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The objective of the present paper is to develop lipidic nanoparticles (NP) able to encapsulate drugs pre-
senting limited solubility in both water and lipids, with high loading rates, and without using organic sol-
vents. In this goal, a solubility enhancer, a macrogolglyceride (Labrasol®), was incorporated in a
formulation process based on a low-energy phase inversion temperature method. From electrical conduc-
tivity through the temperature scans, it appears that presence of Labrasol® does not prevent the phase

geyw"rdsf | inversion, and it takes part in the microemulsion structuring, probably of bicontinuous type. After screen-
L:;Zgzlmc €s ing pseudo-ternary diagrams, the feasibility of NP was established. From results of a partial least square

analysis, it appears that these NP present a core-shell structure where Labrasol® is well encapsulated and
contributes to the formation of the oily liquid core of the NP. The diameter of the NP, assessed by dynamic
light scattering, remains kinetically stable. These NP, smaller than 200 nm, spherical in shape as attested
by cryo-transmission electron micrographs, are able to encapsulate a tripentone, a new anticancer agent,
with drug loading rates up to 6.5% (w/w). So highly drug-loaded lipidic nanocarriers were developed

Phase inversion
Partial least square
Tripentone

without using the slightest organic solvent trace, and making it easily possible dose adjustment.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, the sources of drug leads in the pharmaceutical
industry have changed significantly. Poorly water-soluble drug
candidates are becoming more prevalent [1]. Various formulation
strategies can be used to improve the bioavailability of such drugs,
notably crystalline solid formulations, amorphous formulations
and lipid formulations [2,3]. A number of considerations have to
be taken into account to develop optimum formulation, the re-
quired dose in particular. Indeed, in order to obtain the desired
therapeutic effect, the formulation should ideally make it possible
the delivery of the required drug dose to the targeted site of the
organism. In this goal, for formulation of a unit dose, it is important
to optimize drug loading in the pharmaceuticals developed. To
reach this objective, the choice of the solvent having an appropri-

Abbreviations: HLD, hydrophilic-lipophilic deviation; NP, nanoparticle; o/w,
emulsion oil-in-water emulsion; PDI, polydispersity index; PEG, polyethylene
glycol; PIT, phase inversion temperature; PIZ, phase inversion zone; SAD, surfactant
affinity difference; w/o, emulsion water-in-oil emulsion.
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ate affinity for the drug is determinant, and so the choice of formu-
lation is often limited by solvent capacity. Generally, the most
difficult drugs are those which have limited solubility in both
water and lipids, i.e. drugs typically with log P values of approxi-
mately 2 [4].

The 8H-thieno[2,3-b]pyrrolizinones are a promising series of
novel compounds in cancer therapeutics [5]. The very interesting
antineoplastic effect of these compounds belonging to the tripen-
tone family has been reported, as attested by the demonstration
of their in vitro cytotoxicity in the nanomolar range against tumor
cells of various origins [6]. Among these tripentones, the 3-(3-
hydroxy-4-methoxyphenyl)-8H-thieno[2,3-b]pyrrolizin-8-one has
been identified as a lead compound [5,6]. From its log P (octanol/
water) value of 1.77, this tripentone presents a very poor solubility
in water [7]. Assays have been already performed to overcome this
lack of solubility, since considering that a strategy consists in asso-
ciating such a poorly soluble drug with nanoparticles, lipidic nano-
capsules encapsulating the tripentone have been developed [8].
These nanoparticles (NP) are easily produced by a process origi-
nally introduced by Heurtault et al. [9] and based on a phase inver-
sion temperature (PIT) method. This process is particularly
interesting since it is an organic solvent-free and low-energy meth-
od. NP constituted an oily core made of medium chain triglycerides
(Labrafac®), surrounded by a shell composed of lipophilic (Lipoid®)


http://dx.doi.org/10.1016/j.ejpb.2010.02.003
mailto:aurelie.malzert-freon@unicaen.fr
http://www.sciencedirect.com/science/journal/09396411
http://www.elsevier.com/locate/ejpb

118 A. Malzert-Fréon et al./European Journal of Pharmaceutics and Biopharmaceutics 75 (2010) 117-127

and hydrophilic (Solutol®) surfactants [9]. In the carriers, the trip-
entone is essentially present into the liquid oily core of the NP, and
the drug loading rate achieved is 0.5% (w/w) [8]. However, the limit
of solubility of the tripentone in oil being exceeded, a potential in-
crease in the drug loading is not possible by using the formulation
in its current state.

Usual way to optimize drug loading is the use of organic solvents
[10-13], but such halogenated solvents should be limited in phar-
maceutical products because of their inherent toxicity [ 14]. Another
solution consists in replacement of the oil or in introduction of a sol-
ubility enhancer in the formulation, but care must be brought to the
choice of the adjuvant. A biocompatible compound must be pre-
ferred. Moreover, a liquid is preferred to a solid to preserve the
liquid core of the NP, and in general, the solubility of drugs is higher
in liquid lipid derivates compared with solid ones [15].

Nevertheless, the introduction of new oil or solubility enhancer
in the formulation process based on the PIT method is not deprived
of consequences.

Thus, in the present paper, after selected a compound in which
the tripentone is freely soluble, study of the influence of this excip-
ient, Labrasol®, on the inversion phase has been performed. The
feasibility of NP in presence of this compound has been estab-
lished, and the influence of some formulation parameters analyzed.
The NP have been characterized in terms of size, {-potential, orga-
nization and stability in time. The aim of the present study being to
develop a formulation allowing reaching high drug loading, espe-
cially for drugs with limited solubility both in water and in lipids,
the formulation developed has been applied to the encapsulation
of the tripentone.

