, size distribution and encalagion efficiency of liposomes were studied
according to the method used for their productiS8AS method appears to be the more
suitable one to produce liposomes.

| - INTRODUCTION

Liposomes are phospholipid vesicles. Phospholipigs non-ionic surfactants and in the
presence of water, their hydrophilic heads tenthte water and their hydrophobic tails are
forced to stick together, forming spherical vesioldth one or more phospholipidic bilayers,
i.e. liposomes. Phospholipids from soy lecithin ased for that purpose. Because they are
non-toxic and biodegradable, liposomes serve asetoent delivery vehicles for cosmetic
formulations or for biologically active compound.[Lastly, the use of liposomes as DNA
delivery vectors for transfection in gene therapsns out to be the main hope of liposome
medical use [2, 3]. DNA vaccination with liposomissalso under way [4, 5]. Given the



widespread interest in the use of liposomes andesitonventional methods use large
quantities of toxic organic solvents, environmdgtiiendly and pharmaceutically
acceptable procedures are required. The residgahiz solvent level in the end-product has
to be taken into account to assess liposome quadityvell as the size, the encapsulation
efficiency and the stability.

A wide variety of conventional methods exists tmduce liposomes, including the
Bangham method, the detergent depletion methodgther/ethanol injection method, the
reverse phase evaporation method and the emulstmoh [6, 7]. These methods suffer from
lots of drawbacks and especially the use of orgaoieents which need to be removed at the
end of the process. On the contrary, dense gasonet#ind especially supercritical carbon
dioxide (CQ) methods provide clean and effective alternatiteesonventional methods:
supercritical CQacts as a solvent or an anti-solvent to processpstolipids.

The aim of this study is to compare two methodprtmuce liposomes from raw lecithin.
The first one involved the micronization of an argasolution of soy lecithin (ethanol) with
supercritical carbon dioxide (called SAS methodhei, hydration of the comminuted
phospholipids under stirring is achieved to forppBomes. In the second method, soy lecithin
is first dissolved in ethanol; next the solveneisninated by evaporation. Hydration of the
resulting thin lecithin layer (also under stirriniglads to the formation of liposomes. The
former is a dense gas method (supercriticah @@thod) and the latter is a conventional
method. Previous works have already described tlteomzation of soy lecithin by SAS
process [8, 9, 10]. The study presented here i momplete since the formation of the
liposomes after the micronization has been sysieailyt carried out and the characteristics
of the resulting liposomes have been discussed.

The methods were compared according to the resghiaént level of processed lecithin;
size and encapsulation efficiency of liposomes.d@aming the SAS method, the influence of
experimental parameters (pressure,.S8@Qvent molar ratio and lecithin concentration) on
micronized lecithin and liposomes characteristies studied. Several characterizations were
undergone such as scanning electron microscopybseree the particles morphology;
infrared spectroscopy to evaluate the amount oflues solvent (ethanol); laser diffraction to
work out liposome diameters and fluorescent spphtstometer to determine the
encapsulation efficiency of liposomes.

Il - MATERIALS AND METHODS
I1.1. Chemicals

Soy lecithin S75 (71% phosphatidylcholine) was pased from LIPOID (Ludwigshafen,
Germany). Analytical grade analysis ethyl alcoh@swobtained from Sigma Aldrich (St
Louis, MO). Instrument grade carbon dioxide (purity 99.7%) from Air Liquide
Méditerranée (Vitrolles, France) was used. Chotektet',5'-bis[N,Nbis(carboxymethyl)
aminomethyl]fluorescein (calcein), Cobalt(ll) chitbe hexahydrate and non-ionic surfactant
Triton X-100 (octylphenol polyethoxylated) were piased from Sigma Aldrich (St Louis,
MO) and used to assess the encapsulation efficiefidjposomes. Double distilled and
deionized water was used throughout the experiments



[I.2. Preparation of liposomes

Our study is focused on the semicontinuous sugigarantisolvent precipitation process,
called SAS. The SAS process is used to comminutéhie, i.e. to produce divided
phospholipids. A second step is performed to aehlgposome formation and consists in the
hydration of the microparticles under stirring. Asreference for our experiments, the
conventional Bangham method [11, 12, 13] is alssus prepare liposomes and the method
is described later.

