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Pharmacosomes represent a transformative class of lipid-based vesicular drug delivery
systems, designed to address the inherent limitations of conventional carriers such as
liposomes and niosomes. Characterized as stoichiometric complexes formed between
medicinal agents and phospholipids, pharmacosomes offer a unique structural paradigm
where the drug molecule is covalently or non-covalently integrated into the vesicular
membrane. This configuration ensures predetermined entrapment efficiency, high
stability, and the elimination of drug leakage—a common challenge in physical
entrapment systems. This review provides a comprehensive analysis of pharmacosomes,
covering their fundamental principles, diverse formulation strategies including hand-
shaking, ether injection, and supercritical fluid methods, and rigorous characterization
techniques such as DSC, XRD, and electron microscopy. The article further explores
the therapeutic potential of pharmacosomes in enhancing the bioavailability and targeted
delivery of non-steroidal anti-inflammatory drugs (NSAIDs), antineoplastic agents,
cardiovascular medications, and herbal constituents. Recent advances in process
optimization using response surface methodology, the development of co-loaded
antibiotic systems for H. pylori eradication (2025), and novel aggregates like lyotropic
liquid crystals are also discussed. By improving membrane permeation and reducing
systemic toxicity, pharmacosomes stand as a promising alternative for the delivery of
challenging therapeutic molecules in modern nanomedicine.

INTRODUCTION

The evolution of pharmaceutical science has been
marked by a continuous search for drug delivery
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systems that can overcome the biological and
physicochemical barriers of therapeutic agents.
Among these, pharmacosomes are a potential
vesicular drug delivery system that has garnered
significant attention for its ability to enhance the
delivery of both hydrophilic and lipophilic
molecules (1).Traditionally, vesicular systems like
liposomes have paved the way for nanomedicine;
however, they often struggle with issues such as
low drug loading, physical instability, and the
rapid leakage of entrapped drugs. Pharmacosomes
address these challenges by creating an
amphiphilic complex where the drug itself
becomes a part of the vesicular architecture (2).As
amphiphilic lipid systems,
pharmacosomes facilitate the efficient passage of
poorly water-soluble and poorly lipophilic drugs
through biological membranes, significantly
improving their pharmacokinetic profiles(3) .The
development of these
systematic  approach to
characterization, often utilizing sophisticated tools
like FTIR and DSC to confirm the integrity of the
drug-lipid complex (4). Over the past decade,
research has expanded into advanced formulation
strategies, including supercritical fluid processes
and anhydrous co-solvent lyophilization, which
offer improved stability and scalability(5). These
systems not only enhance therapeutic efficacy but
also contribute to a reduction in therapy costs and

vesicular

involves a
and

systems
formulation

a decrease in drug-related toxicity (6). By 2025,
the scope has further broadened to include co-
loaded systems for multi-drug therapy and
optimized analytical modeling for better quality
control (25,28).

2. Conceptual Framework and Structural
Advantages

2.1. Limitations of Conventional Vesicles

Conventional vesicular systems, including
liposomes and niosomes, rely on the physical
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entrapment of drug molecules within an aqueous
core or a lipid bilayer. This approach is often
limited by low entrapment efficiency for certain
drugs and the potential for premature drug release
or leakage during storage. Furthermore, the
stability of these vesicles can be compromised by
environmental factors, leading to the fusion or
rupture  of  the (3,7).Recent
comparisons also highlight that pharmacosomes
offer superior stability over liquid crystalline
systems and protein-based carriers due to their
robust drug-lipid bonding (26).

membranes

2.2. The Pharmacosomal Paradigm

Pharmacosomes provide a robust alternative by
ensuring that the drug is stoichiometricly linked to
phospholipids, typically phosphatidylcholine. This
linkage can be covalent, forming an amphiphilic
prodrug, or non-covalent, resulting in a stable
complex. The resulting amphiphilic molecule
spontaneously assembles into vesicles that are
more stable than conventional liposomes due to
the absence of unentrapped drug and the inherent
stability of the drug-lipid interaction (8).These
vesicles can exist in various forms, including
micellar aggregates and hexagonal assemblies,
depending on the drug-to-lipid ratio and the
polarity of the surrounding medium (19,25) .By
selectively localizing drugs at infection or tumor
sites, pharmacosomes reduce systemic toxicity and
improve the biopharmaceutical qualities of the
medication(9).

