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Abstract

Bilosomes, also known as bile vesicles, are bilayer vesicles that are formed by the hydration of bile salts. They have
gained significant attention in recent years due to their potential use in various applications, including drug delivery and
nutraceuticals. In this review, we discuss the various techniques used for the preparation of Bilosomes, including the film
hydration, reverse phase evaporation, and ether injection methods. We also discuss the characterization techniques used to
study the properties of Bilosomes, such as transmission electron microscopy (TEM), dynamic light scattering (DLS), and small
angle X-ray scattering (SAXS). Additionally, we discuss the potential applications of Bilosomes, including their use as drug
delivery systems for hydrophobic drugs, as well as their use in the food and nutraceutical industries. Finally, we discuss the
current state of the Bilosomes market, including the currently available commercial products. Overall, this review provides
a comprehensive overview of the recent advancements in Bilosomes research and highlights the potential of Bilosomes in

various fields.
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Abbreviations: TEM: Transmission Electron Microscopy;
DLS: Dynamic Light Scattering; SAXS: Small Angle X-Ray
Scattering; MLVs: Multilamellar Vesicles; DSC: Differential
Scanning Calorimetry; FTIR: Fourier-Transform Infrared
Spectroscopy; NMR: Nuclear Magnetic Resonance; SEC: Size
Exclusion Chromatography; PDI: Polydispersity Index; MRI:
Magnetic Resonance Imaging; CT: Computed Tomography.

Introduction

Bilosomes are artificial phospholipid vesicles that
mimic the structure and composition of natural bilayers.
They are composed of phospholipids and bile salts, and
can encapsulate drugs or genetic material to enhance
their bioavailability and target specific cells or tissues [1].
Bilosomes have been proposed as a delivery system for a
wide range of therapeutic applications, including cancer
therapy, antiviral therapy, gene therapy, and dermatology.

Bilosomes: An Overview of Advancements in Preparation, Characterization, and Applications

One of the main advantages of Bilosomes is their ability
to protect drugs or genetic material from degradation and
enhance their transport across cell membranes. This can
improve the bioavailability and efficacy of the encapsulated
material. They can also be designed to target specific cells
or tissues, which can increase the specificity of therapy
[2]. Bilosomes are particularly attractive for drug and gene
delivery because of their ability to protect the encapsulated
materials from degradation and enhance their transport
across cell membranes.

However, there are also some limitations to Bilosome
technology. They can be sensitive to the conditions of
preparation and can be difficult to scale up. Additionally,
the choice of phospholipids and bile salts used can affect
the properties of the Bilosomes, such as size and stability
[3]- While Bilosomes offer many potential advantages for
drug and gene delivery, there are also limitations to this

Bioequiv & Bioavailab Int ]


https://medwinpublishers.com/BEBA/
https://portal.issn.org/resource/ISSN/2578-4803#
https://medwinpublishers.com/
https://doi.org/10.23880/beba-16000230

Bioequivalence & Bioavailability International Journal

technology. One of the biggest challenges is the variability
and sensitivity of Bilosomes to preparation conditions.

In conclusion, Bilosomes are a promising drug delivery
system that can enhance the bioavailability and target
specificity of drugs or genetic material. However, further
research and development is needed to optimize the
preparation and properties of Bilosomes and to fully assess
their safety and efficacy in various therapeutic applications
[4,5].

Advantages

Enhanced bioavailability: Bilosomes can enhance the
bioavailability of lipophilic drugs by protecting them from
degradation and facilitating their transport across cell
membranes.

Targeted delivery: Bilosomes can be designed to target
specific cells or tissues, increasing the effectiveness of the
drug or genetic material.

Protection of drugs: Bilosomes can protect drugs from
degradation by enzymes and other factors in the body.
Reduced toxicity: Bilosomes can reduce the toxicity of drugs
by delivering them directly to the target cells or tissues.
Gene therapy: Bilosomes can be used to deliver genetic
material to cells, which has the potential to be used in gene
therapy.

Biocompatibility: Bilosomes, being made of natural
phospholipids and bile salts, are considered biocompatible,
which reduces the risk of adverse reactions [6-8].

Disadvantages

Complex preparation: Preparing Bilosomes can be complex
and time-consuming, requiring specialized equipment and
expertise.

Stability issues: Bilosomes can be sensitive to temperature
and storage conditions, which can affect their stability and
integrity.

