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ARTICLE INFO ABSTRACT
Article type: Background: The physical properties of liposome (especially in terms of
. size, size distribution, and layering) depend on different preparation
Research Article methods, type of lipid (charged, uncharged and neutral), lipid

composition, surfactant, organic solvent and ionic strength of the
Avrticle history: suspension medium useql in the prep_aration techniques. The common
Received: November 15, 2022 m_ethod used to produce I|p_osome is thin-layer h_ydratl_on.
Accepted: September 23, 2023 Alms: The purpose of thls research was to investigate the effect_of
Published: March 5. 2024 different ratios of lecithin-cholesterol on particle size, encapsulation
’ efficiency, and stability of these two characteristics over time. Also,
another goal of this research is to investigate the effectiveness of the
combined method of thin layer hydration and sonication to solve the
Keywords: problems of large particle size and non-uniform distribution of particle
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nanoliposome, thin film Methods: Expt_erlmental treatments in this research include lecithin-
hydration, sonication, pholesterql_ _ratlos (30-30, 40-29, 50-10 and _60-0). Due to _the
lecithin. cholesterol incompatibility of peta-carotene Wlth water, nanollpqsome formulatl_ons
’ were produced using the combined method of thin-layer hydration-
sonication.
Results: The results showed that the effect of lecithin-cholesterol ratios
on changes in particle size, particle size distribution (PDI), encapsulation
efficiency and zeta potential was significant. By adding cholesterol at the
ratio of 1:5 to lecithin, the particle size and particle size distribution
decreased and the encapsulation efficiency increased; Also, the results of
this research showed that the addition of cholesterol at a ratio of 1:5 to
lecithin in the nanoliposome structure makes the particle size and
encapsulation efficiency of beta-carotene more stable in 60 days
compared to the nanoliposome structure without cholesterol. Also, the
FTIR test determined that beta-carotene particles were well trapped in the
structure of nanoliposomes.
Conclusion: According to the tests examined in this research, it can be
concluded that the combined method of thin layer hydration-sonication
along with the limited use of cholesterol is a suitable solution to obtain
nano-scale particles with high stability over time.
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Extended Abstract

Introduction:  Beta-carotene's  significant
antioxidant capabilities contribute to vital
biological functions within the body,
enhancing the immune system and lowering
the risk of degenerative illnesses (Chen et al.
2021). B-Carotene, a key member of the
carotenoid family, is recognized as one of the
most potent antioxidants and the major
provitamin A carotenoid available in the
human diet. The health benefits of -carotene
are attributed to its given biological properties:
(a) as antioxidants that scavenge and quench
ROS of oxidative metabolism, (b) as
provitamin A compounds that activate retinol-
mediated pathways, (c) as electrophiles that
boost endogenous antioxidant systems
(Maurya et al., 2021). Its antioxidant properties
are crucial in the prevention of a range of
diseases, including heart disease, cancer,
diabetes, and cataracts. Consequently, beta-
carotene has gained widespread popularity as a
dietary supplement in the food, cosmetic, and
pharmaceutical sectors (Rocha et al. 2018). In
recent years, the utilization of lipid structures
for encapsulating beta-carotene has gained
prominence due to the challenging free
absorption of beta-carotene in the body and its
high lipophilicity (Xu et al., 2022). Among the
innovative strategies in drug and active
ingredient delivery systems, liposomes have
emerged as a significant approach (Liu et al.,
2022). Liposomes are artificial membranous
vesicles formed by phospholipids bilayers.
Liposomes have long been receiving much
consideration owing to their biocompatibility
and interesting ability to carry hydrophobic
and hydrophilic compounds. Due to their
similarity with the bilayer structure of natural
membranes, liposomes are used as a
membrane model. The similarity between the
liposomal and membrane bilayer core makes
liposomes a very useful tool to inspect the
consequence  of  carotenoids—membrane
interactions (Elkholy et al., 2020). Cationic
liposomes are magnificently used as drug
delivery  of  therapeutic  drugs and
genes. Numerous studies have shown that
these cationic nanocarriers are more effective
vehicles for drug delivery to the brain than
conventional, neutral, or anionic liposomes,

