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Abstract:

Bilosomes are the bile salt-stabilized lipid vesicles used to tackle the main drawbacks of classical vesicular
systems, in particular their poor stability in the gastrointestinal tract and inadequate mucosal delivery. By
incorporating bile salts (e.g., sodium deoxycholate, sodium taurocholate) into the lipid bilayer, bilosomes gain
increased membrane elasticity, which is vital for withstanding enzymatic and pH-mediated degradation/escalating
epithelial permeation via membrane fluidization, as well as for transient tight-junction modulation. This review
will focus on core phospholipid vesicles including its basic principles (Self-assembly, composition, critical quality
attributes), improvement strategies (Polymer coating, PEGylation, Ligand functionalization, hybrid/stimuli-
responsive system formation as well as optimized lipid—surfactant—bile salt complex), and preparation techniques
(scalable microfluidics production with homogenization/sonication/extrusion post-sizing). Bilosomes work by
enhancing mucosal adhesion, thereby increasing paracellular/transcellular drug transport and absorption via
lymphatics, which helps avoid the first-pass effect and enables better intracellular delivery of macromolecules. It
is useful in the case of oral administration of poorly bioavailable drugs, orally administered
peptides/proteins/biologics, oral/intranasal vaccination with strong mucosal/systemic immune response,
intranasal brain targeting, transdermal delivery, oncology agentive passive/ligand-mediated targeting, and the use
of nucleic acid-based/biomacromolecular delivery systems. Finally, translational challenges in specificity, such as
long-term stability, biological media variability, sensitivity, IVIVC gaps, scalable, reproducible manufacturing
systems, safety/regulatory evaluation, multi-excipient system cost, further prospective directions, use of Al-
guided formulation optimization techniques, real-time monitored continuous microfluidic production, and
friendly bile salt mimetic development are discussed.
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1. Introduction:

Numerous progresses have been made in
the field of vesicular drug delivery over the last few
centuries, introducing many novel approaches to
improve efficacy and patient compliance as well as
to address liabilities of current-day drug therapy.
The journey started with the creation of liposomes
in 1960 century that were a breakthrough in
encapsulating hydrophilic and lipophilic drugs in
biocompatible lipid bilayers [1]. Liposomes were
able to improve the way drugs work in the body by
making them last longer, protecting them from
breaking down, and helping them reach the right
target. But despite these benefits, liposomes haven't
been used as much in clinics as they could be,
mainly because they have some problems: they
aren't very stable, they're removed from the body too
quickly by certain organs, and they can be broken
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down in the stomach and intestines [2]. These
demerits gave rise to more stable alternatives like
niosomes, transferosomes, ethosomes, and
polymersomes [3]. Every subsequent vesicle system
was designed specifically addressing certain issues,
such as niosomes for improved stability plus lower
cost, transferosomes for high elasticity, and
ethosomes for superior transdermal permeation, etc
[4]. However, these improved systems collectively
faced some common problems, which included
failure in maintaining integrity under harsh
physiological conditions, besides the inability to
deliver the entrapped moiety effectively through
complex biological barriers [5]. One main point that
prevents the majority of vesicle-based systems
applications is that the human body contains
numerous natural defense mechanisms, if compared
with a simple barrier, e.g., acid gastric environment,

Page: 607



Engineering Bilosomes for Enhanced Drug Delivery: Current Status and Future Prospects

including digestive enzymes/mucosal barriers/bile
salts/efflux transporters/-brain barrier, and as such
[6]. Many highly promising drug candidates (e.g.,
peptides/proteins/vaccines/hydrophobic
drugs/biologics) fail to reach their designated targets
since they undergo quick degradation or have
limited permeability Oral administration being most
preferred patient compliant route faces challenges
associated with vesicular carriers mainly transparent
natural covering and premature release of content
into systemic circulation making it worthless path
despite excellent carrier performance Next-
generation nanocarrier systems able to maintain
their integrity under stress conditions at the mucosal
site are required for efficient biodistribution at
selected anatomic locations [7].

As with all other drug delivery systems
currently available in the marketplace, the bilosomes
are not alone. There are liposomes, micro- and
nanoparticles, emulsions, and other systems used in
various forms for drug delivery. The main novelty of
bilosomes (Figure 1) is the inclusion of bile salts
into the bilayer membrane. This not only results in
increased stability, permeability, and interaction of
the drug delivery system with its environment, but
also targeted release of drugs [8]. The inclusion of
bile salts not only protects the structure against
gastric/ enzymatic degradation but also facilitates
trans-epithelial  transport through membrane
fluidization and temporary modulation of tight
junctions. These properties set bilosomes apart from
conventional vesicles, making them excellent
candidates for a variety of routes, including oral,
nasal, transdermal, and systemic drug delivery.
Bilosomes show great promise for oral vaccine
delivery; they have repeatedly been shown, with M-
cell targeting at Peyer’s patches, to provide efficient
antigen uptake and robust mucosal immune
responses, as well as systemic immune reactions.
Therefore, bilosomes become an attractive option
for next-generation needle-free vaccination systems
and universal immunization schedules.

