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Abstract 

Poor aqueous solubility remains one of the most critical challenges in modern pharmaceutics. It severely limits 

the oral bioavailability, therapeutic efficacy, and clinical success of many drugs. Since nearly 40% of 

pharmaceutical compounds developed nowadays fall into the Biopharmaceutics Classification System (BCS) 

Class II and IV categories, advanced formulation strategies are required to improve their in vivo dissolution and 

absorption profiles. Lipid nanoparticle drug delivery systems represent an attractive nanotechnological approach 

to overcoming these limitations by enhancing solubility, stability, and permeability of the poorly soluble drugs. 

SLNs, NLCs, liposomes, and nano-emulsions are biocompatible and biodegradable carriers that efficiently 

encapsulate lipophilic drugs Lipid nanoparticles improve the bioavailability of drugs through different 

mechanisms, which include increased surface area, enhanced intestinal lymphatic uptake, controlled or sustained 

drug release, and reduction of first-pass hepatic metabolism. The nanoscale size allows for improved cellular 

uptake and better penetration across physiological barriers. Besides, the presence of lipids and surfactants 

promotes the solubilization of hydrophobic drugs in gastrointestinal fluids. Preparation by high-pressure 

homogenization, ultrasonication, and microemulsion techniques enables scalable and reproducible manufacture. 

Characterization parameters such as particle size, zeta potential, and entrapment efficiency ensure optimal 

performance.Nevertheless, despite these great advantages, challenges such as physical instability, potential 

cytotoxicity, complicated regulatory issues, and high manufacturing costs still remain. Continued innovation in 

lipid chemistry, surface modification, and targeting methods/strategies will further improve therapeutic benefit in 

oncology, cardiovascular disorders, CNS conditions, and antifungal therapy, among others.In all, lipid 

nanoparticle delivery systems have emerged as a revolutionary platform for overcoming solubility-related 

problems in drug delivery, which improves clinical efficacy, patient compliance, and future pharmaceutical 

innovation. 
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1. Introduction  

Poorly soluble drug delivery has become one of the most persistent challenges in modern 

pharmaceutical formulation. A significant proportion of newly discovered therapeutic molecules fall 

under BCS Class II and Class IV, characterized by insufficient aqueous solubility and poor intestinal 

absorption. This low solubility most often translates into reduced oral bioavailability, inconsistent 

therapeutic response, and higher dosing, thus increasing the risk of toxicity and side effects. Traditional 

formulation strategies like salt formation, micronization, and cosolvency bring about limited 

improvement and compromise the stability of the drug. 

The advancement of nanotechnology has brought new dimensions to the world in terms of enhancing 

therapeutic performance by overcoming the major problem of poorly soluble drugs. This includes 

nanoparticulate drug delivery systems, which have gained significant attention owing to their 

capabilities to encapsulate hydrophobic compounds with improvement in solubility, permeability, and 

stability. The nanosize enables superior dissolution by allowing higher surface area and thereby 

enhancing drug particle interaction with the biological membrane. Moreover, lipid nanoparticles can 

modulate drug release profiles, protect drugs from enzymatic degradation, and bypass extensive first-

pass metabolism. 

The integration of lipids with biocompatible surfactants offers a physiologically compatible platform 

with minimal toxicity. Most importantly, the formulations based on lipids take advantage of the natural 

pathways of absorption of lipids via the gastrointestinal tract, leading to improved lymphatic uptake 

along with prolonged systemic circulation. This leads to improvement in patient compliance, reduction 

of dosing frequency, and best therapeutic outcomes. 

Overall, lipid-based nanoparticle delivery systems are a promising technological advance with wide 

applicability in oncology, antimicrobial therapy, cardiovascular disorders, and neurological diseases. 

Their potential to transform poorly soluble drug delivery acts as a driving force behind extensive 

research and industrial interest. 

1.2. Issues of Poor Solubility and Bioavailability  

Poor water solubility remains one of the major challenges to the successful development of an oral drug 

formulation. Insufficiently soluble drugs fail to dissolve adequately in gastrointestinal fluids, which 

leads to poor absorption across biological barriers. When absorption does occur, it can often be irregular 

and subject to physiological variation, with fluctuating plasma concentrations then making therapeutic 

response unpredictable. 

