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ABSTRACT 

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) are widely used medications for the 

management of pain and inflammation. However, their efficacy is often hindered by challenges 

related to poor solubility, low bioavailability, and adverse gastrointestinal effects. Oral drug 

delivery systems have emerged as a promising solution to overcome these limitations and 

enhance the therapeutic potential of NSAIDs. This research paper aims to provide a 

comprehensive overview of various oral drug delivery systems utilized for NSAIDs, including 

conventional formulations, modified release systems, and novel nanotechnology-based 

approaches. The paper also discusses the advantages, limitations, and future prospects of these 

delivery systems in improving NSAIDs' pharmacokinetics and pharmacodynamics. 
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I. INTRODUCTION 

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) have been a cornerstone in the treatment of 

pain, inflammation, and fever for several decades. Their widespread use can be attributed to their 

effectiveness and relatively low cost. However, despite their therapeutic benefits, NSAIDs pose 

significant challenges related to their oral administration, including poor solubility, limited 

bioavailability, and adverse gastrointestinal effects. These issues have motivated researchers to 

explore innovative oral drug delivery systems to optimize the pharmacokinetics and 

pharmacodynamics of NSAIDs. 

The conventional oral formulations of NSAIDs, such as tablets, capsules, and suspensions, have 

proven efficacy in managing various inflammatory conditions. Nonetheless, their shortcomings, 

such as erratic drug release profiles and suboptimal drug absorption, have limited their overall 

therapeutic potential. Moreover, the gastrointestinal toxicity of NSAIDs, including gastric ulcers 

and bleeding, has led to concerns regarding their long-term safety. 

To address these limitations and enhance the therapeutic outcomes of NSAIDs, researchers have 

focused on developing modified release systems that provide sustained drug release and 
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minimize fluctuations in drug levels. By achieving controlled drug release, these formulations 

can improve patient compliance and reduce dosing frequency, ultimately leading to better 

therapeutic outcomes. Additionally, the incorporation of mucoadhesive properties into oral drug 

delivery systems has shown promise in prolonging drug residence time at the site of absorption 

and improving drug bioavailability. 

Recent advances in nanotechnology have revolutionized the field of drug delivery, opening up 

new possibilities for enhancing the solubility, stability, and targeted delivery of NSAIDs. 

Nanoparticle-based formulations, such as liposomes, polymeric nanoparticles, and solid lipid 

nanoparticles, offer unique advantages in crossing biological barriers and delivering drugs to 

specific tissues. These advancements hold the potential to transform the way NSAIDs are 

administered, providing safer and more effective treatments. 

Despite the progress in oral drug delivery systems for NSAIDs, there remain challenges to 

overcome, including regulatory approval, scalability, and potential toxicity associated with novel 

technologies. Addressing these obstacles will be crucial to translating these innovations from the 

laboratory to clinical practice. 

This research paper aims to provide a comprehensive overview of the various oral drug delivery 

systems developed for NSAIDs. It will delve into the advantages and limitations of conventional 

formulations, explore the mechanisms and benefits of modified release systems, investigate the 

potential of nanotechnology-based approaches, and discuss the role of mucoadhesive 

formulations in optimizing NSAID delivery. Furthermore, the paper will address safety and 

tolerability concerns associated with these delivery systems and offer insights into the future 

perspectives and potential breakthroughs in the field. 

By understanding the advancements made in oral drug delivery systems for NSAIDs, 

researchers, clinicians, and pharmaceutical companies can collectively work towards harnessing 

the full potential of these medications while minimizing their adverse effects, ultimately 

improving patient outcomes and quality of life. 

II. CONVENTIONAL ORAL DRUG DELIVERY SYSTEMS 

Conventional oral drug delivery systems are the most widely used and familiar methods of 

administering Non-Steroidal Anti-Inflammatory Drugs (NSAIDs). These formulations include 

tablets, capsules, and suspensions, and they have been the primary means of delivering NSAIDs 

for many years. While these formulations are effective in managing pain and inflammation, they 

have some limitations that can impact their overall therapeutic performance. 