maybe due to the electrostatic interactions
between the cationic liposomes and the
negatively charged cell membranes, enhancing
nanoparticle uptake by adsorptive-mediated
endocytosis  (Elkholy et al.,, 2020).
Nanoliposomes have gained significant
recognition as a successful approach for
encapsulating sensitive bioactive compounds,
safeguarding them against unfavorable
processing or gastrointestinal conditions. The
physical  characteristics of  liposomes,
particularly their size, size distribution, and
layering, are contingent upon various factors
such as the chosen preparation methods, lipid
type (charged, uncharged, or neutral), lipid
composition, surfactant, organic solvent, and
ionic strength of the suspension medium
employed during the preparation techniques.
Thin-layer hydration is a commonly employed
method for liposome production; however, its
application is limited due to the production of
large particles and non-uniform particle size
distribution. This study aimed to examine the
impact of varying proportions of lecithin-
cholesterol on the size of particles, the
efficiency of encapsulation, and the stability of
these attributes over some time. Additionally,
another objective of this investigation was to
assess the efficacy of employing a combined
approach involving thin-layer hydration and
sonication in addressing the issues related to
large particle size and  non-uniform
distribution of particle size.

Material and methods: The experimental
interventions in this study consist of different
lecithin-cholesterol ratios, specifically 30-30,
40-20, 50-10, and 60-0. Because beta-carotene
is not  water-soluble, nanoliposome
formulations were created through the
combined technique of thin-layer hydration-
sonication. Subsequently, to decrease the
particle size, the liposomal blend was moved
to an ice bath to prevent lipid hydrolysis and
oxidation, and a probe sonicator was utilized
along with 10 cycles of 1 minute each with a
1-minute break between cycles. The particle
size was determined using the dynamic light
scattering (DLS) test, which relies on the
interaction between light and the particles. As
time progresses, the light scattered by the
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nanoparticles in the suspension changes,
allowing for the estimation of the particle
diameter. In this study, a 2 ml nanoliposome
solution was diluted with double distilled
water and then placed in a cuvette. The cuvette
was inserted into the SZ-100 device,
manufactured by HORIBA in Japan, and the
desired characteristics were measured using
visible light radiation with a wavelength of 633
nm (Damari et al., 2018; Tosi et al., 2020). To
assess the zeta potential based on the
techniques outlined by Chen et al. (2015), the
SZ-100 instrument from HORIBA in Japan
was employed. To examine the microstructure
of nanoliposomes and verify their nanoscale
size (less than 100 nm) in this study, the
MIRA3 field emission scanning electron
microscope made by TESCAN (Czech) was
utilized. Statistical analysis was conducted
using Duncan's multiple range test at a
significance level of 5%.

Results and discussion: The findings
indicated that the impact of lecithin-
cholesterol ratios on alterations in particle size,
particle size distribution (PDI), encapsulation
efficiency, and zeta potential was statistically
significant (P<0.05). When incorporating
cholesterol in a 1:5 ratio with lecithin, there
was a reduction in particle size and particle
size distribution, accompanied by an increase
in encapsulation efficiency. However, as the
cholesterol-lecithin ratio increased further,
there was an increase in particle size and
particle size distribution, coupled with a
decrease in  encapsulation  efficiency.
According to Elkholy et al., (2020) findings,
DLS results emphasize that the presence of
charge may prevent aggregation of liposomes
and consequently may decrease their size. The
results of the particle size depicted by TEM are
confirmed with results obtained by DLS
measurements. As beta-carotene was observed
at the boundary surface within liposomal
assembly surface, the molecule of beta-
carotene tends to be buried in lipid bilayer in
random distribution without any preferred
orientation which results in increased motional
freedom of the alkyl hydrocarbon chains in
liquid crystalline state and of the polar lipid
head groups, thus fluidizing the entire lipid

