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Abstract

Vitamin E (VE) or a-tocopherol is the major fat-soluble antioxidant in the human body. It is a
sensitive, easily oxidized in the air, molecule, so it must be protected from pro-oxidant
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elements which could affect its physiological benefits. Encapsulation constitutes a promising

approach to maintain VE native properties over time and increase its concentration in aqueous
media. Liposomes have been studied as sustained delivery systems, being biodegradable,
non-toxic and non-immunogenic. A new liposome/B-lactoglobulin (B-Lg) formulation has been
developed and characterized as a possible stable delivery system for VE. 3-Lg has been selected
due to its property to bind a variety of hydrophobic molecules. The aim of this study was the
preparation of B-Lg-liposome formulation and the determination of VE encapsulation efficiency,
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in order to develop a new more efficient carrier for VE in aqueous media.

Introduction

Vitamins possess important functions in certain metabolic
processes in the human body. Vitamin E (VE) in particular
is known as a membrane stabilizer due to its strong affinity
to biomembranes through interactions with membrane
phospholipids (Neunert et al., 2010). VE is a generic name
for a mixture of different types of ao-, B-, y-, and d-tocoph-
erols, found in foods in four main forms (Dwiecki et al.,
2007), which differ in the number and position of the methyl
groups on the chroman ring (Raneva et al., 2003). The
a-tocopherol which is the most active VE compound,
accounts for 90% of VE in tissues (Cohn, 1997) and is
related to the most important biological activity (Raneva
et al., 2003).

VE is an example of a phenolic antioxidant. Such
molecules readily donate the hydrogen from the hydroxyl
(-OH) group on the ring structure to free radicals, which then
become non-reactive. On donating the hydrogen, the phenolic
compound itself becomes a relatively non-reactive free radical
because the unpaired electron on the oxygen atom is usually
delocalized into the aromatic ring structure thereby increasing
its stability (Scott, 1997).

The major biologic role of VE is to protect polyunsaturated
fatty acids (PUFAs) and other components of cell membranes
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and low-density lipoproteins (LDLs) from oxidation by free
radicals. Elevated levels of lipid peroxidation products are
associated with numerous diseases and clinical conditions.
VE is primarily located in cell and organelle membranes,
where it can exert its maximum protective effect, in con-
centration that may only be one molecule for every 2000
phospholipid molecules. This suggests that after its reaction
with free radicals it is rapidly regenerated, possibly by other
antioxidants (WHO, 2004).

In addition to oxidation problem, VE also has poor
absorbability and bioavailability which limits its clinical
application (Colletier et al., 2002; Gonnet et al., 2010).

Encapsulation systems is a promising approach to preserve
encapsulated compound native properties over time and
increase concentration in aqueous media but also enhance
absorption and bioavailability (Nacka et al., 2001).
Encapsulation reduces reactivity with the environment
(water, oxygen, light), toxicity and degradation and enhances
bioavailability and protection (Mozafari et al., 2008b; Perrie
et al., 2001).

Encapsulation in a form of liposomes (mainly lipid and/or
phospholipid molecules-bilayers) presents advantages over
other delivery systems, being biodegradable, non-toxic and
non-immunogenic (Mozafari et al., 2002; Park et al., 2011).
The fact that they consist of natural ingredients or indigenous
biomolecules enables their use in order to prepare biocom-
patible and acceptable dispersions for human consumption
(Mogzafari et al., 2008Db).

Liposomes can efficiently entrap and deliver-release lipid-
soluble materials (Mozafari et al., 2008a), such as VE, and
as a result, the encapsulated materials are protected from
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environmental and chemical changes (e.g. temperature,
enzymatic modification, pH) (da Silva Malheiros et al.,
2010; Hwang et al., 2012).

Various types of liposome formulations have been made
available for encapsulation of sensitive molecules, each
differing in their dimensions (Muthu et al., 2011), compos-
ition, surface charge and structure, some of which are
designed through a combination of specific types of lipo-
somes (Balkina et al., 2009; Edwards & Baeumner, 2006;
Hadaruga et al., 2010; Zhang & Granick, 2006).

