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Abstract: Vitamin E acetate (VEA) is commonly used in man-
ufacturing pharmaceuticals, food additives, and animal feeds.
However, VEA possesses disadvantages, including low water
solubility, low bioavailability, and susceptibility to degrada-
tion and oxidation. This study investigated the use of cocoli-
posomes for encapsulating VEA (VEACL). The cocoliposomes
consisted of coconut phospholipids (CocoPLs) and cholesterol
(Chol). Several parameters, such as functional groups, transi-
tion temperature, encapsulation efficiency (EE), release pro-
file, particle size, polydispersity index, and zeta potential,
were analyzed to evaluate the impact of cholesterol inclusion
on the cocoliposome membrane. The results show that the
Fourier transform infrared spectra of VEACL do not exhibit
any new, distinct peaks that differ from the peaks of its
constituent composition. Therefore, it confirmed that no
chemical reactions occurred during the manufacturing of
VEACL. Cholesterol in the system raises the transition tem-
perature of phospholipids and enhances the stability of
VEACL. The EE remains above 80% despite a 20% increase
in cholesterol levels. The release rate of VEA from cocoli-
posomes was slower with VEACL-20%Chol compared to
VEACL-0%Chol. The cholesterol level leads to a decrease
in particle size and an increase in the negative zeta poten-
tial of the cocoliposomes. Data show that cocoliposomes
are effective carriers for VEA encapsulation.
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1 Introduction

Vitamin E acetate (VEA), sometimes referred to as a-toco-
pheryl acetate, is classified as a fat-soluble vitamin and is
recognized for its strong antioxidant properties. VEA is a
synthetic or ester form of vitamin E (VE; a-tocopherol) that
is commonly employed due to its superior stability [1-3].
VEA has a longer shelf life than VE due to its lower acidity
resulting from the presence of blocked phenolic hydroxyl
groups [4]. Upon ingestion, VEA undergoes hydrolysis in
the body, resulting in the formation of VE and acetic acid.
This process allows the retention of advantages similar to
those of VE. When applied topically in skincare or cos-
metics, VEA offers superior antioxidant benefits compared
to VE. This is because VEA is more effective in preventing
the formation of harmful peroxides on the skin. Addition-
ally, VEA’s less acidic nature allows it to be absorbed into
the skin without rapid hydrolysis. VEA has several benefits,
such as (i) safeguarding cellular and intracellular mem-
branes, polyunsaturated fatty acids, and lipoprotein from
oxidative damage [3,5]; (ii) shielding the skin from detri-
mental effects caused by external harmful substances, such
as sunlight, pollution, and chemicals, by inhibiting the for-
mation of free radicals [2]; (iii) reducing DNA damage and
mortality rates in keratinocytes; and (iv) enhancing the
hydration of the stratum corneum (the outermost layer
of the epidermis) [6]. Antioxidants from VEA have exten-
sive use in dietary supplements and fortified foods for
animals, in addition to humans [7-12]. This is because
VEA exhibits resistance to oxidation, allowing the feed to
remain stable for a longer period of time during sto-
rage [4].

Despite the advantages it offers, VEA has inherent lim-
itations that need to be addressed to fully harness its
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potential benefits. VE exhibits a high oral bioavailability of
approximately 50-80% upon consumption, unlike its ester-
ified form, VEA. Despite VEA’s greater stability compared
to free VE, its bioavailability is significantly affected by
intestinal absorption, hepatic metabolism, and cellular
excretion, as its absorption adheres to the general absorp-
tive route of dietary fats [13-15]. Qureshi et al. [16] inves-
tigated the pharmacokinetics of 8-tocotrienol to ascertain
the pharmacokinetics and bioavailability of all eight iso-
mers of tocotrienols and tocopherols isolated from human
plasma samples, revealing that only a small amount of VEA
is fully absorbed by the body. Following the administration
of three separate single doses to a group of healthy males —
125 mg, 250 mg, and 500 mg — the peak plasma concentra-
tions recorded 6 h post-ingestion were 1,822 + 48.24 pg/mL,
1,931 + 92.54 ug/mL, and 2,188 + 147.61 pg/mL, respectively.
The observed volume of distribution (Vd) values from
three single administered doses in the same participants
were 0.070 = 0.0002mL, 0.127 + 0.004 mL, and 0.232 +
0.010 mL, respectively. The Vd in pharmacokinetic para-
meters signifies a drug’s propensity to persist in the plasma
or to be redistributed to various tissue compartments in
the body. A low Vd signifies that the drug predominantly
resides in the plasma, necessitating a reduced dosage to
attain a specific plasma concentration adequate for distri-
bution to other bodily tissues [17,18]. The absorption of VEA
in the body is deemed less efficient than other lipids, as
VEA must first undergo hydrolysis by the lipase enzyme,
which relies on bile acids from the pancreas or by intest-
inal mucosal esterase. Subsequently, it can be absorbed by
intestinal cells by the transfer of emulsified fat globules to
multi- and unilamellar vesicles that are water-soluble,
accompanied by mixed micelles composed of phospholi-
pids and bile acids [13]. Consequently, the low bioavail-
ability of VEA in the body is influenced by several factors:
(i) its esterified form necessitates hydrolysis in the intes-
tine to release its free form for absorption [14,19], (i) the
route of administration (oral versus injection) [3], and (iii)
the internal absorption of VEA into enterocytes requires
lipid-rich foods [13]. The vulnerability also lies in its ability
to dissolve. Both VE and VEA, being fat-soluble molecules,
exhibit low solubility in water [20]. Applying VEA to a
product in a water-dominated environment poses a signif-
icant obstacle. Hence, in order to address the issue of VEA
solubility, it is crucial to modify the packaging in terms of
methods, types, and/or sizes. The packaging methods of VE
and VEA using capsules, balls or vesicles, emulsions, and a
range of sizes from macro to nano have been studied
[21-24]. Below are several studies that have utilized dif-
ferent methods, types, and sizes of packaging to encapsu-
late VE and/or VEA, including (i) mixed micelles with the
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emulsion titration method to encapsulate VE and VEA [1];
(ii) microcapsules with the spray-drying method to encap-
sulate VE and VEA [25,26]; (iii) nano-emulsions with the oil-
in-water emulsification method to encapsulate VE [26]; (iv)
lipid nano-capsules with the phase-inversion temperature
method and nano-structured lipid carriers with the emul-
sification-solvent diffusion method, both to encapsulate VE
[27]; (v) liposomes with the thin-film hydration method to
encapsulate VEA [28]; (vi) edible emulsion stabilized with
natural food-grade surfactant with the oil-in-water emulsi-
fication method to encapsulate VE [29]; (vii) emulsion gels
stabilized by polysaccharides and modified shea butter to
encapsulate VEA [30]; and (viii) microbeads with oil-in-
water emulsification and solvent evaporation methods to
encapsulate VEA [31].

