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Abstract

Bioavailability, the extent and rate at which the active pharmaceutical ingredient (API) is
absorbed into the bloodstream, is a critical factor in drug development. Many drugs suffer from
poor bioavailability due to factors like low solubility, instability in the gastrointestinal tract,
and poor permeability across cell membranes. Over the years, significant progress has been
made in developing novel drug formulation techniques aimed at enhancing bioavailability. This
mini-review explores recent advances in formulation strategies such as nanoparticle-based
delivery, solid dispersion systems, lipid-based formulations, and other innovative approaches

that have the potential to address bioavailability challenges.
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Introduction

Bioavailability is a major determinant of a
drug’s therapeutic efficacy, as it dictates the
concentration of the drug that reaches systemic
circulation.  Unfortunately, many drugs,
especially poorly water-soluble ones, exhibit
low bioavailability due to limited dissolution
rates, poor permeability, or rapid metabolism.
Consequently, enhancing bioavailability has
become a primary focus in pharmaceutical
formulation development. Over the past
decade, various formulation techniques have
emerged to address these bioavailability
challenges, with several methods offering
promising solutions. ™

Nanoparticle-based Delivery Systems

Nanotechnology has revolutionized drug
formulation, offering the possibility of
enhancing bioavailability through
nanoparticles, which typically range from 1 to
1000 nm. These systems can significantly
improve the solubility and dissolution rates of
poorly water-soluble drugs by increasing the

surface area for absorption. Nanoparticles can
also be engineered to improve cellular uptake
and target specific sites, increasing the
therapeutic index of the drug.

+ Solid Lipid Nanoparticles (SLNs): SLNs
are solid particles made from lipophilic
substances that can enhance drug solubility.
SLNs are designed to release the drug in a
controlled manner and improve its
bioavailability.

. Polymeric Nanoparticles: These
nanoparticles are made from biodegradable
polymers that can encapsulate drugs,
improving their stability, bioavailability, and
release profiles. They can also be tailored for
controlled and targeted drug delivery. @

Solid Dispersion Systems

Solid dispersions involve dispersing the drug in
an inert carrier, typically a hydrophilic
polymer, in a solid-state to improve its
solubility and dissolution rate. This method has
gained significant attention in recent years for
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enhancing the bioavailability of poorly soluble
drugs.

» Co-precipitation Methods: In this approach,
the drug is dissolved in a solvent and co-
precipitated with a carrier, forming a solid
dispersion. The drug is stabilized in an
amorphous form, which enhances its
dissolution rate compared to crystalline forms.
» Hot-melt Extrusion: This technique uses
heat and shear forces to create solid
dispersions. The heat reduces the crystallinity
of the drug and allows for better drug-carrier
interaction,  enhancing  solubility  and
bioavailability. I

Lipid-based Formulations

Lipid-based drug delivery systems, such as
liposomes, self-emulsifying drug delivery
systems (SEDDS), and nano emulsions, are
widely used to improve the solubility and
bioavailability of lipophilic drugs. These
systems exploit the ability of lipids to solvate
hydrophobic drugs and facilitate their
absorption through the intestinal membrane.

« Liposomes: Liposomes are spherical vesicles
made of lipid bilayers that encapsulate the
drug. They offer advantages such as enhanced
stability, controlled release, and the ability to
deliver drugs to specific sites in the body.

« SEDDS and Self-nanoemulsifying Drug
Delivery Systems (SNEDDS): These systems
are made up of oils, surfactants, and
cosurfactants that form fine emulsions upon
contact with water. They enhance drug
solubility and absorption by facilitating the
formation of microemulsions that improve
gastrointestinal permeability. ™I

Cyclodextrin-based Formulations
Cyclodextrins, cyclic oligosaccharides, have a
unique ability to form inclusion complexes
with poorly soluble drugs, enhancing their
solubility and bioavailability. By encapsulating
the drug molecule in the hydrophobic cavity of
the cyclodextrin, the formulation improves
drug stability, reduces toxicity, and enhances
absorption.

» Hydroxypropyl-p-cyclodextrin  (HP-p-
CD): HP-B-CD is one of the most widely used
cyclodextrin derivatives in pharmaceutical
formulations. It is particularly effective in
improving the solubility and bioavailability of
poorly water-soluble drugs like itraconazole
and griseofulvin. B

Other Approaches

In addition to the aforementioned techniques,
several other innovative approaches have been
developed to improve bioavailability,
including:

* Protein and Peptide Formulations:
Peptides and proteins, which are prone to
degradation in the gastrointestinal tract, can be
formulated into oral delivery systems that
protect the drug from enzymatic breakdown
and enhance absorption.

» Microemulsions: These are isotropic,
transparent mixtures of water, oil, and
surfactants that can improve drug solubility
and stability, providing an alternative approach
to enhance bioavailability.

* Permeation Enhancers:  Chemical
enhancers, such as surfactants and bile salts,
can be incorporated into drug formulations to
increase membrane permeability and enhance
drug absorption. !

Challenges and Future Directions

Despite the progress made, several challenges
remain  in  enhancing  bioavailability,
particularly for poorly soluble, lipophilic
drugs. Issues such as the high cost of
production, regulatory hurdles, and the
complexity of scale-up processes must be
addressed. Furthermore, the stability of
formulations under physiological conditions
and their ability to provide sustained or
controlled release remain areas of active
research. Future advancements may focus on
personalized medicine, where formulations are
tailored to an individual's specific
pharmacokinetic ~ and  pharmacodynamic
profile. Additionally, advancements in 3D
printing and other novel technologies could
lead to new ways to formulate drugs for
optimal bioavailability. [

Conclusion

Advances in drug formulation techniques have
significantly improved the bioavailability of
many drugs, overcoming barriers related to
solubility and absorption. Strategies such as
nanoparticle-based delivery, solid dispersions,
lipid-based formulations, and cyclodextrin
complexes have shown promise in enhancing
drug effectiveness. As these technologies
continue to evolve, they hold great potential to
improve patient outcomes, particularly for
drugs with poor bioavailability. However,
further research is required to address the
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challenges in scaling these

formulations for widespread clinical use.
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