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Abstract: Polymeric nanoparticles (PNPs) have gained significant attention as an advanced drug 

delivery system due to their ability to provide controlled and sustained release of therapeutic agents. 

These nanosized carriers, typically ranging from 10 to 1000 nm, are formulated using biodegradable 

and biocompatible polymers such as poly(lactic-co-glycolic acid), polycaprolactone, and chitosan. 

PNPs can encapsulate a wide range of drugs, including hydrophilic and hydrophobic molecules, 

thereby protecting them from degradation and enhancing their stability and bioavailability. The drug 

release from polymeric nanoparticles is governed by mechanisms such as diffusion, polymer 

degradation, and swelling, enabling sitespecific and prolonged therapeutic action. Various 

preparation techniques, including nanoprecipitation, emulsification-solvent evaporation, and ionic 

gelation, influence particle size, drug loading, and release kinetics. Furthermore, surface modification 

approaches like 

PEGylation and ligand attachment improve targeting efficiency and circulation time. Polymeric 

nanoparticles have shown promising applications in cancer therapy, gene delivery, vaccine systems, 

and central nervous system disorders. However, challenges such as scalability, stability, and 

regulatory concerns remain to be addressed. Overall, polymeric nanoparticles offer a highly effective 

platform for controlled drug delivery with significant potential in modern therapeutics.. 
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I. INTRODUCTION 
Controlled drug delivery systems (CDDS) are designed to deliver therapeutic agents at a predetermined rate, duration, 

and specific site of action to achieve optimal therapeutic outcomes while minimizing side effects. Conventional drug 

delivery methods often lead to fluctuations in drug plasma concentration, poor bioavailability, rapid drug degradation, 

and lack of site specificity. These limitations can reduce therapeutic efficacy and increase the risk of toxicity. 

In recent years, nanotechnology has revolutionized the field of drug delivery by introducing novel carrier systems such 

as polymeric nanoparticles. Polymeric nanoparticles are solid colloidal particles ranging in size from 10 to 1000 nm, 

composed of natural or synthetic biodegradable polymers. These nanoparticles offer several advantages, including 

improved drug stability, enhanced permeability, and controlled release properties. Their small size allows them to cross 

biological barriers and accumulate in specific tissues, particularly in tumor regions through the enhanced permeability 

and retention (EPR) effect. 

Polymeric nanoparticles can be engineered to encapsulate a wide range of therapeutic agents, including small 

molecules, proteins, peptides, and nucleic acids. Depending on their structure, they can exist as nanospheres, where the 

drug is uniformly dispersed within the polymer matrix, or nanocapsules, where the drug is confined within a core 

surrounded by a polymeric shell. This structural versatility enables precise control over drug release kinetics. 

Furthermore, surface modification techniques such as PEGylation and ligand conjugation have enhanced the targeting 

capability of polymeric nanoparticles, allowing for active and passive targeting strategies. These advancements have 

significantly improved the therapeutic potential of drugs, especially in the treatment of chronic diseases such as cancer, 

neurological disorders, and infectious diseases. 
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Despite these promising features, challenges such as large-scale production, reproducibility, and regulatory approval 

must be addressed for their successful clinical translation. This review focuses on the design, preparation methods, 

mechanisms, applications, advantages, and limitations of polymeric nanoparticles in controlled drug delivery systems. 

 

Types of Polymeric Nanoparticles 

Polymeric nanoparticles are classified based on their structural organization and drug distribution within the system. 

The two primary types are nanospheres and nanocapsules, each offering distinct advantages in controlled drug 

delivery. 

 

Nanospheres 

Nanospheres are matrix-type systems in which the drug is uniformly dispersed throughout the polymeric matrix. In this 

structure, there is no distinct core-shell separation, and the drug may either be dissolved or physically entrapped within 

the polymer network. 

Drug release from nanospheres primarily occurs through diffusion and polymer degradation. Initially, the drug present 

near the surface is released rapidly (burst release), followed by a sustained release phase as the drug diffuses through 

the polymer matrix or as the polymer undergoes degradation. The release profile can be controlled by modifying factors 

such as polymer composition, molecular weight, and particle size. 