2. Materials and methods
2.1. Materials

Brij® 92 (polyethylene glycol (PEG)-2 oleyl ether), Brij® 96
(PEG-10 oleyl ether), Triton® X-100 (octylphenol PEG-10 ether)
were obtained from Sigma Aldrich (Steinheim, Germany). The
caprylocapric diglycerides, Captex® 100 and Captex® 200, were
provided by Abitec (Janesville, the United States). Castor oil, glyc-
erol, olive oil and Tween® 80 (polysorbate 80) were obtained from
Cooper (Melun, France). Labrafac® (triglyceride with 50-80%
caprylic acid and 20-50% capric acid) and the macrogolglycerides:
Labrafil® 1944 (oleic), Labrafil® 2125 (linoleic), Labrasol® (30% of
mono-, di- and triglycerides of Cg and C,q fatty acids, 50% of mono-
and di-esters of PEG, 20% of free PEG 400) were kindly provided by
Gattefosse S.A. (Saint-Priest, France). The Lipoid® S75-3 (soybean
lecithin at 69% phosphatidylcholine and 10% phosphatidylethanol-
amine) and the Solutol® HS-15 (70% PEG 660 hydroxystearate and
30% free PEG 660) were gifts from Lipoid GmbH (Ludwigshafen,
Germany) and BASF AG (Ludwigshafen, Germany), respectively.
Miglyol® 810, 812 (caprylocapric triglycerides) and Softigen®
(caprylocapric macrogolglycerides) were generously provided by
Sasol (Witten, Germany). Waglinol® 9280 (caprylocapric macro-
golglycerides) was obtained from Industrial Quimica Lasem (Barce-
lona, Spain). Due to the complex composition of each product, the
brand names are used throughout the text. NaCl, methanol and
acetonitrile of HPLC analytical grade were provided by Carlo Erba
(Val de Reuil, France). Distilled water was obtained by an Elgastat
option 3 (Elga, England). The tripentone (3-(3-hydroxy-4-methoxy-
phenyl)-8H-thieno[2,3-b]pyrrolizin-8-one) was synthesized
according to the process previously described [5]. The tripen-
tone is present as orange powder. The compound presents a
molecular weight of 297.3 g/mol, is slightly lipophilic (log Pyc¢-
anoljwater = 1.77), and is not thermosensitive in the conditions
used in the study (fusion temperature of 209 °C) [7].

2.2. Determination of the solubility of the tripentone in various
excipients

The solubility of the tripentone was determined in various
excipients according to the analytical procedure described in the
European Pharmacopoeia (Chapter 5.11) [16]. Tests were per-
formed at 25 £ 0.5 °C. Hundred milligrams of the tripentone was
placed in a stoppered tube (16 x 160 mm) (VWR, Fontenay-sous-
Bois, France) with the excipient tested, in volumes defined by the
Pharmacopoeia. The mixture was shaken vigorously for 1 min
and placed at 25.0 £ 0.5 °C for 15 min. If the substance was not
completely dissolved, the shaking was repeated for 1 min, and
the tube was placed at 25.0 £ 0.5 °C for 15 min. At the term of this
step, solubility was estimated.

2.3. Conductivity measurements

A conductimeter (Cond 315i, WTW, Germany) was used in non-
linear temperature compensation mode, according to EN 27888.
Conductivity was determined during heating, between 45 and
90 °C, under magnetic stirring at an agitation speed of 250 rpm.
This temperature range permits a steady state to be achieved,
either as an emulsion o/w (high steady state) or as an emulsion
w/o (low steady state) in the different conditions tested. The
recording of conductivity relative to temperature permits the
determination of phase inversion temperature. Conductivity values
lower than 10 uScm™' mean that the continuous phase is oil,
whereas a highly steady state shows that water is the continuous
phase.

2.4. Formulation of nanoparticles (NP)

All components, i.e. Solutol®, Labrasol®, Labrafac®, Lipoid®, NaCl
and water were mixed in proportions defined. Quantities of Li-
poid® and NaCl were kept equal to 37.5 mg and 48.6 mg, respec-
tively. The mixture Solutol®/Labrasol®/Labrafac®/water (15/25/
10/50) refers to 423 mg of Solutol®, 605 mg of Labrasol®, 242 mg
of Labrafac® and 1.21 g of water.

The mixture was heated under magnetic stirring (250 rpm)
from room temperature to 85 °C, and then cooled down to 45 °C.
The o/w nanoemulsion obtained was again heated above the phase
inversion zone to give a w/o system. This cycle was repeated twice,
and the o/w emulsion was quenched by the addition of 3 mL cold
water (0x1°C) at the temperature where the mixture becomes
transparent, or in case where no transparency is observed, at
61 °C. The NP suspension was stirred for 5 min before use. For
studies of the influence of the quenching on the characteristics of
the NP, volume of quenching water varied from 3 to 24 mL, and
its temperature from 0 to 37 °C. Stirring time varied from 0 to 30
min.

In case of drug-loaded NP, after a pre-treatment based on son-
ication (15 min) and heating of the tripentone (0-90 mg) in Labra-
sol® (up to 85 °C) under magnetic stirring (250 rpm), making the
drug freely soluble in the excipient, the mixture was mixed with
other compounds. The same process as the one for blank particles
was then applied. It can be noted that after application of such a
pre-treatment, only an uncompleted solubilization of the drug
could be achieved in Labrafac®.

2.5. Physicochemical characterization of the NP

2.5.1. Measurement of particle size and size distribution

The average hydrodynamic diameter in volume and the polydis-
persity index (PDI) of nanoparticles were determined by dynamic
light scattering using a NanoZS apparatus (Malvern Instruments,
Worcestershire, UK) equipped with a 633 nm laser at a fixed scat-



A. Malzert-Fréon et al./European Journal of Pharmaceutics and Biopharmaceutics 75 (2010) 117-127 119

tering angle of 173°. The PDI was used as a measurement of the
size distribution. A small value of PDI (<0.1) indicates a monodis-
perse size distribution while a PDI > 0.2 indicates a higher hetero-
geneity. The temperature of the cell was kept constant at 25 °C. The
suspension of nanoparticles was diluted 1:11 (v/v) in distilled
water in order to assure an appropriate scattered intensity on the
detector and filtrated through 0.2 pm syringe filters (Supelco min-
isart plus filters, Sigma Aldrich, Saint-Quentin Fallavier, France) be-
fore measurements. Measurements were taken in triplicate.

2.5.2. Measurement of the zeta potential

Measurements were carried out using a Malvern Zetasizer Na-
noZS apparatus (Malvern Instruments, Worcestershire, UK)
equipped with a DTS 1060 cell. A 1:11 (v/v) dilution of the suspen-
sion of nanoparticles in NaCl 1 mM was performed. Measurements
were made in triplicate at 25 °C, with a dielectric constant of 78.5,
a refractive index of 1.33, a viscosity of 0.8872 cP and a cell voltage
of 150 V. The zeta potential was calculated from the electropho-
retic mobility using the Smoluchowsky equation. Measurements
were taken in triplicate.