One type of liposomes, the dehydrated rehydrated vehicles
(DRVs), have been reported to possess many advantages
including relatively higher encapsulation efficiency (EE)
and little potential damage to the encapsulated substance
(Chen et al., 2010).

Physicochemical characteristics of liposomes are affected
by the method of preparation and lipids composition
used. Cholesterol can modulate the physical properties of
the plasma membrane (Ohtake et al., 2005) and improve
stability characteristics (Vemuri & Rhodes, 1995).

The Phosphatidylcholine/Cholesterol (PC/CH) mixture
is commonly used for liposomes preparation according to
literature (Kawano et al., 2003; Rodriguez-Nogales & Lopez,
2006; Zaru et al., 2007).

Encapsulation in liposomes has also been reported
to enhance absorption and bioavailability of VE (Nacka
et al., 2001).

The addition of p-lactoglobulin (B-Lg) to liposome
preparation has shown an improvement of liposomes stability
(under publication). Bovine fB-Lg is one of the most
extensively studied proteins (Chanasattru et al., 2007,
Sawyer et al., 1999), being the most significant whey protein
of ruminant species, its properties have been regularly
reviewed (Hansted et al., 2011; Ge et al., 2010). This protein
belongs to the family of lipocalins or lipocalycins, which are
widely valued by the food industry for their emulsifying
and emulsion stabilizing properties (Kontopidis et al., 2004).
The B-Lg is selected as a model protein for liposome system
preparation under its property to bind lipophilic molecules
(i.e. fatty acid and vitamins; Kontopidis et al., 2002).

The preparation and characterization of B-Lg/liposome
formulation and the determination of [-Lg EE were
studied, in order to develop a new more efficient carrier
for lipophilic molecules in aqueous media (results under
publication).

The main objectives of this study were the preparation,
characterization, and determination of VE encapsulation in
two different liposome complexes DRV. PC/CH and PC/CH/
B-Lg-liposomes were compared in order to develop a new,
more efficient carrier for VE in aqueous media.

Materials and methods
Liposome preparation

DRV liposomes encapsulating B-Lg (>90%, Sigma-Aldrich
Chemie Gmbh, Munich, Germany) and o-tocopherol (VE)
(>98%, Alfa Aesar) were prepared according to the method of
(Marsanasco et al., 2011) with some modifications. The
following lipid composition was used: Phosphatidylcholine
(PC, >99% from egg yolk, Sigma Aldrich)/Cholesterol (CH,
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>90%, Sigma Aldrich) with the molar ratios: PC/CH (2/1)
where PC=83.35mg, CH=12.56 mg.

Lipids and VE (1 mg) were mixed in ethanol solution
(5mL) and then evaporated until a thin film was formed on
the walls of a 50-mL round-bottom flask. Residual organic
solvents were removed by nitrogen, and the film was hydrated
with Tris Buffered Saline (TBS), pH 7.4. Small unilamellar
vehicles (SUVs) liposomes were then prepared by probe
sonication (using a Misonix Sonicator S3000, Misonix Inc.,
Farmingdale, NY) and ImL of SUV dispersion (after
centrifugation to remove aggregates and titanium particles)
was mixed with 1mL of a B-Lg solution (1 mg/mL). The
mixture was lyophilized (freeze-dryer, Telstar Cryodos 80,
Telstar Industrial, SL Spain) and then rehydrated with a
controlled stepwise protocol.

Annealing of liposome dispersions took place with incu-
bation for 0.5h at a temperature above lipid phase transition
temperature (Tm) —35°C (Koynova & Caffrey, 1998). The
liposomal entrapped B-Lg and VE were separated from
free (supernatant) B-Lg and VE by centrifugation at 25 000g
for 30 min, at 25°C, at least 3 times. The liposomal pellets
were subsequently resuspended in the TBS buffer at pH 7.4
to a final volume of SmlL.

