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Abstract

Bilosomes have emerged as an innovative vesicular drug delivery system that leverages the unique
properties of bile salts integrated into lipid bilayers. This incorporation imparts increased
structural integrity, improved stability in the gastrointestinal environment, and enhanced
permeability across biological membranes. Unlike traditional vesicular systems such as liposomes
and niosomes, bilosomes exhibit exceptional resilience against enzymatic and bile salt degradation,
making them especially suitable for oral and transdermal administration.

This review aims to provide a comprehensive overview of bilosomes, detailing their structural
composition, preparation methods, and underlying mechanisms that contribute to their superior
drug delivery capabilities. The presence of bile salts not only enhances vesicle deformability and
mucosal adhesion but also facilitates paracellular transport by modulating tight junctions. These
characteristics significantly improve the bioavailability of encapsulated drugs, particularly
macromolecules like peptides, proteins, and vaccines that are typically vulnerable to degradation
in conventional delivery systems.

Moreover, bilosomes have demonstrated versatility in delivering a wide range of therapeutic
agents, including anticancer drugs, anti-inflammatory compounds, and immunomodulators.
Recent advancements in nanotechnology have further refined bilosome formulations through
surface modifications, polymeric coatings, and targeted ligand attachment, opening avenues for
site-specific and combination therapies.

Despite their promise, challenges such as large-scale production, long-term stability, and
regulatory hurdles remain. This review also discusses these limitations and outlines future
directions for overcoming them. With continued research and development, bilosomes hold
significant potential for transforming modern drug delivery strategies and enhancing therapeutic
outcomes across various clinical applications.

Keywords: Bilosomes, Vesicular Drug Delivery, Bile Salts, Oral Delivery, Transdermal Delivery,
Nanocarriers, Bioavailability, Controlled Release

1. INTRODUCTION

The development of effective drug delivery systems is a critical component in the advancement of
modern therapeutics. Conventional drug administration routes, particularly oral and transdermal, are
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often associated with multiple challenges, including enzymatic degradation in the gastrointestinal (GI)
tract, first-pass hepatic metabolism, erratic absorption profiles, and poor patient adherence due to dosing
frequency or side effects. These limitations contribute to reduced therapeutic efficacy and necessitate the
development of advanced delivery systems that can protect the active pharmaceutical ingredient (API),
control its release, and enhance its absorption.[1]

To address these issues, a variety of vesicular carriers such as liposomes, niosomes, and ethosomes have
been explored for their potential to encapsulate drugs and improve pharmacokinetics and biodistribution.
While liposomes and niosomes have demonstrated success in delivering both hydrophilic and lipophilic
drugs, they are often susceptible to destabilization by bile salts, digestive enzymes, and pH fluctuations
in the GI tract. This restricts their efficacy, particularly for oral drug delivery.[2]

In this context, bilosomes have emerged as a novel and promising vesicular system. These vesicles are
similar in architecture to liposomes but are uniquely characterized by the incorporation of bile salts such
as sodium deoxycholate or sodium taurocholate within the phospholipid bilayer. The inclusion of bile
salts offers several functional advantages: it enhances the structural stability of the vesicles against GI
degradation, improves membrane fluidity, and facilitates the transport of encapsulated drugs across
epithelial barriers by transiently opening tight junctions and promoting both paracellular and
transcellular absorption. [3]

Bilosomes also exhibit excellent mucoadhesive properties, prolonging their retention at mucosal sites
such as the intestinal epithelium, which further aids in sustained drug release and increased
bioavailability. These characteristics make bilosomes particularly attractive for delivering sensitive
macromolecules such as vaccines, peptides, and proteins that are otherwise poorly absorbed and rapidly
degraded in the GI environment.[4]

Moreover, the biocompatibility and adaptability of bilosomes extend their application beyond oral
delivery. They have shown potential in transdermal, ocular, nasal, and pulmonary delivery systems,
enabling non-invasive administration of a variety of therapeutics. Recent advancements have also
introduced nano-sized bilosomes (nano-bilosomes) and surface-modified bilosomes aimed at targeted
delivery and improved cellular uptake. [5]

Despite these promising features, challenges related to scale-up production, long-term stability, and
regulatory pathways must be addressed before bilosomes can be widely adopted in clinical settings.
Nonetheless, the growing body of preclinical and clinical evidence suggests that bilosomes hold
substantial promise as a next-generation vesicular carrier capable of revolutionizing drug delivery.

