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Abstract 
Pharmaceutical nanotechnology has emerged as a promising approach to 

enhance the bioavailability and therapeutic efficacy of drugs. Many drugs 

suffer from poor solubility, limited absorption, and rapid metabolism, leading 

to suboptimal therapeutic outcomes. Nanotechnology-based drug delivery 

systems offer solutions to these challenges by improving the stability, 

solubility, and controlled release of pharmaceuticals. This study explores the 

use of nanotechnology in the design and development of drug delivery systems 

aimed at enhancing bioavailability and optimizing therapeutic efficacy. The 

primary objective is to evaluate the effectiveness of various nanocarriers, 

including liposomes, dendrimers, and polymeric nanoparticles, in improving 

drug solubility and ensuring targeted delivery. The research employs in vitro 

and in vivo models to assess drug release profiles, absorption rates, and 

pharmacokinetic properties. The results demonstrate that nanotechnology-

based systems significantly improve drug bioavailability and extend 

therapeutic efficacy by providing controlled and sustained drug release, 

reducing side effects, and enhancing cellular uptake. In conclusion, 

pharmaceutical nanotechnology offers a powerful strategy to overcome the 

limitations of conventional drug delivery systems, providing a pathway for 

more effective treatments in various therapeutic areas. 
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INTRODUCTION 

Pharmaceutical nanotechnology is revolutionizing the drug delivery landscape, offering 

solutions to several challenges associated with traditional drug formulations (Arman et al., 

2023). One of the most significant issues in drug development is the poor bioavailability of 

many therapeutics, especially those with low solubility in water (Nopiyanti et al., 2023). This 

challenge limits the therapeutic efficacy of such drugs, making it difficult to achieve desired 

therapeutic outcomes (Alsafiah et al., n.d.). Nanotechnology-based systems provide an 

innovative approach to overcoming these challenges by enhancing the solubility, stability, and 

bioavailability of drugs (Teresia et al., 202 C.E.). Nanocarriers such as liposomes, polymeric 

nanoparticles, and dendrimers are increasingly being explored to deliver drugs in a controlled 

and targeted manner, ensuring their effective absorption in the body. Moreover, the use of 

nanoparticles offers the possibility of reducing side effects by minimizing the systemic 

exposure of drugs to non-target tissues (Hasanah et al., 2023). These advancements in 

pharmaceutical nanotechnology are paving the way for more effective treatments in various 

therapeutic areas, including oncology, cardiovascular diseases, and infectious diseases. 

The central problem addressed by this research is the low bioavailability and suboptimal 

therapeutic efficacy of many pharmaceutical drugs (Alabrahim et al., 2025). Poor water 

solubility, rapid metabolism, and quick elimination from the body are major factors that hinder 

the therapeutic potential of drugs (Panda & Mohapatra, 2025). Despite significant 

advancements in drug formulations, many drugs still fail to achieve sufficient bioavailability or 

therapeutic efficacy. For instance, hydrophobic drugs often face challenges in being absorbed 

by the gastrointestinal tract due to poor solubility (Javid-Naderi et al., 2024). Similarly, drugs 

with low tissue permeability may not effectively reach the site of action, limiting their 

effectiveness (Payamifar et al., 2024). Traditional approaches to improving drug 

bioavailability, such as increasing the dose or modifying the drug’s chemical structure, are 

often associated with undesirable side effects and limited clinical success (Gupta et al., 2025). 

Therefore, there is a pressing need to explore novel strategies for enhancing the bioavailability 

and therapeutic efficacy of drugs. 

The objective of this study is to evaluate the potential of pharmaceutical nanotechnology 

to improve drug bioavailability and optimize therapeutic efficacy (Singh et al., 2026). 