Immune response: Bilosomes can trigger an immune
response, which can be problematic for certain applications.
Cost: Bilosome production can be expensive and may not be
cost-effective for some applications.

Limited applications: Bilosomes are currently only used for
a limited range of drugs and genetic material.

Limited shelf life: Bilosomes have a limited shelf life and
may lose their integrity over time, which can affect their
effectiveness [9,10].

Methods of Preparation of Bilosomes

There are several methods for preparing Bilosomes,
including the film hydration method, the reverse phase
evaporation method, and the ether injection method.
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Film Hydration Method

The film hydration method is a common method used to
prepare Bilosomes. The basic principle of the method is to
hydrate a thin film of phospholipids and bile salts, resulting
in the formation of Bilosomes as depicted in Figure 1. The
process typically involves the following steps:
¢ A thin film of phospholipids and bile salts is prepared

by evaporating a solution of these components. This can

be done by spreading the solution on a glass plate and
allowing it to evaporate under a laminar flow hood or in

a desiccator.

e The dried film is then hydrated by adding a solution
of the encapsulated material (such as drugs or genetic
material) and a buffer solution. This can be done by
gently swirling the plate or by sonication to ensure
homogenous hydration of the film.

e The Bilosomes are then formed by the process of
hydration, which causes the phospholipids and bile salts
to self-assemble into Bilosomes. This process can be
further optimized by varying the conditions of hydration,
such as temperature and mixing rate.

¢ The Bilosomes are then harvested by centrifugation or
ultracentrifugation.

e The final product is then characterized for size,
encapsulation efficiency, and stability.

e [tis important to note that the film hydration method is
a simple and versatile method for preparing Bilosomes,
but it may not be suitable for all types of encapsulated
materials. For example, some drugs or genetic materials
may be sensitive to the conditions of hydration or may
not be compatible with the phospholipids and bile salts
used. Additionally, the choice of phospholipids and bile
salts can also affect the properties of the Bilosomes, such
as size and stability, and the preparation method should
be optimized accordingly [11].

Figure 1: Preparation of Bilosomes by Film Hydration
Method.
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Reverse Phase Evaporation Method

The film reverse phase evaporation method, also known
as the reverse phase evaporation method, is another common
method used to prepare Bilosomes. This method is similar to
the film hydration method but utilizes a different approach
to form the Bilosomes as shown in Figure 2. The process
typically involves the following steps:
¢ A solution of phospholipids and bile salts is prepared in

an organic solvent such as chloroform or methanol.

e Thesolutionisthenadded to a container of water, and the
organic solvent is evaporated under reduced pressure
to form a thin film of phospholipids and bile salts at the
interface between the organic and aqueous phases.

¢ The encapsulated material (such as drugs or genetic
material) is then added to the aqueous phase and the
mixture is gently agitated to form the Bilosomes.

e The Bilosomes are then harvested by centrifugation or
ultracentrifugation.

e The final product is then characterized for size,
encapsulation efficiency, and stability.

This method is considered to be a more efficient method
for preparing Bilosomes, since it allows for the formation of
multilamellar vesicles (MLVs) which are more similar to the
natural bilayers. Additionally, the use of organic solvents can
help to protect the encapsulated material from degradation
and increase its solubility.

However, like the film hydration method, the reverse
phase evaporation method also has its limitations. The use of
organic solvents can be toxic and may affect the properties of
the Bilosomes. Additionally, the method may not be suitable
for all types of encapsulated materials. As such, the method
should be optimized accordingly, considering the properties
of the encapsulated material and the desired properties of
the Bilosomes.

It is important to note that the film reverse phase
evaporation method is one of the common methods used to
prepare Bilosomes, but it is not the only method. There are
other methods like Liposome extrusion, Lipid film hydration,
Microfluidic methods and many more [12,13].

Figure 2: Preparation of Bilosomes by Reverse Phase Evaporation Method.

Ether Injection Method

The ether injection method is a method used to
prepare Bilosomes, which is based on the injection of an
organic solvent, such as ether, into an aqueous solution
of phospholipids and bile salts as shown in Figure 3. The
process typically involves the following steps:
¢ An aqueous solution of phospholipids and bile salts is

prepared at a desired pH and temperature.
¢ An organic solvent, such as ether, is then injected into

the aqueous solution using a syringe or a similar device.
¢ The mixture is then agitated, either by stirring or
sonication, to form Bilosomes. The agitation causes
the phospholipids and bile salts to self-assemble into
Bilosomes.
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¢ The Bilosomes are then harvested by centrifugation or
ultracentrifugation.

e The final product is then characterized for size,
encapsulation efficiency, and stability.