2.5.3. Cryo-transmission electron microscopy (Cryo-TEM)

The samples for cryo-TEM were prepared as described by Dub-
ochet et al. [17]. Briefly, 3 pL of the sample solution was applied to
an electron microscopy grid covered with home-made perforated
supporting film. Most of the sample was removed by blotting
(Whattmann No. 1 filter paper) for approximately one second,
and the sample was vitrified by plunging the grid immediately into
liquid ethane held at —183 °C. The sample was then transferred
without reheating into electron microscope (Tecnai Sphera G20,
FEI, Eindhoven, The Netherlands) using Gatan 626 cryo-specimen
holder (Gatan, Warrendale, The United States). The images were
recorded at 120 kV or 80 kV accelerating voltage and microscope
magnification ranging from 3500 to 29,000 using Gatan Ultra-
Scan™ 1000 (Gatan, Warrendale, The United States) slow scan
CCD camera and low dose mode. The total dose of specimen did
not exceed 1000 electrons per nm?. Typical value of applied under-
focus ranged between 1.5 and 3 pm. The applied sealing resulted in
layer with thickness ranging between 100 and 200 nm.

2.5.4. Stability of the nanoparticles formulated in presence of
Labrasol® in time

Stability was assessed by measuring the nanoparticles size for
4 days by storing the suspension either at 25 °C or at 4 °C, in its na-
tive state, or after a 1:11 (v/v) dilution in distilled water just after
the formulation step, or after dialyzing the suspension for 24 h. For
dialysis, 3 mL of the nanoparticle suspension was filled into a dial-
ysis bag Spectra/Por membrane with a size exclusion of 100,000 Da
(Spectrum Laboratories, Rancho Dominguez, CA, USA) and inserted
in a flask containing 400 mL of NaCl 0.9% at room temperature and
under magnetic stirring at 250 rpm for 24 h. At appropriate inter-
vals, 1 mL samples were withdrawn, replaced by 1 mL of fresh NaCl
solution, and assayed for size measurements by using the same
protocol as the one described earlier.

2.5.5. Encapsulation efficiency

The drug entrapped in nanoparticles (encapsulation rate) was
determined in triplicate by HPLC (Waters Alliance 2695, Waters,
Saint-Quentin en Yvelines, France) as previously described [8].

2.6. Influence of Labrasol® on the feasibility of nanoparticles

2.6.1. Pseudo-ternary diagrams

Pseudo-ternary diagrams were constructed to examine the for-
mation of nanoparticles by keeping the formulation process un-
changed but by modulating the proportions of the four

components: oil (Labrafac®), surfactants (Solutol®, Labrasol®) and
aqueous phase. The sum of the amounts of these four compounds
was considered to be 100% (w/w). Concentrations of Lipoid® and
NaCl in water were fixed at 1.5% (w/w) and 1.9% (w/w), respec-
tively. Four diagrams were established, where the relative propor-
tion of Labrasol® with regard to the other compounds was kept
unchanged, i.e. 10%, 15%, 20% and 25% (w/w). Combination tested
was plotted on pseudo-three-component diagrams with one axis
representing water, the other representing oil, and the third repre-
senting surfactants, i.e. Solutol® and Labrasol®, untitled Smix. Par-
ticle size and distribution were determined for each formulation.
The feasibility domain was defined as an area that allowed the for-
mation of nanoparticles with a monomodal size distribution, typi-
cally reflected with PDI < 0.2.

2.6.2. Partial least square (PLS) analysis

In order to determine the influence of the components on the
size characteristics of the NP (average diameter in volume, PDI),
an explanatory statistical analysis was performed within the feasi-
bility domains defined in the pseudo-ternary diagrams. The
variables, corresponding to the amount of Solutol®, Labrasol®, Lab-
rafac® and water, respectively, X1, X2, X3, X4, were considered.
Two responses variables were taken into account, i.e. Y1: average
diameter, and Y2: PDI. The PLS analysis was carried out with SIM-
CA-P (V11) software (Umetrics, AB Umea, Sweden). PLS regression
- projections to latent structures by means of partial least squares
- consisted in calculating by means of successive iterations, linear
combinations of the measured X-variables (predictor variables).
These linear combinations of X-variables give PLS components
(score vectors t). A PLS component can be thought of as a new var-
iable - a latent variable - reflecting the information in the original
X-variables that is of relevance for modeling and predicting the re-
sponse Y-variable by means of the maximization of the square of
covariance (Max cov*(X, Y)) [18]. The number of components is
determined by cross validation. SIMCA software use the NIPALS
algorithm (Nonlinear Iterative Partial Least Squares) for the PLS
regression.

3. Results

3.1. Determination of the solubility of the model drug, the tripentone,
in various excipients

The solubility of the tripentone was determined in various
excipients [16] (Table 1). From results, the tripentone is very
slightly or slightly soluble in unsaturated (olive oil) or in saturated
(castor oil) long chain fatty acids triglycerides, respectively. In
caprylocaproyl glycerides, it is slightly soluble whether it is triglyc-
erides - Miglyol® 810, 812-, diglycerides — Captex® 100, 200P-, or
monoglycerides - Waglinol® 9280-. It is also slightly soluble in
glycerol, basic component of these compounds. In Labrafac®, the
tripentone is sparingly soluble. Considering the relative propor-
tions of the capric and caprylic acids in Labrafac® (Cg =50-80%,
C10=20-50%) and in Miglyols® (810: Cg=65-80%, Cqo = 20-35%;
812: Cg =50-65%, C;9 = 30-45%), no obvious impact of the length
of the chain of fatty acids on the solubility of the tripentone can
be displayed for triglycerides. On the other hand, the solubility of
the molecule is higher in medium chain fatty acid macrogolglyce-
rides - soluble in Labrasol®, Cg and Cqo — than in those with a long
chain - slightly soluble in Labrafil® 1944 (Cqs.1) and Labrafil® 2125
(Cyg:2). This difference in chain length having an impact on the HLB
value, the solubility of the tripentone was determined in different
surface active compounds. From results, it appears that the drug is
slightly soluble in those with a HLB value lower than 13 - Brij® 92
(HLB = 4.9) and Brij® 96 (HLB = 12.4) - sparingly soluble in the ones
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Table 1

Definition of the solubility of the tripentone in various excipients according to the classification established in the European Pharmacopoeia, 6th ed. [16].

