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ABSTRACT: 

Recent breakthroughs in nanotechnology are set to transform drug manufacturing, drug delivery systems, and 

medical diagnostics. Nanoparticles exhibit distinct properties that differ from larger micro- and macro-

particles, making them highly effective in various applications. In the field of life sciences, nanotechnology 

is expected to drive groundbreaking changes, particularly in drug delivery, diagnostic tools, nutraceuticals, 

and the development of biomaterials. Nanoparticles are utilized in a wide array of industries, including 

electronics, magnetic pharmaceuticals, cosmetics, energy production, catalysis, and materials science. 

According to the U.S. Food and Drug Administration (FDA), nanotechnology encompasses research and 

development activities at the atomic, molecular, or macromolecular level, typically within the 1-100 

nanometer (nm) range. This field focuses on creating and utilizing structures, devices, and systems with 

unique properties and functions attributable to their small size, with the capacity to control or manipulate 

materials at the atomic scale. In the near future, nanoparticles hold significant potential for applications in 

new products like cosmetics, textiles, and paints. In healthcare, these technologies could enhance the potency 

of traditional drugs and provide innovative solutions for diseases previously considered untreatable. This 

paper will explore different types of nanoparticles, examining their benefits, limitations, and applications 

across various fields. 
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INTRODUCTION: 

Nanoparticles are colloidal structures on a sub-nano scale, made from either synthetic or semi-synthetic 

polymers. The earliest examples of nanoparticles were non-biodegradable, utilizing polymers like 

polyacrylamide, polymethyl methacrylate, and polystyrene. These tiny particles can transport drugs or 

protein-based substances (such as antigens) by embedding them within a polymer matrix as particulate or 

solid solutions, or attaching them to the particle surface through physical adsorption or chemical bonds. Drugs 

can be incorporated into nanoparticles either during or after their preparation. Nanomedicine, a growing 

branch of nanotechnology, leverages these ultra-small particles—which are more than 10 million times 

smaller than the human body—for medical purposes. Given their size, nanoparticles are much smaller than 

living cells, opening new avenues for treatment across various diseases. This emerging field holds promise 

for developing innovative therapies to combat cancers, neurodegenerative disorders, and other difficult-to-
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treat conditions.1 When designing nanoparticles for drug delivery, key goals include precisely controlling 

particle size, surface properties, and the release of active agents. This strategy helps ensure that drugs act 

specifically at the target site and are delivered at the ideal rate and dose. Although liposomes have shown 

promise as carriers, with benefits like protecting drugs from degradation, targeting delivery, and reducing 

toxicity or side effects, they have some drawbacks. These challenges include low efficiency in encapsulating 

drugs, quick leakage of water-soluble drugs in the presence of blood components, and limited storage stability. 

Polymeric nanoparticles, however, offer distinct advantages over liposomes. They provide increased stability 

for drugs and proteins and have useful properties for controlled release, making them a valuable alternative 

in drug delivery applications.2,3 

TYPES OF NANOPARTICLES APPLIED IN DRUG DELIVERY: 

 

The types of nanoparticles applied in the drug delivery system include: 

Sr. 

No. 

 

Type of Nanoparticles 

 

Material used 

 

Applications 

 

Ref. 

1 Nanosuspensions and 

Nanocrystals 

Drug powder is dispersed in 

surfactant solution 

Stable system for 

controlled delivery of 

poorly soluble drug 

 

4 

2 Solid lipid Nanoparticles Melted lipid dispersed in 

Aqueous surfactant 

Least toxic and more 

stable Colloidal carrier 

systems as alternative 

materials To polymers 

 

 