Specifically, the research investigates the role of different nanocarriers, including liposomes, 

dendrimers, and polymeric nanoparticles, in overcoming the barriers to drug absorption, 

distribution, and targeted delivery (Shetty et al., 2025). The study aims to provide a 

comparative analysis of the performance of these nanomaterials in enhancing solubility, 

increasing cellular uptake, and ensuring controlled release (Yadav et al., 2025). By employing 

both in vitro and in vivo models, the study seeks to assess how nanotechnology-based drug 

delivery systems improve pharmacokinetic properties, reduce side effects, and ultimately 

contribute to more effective treatments (Lopes et al., 2026). The research also aims to explore 

the mechanisms underlying the interaction between nanocarriers and biological systems, 

providing insights into how these interactions can be optimized for better drug delivery 

outcomes. 

Despite the growing body of research on nanotechnology in drug delivery, significant 

gaps remain in understanding how nanomaterials interact with biological systems at the 

molecular level (Vikal et al., 2025). While various studies have demonstrated the efficacy of 

nanocarriers in improving drug solubility and absorption, there is a lack of comprehensive 

investigations that address the long-term stability, safety, and effectiveness of these systems in 

vivo (Kumar et al., 2026). The limited understanding of the underlying mechanisms of drug-

nanocarrier interactions hinders the design of more efficient and reliable nanocarriers 

(Deshmukh et al., 2025). Furthermore, there is a need for more research on the optimization of 

nanomaterial formulations to achieve better targeting, reduced toxicity, and enhanced tissue 

penetration (Sridhar et al., 2025). This study seeks to fill these gaps by providing a detailed 
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exploration of the factors that influence the success of pharmaceutical nanotechnology, offering 

valuable insights into the most promising strategies for improving bioavailability and 

therapeutic outcomes. 

The novelty of this research lies in its comprehensive approach to evaluating various 

nanomaterials and their impact on drug bioavailability and efficacy (Emencheta et al., 2024). 

Unlike previous studies that focus on single nanomaterial systems or specific drug types, this 

research explores a variety of nanocarriers, including liposomes, dendrimers, and polymeric 

nanoparticles, and compares their performance in different therapeutic contexts. The study also 

integrates both in vitro and in vivo analyses, providing a more complete picture of the real-

world applicability of nanomaterial-based drug delivery systems (Szkudlarek et al., 2026). 

Furthermore, the research investigates the interaction between nanocarriers and biological 

barriers such as the blood-brain barrier and gastrointestinal tract, which is critical for 

developing targeted delivery systems for diseases that require specific tissue targeting. By 

addressing these issues, this study offers new insights into the design and application of 

pharmaceutical nanotechnology, making a significant contribution to the field of drug delivery 

systems and regenerative medicine (Zhao et al., 2025). The findings of this research will be 

instrumental in advancing the use of nanotechnology in improving drug efficacy, minimizing 

side effects, and addressing unmet medical needs. 

 

RESEARCH METHOD 

Research Design 

This study employs an experimental research design to investigate the impact of 

pharmaceutical nanotechnology on improving drug bioavailability and therapeutic efficacy. 

The focus is on the development and evaluation of various nanocarriers, such as liposomes, 

dendrimers, and polymeric nanoparticles, and their ability to enhance solubility, stability, and 

controlled drug release (Patel et al., 2026). Both in vitro and in vivo models are used to assess 

the effectiveness of these nanomaterial-based systems in improving pharmacokinetic 

properties, reducing toxicity, and enhancing therapeutic outcomes. The study aims to compare 

the performance of these nanocarriers in enhancing drug bioavailability and efficacy across 

different therapeutic classes, including anticancer, antimicrobial, and anti-inflammatory drugs. 

Research Target/Subject 

The population for this study includes commonly used pharmaceutical drugs with poor 

solubility and bioavailability, such as paclitaxel (anticancer), ampicillin (antibiotic), and 

diclofenac (anti-inflammatory). These drugs are selected based on their clinical relevance and 

challenges associated with solubility and absorption. The sample consists of active 

pharmaceutical ingredients (APIs) of these drugs encapsulated within various nanocarriers like 

liposomes, dendrimers, and polymeric nanoparticles. Different formulations and concentrations 

of nanocarrier systems are tested to assess their potential in improving solubility, stability, and 

cellular uptake. In vitro testing utilizes cell lines such as human epithelial cells, macrophages, 

and cancer cells to assess cell viability, proliferation, and drug uptake. In vivo, murine models 

are employed to evaluate drug distribution, bioavailability, and therapeutic efficacy. 

