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ABSTRACT 
Nanotechnology has emerged as a revolutionary approach in pharmaceutics, offering innovative solutions to 
challenges associated with conventional drug delivery systems. Manipulating materials at the nanoscale enables 
improved drug solubility, targeted delivery, enhanced bioavailability, and reduced toxicity. This review 
discusses the principles of nanotechnology, types of nanocarriers, methods of preparation, characterization 
techniques, and their applications in drug delivery. Additionally, recent advancements and future perspectives in 
nano-pharmaceutics are highlighted. 
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1. Introduction 
Nanotechnology refers to the manipulation and 
application of materials at the nanoscale, typically 
within the size range of 1–100 nanometers. In 
pharmaceutics, this advanced technology has emerged 
as a powerful tool to overcome the limitations 
associated with conventional drug delivery systems. 
Traditional dosage forms often face challenges such 
as poor aqueous solubility, low bioavailability, rapid 
degradation, and non-specific distribution, which can 
reduce therapeutic efficacy and increase the risk of 
adverse effects. 
Nanotechnology-based drug delivery systems offer 
significant advantages by improving the 
physicochemical and biological properties of drugs. 
By reducing particle size to the nanoscale, the surface 
area of drug molecules increases, leading to enhanced 
solubility and dissolution rate. This is particularly 
beneficial for poorly water-soluble drugs. 
Additionally, nanocarriers such as liposomes, 
niosomes, polymeric nanoparticles, solid lipid 
nanoparticles, and dendrimers can encapsulate drugs, 

protecting them from enzymatic degradation and 
improving their stability in biological environments. 
One of the most important contributions of 
nanotechnology in pharmaceutics is targeted drug 
delivery. Nanoparticles can be engineered to deliver 
drugs specifically to diseased tissues or cells, such as 
tumours, thereby minimizing exposure to healthy 
tissues. This targeted approach not only enhances 
therapeutic efficacy but also reduces systemic toxicity 
and side effects. Surface modification of nanoparticles 
with ligands, antibodies, or polymers enables active 
targeting, while passive targeting can be achieved 
through mechanisms such as the enhanced 
permeability and retention (EPR) effect. 
Furthermore, nanotechnology enables controlled and 
sustained drug release. Drug release profiles can be 
tailored by modifying the composition and structure 
of nanocarriers, ensuring a consistent therapeutic 
concentration over an extended period. This reduces 
the frequency of dosing and improves patient 
compliance. Nanotechnology also plays a vital role in 
improving the delivery of biologics, including 
proteins, peptides, and nucleic acids, which are 
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otherwise difficult to administer due to instability and 
poor permeability. 
In addition to drug delivery, nanotechnology has 
applications in diagnostics, imaging, and theranostics 
(combined therapy and diagnostics). For example, 
nanoparticles can be used as contrast agents in 
imaging techniques or as carriers for both drugs and 
diagnostic molecules. 
In conclusion, nanotechnology has revolutionised the 
field of pharmaceutics by addressing key challenges 
associated with conventional drug delivery systems. 
Its ability to enhance solubility, stability, targeting, 
and controlled release of drugs makes it a promising 
approach for developing safer and more effective 
therapeutic systems. 
2. Advantages of Nanotechnology in Drug Delivery 

• Enhanced bioavailability of poorly soluble drugs 
• Targeted drug delivery to specific tissues or cells 
• Controlled and sustained drug release 
• Reduced dosing frequency 
• Minimised side effects and toxicity 
• Improved stability of drugs 

3. Types of Nanocarriers 
3.1 Liposomes 
Spherical vesicles composed of phospholipid bilayers 
are capable of encapsulating both hydrophilic and 
lipophilic drugs. 
3.2 Nanoparticles 
Solid colloidal particles made from polymers or 
lipids, including: 

• Polymeric nanoparticles 
• Solid lipid nanoparticles (SLNs) 

3.3 Niosomes 
Non-ionic surfactant-based vesicles that enhance drug 
stability and bioavailability. 
3.4 Dendrimers 
Highly branched, tree-like structures with controlled 
size and shape, used for targeted drug delivery. 
3.5 Nanoemulsions 
Thermodynamically stable dispersions of oil and 
water stabilised by surfactants. 
3.6 Polymeric Micelles 
Amphiphilic block copolymers forming core-shell 
structures for solubilising hydrophobic drugs. 

 
Figure 1. Schematic illustration depicts the 

structure of various LNP formulations used in 
drug delivery. 