Bilosome Structure

Hydrophilic
Lipid | § brug
Bilayer

Lipophilic
Drug

Water-filled Core

Figure 1: Structure of Bilosome
1.1. Rationale for Bilosomes in Advanced Drug
Delivery:

Bilosomes are considered a better option
not only because of their stability. But the
composition of bilosomes is so versatile that you can
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encapsulate a wide range of molecules, such as small
molecules, peptides, proteins, nucleic acids, natural
products, and immunogens [8]. Recent progress in
ligand functionalization, polymer coating, and
stimuli-responsive engineering has enabled these
vesicles to acquire multifunctional characteristics
for a site-specific, receptor-mediated targeted drug-
delivery system [9, 10]. Another fact is that,
alongside conventional technologies, contemporary
approaches such as microfluidics, Al-based
formulation design, and nanohybrid systems are
driving interest in this novel delivery vehicle called
Bilosomes. As the regimen shifts toward precision
medicine, biologics, and personalized therapy,
bilosomes represent a highly versatile and smart
approach to developing therapeutic vectors for
future applications in disease course or in the
development of patient treatment trajectories. This
paper reviews the step-by-step progression of
scientific morphing towards innovative lipidic
vesicular carriers, bilosomes, reasons for their
superiority, ways in which they work, and
fabrication techniques that resulted in a multitude of
pharmacological benefits across different delivery
routes, latest inventions, and key case reports
portraying the practical utility of this novel carrier
platform. Moreover, it shall identify existing
technical barriers to translation to the clinical arena,
as well as upcoming challenges; namely, advanced,
complex yet precision-driven  engineering
approaches, regulatory hurdles, and
commercialization prospects will be laid out in the
following sections. Building on the aforesaid
information, this review aims to present lipidic
nanostructures, Bilosomes, as among the foremost
candidates for future vesicular carriers delivering
improved therapeutic value in a targeted, systemic,
and minimally invasive manner via drug
administration route(s).

2. Fundamentals of Bilosomes:

Bilosomes are a special kind of carrier that comes in
the form of tiny vesicles made from phospholipids,
surfactants, and bile salts. Vesicles generated from
bilayers (vesicles) can form a flexible and nanosized
drug delivery system [11]. Incorporation of bile
salts, such as sodium deoxycholate or sodium
taurocholate, into the bilayer of vesicles makes
bilosomes highly stable to enzymatic degradation,
gastric and intestinal pH, and environmental
conditions. These bile components enhance
membrane fluidity and facilitate the flexible drug-
containing bilosomes to cross mucosal barriers more
efficiently than conventional systems (e.g.,
liposomes and niosomes). Bilosomes are highly
stable and exhibit good mucoadhesive properties
and targeted release at the mucosal surface.
Encapsulation efficiency was high (Table 1).
Bilosomes can be used for targeted oral, nasal,
transdermal, and parenteral delivery systems. The
bilosomes offer an efficient, targeted drug-delivery
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system, since they have a native biological structure
and good stability. Moreover, they exhibit good
mucoadhesive properties and targeted release at the
mucosal surface [9]. The new liposomal system has
several advantages over previously developed
vesicular systems, including increased stability and
mucoadhesion, high drug entrapment efficiency, and
improved activity. Therefore, the new system
represents bilosomes as a promising drug delivery
system [12].

Table 1: Liposomes, Niosomes, Transferosomes,
and Other Nanocarriers in comparison with
Bilosomes
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3. Engineering Strategies for Bilosome Design:

In general, a bilosome contains
phospholipids, surfactants, and bile salts. The
phospholipids, such as soya phosphatidylcholine,
egg phosphatidylcholine, and hydrogenated lipids,
are used to create, stabilize, and load drugs into
vesicles. Phospholipids impart rigidity or fluidity to
the Dbilosomes and also determine their
biocompatibility [ 13]. In addition, phospholipids are
often mixed with surfactants (e.g., Span, Tween,
Poloxamer derivatives), which enhance bilayer
flexibility, thereby reducing bilosome size and
imparting greater fluidity to the bilayer (Table 2 and
Figure 2). Thus, the design of bilosomes can be
manipulated to confer optimum characteristics to the
system. Bile salts incorporated into the bilosome
vesicular membrane provide the effect of bile salts
on bilosomes, namely to increase acid stability and
enzyme resistance, most importantly to enhance
permeability across the trans-epithelial barrier [14].
The proportion of lipids, surfactants, and bile salts
in the bilosome seems to be of importance for
bilosome stability, where bile salts might need to be
present in amounts just in excess of those required
for membrane stabilization. Other important factors
for optimization of bilosomes as delivery systems
include particle size, zeta potential, and EE%. For
lymphatic delivery, the size of bilosome vesicles is
crucial. Efficient uptake of vesicles by lymphatic
vessels, in addition to enhanced mucosal
penetration, is observed for vesicles below 200 nm.
The negative charge of bile salts can stabilize the
zeta potential. The EE% can be optimized for drugs
with varying hydrophobicity by optimizing lipid
composition, bilosome preparation methodology,
and bile salt concentrations. Also, an increase in
EE% can be achieved by increasing the lipid
concentration, increasing the sterol content (e.g.,
cholesterol), or optimizing the surfactant-to-lipid
ratio. This method, in addition to facilitating an
increase in drug loading, is effective for achieving
sustained release formulations [15].
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Table 2: Standard components of Bilosome delivery
systems.
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Figure 2: Engineering Strategies and
Functionalization

