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Abstract 

Nanostructured materials have revolutionized the field of oral drug delivery, 

offering new ways to address the challenges of drug solubility and controlled 

release. This paper explores the use of nanomaterials, particularly in 

enhancing the solubility of poorly water-soluble drugs and providing a 

controlled release mechanism. The use of nanocarriers such as liposomes, 

dendrimers, and nanoparticles has been extensively researched for their ability 

to improve bioavailability and reduce side effects. We discuss the mechanisms 

behind controlled release, the types of nanomaterials used, and the methods of 

fabrication. The paper also highlights recent advances in the development of 

novel nanostructured carriers, their advantages over conventional delivery 

systems, and the challenges they face in clinical application. 
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INTRODUCTION 

Oral drug delivery remains the most widely used and patient-preferred method of 

administering pharmaceutical agents. Despite its popularity, oral drug delivery is hindered by 

several challenges, most notably poor drug solubility and bioavailability. These challenges are 

particularly prominent for hydrophobic drugs, which exhibit poor dissolution in the 

gastrointestinal tract, limiting their therapeutic effectiveness. Nanostructured materials have 
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emerged as a promising solution to address these challenges. With their unique properties, 

such as small size, high surface area, and customizable surface chemistry, nanostructured 

materials can significantly improve the solubility, bioavailability, and controlled release 

profiles of drugs. This paper aims to explore the various types of nanostructured materials 

used in oral drug delivery, their mechanisms for controlled drug release, and their potential for 

enhancing solubility and bioavailability. 

 

1. TYPES OF NANOSTRUCTURED MATERIALS USED IN ORAL DRUG 

DELIVERY 

The development of nanostructured materials has revolutionized drug delivery systems, 

particularly for hydrophobic drugs. These materials not only enhance solubility but also 

provide the ability to control the release of drugs in a systematic manner. The following are 

some of the most commonly utilized nanostructured materials for oral drug delivery: 

 

 Liposomes 

Liposomes are spherical vesicles composed of one or more lipid bilayers that can encapsulate 

both hydrophilic and hydrophobic drugs. Liposomes serve as effective carriers for drug 

delivery due to their ability to protect drugs from degradation, especially in the acidic 

environment of the stomach. The lipid bilayers also allow for controlled drug release over 

time, which is ideal for maintaining therapeutic drug levels in the bloodstream. Liposomes can 

be engineered to improve drug solubility, enhance drug stability, and provide sustained 

release, making them an attractive option for oral drug delivery. 

 

  Dendrimers 

Dendrimers are highly branched, tree-like polymers with a well-defined and controlled 

structure. Due to their high surface area and symmetrical architecture, dendrimers provide a 

large number of functional groups that can be used for drug encapsulation or targeting specific 

cells or tissues. Their small size (typically ranging from 1 to 10 nm) allows them to pass 

through biological barriers such as the gastrointestinal tract and cellular membranes. By 

modifying the surface groups of dendrimers, their solubility, release rates, and targeting 

capabilities can be fine-tuned to optimize drug delivery. 
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Table 1: Summary of the characteristics and applications of dendrimers in drug delivery 

Property Description 

Size 1-10 nm 

Surface Area High surface area for encapsulation and functionalization 

Drug Types Hydrophobic and hydrophilic drugs 

Release Profile Controlled release through surface modifications 

Applications Targeted drug delivery, enhanced solubility, and stability 

 

  Polymeric Nanoparticles 

Polymeric nanoparticles are nanoparticles made from biocompatible and biodegradable 

polymers, such as poly(lactic-co-glycolic acid) (PLGA), which can encapsulate a variety of 

drugs. Polymeric nanoparticles are versatile carriers because they can be engineered to deliver 

drugs in a controlled or sustained manner. The release of drugs from polymeric nanoparticles 

can be governed by diffusion, degradation of the polymer matrix, or both. These nanoparticles 

are particularly effective for hydrophobic drugs, improving their solubility and providing 

sustained release over a prolonged period. 

 

 Mesoporous Silica Nanoparticles 

Mesoporous silica nanoparticles (MSNs) have a unique porous structure with high surface 

area, making them excellent candidates for drug delivery systems. The porous nature of MSNs 

allows for the encapsulation of a wide variety of drugs, both hydrophilic and hydrophobic. 

The pores within MSNs can be tailored to control the size and shape of the drug molecules, 

enabling targeted and controlled drug release. MSNs are particularly effective for improving 

the solubility of poorly soluble drugs and providing a sustained release over time. 

 

Table 2: Properties and applications of mesoporous silica nanoparticles in drug delivery 

Property Description 

Pore Size Tunable pore size for optimal drug loading and release 

Surface Area High surface area for increased drug loading 

Drug Types Both hydrophilic and hydrophobic drugs 
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Property Description 

Release Mechanism Controlled release via pore size and surface modifications 

Applications Solubility enhancement, sustained drug release 

 

2. MECHANISMS OF CONTROLLED DRUG RELEASE 

The ultimate goal of nanostructured drug delivery systems is to release the drug in a 

controlled and predictable manner. This helps to maintain therapeutic drug levels in the 

bloodstream and reduces the frequency of drug administration. Controlled drug release can be 

achieved through various mechanisms: 

 

 Diffusion-Controlled Release 

In diffusion-controlled systems, the drug is encapsulated within the nanocarrier, and the rate 

of release is governed by the diffusion of the drug from the carrier into the surrounding 

medium. The diffusion rate depends on the size of the nanocarrier, the drug's solubility, and 

the properties of the surrounding medium. The smaller the particle size, the more rapid the 

diffusion, making it possible to tailor the release rate for specific therapeutic needs. 