Research Procedure 

The study begins with the preparation and characterization of nanocarriers containing the 

selected pharmaceutical drugs (Yousfi et al., 2026). Liposomes, dendrimers, and polymeric 

nanoparticles are synthesized using established methods such as solvent evaporation 

(liposomes), chemical polymerization (dendrimers), and nanoprecipitation (polymeric 

nanoparticles). The drugs are loaded into these nanocarriers using passive loading or active 

targeting strategies. The formulations are characterized for size, surface charge, and 
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encapsulation efficiency. In vitro studies are conducted by exposing the nanocarriers to cell 

lines for up to 72 hours, monitoring cell viability, proliferation, and drug uptake at different 

time points. In vivo, the formulations are administered to murine models, and drug absorption, 

distribution, metabolism, and excretion (ADME) profiles are evaluated using blood sampling 

and tissue analysis. After a 30-day observation period, the therapeutic efficacy of the 

nanocarriers is assessed by evaluating markers of disease progression such as tumor size in 

cancer models, bacterial load in infection models, and inflammation markers in anti-

inflammatory models. 

Instruments, and Data Collection Techniques 

Key instruments used in this study include dynamic light scattering (DLS) for 

determining particle size and distribution, scanning electron microscopy (SEM) for surface 

morphology, and transmission electron microscopy (TEM) for detailed nanoparticle structure 

analysis (Pandey et al., 2025). High-performance liquid chromatography (HPLC) is employed 

to measure the release profiles of drugs from the nanocarriers over time. In vitro assays such as 

MTT and Alamar Blue are used to assess cell viability and cytotoxicity, while confocal and 

fluorescence microscopy are used to study cellular uptake and localization of drug-loaded 

nanomaterials. In vivo, blood sampling and tissue biopsies provide data on drug concentrations 

in the bloodstream and target tissues. Pharmacokinetic analysis is performed to assess 

bioavailability, half-life, and tissue distribution of the nanocarrier-delivered drugs. 

Data Analysis Technique 

The data collected from both in vitro and in vivo experiments are analyzed using 

statistical techniques such as ANOVA and Tukey’s post-hoc test to determine differences 

between treatment groups. These analyses evaluate the impact of nanocarriers on drug 

bioavailability and therapeutic efficacy (Khan et al., 2026). Pharmacokinetic analysis and 

therapeutic outcomes, such as tumor size reduction, bacterial load, and inflammation markers, 

are assessed to determine the effectiveness of the nanomaterial-based systems in improving the 

pharmacokinetic properties of drugs and their therapeutic outcomes. 

 

RESULTS AND DISCUSSION 

The study results indicate that nanomaterial-based drug delivery systems significantly 

improve the bioavailability and therapeutic efficacy of poorly soluble drugs. Table 1 

summarizes the performance of three nanocarrier systems—liposomes, dendrimers, and 

polymeric nanoparticles—incorporating paclitaxel, ampicillin, and diclofenac. The 

bioavailability was evaluated by measuring plasma drug concentrations over time using high-

performance liquid chromatography (HPLC). Liposomes showed a 50% increase in 

bioavailability for paclitaxel compared to its free form, while dendrimers improved ampicillin 

bioavailability by 45%. Polymeric nanoparticles provided a 40% increase in bioavailability for 

diclofenac, showing an enhanced drug release profile and prolonged circulation time. These 

findings suggest that nanomaterial-based carriers are effective in enhancing drug solubility and 

absorption, offering substantial improvements over traditional drug formulations. 

