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Polymers in medicine: From drug delivery systems to tissue engineering.

Micaela Tosi*

Department of Biotechnology, University of Berne, Switzerland

Polymers have revolutionized various fields, and medicine is
no exception. Their versatility and ability to be tailored for
specific applications have led to significant advancements in
medical technology. Among the most transformative uses of
polymers in medicine are drug delivery systems and tissue
engineering. These applications leverage the unique properties
of polymers to improve therapeutic outcomes, enhance patient
care, and enable innovative treatments [1, 2].

Polymers can be engineered to release drugs gradually over
time, providing sustained therapeutic effects and reducing the
frequency of dosing. This is particularly beneficial for drugs
with short half-lives or those requiring constant levels in the
bloodstream. By modifying polymer properties or attaching
targeting moieties, drugs can be delivered specifically to
disease sites, minimizing side effects and improving efficacy.
This is particularly useful in treating cancer, where polymer-
based carriers can target tumor cells while sparing healthy
tissue. Polymers used in drug delivery are often biocompatible
and biodegradable, reducing the risk of adverse reactions and
eliminating the need for surgical removal once the drug has
been delivered. Various polymer-based drug delivery systems
have been developed, including liposomes, micelles, and
nanoparticles. For instance, poly(lactic-co-glycolic acid) (PLGA)
is a commonly used polymer in controlled-release formulations
due to its biocompatibility and biodegradability [3].

Polymers provide structural support for growing cells and
tissues. Scaffolds made from polymers can be designed to mimic
the extracellular matrix, providing a suitable environment for
cell adhesion, proliferation, and differentiation. Polymers
can be tailored to meet specific needs, such as altering their
mechanical properties, degradation rates, and bioactivity. This
customization allows for the creation of scaffolds that closely
match the properties of the tissue being repaired or replaced.
Biodegradable polymers are used to create temporary scaffolds
that gradually degrade as new tissue forms. This eliminates
the need for scaffold removal and supports the natural healing
process. Common polymers used in tissue engineering include
collagen, polyglycolic acid (PGA), and polycaprolactone
(PCL). These materials have been used to develop scaffolds
for a variety of tissues, including skin, bone, and cartilage [4,
5].

Designing polymers with specific properties for drug delivery
and tissue engineering requires a deep understanding of both
material science and biological interactions. This complexity
can lead to difficulties in optimizing performance and ensuring

safety. Ensuring that polymer-based products are safe and
effective requires rigorous testing and adherence to regulatory
standards. The process can be time-consuming and costly.
Achieving seamless integration of polymer-based systems
with biological tissues remains a challenge. Issues such as
immune responses and long-term biocompatibility need to be
addressed [6, 7].

Looking ahead, research is focused on developing
more advanced polymers with improved properties and
functionality. Innovations in nanotechnology, bioengineering,
and materials science are expected to drive the next generation
of polymer-based medical applications, leading to more
effective treatments and improved patient outcomes [8, 9].

Polymers have made significant contributions to medicine,
particularly in drug delivery systems and tissue engineering.
Their ability to be tailored for specific applications has led to
advancements that enhance therapeutic efficacy and support
tissue regeneration. While challenges remain, ongoing research
and development hold promise for further innovations, paving
the way for new treatments and improved patient care. By
harnessing the potential of polymers, the future of medicine
looks increasingly promising, with opportunities for enhanced
drug delivery, personalized therapies, and advanced tissue
engineering solutions [10].
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