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DESCRIPTION 

 

Oral drug delivery is the most common route for administering medications 

due to its convenience and patient compliance. However, many therapeutic 

agents suffer from poor bioavailability due to factors such as solubility, stability 

and first-pass metabolism. Polymeric nanoparticles offer a promising solution 

to enhance the bioavailability of oral drugs.  

Benefits of polymeric nanoparticles  

Improved solubility: Polymeric nanoparticles can encapsulate poorly soluble 

drugs, improving their dissolution rates and enhancing bioavailability. 

Controlled release: These nanoparticles can provide controlled and sustained 

release of drugs, reducing the frequency of dosing and improving patient 

compliance. 

Protection against degradation: Polymeric nanoparticles can protect sensitive 

drugs from degradation in the gastrointestinal tract, enhancing their stability. 

Targeted delivery: By modifying the surface properties of nanoparticles, drugs 

can be directed to specific sites within the gastrointestinal tract, improving 

therapeutic efficacy. 

Types of polymeric nanoparticles  

Microparticles: These are larger particles that can encapsulate drugs and 

provide controlled release over time. 

Nanospheres: Nanospheres are solid, spherical nanoparticles that can deliver 

drugs through diffusion-controlled mechanisms. 

Nanocapsules: These nanoparticles consist of a drug core surrounded by a 

polymeric shell, allowing for sustained drug release. 
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Formulation strategies  

The formulation of polymeric nanoparticles involves various methods, including: 

Solvent evaporation: This technique involves dissolving the polymer and drug in a volatile solvent, followed by 

evaporation to form nanoparticles. 

Emulsion-solvent evaporation: In this method, an emulsion is formed and the solvent is evaporated to create 

nanoparticles. 

Nanoprecipitation: This technique involves mixing two incompatible solvents to precipitate the polymer and form 

nanoparticles. 

Challenges in oral drug delivery  

First-pass metabolism: Many drugs undergo extensive first-pass metabolism, reducing their bioavailability. Polymeric 

nanoparticles can help mitigate this effect by bypassing hepatic metabolism. 

Gastrointestinal barriers: The gastrointestinal tract presents various barriers to drug absorption. Polymeric 

nanoparticles can enhance permeation through these barriers. 

Regulatory considerations: The approval process for polymeric nanoparticles requires extensive characterization and 

safety studies. 

Additionally, polymeric nanoparticles provide a versatile platform for incorporating various types of drugs, including 

small molecules, peptides and biologics. Their customizable surface properties allow for the attachment of ligands, 

such as antibodies or peptides, which can target specific receptors in the gastrointestinal tract. This targeted approach 

not only improves bioavailability but also reduces the systemic side effects often seen with oral drug administration. 

An emerging area of interest is the use of stimuli-responsive polymeric nanoparticles. These nanoparticles are designed 

to release their drug payload in response to specific stimuli such as pH changes, temperature fluctuations, or enzymatic 

activity in the gastrointestinal tract. For example, certain nanoparticles can release drugs in the intestine where the pH 

is more favorable, thereby bypassing the acidic environment of the stomach. This level of control ensures that the drug 

is released at the most optimal site for absorption, further enhancing its therapeutic efficacy. 

Moreover, advancements in polymer chemistry have led to the development of biodegradable and biocompatible 

polymers, reducing the risk of toxicity and allowing for safe clearance of nanoparticles from the body. As research 

progresses, polymeric nanoparticles are expected to plays an essential role in overcoming the limitations of oral drug 

delivery, making them a key focus of future pharmaceutical development. 

 