Liposomes are a versatile type of lipid-based packa-
ging commonly used as a drug delivery system (DDS) to
carry drugs, whether they are hydrophilic (water-soluble)
or lipophilic (fat-soluble), to target cells in the body [32,33].
Liposomes are widely recognized for their potential to
enhance the solubility, stability, and bioavailability of lipo-
philic drugs, making them a considerable option in DDS
[34-36]. Liposomes possess a spherical vesicle structure
with a closed form, containing an aqueous compartment
that is enveloped by bilayers of phospholipids [37]. This
shape facilitates the utilization of liposomes as DDS, where
the aqueous compartment can accommodate hydrophilic
molecules while the bilayers of phospholipids can encap-
sulate lipophilic molecules [33]. Liposomes can be modified
to nanoscale sizes, which increases their versatility as car-
riers of drugs [37,38]. Multiple studies undertaken by
numerous researchers have demonstrated that liposomes
can be enhanced with diverse molecules to augment their
efficacy as carriers in DDS [32,38-40]. Liposomes primarily
consist of phospholipids, which are amphiphilic molecules
capable of self-assembly in aqueous environments [33,41].
Phospholipids, which are the primary building blocks of
the cell membrane, have advantageous features for lipo-
somes, including being non-toxic, biodegradable, biocom-
patible, and non-immunogenic upon entering the body
[35,37,39]. Phospholipids, which are the primary compo-
nents of cell membranes, are readily available in both nat-
ural and synthetic forms. Phospholipids can be obtained by
extracting them from several sources, including soybeans, jack
beans, egg yolks, sunflowers, rice bran, sesame, and coconut.
The high concentration of phospholipids in coconuts, combined
with their widespread availability in nature, makes them an
excellent choice as a primary material for producing liposomes.
Prior studies have demonstrated the efficacy of liposomes
derived from coconut phospholipids extracts (CocoPLs) in encap-
sulating hydrophilic drugs, namely vitamin C [42]. The potential
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of encapsulating drugs in liposomes is significant in various
areas, including the food industry, pharmaceuticals, and cosmetics
[21,23,33,37]. Consequently, numerous studies and advancements
are currently dedicated to the encapsulation of drugs within lipo-
somes and/or nanoliposomes for diverse objectives. Hudiyanti
et al. [4243] conducted multiple studies on the use of CocoPL-
based liposomes (cocoliposomes) as DDS for different drugs.
Hence, cocoliposomes possess the capability to serve as DDS for
VEA. However, there has been no research on the specific topic of
VEA encapsulation in liposomes using CocoPL precursors. Hence,
the objective of this study is to develop and study the effectivity of
cocoliposomes as a DDS for VEA. Furthermore, this study aims to
investigate the impact of including cholesterol as a stabilizer in the
liposome membrane on the outcomes of VEA encapsulation
within cocoliposomes (VEACL). The results of our study demon-
strate that cholesterol has several impacts on the properties of
VEACL, as indicated by the changes observed in the zeta potential,
particle size, polydispersity index (PI), and transition temperature.
The observed results include an increase in the temperature at
which phospholipid transition occurs, a reduction in the encapsu-
lation efficiency (EE) of VEA while still maintaining a satisfactory
percentage of successful encapsulation, particularly above 80% in
the presence of high cholesterol (40%), a decrease in liposome
leakage levels, and an improvement in the stability of VEACL.

