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Abstract: The paper reviews the recent advancements 

in the formulation of Zidovudine (AZT) using 

nanoparticles for enhanced delivery in HIV therapy. 

Zidovudine, a key antiretroviral agent, has limitations 

in terms of bioavailability, toxicity, and drug resistance. 

Nanoparticles offer a promising approach to overcome 

these limitations by improving the pharmacokinetics, 

targeting specific tissues, and minimizing adverse 

effects. This review discusses different nanoparticle 

systems, including lipid nanoparticles, polymeric 

nanoparticles, and solid lipid nanoparticles, as well as 

their potential for enhancing the therapeutic efficacy of 

Zidovudine. Additionally, the paper covers recent 

progress in nanoparticle surface modifications, 

controlled-release formulations, and combination 

therapies aimed at improving patient outcomes in HIV 

management. 
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INTRODUCTION 

ZIDOVUDINE (AZT): 

Zidovudine (also known as AZT, Retrovir) was the 

first antiretroviral drug approved for the treatment of 

HIV/AIDS, receiving FDA approval in 1987. As a 

nucleoside reverse transcriptase inhibitor (NRTI), 

zidovudine works by interfering with the replication 

of the HIV virus. It specifically inhibits the reverse 

transcriptase enzyme and reduces the ability of the 

virus to replicate, helping to control the infection and 

improve immune function in HIV-infected 

individuals.  

 

• Pharmacokinetics: Zidovudine is rapidly absorbed 

after oral administration, with peak plasma 

concentrations occurring within 30 minutes to 2 

hours. It has a bioavailability of approximately 60-

70%, and its absorption is not significantly affected 

by food. Zidovudine is widely distributed in tissues, 

including the brain, cerebrospinal fluid, and placenta, 

making it effective in treating HIV infections in these 

areas. It undergoes hepatic metabolism primarily via 

glucuronidation, with a half-life of about 1 to 2 hours. 

The drug is primarily excreted by the kidneys, with 

around 60-70% eliminated as inactive metabolites in 

the urine, and a small fraction in feces. 

 

• Therapeutic Uses:-  

1. HIV treatment-(part of combination 

antiretroviral therapy) 

2. Prevention of mother-to-child transmission** of 

HIV during pregnancy, labor, and breastfeeding 

3. Post-exposure prophylaxis (PEP)** for HIV 

prevention after potential exposure 

4. Prevention of HIV-related complications** in 

certain high-risk individuals 

 

•Limitations: Despite its historic role in managing 

HIV infection, zidovudine has limitations, including 

low oral bioavailability, short half-life, and potential 

toxicities, such as anemia, neutropenia, and 

mitochondrial toxicity. These limitations have led 

researchers to seek alternative delivery methods and 

formulation strategies to improve its efficacy and 

reduce side effects. In this context, nanotechnology-

based formulations, particularly zidovudine-loaded 

nanoparticles, have emerged as a promising approach 

to enhance the pharmacokinetic properties and 

therapeutic performance of zidovudine in HIV 

therapy. 

 

NANOTECHNOLOGY IN DRUG DELIVERY: 

Nanotechnology involves the design, production, and 

application of materials at the nanoscale (1-100 

nanometers), offering significant potential in drug 

delivery systems. Nanoparticles, due to their small 

size, large surface area, and ability to be engineered 

for specific functions, have revolutionized the way 

drugs are administered. In drug delivery, 

nanotechnology enables enhanced solubility, 

controlled release, targeted delivery, and protection 

of the drug from degradation. This approach can 

improve bioavailability, reduce side effects, and 
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optimize therapeutic outcomes. Nanoparticles can be 

designed to target specific cells or tissues, enhancing 

the precision of drug delivery, especially for complex 

diseases like HIV.  

 

ZIDOVUDINE-LOADED NANOPARTICLES: 

FORMULATION STRATEGIES 
 

A) Liposomes 

Liposomes are lipid-based nanoparticles, usually 

composed of a bilayer of phospholipids, which can 

encapsulate both hydrophilic and hydrophobic drugs 

like zidovudine. These structures mimic biological 

membranes and can fuse with cell membranes, 

facilitating drug delivery directly into target cells.  

• Advantages: Liposomes enhance the stability of 

zidovudine by protecting it from enzymatic 

degradation, which can be particularly important for 

drugs like zidovudine that are sensitive to breakdown 

in the bloodstream. 

- They can improve drug bioavailability, especially in 

tissues like the brain and lymphatic systems, which 

are critical for HIV treatment. 