All other chemicals used were of analytical grade and were
purchased by Sigma-Aldrich.

Encapsulation efficiency
Evaluation of a-tocopherol encapsulation

High performance liquid chromatography (HPLC) provides
a convenient method for quantification and characterization
of VE (Lalas et al., 2011). The analysis was carried out on
a Shimadzu CBM-20A liquid chromatograph. Detection
was performed using a Shimadzu RF-10AXL fluorescence
detector, the column used was a Waters p-Porasil, (125 A
10 um, 3.9 x 300 mm; Waters Corp., Milford, MA). The
samples were dissolved in n-hexane before injection, so as the
liposomes to be disrupted and VE to be released. Before the
analysis, the samples were filtered by inorganic membrane
filter (Anotop 10 IC, 0.2 um, 10 mm) and finally a 1 puL of the
sample was injected into the HPLC. 2-Propanol:n-hexane:
absolute ethanol (2/97.5/0.5 v/v/v) was used as a mobile
phase.
As a result, the EE was calculated as:
[Total VE — Unencapsulated VE] (mg)

[EE%] = Towl VE % 100.

Evaluation of 3-Lg encapsulation

Sodium dodecyl sulfate polyaAcrylamide gel electrophoresis
(SDS-PAGE) describes a technique widely used to identify
proteins (Jagannadham & Chowdhury, 2012). In liposome
fractions, protein presence can also be detected by this
method (Badiee et al., 2009). The B-Lg was evaluated by this
technique after disrupting the liposomes with methanol.
Samples of the lyophilized liposome dispersions
(PC/CH (2/1, mol/mol) empty liposomes, VE-loaded PC/CH
(2/1, mol/mol) liposomes, PC/CH/B-Lg (2/1/0.004, mol/mol/
mol) liposomes, and VE-loaded PC/CH/B-Lg (2/1/0.004,
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mol/mol/mol) liposomes) were all disrupted with methanol
solution (1 mg of sample per 2mL of methanol) and were
subjected to an 12% SDS-PAGE (after evaporation of
methanol) in order to evaluate f-Lg presence. Samples were
run using electrophoresis system Mini-Proteans II (Bio-Rad
Laboratories Inc., Hercules, CA) system. Electrophoresis
was carried out at 120V constant voltages for 45 min.
The molecular weight markers which were used ranged
from 180 KDa to 17 KDa and protein bands were visualized
by Coomassie Brilliant Blue R-250 (Sambrook & Russell,
2001).

Stability of VE-loaded liposome suspension during
storage

In order to determine the physical stability of vesicles,
lyophilized samples of PC/CH (2/1, mol/mol) empty lipo-
somes, VE-loaded PC/CH (2/1, mol/mol) liposomes, PC/CH/
B-Lg (2/1/0.004, mol/mol/mol) liposomes, and VE-loaded
PC/CH/B-Lg (2/1/0.004, mol/mol/mol) liposomes, were
rehydrated in TBS or ddH,O and were stored at 4°C for
72h under light protection. Stability was evaluated by
turbidity measurements in predetermined time intervals (Oh,
24h, 48h, and 72h), after equilibration for 30 min in 25 °C.
During the measurement, the temperature of the sample was
maintained stable at 25 °C. Turbidity was measured at 450 nm
using a turbidity meter (HI 83414, Hanna Instruments,
Smithfield, RI; Dwiecki et al., 2007).

Differential scanning calorimetry (DSC) for
determination of antioxidant activity

The oxidation activity of samples: PC/CH empty liposomes
(2/1, mol/mol), VE-loaded PC/CH (2/1, mol/mol) liposomes,
PC/CH/B-Lg (2/1/0.004, mol/mol/mol) liposomes, and
VE-loaded PC/CH/B-Lg (2/1/0.004, mol/mol/mol) liposomes,
B-Lg and VE in pure forms were evaluated by DSC (Ghatnur
et al.,, 2012). A Perkin—Elmer Diamond-DSC calorimeter
(Perkin Elmer Corp., Norwalk, CT) was employed to study
the samples oxidation stability. The method used was adopted
from Gortzi et al. (2006). The starting temperature of
oxidation was determined as the onset temperature of the
oxidation peak. The temperature program was: hold for 1 min
at 180 °C, heat from 180 to 580 °C (with heat rate 10 °C/min),
hold for 1 min at 580 °C.