The ether injection method is considered to be a simple
and efficient method for preparing Bilosomes. The use of
organic solvents can help to protect the encapsulated material
from degradation and increase its solubility. Additionally, the
method allows for the formation of multilamellar vesicles
(MLVs) which are more similar to the natural bilayers.

However, like other methods, the ether injection method

also has its limitations. The use of organic solvents can
be toxic and may affect the properties of the Bilosomes.
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Additionally, the method may not be suitable for all types
of encapsulated materials. As such, the method should be
optimized accordingly, considering the properties of the
encapsulated material and the desired properties of the
Bilosomes.

It is important to note that the ether injection method
is one of the common methods used to prepare Bilosomes,
but it is not the only method. There are other methods
like Liposome extrusion, Lipid film hydration, Microfluidic
methods and many more [14,15].

Figure 3: Preparation of Bilosomes by Ether Injection
Method.

Characterization of Bilosomes

There are several techniques that can be used to
characterize Bilosomes, including:
Dynamic Light Scattering (DLS): DLS is a technique that
uses laser light to measure the size and size distribution of
Bilosomes. The scattered light from the Bilosomes is collected
and analyzed to determine the size of the particles. DLS is a
non-destructive technique that can be used to determine the
size of Bilosomes in suspensions and can provide information
on the stability of the particles.
Transmission Electron Microscopy (TEM): TEM is a
technique that uses a beam of electrons to visualize the
Bilosomes. The electrons are transmitted through the
Bilosomes, and the resulting image is used to determine the
size and shape of the particles. TEM can provide information
on the ultrastructure of Bilosomes, such as the presence of
multiple layers or defects in the bilayer structure.
Zeta Potential: Zeta potential is a technique that measures
the surface charge of Bilosomes. The zeta potential of a
particle is the potential difference between the particle and
the solvent, and can provide information on the stability of
the particles. Positively charged Bilosomes will repel each
other, while negatively charged Bilosomes will attract each
other, which can affect the stability of the particles.
Differential scanning calorimetry (DSC): DSC is a thermal
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analysis technique that is used to study the thermotropic
behavior of Bilosomes. DSC can provide information on the
phase transition temperatures, the enthalpy changes and the
degree of crystallinity. The phase transition temperatures
can be used to determine the type of lipids present in the
Bilosomes and the degree of crystallinity can be used to
determine the packing arrangement of the lipids.
Fourier-transform infrared spectroscopy (FTIR): FTIR is
atechnique that uses infrared radiation to study the chemical
composition of Bilosomes. FTIR can provide information
on the type of lipids present in the Bilosomes, the chemical
interactions between the Bilosomes and their environment,
and the structural changes that may occur during storage or
exposure to other conditions.

Nuclear magnetic resonance (NMR) spectroscopy: NMR is
a technique that uses magnetic fields to study the molecular
interactions and structural properties of Bilosomes. NMR
can provide information on the type of lipids present in the
Bilosomes, the packing arrangements of the lipids, and the
interactions between the lipids and other molecules.

X-ray diffraction (XRD): XRD is a technique that uses X-rays
to study the structural properties of Bilosomes. XRD can
provide information on the degree of crystallinity, the type of
crystals, and the packing arrangements of the lipids.

Size exclusion chromatography (SEC): SEC is a technique
that separates particles based on their size. SEC can be used
to measure the size of Bilosomes and can provide information
on the size distribution and the polydispersity index (PDI) of
the particles.

Fluorescence spectroscopy: Fluorescence spectroscopy
is a technique that uses fluorescent dyes to study the
interactions between Bilosomes and other molecules, such
as drugs or proteins. Fluorescence spectroscopy can provide
information on the binding of drugs to Bilosomes, the
localization of drugs within the Bilosomes, and the stability
of the Bilosomes-drug complexes.

These characterization techniques provide valuable
information on the properties and behavior of Bilosomes,
which can be used to optimize the preparation and design of
Bilosomes for specific applications [16-19].

Applications of Bilosomes

Bilosomes have been proposed for use in a variety of
therapeutic applications, including:
Cancer therapy: Bilosomes have been proposed as a delivery
system for anticancer drugs, as they can target specific cancer
cells and enhance the bioavailability of drugs.
Antiviral therapy: Bilosomes have been proposed as a
delivery system for antiviral drugs, as they can protect the
drugs from degradation and enhance their bioavailability.
Gene therapy: Bilosomes have been proposed as a delivery
system for genetic material, as they can protect the material
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from degradation and enhance its transport across cell
membranes.