5 

3 Polymeric nanoparticles Biodegradable polymers Controlled and targeted 

drug delivery 

6 

4 Polymeric micelles Amphiphilic block co 

polymers 

Controlled and systemic 

Delivery of water 

insoluble Drugs 

7 

5 Magnetic Nanoparticles Magnetite Fe2O3,Meghe 

Mite coated with dextran 

Drug targeting 

diagnostics to in 

medicine 

8 

6 Carbon Nanotubes Metals ,semiconductors 

or carbon 

Gene and DNA delivery 

Controlled release of 

drug 

9 

7 Liposomes Phoshpolipid vesicles Controlled targeted drug 

delivery 

10 

8 Nanoshells Dielectric core and metal 
shell 

Tumor targeting 11 

9 Ceramic Nanoparticles Silica,alumina,titania Drug and biomolecule 

delivery 

12 

10 Nanopores Aerogel,which is 

produceded by cell gel 

chemistry 

Controlled release drug 

carriers 

13 

11 Nano wires Silicon, cobalt, gold or 

Copper based nanowires 

Transport electron in 

nano Electronics 

14 

12 Quantum dots cdSe-cdS core shell Targeting ,imaging agent 15 

13 Nano films polypeptides Systemic or local drug 

Delivery. 

16 

14 Ferrofluids Iron oxide magnetic 

Nanoparticles surrounde- 

d by polymeric layer 

For capturing cells and 

other biological targets. 

17 

 

Nanosuspension: 

Nanosuspensions (NSs) are colloidal systems consisting of finely dispersed drug particles, typically smaller 

than 1 μm. These systems are biphasic, where solid drug particles are suspended in a liquid medium. While 

the precise definition of nanosuspensions may vary in the literature, they are generally described as dispersions 

of pure active pharmaceutical ingredients (APIs) with particle sizes ranging from 10 to 1000 nm, stabilized 

by surfactants or polymers. In some instances, the terms "nanosuspensions" and "nanocrystals" are used 

interchangeably, with the latter referring to drug particles within the size range of 200–600 nm, composed 
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entirely of the active substance. Stabilizers are employed to maintain the drug in its nanosized crystalline 

form, preventing aggregation and enhancing bioavailability and therapeutic effectiveness.18-20 An example of 

a nanosuspension is the preparation of ibuprofen using the emulsion-solvent diffusion method. This technique 

is designed to enhance the drug's availability in the eye, thereby improving its absorption and therapeutic 

effectiveness when administered ocularly. Reducing the drug particles to the nanoscale facilitates better 

bioavailability and more efficient treatment outcomes.21 

Solid lipid Nanoparticles (SLN: 

Solid lipid nanoparticles (SLNs) were developed in December 1991 as a novel drug delivery method, 

providing an alternative to traditional colloidal carriers. These particles are made up of stable lipid spheres in 

the nanometer range and are generally dispersed in a solution of surfactants or in water. The solid lipid 

structure allows for controlled release of the medication and protects the active ingredients, enhancing stability 

and bioavailability. This makes SLNs a valuable tool for applications in pharmaceuticals and biotechnology.22 

Targeted drug delivery remains one of the most complex fields of research in pharmacy. Advances in colloidal 

nanoparticle systems, including liposomes, micelles, and solid lipid nanoparticles (SLNs), have presented new 

challenges and opportunities to improve drug delivery methods. SLNs stand out for combining the benefits 

of polymeric nanoparticles, lipid emulsions, and liposomes. They offer numerous advantages, such as high 

biocompatibility, non-toxicity, stability against aggregation, minimal drug leakage, resistance to hydrolysis, 

biodegradability, physical stability, and effective transport for lipophilic drugs. Nonetheless, there are notable 

differences and conflicting characteristics between lipid emulsions and liposomes.23 Solid lipid nanoparticles 

(SLNs) and nanostructured lipid carriers (NLCs) have a wide array of beneficial properties, making them 

valuable for drug delivery methods, such as parenteral, dermal, pulmonary, and topical applications. These 

formulations were created to minimize the side effects of highly potent drugs while enhancing treatment 

effectiveness. SLNs and NLCs also play a significant role in gene delivery systems and are increasingly used 

in the cosmetic and food industries. However, due to certain inherent limitations and obstacles, their 

commercial production remains relatively restricted and is available in only a limited range of products.24 

Polymeric nanoparticles: 