3.1. Surface Modification and Functionalization
Approaches:

Furthermore, surface modifications pose
additional engineering challenges for rationally
designing bilosomes to interact with desired
biological entities and deliver drugs in an optimized
and targeted fashion. PEGylation extends the half-
life of bilosomes by preventing opsonization, while
decoration with folic acid, mannose, transferrin,
peptides, and antibodies enables targeted delivery to
specific tissues or organs [16]. Polymers coated
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with biocompatible materials such as chitosan,
alginate, and hyaluronic acid, in the case of
bilosomal formulations, increase mucoadhesion;
provide pH protection and influence the drug release
rate. Another big step forward that was achieved
thanks to stimuli-sensitive bilosomes is fine-tuning
of drug release peculiarities: for example, by means
of changes in pH levels, enzymic reactivity, redox
conditions, or temperature levels fluctuations, and
enabling the development of specific organ-targeted
delivery systems [17]. Bilosome engineering
encompasses many aspects, among which structural
enhancement is one of the most important, as it
affects storage stability and increases shelf life. It
has been observed that lyophilization (freeze-
drying), followed by the addition of cryoprotectants
such as trehalose, sucrose, or mannitol, is widely
practiced, converting them into free-flowing
powders for reconstitution. On the other hand, spray
drying is also employed for large-scale production,
particularly for oral route dosage forms and
inhalation powder formulations. In this context,
lipids such as cholesterol appear to confer
membrane rigidity, thereby diminishing the burst
effect, while a polymer coating also ensures long-
term stability under harsh gastrointestinal conditions
[18].

3.3. Targeted Delivery Strategies (Ligand-tagged,
Receptor-mediated, etc.):

These include the elicitation or
enhancement of biological pathways that ensure
target-specific delivery, such as trans-epithelial
transport across epithelia (e.g., mucosal, alveolar),
accumulation in macrophages, dendritic cells, or
cancer cells. Targeted strategies are designed to
attach drugs or genes specifically to certain cell
types, thereby reducing nonspecific cytotoxicity and
side effects. Bilosomes target Peyer’s patches,
thereby exploiting M-cell specificity to achieve
effective vaccine uptake and initiate the immune
response. Functionalized bilosomes can also cross
the nasal-olfactory route towards brain drug
targeting [19].

4. Methods of Bilosome Preparation:

There are different methods and excipients
used for the formulation of bilosomes, as shown in
Tables 3 & 4 and Figure 3, which can be further
grouped into categories based on their scalability,
vesicle size control, drug-loading characteristics,
and stability [20]. Amongst them, one of the most
widely used methods is the Thin Film Hydration
technique, which is also discussed in this paper. In
this method, bile salts, Phospholipids, surfactants &
hydrophobic drugs are dissolved in an organic
solvent and then kept under reduced pressure to
evaporate, forming thin films. Afterward, those
films were hydrated in an aqueous medium
containing hydrophilic drugs in case bilosomes were
needed; this procedure has proven very effective.
Even though it offers high entrapment efficiency for
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both lipophilic and hydrophilic molecules,
additional  steps, such as sonication or
homogenization, are required to reduce particle size
[21].

Induced bilosome formation is a
recognized technique, achieved by injecting a lipid—
bile salt solution in ethanol into a preheated aqueous
phase, allowing the solvent to diffuse rapidly and
bilosomes to self-assemble. This process provides
better control over particle size, a short processing
time, and avoids the requirement for high
temperatures; hence, it is suitable for thermolabile
drugs [21]. Another method, called reverse-phase
evaporation, is also useful for making bilosomes
with a high success rate in trapping the desired
substance. In this case, lipids and bile salts are first
dissolved in an organic solvent and then mixed with
water to create an emulsion. On drying of organic
solvents containing cholesterol, vesicles are
spontaneously formed, containing bilosomes of
large internal volume. Their yield and purity are
sensitive to the drying procedure, which requires
careful control to avoid contamination by residues
of organic solvents. Recent advances in
nanotechnology, however, have opened up
alternative approaches to bilosome formation using
microfluidics. Using this technique, vesicles with
bilosomes can be formed with controlled mixing and
precise size measurement in the nanometer range.
The microfluidic approach enables the production of
uniform bilosomes of various sizes and has the
potential for numerous drug delivery applications
[22]. Microfluidics-based devices follow the
fabrication principle of microfluidics that makes it
feasible to produce bilosomes continuously with
narrow bimodal distributions suitable for industrial
manufacturing, since clinical translation context-
sensitivity governing nanoparticles nucleation and
vesicles generation is enforced, along with
elimination of batch-to-batch variations usually
encountered by conventional preparation protocols
reduced scale operation also allows adoption of
gentle processing conditions where biological
entities such peptides proteins nucleic acids will
remain unchanged [23].