[1.2.1. Liposome preparation by the SAS method

The experimental set-up for SAS process was destrdisewhere [9, 10]. Briefly, the
SAS process involved the co-currently spraying afodution composed of the dissoluted
solute (soy lecithin), cholesterol (cholesteroitlea weight ratio=0.49) and the organic
solvent (absolute ethyl alcohol) through a capll§t27 um I.D.; Chrompack, Les Ulis,
France) into a continuous supercritical phase. Sttpercritical fluid used was GOThe latter
was used as an anti-solvent for the solute butssvent with respect to the organic solvent.
The simultaneous dissolution of the supercrititabfin the liquid phase and the evaporation
of the organic solvent in the supercritical phassdIto the supersaturation of the solute into
the liquid phase and then its precipitation. Fbegperiments, the solution was sprayed in the
vessel once the steady state (constan/<o@¥ent molar ratio in the vessel) was reachedl [14
All experiments were carried out at 308 K, withiquld flow rate of 22.8 mL. and ethyl
alcohol as co-solvent. Moreover, for each experim2igrams of lecithin were precipitated in
the high pressure vessel. Liquid £€@as pumped with a high-pressure pump (Dosapro
Milton Roy, Pont-Saint-Pierre, France) and the oigasolution was injected in the high
pressure vessel with a high pressure liquid pumpo@i307 (Villiers le Bel, France). After
the injection phase, a washing step was carriednoartder to completely remove the residual
solvent. The washing step was performed given tiatresidence time distribution of the
solvent during washing is similar to the residetiocee distribution of a plug flow reactor [14].
At the end of the process, after depressurizatsmnall samples of microparticles were
collected and immediately submitted to charactédsa Then, the hydration step was
achieved as described in part 11.2.3.

Table 1 summarizes the experimental conditiongaich case the liquid solution flow rate
was 22.8 mL.H and temperature was 308 K.

Table 1 : Experimental domain for SAS experiments

. Solute
Run P/ MPa CQJ/solvent molar ratio concentration / wt %
1 9 60 15
2 10 60 15
3 11 60 15
4 13 60 15
5 9 50 15
6 9 60 15
7 9 70 15
8 9 80 15
9 9 100 15
10 9 60 15
11 9 60 20
12 9 60 25




[1.2.2. Liposome preparation by the Bangham method

Phospholipids were dissolved in absolute ethyl ladtoThe solvent was removed by
evaporation (323 K) with a rotary evaporator 40@0@deidolph Laborota). After a while, a
film was formed at the surface of the evaporataskl Then, the hydration step was achieved
as described in part 11.2.3.

[1.2.3. Hydration of microparticles and encapsulation dtein

Calcein solution was used both to hydrate the phalgpd microparticles and form
liposomes; and to achieve encapsulation (calcefluasescent marker).

Calcein solution (0.0622 g.mi) was added in the vessel or the evaporator fi@bkn,
stirring was performed using a high speed mixerdtlitax T25 (lka Labortechnik, Staufen,
Germany) at 11 000 tr.minduring 10 min. According to Oku et al. [15], thelwme of
calcein solution was determined given that the hteigtio calcein/lecithin should be equal to
0.008.

I1.3. Characterization

[1.3.1. Dry microparticle powders produced by the SAS métho

Yield

Micronization yield was calculated as the rationmsn lecithin recovered in the vessel and
lecithin effectively injected in the vessel durinfbe SAS processParticles size and
mor phol ogy

Size and morphology of microparticles were obsemnusithg a Hitachi S-3000 (Hitachi,
Japan) Scanning Electron Microscope (SEM). Eachpkamwas prepared with a SC7620
Sputter Coater (Quorum Technologies, England) wilieposits a 2 nm layer of gold and
palladium in order to optimize the image resolution

Control of residual solvent

Micronised lecithin produced by the SAS method wesmpared to unprocessed lecithin
samples and lecithin samples which were previolodged with known amount of absolute
ethanol. InfraRed Spectroscopy was used to comf@sesamples. Two characteristics
absorption bands were chosenat 1735 @nd 1058 cil. The first one is representative of
the ester group and the second one of the carboxglgp. For each sample, the height ratio
of the absorption bandgsgcm-1h173scm-1Was calculated. This ratio was taken into accooint
assess the residual solvent level.

[1.3.2. Hydrated particles or liposomes

Liposomes size distribution

Particle size distribution was measured by las#radtion using Malvern Mastersizer S
(laser 663 nm) (Malvern Instrument S.A., Orsay,n€g. The instrument covers a particle
size range between 50 nm — 3 mm. All measuremeats varried out triplicate.

Encapsul ation efficiency

The aim was to determine the fraction of encapedlaglcein in liposomes. The method
used the ability of non-permeant Tao completely quench the fluorescence of calcein
through the formation of a Co-calcein complex, esctibed by Kendall and MacDonald [16].
The procedure was first experimented by Oku efl&l]. Briefly, the liposomal suspension
was first diluted 200-fold in distilled water, afidorescence intensity was measured before
(Frota) and after the addition of CoQFencapsulateh @nd Triton X-100 Eotaig).