- Liposomes can be engineered for targeted delivery, 

increasing the concentration of zidovudine in HIV-

infected tissues or immune cells, reducing the risk of 

systemic side effects. 

• Challenges: 

- Liposomes can be unstable, leading to aggregation 

or fusion, which can reduce their therapeutic efficacy. 

-Their preparation can be complex, and scaling up 

production to clinical and commercial levels can be 

expensive. 

 

B) Solid Lipid Nanoparticles (SLNs) 

SLNs are composed of solid lipids, which provide a 

stable and biocompatible carrier for the drug. 

Zidovudine-loaded SLNs offer a controlled and 

sustained release of the drug, which can improve its 

therapeutic effectiveness by maintaining consistent 

drug levels in the bloodstream. 

• Advantages: SLNs can encapsulate a higher amount 

of zidovudine compared to conventional lipid-based 

systems, ensuring more efficient drug delivery. 

- These nanoparticles exhibit reduced drug leakage, 

ensuring a prolonged and controlled release of 

zidovudine, thereby minimizing the need for frequent 

dosing. 

- SLNs have low toxicity and are biodegradable, 

offering a safer alternative to other nanoparticle 

systems. 

• Challenges: 

- Despite their advantages, SLNs often suffer from 

low drug-loading capacity, especially when dealing 

with poorly water-soluble drugs like zidovudine. 

  - The manufacturing process can result in variable 

sizes and shapes of particles, which could affect the 

consistency of the drug delivery. 

 

C) Polymeric Nanoparticles: 

Polymeric nanoparticles are made from 

biodegradable polymers like **Poly(lactic-co-

glycolic acid) (PLGA)** or **Polycaprolactone 

(PCL)**, which can be tailored to control drug 

release over extended periods. Zidovudine can be 

encapsulated in these polymers, providing a stable 

and sustained drug release profile. 

• Advantages: 

- Polymeric nanoparticles offer high drug-loading 

capacity, allowing for the incorporation of larger 

amounts of zidovudine, which can enhance its 

therapeutic effect. 

- They provide a sustained and controlled release of 

zidovudine, reducing the need for multiple doses and 

improving patient adherence. 

- The surface of polymeric nanoparticles can be easily 

modified to target specific tissues or cells, such as 

HIV-infected immune cells, improving the precision 

of drug delivery. 

  • Challenges: 

- The initial burst release observed in some polymeric 

nanoparticle formulations may lead to the rapid 

release of a large portion of zidovudine, which can 

cause side effects or reduce the controlled delivery 

effect. 

- Synthesis and scaling up of polymeric nanoparticles 

can be costly, and optimizing the formulation for 

maximum efficacy requires extensive research. 
 

D) Dendrimers 

Dendrimers are highly branched, tree-like 

macromolecules that offer unique advantages in drug 

delivery due to their high surface area and ability to 

carry multiple drug molecules. Zidovudine-loaded 

dendrimers can be engineered to provide targeted and 

controlled release profiles. 

• Advantages: 

-Dendrimers can carry a large payload of zidovudine, 

allowing for higher drug concentrations at the site of 

infection. 

-Their branching structure enables the incorporation 

of various functional groups that can enhance cellular 

uptake and improve the bioavailability of zidovudine. 
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 -They can be easily modified for targeted delivery to 

specific tissues or HIV-infected cells, improving the 

drug’s therapeutic efficacy. 

• Challenges: 

- Dendrimers can have potential toxicity concerns, 

particularly due to the accumulation of dendritic 

structures in the body over time. The long-term safety 

of dendrimer-based systems needs further 

investigation. 

- The synthesis of dendrimer-based nanoparticles is 

complex and costly, limiting their widespread use in 

clinical settings. 

 

BENEFITS OF ZIDOVUDINE-LOADED 

NANOPARTICLES 

 

- Zidovudine-loaded nanoparticles enhance the 

drug’s bioavailability by improving its solubility and 

absorption, which is especially important for drugs 

with limited water solubility.   

- Nanoparticles enable targeted delivery of 

zidovudine to specific cells, such as HIV-infected 

immune cells, improving therapeutic outcomes while 

minimizing off-target effects.   

- They provide controlled and sustained release of 

zidovudine over time, reducing the need for frequent 

dosing and improving patient adherence to treatment 

regimens.   

- By reducing peak plasma concentrations, 

nanoparticle formulations help minimize toxic side 

effects, such as anemia and gastrointestinal 

disturbances, commonly associated with high 

systemic drug levels.   

