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Abstract

This study proposed a method to understand the surfactant role in the first step of the formulation of a novel
generation of lipidic nanocapsules. A dynamic rheological protocol was applied using a pendant drop tensiometer in
order to determine the interfacial properties of the initial mixture implied in the first formulation step. The response,
in terms of interfacial elasticities, described how this mixture led to monodisperse nanometer size range structures
after a physico-chemical constraint. © 2002 Published by Elsevier Science B.V.
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An experimental protocol has been previously
described to prepare lipid nanocapsules (20—100
nm) composed by a liquid core (medium chain
triglyceride) and surrounded by a solid shell (2-hy-
droxy-stearate of polyethylene glycol and lecithin)
(Heurtault et al., submitted for publication). Briefly,
in step 1, all the compounds were heated at 85 °C,
then cooled down to a temperature closed to the
phase inversion zone of the related emulsion. In step
I1, a cooling-dilution of the mixture by cold water
(0 °C) allowed the obtention of nanocapsules
(Heurtault et al., 2000). Previous results have shown
that nanocapsules were elaborated only in a well-
defined zone in a ternary composition diagram
(Heurtault et al., submitted for publication).
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This study proposed a method to understand
the surfactant role in the first step of the formula-
tion and subsequently, to determine how the me-
chanical properties of the interface could allow
the nanocapsule formation after the cooling-dilu-
tion step. In order to answer these questions, a
dynamic rheological protocol previously described
(Saulnier et al., 2001) was applied using a pendant
drop tensiometer.

The organic phase, lipophilic Labrafac® WL
1349 (caprylic acid triglycerides) was kindly pro-
vided by Gattefossé S.A. (Saint-Priest, France).
Solutol® HS 15 (polyethylene glycol 660 12-hy-
droxystearate) was a gift from BASF (Lud-
wigshafen, Germany). The water used was
ultrapure grade from Milli Q plus system (Mil-
lipore, Paris, France). The drop tensiometer was
from Tracker (IT Concept, Longessaigne,
France).
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The drop tensiometer allowed the determination
of the interfacial tension by analyzing the axe
symmetric shape of the oily rising drop of
Labrafac®, (d=0.945) in an aqueous Solutol®
solution (Fig. 1). The determination of surface
elasticities was performed by assessing the response
of the interfacial tension to several sinusoidal area
variations of the oily drop (characterized by the
pulsation ). The drop surface was considered here
as a model of the bicontinuous interfacial organiza-
tion. These experiments were performed after the
adsorption of all surfactant molecules at the oil/wa-
ter interface of the drop i.e. when the surface
pressure 7 had reached its equilibrium value. Sub-
sequently, a complex transfer function G(w) was
calculated allowing to determine the interfacial
elasticities. Thus, according to Saulnier et al.
(2001), E, (equilibrium elasticity) can describe all
the lateral interactions between the various
molecules at the interface and E,. (non-equilibrium
elasticity) characterizes the dissipation of the rheo-
logical perturbation energy, especially in relation to
the expulsion of tensioactive molecules to the bulk
phase. 7 Represents the time necessary for the
interface to reach a new equilibrium energetic state
after the perturbation. Moreover the rheological
model was developed so that these physico-chemi-
cal constants were not dependent on the experimen-

tal conditions (Saulnier et al., 2001). The
equilibrium surface tension of a triglyceride drop
in surfactant-containing water was determined for
different concentrations of an hydrophilic surfac-
tant ranging from 10~ mol/l to 10 ~! mol/l. The
pseudo-critical micellar concentration (CMC) for
Solutol® at the water/triglycerides interface was
defined as the lowest concentration leading to the
lowest value of surface tension.

The behavior of the three rheological constants
is described on Fig. 1. A pronounced rheological
change of the PEG stearate layer behavior in terms
of elasticities is observed depending on the surfac-
tant concentration. Three separate domains could
be determined from this graph. The first one
corresponds to aqueous Solutol® concentrations
below 1 x 102 mol/l (C,). The intermediary one
is included between C, and 10 ~2 mol/1 (C,) and the
last one is for concentrations higher than C,.