2 Materials and methods

2.1 Reagents and chemicals

The materials used in this study are ripe coconut (Cocos nuci-
fera L), chloroform p.a. (Merck KGaA, Darmstadt, Germany),
methanol p.a. (Merck KGaA, Darmstadt, Germany), technical
87% (v/v) ethanol (Kimia Kalijaga, Demak, Indonesia), technical
n-hexane (Kimia Kalijaga, Demak, Indonesia), Na,HPO,2H,0 p.a.
(Merck KGaA, Darmstadt, Germany), NaH,PO,2H,0 p.a. (Merck
KGaA, Darmstadt, Germany), NaCl p.a. (HiMedia, PA, USA), o-toco-
pherol acetate (VEA) powder p.a. (90%; DSM, Heerlen, Netherlands),
cholesterol (Chol) p.a. (94%; Sigma-Aldrich, Darmstadt, Germany),
01 M H( pa, 01 M NaOH p.a, demineralized water (Brataco,
Semarang, Indonesia), and nitrogen gas.

2.2 Isolation of coconut phospholipids
(CocoPLs)

The isolation of coconut phospholipids (CocoPLs) was per-
formed with a slight modification of Hudiyanti’s method [43].
The process began with sample preparation, which involved
peeling and cleaning the ripe coconut meat. The meat was then
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subjected to a dehydrator at 40°C for 6 h. Subsequently, the
dried coconut meat was ground into a fine powder using a
chopper, and the resulting powder was further processed using
a press machine to separate the pulp and oil. A modification to
the prior method involved employing an ultrasonic homoge-
nizer for maceration. About 100 g of coconut pulp was macer-
ated in a 400 mL solvent mixture of chloroform p.a. and
methanol p.a. (in a ratio of 2:1, v/v) using an ultrasonic homo-
genizer (50% pulser, 80% power, 3 x 15 min, 360 rpm stirring).
The maceration product was subsequently filtered through
two layers of filter paper, washed with a 0.9% NacCl p.a. solu-
tion, and then evaporated to get a crude lipid extract. The
process of isolating phospholipids was continued with partition
extraction using solvent A (technical n-hexane), which was
saturated with solvent B (technical 87% (v/v) ethanol). The ratio
of the volume of crude extract to solvent A to solvent B was
2:9:3 (v/v/v). The method involved combining 100 mL of crude
lipid extract with 450 mL of solvent A, stirring for 3 min, and
subsequently adding and stirring 150 mL of solvent B. The
mixture was then partitioned using two separatory funnels.
The lower phase was separated and mixed with solvent A
and then separated in the second separatory funnel. Conver-
sely, the upper phase was mixed with solvent B and separated
using the first separatory funnel. This process of phospholipid
isolation was repeated six times. The upper and lower phases
obtained from the second separatory funnel were evaporated
(50°C, 60rpm). The upper phase of the second separatory
funnel consists of the nonpolar extract, which contains a tech-
nical n-hexane solvent. The lower phase, on the other hand,
contains CocoPLs. This study utilizes CocoPLs to make cocoli-
posomes that will encapsulate VEA.

2.3 Preparation of the VEA standard curve

A 200 ppm concentration stock solution of VEA was pre-
pared by dissolving 10 mg of VEA p.a. in 50 mL of 0.1 M
phosphate-buffered saline (PBS) solution at pH 7.4. The
stock solution was diluted to concentrations of 0, 20, 40,
60, 80, 100, 120, 140, 160, 180, and 200 ppm. UV-Vis spectro-
photometry was employed to determine the maximum
wavelength of VEA. A series of diluted VEA solutions
were used to generate the standard curve.

2.4 Encapsulation of vitamin E acetate
within cocoliposomes (VEACL)

The term used to refer to the encapsulated VEA within
cocoliposomes is VEACL. Table 1 presents five VEACL for-
mulations consisting of CocoPLs, Chol p.a., and VEA p.a.
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Table 1: Formulation of VEACL stock solution in 100 mL

VEACL formulation Composition (w/w/w; mg)

CocoPLs Chol p.a. VEA p.a.
VEACL-0%Chol 125 0 25
VEACL-10%Chol 125 12.5 25
VEACL-20%Chol 125 25 25
VEACL-30%Chol 125 375 25
VEACL-40%Chol 125 50 25

For each formulation, the three compositions were
dispersed in 100 mL of chloroform p.a..methanol p.a. (in
a ratio of 9:1, v/v). However, only 10 mL of the dispersion
was used for the 1x encapsulation process. A volume of 10 mL
of the dispersion was placed in a test tube to undergo the
sequential steps of liposome preparation, which included thin
film formation, hydration, freeze-thaw, and sonication. The
tube was flowed with nitrogen gas, leaving only a thin layer
at the bottom of the tube, and then 10 mL of PBS solution at
pH 74 was added. Next, the freeze-thaw cycle was per-
formed, which included heating the sample to 50°C, cooling
it to 4°C, and vortexing it until the thin layer was dissolved.
Subsequently, the dispersion was sonicated at 10% power for
3min. These steps were replicated to generate liposomes
without the addition of VEA, serving as a reference solution.