Vehicles morphology (scanning electron
microscopy — SEM)

The morphology of the prepared liposomes was observed by
scanning electronic microscopy (SEM, JEOL type JSM
5600). Samples were lyophilized, coated with gold using a
vacuum evaporator, and examined using SEM at 20kV
accelerating voltage (Park et al., 2011).

Statistical analysis

All measurements were conducted at 25°C in triplicate,
values are shown as mean =+ SD. Unpaired two-tailed ¢ test
and ANOVA (one-way layout and randomized blocks designs)
were used for statistical comparison. For all these purposes,
p <0.05 was considered significant.
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Results and discussion
Liposome preparation

To the best of our knowledge, this is the first time that DRV
liposomes have been used for VE encapsulation.

DRV liposomes have been selected because of their ability
to encapsulate sensitive molecules (e.g. vitamins, proteins),
under conditions that do not result in decomposition or the
loss of activity of active substances (Antimisiaris, 2010;
Rodriguez-Nogales & Lopez, 2006). By the dehydration—
rehydration method, the EE and storage stability of liposomes
are improved (Hsieh et al., 2002; Ntimenou et al., 2006). The
addition of VE has also been shown to increase the stability
of liposomes but only in relative low concentration (mol%
VE/PC ratio; Dwiecki et al., 2007; Nacka et al., 2001). As a
consequence, a low level of VE/total lipids molar ratio, was
selected for the current study (2/1/0.035 PC/CH/VE molar
ratio or 1.15 mol%).

The ability of liposome to encapsulate lipids molecules
and vitamins could be further improved due to the presence of
a second carrier added to the system (Zhang et al., 2012).

The B-Lg is a model protein to assess the above idea by
its property to bind lipophilic molecules (i.e. fatty acid
and vitamins; Kontopidis et al., 2002). The addition of B-Lg
in liposome preparation could result in a new more efficient
carrier for VE in aqueous media.

Encapsulation efficiency

Two different techniques have been used for encapsulation
studies, one to confirm qualitatively the encapsulated protein
(SDS-PAGE) and one for determination of VE EE (HPLC).

Evaluation of VE encapsulation

Lipid concentration affects the liposomal EE of biomolecules.
Higher lipid concentration have been shown to increase
encapsulation of bioactive compounds (Xu et al., 2012).

Trapping efficiencies for VE in DRVs liposomes with and
without B-Lg were determined by HPLC (Figure 1) and the
results are recorded below (Table 1).

The %EE of VE in liposomes in absence and presence of
B-Lg was: 59.42% (+ 2.31%) and 96.59% (£ 1.52%),
respectively.

Other groups (Marsanasco et al., 2011; Nacka et al., 2001)
using different (than the current work) types of liposome
formulation (MLV or GOL), have reported VE EE in a range
of 50% to 99%. Those large differences are dependent on lipid
composition, method of preparation and the lipids/VE molar
ratio. The percentage of encapsulation of VE in liposomes/
B-Lg formulation appeared elevated, compared to the per-
centage of VE encapsulated in PC/CH liposomes. The above
mentioned % (w/w) ratios of VE encapsulation in liposome
converts to a molar ratio of 2/1/0.021 or 2/1/0.035 for PC/CH/
VE or PC/CH/B-Lg/VE, respectively. As previously shown
(Kontopidis et al., 2002), B-Lg binds to one molecule of VE
(molar ratio 1:1). The encapsulation molar ratio of B-Lg in
liposome was determined at 0.004 moles (Table 1). The
encapsulated VE moles were increased from 0.021 for PC/
CH/VE to 0.035 for PC/CH/B-Lg. This difference of 0.014
moles (0.035 minus 0.021) in VE encapsulation cannot be
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Figure 1. HPLC chromatogram of a sample containing VE (VE was released after liposomes disruption with n-hexane).