As Cd* is non-permeant, it forms a complex only with rewtrapped calcein and
Fencapsulated€fers to the fluorescence contribution of enchyted calcein.

Triton X-100 is a non-ionic detergent. Interactidretween Triton X-100 and liposomal
membranes have been clearly established by HedtBarenholz [17]. First of all, they found
that the effect of Triton X-100 is time dependaftien, they showed that when treated with
Triton X-100, most of the lipid bilayers were daredgand seemed to have fused. The product
of this fusion was a complex network of lipid lage€Concerning the release of encapsulated
marker (glucose), Hertz and Barenholz [17] notiteat several milligrams of Triton X-100
yield to the release of 90% of an encapsulated enark

Frotal typically represented less than 5% of correspanéin., [18]. The encapsulation
efficiency was then calculated as: 100F¥ncapsulated Frotaig)/ (Frotal — Frotaig) [15]. Fluorescent
measurements were carried out with a Perkin Elme@mihescence spectrometer LS50
(Perkin Elmer, Courtaboeuf, France). Synchronousta&ion emission mode was used from
400 to 600 nm (excitation slit: 5; emission slitO; lwavelength interval: 23). All
measurements were carried out triplicate. Frompttoeedure described by Oku et al. [15],
several fits need to be done. First of all, a 80flakk of diluted liposomal suspension was
used. Samples for analysis were taken from thiskflafter the determination dfotal,
200 pL of CoC4 (10 mM) was added and the mixture was stirred withhass mixer. Time for
reaction between calcein and owas estimated at 15 min. Thus, measurements of
Fencapsulatevere performed 15 min after introducing the Gogdllution. Lastly, approximately
3 mL of Triton X-100 was introduced in the flaskdavigorous stirring (with a glass mixer)
was needed to dilute Triton X-100. Investigationevsed that measurementfoq Needs to
be done.

Il - RESULTS
[11.1. Micronization results and yields

SAS process produces agglomerated spherical mamnteies of lecithin. Themicronized
lecithin was light yellow-white and localised inetlvottom of the vessel, as shown in Figure
1. The production yield was between 75 and 85%.thHe next part of this study,
characteristics of lecithin powders (particles sa&l morphology) were determined and
compared according to operating variables.

Figure 1 : Photographs of micronized lecithin at tle bottom of the vessel



[11.2. Effect of operating conditions on the micronzed lecithin powder

[11.2.1. Influence of precipitation pressure

Figure 2 shows the SEM micrographs of the micrahjzeospholipid powders achieved at
9, 10, 11 and 13 MPa (runs 1, 2, 3 and 4 respdg}ivearticles are always spherical and
agglomerated, with mean diameters varying from 55@oum. However, for the lower
precipitation pressure, particles seam to fuse thagein large agglomerates. This
phenomenon was not observed for higher pressurriexgnts. In these cases, particles were
less agglomerated. In this study, only a quiteavamange of pressures was tested and results
are not meaningful. Further trials have to be edrout in a wider range of pressures.

Figure 2 : SEM micrographs of precipitated lecithinprepared at different pressures: (a) 9 MPa (rurt). (b)
10 MPa (run 2). (c) 11 MPa (run 3). (d) 13 MPa (runt).

Concerning data reported in the literature, Kunetsai et al. [19] (temperature range from
304 to 333 K; and pressure range from 8.5 to 1(FaMbbserved small effects of pressure on
the micronization yield (yield determined by weigdithe microparticles recovered in the
precipitation chamber and calculating the percentaf yield with respect to the initial
amount added into the process system). They coedltitat the lower operating conditions
are more favourable from an energetic point of view



Contrary to the results of Kunastitchai et al. [&8H ours, Li et al. [20] (temperature range
from 303 to 313 K; pressure range from 8-12 MPajntbthat the higher the pressure, the
larger the patrticles size of micronized powder.

To conclude on ours results, in the range of presstudied, particles size and morphology
are quite the same. Thus, to an energetic poiaiewd, the lower pressure (9 MPa) was more
favourable than the other trials.

I11.2.2. Influence of C@'solvent molar ratio

First of all, to set the Cgksolvent molar ratio variation range, trial and oerr
experimentations were conducted. Below 50, the/€lvent molar ratio did not allow to
micronized lecithin and a gel like mixture was fewainat the bottom of the vessel.