3. Formulation Strategies

3.1. Solvent Evaporation and Hand-Shaking
Methods

The most common technique for preparing
pharmacosomes is the solvent evaporation
method, often coupled with hand-shaking (10). In
this procedure, the drug and lipid are dissolved in
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a volatile organic solvent like dichloromethane.
The solvent is then evaporated, leaving a thin film
of the complex that is subsequently hydrated with
an aqueous phase. For instance, mefenamic acid
pharmacosomes formulated via this method
achieved a high entrapment efficiency of 90%
(11). This approach remains a cornerstone of the
field, as highlighted in 2025 reviews (25).

3.2. Ether Injection and Thin-Film Dispersion

The ether injection method involves dissolving the
drug-lipid complex in diethyl ether and injecting it
into a heated aqueous medium, which triggers
vesicle formation as the solvent evaporates
(13).This method is valued for producing vesicles
with controlled size distributions and predictable
in vitro release rates (14).Thin-film dispersion is
another variant, particularly useful for herbal
drugs like 20(S)-protopanaxadiol,
produces stable vesicles with high encapsulation
efficiency (24).

where it

3.3. Advanced Technologies:
Fluid and Lyophilization

Supercritical

To address issues of scalability and residual
solvents, advanced techniques such as
supercritical fluid processes have been introduced
(17.)These methods use supercritical carbon
dioxide to facilitate the formation of
pharmacosomes with high purity. Additionally,
anhydrous co-solvent lyophilization is used to
create stable, dry powders that can be
reconstituted, enhancing the shelf life of the
delivery system (17).Recent studies emphasize the
importance of precise drug-to-lipid ratios during
these processes to prevent premature degradation
(26).

4. Comprehensive Characterization

Techniques

4.1. Morphological Evaluation: SEM and TEM
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Visualizing  the  physical  structure  of
pharmacosomes is crucial. Scanning Electron
Microscopy (SEM) and Transmission Electron
Microscopy (TEM) are employed to assess the

surface morphology and shape of the vesicles

(10,14,15).These  techniques  reveal  that
pharmacosomes typically form spherical or
hexagonal aggregates, with the drug-lipid

interaction clearly influencing the surface (texture
(19,25).

4.2. Thermal Analysis: Differential Scanning
Calorimetry (DSC)

DSC is a fundamental tool for assessing the
thermal behavior and compatibility of the drug-
lipid complex (15). A shift or disappearance of the
drug's melting endotherm provides direct evidence
of complex formation and a transition to a
molecularly dispersed state (19). This is critical for
predicting the stability and dissolution behavior of
the pharmacosomes.

4.3. Crystalline State Assessment:
Powder Diffraction (XRPD)

X-ray

XRPD is used to determine the crystalline nature
of the drug within the complex. A reduction in the
intensity of crystalline peaks indicates that the
drug has been converted to an amorphous state
during the formulation of the pharmacosomes
(10,15). This transition is directly linked to the
enhanced solubility and faster dissolution rates
observed in pharmacosomal systems.

4.4. Spectroscopic and Solubility Studies

FTIR and NMR spectroscopy are used to confirm
the structural conformation and molecular
interactions within the complex
(14,15,19).Solubility determination, often using
the shake-flask method, quantifies the
biopharmaceutical improvements. For example,
the solubility of diclofenac in a pharmacosomal
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system was found to be more than double that of
the plain drug (5,11). In 2025, analytical protocols
for co-loaded systems have integrated
sophisticated HPLC-PDA techniques to monitor
drug release with high precision (28).

5. Mechanisms of Bioavailability Enhancement

5.1. Improved Membrane and

Permeation

Fluidity

One of the primary mechanisms by which
pharmacosomes enhance bioavailability is through
the modulation of membrane fluidity. The
inclusion of phospholipids, which are natural
components of cell membranes, allows the
pharmacosomes to merge more effectively with
biological barriers. This increases the permeation
of the drug across the skin, intestinal wall, or
blood-brain barrier (8,18,20).

