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Abstract

Polymer-based drug delivery systems (DDS) have revolutionized the field of medical therapeutics by enabling precise control
over the release and targeting of drugs. This review examines the various types of polymers used in DDS, including both
natural and synthetic variants, and explores their mechanisms of action, advantages, and recent advancements. Key
innovations such as stimuli-responsive polymers, biodegradable systems, and conductive polymers are highlighted for their
significant contributions to enhancing drug efficacy and reducing side effects. The applications of polymer-based DDS in gene
and cancer therapy are also discussed, demonstrating their potential to improve treatment outcomes. Overall, this review
underscores the importance of polymeric carriers in the development of next-generation drug delivery technologies.
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Introduction

Polymer-based drug delivery systems (DDS) represent a
transformative advancement in the field of medical
therapeutics, offering innovative solutions to overcome the
limitations associated with traditional drug delivery
methods. These systems utilize polymers-large, chain-like
molecules composed of repeating subunits-as carriers to
deliver drugs in a controlled and targeted manner. The
versatility of polymers allows for the design of delivery
systems that can release therapeutic agents at a specific rate,
in response to certain stimuli, or at a particular site within
the body. The development of polymer-based DDS has been
driven by the need to improve the pharmacokinetics and
pharmacodynamics of drugs, enhance their therapeutic
efficacy, and minimize adverse effects. Traditional drug
administration methods often suffer from challenges such as
poor bioavailability, rapid degradation, and nonspecific
distribution, which can lead to suboptimal therapeutic
outcomes and unwanted side effects. By contrast, polymeric
DDS can provide sustained and controlled drug release,
protect drugs from degradation, and enable precise targeting
to diseased tissues or cells. There are two main categories of
polymers used in drug delivery: natural and synthetic.
Natural polymers, such as chitosan, dextrin, and hyaluronic
acid, are favored for their biocompatibility and
biodegradability. Synthetic polymers, such as poly (lactic
acid), poly(glycolic acid), and poly(ethylene glycol), offer
tunable properties that can be tailored to meet specific
therapeutic needs. The combination of these polymers has
led to the development of hybrid systems that leverage the
advantages of both materials. Recent advancements in
polymer science have introduced stimuli-responsive
polymers, which can alter their physical or chemical
properties in response to external stimuli such as
temperature, pH, or light. These smart materials allow for
on-demand drug release, thereby improving treatment
precision and patient outcomes. Additionally, biodegradable
polymers have gained prominence for their ability to
degrade into non-toxic byproducts after delivering their
payload, eliminating the need for surgical removal of the
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delivery device. Polymer-based DDS have found significant
applications in various medical fields, including gene
therapy and cancer treatment. In gene therapy, polymers are
used to deliver genetic material into cells, offering a safer
alternative to viral vectors. In cancer treatment, polymeric
carriers can deliver chemotherapeutic agents directly to the
tumor site, reducing systemic toxicity and enhancing
therapeutic efficacy.

Objective

The main objective of this review is to provide a
comprehensive overview of polymer-based drug delivery
systems (DDS), highlighting their transformative impact on
medical therapeutics.

Types of Polymers in Drug Delivery

Types of Polymers in Drug Delivery

[Natural Ponmers] [Synthetic PolymersJ

Poly(lactic acid)
Poly(glycolic acid)
Hyaluronic Acid Poly(ethylene glycol)

Natural Polymers in Drug Delivery Systems

Natural polymers are biocompatible, biodegradable, and
often possess unique properties that make them highly
suitable for drug delivery applications. Derived from natural
sources such as plants, animals, and microorganisms, these
polymers have been extensively studied for their potential to
enhance drug delivery.

Chitosan, for instance, is derived from chitin found in the
exoskeletons of crustaceans and the cell walls of fungi. It is
a linear polysaccharide known for its biodegradability,
biocompatibility, and non-toxicity. Chitosan's positive
charge allows it to interact with negatively charged
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molecules and surfaces. This property makes it particularly
useful for enhancing the absorption of drugs across the
gastrointestinal tract in oral delivery systems. Its
mucoadhesive nature also makes it suitable for nasal drug
delivery, allowing prolonged contact time with the nasal
mucosa and improved drug absorption. Additionally,
chitosan can form films and hydrogels for transdermal
delivery, facilitating the controlled release of drugs through
the skin.

Alginate, another natural polymer, is derived from brown
seaweed. It consists of B-D-mannuronic acid and o-L-
guluronic acid residues, forming hydrogels in the presence
of divalent cations like calcium ions. Alginate's gel-forming
ability and biocompatibility make it ideal for controlled
release systems, wound dressings, and encapsulation of cells
and proteins. In controlled release systems, alginate
hydrogels encapsulate drugs, providing a matrix for
sustained release. Its use in wound dressings promotes
healing while delivering therapeutic agents. Alginate beads
and microcapsules protect encapsulated cells and proteins
from degradation and enable their controlled release.
Gelatin, derived from collagen found in animal connective
tissues, is a mixture of peptides and proteins produced by
partial hydrolysis of collagen. It forms thermally reversible
gels, solidifying at lower temperatures and liquefying upon
heating. Gelatin hydrogels are used in injectable drug
delivery systems, allowing controlled release at the injection
site. In tissue engineering, gelatin scaffolds support cell
growth and tissue regeneration while delivering growth
factors and other therapeutic agents. Gelatin capsules are
commonly used for oral drug delivery, providing a
convenient and controlled release dosage form.