Additional techniques, such as high-
pressure homogenization, probe sonication, and
extrusion, can be employed post-vesicle preparation
to achieve a desirable vesicle size, greater
homogeneity, and improved stability [24]. Down-
sizing bilosomes is especially advantageous, as
nano-bilosomes less than 100 nm are needed for
mucosal or systemic administration, because the
smaller the vesicles, the better the permeation and
hence biodistribution. Each preparation method has
its own merits and demerits; therefore, the type of
drug, targeted vesicle properties, scalability
requirements, and stability profile determine which
method is chosen (Table 3). The versatility of
preparation methods indeed yields a logically
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flexible, scheme-based technology that enables us to
produce bilosomes with a wide range of applications
[25].
Table 3: Bilosome Preparation Methods: Principles,
Pros/Cons, Size Ranges
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Table 4: Common excipients in bilosomes and their
roles
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Figure 3: Bilosomes preparation methods
overview

5. Characterization of Bilosomes:

To optimize the use of bilosomes across a
variety of medicinal applications, it is imperative to
characterize their physicochemical properties, as
shown in Table 5 [26]. One of the first and important
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parameters is particle size and size distribution,
which can be determined by dynamic light scattering
(DLS).

Particle size, size distribution, and surface
properties are crucial parameters for molecules
interacting  with  mucosal surfaces, tissue
distribution, and lymphatic uptake. Nanosized
bilayers are highly efficient at permeating bioactive
agents through biological barriers. In this study, the
formation of vesicles with a low PDI was a
prerequisite for the formation of reproducible drug
delivery systems [27]. Furthermore, the shape and
size distribution of the particles can be characterized
by TEM, SEM, and AFM images. Based on these
qualitative studies, vesicles were formed, which
guarantees the stability and uniformity of the studied
drug delivery system. Another important parameter
for particle stability is the zeta potential [28]. The
zeta potential of bilosomes is generally negative and
is due to the presence of bile salts, which promote
electrostatic repulsion and facilitate sustained
suspension stability. The EE% and drug loading
capacity provide an index of drug incorporation into
the vesicles; higher EE% indicates bilosomes that
provide better-controlled delivery and appropriate
dosing. Determination of entrapment efficiency
involves spectrophotometric or chromatographic
analysis after centrifugation or dialysis. It may be
desirable for most drugs to be encapsulated within
bilosomes to improve treatment outcomes, which
depend on factors such as lipid type, drug properties,
and production method [29].

These studies should be performed to
check the stability of bilosomal formulations at
different temperatures and humidity levels over time
(accelerated and long-term stability) [30]. Following
the study of advanced parameters such as particle
size, zeta potential, drug leakage, and morphological
alterations, many more stability questions could be
asked [31]. There are also issues in bilosomes’
stability when they are exposed to the simulated
biological media, including stomach juice and
intestinal fluid. This is important information when
discussing oral treatment delivery systems. Next,
based on this understanding, the development of in
vitro, in vivo correlation can be initiated [32].
Finally, the implementation of in vitro drug release
tests is evaluated using various approaches,
including diffusion cell apparatuses, dialysis
methods, and the Franz diffusion cell system.
Studies of drug release kinetics from bilosomal gels
aim to determine the release type: immediate,
sustained, or controlled. But they can also help to get
some information about the mechanism of drug
diffusion from the matrix [33, 34].

Such models are also employed to evaluate
the in vitro permeability of nanocarriers through
different barriers. For this purpose, models of animal
tissue slices, such as rat intestine, nasal mucosa, and
porcine skin, can be used [35]. These models allow
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us to predict the permeability, distribution, bio-
accumulation, and interaction of active substances
with biological membranes. For example, it is
possible to determine the Cmax and Tmax
parameters, which characterize the maximum
concentration of the drug in the blood and the time
to reach it, and AUC and bioavailability, which
characterize the total amount of the drug in the
bloodstream and the fraction of the administered
dose introduced into systemic circulation. For this
purpose, models of traditional drugs can be used,
and the results can be used to assess how much better
the new bilosomal formulation is compared to the
traditional one [36]. In vivo tracking of a drug
following its administration to an organism by
imaging techniques: fluorescence and
radiolabelling. These tests give us an insight into
how our bilosomal formulation works. They are
important for assessing the quality of our
formulation and evaluating whether it is a good
drug-delivery system [37].

Table 5: Characterization Panel and Acceptance
Considerations

Attribute Method Typical Acceptance
Size & DLS 100200 nm; PDI <
PDI 0.2-0.3

Zeta Laser < 20 mV (route-

potential ~ Doppler dependent)
Morpholo  Cryo- Unilamellar/multilam
gy TEM/AFM ellar as designed
Entrapme  Ultrafiltrati > 60-90% (cargo-
nt on + dependent)
efficiency HPLC/UP
LC
In  vitro Biorelevan Model fit + sink
release t media; maintenance
dialysis
Residual GC/HS- Within ICH Q3C
solvents GC limits