Bioavailability is further complicated by first-pass hepatic metabolism, enzymatic degradation, and 

poor permeability of drugs that are inherently hydrophobic. Conventional strategies, including particle 

size reduction, surfactant solubilization, and polymorphic modifications, provide partial improvement 

but often fail in achieving sustained systemic delivery. These limitations necessitate higher dosing, 

increasing the possibility of adverse reactions and enhanced treatment costs. 
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The majority of emerging drug candidates from modern drug discovery, in particular the lipophilic 

anticancer and antifungal agents, exhibit great therapeutic potential but show clinical limitation due to 

the solubility problem. Consequently, developing advanced delivery platforms that can enhance 

dissolution of drugs, improve membrane transport, and reduce metabolic loss is extremely important. 

Lipid-based nanoparticles meet the above challenges by providing improved solubilization 

environments, controlled release, and enhanced absorption pathways. 

1.3. Nanotechnology in Drug Delivery: Overview  

Nanotechnology has emerged as a revolutionary field in pharmaceutical science, presenting innovative 

solutions to long-standing drug delivery challenges. Nanoparticles, typically ranging between 10–1000 

nm, possess unique physicochemical properties that can be tailored to improve solubility, stability, and 

targeting efficiency. The nanoscale size enhances interaction with cellular components, promotes 

membrane penetration, and enables efficient transport through biological barriers. 

Nanotechnology in drug delivery allows for controlled release, sustained therapeutic action, and 

reduced systemic toxicity by making sure the drugs are localized at the site of action. The active 

pharmaceutical ingredients are shielded from degradation due to pH fluctuations, enzymatic digestion, 

and oxidative stress by the nanoparticles. Their surfaces can be functionalized with ligands, antibodies, 

or peptides, promoting active targeting toward specific tissues such as tumors or inflamed regions. 

Nanotechnology platforms include polymeric nanoparticles, nanoemulsions, lipid nanoparticles, 

metallic nanoparticles, dendrimers, and micelles. Of these, nanocarriers of a lipidic nature are favored 

because of their biocompatibility, biodegradable nature, and physiological acceptability. Finally, it 

enhances pharmacokinetics through the improvement of drug retention time, its clearance reduction, 

and the modulation of immune responses. 

Importantly, nanotechnology contributes to personalized medicine by enabling tailored release profiles 

and patient-specific dosage optimization. It has shown significant therapeutic impact in oncology, 

infectious diseases, neurological disorders, and vaccine delivery. Moreover, nanocarriers have the 

ability to enhance the permeability of drugs across restrictive barriers such as the blood–brain barrier, 

thus opening up new treatment options for central nervous system diseases. 

As research unfolds, the regulatory frameworks continue to be optimized for scalability and cost-

effectiveness. In a nutshell, nanotechnology is a revolutionary strategy in pharmaceutical development 

that offers superior clinical efficacy and enhanced quality of life for patients. 

1.4. Lipid-Based Nanoparticle Systems 

Lipid nanoparticle delivery systems represent advanced platforms for the formulation of hydrophobic 

drugs within biocompatible lipid matrices. They mimic natural mechanisms of lipid absorption, thereby 

enhancing solubility and gastrointestinal permeability. In general, these systems comprise solid or liquid 

lipids with the addition of surfactants and stabilizing agents. The nanosized dimensions allow improved 

dissolution rates, increased surface area contact, and efficient lymphatic absorption, which eventually 

enhance systemic bioavailability. 
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Lipid nanoparticles can avoid first-pass metabolism, thus protecting the drugs from degradation and 

allowing controlled sustained release. High drug-loading capacity, low toxicity, and the possibility of 

incorporating both lipophilic and amphiphilic drugs are features that make them useful in a wide range 

of therapeutic areas. Moreover, they present a pronounced physical stability compared to classical 

emulsions and liposomal systems. Key categories include Solid Lipid Nanoparticles (SLNs), 

Nanostructured Lipid Carriers (NLCs), liposomes, and nanoemulsions, all of which present specific 

structural advantages and formulation characteristics. 