Dermatology: Bilosomes have been proposed as a delivery
system for topical skincare products and cosmetics, as they
can help enhance the penetration of the active ingredients
through the skin.

Ophthalmology: Bilosomes have been proposed as adelivery
system for ocular drugs, as they can protect the drugs from
degradation and enhance their transport across the cornea.
Cardiology: Bilosomes have been proposed as a delivery
system for cardiovascular drugs, as they can protect the
drugs from degradation and enhance their transport across
cell membranes.

Neurology: Bilosomes have been proposed as a delivery
system for drugs for neurological disorders, as they can
protect the drugs from degradation and enhance their
transport across the blood-brain barrier.

Bilosomes have a wide range of applications, including
in the fields of medicine, cosmetics, and food science. Some
of the most common applications of Bilosomes include:
Drug delivery: Bilosomes can be used as carriers for drugs,
such as anticancer drugs, antibiotics, and anti-inflammatory
agents. The Bilosomes protect the drugs from degradation
and enhance their solubility, thereby increasing their
bioavailability and targeting them to specific cells or tissues.
Gene therapy: Bilosomes can be used as carriers for genetic
material, such as plasmids, siRNA, and miRNA, for the delivery
of genetic therapies. They can protect the genetic material
from degradation and enhance its transfection efficiency.
Cosmetics: Bilosomes can be used as delivery systems
for active ingredients in cosmetics, such as vitamins,
antioxidants, and other skin-care agents. They can help to
enhance the penetration of these ingredients into the skin
and improve their effectiveness.

Food science: Bilosomes can be used as delivery systems for
food ingredients, such as flavors, colorants, and vitamins, to
enhance their stability, solubility and bioavailability.
Biomedical imaging: Bilosomes can be used as contrast
agents in imaging techniques such as magnetic resonance
imaging (MRI) and computed tomography (CT) scans.
Agriculture: Bilosomes can be used to protect plants from
pests, pathogens and to improve plant growth [20-25].

It's important to note that the applications of Bilosomes
arenotlimited to the above examples, and research is ongoing
to discover new applications of these vesicles. It is important
to note that the application of Bilosomes in the field of
medicine and drug delivery has been extensively researched
and are in clinical trials, and some of them are already in the
market. But still many other fields of application have a lot
of potential, and the research is ongoing to discover new
applications of these vesicles.
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Marketed Products of Bilosomes

There are a number of products that are available in
the market that make use of Bilosomes as a key component.
Some examples include:
¢ Doxil (doxorubicin hydrochloride liposome injection) is

a chemotherapy drug that is used to treat ovarian and

breast cancers. It is encapsulated in Bilosomes that help

to target the drug to cancer cells and reduce side effects.

e Myocet (doxorubicin hydrochloride liposome injection)
is a chemotherapy drug that is used to treat breast
cancer.

¢ Abraxane (paclitaxel protein-bound particles for
injectable suspension) is a chemotherapy drug that is
used to treat breast, non-small cell lung, and pancreatic
cancers. It is encapsulated in Bilosomes that help to
target the drug to cancer cells and reduce side effects.

¢ Amphotec (amphotericin B liposome injection) is an
antifungal drug that is used to treat fungal infections
such as aspergillosis and candidiasis.

e Onivyde (irinotecan liposome injection) is a
chemotherapy drug that is used to treat pancreatic
cancer.

e Marqgibo (vincristine sulfate LIPOSOME injection)
is a chemotherapy drug that is used to treat acute
lymphoblastic leukemia (ALL).

¢ Vemlidy (Tenofovir Alafenamide) is a nucleotide
reverse transcriptase inhibitor (NRTI) used to treat
chronic hepatitis B virus (HBV) infection in adults with
compensated liver disease [26-28].

Conclusion

Bilosomes are a promising drug delivery system with
many advantages, but also some limitations. Further research
is needed to fully understand their potential and to address
some of the challenges associated with their use. Additionally,
more studies are needed to evaluate the safety and efficacy
of Bilosomes in various therapeutic applications. Despite the
limitations, Bilosomes have the potential to revolutionize the
way drugs and genetic materials are delivered to cells and
tissues in the body, making them an area of active research
and development in the field of drug delivery.
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