In nanoparticle-based drug delivery systems, the drug can be dissolved, entrapped, absorbed, attached, or 

encapsulated within the nanoparticle matrix. The preparation method influences whether nanoparticles, 

nanospheres, or nanocapsules are produced, each offering distinct properties and release behaviors for the 

therapeutic agent. Nanoparticles act as vesicular systems where the drug is confined in a cavity surrounded 

by a polymer membrane, while nanospheres are matrix systems where the drug is uniformly distributed. The 

advantages of nanoparticles in drug delivery are due to two main characteristics: first, their small size enables 

them to pass through fine capillaries and be absorbed by cells, allowing for efficient drug accumulation at 

target sites. Second, the use of biodegradable materials in nanoparticles supports a sustained release of the 

drug at the target site, potentially lasting from days to weeks.25 
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Fig.no:1 polymer nanoparticle26 

Polymeric micelles: 

Amphiphilic block or graft copolymers behave in ways similar to traditional amphiphiles. In solution, 

attaching a water-soluble polymer to a water-insoluble one enables micelle formation, giving these 

amphiphilic block copolymers distinctive structural and flow properties not found in either polymer alone. A 

primary difference between micelles formed by typical surfactants and those made by polymeric surfactants 

is that polymeric surfactants possess covalent bonds in their hydrophobic core. This covalent linkage prevents 

the exchange of monomers between the surrounding solution and the micellar phase, leading to increased 

stability and rigidity in the polymeric micelles.27The development of these supramolecular structures relies 

on a precise balance between strong covalent bonds linking the molecular components and reversible 

intermolecular forces that enable their organization. The size of polymeric micelles is affected by several 

factors, including the molecular weight of the amphiphilic block copolymer, the aggregation number of 

amphiphiles, the ratio of hydrophilic to hydrophobic segments, the amount of solvent retained in the micellar 

core, and the preparation method employed.28,29in water-based solutions, amphiphilic block copolymers can 

primarily self-organize into structures such as spherical micelles, worm-like or cylindrical micelles, and 

polymer vesicles (also called polymersomes). The main factor determining the morphology of these micelles 

is the hydrophilic-hydrophobic balance of the block copolymer, characterized by the hydrophilic volume 

fraction, f. For f values near 35%, polymer vesicles form, while values exceeding 45% result in spherical 

micelles. Other experimental factors affecting micelle structure include the degree of corona swelling, 

concentration, temperature, pH, ionic strength, and the specific method of preparation. 

Attractive features of polymeric micelles: 

The colloidal size of micelles makes them ideal for sterilization via simple filtration, eliminating the need for 

complex aseptic processing. The hydrophobic core of the micelle creates a domain that allows polymeric 

micelles to solubilize hydrophobic substances through hydrophobic and/or ionic interactions. Many poorly 

water-soluble drugs can be effectively incorporated into the micellar core, addressing solubility issues. 

Polymeric amphiphiles have attracted growing interest due to their distinctive physicochemical properties, 

water-based morphology, and potential to produce polymers suitable for various applications. These 

amphiphilic block copolymers can be synthesized with ease, offering control over factors such as block ratio, 
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molecular weight, chemical structure, and the ability to conjugate with biomolecules. The size and shape of 

polymeric micelles formed from these copolymers can be precisely adjusted by altering the structure of the 

amphiphilic copolymer. Key factors influencing micelle size include the molecular weight of the copolymer, 

the aggregation number of amphiphiles, the hydrophilic-to-hydrophobic chain ratio, the amount of solvent 

trapped in the micellar core, and the preparation method.30 

Magnetic Nanoparticles: 

In recent years, there has been growing interest in innovative materials within the field of nanotechnology. 

Magnetic nanoparticles, a subset of nanotechnology-based materials, have made a significant impact in areas 

such as analytical chemistry, biosensing, and nanomedicine. Nearly fifteen years have passed since Pankhurst 

and colleagues published their seminal review on magnetic nanoparticles in biomedicine. According to the 

Web of Science, over 50 reviews with the term "Magnetic nanoparticle" in their titles have been published in 

the last decade. The four main applications of magnetic nanoparticles and microparticles highlighted in their 

review have contributed to advancements in disease diagnosis and treatment: (i) Magnetic separation of 

biological entities played a role in improving diagnostic methods; (ii) Magnetic nanocarriers facilitated drug 

delivery; (iii) Radio frequency-controlled magnetic nanoparticles offered a new method for cancer treatment; 

and (iv) Magnetic resonance imaging (MRI) applications were enhanced. Furthermore, the functionalization 

and modification of nanoparticles with various biomolecules was already being explored at that time.31-33 