4. Methods of Preparation 
• Solvent Evaporation Method: This is one of the 
most widely used techniques for preparing polymeric 
nanoparticles. In this method, the drug and polymer 
are dissolved in a volatile organic solvent (such as 
dichloromethane or ethyl acetate). This organic phase 
is then emulsified into an aqueous phase containing a 
stabiliser to form an oil-in-water (O/W) emulsion. 
Upon continuous stirring, the organic solvent 
evaporates, leading to the precipitation of the polymer 
and the formation of solid nanoparticles encapsulating 
the drug. This method is simple, reproducible, and 
suitable for hydrophobic drugs. 
• Emulsification–Diffusion Method: In this method, 
a partially water-miscible solvent (e.g., ethyl acetate) 
is used to dissolve the drug and polymer. The organic 
phase is emulsified into an aqueous phase containing 
a stabiliser. After emulsification, excess water is 
added to induce the diffusion of the solvent into the 
aqueous phase, resulting in nanoparticle formation. 
This method provides better control over particle size 
and offers high encapsulation efficiency. 
• Nanoprecipitation (Solvent Displacement 
Method): Nanoprecipitation involves the precipitation 
of a polymer from an organic solution into an aqueous 
phase. The drug and polymer are dissolved in a water-
miscible solvent such as acetone, which is then added 
dropwise into an aqueous solution containing a 
stabiliser under stirring. Rapid diffusion of the solvent 
into the aqueous phase leads to supersaturation and 
the formation of nanoparticles. This method is simple, 
rapid, and does not require high energy input, making 
it suitable for heat-sensitive compounds. 
• High-Pressure Homogenization: This technique is 
mainly used for the production of solid lipid 
nanoparticles and nanosuspensions. The drug is 
dispersed in a liquid, and the mixture is passed 
through a narrow gap under very high pressure (100–
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2000 bar). This process generates intense shear forces 
and cavitation, which reduce particle size to the 
nanoscale. It can be performed as hot homogenization 
(above the melting point of lipids) or cold 
homogenization. It is scalable and widely used in 
industrial production. 
• Spray Drying: Spray drying is a technique used to 
convert liquid formulations into dry nanoparticle 
powders. The drug and excipients are dissolved or 
dispersed in a suitable solvent and sprayed into a hot 
drying chamber. The solvent evaporates rapidly, 
leaving behind fine particles. This method is 
advantageous for improving stability, ease of 
handling, and large-scale production, but may not be 
suitable for thermosensitive drugs due to heat 
exposure. 
• Supercritical Fluid Technology: This advanced 
method uses supercritical fluids, most commonly 
supercritical carbon dioxide (CO₂), which exhibits 
properties of both liquids and gases. The drug is 
dissolved in a supercritical fluid or co-solvent, and 
rapid expansion or solvent extraction leads to the 
formation of nanoparticles. Techniques such as Rapid 
Expansion of Supercritical Solution (RESS) and 
Supercritical Anti-Solvent (SAS) are commonly used. 
This method is environmentally friendly, leaves 
minimal solvent residue, and is suitable for producing 
uniform particles. 
5. Characterisation of Nanoparticles 
Proper characterisation is essential to ensure quality, 
safety, and efficacy. 
5.1 Particle Size and Size Distribution 
Measured using dynamic light scattering (DLS). 
5.2 Surface Charge (Zeta Potential) 
Indicates the stability of nanoparticles. 
5.3 Morphology 
Analysed using scanning electron microscopy (SEM) 
and transmission electron microscopy (TEM). 
5.4 Drug Loading and Entrapment Efficiency 
Determines the amount of drug encapsulated. 
5.5 In vitro Drug Release Studies 
Evaluates the release profile of the drug from 
nanocarriers. 
6. Applications in Pharmaceutics 
6.1 Cancer Therapy 
Nanoparticles enable targeted delivery of anticancer 
drugs, reducing damage to healthy cells. 
6.2 Oral Drug Delivery 
Improves solubility and absorption of poorly water-
soluble drugs. 
6.3 Transdermal Drug Delivery 
Enhances the penetration of drugs through the skin. 

6.4 Gene Delivery 
Nanocarriers are used to deliver DNA and RNA for 
gene therapy. 
6.5 Vaccine Delivery 
Nanotechnology improves immune response and 
vaccine stability. 
7. Challenges in Nanotechnology 

• Toxicity and biocompatibility issues 
• High production cost 
• Scale-up difficulties 
• Regulatory challenges 
• Stability concerns 

8. Recent Advances 
Recent developments include: 

• Stimuli-responsive nanoparticles (pH, temperature-
sensitive) 

• Smart drug delivery systems 
• Nanorobots for precision medicine 
• CRISPR-based gene delivery using nanocarriers 

9. Future Perspectives 
Nanotechnology is expected to play a major role in 
personalised medicine. Advances in artificial 
intelligence and nanomedicine integration may lead to 
more precise and efficient drug delivery systems. 
Regulatory frameworks and safety evaluations will be 
crucial for wider clinical acceptance. 
10. Conclusion 
Nanotechnology has transformed the field of 
pharmaceutics by providing innovative drug delivery 
systems with improved therapeutic outcomes. Despite 
certain challenges, ongoing research and 
technological advancements are expected to overcome 
these barriers, making nanotechnology a cornerstone 
of modern medicine. 
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