Excipient

Solubility of the tripentone expressed according to the terms of the European Pharmacopoeia

Very slightly soluble

Slightly soluble

Sparingly soluble Soluble Freely soluble

Brij® 92

Brij® 96

Captex® 100

Captex® 200P

Castor oil

Glycerol

Labrafac®

Labrafac® + treatment
Labrafil® 1944 X
Labrafil® 2125 X
Labrasol®

Labrasol® + treatment

Miglyol® 810 X
Miglyol® 812 X
Olive oil X

Softigen®

Solutol®

Triton® X-100

Tween® 80

Waglinol® 9280 X

KoM X X X X

with a HLB at least equal to 13 - Solutol® (HLB=13), Triton® X-100
(HLB =13.6) - and soluble in the ones with a HLB equal or higher
than 14 - Labrasol® (HLB = 14), Softigen® (HLB = 19), Tween® 80
(HLB = 15). The capacity of these excipients presenting a rather
high HLB value to solubilize the tripentone can be correlated with
the moderately hydrophobic character of the drug (log P=1.77).
The application of a treatment based on sonication (15 min) and
heating of the tripentone in Labrasol® (up to 85 °C) under magnetic
stirring (250 rpm) makes the molecule freely soluble in Labrasol®.
Such a solubility benefit is not obtained by applying a similar treat-
ment to a tripentone/Labrafac® mixture. From these various re-
sults, it appears that among oils tested, none can solubilize the
tripentone more than Labrafac®, but the use of Labrasol® making
it possible to obtain a real solubility gain, this compound was re-
tained for the continuation of the studies.

3.2. Influence of Labrasol® on the phase inversion process

Fig. 1 shows experimental values of conductivity against tem-
perature recorded for five aqueous mixtures of Solutol®, Labrasol®,
Labrafac® and fixed proportions of Lipoid®, NaCl and water (1.5%,
1.9%, 48% (w|w), respectively). Mixtures were heated (Fig. 1A) or
cooled (Fig. 1B) between temperatures of 45 and 90 °C. In all cases
tested, curves can be divided into three parts (Fig. 1A). At low tem-
perature values, conductivity values remain relatively constant,
above 10 mS/cm, indicating the presence of an oil-in-water (o/w)
emulsion. The increase in the proportions of non-ionic surfactants
leads to a slight decrease in values of conductivity. When the tem-
perature increases, a sharp decrease in the conductivity values is
observed. Above 85 °C, values get close to 0 mS/cm, indicating
the presence of an oily continuous phase. In the phase inversion
zone, mixtures become transparent, reflecting the presence of a
microemulsion. When the relative proportion of surfactant in rela-
tion to the oil increases, the beginning of the transitional zone is
shifted to lower temperatures. During the cooling of the w/o emul-
sions not implying Labrasol®, a conductivity peak appears in the
transition zone (Fig. 1B). From Fig. 1A and B, the concomitant pres-
ence of Labrasol® does not prevent the phase inversion and the for-
mation of a microemulsion. Nevertheless, during the cooling of the
o/w emulsion implying Labrasol®, in the transitional zone, the
curve remains solely sigmoid. For the mixture implying Labrasol®,

>

Conductivity [mS/cm]

Temperature [°C]

w

Conductivity [mS/cm]

Temperature [°C]

Fig. 1. Evolution of the conductivity as the temperature increases (A) or decreases
(B), monitored for mixtures composed of relative amounts of Solutol®/Labrasol®/
Labrafac®: 60/0/40 (——), 65/0/35 (—4--), 70/0/30 (—&—), 80/0/20 (- -@-), 30/
50/20 (—jll—) and fixed proportions of Lipoid®, NaCl and water (1.5%, 1.9%, 48% (w/
w), respectively).

the temperature corresponding to the lower limit of the phase
inversion zone during cooling is 63 °C.

Three successive heating-cooling cycles between 45 and 85 °C
were performed on the mixture implying Labrasol®, and conduc-
tivity values were monitored (Fig. 2). Results highlight the good
reproducibility of the curves, but also the presence of a hysteresis
between heating and cooling curves.
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Conductivity [mS/cm]

45 55 65 75 85

Temperature [°C]

Fig. 2. Experimental values of conductivity against temperature monitored during
three successive heating (H) and cooling (C) cycles between 45 and 90 °C obtained
for a mixture composed of Solutol®/Labrasol®/Labrafac® in relative amounts of 30/
50/20, and Lipoid®, NaCl and water (1.5%, 1.9%, 48% (w/w), respectively).

3.3. Influence of Labrasol on the feasibility of nanoparticles

3.3.1. Pseudo-ternary diagrams

Through the implementation of pseudo-ternary diagrams, the
feasibility of nano-objects with a monomodal size distribution
(PDI < 0.2), formulated in presence of Labrasol® by applying a
phase inversion process adapted from that originally described
by Heurtault et al. [9] was estimated. These diagrams were estab-
lished by varying the proportions of Solutol®, Labrasol®, Labrafac®
and water. On the diagrams (Fig. 3), the feasibility domains are de-
scribed by grey parallelograms, whose coordinates are comprised

A

0il
R

100

0
0 10 20 30 40 50 60 70 80 90 100

Oil
B —

0
0 10 20 30 40 50 60 70 80 90 100

between 5% and 30% for Solutol®, 5% and 25% for Labrafac®, 25%
and 65% for water, with proportions of Labrasol® varying between
10% and 25%. For objects obtained and exhibiting good monodis-
persity, the average volume sizes range between 20 and 200 nm.

3.3.2. The role of Labrasol in the nanoparticles

In order to examine the influence of the components on the for-
mation of NP, that of Labrasol® in particular, a PLS analysis was
performed. A PLS regression of the two responses variables (Y1:
average diameter; Y2: PDI) on the four variables studied (X1: Solu-
tol®; X2: Labrasol®; X3: Labrafac®; X4: water) was developed by
using points included in the feasibility domain (30 test points,
Table 2).

The PLS model for the Y1 response presents one PLS component
explaining 85.8% (R?Y) of the variation of Y1 with a predictive abil-
ity (Q%) of 83.2%. It can be noted that a log-transformation of the Y1
response simplifying the response function and making the re-
sponse-X factor relationship linear was done before fitting the
model.

Fig. 4 displays regression coefficients for the response in aver-
age diameter Y1. In this coefficients plot, the sizes and signs of
the regression coefficients relating to centered and scaled variables
indicate the contribution of each model term on the response. The
statistical significance of each coefficient is indicated as 95% confi-
dence intervals. The influence of the various excipients on the size
of nanoparticules was found significant. Thus, X2 (Labrasol®) is the
most important factor, which has a positive influence on the re-
sponse Y1. It means that a higher proportion of Labrasol® leads
to an increase in the size of the NP. X3: Labrafac® has also a positive

0
100

0
0 10 20 30 40 50 60 70 80 90 100

Oil
—_—

Fig. 3. Pseudo-ternary diagrams allowing the determination of feasibility domains (marked in grey) comprising nanoparticles with a monomodal size distribution, typically
reflected with PDI < 0.2. The relative proportion of Labrasol® with regard to the other compounds was kept unchanged, either at (A) 10%, (B) 15%, (C) 20%, or at (D) 25% (w/w).