The first domain shows that E_ was high for low
aqueous Solutol® concentrations. It therefore
means that the cohesion energy of the interface,
represented by E,, was important when the number
of molecules at the interface was low. But E,
decreased with rising concentrations of the hy-
drophilic surfactant. Thus, in these conditions, the
interface seemed to become more and more fluid,
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Fig. 1. Influence of the hydroxy stearate of polyethylene glycol concentrations on the elasticities of a triglycerides/water interface.

E,, equilibrium elasticity; E,

e» NNON-equilibrium elasticity; 7, relaxation time.
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Fig. 2. Determination of the pseudo CMC of hydroxy stearate of polyethylene glycol at the triglycerides/water interface.

as well as less structured with increasing hy-
drophilic surfactant concentrations. This result
was correlated with E,, which, in the same time,
increased, suggesting that, after a constraint, the
molecules easily left the interface. Thus, the disor-
der at the Labrafac®/water interface increased
with the surfactant concentration.

For higher concentrations included between C,
and C,, in the second domain of the graph, E.
decreased in a faster way with increasing surfac-
tant concentrations, indicating an increase in the
interface fluidity. This interpretation led to as-
sume a structure formation around the surface
due to the high concentration of surfactant.
Moreover an important energy dissipation oc-
curred (E, decreased) when a constraint was ap-
plied. This hypothesis was confirmed by the rapid
decrease of E,. indeed these formations pre-
vented the departure of surfactant molecules from
the surface. Once the expulsion happened, the
molecules took a long time to come back because
of the obstruction and so 7 was significantly
increased.

Fig. 2 enabled to define the pseudo-CMC for
Solutol in water versus triglycerides at 2 x 10?2
mol/l. The CMC was consequently comprised in
the second domain of Fig. 1 Around the CMC,
the previously hypothetised interface structures
were probably micellar-like organizations.

In the last part of the graph, the Solutol®
concentrations corresponded to the range of con-
centrations used during the first step of the parti-
cle formulation (> 10 =2 mol/l). Unexpectedly, E,
and E,. values were still decreasing with the in-
crease of Solutol® concentration and were charac-
terized, when a sinusoidal volume constraint was
applied, by low and close equilibrium and non-
equilibrium elasticities at the same time (E,=
l4+mN/m and E,.=1.1+mN/m). The
interactions in-between the surfactant molecules
were minimal (low E_), corresponding to a low
interface rigidity while surfactant molecules re-
mained at the interface after a constraint (low
E..). Usually, for classical emulsions, a high value
of E,. can be forecasted when E, is low because of
the lowered lateral interactions facilitating the
departure of molecules to the surrounding bulk
phase. In our case, this mechanical ability to be
slightly cohesive, whilst keeping the initial struc-
ture, was interesting because such a system could
support its own break (low E,) without generating
a coalescence phenomenon due to the surfactant
departure (low E,.). The strong hydrophilic inter-
actions in-between the ethylene oxide units of the
Solutol® at the interface should explain this result.
Consequently, such elasticity properties, charac-
terising the initial mixture during the formulation,
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should favour the regular breaking into nano-
structures following a physical shock. In the
solid—lipid nanoparticle formulation, alcohols
with a potential toxicity were often used
(Witschi and Doelker, 1994). One of the corol-
lary to the use of such a molecule was probably
to decrease E,. In our case, nanoparticles can
thus be expected to form without using alcohol
because of the Solutol® molecule properties at
the triglycerides/water interface.

This study enabled to describe the mechanical
properties of the interface of an initial mixture
through the use of an interfacial rheological
technique (drop tensiometer). This mixture con-
sisted in a bicontinuous phase and led to stable
nanocapsules. The interfacial characteristics of
the appropriate mixture were described by low
equilibrium and non-equilibrium elasticities.
Such properties confered a suitable fluidity with
a sufficiently stable interface to support a con-
straint which gave rise to regular nanostructures.
This was the base for the development of a new

concept ending in the formulation of solvent-free
lipidic nanocapsules.
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