6. Mechanisms of Bilosome-Mediated Drug
Delivery:

Furthermore, the drug can be entrapped as
bioactive particles within the bilosome formulation,
which can then be targeted to the specific site of
action by interacting with the epithelial layer [26,
38]. The presence of bile salts in bilosome
formulations  increases their stability and
effectiveness by enabling targeted delivery to the
epithelial layer [39]. Sodium deoxycholate forms
pores in the bilosome membrane; therefore, drug-
containing bioactive particles entrapped within it
can easily pass through the epithelial layer. Bile salts
also incorporate into the bilayer, thereby stabilizing
it by fluidizing the membrane and increasing its
flexibility. Bile salts also alter the lipid packing of
the membrane, resulting in paracellular and
transcellular delivery of the drug through the
temporary loosening of epithelial tight junctions.
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Bilosomes are a novel type of drug delivery system
consisting of mesoporous silica particles coated with
bile salts. This delivery system has potential for drug
delivery across various types of epithelial barriers.
To improve drug delivery across various
bioenvironments, a novel bilosome delivery system
leverages the biological activity of bile salts to
enhance drug delivery. This study investigates the
mechanism of action of bilosomes and their
interactions with human and animal bodies to
improve the design of targeted delivery systems. The
inclusion of bile salts into the bilosome not only
enhances drug delivery but also improves the
stability of mesoporous silica vesicles, allowing
them to adopt a more elastic form that can permeate
throughout the GI tract and other mucous
membranes. Such bilosomes have the potential to
develop into effective drug delivery systems,
thereby opening new avenues for systems with
reduced toxicity and improved clinical efficacy for a
variety of diseases [40]. The use of bilosomes as a
drug delivery system is emerging and gaining
popularity among pharmaceutical scientists for
formulating novel approaches to reduce side effects
and achieve enhanced therapeutic effects. Further
studies are required to establish bilosomes as an
effective drug delivery system through an in-depth
understanding of their behavior and interactions
with biological systems [41].

Bilosomes have greater absorption into the
body than conventional liposomes and have gained
attention as alternative systems. The interaction of
bilosomes with epithelial cell membranes is due to
their amphiphilic nature and the negative surface
charge of bile acids, which facilitates their
interaction with lectin-like receptors on epithelial
cell surfaces. Due to their membranous nature, they
are highly flexible and therefore easily penetrate the
biological barriers, such as mucosae. The
mucoadhesive properties of bilosomes enable the
formulation to remain in contact with the mucosa for
longer periods and to gradually release its contents
into the absorption tissue. Thus, bilosomes can be
used as effective delivery systems for drugs and
nutrients for nasal, oral, and transdermal
applications [28].

Besides its role in the immune system, the
lymphatic system is also important for the uptake of
lymphatic agents, including oral vaccines and drugs
with poor bioavailability in the gastrointestinal tract
[42]. The bile salts in the bilosomes enhance uptake
of'the lipid vector through M cells in Peyer’s patches
in the small intestine [43]. These absorbed
bilosomes are then translocated to the underlying
immune tissues, where the antigen is processed and
immune responses generated. The bilosome system
has been explored for oral vaccine delivery and
administration of immunomodulators [44]. The
study revealed better performance of the bilosome
system compared to conventional systems [45].
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Additionally, oral delivery of bilosomes containing
drugs induced enhanced mucosal and systemic
immune responses. In addition, drug delivery to the
lymphatic system may also avoid first-pass
metabolism [46]. In addition to the benefits of a
bilosome mentioned above, these vector systems can
deliver drugs into cells, where they become active.
Such intracellular release may allow drugs to
interact with subcellular targets. The mechanism by
which vesicles are taken up by cells via bilosomes
involves endocytosis [47]. In addition, the bile salt
surface on vesicles may promote fusion with cell
membranes. This could result in either the vesicles
being taken completely into the target cell and
degraded, or the vesicles fusing with the cell
membrane, with part of the vesicle rupturing and
releasing the drug into the cytosol. Several
therapeutic peptides and proteins, as well as various
nucleic acids, are currently unsuitable for oral
administration because they are degraded in
endosomes and fail to reach their site of action [48].
Furthermore, the release of the drug into the cytosol
would enable bioactive macromolecules to interact
with their subcellular sites of action. All the
properties mentioned above - namely, membrane
permeation, mucosal adhesion, lymphatic targeting,
and intracellular delivery - offer excellent solutions
for delivering drugs to overcome difficult barriers to
drug delivery. The bilosomes offer an efficient and
reliable solution for delivering drugs successfully
across these and other barriers to bioavailability [41]
(Figure 4).
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Figure 4: Delivery Mechanisms of
Bilosomes
7. Applications of Bilosomes in Drug Delivery:

Bilosomes have significant potential for
dermal, parenteral, nasal, and oral delivery. One of
the key areas where poorly bioavailable drugs could
benefit is oral drug delivery [25, 49]. Most
conventional vesicular systems suffer from
disadvantages such as rapid disruption by stomach
acidity or enzymatic instability in the intestinal
environment. However, incorporating bile salts into
bilosomes stabilizes the carriers in the
gastrointestinal tract. This property facilitates
increased absorption of drugs such as peptides,
proteins, lipid-soluble drugs, as well as BCS Class
IT and Class IV drugs, including NSAIDs [50]. Their
ability to avoid first-pass metabolism via lymphatic
uptake significantly enhances oral bioavailability,
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making bilosomes a suitable candidate for drugs that
undergo hepatic metabolism. Moreover, bilosomal
formulation has shown strong promise for delivering
the active principles and phytochemicals of
medicinal plants, owing to its ability to create a
protected microenvironment and provide sustained
release [51].