2.5 Functional group analysis

This study investigated the changes and interactions among
CocoPLs, Chol p.a., and VEA p.a. that may occur during
encapsulation using a Spectrum Two™ FTIR spectrophot-
ometer ( PerkinElmer®, MA, USA) in the spectral range of
5,500—-435cm™ and a spectral resolution of 0.5cm™. Tests
were conducted on every component and mixture, precisely
a mixture of CocoPLs, Chol p.a., and VEA p.a. The compo-
nents were mixed in equal proportions, with a mass ratio of
1:1:1 (wiwfw).

2.6 Thermal analysis

Thermal analysis was performed using a differential scan-
ning calorimeter (DSC; DSC-60 Plus Shimadzu®, Kyoto,
Japan) in the temperature range of -20 to 200°C at a
heating rate of 10°C/min and nitrogen gas airflow. This
study investigated the phase changes resulting from the
addition of substances into the system by observing the
changes in physical and thermal properties. Tests were

DE GRUYTER

carried out on every component and mixture, precisely a
mixture of CocoPLs with Chol p.a., CocoPLs with VEA p.a,,
and CocoPLs with Chol p.a. and VEA p.a. The components
were mixed in equal proportions, with a mass ratio of 1:1:1
(wW/wiw).

2.7 EE

The efficacy of the encapsulation process was assessed
based on the extent to which liposomes successfully encap-
sulate the drug, as defined by the EE. The EE was deter-
mined using Ribeiro’s method [23]. The dispersed liposome
solution was centrifuged at 6,000 rpm for an hour. The
supernatant was tested for the EE of VEA p.a. using a Shi-
madzu® UV-1280 multipurpose ultraviolet-visible (UV-Vis)
spectrophotometer (Kyoto, Japan) at 288 nm. The EE value
of VEA p.a. was determined by calculating the concentra-
tion of unencapsulated VEA p.a. (C,) and comparing it with
the initial concentration of VEA p.a. (Cy), as follows:

G- G

0

EE% = x 100%, 1))
where C is the initial concentration of VEA p.a., and C, is
the concentration of unencapsulated VEA p.a.

2.8 Release rate (RR)

The RR was determined using the methodology described
by Hudiyanti et al. [43]. The VEACL obtained from encap-
sulation was placed into a sealed vial and stored in the
refrigerator. The concentration of VEACL released into
the PBS solution was evaluated on 0, 1, 2, 3 to 8 days using
a centrifugation process followed by supernatant testing
using the above UV-Vis specifications at a wavelength of
288 nm. The RR was determined by dividing the C, with the
total release time (T), which is 8 days, as follows:

C. _ ppm
RR = — x —=——, 2
Trot day

2.9 Particle size and zeta potential analysis

The size and dispersity of the liposomes were evaluated
using the particle size, while their surface charge was
assessed using the zeta potential. The Horiba Scientific®
nanoPartica SZ-100V2 Series nanoparticle analyzer (Kyoto,
Japan) was used to assess the particle size and zeta potential
of VEACL—-0%Chol and VEACL-20%Chol.
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3 Results and discussion

3.1 Functional group analysis with FTIR

FTIR-assisted functional group analysis is a chemical ana-
lysis method used to identify chemical compounds by ana-
lyzing the infrared spectrum they produce [44]. This method
is precious for identifying the functional groups present in
both organic and inorganic compounds [45]. Figure 1 displays
the FTIR spectra for VEACL, VEA, Chol, and CocoPLs.

The spectra of CocoPLs exhibit distinct peaks at wave-
numbers (¥) = 2924.09cm™ (CH, asymmetric stretching),
2854.65cm ™ (CH, symmetric stretching), 1743.5cm™ (C=0
stretching), 1467.5 cm ™ (CH, scissoring), 1458.1 cm™ (CH; asym-
metric bending), 137332 cm™ (CH; symmetric bending), 1234.44 cm ™
(PO, asymmetric stretching), 1,165 cm™* (CO-0O-C asymmetric
stretching), 110328 cm™ (PO,” symmetric stretching), 1072.5 cm™
(CO-0—C symmetric stretching), 97212 cm™ ((CHy)sN* symmetric
stretching), 887.26cm™ (P-O asymmetric stretching), and
725.23 cm™* (CH, wobble) [46].

The spectra of Chol exhibit distinct peaks at (V) =
3398.25cm™* (O-H stretching), 2935.5cm™ (CH, and CH;
asymmetric stretching), 2,901 cm™ (CH, symmetric stretching),
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Figure 1: FTIR spectra for VEACL, VEA, Chol, and CocoPLs.
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1667.75 cm™* (C=C stretching), 1465.25 cm™* (CH, and CH; sym-
metric stretching), 13775 cm ™ (CH, and CH; bending), 1054.5 cm ™
(ring deformation in C-H plane bending), 840.33cm™ (C-C-C
stretching), and 700.67 cm™ (=C-H) [43].

