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Lipid nanocapsules based on vegetal oils (vo-LNC) can be prepared and used to allow both the easy incorporation of oils in the agueous
phase and the stability of mixtures for parenteral nutrition. In this context of use, vo-LNC was shown an interesting process of ripening . To explore
this ripening process, experimental design was used. The same mixture design was performed for both the incorporation of lipids by vo-LNC as
by emulsion. The responses chosen for the experimental design was the average size and zeta potential of both. As expected, vo-LNC and emul-
sion were affected at different level by the ripening process. This indicates clearly that vo-LNC would permit the early incorporation of lipids in
parenteral nutrition admixtures without any risk of instability and can be safely administered for parenteral use.
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In parenteral nutrition, lipid emulsions are usually presented sepa-
rately from other nutrients [1-4]. The mixture of lipid emulsion with
electrolytes, amino acids and glucose is made just before or during
the administration since the stability of this mixture does not exceed
24 h [5,6].

Lipid nanocapsules based on vegetal oils (vo-LNC) can be prepared
to be very stable nanometric devices for lipidic encapsulated compo-
nents [7-11]. Their structure is a hybrid of polymeric nanocapsules
and liposomes. Because of their oily core, which is surrounded by a
tensioactive rigid membrane, they have a lipoprotein-like structure.
These properties confer great stability to the structure [7, 12].

vo-LNC can be used to allow both the easy dispersion of the oily
phases in water and an improvement of parenteral mixture stability
[11]. Two oils are commonly used in parenteral nutrition: olive and
soybean oils.

The preparation of vo-LNC with olive and soybean oil is possible
thanks to the incorporation of Labrafac. The average size of vo-LNC
in nutritional mixtures for parenteral administration is slightly and
homogenously increased. The stability of vo-LNC is not influenced
by the component of parenteral nutrition except a supposed steric
increasing of average size after the ripening process during the first
few days following mixture [11].

vo-LNC would permit the early incorporation of lipids in parenteral
nutrition admixtures (PNA) without any risk of instability. Provided
to adequately respond to solutol and Labrafac safety issues, different
ranges of ready-mix adapted to different nutritional needs may be
prepared in advance on a large scale without the risk of instability.
The time-consuming step of preparing mixtures in hospitals could be
completely avoided for the greater interest of both the patient and the
pharmaceutical team [11].

Depending onthe incorporation indifferent mixtures for parenteral
nutrition, the size evaluation of vo-LNC based on the olive and soybean
oils showed evidence of a ripening process. More precisely, it is the
variation of size control coefficients of each component of parenteral
nutrition after mixture which showed evidence of a ripening process
[117.

In this work, we chose to explore this ripening process of vo-LNC
by comparing the results of vo-LNC with those of the emulsion. This
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was possible by performing the same D-optimal experimental design
(mixture design) for both. For this experimental design, the responses
considered are the size and the zeta potential.

‘We consider that the mathematical modeling and statistical analy-
sis of selected responses over time (vo-LNC versus emulsion) will
demonstrate the ripening process and will suggest the limits of use of
vo-LNC in PNA.

The purpose is to show that vo-LNC resulting from this process of
ripening display a long-term stability which allows safe administration
for parenteral use.

. MATERIALS AND METHODS
1. Materials

Due to the complex composition of products, brand names will
be used in this article. Lipoid S75-3 (soybean lecithin; 69 & phos-
phatidylcholine) with an average molecular weight of 800 was a gift
from Lipoid GmbH (Ludwigshafen, Germany). Lipophilic Labrafac
WL 1349 (capric and caprylic acid triglycerides) with an average
molecular weight of 512 g.mol” and Solutol HS 15 (a mixture of
free polyethylene glycol 660 and 12-hydroxystearate of polyethylene
glycol 660) with an average molecular weight of 911 g.mol' were
kindly provided by Gattefossé SA (Saint-Priest, France) and BASF
(Ludwigshafen, Germany), respectively. The water used was of an
ultrapure grade from a Milli-Q plus system (Millipore, Paris, France).
Olive oil was provided by the European Pharmacopoeia. Soybean oil
was provided by Sigma-Aldrich. Amino acids 10 % Baxter, glucose
50 % B Braun, sedium chloride 20 % Aguettant, potassium chloride
15 %o Biosedra, calcium 10 ‘v Aguettant, magnesium 1 % Aguettant,
monopotassium phosphate 13.6 ¢ Renaudin,emulsion for the infusion
Oliclinomel N4-550E Baxter.