- Nanoparticles protect zidovudine from degradation, 

enhancing its stability and ensuring it remains 

effective in the bloodstream and tissues for longer 

periods.   

- The small size of nanoparticles facilitates better 

cellular uptake, increasing the efficiency of drug 

delivery, particularly to difficult-to-reach HIV 

reservoirs like lymphatic tissues and the central 

nervous system.   

- Sustained drug release and targeted delivery 

through nanoparticles help reduce the risk of drug 

resistance by maintaining effective drug 

concentrations and preventing viral replication.   

- Zidovudine-loaded nanoparticles can penetrate 

barriers such as the blood-brain barrier, enabling the 

drug to reach and treat HIV in the central nervous 

system.   

- Nanoparticle-based formulations allow for non-

invasive drug administration, reducing the need for 

injections and improving patient comfort and 

compliance.   

- The customizable properties of nanoparticles, such 

as surface charge and size, allow for personalized 

treatment options, enhancing the precision of 

zidovudine delivery to specific patient needs.   

- Although the initial cost of developing nanoparticle 

formulations may be high, their long-term benefits, 

such as reduced dosing frequency and fewer side 

effects, could lead to cost savings in HIV treatment.   

- Zidovudine-loaded nanoparticles can bypass first-

pass metabolism, allowing more of the active drug to 

reach systemic circulation and its target site, 

improving overall efficacy. 

 

CHALLENGES AND LIMITATIONS 

- The manufacturing process for zidovudine-loaded 

nanoparticles is complex and difficult to scale, 

leading to high production costs and challenges in 

large-scale commercialization.   

- Nanoparticles can face stability issues, such as 

aggregation, drug leakage, or degradation, which can 

reduce the effectiveness of the drug delivery system 

over time.   

- Some nanoparticle formulations may cause toxicity, 

including immune responses or inflammation, which 

could limit their safety for long-term use in patients.   

- Nanoparticles are subject to stringent regulatory 

requirements due to their novel nature, leading to 

longer approval timelines and higher costs for clinical 

use.   

- Inconsistent drug release profiles, including burst 

release, can occur with certain nanoparticle 

formulations, which may result in suboptimal 

therapeutic effects or unwanted side effects.   

- Ensuring the biocompatibility and safety of 

nanoparticles, preventing accumulation in tissues, 

and addressing potential long-term biosafety 

concerns are significant challenges in their clinical 

application. 

 

FUTURE PROSPECTS 

- Future research on zidovudine-loaded nanoparticles 

could focus on improving their stability, ensuring 

consistent drug release, and preventing issues like 

aggregation or leakage.   

- Advances in nanomaterial design may lead to more 

biocompatible and non-toxic nanoparticles, reducing 

safety concerns and enhancing patient tolerance over 

long-term use.   
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- Targeted delivery systems, such as nanoparticles 

functionalized with specific ligands, could further 

improve the precision of zidovudine delivery to HIV-

infected cells, reducing off-target effects and 

enhancing efficacy.   

- Combining zidovudine-loaded nanoparticles with 

other antiretroviral agents in combination therapies 

could enhance the overall treatment efficacy and help 

overcome drug resistance.   

- Future clinical studies and trials will be essential to 

validate the long-term safety, effectiveness, and 

pharmacokinetics of zidovudine-loaded nanoparticle 

formulations in diverse patient populations. 

 

CONCLUSION 

Zidovudine-loaded nanoparticles represent a 

promising advancement in HIV therapy, offering 

several benefits over traditional drug formulations. 

These include enhanced bioavailability, targeted drug 

delivery, sustained release, and reduced side effects, 

all of which contribute to improved therapeutic 

outcomes for HIV-infected patients. Despite their 

potential, challenges such as complex manufacturing, 

stability issues, and toxicity concerns remain 

significant hurdles in the development of 

nanoparticle-based systems for clinical use. 

However, ongoing research into nanomaterial design, 

optimized drug release profiles, and improved 

biocompatibility holds great promise for overcoming 

these limitations. Future prospects suggest that 

zidovudine-loaded nanoparticles could not only 

improve the management of HIV but also play a 

pivotal role in combination therapies and 

personalized treatment strategies. Continued 

investigation through clinical trials and further 

technological advancements will be crucial in 

realizing the full potential of nanoparticle-based drug 

delivery systems for HIV therapy, ultimately 

enhancing patient outcomes and quality of life. 
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