Table 1. Encapsulation efficiency (EE) (%) of VE loaded in PC/CH (2/1,
mol/mol) and PC/CH/B-Lg (2/1/0.004, mol/mol/mol) liposomes (n = 3).

Sample EE (%) of VE
PC/CH (2/1, mol/mol) 59.42 +2.31
PC/CH/B-Lg (2/1/0.004, mol/mol/mol) 96.59 +1.52

The initial amount of VE added during liposome preparation was 1 mg.

solely explained by the equimolar (1:1) binding of VE to
B-Lg. The excess encapsulated molar ratio of VE possesses
an additional property for PC/CH/B-Lg system. This, along
with the improved stability of the PC/CH/B-Lg system,
presents different physicochemical properties and thus sup-
ports the argument of physicochemical alterations of the
newly synthesized liposome system.

In order to fully appreciate the behavior of VE in
membranes, we should accept that the side chain is able
to occupy many different conformers other than the fully
extended one. The whole molecule can rotate about its own
long axis, and it is able to diffuse in the two-dimensional fluid
of one leaflet of the bilayer. The reasons for any preferential
location of VE in membranes are very phospholipid depend-
ent (Atkinson et al., 2008; Atkinson et al., 2010; Wang &
Quinn, 2000).

SDS polyacrylamide gel electrophoresis

The presence of B-Lg in liposomes was detected by SDS-
PAGE after disrupting the liposomes with methanol. After
distaining, the gel is presented in Figure 2.

SDS-PAGE could identify the molecular weight (MW) of
proteins in the sample. Bands with MW higher than 18 kDa
(molecular weight of B-Lg: 18.4kDa) would indicate that
B-Lg has been aggregated and formed oligomers.

As it was expected, in lanes 2 and 4, where empty
liposomes were loaded, no presence of protein was detected.
Regarding lanes 3 and 5, a clear protein band with a
molecular weight around 18 kDa was observed and identified
as B-Lg. No presence of bands at higher or lower MWs has
been observed. The above results qualitatively confirm
the presence of B-Lg in liposomes. Modifications in protein
structure (Lefevre & Subirade, 2001) are not expected in the

experimental conditions used (30°C and lipophilic environ-
ment) for encapsulation of B-Lg in PC/CH liposomes.

Stability of VE-loaded liposome suspension during
storage

Turbidity measurements can be used as an alternative tool for
determination (scattering particles) of size modifications
and thus stability of liposomes (Dwiecki et al., 2007).
In the case of liposomes, an increase in turbidity is interpreted
as an increase in the aggregation of the vesicles due to the
decrease of their stability (Nacka et al., 2001). As a
consequence, an increase in the percentage of optical density
is tightly related to an increase in the turbidity and finally a
decrease in the samples stability. The presented turbidity data
(Figure 3) are based on the results of three different sets
of experiments. Results show an improvement stability of
liposomes containing B-Lg and VE for both of aqueous
medium tested (TBS and ddH,0).

Improved stability could be explained by VE’s properties
as membrane-stabilizing agent and protector of the peroxida-
tion of membrane lipids. This occurred by the formation of
complexes with unsaturated fatty acids, or by restricting the
molecular mobility of the membrane components (Atkinson
et al., 2008; Ortiz et al., 1987). The molecular explanation
of reduced mobility should be attributed to the hydrogen
bonding (o-tocopherol hydroxyl group and oxygen of the
phosphate group of phosphatidylcholine) (Srivastava et al.,
1983) and hydrophobic interactions (a-tocopherol and
phosphatidocholine fatty chain).

The presence of protein in liposomes formulations also
seems to improve system stability (Figure 3). Studies have
shown that B-Lg plays an important role in the morphology
and structure of the phospholipid bilayers (Junghans et al.,
2011; Lefevre & Subirade, 2000, 2001; Zhang & Keiderling,
2006). According to literature, milk proteins are well known
for their ability to stabilize emulsions and foams in food
formulations (Ron et al., 2010; Semo et al., 2007).