The spectra of VEA exhibit distinct peaks at (¥) =
2866.8cm™ (C-H stretching), 1758.66cm™ (C=O0 stretching),
1460.27 cm™ (CH, bending), and 1057.73 cm™ (C=0 stretching).

The spectra of VEACL exhibit distinct peaks at (V) =
2923.69 cm™ (CH, asymmetric stretching), 2853.91cm™ (CH,
symmetric stretching), 1741.04 cm™ (C=0 stretching), 147644 cm™
(CH, scissoring), 1459.42 cm ™ (CH; asymmetric bending), 137456 cm ™
(CH; symmetric bending), 1204.03 cm™ (PO, asymmetric stretching),
116431 cm™ (CO-O-C asymmetric stretching), 110085cm™ (PO,
symmetric stretching), 107257 cm ™ (CO-O-C symmetric stretching),
97555 cm™* ((CHz:N" symmetric stretching), 801cm™ (P-O asym-
metric stretching), and 723.04 em™! (CH, wobble) belong to
CocoPLs, 3225.41cm™ (0-H stretching), 2923.69 cm™ (CH,
and CH; asymmetric stretching), 2853.91cm™ (CH, sym-
metric stretching), 1657.63cm™ (C=C stretching), 1463.85 cm ™
(CH, and CH; symmetric stretching), 1374.56 cm ™ (CH, and CH;
bending), 1049.63 cm ™ (ring deformation in C-H plane bending),
92346 cm™ (C-C—C stretching), and 64312 cm™ (=C-H) belong
to Chol, and 2868.94 cm™ (C-H stretching), 1741.04 cm™ (C=0
stretching), 1452.86 cm™ (CH, bending), and 1061.3cm™ (C=0
stretching) belong to VEA.

Upon thorough analysis of all spectra, it was deter-
mined that the FTIR spectra of VEACL do not exhibit any
new distinctive peaks that are not present in the individual
spectra of CocoPLs, Chol, and VEA. This suggests that no
chemical reactions occurred during the encapsulation of
VEA in cocoliposomes. The absence of chemical processes
is an important factor in the encapsulation process using
liposomes because it will facilitate the easy release of
drugs.

3.2 DSC thermal analysis

The data obtained from a DSC, commonly referred to as
a DSC thermogram, are crucial for understanding the
thermal properties of the material that is being investi-
gated, including parameters such as the phase transition
temperature (T,,), enthalpy, and thermal stability. The
transition of most lipids from the gel phase (Lb’) to the
liquid crystal phase (La) is significant. The simultaneous
melting of the hydrocarbon chains causes DSC peaks to
have a high enthalpy, which signifies a rapid and rever-
sible transition [47,48].

Figure 2 displays the DSC thermograms obtained by
the measurements of temperature and the heat released
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Figure 2: DSC thermograms for VEA, CocoPLs, CocoPLs + Chol, CocoPLs +
VEA, and CocoPLs + VEA + Chol.

or absorbed by CocoPLs throughout the heating or cooling
process. Three distinct peaks in the temperature range of
129.29-162.02°C suggest that the CocoPLs undergo a signifi-
cant phase transition. All three peaks can be attributed to
the existence of the CocoPLs as a mixture with a similar
structure, resulting in phase transitions occurring at adja-
cent temperatures. The main phase transition occurs from
the gel phase (Lb’) to the liquid crystalline phase (La) at
133.64°C (T,,), which is considered to be the main T, The
molecular structure and order of the CocoPLs undergo a
transformation from a gel state to a liquid crystalline state
during this transition.

The study conducted in 2009 by de Meyer and Smit [49]
stated that the inclusion of Chol can increase the main Ty,
of phospholipids. Changes in the structure of these phos-
pholipid membranes and how phospholipids and Chol
interact could influence the rigidity and arrangement of
molecules within the membrane. Chol, which improves
the thermal stability of the phospholipids, affects the phy-
sical and thermal properties of the liposomes. As a result,
the main Ty, is elevated to a higher value. The occurrence
will transpire upon the addition of Chol to the CocoPLs
mixture. When CocoPLs and Chol are combined in equal
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proportions (1:1), as shown by the DSC thermogram in
Figure 2, the gel phase (Lb) undergoes a transition to the
liquid crystalline phase (La) at 144.04°C (Ty,). These data
demonstrate that including Chol in CocoPLs leads to an
increase in the Ty, [50].

Prior DSC thermograms of VEA exhibited three endothermic
events that characterize the thermal behavior of this material.
The first event is a stable state observed at temperatures up to
250°C, which suggests the occurrence of thermal decomposition
in a single phase, subsequently leading to total decomposition.
The other two events are identified at temperatures close to 300
and 400°C [51]. The events observed in the DSC thermogram
generated by VEA in Figure 2 exhibit similarities to these events,
and they remain stable even in the maximum temperature
range. The next peak lies beyond the range of observation and
hence cannot be observed.