Smix indicates Solutol® and Labrasol® cumulative amounts.
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Table 2
Experimental design and experimental results used for the PLS analysis.
Trial X1 X2 X3 X4 Y1 Y2
Solutol® (%, w/w) Labrasol® (%, w/w) Labrafac® (%, w/w) Water (%, w/w) Average diameter (nm) PDI

1 225 10 17.5 50 33.8 0.12
2 30 10 10 50 18.9 0.06
3 20 10 10 60 21.7 0.03
4 20 10 20 50 45.6 0.17
5 30 10 5 55 18.6 0.20
6 20 10 5 65 17.3 0.06
7 30 10 20 40 31.8 0.11
8 20 15 15 50 37.2 0.20
9 25 15 10 50 30.0 0.18

10 20 15 10 55 25.1 0.13

11 25 15 15 45 29.3 0.16

12 20 20 20 40 103.2 0.20

13 10 20 10 60 89.1 0.11

14 20 20 10 50 327 0.13

15 15 20 10 55 45 0.14

16 10 20 20 50 84.6 0.16

17 12.5 20 10 57.5 68.8 0.15

18 15 25 10 50 88.8 0.10

19 15 25 20 40 146.8 0.14

20 5 25 10 60 206.7 0.07

21 5 25 20 50 141.1 0.08

22 5 25 25 45 108.1 0.15

23 20 25 20 35 119.9 0.18

24 20 25 10 45 57.1 0.12

25 20 25 25 30 155.2 0.17

26 25 25 10 40 442 0.18

27 25 25 25 25 127.2 0.19

28 17.5 25 10 47.5 66.9 0.11

29 15 25 15 45 105.2 0.16

30 10 25 15 50 163.7 0.07
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Fig. 4. Regression coefficients of the variables X1: Solutol®; X2: Labrasol®; X3:
Labrafac®; X4: water for the response Y1: average diameter.

influence but to a lesser extend. X1 (Solutol®) and X4 (water) have
a negative contribution on the size of the NP.

The PLS model for the response Y2 explaining only 30.5% (R?Y)
of the variation of the response in PDI with a weak predictive abil-
ity (Q*=14.8%), the PDI response model is considered as not
interpretable.

3.4. Formulation of nanoparticles in presence of Labrasol®

3.4.1. Study of the influence of some formulation parameters on the
characteristics of the NP

All formulation studies of nanoparticles in presence of Labra-
sol® presented in this paper were performed by using the mixture
Solutol®/Labrasol®/Labrafac®/water (15/25/10/50) as a model. The
formulation process was adapted by taking into account results of
the conductivity studies performed in the present study (Figs. 1
and 2). Thus, three successive heating-cooling cycles were applied
to the mixture (between 45 and 85 °C) under moderate magnetic
stirring (250 rpm). During the third cooling, when the temperature
reaches 61 °C, i.e. 2 °C below the lower limit of the phase inversion
zone (that is to say 63 °C (Fig. 1B), corresponding to the phase
inversion temperature [19]), a fast cooling-dilution process with

100 nm

Fig. 5. Macroscopic observation and cryo-transmission electron micrographs of (A)
blank nanoparticles, and (B) tripentone-loaded nanoparticles (loading amount of
2%, wlw). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

3 mL of cold distilled water (approaching 0 °C) was applied. This
step is referred as a quenching process [20]. By rapid cooling of
the system near the phase inversion temperature, very stable and
small emulsion droplets can be produced [19]. The suspension
was then stirred for 5 min. Nanoparticles, which were obtained
in these conditions present a monodisperse size of about 80 nm
(85.1 £3.5 nm; PDI=0.06) and a spherical shape (Fig. 5A).
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The influence of some formulation parameters on the character-
istics of nanoparticles obtained in presence of Labrasol® was esti-
mated. From results (Table 3), the number of temperature cycles
performed does not significantly influence the characteristics of
the objects formulated in terms of size. Above 5 min, the stirring
time has no significant effect on the particle diameter. When the
quenching volume increases, the particle diameter significantly de-
creases and the population becomes less monodisperse. The
quenching temperature has a significant influence on the size of
the objects: the lower the temperature, the smaller the particle
diameter, but it remains monodisperse in all cases.

3.4.2. Stability of the nanoparticles formulated in presence of
Labrasol® in time

Stability was assessed by measuring the size of the nanoparti-
cles for 4 days by storing the suspension either at 25°C or at
4 °C, in its native state, or after a 1:11 (v/v) dilution in distilled
water, or after dialyzing the suspension for 24 h.

The most probable destabilization processes in the nanopartic-
ulate system studied are coalescence and Ostwald ripening [21,22].
If coalescence was the driving force for instability, then the change
of size with time may follow the following equation [22,23]:

1/r =1/r2 — 8n/3wt (1)

where r is the average radius of the nanoparticles at time ¢, r is the
value at t =0, and w is the frequency of rupture per unit of surface
of the film.

Although the earlier equation has been developed for concen-
trated nanoemulsions, we have used it in our system to show
whether coalescence was the driving force for instability. Fig. 6A
shows plots of 1/r? versus t for nanoparticles stored in various con-
ditions. The plots do not follow the predictions of Eq. (1), indicating
that coalescence is not a mechanism of instability implied in our
system.

An alternative mechanism for instability would be Ostwald rip-
ening [21,24]. The Ostwald ripening rate can be evaluated by
applying the theory developed by Lishitz-Slezov and Wagner
(LSW) [25]. This theory predicts a linear relationship between the
cube of droplet radius, r*, and time t,  being the slope of plots:

o = dr’/dt = 8/9[C..yMD)/ p?RT)] )

where C_ is the bulk solubility of the dispersed phase, M its molar
mass, p its density, D is the diffusion coefficient of the solute mol-
ecules in the continuous phase, 7y is the interfacial tension, R is the
gas constant, and T is the absolute temperature. The plot of the cube
of the radius against time is linear for nanoparticles stored at 4 or at
25 °C, the suspension having been used native, diluted or dialyzed
(Fig. 6B). These linear plots mean that the main driving force for
instability is Ostwald ripening. The Ostwald ripening rate, w, calcu-
lated from the slope of the linear plot, is the highest for the native

Table 3
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Fig. 6. (A) 1/r? and (B) 1° versus time determined for NP stored (a) at 25 °C, or (b) at
4 °C, in its native state, or (c) after dialyzing the suspension for 24 h, or after a 1:11
(v/v) dilution in distilled water just after the formulation step and storing at (d)
25°C, or (e) at 4 °C.

sample stored at 25 °C. It is largely lower than 1 x 1072’ m3s~! in

the other conditions tested.