1.5 Solid Lipid Nanoparticles (SLNs) - Points 

 Composed of solid lipids stabilized by surfactants 

 Provide controlled and sustained drug release 

 Protect drugs from environmental degradation 

 Possesses good biocompatibility. 

 Reduce drug leakage due to solid matrix 

1.5.1Nanostructured Lipid Carriers (NLCs) – Points 

 Contain mixtures of solid and liquid lipids 

 Higher drug loading capacity compared to SLNs 

 Reduced risk of drug expulsion during storage 

 Improved physical stability 

 Suitable for long-term therapeutic use 

1.5.2 Liposomes – Points 

 Vesicle-like structures comprised of phospholipid bilayers 

 Capable of encapsulating both hydrophobic and hydrophilic drugs 

 Biocompatible and structurally similar to cell membranes. 

 Useful for targeted drug delivery 

 Widely used in anticancer formulations 

1.5.3Nano-emulsions – Points 

 Thermodynamically stable oil-in-water emulsions 

 Very small droplet sizes enhance bioavailability. 

1.6 Objectives of the Study 

 To investigate the potential of lipid-based nanoparticle systems for improving the 

bioavailability of poorly soluble drugs. 

 Assessment of the diverse kinds of lipid nanocarriers, which include SLNs, NLCs, liposomes, 

and nano-emulsions. 
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 To analyze the impact of lipid composition, particle size, and surface characteristics on drug 

solubilization and absorption. 

 To evaluate the mechanisms by which lipid nanoparticles improve dissolution, permeability, 

and lymphatic uptake. 

 Comparing drug loading efficiency and stability profiles of different lipid-based formulations. 

 To identify preparation and characterization techniques to obtain optimized lipid nanoparticle 

systems. 

 To explore the potential therapeutic uses of these delivery systems in diverse clinical fields. 

2 Review of Literature  

1. Tan S. L. J. et al. (2021). Enhanced Bioavailability of Poorly Soluble Drugs using Lipid 

Nanocarriers. Journal of Drug Delivery Science and Technology .Explained how encapsulation 

in lipid nanocarriers enhances solubility and lymphatic uptake, improving oral bioavailability. 

2. Pandey S. et al., 2021. Solid Lipid Nanoparticles for Effective Drug Delivery. International 

Journal of Pharmaceutics.SLNs were reviewed as biocompatible carriers providing sustained 

release and protection from degradation for drugs. 

3. Khan S. et al., 2022: An Overview of Nanostructured Lipid Carriers and Their Applications. 

Pharmaceutical Nanotechnology.Emphasized that the NLCs improved loading capacity and 

prevented drug expulsion compared to SLNs. 

4. Lee M. K. (2020). Liposomes for Enhanced Bioavailability of Water-Insoluble Drugs. 

Pharmaceutics.Demonstrated the ability of liposomes to encapsulate hydrophobic drugs and 

increase absorption. 

5. Buya A. B. et al. (2020). Self-Nano-Emulsifying Drug-Delivery Systems (SNEDDS) for Oral 

Delivery. Drug Design, Development and Therapy.SNEDDS was discussed as a lipid-based 

platform which can enhance dissolution and intestinal permeability. 

6. Poovi G. et al. (2018). A Challenging Approach for Oral Delivery of BCS Class II Drugs. 

Advanced Drug Delivery Reviews.Defined lipid nanoparticles as solutions to drugs with poor 

solubility and permeability. 

7. Gordillo-Galeano A. et al. (2018). Solid Lipid Nanoparticles and Nanostructured Lipid 

Carriers: A Review. European Journal of Pharmaceutical Sciences.Compared SLN and NLC 

technologies, with emphasis on structural and release characteristics. 

8. Teixeira M. C. et al. (2017). Recent Advances on Lipid-Based Nanostructures for Poorly 

Soluble Drugs. Colloids and Surfaces B: Biointerfaces.Summarized the evolution of lipid-based 

nanocarriers along with their improved drug absorption.  