Figure 2 shows the CocoPLs and VEA phase transitions
determined using DSC thermal analysis. The pre-transition
phase transformation from a gel phase with a planar struc-
ture to a rippling phase (Lb—Pb) occurs at 133.17°C (Tp). This
phase transformation is followed by the main transition
from a gel phase to a liquid crystalline phase (Lb-La) at
150.83°C (Ty). The inclusion of Chol has a direct effect on
the elevation of T,,. When Chol is added, the planar-phase
rippled gel (Lb’-Pb’) pre-transition process occurs at 134.33°C
(Tp), and the main transition from gel to liquid crystalline
phase (Lb-La’) occurs at 154.19°C (T},).

The thermogram data indicate that including Chol
impacts the thermal properties and phase transitions in
the CocoPLs and VEA mixture. These data indicate that
the addition of Chol improves the mixture’s thermal stabi-
lity. This aligns with findings from other studies, indicating
that liposomes constructed with phospholipids and choles-
terol exhibit optimal longevity, with phase transition tem-
peratures surpassing 37°C [36]. Furthermore, the absence of
Chol does not significantly impact the first peak, indicating
that the phase transition of CocoPLs and VEA at lower tem-
peratures remains unaltered. Changes in the pre-transition
and main transition temperatures signify alterations in the
structure, whereas the inclusion of Chol is responsible for
changes in the physical properties. This information is valu-
able for formulating CocoPLs, Chol, and VEA, especially in
drug delivery or other applications requiring a better under-
standing of the thermal and phase properties of the system.

3.3 EE of VEACL

EE refers to the proportion of VEA successfully encapsu-
lated within liposomes. The decreased ability of liposomes
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Figure 3: EE of VEACL.

to encapsulate VEA is evident from the decrease in the EE
value. Figure 3 displays the results of the efficiency of the
VEACL encapsulation process.

The efficacy of adding VEA into cocoliposomes depends
on the Chol level, as indicated by the obtained data. Based on
the findings shown in Figure 3, it can be observed that the EE
of VEA decreased as the level of Chol increased. The efficiency
of liposomes containing VEA was tested using different con-
centrations of Chol (0, 10, 20, 30, and 40%). The EE values
obtained were 91.94 + 1.66%, 86.51 + 7.23%, 85.78 + 4.35%,
81.80 + 6.36%, and 79.63 + 4.90%, respectively. The decrease
in EE with increased Chol level is likely attributed to the
competitive interaction between VEA and Chol for incorpora-
tion into the liposome membrane, as both molecules possess
lipophilic properties.

Table 2: Partition coefficient (log P) values of Chol and VEA

Use of cocoliposomes for encapsulating VEA =~ == 7

The partition coefficient (log P), a measure of a com-
pound’s affinity for the lipophilic or hydrophilic phases,
can be utilized to support these findings [52]. The position
of each molecule in the liposomes can be calculated using
the log P analysis. The lipophilic molecule will reside
within the bilayer membrane (the nonpolar region of the
liposome), while the hydrophilic molecule will be located
within the aqueous compartment (the polar region of the
liposome) [53]. The log P values determined using the
Marvin Sketch calculation are presented in Table 2.

The locations of Chol and VEA on the membrane can
be estimated, as depicted in Figure 4. Due to their lipophilic
nature, VEA and Chol compete for the same area within the
liposome bilayer membrane. Adding Chol can decrease the
EE of VEA. The statement above concerning the location of
both substances within liposomes is by their respective log
P values. From a structural perspective, Chol is more man-
ageable to occupy the liposome membrane than VEA. The
0-H (hydroxyl group, polar) of Chol is usually located near
the head group of phospholipids. In contrast, the nonpolar
group of Chol is often situated near the tail group of phos-
pholipids. Based on the comparison of log P values, where
the log P value obtained from VEA is higher than the log P
value obtained from Chol, it may be inferred that VEA is
more likely to be among the phospholipid tail groups. Thus,
the inclusion of Chol reduces the available area for VEA
encapsulation, leading to a decrease in the EE value.

Increasing Chol levels in the liposomes reduces the EE
of VEA, but the decrease is relatively small. Increasing the
Chol level to 40% still provides a relatively high EE

Compound Structure log P Nature
Chol 71 Lipophilic
VEA 10.42 Lipophilic
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Figure 4: Approximate location of Chol and VEA in the liposomes.

percentage (above 80%). These data indicate that the addi-
tion of Chol does not have a significant effect on the EE of
the VEACL system. Furthermore, these results are in line
with the DSC results, where the presence of Chol can main-
tain the stability of the liposome structure. To understand
the role and impact of Chol inclusion on cocoliposomes
more completely, other analyses were carried out, such
as RR, particle size, and zeta potential. Furthermore, stu-
dies concerning the stability and efficacy of VEA to assess
its safety standards as a dietary supplement will be con-
sidered in future research.