bilayer which could explain why the size is
increased. The particle size of liposome
samples measured with DLS, was slightly
larger when compared to TEM results and this
could be explained by the basis beyond these
two techniques in measuring particle size. DLS
puts a higher emphasis on the larger particle
sizes as an intensity-based
technique. However, TEM as a number-based
technique shows the strong emphasis of the
smallest components in the size distribution.
Moreover, DLS technique measures the size of
liposomes while they are in solution, whereas
the TEM measures the size of dried liposomes,
which is naturally smaller than that of the
hydrated ones (Elkholy et al., 2020).
Furthermore, the zeta potential of each sample
fell within the specified range, with a
noticeable rise in zeta potential corresponding
to higher levels of cholesterol. The magnitude
of the zeta potential indicates the colloidal
system's possible stability. As the zeta
potential increases, there will be greater
repulsion between particles resulting in a more
stable dispersion of the colloids. If all
suspended particles have high negative or
positive zeta potential, then they will tend to
repel each other and there will be no tendency
for the particles to come together (Elkholy et
al., 2020). Additionally, findings from this
study indicated that incorporating cholesterol
at a 1:5 ratio with lecithin in the nanoliposome
composition resulted in enhanced stability of
particle size and encapsulation efficiency of
beta-carotene over 60 days when compared to
nanoliposomes lacking cholesterol. The
findings of this study indicated that utilizing
the thin layer hydration-sonication technique
proved to be an effective method for
fabricating nanoliposomes incorporating beta-
carotene, resulting in particle sizes ranging
from 92.66 to 196.6 nm, falling within the
desired range for nanoparticle localization.
Throughout the conversion of layered
structures into vesicles, cholesterol will likely
reside within the molecular cavities formed.
As a result, there is a notable enlargement in
the size of the vesicles to a certain degree. The
findings from previous studies indicate that
there is no consistent pattern in terms of the
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impact of cholesterol on the size of liposomal
particles. In one study, the cholesterol-lecithin
ratios were manipulated to  create
nanoliposomes with beta-carotene, revealing
that an increase in the cholesterol-lecithin ratio
did not result in a change in particle size
(Pezeshky et al., 2016). Conversely, another
study demonstrated that elevating the
cholesterol-lecithin ratio during the production
of nanoliposomes containing vitamin C led to
an increase in particle size (Liu and Park,
2010). Furthermore, the FTIR analysis
revealed that the nanoliposome structure
effectively trapped the beta-carotene particles.
Upon comparing beta-carotene and empty
nanoliposomes with beta-carotene
nanoliposomes, it is evident that the peaks at
wavelengths of 3406, 2926, and 2857 cm-1
exhibited an increased intensity. This can be
attributed to the enhanced absorption intensity
at these wavelengths due to the presence of
beta-carotene in the liposome and the
formation of new bonds. Additionally, within
the wavelength range of 3750-3920 cm-1, two
distinct peaks were observed solely in the beta-
carotene nanoliposome, which were absent in
both beta-carotene and empty nanoliposomes.
The beta-carotene-loaded nanoliposomes were
examined using a scanning electron
microscope (FE-SEM) to analyze their
morphology. The imaging revealed that the
particles exhibited an approximately spherical
shape and measured around 300 nm in
diameter, consistent with the particle size
determined through the DLS method. When
aggregated, the mass size ranged from 1.5 to 6
micrometers, forming a network of
nanoparticles with a porous, nearly spherical
structure. Furthermore, the study demonstrated
that the utilization of ultrasonic treatment
resulted in the production of nanoscale
particles.

Conclusion: The study demonstrated that
incorporating a small amount of cholesterol
into lecithin-based nanoliposomes enhances
particle size, particle size distribution, and
encapsulation efficiency. Conversely, an
increased cholesterol content relative to
lecithin led to unfavorable outcomes in these
properties, suggesting minimal alteration to the

primary structure of nanoliposomes is
preferred. Overall, the findings of this
investigation indicate that employing a
combination of thin layer hydration-sonication
technique with restricted cholesterol utilization
is an effective approach for producing nano-
sized particles with prolonged stability.
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Figure 1- Changes: a) particle size, b) particle size distribution, c) zeta potential and d) beta-
carotene encapsulation efficiency based on changes in cholesterol-lecithin ratio
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