3.4.3. Drug-loaded nanoparticles formulated in presence of Labrasol®

Formulation of tripentone-loaded NP was assessed with various
loading rates (from 0% to 6.5%, w/w), by applying a similar process
to that described for unloaded nanoparticles. The formulated sus-
pensions of nanoparticles appear visually homogeneous (Fig. 5B).
From cryo-TEM micrographs, tripentone-loaded NP are spherical
in shape. A mean {-potential value of about —10 mV, similar to that
obtained for unloaded NP, was determined (Table 4). Fig. 7 shows
the plot of sizes of tripentone-loaded nanoparticles as a function of

Influence of some formulation parameters on the characteristics in size (average diameter and polydispersity index) of the NP. Results show a non-significant influence of the
repetition of temperature cycles as of the stirring time above 5 min. Increase in the quenching volume leads to a decrease in particle diameter and increase in size distribution.
The lower the quenching temperature, the smaller the particle diameter but in all cases monodisperse.

Number of temperature cycles

Stirring time (min)

1 2 3 4 1 5 10 20
d (nm) 80.6+2.2 93.6+2.8 85.1+3.5 90.8+ 2.6 55.8+2,1 85.1+ 3.5 90.2+2.3 95.8+1.8
PDI 0.10 0.09 0.06 0.08 0.09 0.06 0.09 0.10
Quenching volume (mL) Quenching temperature (°C)
3 6 12 24 0+l 20+1 25+1 37+1
d (nm) 85.1+£3.5 64.1+24 422+2.6 293+2.1 85.1+3.5 114.1+£2.6 123.8+2.4 160.5 +3.2
PDI 0.06 0.17 0.20 0.22 0.06 0.05 0.06 0.05
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Table 4

Physicochemical characterization of the blank and tripentone-loaded nanoparticles
(with a loading rate of 2%, w/w) in terms of average particle diameter, polydispersity
index (PDI), (-potential values and tripentone encapsulation recovery. Particles
present a similar surface potential, a monodisperse size distribution, but the average
diameter of the NP significantly increases in presence of the drug, remaining,
however, lower than 200 nm.

Average PDI ({-Potential Encapsulation
diameter (nm) (mV) rate (%)

85.1+3.5 0.06 -9.8+43 -
1394 +7.6 0.06 -10.6+3.8 95.2+2.4

Blank NP
NP + tripentone
(loading rate of 2%(w/w)

200 A
180 4
160
140 1
120 4
100 A
80 4
60 -
40 A
20 A

Average diameter of NP [nm]

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Loading rate [ %, w/w]

Fig. 7. Mean diameter of the NP versus tripentone loading rate (%, w/w).

the drug loading rate. At low loading rate (<0.5%, w/w), the size of
nanoparticles is similar to that of blank NP. Above 0.5% (w/w), the
diameter of tripentone-loaded nanoparticles becomes significantly
higher than that of blank NP (P = 0.0002 according to the test of the
slope), and a linear relationship between loading rate and size is
observed (1? = 0.98). Thus, the size of the nano-objects proportion-
ally increases to the quantity of drug. With all loading rates, the
size of objects remains monodisperse (PDI<0.1), lower than
200 nm, and the encapsulation rate determined by HPLC is at least
equal to 95%.

4. Discussion
4.1. Selection of a solubility enhancer

Results of the study show that among oils tested, none can sol-
ubilize the tripentone more than Labrafac®. The use of Labrasol®
making it possible to obtain a real solubility gain, this compound
was retained for the continuation of the studies. Labrasol® is a safe
pharmaceutical excipient used as a solubility and a bioavailability
enhancer, listed in the current editions of the European and the
USP Pharmacopoeias [26-29]. Labrasol® is a clear liquid composed
by a mixture of caprylocaproyl macrogolglycerides, and having a
HLB of 14 [30]. The introduction in the formulation process, based
on an inversion of phases generated by temperature cycling, of this
compound, able of forming self-emulsifying lipidic formulations
[31,32] and microemulsions [33], is not deprived of consequences.
Thus, the influence of Labrasol® on the inversion phase was deter-
mined by recording conductivity of the dispersion as a function of
temperature.

4.2. Influence of Labrasol® on the phase inversion process

Results show that the concomitant presence of Labrasol® with
lipids (Labrafac®), surfactants (Solutol®, Lipoid®) and saline water
does not prevent the phase inversion (Figs. 1 and 2).

When the relative proportion of surfactant in relation to the oil
increases, the beginning of the phase inversion zone (PIZ) is shifted
to lower temperatures. The phase inversion process is primarily
under the influence of the interactions established between mole-
cules of non-ionic surfactants and those of water [34]. When the
temperature increases, molecules of surfactant migrate to the
interface, inducing a change of the partitioning coefficient, and
thus, the phase inversion occurs. The higher the bulk concentration
of surfactant, the greater the accumulation of weakly ethoxylated
chains in the oily phase [22]. Therefore, the higher the entrapment
of non-ionic amphiphiles at the interface, the greater the occur-
rence of phase inversion at low temperature values.

From curves (Fig. 1), it appears that the most similar behavior to
that of the mixture implying Labrasol® (Solutol®/Labrasol®/Labra-
fac®, 30/50/20) in terms of phase inversion zone location is that ob-
tained for Solutol®/Labrafac® (70/30). This parallel would indicate
that Labrasol® behaves 80% as a surfactant and 20% as an oil. Thus,
even if Labrasol® is often regarded as a pure surfactant in the liter-
ature [35-37], our results show that its lipidic moieties influence
its properties.