For the preparation of LNC, the materials used were: a stirring and
heating plate (Ikamag RCT basic), a sensor for the precise control of
temperature (Ikatron ETS-D4 fuzzy) and a conductivimeter (Consort
C561, Fisher Bioblock Scientific). Forthe size control and zeta potential
measurement of LNC and emulsion, a Zetasizer 3000HS (Malvern
Instruments. France) was used. The software Design Expert was used
for the experimental design and statistical tools.
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2. Methods
2.1. Preparation of lipid nanocapsules based on vegetal oils
(vo-LNC)

LNC were prepared by a phase-inversion temperature method
(PIT) (7,10,12,13]. The PIT method was first introduced by Shinoda
and Saito (1969) and is now widely used in industry [7, 13].

This low energy and solvent-free method uses the particular abil-
ity of emulsions stabilized by polyethoxylated nonionic surfactants to
undergo a phase inversion following a variation of temperature. The
transitional phase inversion occurs when, at a fixed composition, the
relative affinity of the surfactant for the different phases is changed
and controlled by the temperature. As a result, oil-in-water (o/w)
macro-emulsion undergoes a phase inversion to a water-in-oil (w/o)
one with increasing temperature, and vice versa [13].

Hence, the PIT method consists in a sudden break-up of such a
microemulsion network by performing, at the PIT, rapid cooling and/
or a sudden water dilution. This stage is considered an irreversible
process since it leads to the generation of the kinetically stable LNC.
This great stability is due to the fact that the steric stabilization prevents
droplet locculation and, therefore, coalescence [7, 10, 13].

For the preparation of vo-LNC, the formula was olive 0il 11.2 %,
soybean oil 2.8 %, Labrafac 6 %, Solutol 25 %, Lipoid 1,5 % and
water 53.5 % [11].

The first step in forming the particles consisted of magnetic stirring
of all the components while heating from ambient temperature to 85 °C
atarate of 4 °C/min. Three cycles of progressive heating and cooling
in between 85 and 60 °C at a rate of 4 °C/min were carried out. The
second step was a fast cooling-dilution process by cold water (0 +
1 °C) in order to divide the hot initial structure. Then, slight magnetic
stirring was applied to the nanocapsule suspension for 5 min [8].

The average size, polydispersity index and zeta potential of the
nanocarriers were determined by the Zetasizer 3000HS (Malvern
Instruments, France). Zeta potential measurements were made at
constant conductivity.

2.2. Evaluation of vo-LNC and emulsion behavior in PNA
by experimental design

Toevaluate the vo-LNC and emulsion behavior in PNA, we should
perform experiments in the whole experimental domain, which repre-
sents an infinite number of formula; therefore, a tool which allows us
to collect the same information with less experiments was used [14].
In this article, a D-optimal experimental design (mixture design)
was selected to evaluate and model the effects of parenteral nutrition
compounds on the size and zeta potential of vo-LNC and emulsion.
This provides maximum information from a limited number of experi-
ments. Moreover, when all the results are expressed as models, it is
possible to determine, mathematically or graphically, a composition
satisfying the required criteria [11, 15]. The previous chosen formula
of LNC based on olive and soybean oil was used following classical
lipid amounts used in parenteral nutrition. To make this experimental
design, the lower and upper limits of nutritional components were
fixed (Table I). The software Design Expert permits the matrix of
16 formulations at different ratios of all five components (Table IT).
With size and zeta potential measurements, it enables the calculation
for mixture designs and drawing graphs for design evaluation. It

Table I - Lower and upper limits of nutritional components used to made
experimental design.