Nanospheres are widely used due to their simple preparation methods and ability to provide prolonged drug release. 

They are particularly suitable for drugs requiring sustained therapeutic action over an extended period. 

 

Nanocapsules 

Nanocapsules are vesicular systems characterized by a core-shell structure, where the drug is confined within a central 

cavity (core) surrounded by a polymeric membrane (shell). The drug is typically dissolved in the core, which may be 

oily or aqueous depending on the formulation. 

The polymeric shell acts as a barrier that controls drug release, allowing for more precise and predictable release 

kinetics compared to nanospheres. Drug release occurs through diffusion across the polymeric membrane or through 

degradation of the shell. 

Nanocapsules offer advantages such as higher drug loading efficiency, reduced drug leakage, and better protection of 

sensitive drugs from environmental degradation. They are especially useful for delivering potent drugs that require 

controlled and targeted release. 

 

Comparison of Nanospheres and Nanocapsules 

Feature Nanospheres Nanocapsules 

Structure Matrix system Core-shell system 

Drug distribution Uniform throughout matrix Confined in core 

Release mechanism Diffusion + degradation Diffusion through shell 

Drug protection Moderate High 

Release control Less precise More controlled 

 

Overall, both nanospheres and nanocapsules play a crucial role in controlled drug delivery, and the choice between 

them depends on the physicochemical properties of the drug and the desired release profile. 
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Polymers Used in Polymeric Nanoparticles 

Polymers play a critical role in the design and performance of polymeric nanoparticles, as they determine the stability, 

biodegradability, drug release profile, and biocompatibility of the delivery system. The selection of an appropriate 

polymer depends on factors such as drug properties, route of administration, and desired release kinetics. Polymers 

used in nanoparticle formulation are broadly classified into natural and synthetic polymers. 

 

Natural Polymers 

Natural polymers are derived from biological sources and are widely preferred due to their biocompatibility, 

biodegradability, and low toxicity. 

 

Examples: 

Chitosan – Obtained from chitin; exhibits mucoadhesive properties and enhances drug absorption across mucosal 

surfaces. 

Alginate – Derived from seaweed; forms hydrogels and is commonly used in controlled release formulations. 

Gelatin – Protein-based polymer; used for encapsulating drugs and improving stability. 

 

Advantages: 

Biodegradable and non-toxic 

Biocompatible 

Suitable for sensitive drugs like proteins and peptides 

 

Limitations: 

Batch-to-batch variability 

Lower mechanical strength 

Possible microbial contamination 

 

Synthetic Polymers 

Synthetic polymers are widely used due to their well-defined structure, reproducibility, and tunable properties. 

Examples: 

Poly(lactic acid) (PLA) – Biodegradable polymer with slow degradation rate 

Poly(lactic-co-glycolic acid) (PLGA) – Most commonly used polymer; FDA-approved and offers controlled 

degradation 

Polycaprolactone (PCL) – Hydrophobic polymer with long-term drug release capability 

 

Advantages: 

Controlled and predictable degradation 

High stability and mechanical strength 

Easy modification of properties 

 

Limitations: 

May produce acidic degradation products 

Higher cost compared to natural polymers 

 

Criteria for Polymer Selection 

The choice of polymer depends on several important factors: 

Biodegradability – Polymer should degrade into non-toxic byproducts 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                        International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 2, August 2026 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-38162   573 

www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

Biocompatibility – Should not produce adverse immune response 

Drug compatibility – Should not interact negatively with the drug 

Release profile – Should provide desired controlled or sustained release 

Stability – Should maintain integrity during storage and administration 

In summary, both natural and synthetic polymers offer unique advantages in nanoparticle formulation. However, 

synthetic polymers like PLGA are most widely used in controlled drug delivery due to their reproducibility and 

regulatory approval. 

 

Methods of Preparation of Polymeric Nanoparticles 

The method of preparation plays a crucial role in determining the size, drug loading efficiency, stability, and release 

characteristics of polymeric nanoparticles. Different techniques are selected based on the nature of the drug 

(hydrophilic or hydrophobic), type of polymer, and desired application. 