Labrasol® is a self-emulsifying lipid-based excipient, able of
forming microemulsions by simple stirring when it is brought
into contact with water [26], but its efficiency of generating
microemulsions depends on the type and the concentration of
co-surfactants and oils used [29]. Results show that in the PIZ,
even in presence of Labrasol®, a microemulsion is formed, as
visually objectivized by the transparency of the mixture. Micro-
emulsions are thermodynamically stable fluid dispersions of oil
and water stabilized by interfacial films formed by amphiphilic
molecules [38]. They present different states such as fluctuating
bicontinuous or lamellar. The presence of a peak of conductivity
in the PIZ was attributed to the presence of a lamellar liquid
crystalline phase [39]. According to Libster et al., the presence
of Labrasol® in systems composed of lipids and water can induce
reorganization in the structure of liquid crystals formed, ex-
plained by a decrease in elasticity of the systems due to the loca-
tion of Labrasol® molecules at the interface, and to its ability to
bind water molecules [40]. From conductivity curves versus tem-
perature solely sigmoid in presence of Labrasol®, the structure of
the microemulsion obtained in this case would exclusively be
bicontinuous.

Results show the presence of a hysteresis between heating and
cooling curves of measured conductivity versus temperature
(Fig. 2): the lower limit of the PIZ is 55 °C during heating, 63 °C
during cooling, whereas its upper limit is 85 °C in both cases. Con-
secutively to heating, the most lipophilic moieties of surfactants,
which are in fact amphiphilic mixtures, tend to migrate to the oily
phase, modifying the surfactant affinity difference (SAD) of the sys-
tem or its dimensionless equivalent variable, the hydrophilic-lipo-
philic deviation (HLD) [34,41]. Such a splitting up can promote
hydration of the non-ionic surfactant molecules during cooling.
In addition, the structuring of the microemulsion in the PIZ leading
to an increased interfacial concentration of surfactants, formation
of a macroemulsion with a continuous aqueous phase would be fa-
vored during cooling. Thus, it occurs at higher temperature than
during heating, resulting in a hysteresis between heating and
cooling.

Curves of conductivity versus temperature in presence of Labra-
sol® are well reproducible (Fig. 4); the number of temperature cy-
cles performed does not significantly influence the characteristics
in size of NP formulated with Labrasol® (Table 3). Whereas without
Labrasol®, the increase in the number of cycles leads to a decrease
in the droplet diameter, and of the polydispersity index, the repe-
tition of temperature cycles permitting a gradual structuring of the
microemulsion [34], such a structuring effect would be facilitated
by the presence of Labrasol®.
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4.3. Formulation of nanoparticles in presence of Labrasol®

4.3.1. Feasibility studies

Through the implementation of pseudo-ternary diagrams, the
feasibility of NP, formulated in presence of Labrasol® was estab-
lished. NP exhibit a good monodispersity, and an average size rang-
ing between ~20 and ~200 nm. Nevertheless, relative proportions
of Labrasol® significantly influence the definition of the feasibility
domains.

4.3.2. Characterization of the NP

Results of the explanatory statistical PLS method show that Sol-
utol® and Labrafac® have a negative and a positive effect on the NP
size, respectively, as it was already the case in NP formulated with-
out Labrasol® [42]. Thus, the presence of Labrasol® does not signif-
icantly perturb the behavior and the organization of compounds in
the structuring of the NP: Solutol® molecules would be oriented to
the external aqueous phase, increasing and stabilizing the interfa-
cial surfaces formed [43]. Surprisingly, the major effect on the NP
average diameters is obtained for Labrasol®: when its proportions
increase, particle diameters increases. So although being consid-
ered as a pure surfactant in the literature [35-37], Labrasol® be-
haves like Labrafac®, being well encapsulated and contributing to
the formation of the oily liquid core of the NP.

4.3.3. Influence of some formulation parameters
4.3.3.1. The aqueous phase. From results, addition of water during
the formulation process significantly influences the characteristics
of the NP. Indeed, unlike in the initial NP system, water has a non-
negligible negative effect on the NP average diameters, that it is the
water implied in the composition of the mixture (Fig. 4), or the
water used for the quenching step (Table 3). In the formulation
process developed without Labrasol®, cold water suddenly added
(“quenching water”) enables the crystallization of lipoid [44], but
only acts as a dilution medium. Such an effect has already been re-
ported elsewhere for nanoemulsions obtained by PIT method,
where the droplet size is governed by the structure of the bicontin-
uous phase rather than the water content [45]. Our results indicate
that with use of Labrasol®, the quenching water does not only act
as a dilution medium, but also interacts with the structured micro-
emulsion formed. Increase in the aqueous volume fraction leads to
a variation of the interactions between water and surfactants,
resulting in a decrease in HLD. The change in the natural curvature
of the surfactant plays a major role in achieving emulsions with
small droplet sizes [24]. From that, as water volume fraction in-
creases, the size of entrapped oil droplets decreases. Of course, this
assumption is possible only if enough surfactant molecules are
present to stabilize the interfacial films formed. In addition, in-
crease in the quenching volume leads to a less homogeneous struc-
turing system (higher PDI values). Furthermore, the higher the
quenching temperature, the higher the particle diameter, but in
all cases monodisperse. In a way similar to the effects observed
with the variation of the quenching volume, increase in the
quenching temperature induces a HLD increase, and finally, be-
cause of the change in the curvature of the interfacial film induces
the formation of larger droplets. Moreover, addition of water at
temperatures near the non-ionic surfactant melting point
(~30°C) [34] can slow down the shell crystallization and leads to
larger particles.

The better quenching step to obtain NP with a low diameter and
a narrow size distribution appears to be addition of 3 mL of water
at 0°C.

4.3.3.2. Stirring. After the quenching step, the system is maintained
under magnetic stirring. Below 5 min of stirring, a reorganization
of objects would occur - probably by coalescence - before reaching

a well-organized structure, stabilized by surfactant molecules [46].
Coalescence consists of the rupture of the thin film that forms be-
tween adjacent droplets leading two droplets to transform into
only one [47]. As stirring times higher than 5 min do not signifi-
cantly influence the size characteristics of the NP, this stirring
duration was retained for further studies.

4.3.4. Stability of the NP

When the NP suspension is diluted after the formulation pro-
cess, no significant size variation is observed (results not shown),
indicating that nano-objects remain stable against dilution like
nanoemulsion droplets. A formulation based on a mixture of Labra-
sol®, Labrafac®, Plurol oleique and water is referred in the litera-
ture [33]. Its dilution with water led to a significant decrease in
size, normal for the microemulsion developed [21], but which is
not observed with our system. In fact, even if according to some
authors [48], from a terminology point of view, our system does
not exactly refer to nanoemulsions (thermodynamically metasta-
bles) but to nanometric size droplets obtained from microemul-
sions (thermodynamically stable systems), our experimental
results tend to show a certain analogy with the properties of nano-
emulsions. The process developed in the present study would
make it possible the formulation of nanoemulsion droplets stabi-
lized by a surfactant layer, suggesting an organization close to that
of core-shell lipid nanocapsules. The presence of phospholipids
would increase the lipid nanocapsule stability creating a frame-
work within the shell [21].