3.4 RR of VEACL

This study aimed to assess the efficacy of liposomes main-
taining the encapsulation of VEA by quantifying the amount
of VEA released from liposomes over 8 days. In addition, the
concentration of unencapsulated VEA was also analyzed to
determine the degradation of VEA throughout the same
period. The change in the concentration of unencapsulated
VEA from day 1 to day 8 can be seen in Figure 5, with results

30

10

C vitamin E acetate (mg/I)

Number of days

Figure 5: VEA degradation during 8 days of observation.

P> Vitamin E Acetate

showing a decrease of 25.75%. These data confirm that unen-
capsulated VEA degraded every day during the 8 days of
observation. Therefore, VEA needs to be encapsulated to over-
come this shortcoming.

The release profile serves as an assessment of the lipo-
some’s ability to be stored in VEA encapsulation. It is deter-
mined by the amount of VEA released into the external media
surrounding the liposome over eight consecutive days. Figure 6
depicts the release profiles tested for VEACL-0%Chol and
VEACL-20%Chol over 8 days. It can be seen that on day 8,
the RR% for VEACL-0%Chol reached 72.53%, and VEACL—-20%
Chol reached 62.92%.

Liposomes containing Chol have a more uniform arrange-
ment than liposomes without Chol. This occurrence could
be attributed to the presence of Chol in liposomes, which effec-
tively maintains the structural integrity of the liposomes and
consequently reduces the leakage rate. Chol’s location at the
edge of the liposome membrane bilayer is believed to hinder
the detachment of VEA from the membrane for a specific
duration. The presence of Chol in liposomes induces stretching
and regularity of fatty acid chains comprising phospholipids,
causing the rigidification of the bilayer membrane. However,

80
70
60
50
40

30

% Release Rate

20 ——VEACL-0%Chol

10 ——VEACL-20%Chol

-10
Number of days

Figure 6: RR of VEACL during 8 days of observation.
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Chol can sustain its fluidity to ensure stability [54], as con-
firmed by the release profile in Figure 6.

Figures 3 and 4 indicate that the cocoliposomes used in
this study, together with the inclusion of Chol, succeed in
encapsulating lipophilic drugs like VEA within their membrane
bilayer with a relatively good percentage of EE. Figure 6 displays
the influence of Chol on the inhibition of the RR of VEA encap-
sulated in cocoliposomes throughout an 8-day storage period.
The findings depicted in Figure 3 demonstrate a negative corre-
lation between the increase in the Chol level in cocoliposomes
and the EE% of VEA. The cause of this occurrence is the compe-
tition between Chol and VEA when they are encapsulated
in cocoliposomes (refer to Table 2 and Figure 4). Despite
VEACL—-20%Chol having a lower EE than VEACL-0%Chol, the
addition of Chol is still advisable in the formulation since it will
enhance liposome stability and reduce drug RR during storage
(Figure 6). Therefore, it is crucial to consider the concentration of
Chol incorporated while formulating liposomes, particularly for
encapsulating lipophilic drugs, as it affects the EE and RR. Com-
parable outcomes were also reported by Adni and Ambi [55],
where liposomes with a high cholesterol concentration (66.7%)
yielded enhanced EE (83-85%), reduced liposome particle size
(90-95 nm), and diminished RR over 24 h (50-52%), resulting in
more controlled and prolonged drug delivery, and progressively
negative zeta potential (—20 mV — (=22 mV)), indicating enhanced
liposome stability. Furthermore, the study demonstrated that in
vivo, liposomes with 66.67% cholesterol concentration exhibited
the most significant tumor volume reduction in mouse models,
achieving a reduction of 60-70% without inducing significant
toxicity or adverse effects, as evidenced by histopathological
analysis of major organs (liver, kidney, and spleen) [55].

3.5 Particle size and zeta potential analysis
of VEACL

The stability of liposomes based on particle size, PI, and
zeta potential was also studied. Stable liposomes can be
seen from their small particle size, PI < 1.0, which reflects
the homogeneity of the system, and a zeta potential that is
more negative than +30 mV. Therefore, the analysis of
these three parameters was carried out in this study. The
composition of the DDS, the interactions between those
components, and the encapsulation method are all factors
that influence the particle size [56]. Particle size analysis is
one of the methods used to determine the average particle
size and size distribution. Zeta potential is a parameter that
quantifies the surface charge resulting from the ionization
of chemical groups or the absorption of ions. The surface
charge properties and composition of the dispersion have
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an impact on this parameter [57]. Table 3 shows the results
of the analysis of the three parameters for the liposome
system without Chol and with 20% Chol to determine the
effect of Chol on liposome stability. Table 3 shows that
VEACL-20%Chol exhibits smaller particle sizes compared
to VEACL-0%Chol, where a smaller size of particles can be
beneficial for enhancing absorption and effectiveness of
drug delivery. VEACL-0%Chol exhibits an extensive par-
ticle size distribution or lacks concentration at a specific
size, as indicated by the remarkably high PI value of 2.053
in the nanoparticle system. These data could be due to the
liposomes undergoing aggregation due to the extended
period between the creation of the samples and their
testing. On the other hand, VEACL-20%Chol shows a PI
value that is much lower than VEACL-0%Chol, namely
0.631. The PI value is a measure that quantifies the particle
distribution inside a nanoparticle system [34]. PI in the
range of 0.1-0.5 indicates a very concentrated or even dis-
tribution of particle sizes in the system, PI in the range of
0.5-0.7 indicates a rather even distribution of particle sizes
in the system, and PI exceeding 0.7 indicates a very uneven
particle size distribution in the system [35]. Therefore,
obtaining a PI value <1 from VEACL-20%Chol indicates
that the particle size distribution or homogeneity in the
liposome system is quite good. The instability and agglom-
eration propensity of liposomes during storage is directly
correlated with the size of PI. A very non-concentrated
particle size distribution may indicate instability in the
nanoparticle system [33]; therefore, it can be assumed
that the liposome system with cholesterol has better stabi-
lity and does not easily agglomerate during storage com-
pared to the liposome system without cholesterol.

