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ABSTRACT 

Polymers have become essential materials in the field of 

nanomedicine, offering significant advantages in drug delivery, gene 

therapy, and cancer treatment. Their unique properties, such as 

biocompatibility, tunability, and biodegradability, make them ideal for 

constructing nanocarriers like nanoparticles, micelles, dendrimers, and 

hydrogels. These polymer-based systems protect therapeutic agents 

from degradation, enhance targeted delivery, and control the release of 

drugs, ultimately improving treatment efficacy and reducing side 

effects. This review explores various types of polymers—natural, 

synthetic, and biodegradable—and their applications in nanomedicine. 

Additionally, the challenges facing polymer-based nanomedicine, 

including toxicity and scalability, are discussed alongside future 

directions aimed at advancing the next generation of polymer-based 

therapeutics. With ongoing research, polymers have the potential to 

revolutionize personalized medicine, offering more effective and safer 

treatments across a wide range of medical applications. 
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1. INTRODUCTION 

Polymers have played a transformative role in nanomedicine, offering remarkable versatility 

for applications such as drug delivery, gene therapy, and diagnostics. These materials, 

composed of repeating monomer units, can be engineered to exhibit a wide range of 

chemical, mechanical, and biological properties. Their tunable nature has made polymers a 

valuable tool for constructing nanoparticles, micelles, and hydrogels—each of which plays a 

critical role in developing medical treatments.
[1,3] 

 

In the context of nanomedicine, polymers can be designed to encapsulate therapeutic agents, 

enhancing their delivery to specific target sites within the body. This capability not only 

improves treatment efficiency but also minimizes off-target effects and toxicity. From cancer 

treatments to vaccine delivery, polymers offer promising solutions in the rapidly evolving 

field of nanomedicine.
[4] 

 

In recent years, developments in polymer chemistry have expanded the scope of 

nanomedicine applications, paving the way for new therapeutic strategies that are more 

efficient, safer, and tailored to the individual needs of patients. With advances in 

biocompatible and biodegradable polymers, researchers have been able to address long-

standing challenges such as toxicity, systemic distribution, and drug resistance. 

 

2. Types of Polymers used in Nanomedicine 

Polymers used in nanomedicine can be classified into two broad categories: natural and 

synthetic polymers (Table 1). Both have unique advantages and limitations, depending on the 

specific application they are used for. 

 

Natural Polymers 

Natural polymers, including proteins, polysaccharides, and nucleic acids, are derived from 

biological sources and are typically biodegradable and biocompatible.
[5]

 Some common 

examples include. 

 

Chitosan: Derived from chitin, this polymer is widely used for drug delivery due to its 

biocompatibility and ability to cross biological barriers.
[6]

 

 

Alginate: This is another naturally derived polymer, commonly used in wound healing 

applications due to its hydrophilic properties.
[6] 
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Collagen: A structural protein found in connective tissues, collagen is often employed in 

tissue engineering applications.
[6] 

 

These natural polymers are attractive for nanomedicine because they tend to cause fewer 

immune reactions and are biodegradable. However, they also tend to have lower mechanical 

strength and less control over their degradation rates compared to synthetic polymers. 

 

Table 1: Types of polymers and their applications in nanomedicine. 

Polymer Type Examples Applications Advantages 

Natural 

Polymers 

Chitosan, Alginate, 

Collagen 

Drug delivery, wound 

healing, tissue 

engineering
[7-10] 

Biocompatible, 

biodegradable, reduced 

immune response 

Synthetic 

Polymers 
PLA, PEG, PCL 

Drug delivery, gene 

therapy, cancer 

treatment
[7-10]

 

Controlled degradation, 

customizable properties, 

scalable 

Cationic 

Polymers 

Polyethylenimine 

(PEI), Chitosan 

Gene delivery, 

DNA/RNA complex 

formation
[7-10]

 

Enhances cellular 

uptake, protects nucleic 

acids from degradation 

Biodegradable 

Polymers 
PLA, PGA, PCL 

Drug delivery, tissue 

scaffolding, sustained 

release systems
[7-10]

 

Reduced toxicity, 

controlled drug release 

over time 

 

Synthetic Polymers 

Synthetic polymers, such as polylactic acid (PLA), polycaprolactone (PCL), and polyethylene 

glycol (PEG), offer more control over the physical and chemical properties of the material. 