 

 Erosion-Controlled Release 

Erosion-controlled release systems depend on the gradual degradation of the carrier material, 

which releases the drug over time. For example, a polymeric nanoparticle may slowly break 

down in the gastrointestinal environment, releasing the encapsulated drug. This mechanism is 

particularly beneficial for drugs that need to be released over an extended period. 

 

Table 3: Comparison of controlled release mechanisms. 

Mechanism Description Example 

Diffusion-

Controlled 
Drug release via diffusion from carrier Polymeric nanoparticles 

Erosion-

Controlled 

Drug release via degradation of carrier 

material 

Biodegradable polymeric 

carriers 

Osmotic-

Controlled 

Drug release via internal pressure from water 

absorption 

Osmotic drug delivery 

systems 
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 Osmotic-Controlled Release 

In osmotic-controlled release systems, water is absorbed by the carrier, generating internal 

pressure that forces the drug to be released through a small orifice. This mechanism is ideal 

for achieving a constant release rate, which is essential for maintaining stable drug 

concentrations in the body. 

 

3. ENHANCED SOLUBILITY AND BIOAVAILABILITY 

Many drugs, particularly hydrophobic ones, exhibit poor water solubility, which limits their 

absorption in the gastrointestinal tract and reduces their bioavailability. Nanostructured 

materials can improve the solubility of these drugs through various mechanisms: 

 

 Nanoparticle-Mediated Solubility Enhancement 

Nanoparticles can significantly enhance the solubility of hydrophobic drugs by increasing 

their surface area. The increased surface area allows for faster dissolution and better 

interaction with the gastrointestinal fluid, leading to improved absorption and bioavailability. 

 

 Solid Dispersion Systems 

Solid dispersions involve dispersing the drug in a carrier matrix, which enhances its solubility 

by preventing crystallization. Nanostructured carriers can be used to create solid dispersion 

systems that increase the dissolution rate of poorly soluble drugs. 

 

4. ADVANTAGES OF NANOSTRUCTURED MATERIALS IN ORAL DRUG 

DELIVERY 

Nanostructured materials offer several advantages over traditional drug delivery systems, 

making them particularly effective for enhancing solubility, bioavailability, and controlled 

release profiles. These advantages include: 

 

 Improved Bioavailability 

Nanostructured materials can increase the solubility and dissolution rate of drugs, which in 

turn enhances their bioavailability. This is particularly important for drugs with low 

bioavailability due to poor solubility. 
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 Targeted Drug Delivery 

Nanostructured materials can be engineered to target specific tissues or cells, allowing for 

localized delivery of the drug and minimizing side effects. This targeted approach improves 

the therapeutic outcomes of drugs. 

 

 Sustained and Controlled Release 

Nanostructured carriers allow for the sustained and controlled release of drugs, reducing the 

need for frequent dosing and improving patient compliance. Controlled release also helps 

maintain consistent drug levels in the bloodstream. 

 

5. CHALLENGES AND FUTURE DIRECTIONS 

While nanostructured materials hold great promise for oral drug delivery, there are several 

challenges that need to be addressed. These include concerns about toxicity, the need for 

large-scale manufacturing, regulatory approval processes, and the stability of the drug 

delivery systems. Future research is focused on overcoming these challenges by developing 

safer, more effective nanostructured materials, optimizing their production methods, and 

ensuring their regulatory compliance. 

 

In conclusion, nanostructured materials offer significant potential for revolutionizing oral drug 

delivery by improving drug solubility, bioavailability, and controlled release. Continued 

advancements in nanotechnology will enable more effective and targeted therapies, ultimately 

improving patient outcomes in a wide range of medical conditions. 

 

CONCLUSION 

Nanostructured materials have shown great potential in overcoming the limitations associated 

with traditional oral drug delivery systems, particularly in enhancing the solubility and 

bioavailability of poorly water-soluble drugs. Their unique properties, such as high surface 

area, customizable surface chemistry, and ability to encapsulate a wide variety of drug 

molecules, make them ideal candidates for improving drug delivery. Liposomes, dendrimers, 

polymeric nanoparticles, and mesoporous silica nanoparticles are among the most promising 

materials used to achieve controlled release and enhance drug solubility. 
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The mechanisms of controlled release, including diffusion, erosion, and osmotic systems, 

allow for precise control over drug delivery profiles, which can improve therapeutic outcomes 

and patient compliance. Additionally, nanostructured materials facilitate targeted drug 

delivery, reducing side effects and enhancing treatment efficacy. 

 

Despite the promising advantages, challenges remain in terms of toxicity, large-scale 

manufacturing, and regulatory approval. However, ongoing research in nanotechnology is 

focused on addressing these challenges, with the goal of making nanostructured drug delivery 

systems more effective, accessible, and clinically applicable. The continued development and 

application of these materials in oral drug delivery will lead to more efficient and personalized 

therapies, ultimately improving patient outcomes across a wide range of medical conditions. 
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