The zeta potential of liposomes can offer insights into
the stability and behavior of the particles within the
delivery system. Liposomes should possess a high zeta
potential (exceeding +30mV or falling below -30mV).
Under these circumstances, the liposomes will exhibit elec-
trostatic stability due to their high surface charge, which
hinders the aggregation of particles [58]. The zeta potential
of VEACL-20%Chol was —34.7 mV, while VEACL—-0%Chol
was -12.3mV. A higher or more negative zeta potential
can enhance electrostatic stability and inhibit particle
aggregation, increasing drug delivery efficacy [57]. Chol

Table 3: Particle size and zeta potential analysis in VEACL-0%Chol and
VEACL-20%Chol

Variation Particle size (nm) PI Zeta potential (mV)
VEACL-0%Chol 2919 2.053 -12.3
VEACL-20%Chol  99.2 0.631 -34.7
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can form negatively charged particles by creating a hydrogen
bond between the hydroxyl group of the Chol head and the
choline group or phosphate group of phosphatidylcholines.
Due to this formation, the membrane attracts positively
charged choline groups and negatively charged phosphatidyl
groups. This action increases the negative charge and electro-
static repulsion of the particles [59]. The zeta potential data
indicate that cholesterol in the liposome system is able to
increase the stability of liposomes by increasing their surface
charge, as indicated by the zeta potential value, which is
below -30 mV.

3.6 Impact of cholesterol in
encapsulated VEA

This study supports prior findings, showing that Chol influ-
ences the physicochemical properties of liposomes. Chol,
with a planar and non-bulky molecular structure, which
exhibits less steric hindrance within the liposome mem-
brane, facilitates a condensing effect that promotes a
tightly and orderly packed arrangement of phospholipids.
A denser arrangement can yield a relatively smaller,
more spherical, less permeable, and more rigid liposome
membrane. This compact arrangement also contributes to
improved stability and reduced leakage of the liposome
during storage [60-63].

Furthermore, the binding calculation of a system com-
prising phospholipids, cholesterol, and VEA shows that
Chol enhances interaction and stabilizes the bond, as
seen by the reduced bond energy value for PC12...Chol...
VEA interaction in Table 4.

These results align with in vitro analyses, which show
that Chol’s presence preserves liposome integrity by slowing
down the leakage rate, consequently decelerating the RR
(Figure 6). Further, it reduces liposome size due to enhanced
interactions that shorten bond lengths (Table 3) and lower
the PI value, as stronger interactions inhibit aggregation,
resulting in a more stable distribution of particles within
the liposome dispersion (Table 3).

Table 4: Binding energy among phospholipids (phosphatidylcholine
(12:0); PC12), cholesterol, and VEA

Complex Binding energy (kJ/mol)
PC12..PC12 -9.635

PC12..VEA -12.012

PC12...Chol -16.887

PC12...Chol...VEA -19.916

DE GRUYTER

4 Conclusions

This study successfully encapsulated VEA within cocolipo-
somes, referred to as VEACL, while studying the impact of
adding Chol as a constituent component in the liposome
system. The FTIR spectra of VEACL show no new distinct
peaks that differ from the peaks of its constituent composi-
tions. Therefore, it confirmed that no chemical reactions
occurred during the synthesis of VEACL. Chol has several
impacts on the VEACL system. It raises the transition tem-
perature of phospholipids and enhances the stability of
VEACL. Despite a 20% increase in cholesterol levels, the EE
remains >80%. The RR of VEA from cocoliposomes was
slower with VEACL-20%Chol compared to VEACL-0%Chol.
Chol enhances the stability of VEACL due to its ability to
decrease liposome size, improve the system’s uniformity
in particle size distribution, and provide an increasingly
negative zeta potential value. The impacts of Chol on the
VEACL system mentioned above highlight the need to care-
fully evaluate the Chol composition of liposome formula-
tions used to encapsulate VEA.
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