Nutritional constituent Lower limit (%) Upper limit (%)
Amino acids 2 4
Glucose 8 12
Lipids (prepared vo-LNC) 2.8 5.6
Electrolytes 0.5 0.7
Water 78 87
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can handle many models of experimental design such as factorial or
mixture design [11, 15].

Olive and soybean oils are usually used at 80:20 ratio in parenteral
nutrition. This ratio has been integrated in place of the percentage of
vegetal oil, Experimental design was adjusted including: oils in LNC
or emulsion depending on the case, electrolyte mixture, amino acids
mixture or glucose and water. The lower and upper limits of nutritional
components used in experimental design are shown in Table I. These
limits were determined according to general nutritional indications
[1,2,16-20].

The measured responses are size and zeta potential of vo-LNC
and emulsion at DO, D1, D2, D3, D4, D7, D14 and D28 (Tuble II).

Size 1s an obvious criterion of control of dispersions, and zeta
potential is an important and useful indicator of particle surface charge
which can be used to predict and control the stability of dispersions.
The measurement of zeta potential is often the key to understanding
dispersion and aggregation processes in applications [7, 21].

2.3, Statistical analysis

The software Design Expert is a statistical tool that permits calcu-
lation for factorial designs and drawing graphs for design evaluation.
It can handle many models of experimental design such as factorial
or mixture design [15]. The statistical analysis of variance, the R-
Squared, the precision and mathematical modeling of the responses
by polynomial equations at DO, D1, D2, D3, D4, D7, D14 and D28
was carried out by Design Expert [11, 15].

The purpose of the statistical analysis was to confirm the validity
of the mathematical modeling.

il. RESULTS AND DISCUSSION
1. Evaluation of vo-LNC and emulsion behavior
in PNA by experimental design

Mixtures were designed by Design Expert to explore the behavior
of vo-LNC and emulsion in PNA. The formulas of the 16 mixtures
with the selected responses of experimental design are shown in
Table II. The values of measured responses are shown to have good
result quality by Malvern Dispersion Technologie Software 5.10.

The average size of vo-LNC before mixture is 49 nm, becoming
60 nm (22.4 % increase) after mixture in the worst case for runs 3,
4 and 9 at day 4 (Table II). In the previously studied vo-LNC [11],
this variation is close to 50 %. This decrease is correlated to a better
mastery of process preparation. The average size of emulsion before
mixture is 276 nm, becoming 465 nm (68 % increase) after mixture
in the worst case for run 3 at day 4 (Table IT).

The standard deviation of size expressed as a percentage for vo-
LNC is at most 5 %. For the emulsion, it fluctuates around 12 % and
increases to 16 % at day 14 and to 17 % at day 28 (Table .

Phase separation has affected emulsions from D1 to cover all
mixtures except 11 and 12 (Table I).

With regard to zeta potentials, it is currently admitted that a value
under 301 mV, optimum > |60l mV, is required for full electrostatic
stabilization; potentials between |5 and 15| mV are in the region of
limited flocculation; and between 15 and 13| mV of maximum floc-
culation [21].

The average zeta potential of vo-LNC and emulsion are under
131 mV (Table IT).In most cases, the measured zeta potentials indicated
that all mixtures are at maximum flocculation level. For vo-LNC, the
small variability of size in the maximum condition of flocculation
indicates the great stability of this lipid dispersion in nutritional mix-
tures. In contrast, for emulsion, the large variability of size indicates,
asexpected, the instability of this kind of dispersion. The great stability
of vo-LNC is due to the fact that the steric stabilization prevents the
droplets’ flocculation and, therefore, coalescence.