The increasing number of scientific publications on magnetic materials highlights a growing interest in the 

field across the scientific community. Significant progress has been made in the development of magnetic 

materials with tailored sizes, shapes, chemical compositions, and surface chemistries. The stability of these 

materials, both physically and chemically, is achieved through coating. Furthermore, surface modifications 

with polymers, silica, biomolecules, and other materials can be engineered to enhance affinity for specific 

target molecules. The ability of these materials to respond to external magnetic fields, combined with the 

diverse range of available coatings, makes them versatile tools for the magnetic separation of small molecules, 

biomolecules, and cells. In biomedicine, magnetic particles and composites are used as drug delivery systems, 

MRI contrast agents, and in magnetic hyperthermia. Moreover, multifunctional magnetic particles that allow 

for both diagnosis and therapy simultaneously are emerging. This review summarizes recent advancements 

in the design and synthesis of magnetic materials for biomedical applications, with a focus on their use in 

separation, preconcentration of molecules and cells, and their roles in diagnosis and therapy.34 

Carbon Nanotubes: 

Carbon is an exceptionally versatile element with various allotropes and structures that exhibit different 

properties, thanks to its sp, sp2, or sp3 hybridization. These characteristics enable the creation of a wide range 

of structures, from just a few nanometers to several millimeters in size. Carbon nanomaterials, which can be 

synthesized and analyzed at the nanoscale, have become a central focus in nanotechnology. These materials 

possess unique attributes, such as a high specific surface area, excellent carrier mobility, enhanced electrical 

conductivity, flexibility, and optical transparency. As a result, they are used in diverse fields, including drug 

delivery, biosensing, molecular imaging, and tissue engineering. Carbon nanomaterials can be shaped into 

various forms, such as nanowires, 2D films, and various 3D structures. Examples include fullerenes, graphene, 

carbon nanotubes (CNTs), and their derivatives, including nanodiamonds, graphene oxide, and carbon-based 

quantum dots. The discovery of CNTs by Iijima in 1991 captured widespread attention due to their remarkable 

electrical, optical, thermal, and mechanical properties, making them one of the most significant inventions in 

nanotechnology. CNTs are composed of carbon atoms arranged in a hexagonal pattern, rolled into a tube 

structure, and consist of sp2 hybridized carbon atoms with a 1.4 Å interatomic distance. These hollow tubes, 

often referred to as buckytubes, have diameters in the nanometer range.35-40 
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Liposomes: 

Drug delivery systems (DDSs) have the potential to improve the therapeutic effectiveness of drugs by 

enhancing their concentration, prolonging their duration in target cells, and reducing side effects. DDSs work 

by transporting the active drug to the target site using a nano-vehicle, which helps to improve the 

pharmacological properties of the drug while reducing its undesirable aspects. This is achieved by optimizing 

the drug's pharmacokinetics and biodistribution and serving as a drug reservoir. The size of these nanoparticles 

(NPs) typically ranges from a few nanometers to several hundred nanometers, depending on their intended 

purpose. NPs can be made from a variety of natural, organic, and inorganic materials, including ceramics, 

polymers, metals, and lipids, which form nanoparticle structures such as micelles and liposomes. 

Therapeutic drugs are typically incorporated into nanoparticles (NPs) through physical interactions like 

entrapment, surface attachment, or encapsulation. The diverse properties and variations of these NPs can be 

utilized to enhance the effectiveness of traditional therapies. Nanomedicine offers the opportunity to create 

novel treatment options at the nanoscale, enabling the delivery of various active biomedical agents for the 

treatment, prevention, and diagnosis of numerous diseases.41-49 

Nanoshells: 