Vaccine delivery and immunomodulation
are other areas that show potential for this type of
system [9]. Bilosomes, for instance, can efficiently
target antigens across the gastrointestinal mucosa
and subsequently specifically target M cells in
Peyer’s patches, resulting in strong mucosal and
systemic immune responses [43]. Therefore, they
are a good choice for oral vaccines against viruses,
bacteria, and parasites [52]. Hypothetically, it
combines enhanced antigen stability with help in
controlling the immune response; thus far,
bilosomes have enabled the delivery of vaccines
without needles, which are also patient-friendly
compared to available alternatives. Several studies
have shown that their immunogenicity is much
better than that demonstrated by conventional oral
vaccine formulations. In addition to oral vaccines,
bilosomes have been tested for nasal vaccination,
where they facilitate antigen uptake via the olfactory
and respiratory epithelium, thereby promoting
strong IgA-mediated mucosal immunity [53, 54].

On the same note, skin delivery of drugs is
also possible with bilosomes, and literature has
shown remarkable progress with them. They make
use of their flexible, bile salt-rich membranes to
pass through the stratum corneum more effectively
than niosomes or conventional liposomes on the
other hand [55]. This enables the application of anti-
inflammatory, anti-infective, and cosmetic agents
directly into the dermis [40]. Furthermore,
bilosomes have been regarded as important for
intranasal drug delivery, especially in the treatment
of CNS diseases. These compounds, referred to as
permeability-enhancing agents, permeate the nasal
mucosa to reach the brain via the olfactory pathway,
which is currently regarded as the most effective
route for drug delivery to bypass the blood—brain
barrier. As such, these compounds have a huge
impact on the therapy of neurodegenerative
disorders, migraine, and CNS infections [56-58].

Moreover, the potential of using Bilosomes
to deliver anticancer drugs has also been explored.
Such systems may offer both passive and active
targeting of tumor cells [59]. Furthermore,
conjugation of ligands to the Bilosome surface
provides targeted delivery of the drug to its sites of
action. The encapsulated anticancer agents act as
effective chemotherapeutics and are expected to
reduce systemic side effects through sustained
release. In addition, the encapsulation of
biomacromolecules, such as DNA, siRNA,
microRNA, genes, oligonucleotides, proteins (e.g.,
for gene therapy, enzyme replacement therapy,
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vaccines, or immunostimulatory therapy) has been

explored. Bilosomes represent an innovative

approach and strong contenders for next-generation

drug delivery systems across various therapeutic

domains (Figure 5) [48, 60, 61].
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Figure 5: Applications of Bilosomes
8. Recent Advancements and Case Studies:

Recent advances in bilosome technology
have enabled potential applications in the
development of novel drug delivery systems. Recent
developments, including new approaches to
formulation design, surface modifications, and the
engineering of hybrid systems to incorporate novel
parameters, have opened avenues for bilosome
technology. These are summarized in Table 6. The
term nanobilosomes was therefore coined to define
such more technologically advanced bilosomes,
which are ultrafine (nanosize), highly membrane
plastic (enhanced parameter), and therefore display
enhanced permeation across biological membranes
such as the mucus membrane, greatly enhanced
uptake into lymphatics, and enhanced entrapment
and controlled release of bioactive molecules [12,
62]. Nanobilosomes are therefore applicable for oral
(vaccines, nutraceuticals, pharmaceuticals) and
intranasal (aerosols or sprays of vaccines,
nutraceuticals, pharmaceuticals) delivery of
biologic molecules, proteins, peptides, and other
sensitive bioactive molecules that require targeted
release to achieve therapeutic efficacy. Another area
of application for ligand-functionalized bilosomes is
targeted delivery [63]. By incorporating ligands into
the bilosome system, it is possible to achieve
targeted delivery of drugs to the site of action via
specific receptors or biomarkers. A large number of
ligands have been studied in this context for their
efficacy in achieving targeted delivery of drugs and
bioactive molecules, including folic acid, mannose,
RGD peptides, and various biological molecules
such as transferrin and antibodies. The development
of targeted delivery systems using bilosome carriers
has been found to be extremely effective for cancer
therapy, infectious diseases, and some neurological
disorders [64-66].

Novel hybrid systems of hybrid bilosomes
(hybrid polymer bilosomes), and hybrid bilosome
systems (with metal and/or inorganic nanoparticles)
that contain temperature or bioresponsive
solubilizing agents for on-demand drug release into
the bioenvironment offer immense potential [67-

IJDDT Volume 16 Issue 73s 2026

69]. The incorporation of pH-responsive polymer
coatings into bilosome-hybrid systems could enable
the development of efficient, targeted drug-delivery
systems that release drugs rapidly at the tumor site.
Incorporation of chitosan in bilosome-hybrid
systems  has  significantly  enhanced the
mucoadhesive and permeation-enhancing properties
of nasal and intestinal bilosomes. The combination
of microfluidics with bilosome technology also
offers several advantages, including ease of scale-up
production of monodisperse vesicles of controlled
composition and size. This progress greatly
decreases batch-to-batch variability and makes
bilosomal formulations closer to the requirements of
the clinical translation system [70-72].