According to Figure 3, nearly spherical particlesstituted of aggregates and with a
characteristic size about 20 um were formed inyeven. For run 5 (Figure 3.a.), particles
were less divided compared with runs 6, 7, 8 an@ihis, CQ/solvent molar ratio of run 6
(60) was defined as the threshold value for thec#éiffe micronization of lecithin in the high
pressure vessel.

o T

#

Figure 3 : SEM micrographs of precipitated lecithinprocessed at different CQ/solvent molar ratio: (a)
50 (run 5). (b) 60 (run 6). (c) 70 (run 7). (d) 8Qrun 8). (e) 100 (run 9).

11.2.3. Influence of solute concentration

According to Figure 4, solute concentration appéanglay a major role on the particules
size: 20 um for a solute concentration of 15wt% (t0); 50 um for a solute concentration of
20wt% (run 11); and 60 um for a solute concentratb 25wt% (run 12). Thus, increasing
solute concentration leads to bigger solid pawdicl®oreover, it appears that higher
concentrated solution leads to more distinct sphkobjects. The increase of particles size
with the increase of solute concentration can h@a@xed in terms of nucleation and growth
processes. According to Reverchon et al. [21], wdikrted solutions are injected, saturation
and precipitation of solute is reached very lateirdu the droplet expansion process;
therefore, nucleation is the prevailing mechanisih thus smaller particles are formed. When
concentrated solutions are used, the precipitatiothe solute is obtained early during the
expansion process and the growth process is thvaipng mechanism thus producing larger
particles.



Figure 4 : SEM micrographs of precipitated lecithinprocessed at different lecithin concentrations: (g
15wt% (run 10). (b) 20wt% (run 11). (c) 25wt% (run 12).

111.3. Control of residual solvent

Figure 5 presents the spectrums of several samapi@ghe two characteristic absorption
bands used for calculation.
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Figure 5 : InfraRed spectrums of respectively : (aunprocessed lecithin S75. (b) absolute ethanol)(c
micronized lecithin with the SAS process.

Table 2 presents the values ofosBcm-1hi73s5cm-1 fOr samples with known amount of
absolute ethanol. Values ofiohscm-1hi735cm-1 range between 0.76 and 1.1; and for the
conventional method, the value abdscm-1hi73scm-1iS @about 1.2. Thus, the quantity of solvent



for samples processed with the SAS method is bémt%; for the conventional technique,

the remaining quantity of solvent in the final puatlis higher than 10wt%. These results
account for the effectiveness of the washing steheSAS process.

Table 2 : Values of heights for the characteristi@bsorption bands and value of the height ratio
(according to InfraRed spectrums) for several samgs

Sample Rosgcn-1 1735001 Myosecna/N173scn
Unprocessed lecithin 0.258 0.267 0.966
S75 ' ' '
Lecithin loaded with
1wt% of absolute ethanol 0.237 0.236 1.004

Lecithin loaded with

5.5wt% of absolute ethanal 0.264 0.254 1.039
Lecithin loaded with
10wt% of absolute ethanal 0.243 0.222 1.095

[11.4. Liposomes characteristics

[11.4.1. Liposomes size distribution

The variation of micronized particles charactecstidue to micronization under different
operating conditions) does not have any influencéhe liposomes size distribution.

According to Figure 6 and 7, the average polydspeof the liposome samples ranged
from 0.1 to 1000 um. Most of the size distributmmrves are bimodal or trimodal. Therefore,

only some curves are represented to give the tr8ize measurements reported below are
conducted the same day than the liposomes productio
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Figure 8 shows the size distribution of liposomesdpced with the conventional method.
The trend seams to be similar to the size disiobubf liposomes produced with the SAS
process. However, a main population appears at 1@Q0This result is encouraging: SAS
process enables to produce smaller liposomes k@aconventional technique.
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Figure 8 : Liposomes population (%vol.) versus lipsomes size (um) for the conventional technique
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[11.4.2. Liposomes encapsulation efficiency

As for liposomes size distribution, the influendenacronized lecithin characteristics was
not meaningful for encapsulation efficiency. Anaysshowed that the encapsulation
efficiency of liposomes produced with the SAS prscevas about 10 and 20% (run 1 to set
12) compared with 20% for liposomes produced withdonventional technique.

IV - CONCLUSION

This study has shown that the SAS method can beidered as an efficient and
environmentally-friendly process to form liposomB®sidual solvent level of the processed
lecithin and size distribution of liposomes corm@sgp to commonly expected values.
Encapsulation efficiencies of the two methods a&aé To conclude, the use of supercritical
CO, to produce liposomes is a promising way.
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