However, the standard deviation of zeta potential, expressed as
a percentage, for vo-LNC is more or less stable and for emulsion is
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very instable (Table II). This is consistent with the slight variation in
size of vo-LNC and the wide variation in size of the emulsion.

Considering the five parameters, the experimental design could not
show a general graphical representation of results. However, equations
are obtained for each case.

The response of average size and zeta potential of LNC and the
emulsion in PNA at day 0, 1,2,3,4, 7, 14 and 28 was expressed by
a linear equation with X1: Amino acids, X2: Glucose, X3: Lipids
(LNC), X4: Electrolytes and X5: Water.

- LNC size equations:

LNC size , = 0.44X1+1.11X2+1.12X3+1 20X44+0.41X5
LNC size ;, = 0.68X1+1.07X2+1.08X3+3.68X4+0.41X5
LNCsize , =0.75X1+1.18X2+1.22X3+0.55X4+0.40X5
LNC ssize , = 1.09X1+1.14X2+1.23X3+4.67X4+0 38X5
LNC size , = 1.16X1+1.42X2+1.90X3+6.06X4+0 33X5
LNC size , = 0.97X1+1.12X2+1.35X3+5 38X4+0.37X5
LNC size ,, = 0.95X1+0.88.X2+0.87X3+2.00X4+0.44X5
LNCsize ,, = 1.49X1+1.18X2+1.32X3+1.82X4+0.31X5

- Emulsion size equations:

Emulsion size ,, = 13.63X1+17.36X2+20 43X3-249.82X4+1.83X5
Emulsion size oy = 2.26X1+17.87X2+17.00X3-100.50X4+1 39X5
Emulsion size ;= 1.18X1+11.60X2+11.67X3-100.16X4+2 .24X5
Emulsion size , = 1.96X1+13.90X2+16.68X3-162.12X4+2.15X5
Emulsion size ,, = 16.77X1+19.17X2+25.94X3-112 47X4+0.43X5
Emulsion size ;= 8.77X1+16.61X2+19.28X3-76.23X4+1.04X5
Emulsion size ;,, = 12.65X1+22.95X2+24 86X3-153.10X4+0.55%5
Emulsion size ., = 13.46X1+25.07X2+22.60X3-130.05X4+0.24X5

- LNC zeta potential equations:

LNC zeta potential |, = 0.04X1+0.23X2+0.20X3-1.53X4-0.04X5
LNC zeta potential | = 0.07X1+0.28X2+0.35X3+0.51X4-0.07X5
LNC zeta potential _, = 0.06X1+0.18X2+0.19X3-+1.20X4-0.05X5
LNC zeta potential ;, = 0.12X1+0.25X2+0.32X3-0.24X4-0.06X5
LNC zeta potential , = 0.08X1+0.21X2+0.26X3+1.43X4-0.06X5
LNC zeta potential , = 0.08X1+0.15X2+0.22X3+0.93X4-0.05X5
LNC zeta potential  , = 0.42X1+0 48X2+0.53X3-+0.58 X4+0.63X5
LNC zeta potential ., = 0.37X1+0.21X2+0.30X3+1.52X4-0.08X5

- Emulsion zeta potential equations:

Emulsionzetapotential |, =0.96X1+1.20X2+1.01X3-1.98X4-0.22X5
Emulsionzetapotential ;, =0.71X1+1.96X2+1.90X3+11.46X4-0 44X5
Emulsionzeta potential |, =0.24X1+1.59X2+1.69X3+5.67X4-0.33X5
Emulsion zeta potential |, =0.14X1+1.84X2+1.55X3+6 47X4-0.35X5
Emulsionzetapotential ,, =1.21X1+1.39X2+1.93X3-2.05X4-0.28X5
Emulsion zetapotential |, =0.67X1+1 28X2+1.56X3+5.04X4-0.28X5
Emulsionzetapotential ) ,=131X1+1.21X2+1.47X3-4 53X4-0.21X5
Emulsion zetapotential ,, =4.85X1+1.98X2+3.34X3-18.78X4-0.45X5