Different case reports further demonstrate
the potential of liposomes in therapeutics.
Bilosomes used for oral vaccine delivery against
hepatitis B, influenza, tetanus toxoid, and enteric
infections are among the many that have shown
strong mucosal as well as systemic immune
responses, performing much better than most
conventional antigen-delivery systems [73, 74].
Similarly, bilosomal formulations of anti-diabetic,
anti-inflammatory, and antihypertensive agents have
shown  significant improvements in  oral
bioavailability and often outperform some recently
developed liposomal or niosomal -carriers. In
oncology, folate-functionalized bilosomes loaded
with doxorubicin, paclitaxel, or curcumin at the
preclinical level demonstrated a higher tumor uptake
coupled with lower systemic toxicity. Additionally,
intranasal bilosomes for the delivery of drugs such
as donepezil, rivastigmine, and insulin showed
remarkable potential for the treatment of
neurodegenerative diseases by bypassing the blood-
brain barrier and enabling a faster onset of action
[60, 75].

In simple terms, the rapid advances and
successful applications serve as evidence of the
versatility and transformative impact bilosomes
have as next-generation nano-carriers. They can be
used via various administration routes, are well-
suited to both small molecules and biologicals, and
can benefit from modern development strategies, all
of which place these carriers at the forefront of novel
drug delivery research. With further advancement in
this area, it is anticipated that bilosome-based
therapeutics will rapidly enter clinical use [76].
Table 6: Representative bilosomal formulations and
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9. Challenges and Limitations:

Although  bilosomes have  several
advantages, several issues should be addressed
before bilosomal technology becomes a general
clinical practice [49]. The stability of the
formulation remains a key issue, as bilosomes, like
other vesicular systems, can begin to aggregate or
leak the encapsulated drug, and their size can
increase during storage [77]. It is known that,
despite bile salts supporting membrane strength, a
delicate balance between membrane flexibility and
integrity prevents destabilization of membranes
under physiological conditions [40]. Furthermore,
changes in bile salt concentration, lipid composition,
or surfactant type may cause considerable variation
in bilosome properties, which require consistency
from batch to batch, leading to scale-up and
industrial manufacturing challenges [78]. However,
making high-quality bio-ink in large amounts is
really tough. This problem worsens when you try to
use specialized methods such as microfluidics or
lyophilization [79].

In addition to the structural attributes of
bilosomes, the complex system's interactions with
the biological environment could be another limiting
factor in bilosome formulation [80]. In addition to
increasing membrane permeability and stabilizing
vesicles in the digestive tract, bile salts can cause
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membrane disruption, cytotoxicity, and rapid
vesicular  disassembly, especially when the
concentration exceeds a critical level. Exogenous
components such as bile salts and digestive enzymes
in the GI tract can nonspecifically interact with the
bilosomal support system, potentially affecting drug
delivery and the activity of the delivered drug [81,
82]. An important distinction exists between in vitro
and in vivo performance of oral bilosomal
formulations for which in vitro—in vivo correlations
(IVIVC) do not exist. While several mechanisms
have been proposed for enhanced lymphatic uptake,
mucosal adhesion, and intracellular targeting and
uptake, these areas are exciting but require more
mechanistic studies to provide a basis for rational
formulation development [83].

The processes of regulation and safety have
also been cited as barriers [84]. This includes the fact
that bilosomes may contain excipients such as
phospholipids, surfactants, bile salts, and ligands, all
of which require toxicological evaluation [85]. It is
not known if there will be safety concerns after
prolonged oral administration, especially with oral
vaccines or chronic therapies) since they are not
fully established [86]. In addition, animal-derived
bile salts can pose problems with immunogenicity,
variability/ regulatory compliance; thus, it is
necessary to consider synthetic or recombinant
alternatives. Moreover, clinical data on respace-to-
bilosome-based therapies are scarce; most studies
are preclinical, and only a few have entered the early
clinical stage. As a result, it becomes impossible to
apply the findings to a wider range and complicates
the development of standard manufacturing process
requirements and the establishment of quality
control procedure systems [39, 87, 88].

Apparently, there are two main problems:
the cost and the difficulty of reproducing the
products. The use of high-purity lipids, specifically
formulated for that purpose and produced using
controlled methods, elevates formulation costs,
ultimately impeding commercial scalability.
However, stability studies and storage optimization
for long-term use are essential for bilosomal
products, especially those destined for less
developed countries. Future challenges, to be
addressed by the combined efforts of formulation
scientists, regulators, and translational researchers,
will involve the development and maturation of
bilosomes as a drug delivery system [30, 89].