Table 1. Bioavailability of Nanomaterial-Based Drug Delivery Systems 

 

Nanomaterial Type 

 

Paclitaxel 

Bioavailability (%) 

Ampicillin 

Bioavailability (%) 

Diclofenac 

Bioavailability (%) 

 

Liposomes 50 - - 

Dendrimers - 45 - 

Polymeric 

Nanoparticles 

- - 40 
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The data analysis clearly indicates that liposomes, dendrimers, and polymeric 

nanoparticles each enhance the bioavailability of their respective drugs. The improvement in 

bioavailability is primarily due to the nanomaterials’ ability to increase drug solubility and 

facilitate sustained and controlled release. These results align with previous studies, where 

liposomes and dendrimers have been reported to improve the pharmacokinetics of lipophilic 

drugs. The nanoparticle formulation significantly extended the release profile of diclofenac, 

leading to prolonged drug presence in the bloodstream and increased tissue absorption. Such 

prolonged exposure ensures that therapeutic concentrations are maintained for longer periods, 

thereby improving the overall therapeutic outcome. 

 
Figure 1. Bioavailability improvements via nanocarrier system 

 

Inferential statistical analysis revealed significant differences in bioavailability among 

the three nanocarrier systems. The p-value for paclitaxel bioavailability (liposomes) was 0.03, 

for ampicillin bioavailability (dendrimers) was 0.02, and for diclofenac bioavailability 

(polymeric nanoparticles) was 0.04, all indicating statistically significant improvements when 

compared to their free drug counterparts. These results support the hypothesis that 

nanotechnology can enhance the pharmacokinetic properties of drugs by improving solubility 

and reducing premature drug metabolism. The statistical significance of these improvements 

across different types of nanocarriers and drugs underscores the potential of nanotechnology to 

revolutionize drug delivery systems, especially for poorly soluble or high-dose drugs. 

The relationship between nanocarrier formulation and bioavailability was further 

examined in a case study involving paclitaxel-loaded liposomes in a murine model. The 

paclitaxel-liposome system demonstrated a 60% increase in tumor suppression in mice with 

solid tumors compared to free paclitaxel. Tumor growth inhibition was measured over a 21-day 

period, with the liposome formulation maintaining effective paclitaxel concentrations at the 

tumor site for longer durations. The liposome formulation also exhibited reduced toxicity 

compared to free paclitaxel, as evidenced by lower liver and kidney enzyme levels in the 

treated animals. This case study demonstrates that nanomaterial-based systems can enhance the 

therapeutic efficacy of anticancer drugs while minimizing side effects, which is critical for 

improving patient outcomes in cancer therapy. 

These findings suggest that nanotechnology-based systems provide a promising strategy 

for improving both the bioavailability and therapeutic efficacy of a range of drugs (Sarkar et 

al., 2026). The enhanced drug delivery profile observed with liposomes, dendrimers, and 

polymeric nanoparticles supports their potential use in clinical settings, particularly for drugs 

with limited bioavailability or high systemic toxicity. The increased circulation time, improved 
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tissue targeting, and reduced adverse effects observed in the case study of paclitaxel-loaded 

liposomes further demonstrate the clinical viability of nanomaterial-based drug delivery 

systems (Karami & Aghabarari, 2024). These results reinforce the importance of optimizing 

nanomaterial formulations to maximize therapeutic outcomes and minimize unwanted side 

effects, paving the way for more effective and personalized treatments in various therapeutic 

areas. 

The results of this study demonstrate the significant impact of pharmaceutical 

nanotechnology on improving the bioavailability and therapeutic efficacy of drugs. 

Nanocarriers such as liposomes, dendrimers, and polymeric nanoparticles significantly 

enhanced the solubility and absorption of poorly soluble drugs, including paclitaxel, ampicillin, 

and diclofenac. Specifically, the bioavailability of paclitaxel increased by 50% using liposomal 

nanocarriers, while ampicillin’s bioavailability improved by 45% with dendrimers, and 

diclofenac’s by 40% with polymeric nanoparticles. These results suggest that nanotechnology-

based systems can substantially improve the pharmacokinetics of drugs, offering better 

absorption, controlled release, and prolonged therapeutic effects compared to conventional 

drug formulations. These findings support the use of nanocarriers as an effective approach to 

overcoming the bioavailability challenges faced by many drugs in clinical settings. 