2. COMPOSITION OF BILOSOMES
Bilosomes are specialized vesicular carriers structurally similar to liposomes but uniquely modified by
the inclusion of bile salts in their bilayer membrane. This modification offers significant advantages in
terms of stability, permeability, and bioavailability of encapsulated therapeutics, especially when
administered via oral or mucosal routes.

2.1 Composition of Bilosomes

The fundamental components of bilosomes include:
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Non-ionic surfactants: These are the primary building blocks of the bilayer structure and determine the
vesicle’s integrity, stability, and biocompatibility. Commonly used surfactants include:[6]

Span series (e.g., Span 60, Span 80): These have a high phase transition temperature, contributing to the
formation of rigid and stable vesicles.

Tween series (e.g., Tween 20, Tween 80): Often used to adjust the hydrophilic-lipophilic balance (HLB)
and improve dispersion characteristics.

Cholesterol: Incorporated into the bilayer to provide membrane rigidity and mechanical strength.
Cholesterol helps to stabilize the vesicles by reducing membrane fluidity and permeability, thus
preventing premature leakage of the encapsulated drug.[7]

Bile salts: The defining component of bilosomes, bile salts such as sodium deoxycholate, sodium
taurocholate, and sodium glycocholate are amphipathic molecules that mimic physiological surfactants
present in the gastrointestinal tract. Their inclusion provides the bilosomes with:[8]

» Resistance to degradation by endogenous bile salts and enzymes in the gut.
» Improved membrane flexibility and fusion with epithelial cells.
» Enhanced penetration and absorption of drugs via mucosal tissues.

The ratio and type of each component significantly affect vesicle properties such as particle size, zeta
potential, entrapment efficiency, and drug release kinetics.

2.2 Preparation Methods of Bilosomes

The method of preparation greatly influences the physicochemical characteristics of bilosomes, such as
size distribution, lamellarity, surface charge, and encapsulation efficiency. Several techniques have been
developed and optimized:

a. Thin-Film Hydration Method:
This is one of the most widely used and straightforward methods. The surfactants, cholesterol, and
bile salts are dissolved in an organic solvent (e.g., chloroform, methanol), which is then evaporated
under reduced pressure to form a thin lipid film on the walls of a rotary flask. This film is
subsequently hydrated with an aqueous phase containing the drug of interest. The hydration leads to
the spontaneous formation of multilamellar vesicles, which can be downsized using sonication or
extrusion.[9]

b. Reverse-Phase Evaporation Method:
In this technique, a water-in-oil emulsion is created by dissolving lipid components in an organic
phase and then emulsifying it with an aqueous phase containing the drug. The removal of the
organic solvent under vacuum results in the formation of unilamellar vesicles. This method is
particularly useful for encapsulating hydrophilic drugs due to the large aqueous core volume.[10]

c. Microfluidization:
A high-shear technique in which lipid components and aqueous drug solution are forced through a
microchannel under high pressure, promoting uniform size reduction and vesicle formation. This
method allows for better scalability and reproducibility and is suitable for the industrial production
of bilosome formulations.[11]
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d. Hot or Cold Homogenization:
This involves homogenizing the lipid phase with the aqueous drug solution at elevated or reduced
temperatures. The application of high-pressure homogenization cycles leads to the production of
nanometer-sized bilosomes.[12]

1. MECHANISM OF ACTION

The therapeutic efficacy of bilosomes is largely attributed to their unique ability to enhance the delivery
of drugs across biological membranes. This is accomplished through a combination of physicochemical
and biological mechanisms that promote drug stability, adhesion, transport, and absorption.[13]

3.1 Membrane Permeation and Absorption Enhancement

Bilosomes are designed to facilitate drug transport through both paracellular and transcellular
pathways:

e Paracellular Transport:

One of the hallmark features of bilosomes is the presence of bile salts, which can transiently modulate
the tight junctions between epithelial cells. Bile salts such as sodium deoxycholate and sodium
taurocholate act as absorption enhancers by loosening the tight junctions, allowing larger and more
hydrophilic molecules to pass through the paracellular route. This mechanism is particularly valuable in
the gastrointestinal tract, where tight junctions often limit the passage of macromolecules and
hydrophilic drugs.[14]

e Transcellular Transport:

Due to their amphiphilic nature, bilosomes can also undergo endocytosis and facilitate drug entry via the
transcellular route. The lipid bilayer of the bilosomes merges with the cell membrane, enabling the
encapsulated drug to be released directly into the cytoplasm. This process enhances the cellular uptake
of poorly permeable drugs, especially peptides, proteins, and nucleic acids.[15]

3.2 Protection from Enzymatic Degradation

Another critical aspect of bilosome action is their ability to protect encapsulated drugs from degradation
in hostile environments. In the gastrointestinal tract, enzymes such as proteases, lipases, and nucleases
rapidly degrade therapeutic molecules like peptides and proteins. The bilosomal vesicle acts as a
physical barrier, shielding the drug until it reaches the site of absorption. Additionally, bile salts stabilize
the bilosome membrane, making it more resistant to enzymatic attack. [16]

3.3 Mucoadhesion and Prolonged Residence Time

Bilosomes exhibit mucoadhesive properties due to their surface charge and composition. The bile salts
and surfactants present in the bilosome structure can interact with mucin and glycoproteins in the
mucosal lining. This interaction enhances the retention time of bilosomes at the site of absorption,
whether in the gastrointestinal tract (for oral delivery), on the skin (for transdermal delivery), or on
ocular and nasal mucosa.[17]

Prolonged residence at the absorption site allows for:

IJSAT25025688 Volume 16, Issue 2, April-June 2025 4



https://www.ijsat.org/

SAT

International Journal on Science and Technology (IJSAT)

> E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

e Sustained drug release
e Increased drug concentration gradient across the membrane
o Improved bioavailability of the therapeutic agent

3.4 Immune System Interaction

When used for vaccine delivery, bilosomes can stimulate both systemic and mucosal immune responses.
The bile salts facilitate uptake by M-cells in the Peyer’s patches of the intestine, promoting antigen
presentation and immune activation. This makes bilosomes an attractive platform for oral immunization,
as they can deliver antigens directly to gut-associated lymphoid tissue (GALT). [18]

3.5 Enhanced Skin Permeation (Transdermal Delivery)

For transdermal applications, bilosomes improve drug penetration through the stratum corneum. The
deformable nature of bilosomes—attributable to bile salts and surfactantsallows them to squeeze through
intercellular lipid pathways in the skin, carrying the drug into deeper dermal layers. This improves both
local and systemic delivery without the need for invasive methods. [19]

2. ADVANTAGES OF BILOSOMES OVER CONVENTIONAL VESICULAR SYSTEMS
Bilosomes offer a series of unique and compelling advantages over traditional vesicular systems such
as liposomes, niosomes, and transfersomes. Their enhanced performance, particularly for oral and
mucosal delivery, arises from the structural integration of bile salts into the vesicle membrane. The
key advantages include:

4.1 Enhanced Stability in Gastrointestinal Fluids

Traditional vesicular carriers often disintegrate in the harsh conditions of the gastrointestinal tract due to
the presence of bile salts, enzymes, and varying pH levels. Bilosomes, by contrast, are inherently
stabilized by the incorporation of bile salts into their bilayer.[20] This inclusion:

o Increases resistance to bile salt-induced solubilization,

e Minimizes vesicle aggregation or fusion,

e Maintains vesicle integrity in acidic (stomach) and alkaline (intestinal) environments.
4.2 Improved Bioavailability

Bilosomes significantly improve the oral bioavailability of encapsulated drugs. Bile salts enhance
membrane permeability by:

e Increasing membrane fluidity,
o Disrupting tight junctions to allow paracellular transport,
o Facilitating fusion with epithelial cells for transcellular drug delivery.

