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Introduction

Drug delivery polymers have transformed pharmaceutical science by enabling controlled and sustained
release of therapeutic agents. Traditional drug administration methods often lead to rapid absorption
followed by a sharp decline in drug concentration, which may reduce effectiveness and increase the risk
of side effects. Polymer-based delivery systems are designed to release drugs gradually over time,
maintaining therapeutic levels in the body for extended periods [1]. This controlled release improves
treatment efficiency and patient compliance. Biodegradable polymers play a crucial role in drug delivery
because they can break down into non-toxic products after fulfilling their function. Materials such as
polylactic acid, polyglycolic acid, and their copolymers are widely used to fabricate microspheres,
nanoparticles, and implantable devices for sustained drug release [2]. These polymers allow drugs to be
encapsulated within a matrix that gradually degrades or permits diffusion, providing predictable release
profiles. Targeted drug delivery represents another important advancement in polymer-based systems. By
modifying polymer carriers with specific ligands or antibodies, drugs can be directed toward particular

tissues or cells, such as tumor sites, reducing damage to healthy tissues [3]. Nanotechnology has
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significantly contributed to this field, enabling the development of polymer nanoparticles that can cross
biological barriers and deliver drugs with high precision. Hydrogels and polymeric micelles are also
widely used in controlled delivery applications. Hydrogels can swell in biological fluids and release drugs
through diffusion, while micelles formed from amphiphilic block copolymers can encapsulate
hydrophobic drugs, improving their solubility and bioavailability [4]. Recent research has focused on
stimuli-responsive drug delivery systems that release drugs in response to changes in pH, temperature, or
enzymatic activity, offering new possibilities for personalized medicine [5]. These innovations
demonstrate how polymer science continues to reshape modern therapeutic strategies.

Conclusion

Drug delivery polymers have become essential tools in modern medicine, enabling controlled, sustained, and
targeted delivery of therapeutic agents. Their versatility and tunable properties make them valuable in treating a
wide range of diseases, including cancer, infections, and chronic conditions. Continued advances in biodegradable
materials, nanotechnology, and smart polymer systems will further enhance the effectiveness and precision of
polymer-based drug delivery technologies. Next comes Polymer Characterization, a subject that may sound
procedural but is actually the detective work of polymer science—because before understanding what a material
can do, scientists must first understand exactly what it is, down to the length, shape, and arrangement of its

molecular chains
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