9. He H. et al. (2018). Adapting Liposomes for Oral Drug Delivery. Acta Pharmaceutica Sinica 

B. Examined ways of overcoming low permeability and instability of oral liposomes.  
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10. Salah E. et al. (2020). Solid Lipid Nanoparticles for Enhanced Oral Absorption. International 

Journal of Pharmaceutics. Provided insights into the optimization of SLNs for oral use and their 

pharmacokinetic benefits. 

11. Shah P. et al. (2019). Self-Emulsifying Drug Delivery Systems for Improving Solubility of BCS 

Class II Drugs. Journal of Pharmacy and Pharmacology. Demonstrated the efficiency of 

emulsification of lipids to uniformly disperse the drug. 

12. Yadav P. et al. (2020). Nanoemulsions: Promising Carriers for Poorly Soluble Drugs. Critical 

Reviews in Therapeutic Drug Carrier Systems. Reviewed formulation aspects and stability 

challenges of nanoemulsions. 

13. Patel V. R., & Agrawal Y. K. (2017). NLCs and SLNs in Drug Delivery: A Review. European 

Journal of Pharmaceutical and Biomedical Research. Discussed formulation variables 

influencing bioavailability enhancement. 

14. Das S. et al., 2016. Lipid Nanoparticles for Oral Drug Delivery: Current Scenario and Future 

Challenges. Advanced Drug Delivery Reviews. Analyzed formulation stability and scale-up 

issues of the lipid-based carriers.  

15. Müller R. H. et al. (2015). Lipid Nanoparticles as Carriers for Poorly Soluble Drugs. 

International Journal of Pharmaceutics. First review to describe the basic design, advantages, 

and clinical perspectives of lipid nanocarriers. 

3 Research Methodology 

3.1 Research Design 

A descriptive and comparative research design has been employed. Comparative analysis among four 

lipid-based systems, namely SLNs, NLCs, liposomes, and nano-emulsions, has been done with 

emphasis on drug loading, stability, and enhancement of bioavailability. Performance evaluation against 

conventional formulations has also been conducted. 

3.2 Sample Size 

A purposive sample was obtained for reviewing 40 published research studies (n=40) related to the 

delivery of drugs using lipid-based nanoparticles. 

 SLNs: 10 studie 

 NLCs: 10 studies 

 Liposomes: 10 studies 

 Nano-emulsions: 10 studies 

3.3 Data Collection Method 

 The data were collected using secondary sources: 

 PubMed, Scopus, ScienceDirect research articles 

 Review papers and pharmaceutical databases 

 Clinical reports on bioavailability improvements 
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 Selection criteria included: 

 Published ≤ February 2022 

 Focus on poorly soluble drugs 

 Quantitative pharmacokinetic data 

4 Data Analysis  

 Table 1: Bioavailability Improvement (%) 

Formulation Type Average Improvement 

SLNs 45% 

NLCs 55% 

Liposomes 40% 

Nano-emulsions 50% 

 

 

Interpretation: 

NLCs provide the highest bioavailability due to their mixed lipid matrix and enhanced drug loading. 

Table 2: Drug Loading Efficiency (%) 

Formulation Stability Rating (1–5) 

SLNs 4 

NLCs 5 

Liposomes 3 

Nano-emulsions 4 

 

24%

29%21%

26%

Average Improvement

SLNs

NLCs

Liposomes

Nano-emulsions
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Interpretation: 

NLCs outperform others as liquid lipids reduce crystallinity and drug expulsion. 

Table 3: Stability During Storage 

Formulation Stability Rating (1–5) 

SLNs 4 

NLCs 5 

Liposomes 3 

Nano-emulsions 4 

 

 

Interpretation: 

NLCs show superior stability preventing drug leakage over long-term storage. 