 

Emulsification–Solvent Evaporation Method 

This is one of the most widely used methods for preparing polymeric nanoparticles, especially for hydrophobic drugs. 

Principle: 

The polymer and drug are dissolved in an organic solvent (e.g., dichloromethane), which is then emulsified into an 

aqueous phase containing a stabilizer. Upon evaporation of the solvent, nanoparticles are formed. 

 

Steps: 

Preparation of organic phase (polymer + drug) 

Emulsification into aqueous phase 

Solvent evaporation 

Collection and purification of nanoparticles 

 

Advantages: 

Simple and reproducible 

Suitable for large-scale production 

 

Limitations: 

Use of organic solvents 

Not ideal for hydrophilic drugs 

 

Nanoprecipitation Method 

Also known as the solvent displacement method, this technique is simple and rapid. 

Principle: 

The polymer is dissolved in a water-miscible organic solvent and added to an aqueous phase, leading to spontaneous 

formation of nanoparticles due to solvent diffusion. 

 

Advantages: 

Easy and fast process 

Produces small particle size 

No need for high energy input 

Limitations: 

Limited drug loading capacity 

Mainly suitable for hydrophobic drugs 
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Ionic Gelation Method 

This method is commonly used for natural polymers such as chitosan. 

Principle: 

Nanoparticles are formed through electrostatic interaction between positively charged polymers (e.g., chitosan) and 

negatively charged cross-linking agents (e.g., tripolyphosphate). 

Advantages: 

Mild conditions (no organic solvents) 

Suitable for proteins and peptides 

Limitations: 

Lower stability 

Limited control over particle size 

 

Salting-Out Method 

This method separates solvent from water using salting-out agents. 

 

Principle: 

A water-miscible solvent is used along with a salting-out agent to prevent mixing with the aqueous phase. Dilution with 

water leads to nanoparticle formation. 

Advantages: 

Avoids high shear stress 

Suitable for heat-sensitive drugs 

Limitations: 

Requires additional purification steps 

Use of salts may complicate process 

 

Dialysis Method 

A simple method based on solvent diffusion through a semi-permeable membrane. 

Principle: 

Polymer and drug are dissolved in an organic solvent and placed in a dialysis bag. Gradual diffusion of solvent into 

aqueous medium leads to nanoparticle formation. 

Advantages: 

Simple and gentle technique 

Suitable for sensitive drugs 

Limitations: 

Time-consuming 

Limited scalability 

 

Summary 

Each preparation method has its own advantages and limitations. The choice of method depends on drug properties, 

polymer type, and desired nanoparticle characteristics. Among all, emulsification–solvent evaporation and 

nanoprecipitation are the most commonly used techniques in pharmaceutical applications. 

 

Drug Release Mechanisms from Polymeric Nanoparticles 

The therapeutic effectiveness of polymeric nanoparticles largely depends on how the drug is released from the carrier 

system. Controlled drug release ensures that the drug is delivered at a desired rate over a prolonged period, maintaining 
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optimal drug concentration and reducing dosing frequency. The release of drugs from polymeric nanoparticles 

generally occurs through three main mechanisms: 

 

Diffusion-Controlled Release 

In this mechanism, the drug diffuses from the polymer matrix into the surrounding biological environment. The rate of 

diffusion depends on factors such as: 

Polymer porosity 

Drug solubility 

Particle size 

Polymer-drug interactions 

Initially, drug molecules located near the surface are released rapidly (burst release), followed by a slower and 

sustained release phase as the drug diffuses through the polymer network.

 

Degradation-Controlled Release 

In this mechanism, drug release occurs as a result of the breakdown (degradation) of the polymer matrix. Biodegradable 

polymers such as PLGA and PLA undergo hydrolysis, leading to gradual erosion of the matrix and release

encapsulated drug. 

Key points: 

Provides sustained and predictable release 

Rate depends on polymer composition and molecular weight

Suitable for long-term drug delivery 

 

Swelling-Controlled Release 

In swelling-controlled systems, the polymer absorbs water and swells, increasing the mesh size of the polymer network. 