5.2. Stoichiometric and

Solubility

Complexation

The formation of a stoichiometric complex ensures
that every drug molecule is associated with a lipid
molecule, maximizing the amphiphilic properties
of the system. This results in significantly higher
solubility for poorly soluble drugs, as the lipid
component helps to shield the hydrophobic parts
of the drug molecule from the aqueous
environment (15,23). Recent advances suggest
that this complexation also helps in overcoming
bacterial resistance by improving the intracellular
concentration of antibiotics (28).

6. Recent Advances and Optimization

6.1. Response Surface Methodology and DoE-
Based Modeling

Modern research utilizes statistical tools like
central composite design to optimize formulation
parameters (21). In 2025, researchers introduced
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Design of Experiments (DoE) based modeling to
optimize HPLC-PDA techniques specifically for
pharmacosomes. This approach allows for the
systematic adjustment of variables like buffer ratio
and pH to achieve optimal resolution and
sensitivity in drug release studies (28). Such
modeling ensures that the formulations meet strict
regulatory standards for linearity and precision.

6.2. Herbal Drug Delivery Successes and Green
Metrics

Pharmacosomes are becoming a preferred carrier
for herbal constituents due to their ability to bind
active hydrogen atoms to lipid chains (27). Recent
applications of response surface methodology to
geniposide pharmacosomes resulted in a 20-fold
increase in lipophilicity(22). Furthermore, new
characterization methods for these systems are
increasingly incorporating "green metrics" like the
Analytical GREEnness Metric Approach to ensure
environmental sustainability in pharmaceutical
research (28).

7. Therapeutic Potential and Applications

7.1. NSAIDs and Cardiovascular Drugs:
Atorvastatin and Diclofenac

Pharmacosomes have been extensively applied to
NSAIDs to improve absorption and minimize
gastric  toxicity. Diclofenac pharmacosomes
showed an enhanced solubility of 22.1 g/mL and
improved release (5,15). In 2025, atorvastatin
calcium was successfully formulated
pharmacosomes to enhance its delivery. These
systems are characterized by specific entrapment
efficiency metrics and release profiles monitored
at 246.4 nm (29).

into

7.2. Antineoplastic Therapy: Taxol and 5-
FUdR
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In oncology, pharmacosomes facilitate the
delivery of potent drugs like taxol and 5-FUdR.
These systems improve the targeting of anticancer
agents to tumor sites, reducing systemic side
effects and enhancing the ability of the drug to
cross the blood-brain barrier (5,14,15,21).

7.3. Infectious Diseases:
Metronidazole, and Antivirals

Amoxicillin,

A major advancement in 2025 is the development
of co-loaded pharmacosomes containing both
amoxicillin and metronidazole for the treatment of
Helicobacter pylori infections (28). This co-loaded
system is designed to provide synergistic effects
and overcome the challenges of gastric pathogen
eradication. Additionally, antiviral drugs like
acyclovir and didanosine continue to show
improved sustained release and reduced hemolytic
toxicity when delivered via pharmacosomes
(5,14,19).

7.4.
Applications

Cardiovascular and  Neurological

Pharmacosomes have been successfully developed
for cardiovascular drugs such as pindolol and
bupranolol, improving their pharmacokinetic
properties (4,5,14,15). They also offer a promising
approach for treating neurological disorders by
improving drug transport to the central nervous
system  through  enhanced

permeation (16,20).

lipid-mediated

8. Challenges in Market Translation

Despite technical successes, several challenges
hinder commercialization. These include the high
cost of high-purity phospholipids, the complexity
of large-scale manufacturing, and the need for
more extensive clinical trials. However, the move
towards optimized, DoE-validated analytical
methods and more stable co-loaded formulations

ey,
L
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in 2025 suggests a path forward for meeting
regulatory requirements (8,17,28).

CONCLUSION

Pharmacosomes represent a sophisticated and
versatile platform for drug delivery, effectively
bridging the gap between conventional vesicles
and targeted therapy. By ensuring high entrapment
efficiency and superior stability, they address
many of the limitations of traditional lipid-based
carriers. The recent emergence of co-loaded
systems for infectious diseases and the application
statistical =~ modeling  for
characterization in 2025 demonstrate the
continued evolution of this field. As research

of  rigorous

continues to optimize these systems and explore
new clinical applications, pharmacosomes are
poised to play a critical role in the future of
personalized and controlled drug delivery.
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