Results of the stability studies in time suggest that no destabi-
lization induced by further coalescence is implied for NP. Floccula-
tion is probably prevented because of steric stabilization of the
droplets due to the presence of a surfactant layer at the surface
of the NP. If the thickness of the surfactant layer is high relative
to NP diameter, an efficient steric protection is assured, and the
coalescence is prevented [19]. Apart from coalescence, the mecha-
nisms of destabilization of nanoemulsions are based on Ostwald
ripening [21,24]. The mechanism of destabilization results from
the polydispersity of droplet sizes and from the difference in solu-
bility between small and larger droplets due to different Laplace
pressures. Thus, Ostwald ripening refers to the mechanism by
which the growth of a drop of emulsion occurs at the expense of
a smaller drop, because of a chemical potential difference between
the contents of two drops [49]. Although the objects obtained in
our study a priori show a monodisperse size distribution, we
wanted to evaluate the possible presence of Ostwald ripening by
applying the LSW theory [25]. This theory considers that droplets
of the dispersed phase are spherical, the distance between them
is greater than the diameter of the droplets, and in oil-in-water
emulsions, the Ostwald ripening rate is directly proportional to sol-
ubility of oil into the aqueous phase [43]. In principle, the applica-
tion of this theory assumes that no barrier preventing the passage
of fluid through the interface is present, and the emulsion contains
a single compound in the dispersed phase, ignoring the presence of
any surfactant into droplets [49]. Keeping these different points in
mind, the stability of our system was studied. From linear plots,
Ostwald ripening is implied as source of instability. The Ostwald
ripening rate is not negligible for native samples stored at room
temperature, but if nanoparticles are stored at 4 °C, or if samples
have been diluted or dialyzed, w becomes very low, and even neg-
ligible in regard to other values reported in the literature [22]. In
Ostwald ripening, oil transport occurs by molecular diffusion,
without any direct contact between the particles [22,49]. In a
nanoemulsion, solubility of the oil and hence its diffusion through
the continuous phase can be considerably increased by the pres-
ence of micelles into the suspension and by the presence of an in-
tense Brownian movement [22,50]. In presence of micelles, oil
transport can be done either (i) by direct solubilization of oil mol-
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ecules in water followed by uptake by micelles; or (ii) by collisions
between micelles and emulsion droplets, leading to incorporation
of oil molecules into micelles; or (iii) by spontaneous budding off
of some molecules of surfactant and oil from the surface of droplets
to form a micelle [51]. Concentrations of surfactants used in our
study are above their critical micellar concentration [52]. As mi-
celles are not detected by photon correlation spectroscopy analy-
ses both in volume and in intensity, micelles would be adsorbed
at the surface of the NP. Oil contained in these micelles would con-
tribute to the Ostwald ripening process, all the more that temper-
ature is high since increase in the Brownian motion improves
displacements of the nano-objects and promotes the diffusion of
the solute. Decrease in the bulk concentration of surfactants orga-
nized in micelles can be easily achieved by diluting the nanoemul-
sion with pure water or by dialysis [48]. In these conditions, solute
exchanges through the continuous phase significantly decrease,
and the size of the NP remains globally stable in time.

4.4, Formulation of drug-loaded NP

Results show that the formulation of stable blank NP can be eas-
ily achieved in presence of Labrasol®. After solubilizing tripentone
in Labrasol®, a similar phase inversion process was applied to pro-
duce drug-loaded NP. A homogeneous suspension of NP is ob-
tained, with spherical NP of a monodisperse size lower than
200 nm and an encapsulation efficiency of 95%. Average values of
{-potential are similar for blank and drug-loaded NP. They are also
coherent with those determined previously for NP formulated
without Labrasol® [8], indicating that identical surface properties
are obtained for drug-loaded NP formulated in presence of Labra-
sol® or not. Lipophilic compounds of the NP are probably hidden
by the steric barrier formed by the PEG derivates [53]. Moreover,
above a loading rate of 0.5% (w/w), the diameter of the NP propor-
tionally increases to the quantity of drug. For NP produced in ab-
sence of Labrasol®, it is reported that the average diameter of the
NP is mainly influenced by the oil/surfactant ratio, the presence
of the drug having only a minimal impact on the size of the carrier
[53]. Only the encapsulation of large quantities of drug may have
an effect on its size [12]. Our results show that such high loading
rates (up to 6.5%, w/w) are achieved. Thus, the drug in large quan-
tity and the solubilizing adjuvant Labrasol® are well entrapped into
the NP. A loading rate 13 times higher than that obtained in the
reference NP is achieved [8]. Whereas the saturation concentration
of tripentone in Labrafac® is exceeded, this high loading rate is eas-
ily achieved without using the slightest organic solvent trace, but
only by addition of an adjuvant, which does not significantly affect
the core-shell structure of the lipidic nanoparticles.

5. Conclusion

The aim of the present work was to develop highly drug-loaded
lipidic nanocarriers, without using the slightest organic solvent
trace. The formulation process is based on an inversion of phases
generated by temperature cycling. After evaluating the solubility
of the drug used as a model in various excipients, Labrasol® was se-
lected as a solubility enhancer. It was established that the use of
Labrasol® does not prevent the phase inversion, but its presence
interferes with the structuring of the microemulsion in the PIZ;
interactions with the aqueous phase are amplified. Lipidic NP with
a core-shell structure were produced: oily nanoemulsion droplets
would be stabilized by a PEG layer oriented to the external aqueous
phase. Although being considered as a pure surfactant in the liter-
ature, it was shown that oil moieties of this macrogolglyceride
mixture significantly influence its properties. From results, Labra-
sol® is well encapsulated and contributes to the formation of the

oily liquid core of the NP. These NP are spherical, with a well-con-
trolled size below 200 nm, and remain globally kinetically stable,
and also upon dilution. These NP were produced from excipients
used in proportions defined, but optimization of the formulation
can be planned by using mixture design studies. It will be the sub-
ject of a further work. With the present formulation, use of Labra-
sol® makes it possible the incorporation of high amounts of drug,
even largely beyond the saturation concentration of the drug in
the oil, without using the slightest organic solvent trace.

So development of such a formulation allows potential applica-
tions like dose adjustment, treatment optimization and also deliv-
ery of large amounts of poorly water-soluble drug candidates by
using various administration routes, Labrasol® being a biocompat-
ible bioavailability enhancer.
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