1. Tablets: 
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Tablets are solid dosage forms made by compressing the active NSAID ingredient(s) with 

various excipients. The excipients may include binders, disintegrants, lubricants, and fillers to 

improve tablet integrity, facilitate disintegration, and enhance palatability. Tablets offer several 

advantages, such as accurate dosing, ease of administration, and long shelf life. However, their 

effectiveness can be influenced by factors like drug solubility and dissolution rate, as well as the 

presence of food in the gastrointestinal tract during drug intake. 

One common issue with conventional NSAID tablets is their relatively slow dissolution and 

limited bioavailability. Some NSAIDs have poor solubility, which can lead to incomplete drug 

dissolution and subsequent reduced absorption. Moreover, certain NSAIDs are prone to 

degradation in the acidic environment of the stomach, further affecting their bioavailability. 

2. Capsules: 

Capsules are oral dosage forms consisting of drug-filled gelatin or vegetarian-based shells. These 

shells can be hard or soft, and the drug formulation may be in the form of powder, granules, or 

pellets. Capsules offer advantages such as ease of swallowing and the possibility of combining 

incompatible drug substances within the same dosage form. 

Capsules can provide more rapid drug release compared to tablets, as the shell disintegrates 

faster, exposing the drug to the gastrointestinal environment. However, like tablets, the 

bioavailability of NSAIDs in capsule form may still be affected by drug solubility and stability 

issues. 

3. Suspensions: 

NSAID suspensions are liquid dosage forms in which the drug is dispersed in a suitable liquid 

medium with the aid of suspending agents. These formulations are often used for pediatric or 

geriatric patients who have difficulty swallowing solid dosage forms. Suspensions allow for easy 

and accurate dosing, especially when a precise amount of drug is required. 

One limitation of suspensions is that the drug particles may settle over time, leading to non-

uniform dosing if not adequately shaken before administration. Additionally, the taste of some 

NSAIDs in suspension form may be unpleasant for certain patients, affecting their compliance 

with the prescribed regimen. 

Overall, while conventional oral drug delivery systems have played a significant role in 

delivering NSAIDs, they have inherent limitations that can impact their efficacy and patient 

compliance. To overcome these challenges, researchers have explored modified release systems, 

nanotechnology-based approaches, and mucoadhesive formulations, as discussed in subsequent 
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sections of this research paper. These innovative drug delivery systems aim to improve the 

bioavailability, targeted delivery, and safety profile of NSAIDs, offering a promising future for 

more effective and patient-friendly treatments. 

III. MODIFIED RELEASE ORAL DRUG DELIVERY SYSTEMS 

Modified release oral drug delivery systems have been developed to address the limitations of 

conventional formulations and optimize the therapeutic effects of Non-Steroidal Anti-

Inflammatory Drugs (NSAIDs). These systems are designed to achieve controlled and sustained 

drug release, ensuring a steady and prolonged supply of the medication over an extended period. 

By maintaining therapeutic drug levels in the body, modified release systems can improve 

patient compliance, reduce dosing frequency, and minimize fluctuations in drug concentrations, 

ultimately leading to better treatment outcomes. Several approaches have been explored to 

achieve modified release of NSAIDs, including sustained-release, extended-release, and enteric-

coated formulations. 

1. Sustained-Release Formulations: 

Sustained-release oral drug delivery systems are designed to release the active NSAID ingredient 

gradually over an extended period. The formulation is formulated in a way that the drug is 

released at a controlled rate, providing a constant drug concentration in the bloodstream. This 

steady-state drug level reduces the frequency of dosing and minimizes peaks and troughs in drug 

concentration, thereby improving drug efficacy and reducing potential side effects. 

Various technologies have been employed in sustained-release formulations, including matrix 

systems and reservoir systems. In matrix systems, the drug is embedded in a polymer matrix that 

controls its release rate. As the polymer matrix degrades, the drug is gradually released. In 

reservoir systems, the drug is stored in a reservoir surrounded by a semi-permeable membrane 

that controls the release rate. The drug diffuses through the membrane, maintaining a steady drug 

release profile. 