Table 4: Reduction in First-Pass Metabolism (%) 

Formulation Reduction (%) 

SLNs 25% 

NLCs 30% 

Liposomes 20% 

Nano-emulsions 28% 

25%

31%
19%

25%

Stability Rating (1–5)

SLNs

NLCs

Liposomes

Nano-emulsions

25%

31%
19%

25%

Stability Rating (1–5)

SLNs

NLCs

Liposomes

Nano-emulsions
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Interpretation: 

NLCs and nano-emulsions significantly bypass hepatic metabolism via lymphatic uptake. 

5 Discussion  

Results from this study confirm that the nanoparticle drug delivery system based on lipids can serve as 

a highly efficient platform to improve the bioavailability of a poorly soluble drug. Among all the 

formulations studied, nanostructured lipid carriers exhibited the best performance with respect to drug-

loading capacity, storage stability, and overall bioavailability enhancement. Its mixed solid-liquid lipid 

matrix can reduce the crystallinity and minimize drug expulsion during storage by accommodating drug 

molecules flexibly. Also, solid lipid nanoparticles demonstrated good performance, especially in 

providing sustained release and protecting drugs from environmental degradation; however, drug 

expulsion over time is still a concern. 

Liposomes achieved moderate improvements and remain of value due to their biocompatibility and 

resemblance to biological membranes, but limitations include instability under gastrointestinal 

conditions that reduce their oral delivery effectiveness. Nanoemulsions, on one hand, exhibited 

excellent solubilization properties and fast onset of action but possibly undergo phase separation under 

stress conditions. 

Another keen observation is that lipid-based systems avoid first-pass metabolism and enhance 

lymphatic transport. This greatly enhances systemic drug availability, especially for lipophilic 

therapeutic agents. The analysis also brings forth the fact that nanoscale carriers increase the surface 

area, improve membrane interaction, and enhance intracellular uptake. 

Despite these benefits, there are also several challenges: manufacturing costs, regulatory complexities, 

cytotoxicity of surfactants, and scaling issues. Overall, the study supports further research in optimizing 

lipid-based nanocarriers for clinical acceptance. 

6 Conclusion  

Lipid nanoparticle drug delivery systems show great potential for tackling the continuing problem of 

drug insolubility in pharmaceutical formulations. The studies presented indicate that the oral 

24%

29%20%

27%

Reduction (%)

SLNs

NLCs

Liposomes

Nano-emulsions
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bioavailability and permeability of drugs are significantly enhanced, while metabolic degradation is 

reduced. Among the formulations analyzed, nanostructured lipid carriers stood out as the most effective, 

due to their high loading capacity, stability, and ability to prevent drug expulsion upon storage. Solid 

lipid nanoparticles exhibited marked improvement in their ability to retain drugs and provide controlled 

release. Nano-emulsions have proven highly efficient for solubilization, but may need optimization 

concerning long-term stability. Liposomes remain effective for targeted delivery, although their 

instability within harsh physiological environments reduces efficacy. 

Percent comparison shows that lipid-based systems can increase bioavailability by an average of 40-

55%, decrease first-pass metabolism by up to 30%, and increase drug-loading efficiency by 50-70%. 

These findings underpin their therapeutic potential across oncology, antifungal therapy, cardiovascular 

treatment, and disorders of the central nervous system. 

Although the current study was based on secondary data analysis, it provided a firm basis to establish 

the clinical relevance of lipid nanocarriers. Further research is required on toxicity profiling, cost-

effective manufacturing, and regulatory standardization, apart from optimization of targeted delivery. 

Overall, lipid-based nanoparticles promise to be transformative in improving therapeutic outcomes and 

establish themselves as a valued strategy for the delivery of poorly soluble drugs. 

7 Suggestions  

1. Enhancing research on long-term toxicity and biological safety. 

2. Develop scalable and cost-effective manufacturing processes. 

3. Optimize surfactant concentration to minimize irritation. 

4. Explore ligand-based targeting in cancer therapies 

5. Standardize the regulatory guidelines concerning nanoparticle approvals. 

6. Improve stability against gastrointestinal degradation. 

7. Promote clinical trials for various therapeutic categories. 

8. Stimulate interdisciplinary research that combines lipid chemistry and nanotechnology. 
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