This is especially beneficial for macromolecular drugs like peptides, proteins, and nucleic acids that
typically have poor oral absorption.[21]

IJSAT25025688 Volume 16, Issue 2, April-June 2025 5



https://www.ijsat.org/

SAT

International Journal on Science and Technology (IJSAT)

> E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

4.3 Versatile Routes of Administration
Bilosomes have demonstrated utility across multiple administration routes:
e Oral: Protection against enzymatic degradation and enhanced intestinal uptake.
e Transdermal: Enhanced skin permeation due to deformable vesicle structure.
e Ocular: Prolonged residence time and increased corneal permeability.
e Nasal and Pulmonary: Rapid absorption and systemic delivery via the respiratory tract.

e Rectal and Vaginal: Localized and systemic drug delivery with enhanced mucosal
adherence.[22]

4.4 Biocompatibility and Safety

Bilosomes are generally composed of materials recognized as safe (GRAS), including:
e Non-ionic surfactants (e.g., Span and Tween),
e Cholesterol,

e Naturally occurring bile salts.
These components are non-toxic, non-immunogenic, and biodegradable, making bilosomes
suitable for chronic administration and use in sensitive populations. [23]

4.5 High Encapsulation Efficiency

Bilosomes can encapsulate a wide variety of drug molecules, including:
e Hydrophilic drugs (e.g., insulin, vaccines),
e Lipophilic drugs (e.g., curcumin, cyclosporine),
o Biologics (e.g., DNA, proteins).[24]

4.6 Mucoadhesive Properties

The presence of bile salts and surfactants enhances the mucoadhesive nature of bilosomes. This prolongs
their retention time on mucosal surfaces such as:

e Intestinal epithelium (oral),
¢ Nasal mucosa,

e Ocular surfaces,
Extended residence time improves the drug's interaction with the absorption site and boosts
bioavailability. [25]

4.7 Potential for Immune Stimulation
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Bilosomes are particularly promising for vaccine delivery. Their ability to target M-cells in Peyer’s
patches and trigger both mucosal and systemic immune responses make them ideal carriers for oral
vaccines against infectious diseases. [26]

4.8 Flexibility in Formulation Design

Formulators can modify bilosomes to suit specific therapeutic needs by:
e Altering surfactant types and concentrations,
e Adjusting bile salt ratios,
e Adding polymers or ligands for targeting or controlled release.

This versatility allows customization for targeted drug delivery, improved patient compliance, and site-
specific release. [27]

3. APPLICATIONS OF BILOSOMES
Bilosomes have emerged as a highly versatile drug delivery platform with wide-ranging applications
across multiple therapeutic areas. Their ability to improve drug stability, absorption, and
bioavailability—particularly through oral and mucosal routes has positioned them as a promising
alternative to traditional vesicular systems. The incorporation of bile salts not only enhances
gastrointestinal stability but also promotes transport across biological barriers, allowing bilosomes
to effectively deliver both small and large molecules.[28]

5.1 Vaccine Delivery

One of the most promising applications of bilosomes is in oral vaccine delivery. Traditional oral
vaccines face challenges such as enzymatic degradation and poor mucosal uptake. Bilosomes protect
antigens from degradation and facilitate their uptake via M cells in Peyer’s patches, leading to the
activation of both mucosal (IgA) and systemic (IgG) immune responses.[29]

Examples:

Oral bilosomal formulations of tetanus toxoid, hepatitis B, and cholera antigens have demonstrated
strong immunogenicity in preclinical and clinical models.

Bilosomes have also been explored as adjuvant systems, enhancing antigen presentation and immune
stimulation without the need for additional adjuvants.

5.2 Delivery of Peptides and Proteins

Peptides and proteins are notoriously unstable in the gastrointestinal tract, suffering from enzymatic
degradation and low permeability. Bilosomes offer a protective encapsulation system, allowing these
macromolecules to reach the absorption site intact.[30]

Examples:

Insulin, calcitonin, and interferon-a have been successfully encapsulated in bilosomes, showing
improved oral bioavailability and prolonged pharmacological effects.
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They also hold potential in oral delivery of biologics such as monoclonal antibodies and enzyme
replacement therapies.