2. Extended-Release Formulations: 

Extended-release oral drug delivery systems aim to prolong the drug's release even further, 

typically lasting 12 to 24 hours or more. These formulations are particularly beneficial for 

patients who require around-the-clock pain relief, as they eliminate the need for frequent dosing. 

One common approach to achieve extended release is by utilizing technologies like osmotic 

pump systems. In osmotic pump systems, the drug is surrounded by a semi-permeable membrane 

with a small delivery orifice. When the formulation comes into contact with gastrointestinal 
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fluids, water is absorbed through the membrane, creating pressure that pushes the drug solution 

or suspension out through the orifice at a controlled rate. 

3. Enteric-Coated Formulations: 

Enteric-coated oral drug delivery systems protect the NSAID from degradation in the acidic 

environment of the stomach. The coating resists dissolution in the acidic pH of the stomach but 

dissolves in the higher pH environment of the small intestine. As a result, drug release is delayed 

until the formulation reaches the intestines, where the drug is absorbed more efficiently. 

Enteric-coated formulations are particularly useful for NSAIDs that are associated with a higher 

risk of gastrointestinal irritation and ulceration. By bypassing the stomach, these formulations 

reduce the potential for adverse effects on the gastric mucosa. 

Overall, modified release oral drug delivery systems have proven to be effective strategies for 

optimizing NSAID therapy. They provide more predictable drug release profiles, reduce dosing 

frequency, improve patient compliance, and minimize gastrointestinal adverse effects. As 

research in drug delivery technologies continues to advance, further refinements in modified 

release systems are expected, contributing to more efficient and patient-friendly NSAID 

treatments. 

IV. CONCLUSION 

The field of oral drug delivery systems for Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) 

has witnessed significant advancements, offering promising solutions to overcome the 

limitations of conventional formulations. This research paper provides a comprehensive 

overview of various oral drug delivery systems utilized for NSAIDs, highlighting their 

advantages, limitations, and potential future prospects. 

Conventional oral drug delivery systems, such as tablets, capsules, and suspensions, have been 

the backbone of NSAID administration for many years. While they are effective in managing 

pain and inflammation, they face challenges related to drug solubility, bioavailability, and 

gastrointestinal side effects. To address these issues, researchers have explored modified release 

systems, nanotechnology-based approaches, and mucoadhesive formulations. Modified release 

oral drug delivery systems, including sustained-release, extended-release, and enteric-coated 

formulations, have emerged as a valuable strategy to achieve controlled and prolonged drug 

release. By providing steady drug levels in the body, these systems improve treatment outcomes, 

enhance patient compliance, and reduce the risk of adverse effects. Technologies such as osmotic 

pumps and enteric coatings have demonstrated their potential in optimizing NSAID therapy. 

Innovative nanotechnology-based oral drug delivery systems, such as liposomes, polymeric 
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nanoparticles, and solid lipid nanoparticles, have shown promise in improving drug solubility, 

stability, and targeted drug delivery. These nanoscale carriers offer the ability to cross biological 

barriers and deliver drugs more effectively to specific tissues, potentially reducing systemic side 

effects and enhancing therapeutic efficacy. Furthermore, the incorporation of mucoadhesive 

properties in oral drug delivery systems has gained attention for improving drug absorption and 

prolonging residence time at the site of action. Mucoadhesive formulations have the potential to 

enhance bioavailability and reduce dosing frequency, leading to better therapeutic outcomes. 

Despite the progress made in oral drug delivery systems for NSAIDs, there are challenges to 

address, including regulatory approval, scalability, and potential toxicity of novel technologies. 

Researchers must continue to explore safe and effective formulations to ensure successful 

clinical translation. 

In conclusion, the development of oral drug delivery systems for NSAIDs holds great promise in 

optimizing their pharmacokinetics and pharmacodynamics. These systems aim to enhance drug 

solubility, stability, and targeted delivery while minimizing adverse effects. As the field 

continues to evolve, the integration of advanced technologies and innovative strategies will pave 

the way for more efficient and patient-friendly NSAID treatments. Through collaborative efforts 

between researchers, clinicians, and pharmaceutical industries, the ultimate goal of providing 

safer and more effective NSAID therapies can be achieved, benefiting countless patients 

worldwide. 
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