These polymers can be fine-tuned for specific tasks like drug delivery, gene therapy, and 

biomedical imaging.
[11] 

 

Polyethylene Glycol (PEG): PEG is commonly used to prolong the circulation time of 

nanoparticles by preventing recognition and clearance by the immune system. This is known 

as "PEGylation." 

 

Polylactic Acid (PLA): PLA is a biodegradable polymer that has been used extensively in 

drug delivery systems. 

 

Polycaprolactone (PCL): PCL has slower degradation rates, making it ideal for long-term 

drug delivery applications.
[12] 

 

Both natural and synthetic polymers serve as the building blocks for sophisticated drug 

delivery systems, allowing precise control over therapeutic interventions. 
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3. Polymer-based Nanocarriers for Drug Delivery 

Polymers have become integral to the development of nanocarriers for drug delivery, offering 

multiple advantages over traditional drug delivery methods. These nanocarriers can enhance 

drug solubility, protect drugs from degradation, and control their release profiles.
[13] 

 

 

Figure 1: Nanocarriers for drug delivery. 

 

Types of Polymer-based Nanocarriers 

Nanoparticles: Polymeric nanoparticles range from 10 to 200 nm in size and can encapsulate 

both hydrophobic and hydrophilic drugs. This protects the drug from degradation and 

enhances its delivery to target tissues.
[14] 
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Micelles: Micelles are self-assembled structures with a hydrophobic core and hydrophilic 

shell, useful for encapsulating poorly soluble drugs. The hydrophobic core serves as a 

reservoir, while the hydrophilic outer layer improves stability and prolongs circulation in the 

bloodstream.
[15] 

 

Dendrimers: Dendrimers are highly branched, tree-like polymers with numerous surface 

functional groups, making them ideal for drug delivery due to their high drug loading 

capacity.
[16] 

 

Hydrogels: These are three-dimensional networks of hydrophilic polymers that can swell in 

water and hold significant amounts of liquid. Hydrogels can release drugs in response to 

stimuli such as pH or temperature, offering controlled and sustained drug release.
[17] 

 

Applications in Drug Delivery 

Nanocarriers enhance the delivery of a wide range of therapeutics, from small molecules to 

large biomolecules like proteins and nucleic acids. For instance, nanoparticles are widely 

used to deliver chemotherapeutic agents directly to tumor cells, minimizing the damage to 

healthy tissues. Micelles, on the other hand, are employed in the delivery of hydrophobic 

drugs that are otherwise difficult to administer.
[18] 

 

4. Polymers in Gene Therapy 

Gene therapy has the potential to revolutionize the treatment of genetic disorders, cancers, 

and viral infections by correcting or replacing faulty genes. However, the success of gene 

therapy is largely dependent on the development of safe and effective delivery systems for 

genetic material.
[19] 

 

Cationic Polymers for Gene Delivery 

Cationic polymers, such as polyethylenimine (PEI) and chitosan, are often used for delivering 

nucleic acids like DNA or RNA. These polymers form complexes with negatively charged 

genetic material, protecting it from degradation and facilitating its entry into cells.
[20] 

 

PEI: A highly effective transfection agent, PEI binds tightly to DNA or RNA, protecting it 

from enzymatic degradation. 

 

Chitosan: This natural polymer is gaining attention as a biocompatible and biodegradable 

alternative to synthetic polymers like PEI.
[21] 
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Polymeric Nanoparticles 

Polymeric nanoparticles are also being developed for gene delivery. These nanoparticles can 

protect genetic material from degradation and facilitate its controlled release once inside the 

target cell. By modifying the surface of these nanoparticles with targeting ligands, researchers 

can increase the specificity of gene delivery, reducing off-target effects.
[22] 

 

5. Role of Polymers in Cancer Treatment 

Polymers are increasingly used in cancer treatment due to their ability to deliver drugs 

directly to tumor cells while minimizing exposure to healthy tissues. Polymer-based systems 

can improve the solubility, stability, and bioavailability of anticancer drugs.
[23] 

 

Polymer-drug Conjugates 

Polymer-drug conjugates are formed by chemically linking a drug to a polymer backbone. 