5.3 Anticancer Drug Delivery

Bilosomes can be engineered to provide site-specific delivery of anticancer agents, minimizing systemic
toxicity and enhancing local drug concentration at tumor sites. Their flexible surface modification allows
for ligand-based targeting strategies, such as folate or antibody conjugation. [31]

Examples:

Bilosomal formulations of curcumin, paclitaxel, and 5-fluorouracil have demonstrated increased
cytotoxicity against cancer cells and reduced off-target effects.

Surface-modified bilosomes have been investigated for targeted colon and breast cancer therapy.
5.4 Anti-inflammatory and Analgesic Drugs

Bilosomes offer controlled and sustained release of anti-inflammatory drugs, improving therapeutic
outcomes while minimizing gastrointestinal irritation and systemic side effects commonly associated
with NSAIDs.[32]

Examples:

Encapsulation of ibuprofen, naproxen, and diclofenac in bilosomes has shown prolonged anti-
inflammatory activity and reduced ulcerogenic potential.

Transdermal bilosomal gels have been developed for localized delivery in arthritic and neuropathic
conditions.

5.5 Antimicrobial and Antiviral Applications

The rising resistance to conventional antibiotics and antivirals has led to the exploration of novel
delivery systems. Bilosomes improve the therapeutic index of antimicrobial agents by enhancing
penetration into infected tissues and ensuring sustained release.[33]

Examples:

Delivery of amphotericin B, ciprofloxacin, and acyclovir via bilosomes has improved pharmacokinetics
and reduced toxicity.

Bilosomes have also been tested in topical antifungal and oral antiretroviral formulations with promising
results.

5.6 Ocular Drug Delivery

The eye presents several barriers to drug absorption, such as tear turnover and limited permeability of
the corneal epithelium. Bilosomes improve drug retention and corneal penetration, making them suitable
for ophthalmic use. [34]

Examples:
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Bilosomal formulations of timolol, pilocarpine, and dexamethasone have been shown to enhance
intraocular delivery and therapeutic efficacy in glaucoma and inflammatory eye conditions.

5.7 Dermatological and Transdermal Delivery

The deformability and small size of bilosomes allow them to traverse the stratum corneum and reach
deeper skin layers. This makes them ideal for topical delivery of corticosteroids, antifungals, and
cosmeceuticals. [35]

Examples:

Hydrocortisone, ketoconazole, and retinoids have been successfully incorporated into bilosomal gels and
creams for improved local action.

5.8 Neurological Applications

Although still in early stages, bilosomes are being investigated for nose-to-brain delivery of
neurotherapeutics, bypassing the blood-brain barrier. This approach has potential for treating
Parkinson’s, Alzheimer’s, and other neurodegenerative diseases. [36]

Examples:

Intranasal bilosomal formulations of levodopa, rivastigmine, and resveratrol are being explored for
direct CNS targeting with reduced peripheral side effects.

6. Recent Advances in Bilosome Technology

Recent innovations in bilosome-based drug delivery have significantly expanded their potential in
pharmaceutical applications. One of the key developments is the creation of nano-bilosomes, which are
nanoscale vesicles that offer improved tissue penetration, enhanced cellular uptake, and reduced
clearance by the reticuloendothelial system. These nanocarriers have shown promise in cancer therapy,
transdermal systems, and ocular applications. Another significant advancement is the surface
modification of bilosomes with targeting ligands such as folic acid, transferrin, lectins, and antibodies.
These ligand-functionalized bilosomes enable site-specific drug delivery, particularly to tumors, the
brain, and mucosal tissues, enhancing therapeutic efficacy while minimizing off-target effects.[37]

In addition to surface engineering, the incorporation of polymers such as chitosan, Carbopol, and PEG
has been widely explored to enhance bilosome stability, mucoadhesiveness, and controlled drug release.
Chitosan-coated bilosomes, for example, exhibit improved residence time and absorption across mucosal
surfaces, making them suitable for nasal, buccal, and vaginal delivery. Moreover, co-encapsulation
strategies have gained momentum, enabling the delivery of multiple drugs or a combination of
therapeutic agents (e.g., drug plus adjuvant or drug pairs) within a single bilosome. This approach offers
synergistic effects, improved treatment outcomes, and simplified dosing regimens. [38,39]