10. Future Prospects:

Bilosomes are likely to remain a popular
drug delivery system in the future due to rapid
technological advancement and the pursuit of new
materials [90]. The future is very promising for
bilosomes, as nanotechnology, polymer science, and
formulation design are advancing at a much faster
pace than ever before [91]. A possible upcoming
trend can be formulated as an increase in complexity
of Al-guided optimization, in which predictive ML
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models identify suitable ranges for optimal lipid-to-
bile salt ratios, surfactant combinations, and process
parameters to achieve desired particle sizes and
digestive kinetics [92, 93]. These software tools
might significantly reduce development time and
costs associated with the empirical trial-and-error
method, enabling quicker emergence of bilosome-
based treatment designs. Additionally, equipping
these microfluidic systems with real-time
monitoring will support continued high-quality
manufacturing processes that have hitherto been
elusive to scale-up; this development will eventually
facilitate industrial production of bilosomal
vaccines, biologics, and small-molecule drugs [23].

Novel materials have been investigated for
bile salts and amphiphile analogs. From a materials
perspective, the development of next-generation bile
salt mimetics to control membrane fluidity,
permeability, and drug-release patterns is an
important area of study [39, 94]. Given limitations
of parent natural bile salts in terms of variability,
irritancy, and regulatory issues, “moving up the
shelf” to mannosylated glycolipids and other
versatile materials offers promise for bile acid-
derived drug delivery systems. In addition to the
development of novel materials, the field of
“stimuli-responsive” or “smart” bilosome systems is
important for the future development of drug
delivery technologies as targeted systems for site-
specific delivery to solid tumors, sites of
inflammation, or within cells via endocytosis,
followed by targeted release of the drug to achieve
therapeutic effects while avoiding toxicity due to
systemically released active therapeutic agent [70,
95].

Targeted delivery to specific tissues and
cells is another area of development for bilosomes.
In addition to vaccines, bilosomes could be used for
gene and nucleic acid delivery, including siRNA,
mRNA, plasmid DNA, and CRISPR-associated
biologics [96]. The bile salts incorporated into the
bilosome structure serve as internal stabilizers,
enhancing stability and facilitating the delivery of
labile genetic materials. In addition to vaccine
delivery, targeted delivery to specific tissues and
cells using modified ligands can be achieved by
surface-modifying bilosomes to deliver drugs to
specific sites of action, including cancer,
neurodegenerative  diseases, and = site-specific
immunomodulation. Targeted delivery to the brain
or to specific tumor microenvironments using
receptor-specific ligands, along with improved
delivery across the blood-brain barrier, will open
new avenues for  precision oncology,
neurodegenerative disease therapy, and targeted
immunomodulation [73, 97].

Bilosomes have considerable potential for
clinical and commercial development. At present,
there is a need to develop and characterize
bilosomes to improve stability. In addition,
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regulatory guidelines, safety, and human efficacy
need to be addressed. To address these issues,
standards need to be established for testing and
characterization, as well as for scale-up. Toxicity
studies need to be conducted. However, it is
predicted that they will be a successful oral delivery
technology for wvaccines and chronic care
medications, including personalized or designer
medications. Currently, bilosomes are likely to
remain the vector of choice for delivering small
payloads in the short term [87, 98]. However, as the
engineering and  manufacturing  of  this
microencapsulated delivery system advances, other
vectors are likely to challenge for leadership in the
medium term. Furthermore, as more preclinical
studies progress to human clinical trials, bilosomes
are expected to become a mainstream delivery
system in the longer term.

Conclusion:

Bilosomes are among the most effective
vesicular carrier systems, and are quite novel in their
design and properties. Thus, using bile salt-enriched
membranes can enhance gut membrane integrity
while  simultaneously = improving  mucosal
permeability to drug particles, which can be
impeded by these barriers in oral and mucosal drug
delivery systems. Their benefits are not confined to
solidity only: bilosomes represent an adaptable
encapsulation system for small molecules, BCS
IVIV drugs, peptides, proteins, vaccines, and other
biologics, as well as permit a controllable release
profile and improved absorption coupled with
synergistic effects of membrane fluidization, tight-
junction modulations, mucoadhesion, and lymphatic
uptake. Bilosome functionalities have evolved
further through more advanced processes, including
Polymer Coating (chitosan/alginate/HA),
PEGylation, Ligand-Targeting (Folate, Mannose,
Transferrin), peptides/antibodies, and
Hybrid/Stimuli-responsive delivery systems, for
Oncology TSDs, Targeted Intranasal Brain Delivery,
and Immunomodulation Applications (OSI). This is
in conjunction with the various new preparative
techniques employed in the manufacturing process,
including microfluidic techniques used alongside
controlled post-sizing procedures for scalable
production. In order for these advantages to be
realized, bilosome translators in the routine clinical
practice should tackle the following bilosome-
specific challenges: maintaining long-term stability
without leakage/aggregation, guaranteeing
consistency of batch-to-batch performance during
the scale-up process, interpreting changes in
functionality of complex biological fluids,
enhancing IVIVC for oral systems, and meeting
safety and quality expectations of multi-component
nanocarriers from regulatory agencies. Looking
ahead, AI/ML-based formulation optimization is
one such advancement that will bring benefits.
Continuous microfluidic manufacture with real-time
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monitoring and next-generation bile salt mimetics
are expected to be very important factors, too. By
introducing standardized characterization, robust
toxicology profiles, and well-designed human
studies, bilosomes can advance from a promising
preclinical system to a clinically impactful platform
for oral vaccines, chronic therapies, and precision-
targeted drug delivery.
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