This strategy increases the solubility of hydrophobic drugs, prolongs their circulation time, 

and allows for controlled release. 

 

Polymeric Micelles for Cancer Therapy 

Micelles have proven particularly useful in cancer treatment. Their small size and enhanced 

permeability allow them to accumulate in tumor tissues more effectively. Micelles can be 

functionalized with ligands that bind to receptors overexpressed on cancer cells, improving 

targeting and reducing side effects.
[24] 

 

Immunotherapy and Polymers 

In cancer immunotherapy, polymers are used to deliver antigens or immune-modulating 

drugs that stimulate the immune system to attack cancer cells. These polymer-based systems 

can enhance the effectiveness of immunotherapy while reducing systemic toxicity. 

 

6. Biodegradable Polymers in Nanomedicine 

Biodegradable polymers are essential for applications where long-term exposure of non-

degradable materials could lead to toxicity or other adverse effects. These polymers break 

down into non-toxic byproducts, which are eventually eliminated from the body. 

 

Examples of Biodegradable Polymers 

Polylactic acid (PLA): Widely used in drug delivery and tissue engineering due to its 

biodegradability.
[25] 



www.wjpr.net      │     Vol 13, Issue 21, 2024.      │     ISO 9001:2015 Certified Journal       │ 

 

Sharma et al.                                                                       World Journal of Pharmaceutical Research 
 

534 

Polyglycolic acid (PGA): PGA is often used in surgical sutures and tissue scaffolds due to its 

rapid degradation.
[25] 

 

Polycaprolactone (PCL): A slower-degrading polymer, PCL is ideal for applications 

requiring longer drug release profiles.
[25] 

 

Advantages of Biodegradable Polymers 

The primary advantage of biodegradable polymers is that they reduce the risk of long-term 

toxicity. By carefully controlling the degradation rate of the polymer, researchers can fine-

tune the release of encapsulated drugs over time.
[26] 

 

 

Figure 2: Advantages of polymer based nanocarrier. 
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7. Challenges and Future Directions in Polymer-based Nanomedicine 

Despite the many advantages of polymer-based nanomedicine, several challenges remain.
[27] 

 

Challenges 

Toxicity: While many polymers are biocompatible, some synthetic polymers can elicit an 

immune response or cause long-term toxicity if they accumulate in tissues.
[28,30] 

 

Scalability: The large-scale production of polymer-based nanocarriers remains a challenge, 

particularly when it comes to ensuring consistency in size and drug loading capacity.
[31,34] 

 

Regulatory Hurdles: Due to the complexity of polymer-based systems, obtaining regulatory 

approval can be a lengthy and costly process.
[35] 

 

Future Directions 

Future research will likely focus on the development of more sophisticated polymer-based 

systems that are capable of multiple functions. For example, smart polymers that respond to 

environmental stimuli (e.g., temperature, pH) could revolutionize drug delivery by providing 

on-demand release of therapeutics.
[36]

 Additionally, advancements in biodegradable polymers 

will help address safety concerns associated with long-term polymer exposure. 

 

8. CONCLUSION 

Polymers have become indispensable in the field of nanomedicine due to their versatility and 

ability to be engineered for specific therapeutic tasks. Whether it’s drug delivery, gene 

therapy, or cancer treatment, polymers offer a promising platform for advancing medical 

treatments. However, challenges such as toxicity, scalability, and regulatory barriers still 

need to be addressed. Ongoing research in polymer chemistry and nanotechnology holds the 

potential to overcome these hurdles, bringing us closer to the next generation of polymer-

based therapeutics. 
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