These equations predict the size and zeta potential of vo-LNC and
the emulsion in the experimental domain. Also the variation of size
and zeta potential contro] coefficient during the 28 days after mixture
for both vo-LNC and emulsion indicate the stability of the dispersion.
For both vo-LNC and emulsion, a variation of size and zeta potential
control coefficients of each parameter during the 28 days after mixture
with parenteral nutrition component shows an interesting ripening
process. The electrolytes show the most important fluctuant influence
on the size (Figure 1) and zeta potential (Figure 2).

Size electrolyte coefficient fluctuate between 0.5 to 6 for vo-LNC
and between -250 to -76 for emulsion (Figure I). Zeta potential
electrolyte coefficients fluctuate between -1.5 to 1.5 for vo-LNC and
between -19 to 11.5 (Figure 2).

The ripening process affects the vo-LNC in a very limited way
compared to the emulsion, as it can be demonstrated by the small
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Figure1- Variation of size control coefficients of each parameters during
the 28 days after mixture of vo-LNC (-) and emulsion (- -). X: amino acids,
A: glucose, +: lipids (vo-LNC), O: electrolytes and 73: water fractions.
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Figure 2 - Variation of size control coefficients of each parameters during
the 28 daysafter mixture of vo-LNC (-) and emulsion (- -). X: amino acids,
A glucose, +: lipids (vo-LNC), O: electrolytes and [J: water fractions.

fluctuations of the size and zeta potential coefficients of the compo-
nents between the different days. This is clearly consistent with the
analysis of size and zeta potential responses shown on Table II.

Ostwald ripening is clearly affecting the emulsion with a large size
increase [22-25]; in contrast, the small size increase of vo-LNC cannot
be interpreted as classical Ostwald ripening or coalescence [26]. This
is related to the tensioactive rigid membrane with a lipoprotein-like
structure (7]. The stability of vo-LNC after D28 can be expected by
considering the stability of the coefficients of modeling equations
between D14 and D28.
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2. Statistical analysis

Tuble 11T shows the significance of results and mathematical model
used. All the F values of the models beyond 5.81 imply that the mod-
els are significant. Values under 0.05 % were considered statistically
significant. The R-squared beyond 0.67 is in reasonable agreement.
Precision measurements of the signal to-noise ratio should be greater
than 4: our ratios are beyond 7.40.

The significance of the statistical analysis at D0, D1,D2,D3,D4,
D7,D14 and D28 shows that the responses of size and zeta potential
of mixed vo-LNC and emulsion in PNA are modeled successfully.
However, this indicates that if the colloidal structures have been con-
taminated, statistical analysis could not be significant and the signal
will be disturbed by noises.

Exploring vo-LNC and emulsion in PNA by experimental design
shows that, as expected. emulsion are highly affected by Ostwald
ripening process. After mixture with parenteral nutrition component,
emulsion shows ahigh increase in size, high fluctuation of zeta potential
and is widely affected by the phase separation. This is why it cannot be
administered safely for parenteral use after 24 h. In contrast, vo-LNC
show very low fluctuations of size and zeta potential; this confirms
the great stability in the same conditions of mixture with parenteral
nutrition component.

In the case of emulsion, electrolytes led to the destabilization
of the system, while in the case of vo-LNC, they compete with the
steric effect which prevents the droplets’ flocculation and, therefore,
coalescence.

Table lll - Significance of the results and mathematical model used.

J. DRUG DEL. SCI. TECH., 23 (3) 255-260 2013

The small impact of the ripening process on the size of vo-LNC
suggests that it can be administered safely after 28 days for parenteral
use. This can be supposed by considering the stability of the coef-
ficients of modeling equations between D14 and D28.
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