Natural polymers like chitosan, alginate, and gelatin offer
numerous advantages for drug delivery systems, including
biocompatibility, biodegradability, and the ability to form
various drug delivery matrices. Their unique properties
make them suitable for a wide range of applications, from
oral and nasal delivery to wound healing and tissue
engineering. By harnessing the potential of these natural
polymers, researchers can develop advanced drug delivery
systems that improve the efficacy and safety of therapeutic
agents, ultimately enhancing patient care

Synthetic Polymers in Drug Delivery Systems

Synthetic polymers have become integral to drug delivery
systems due to their customizable properties, which can be
tailored to meet specific therapeutic needs. These polymers
are engineered to achieve precise control over drug release
rates, improve drug stability, and enhance targeting
capabilities. Poly (lactic-co-glycolic acid) (PLGA) is one of
the most widely used synthetic polymers in drug delivery. It
is biodegradable and biocompatible, approved by the FDA
for various medical applications. PLGA can be tailored to
degrade at different rates by adjusting the ratio of lactic acid
to glycolic acid, providing controlled drug release over
extended periods. This versatility makes PLGA suitable for
a wide range of delivery systems, including microspheres,
nanoparticles, and implants.

Polyethylene glycol (PEG) is another prominent synthetic
polymer used in drug delivery. PEG is known for its
excellent biocompatibility and ability to improve the
solubility and stability of drugs. By attaching PEG chains to
drugs or nanoparticles, a process known as PEGylation,
researchers can enhance the circulation time of therapeutic
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agents in the bloodstream, reduce immunogenicity, and
improve the pharmacokinetics of the drugs. PEGylation is
particularly useful for the delivery of proteins, peptides, and
small molecules.

Polycaprolactone (PCL) is a biodegradable polyester with a
slower degradation rate compared to PLGA, making it
suitable for long-term drug delivery applications. PCL is
used in the fabrication of microspheres, nanospheres, and
scaffolds for tissue engineering. Its hydrophobic nature
allows it to provide sustained release of hydrophobic drugs,
making it valuable for delivering poorly soluble drugs.

Poly  (N-isopropylacrylamide)  (PNIPAAmM) is a
thermoresponsive polymer that exhibits a unique property of
changing its solubility in response to temperature. At lower
temperatures, PNIPAAmM is soluble in water, but it becomes
insoluble and precipitates out of solution at higher
temperatures, typically around body temperature. This
property makes PNIPAAmM suitable for developing
temperature-sensitive drug delivery systems that can release
drugs in response to changes in body temperature, offering
on-demand drug release capabilities.

Poly (amidoamine) (PAMAM) dendrimers are highly
branched, tree-like synthetic polymers with a well-defined
structure. These dendrimers have multiple surface functional
groups that can be modified to carry drugs, targeting
ligands, or imaging agents. The unique architecture of
PAMAM dendrimers allows for high drug loading capacity
and precise control over drug release. They are used in
targeted drug delivery, gene delivery, and diagnostic
imaging.

Synthetic polymers like PLGA, PEG, PCL, PNIPAAm, and
PAMAM dendrimers provide a versatile and powerful
toolkit for developing advanced drug delivery systems.
Their customizable properties enable the creation of
delivery vehicles that can release drugs at controlled rates,
enhance drug stability, and target specific tissues or cells.
These innovations have the potential to significantly
improve the efficacy and safety of therapeutic agents,
paving the way for next-generation treatments in various
medical fields.

Conclusion

The future of polymer-based drug delivery systems (DDS)
is highly promising, driven by ongoing advancements in
polymer science and nanotechnology. These systems offer
unprecedented control over drug release, targeting, and
stability, which are essential for improving therapeutic
outcomes and reducing side effects. As research continues
to evolve, several future prospects stand out.

Firstly, the development of stimuli-responsive polymers
holds great potential. These smart polymers can release
drugs in response to specific physiological triggers such as
pH, temperature, or enzymatic activity, enabling on-demand
and site-specific drug delivery. This could revolutionize the
treatment of diseases that require precise dosing and timing,
such as cancer and diabetes.

Secondly, the integration of biodegradable polymers into
drug delivery systems will continue to advance. These
polymers break down into non-toxic byproducts after
delivering their therapeutic payload, reducing the risk of
long-term side effects and eliminating the need for surgical
removal of delivery devices. Innovations in biodegradable
polymers will likely lead to more effective and safer


http://www.pharmacyjournal.org/

International Journal of Pharmacy and Pharmaceutical Science

treatments, especially in chronic disease management and
regenerative medicine.

Thirdly, the exploration of conductive polymers is an
exciting frontier. Conductive polymers can interact with
electrical signals in the body, making them suitable for
applications in neural drug delivery and bioelectronics.
These polymers could facilitate the development of
advanced medical devices that deliver drugs in response to
neural activity or other bioelectrical signals, offering new
therapeutic strategies for neurological disorders.
Furthermore, the application of polymer-based DDS in gene
therapy and personalized medicine is expected to expand.
Polymers can protect and deliver genetic material to target
cells, potentially curing genetic disorders at their source.
The customization of polymeric carriers to suit individual
patient profiles will enable more personalized and effective
treatments, reducing adverse reactions and improving
patient outcomes.

In conclusion, polymer-based DDS are set to play a critical
role in the future of medicine. With ongoing research and
technological advancements, these systems will become
increasingly sophisticated, offering more precise, effective,
and safe therapeutic options. The integration of smart,
biodegradable, and conductive polymers into drug delivery
platforms will drive the development of next-generation
treatments, ultimately enhancing patient care and
transforming healthcare.
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