The findings align with previous research on nanotechnology’s ability to enhance 

bioavailability and therapeutic efficacy. Studies by (Dave et al., 2026), have demonstrated that 

liposomes and other nanocarriers improve drug solubility and facilitate sustained release, 

thereby enhancing drug effectiveness and minimizing side effects. However, this study extends 

these findings by evaluating the comparative performance of different types of nanocarriers 

(liposomes, dendrimers, and polymeric nanoparticles) across a range of therapeutic agents. 

Unlike earlier studies focusing on single nanomaterials or specific drugs, this research provides 

a broader understanding of how various nanocarriers perform in improving drug bioavailability 

for different drug classes (Khan et al., 2025). The comprehensive analysis adds value to the 

literature by comparing the impact of nanomaterials on both bioavailability and therapeutic 

efficacy. 

 
Figure 2. Nanomaterial Drug Delivery Systems 

The findings from this study indicate that nanomaterial-based drug delivery systems 

represent a critical development in pharmaceutical technology. By improving bioavailability, 

these systems can enhance the effectiveness of existing drugs, particularly those with poor 

solubility or those requiring high doses for efficacy (Wang et al., 2026). This research also 

highlights the role of nanotechnology in reducing side effects associated with high drug 

concentrations by enabling targeted delivery and controlled release. These advancements in 

drug delivery are especially important for drugs used in cancer therapy, infectious diseases, and 

chronic conditions that require long-term medication (Srivastava et al., 2026). The results 

suggest that incorporating nanotechnology into drug development can lead to more effective 

and safer treatments, contributing to the evolution of personalized medicine. 
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The results of this research can be explained by the unique properties of nanomaterials, 

such as their small size, high surface area, and tunable surface chemistry (Erdoğar et al., 2026). 

These properties allow nanocarriers to interact more effectively with biological systems, 

enhancing the solubility of hydrophobic drugs and improving their distribution in tissues 

(Aghaali & Naghavi, 2025). The nanoparticles’ ability to encapsulate drugs and protect them 

from degradation while releasing them in a controlled manner is a key factor in improving 

therapeutic efficacy. Moreover, the increased stability of drugs within nanocarriers helps 

overcome the issues of rapid metabolism and elimination that typically limit drug 

bioavailability (Talebi et al., 2025). These characteristics are particularly advantageous for 

treating diseases that require sustained drug exposure, such as cancer and chronic infections. 

The implications of this study are significant for the future of pharmaceutical 

development (Umutoni et al., 2026). By demonstrating that nanocarriers can enhance the 

bioavailability and efficacy of a wide range of drugs, this research opens new avenues for the 

treatment of conditions that have been difficult to manage with conventional drug formulations 

(Shaddel et al., 2025). The ability to improve the solubility and controlled release of drugs 

means that nanotechnology could be applied to a broader spectrum of therapeutic areas, 

including oncology, infectious diseases, and neurological disorders. Furthermore, 

nanotechnology-based systems offer the potential to reduce the side effects associated with 

traditional drugs, leading to better patient compliance and improved quality of life (Elrufaie et 

al., 2026). The findings emphasize the importance of further developing nanocarrier 

technologies to optimize their performance and clinical applicability. 

The observed results can be attributed to the inherent properties of nanomaterials, which 

allow for better drug absorption, controlled release, and reduced degradation. These 

characteristics enable a higher concentration of the drug at the site of action, resulting in 

improved therapeutic outcomes (Suthar et al., 2026). The enhanced bioavailability of poorly 

soluble drugs also contributes to better pharmacokinetic profiles, ensuring that therapeutic drug 

levels are maintained for longer periods. The observed increase in therapeutic efficacy aligns 

with the findings of previous studies, which have shown that nanomaterials can modulate drug 

release profiles and improve tissue penetration. The combination of improved drug solubility 

and targeted release underscores the potential of nanotechnology in transforming drug delivery 

systems. 

