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ABSTRACT 

Nanotechnology has emerged as a revolutionary field in 
pharmaceutical sciences, offering innovative approaches for 
diagnosis, treatment, and prevention of diseases. 
Nanoparticles possess unique physicochemical properties 
such as enhanced surface area, improved bioavailability, 
targeted drug delivery, and controlled release characteristics. 
These properties make nanotechnology highly promising in 
improving therapeutic efficacy while minimizing adverse 
effects. Nanotechnology applications include nano-drug 
delivery systems, nanomedicine, nano-diagnostics, tissue 
engineering, and cancer therapy. This review highlights the 
fundamentals of nanotechnology, various types of 
nanocarriers, methods of preparation, applications in 
pharmaceutical sciences, advantages, limitations, and future 
perspectives. 
 
 
 
 
 
 
 
 
 
 
 
 

Pharmaceutical Science 

mailto:drrhkale@gmail.com


International Standard Serial Number (ISSN): 2249-6807 

7 Full Text Available On www.ijipls.co.in 

 

1. Introduction 

Nanotechnology refers to the manipulation and 

application of materials at the nanoscale range 

of 1–100 nm. The concept of nanotechnology 

was first proposed by Richard Feynman in 1959. 

In recent years, nanotechnology has gained 

significant attention in pharmaceutical research 

due to its potential to enhance drug solubility, 

stability, permeability, and targeted delivery1. 

Conventional drug delivery systems often suffer 

from poor bioavailability, rapid degradation, 

and lack of specificity. Nanotechnology-based 

systems overcome these limitations by 

improving pharmacokinetic and 

pharmacodynamic profiles of drugs2. 

2. Types of Nanoparticles 

2.1 Liposomes 

Liposomes are spherical vesicles composed of 

phospholipid bilayers capable of encapsulating 

hydrophilic and lipophilic drugs. They improve 

drug stability and reduce toxicity3. 

2.2 Polymeric Nanoparticles 

These nanoparticles are prepared using 

biodegradable polymers such as PLGA, 

chitosan, and alginate. They provide controlled 

and sustained drug release. 

2.3 Solid Lipid Nanoparticles (SLNs) 

SLNs combine the advantages of liposomes and 

polymeric nanoparticles while minimizing 

toxicity. 

2.4 Dendrimers 

Dendrimers are highly branched 

macromolecules with multiple functional 

groups useful for targeted drug delivery. 

2.5 Metallic Nanoparticles 

Gold and silver nanoparticles are widely 

investigated for diagnostic and therapeutic 

applications4,5. 

3. Methods of Preparation 

Various methods are employed for nanoparticle 

synthesis: 

Solvent evaporation method 

Nanoprecipitation 

Emulsification-diffusion 

Ionic gelation 

High-pressure homogenization 

Supercritical fluid technology 

The selection of preparation method depends on 

the nature of the drug, polymer, and desired 

particle characteristics6,7. 

4. Applications of Nanotechnology in 

Pharmacy 

4.1 Targeted Drug Delivery 

Nanoparticles enable site-specific delivery of 

drugs, thereby reducing systemic side effects 

and enhancing therapeutic effectiveness. 

4.2 Cancer Therapy 

Nanocarriers facilitate selective accumulation of 

anticancer drugs in tumor tissues through 

enhanced permeability and retention (EPR) 

effect. 

4.3 Gene Delivery 

Nanotechnology assists in the safe and efficient 

delivery of genetic material for gene therapy. 

4.4 Vaccine Delivery 

Nano-based vaccines improve immune 

responses and antigen stability. 

4.5 Diagnostic Applications 

Quantum dots and nanosensors are utilized for 

disease diagnosis and imaging applications8,9. 

5. Advantages of Nanotechnology 

Improved bioavailability 

Controlled and sustained release 

Enhanced drug stability 

Targeted delivery 

Reduced toxicity 

Improved patient compliance10,11 

6. Limitations and Challenges 

Despite significant advancements, 

nanotechnology faces several challenges: 

High production cost 

Scale-up difficulties 

Toxicological concerns 

Regulatory issues 

Stability problems during storage 

Further research is needed to establish safe and 

effective nanotechnology - based 

formulations12,13. 
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7. Future Perspectives 

The future of nanotechnology in 

pharmaceuticals appears highly promising. 

Emerging technologies such as nanorobots, 

smart nanoparticles, and personalized 

nanomedicine are expected to revolutionize 

healthcare. Integration of artificial intelligence 

and nanotechnology may further enhance drug 

development and therapeutic outcomes14. 

8. Recent Trends in Nanotechnology 

Recent advancements in nanotechnology have 

significantly transformed pharmaceutical and 

biomedical research. Emerging technologies are 

focused on precision medicine, smart drug 

delivery, and advanced therapeutic systems. 

8.1 Smart Nanoparticles 

Smart nanoparticles respond to environmental 

stimuli such as pH, temperature, enzymes, or 

magnetic fields. These systems enhance site-

specific drug delivery and minimize systemic 

toxicity. Stimuli-responsive nanocarriers are 

widely explored for cancer therapy and targeted 

treatment. 

8.2 Nanotechnology in mRNA Vaccines 

Nanotechnology played a critical role in the 

development of mRNA vaccines for COVID-19. 

Lipid nanoparticles (LNPs) protect mRNA from 

degradation and facilitate cellular uptake, 

improving vaccine efficacy and stability. 

8.3 Nano-based Cancer Immunotherapy 

Nanocarriers are increasingly used to deliver 

immunotherapeutic agents such as monoclonal 

antibodies, cytokines, and immune checkpoint 

inhibitors directly to tumor tissues. This 

approach improves therapeutic outcomes while 

reducing adverse effects. 

8.4 Artificial Intelligence in Nanotechnology 

Integration of artificial intelligence (AI) with 

nanotechnology has accelerated nanoparticle 

design, drug discovery, and predictive 

modeling. AI-based algorithms assist in 

optimizing nanoparticle size, surface properties, 

and drug-loading efficiency. 

8.5 Nanorobotics 

Nanorobots represent a futuristic application of 

nanotechnology. These microscopic devices are 

being investigated for targeted drug delivery, 

minimally invasive surgery, and precision 

diagnostics. Though still under development, 

nanorobotics may revolutionize modern 

healthcare. 

8.6 Green Nanotechnology 

Green synthesis methods using plant extracts, 

microorganisms, and biodegradable materials 

are gaining popularity due to reduced toxicity 

and environmental sustainability. Green 

nanotechnology minimizes hazardous chemicals 

during nanoparticle production. 

8.7 3D Printing and Nanotechnology 

The combination of 3D printing with 

nanotechnology has enabled the development of 

personalized medicines and customized drug 

delivery systems. Nano-enabled 3D printed 

dosage forms improve drug release 

characteristics and patient-specific therapy. 

8.8 Theranostics 

Theranostic nanoparticles combine diagnostic 

and therapeutic functions in a single system. 

These multifunctional nanoparticles enable 

simultaneous imaging, drug delivery, and 

monitoring of treatment response, especially in 

oncology15. 

9. Conclusion 

Nanotechnology has transformed modern 

pharmaceutical sciences by offering advanced 

drug delivery systems and innovative 

therapeutic approaches. The ability of 

nanoparticles to improve bioavailability, reduce 

toxicity, and provide targeted delivery makes 

them highly valuable in disease management. 

Although certain challenges remain, continuous 

research and technological advancements are 

expected to expand the scope of nanotechnology 

in medicine and pharmacy. 
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