Our findings for liposome stability over time correlate well
with those of other studies (Park et al., 2011). The optical
density (OD) measurements have shown a significant increase
of stability for the new carrier PC/CH/B-Lg (Figure 3).
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Figure 2. SDS-PAGE of different liposome fractions. Lanes: 1. Molecular weight markers (ranged from 180kDa to 17 kDa), 2. PC/CH (2/1, mol/mol)
empty liposomes, 3. PC/CH/B-Lg (2/1/0.004, mol/mol/mol) liposomes, 4. PC/CH (2/1, mol/mol) VE-loaded liposomes, 5. PC/CH/B-Lg (2/1/0.004,

mol/mol/mol) VE-loaded liposomes.

Observation of ddH,O data in a time course indicates that
the most stable system is PC/CH/B-Lg for the first 24 h but
after 48h (storage period) PC/CH/B-Lg/VE proved more
stable.

Conformational changes of lipids induced by the presence
of B-Lg can be very different depending on the nature of
lipids (Lefevre & Subirade, 2000). For the type of lipids been
used (PC) in the current study, the most possible explanation
for this could be that B-Lg molecules or some of its residues
are incorporated into the bilayers, facilitating hydrophobic
interactions with lipophilic chain.

Differential scanning calorimetry (DSC) for
determination of antioxidant activity

Auto-oxidation of fats, fatty acids, and lipids is a well-
established exothermic process and methods of thermal
analysis, such as DSC, are valuable for the study of the
thermostability and thermo-oxidation (Chiavaro et al., 2011)
while the kinetic parameters of the non-inhibited and
inhibited fatty acid oxidation can also be determined
(Liolios et al., 2009). The antioxidant activity is evaluated
by the extrapolated temperature at the start of the oxidation
process based on the measurements of the incubation period
(Gortzi et al., 2006).

As it is demonstrated in Figure 4, all samples display
different DSC curves. Differences in shape reflect differences
in physicochemical characteristics of the system (Samuni
et al., 1998).

Thermal oxidative decomposition of pure substances (pure
B-Lg and pure VE) and that of liposome preparations (which
contained or did not contain these molecules) were studied,
using as onset temperature (T,) of curves, the temperature
at which the auto-oxidation process begins. Data indicate
that the addition of B-Lg encapsulated in liposomes results

in a more intense (T, =330 °C) antioxidant action (significant
at p<0.05) than itself (T,=285°C), in pure form. This shift
also implies an additional protection for the protein, due to
encapsulation.

VE oxidative stability (pure or encapsulated) also presents
similar behavior, where a shift from T,=320°C (pure VE)
toT, =330 °C for the encapsulated in liposomes was observed.

The PC/CH/B-Lg/VE system has a higher oxidation
peak (around T,=335°C) than those of VE (T,=320°C)
and B-Lg (T,=280°C) in pure forms. It has also the highest
oxidation peak of all liposome preparations (Figure 4).

In the case of liposomes containing B-Lg+VE, there is an
increase of the antioxidant activity and thereby of the stability
of the B-Lg/liposome/VE complex. VE is well accepted as
naturally effective, lipid-soluble, and chain-breaking antioxi-
dant (Zhao et al., 2011). The modified antioxidant action of
VE after its encapsulation in B-Lg/liposome formulation was
expected, since this system possesses new physicochemical
characteristics and bioactivity depended on the structure and
size of the system.

Additionally the protein existence in the liposomes
improves their stability and results in a very stable structure,
due to the possible interactions between the lipids and protein
(Zhang et al., 2012).

Vehicles morphology (SEM)

Microscopy is a well-known tool to visualize the surface of a
membrane and to immediately reveal important aspects,
such as morphology, homogeneity, or size. Most microscopy
techniques are fast, easy, and provide relatively straightfor-
ward specimen visualization (Zhang et al., 2012).