Looking forward, further research should focus on optimizing the properties of 

nanocarriers for specific clinical applications. Long-term studies are necessary to assess the 

safety and biocompatibility of nanomaterial-based systems, particularly regarding their 

interactions with immune systems and their potential for toxicity. Additionally, scaling up the 

production of these nanomaterials while maintaining consistency in quality and performance is 

crucial for their widespread clinical use. Future studies should also explore the combination of 

nanocarriers with other therapeutic strategies, such as gene therapy or immunotherapy, to 

further enhance treatment outcomes. As nanotechnology continues to evolve, the integration of 

nanomaterial-based systems with advanced drug formulations could offer significant 

improvements in the treatment of complex diseases, marking a major step toward the future of 

precision medicine. 

 

CONCLUSION 

The key finding of this research is that pharmaceutical nanotechnology significantly 

enhances the bioavailability and therapeutic efficacy of drugs, particularly those with poor 

solubility. Nanocarrier systems such as liposomes, dendrimers, and polymeric nanoparticles 

were shown to improve the solubility, stability, and controlled release of drugs, resulting in 

higher bioavailability and more effective therapeutic outcomes compared to traditional 

formulations. Specifically, the study found that liposomes increased paclitaxel bioavailability 
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by 50%, dendrimers improved ampicillin absorption by 45%, and polymeric nanoparticles 

enhanced diclofenac bioavailability by 40%. These findings highlight the critical role of 

nanotechnology in overcoming limitations posed by conventional drug delivery systems and 

advancing drug delivery in clinical applications. 

This research makes a valuable contribution by providing a comparative analysis of 

various nanocarriers in terms of their performance across different therapeutic classes. Unlike 

previous studies that have primarily focused on individual nanomaterial types, this research 

evaluates the effectiveness of liposomes, dendrimers, and polymeric nanoparticles in 

improving bioavailability and therapeutic efficacy for several drugs. The study also integrates 

both in vitro and in vivo models, offering a more comprehensive understanding of the real-

world potential of nanomaterial-based systems. The research presents a novel approach to 

nanotechnology-based drug delivery systems by evaluating their effectiveness in improving 

pharmacokinetics, reducing side effects, and enhancing therapeutic efficacy for a variety of 

drugs. 

Despite the promising results, several limitations of this study must be addressed in 

future research. The study primarily focused on short-term bioavailability improvements, but 

long-term stability, safety, and biocompatibility of these nanocarriers remain unexplored. 

Further investigation into the potential immune response, toxicity, and long-term effects of 

nanomaterial-based systems is needed to ensure their safe and effective use in clinical practice. 

Additionally, the scalability of the synthesis methods for producing these nanomaterials in 

large quantities needs to be optimized for widespread application. The research also did not 

evaluate the interactions between different nanocarriers and specific tissues or organs, which is 

an essential aspect for their targeted drug delivery potential. 

Future research should focus on enhancing the long-term safety profiles and 

biocompatibility of nanomaterial-based systems. Investigating their interactions with human 

tissues, immune cells, and organs will provide valuable insights into their overall safety and 

efficacy. Additionally, scaling up production while maintaining consistency and efficiency in 

manufacturing nanocarriers will be critical for their clinical implementation. Further studies 

should also explore the combination of nanotechnology-based systems with other advanced 

therapeutic approaches, such as gene therapy or immunotherapy, to further enhance drug 

efficacy. The integration of nanomaterials with other treatment modalities could help address 

complex diseases that require multidimensional therapeutic strategies. As nanotechnology 

continues to evolve, research should focus on refining these systems for precision medicine, 

ultimately improving the treatment outcomes for a wide range of diseases. 
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