Recent studies have also introduced stimuli-responsive bilosomes that release drugs in response to
physiological triggers such as pH, temperature, or specific enzymes. These "smart" bilosomes provide
precise, on-demand release profiles, particularly beneficial in targeting tumors or inflammatory sites.
Furthermore, hybrid systems integrating bilosomes with hydrogels, micelles, or liposomes are being
developed to enhance formulation versatility, patient compliance, and drug stability. On the
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technological front, advances in scalable manufacturing processes, including microfluidization and
lyophilization, are paving the way for clinical translation. Collectively, these advances underscore the

growing importance of bilosomes as a dynamic and adaptable platform for modern drug delivery
challenges. [40,41]

7. CHALLENGES AND FUTURE PERSPECTIVES

Despite the promising potential of bilosomes as advanced drug delivery systems, several critical
challenges remain before their widespread clinical adoption. One major hurdle is the scalability of
production; while laboratory-scale methods such as thin-film hydration and microfluidization provide
precise control over vesicle characteristics, translating these techniques into reproducible, cost-effective,
and high-throughput manufacturing processes remains complex. Ensuring batch-to-batch consistency
and maintaining vesicle integrity at large scales are essential for regulatory approval and commercial
viability. Another significant challenge lies in the long-term physical and chemical stability of bilosomal
formulations. Although bile salts confer enhanced gastrointestinal stability, bilosomes are still
susceptible to aggregation, drug leakage, and degradation during storage, which could compromise their
therapeutic efficacy. Developing optimized lyophilization techniques, stabilizing excipients, and
packaging solutions are active areas of research to address these concerns. [42,43]

Additionally, the regulatory landscape for bilosome-based products is currently underdeveloped. Due to
their hybrid nature—combining liposomal structures with bile salts—there is no clear, standardized
pathway for approval, leading to uncertainties in preclinical and clinical evaluation requirements. This
regulatory ambiguity necessitates early engagement with authorities and comprehensive safety profiling,
including immunogenicity, toxicity, and pharmacokinetic assessments. Furthermore, while preclinical
studies have demonstrated encouraging results, there is a pressing need for robust clinical trials to
establish the safety, efficacy, and therapeutic superiority of bilosomes in humans across various
indications. [44]

Looking ahead, future research should emphasize the development of scalable, GMP-compliant
manufacturing processes, improved formulation stability, and detailed mechanistic understanding of
bilosome interactions with biological systems. Innovations such as stimuli-responsive bilosomes,
targeted delivery, and combination therapies are likely to enhance clinical outcomes but will require
rigorous validation. Collaboration between academia, industry, and regulatory bodies will be crucial to
overcoming these challenges and unlocking the full therapeutic potential of bilosomes in modern
medicine. [45,46]

8. CONCLUSION

Bilosomes represent a novel and versatile vesicular drug delivery system that addresses many limitations
associated with conventional carriers such as liposomes and niosomes. By incorporating bile salts into
their structure, bilosomes exhibit enhanced stability, improved permeability, and increased resistance to
the harsh gastrointestinal environment, making them especially suitable for oral and mucosal delivery of
diverse therapeutic agents. Their ability to protect labile molecules, promote targeted and controlled
release, and facilitate mucosal immune responses highlights their potential across a broad spectrum of
applications—from vaccines and peptides to anticancer and anti-inflammatory drugs. Recent
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technological advancements, including nano-sizing, surface modification, and stimuli-responsive
designs, have further expanded their utility and therapeutic efficacy.

However, the journey from bench to bedside requires overcoming challenges related to large-scale
manufacturing, formulation stability, and regulatory approval. Addressing these obstacles through
multidisciplinary research and well-designed clinical studies will be key to realizing the full clinical
potential of bilosomes. As the field continues to evolve, bilosomes are poised to become an integral
component of next-generation drug delivery platforms, offering safer, more effective, and patient-
friendly therapeutic solutions. Ultimately, the convergence of innovative formulation strategies and a
deeper mechanistic understanding will accelerate the translation of bilosome technology into impactful
clinical applications, advancing personalized medicine and improving patient outcomes worldwide.
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