The morphology (shape and structure) of lyophilized
liposomes have been regularly studied with SEM (Ntimenou
et al., 2006). Microscopic observations showed that the
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Figure 3. Stability behavior of liposomes during storage after predetermined time intervals: Turbidity measurements at 25 °C using absorbance at
450 nm over a 72 h period storage at 4 °C. A. Turbidity measurements of liposomes after dispersion in ddH,O, B. Turbidity measurements of liposomes
after dispersion in TBS. (== ==m) PC/CH (2/1, mol/mol) empty liposomes, (o o ® o o) PC/CH/fB-Lg (2/1/0.004, mol/mol/mol) liposomes, (= - - —)
PC/CH (2/1, mol/mol) VE-loaded liposomes, (mmmmmmm) PC/CH/B-Lg (2/1/0.004, mol/mol/mol) VE-loaded liposomes.
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Figure 4. DSC oxidation curves of liposomes suspensions in the absence
and presence of B-Lg and/or VE. (====) PC/CH (2/1, mol/mol)
empty liposomes, (wmmmmmm) PC/CH/B-Lg (2/1/0.004, mol/mol/mol)
liposomes, (wm === w=m) PC/CH (2/1, mol/mol) VE-loaded liposomes,
(— s — ) PC/CH/B-Lg (2/1/0.004, mol/mol/mol) VE-loaded lipo-
somes, (e e oo e o) (-Lg, (=== = ==m) VE.

liposomes particles had a mostly spherical shape. All pictures
in Figure 5 are presented in the same magnification for direct
comparison.

Empty liposomes (Figure 5A), obtained by the thin film
method, presented larger mean particle sizes, heterogeneous
and with a wide particle size distribution compared to those
containing B-Lg only (Figure 5B) or those containing B-Lg+
VE (Figure 5C).

Encapsulation of VE in a PC/CH membrane seems to
decrease vesicle diameter, probably due to the formation of
new structures. This observation correlates with those of other
researchers (Afri et al., 2004), suggesting that the inclusion of
VE acetate within the liposomal bilayer lead to the formation
of smaller liposomes.

Images of liposomes containing B-Lg are smaller than
empty and those containing B-Lg+ VE are even smaller.
So, both B-Lg and VE reduce particle side during preparation.
Also the addition of B-Lg and VE lead to a formation of
bridges between neighbored liposome particles.
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Figure 5. Scanning electron micrographs of DRV liposomes before and after encapsulation of f-Lg and VE obtained by thin film method (pH 7.4,
room temperature). (A) Empty liposomes, (B) B-Lg loaded liposomes, (C) B-Lg+VE -loaded liposomes.

Conclusion

VE, a lipid-soluble and chain-breaking antioxidant, with a
significant role in food preservation and nutrient supplements
is a very sensitive molecule. As a result, the need for it to be
effectively protected and delivered is of great importance.
A beneficial effect of therapeutic supplementation with VE
is well documented for several malabsorption states in humans.

Liposomes+f3-Lg encapsulating VE were prepared using
the DRV method. The EE of VE in DRV liposomes loaded
with B-Lg was studied. The results of this study show that the
trapping efficiency of VE is higher in the liposome containing
B-Lg compared to the trapping efficiency of VE in liposome
without the presence of the protein. The ability of B-Lg to
bind hydrophobic molecules such as VE could not solely
explain the above. Physicochemical alterations of lipids
bilayer should also play an important role.

Furthermore, a promising stability behavior of the lipo-
somes containing B-Lg/VE was observed, which might prove
to be a very important factor, regarding the use of the
liposomes/B-Lg complex as a carrier of VE. The system
stability can also be attributed to the fact that VE binds and
stabilizes the lipids bilayer.

Summarizing, in the present study, we demonstrate that the
VE could be efficiently entrapped and delivered in liposomes/
B-Lg formulation, a newly synthesized promising carrier.
Future studies will evaluate the pharmacokinetics and
biodistribution of the VE/B-LG -loaded liposomes as well
as their efficacy to release the vitamin at an appropriate rate.
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