This allows the drug to diffuse out more easily.

Key features: 

Common in hydrophilic polymers 

Release rate depends on degree of swelling

Often combined with diffusion mechanism

 

Factors Affecting Drug Release 

Several formulation and environmental factors influence drug release from polymeric nanoparticles:

Polymer type and molecular weight 

Particle size and surface area 

Drug-polymer interaction 

pH and temperature of the environment

Drug loading and distribution 

 

Summary 

Drug release from polymeric nanoparticles is a complex process involving one or more mechanisms simultaneously. 

By carefully selecting polymers and formulation methods, it is possible 

controlled drug release profiles tailored to specific therapeutic needs.

Polymeric nanoparticles have emerged as a highly promising and versatile platform for controlled drug delivery, 

offering significant advantages over conventional dosage forms. Their ability to provide sustained and site
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educing dosing frequency. The release of drugs from polymeric nanoparticles 

generally occurs through three main mechanisms: diffusion, polymer degradation, and swelling. 

In this mechanism, the drug diffuses from the polymer matrix into the surrounding biological environment. The rate of 

Initially, drug molecules located near the surface are released rapidly (burst release), followed by a slower and 

sustained release phase as the drug diffuses through the polymer network. 

In this mechanism, drug release occurs as a result of the breakdown (degradation) of the polymer matrix. Biodegradable 

polymers such as PLGA and PLA undergo hydrolysis, leading to gradual erosion of the matrix and release

 

Rate depends on polymer composition and molecular weight 

controlled systems, the polymer absorbs water and swells, increasing the mesh size of the polymer network. 

This allows the drug to diffuse out more easily. 

Release rate depends on degree of swelling 

Often combined with diffusion mechanism 

formulation and environmental factors influence drug release from polymeric nanoparticles:

pH and temperature of the environment 

Drug release from polymeric nanoparticles is a complex process involving one or more mechanisms simultaneously. 

By carefully selecting polymers and formulation methods, it is possible to design nanoparticles with precise and 

controlled drug release profiles tailored to specific therapeutic needs. 

II. CONCLUSION 

nanoparticles have emerged as a highly promising and versatile platform for controlled drug delivery, 

offering significant advantages over conventional dosage forms. Their ability to provide sustained and site
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educing dosing frequency. The release of drugs from polymeric nanoparticles 

In this mechanism, the drug diffuses from the polymer matrix into the surrounding biological environment. The rate of 

Initially, drug molecules located near the surface are released rapidly (burst release), followed by a slower and 

In this mechanism, drug release occurs as a result of the breakdown (degradation) of the polymer matrix. Biodegradable 

polymers such as PLGA and PLA undergo hydrolysis, leading to gradual erosion of the matrix and release of the 

controlled systems, the polymer absorbs water and swells, increasing the mesh size of the polymer network. 

formulation and environmental factors influence drug release from polymeric nanoparticles: 

Drug release from polymeric nanoparticles is a complex process involving one or more mechanisms simultaneously. 

to design nanoparticles with precise and 

 

nanoparticles have emerged as a highly promising and versatile platform for controlled drug delivery, 

offering significant advantages over conventional dosage forms. Their ability to provide sustained and site-specific 
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drug release, enhance bioavailability, and reduce systemic toxicity makes them an effective tool in modern 

therapeutics. The use of biodegradable and biocompatible polymers further ensures safety and compatibility with 

biological systems. Various preparation techniques and surface modification strategies allow precise control over 

particle characteristics and targeting efficiency, enabling their application in diverse fields such as cancer therapy, gene 

delivery, vaccine development, and central nervous system disorders. 

Despite these advantages, certain challenges such as large-scale production, stability, reproducibility, and regulatory 

approval still need to be addressed for successful clinical translation. Continued advancements in polymer science, 

nanotechnology, and pharmaceutical engineering are expected to overcome these limitations. Overall, polymeric 

nanoparticles hold great potential to revolutionize drug delivery systems and play a crucial role in the development of 

safer and more effective therapeutic strategies in the future. 
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