A nanoshell, also known as a nanoshell plasmon, is a spherical nanoparticle made up of a dielectric core 

covered by a thin metallic shell, usually gold. These nanoshells feature a quasiparticle called a plasmon, which 

is a collective excitation or oscillation of electrons relative to the ions. This oscillation is referred to as plasmon 

hybridization, where the energy of the oscillation depends on the interaction between the inner and outer 

shells. The result can be either a lower or higher energy state, with the lower energy state coupling strongly 

with incident light, while the higher energy state, which is anti-bonding, weakly couples with the light. The 

hybridization effect is stronger when the shell is thinner, meaning the shell thickness and overall particle size 

determine which light wavelength the nanoshell will interact with. Nanoshells can be tuned to interact with a 

broad spectrum of light, ranging from visible to near-infrared regions. The way light interacts with the 

nanoparticles affects the distribution of charges, which influences the strength of the coupling. When incident 

light is polarized parallel to the substrate, it causes s-polarization , pushing the charges further from the 

substrate surface and enhancing the interaction between the core and the shell. In contrast, p-polarization leads 

to a greater shift in plasmon energy, resulting in a weaker interaction and coupling.50,51 

Ceramic Nanoparticles: 

In recent years, nanoparticles have become a focal point in the development of novel drug delivery systems. 

Several types of nanosystems, such as nanoclays, scaffolds, and nanotubes, have been created, offering 

diverse applications in drug loading, targeted cell uptake, bioassays, and imaging. This study highlights 

various nanoparticle types, with a particular focus on ceramic nanocarriers. Ceramic materials are valued 

for their high mechanical strength, biocompatibility, and minimal biodegradability. The article delves into 

the advantages of ceramic nanoparticles over other systems, examining their cellular uptake and addressing 

concerns related to their potential toxicity. 

Nanotechnology stands as one of the most groundbreaking innovations of this decade, impacting the fields 

of medicine, technology, and pharmaceuticals. This fast-growing field focuses on the development of 

synthetic materials within the 5–200 nm size range. Nanotechnology involves systems where structures and 

components exhibit unique properties at the nanoscale, typically smaller than 100 nm (< 10–7 m). The small 

size, structural flexibility, highly reactive surfaces, and distinct physical and chemical characteristics of 

nanomaterials, along with their ease of modification, make them excellent candidates for drug delivery and 

controlled release systems. The integration of nanotechnology in medicine has given rise to nanomedicine, 

an interdisciplinary area with vast potential for treating a wide range of diseases. Nanomaterials have 

already made a clinical impact, particularly in the targeted delivery of bioactive molecules, including 

therapeutic agents, nucleic acids, and imaging contrast agents.52-54 
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Nanopores: 

Fluid mechanics focuses on the study of fluid flow through macroscopic channels and is applicable to various 

fields in engineering and biology. In contrast, recent years have seen a rapid growth in the exploration of 

transport phenomena within microscopic channels, or nanopores, with sizes ranging from 1 nm to 100 nm. 

These nanoscale systems were originally found in biological membranes of organelles, cells, and organs, 

where they play essential roles in controlling the transport of ions and molecules. This regulation is crucial 

not only for maintaining physiological conditions but also for signal transduction that enables various 

biological processes.55 

ADVANTAGES OF NANOPARTICLES: 

1. Easy preparation process. 

2. Targeted drug delivery. 

3. Due to their small size, nanoparticles can easily pass through tiny capillaries and be absorbed by cells, facilitating 

efficient drug delivery to the intended sites in the body. 

4. Excellent control over particle size and distribution. 

5. Effective protection of the encapsulated drug. 

6. Drug retention at the site of action. 

7. Prolonged clearance time. 

8. Improved therapeutic effectiveness. 

9. Higher bioavailability. 

10. Dosing proportionality. 

11. Stable drug formulations that would otherwise be unstable or have low bioavailability in non-nanoparticulate 

forms. 

12. Increased surface area leads to quicker dissolution of active compounds in water. 

13. Faster dissolution generally results in higher bioavailability. 

14. Reduced drug dosage requirements. 

15. Decreased toxicity. 

 

DISADVANTAGES OF NANOPARTICLES: 

1. The common use of polyvinyl alcohol as a detergent raises toxicity concerns. 

2. Limited effectiveness in targeting specific sites. 

3. Discontinuing treatment is not an option once initiated. 

4. Possible cytotoxic effects. 

5. Risk of causing pulmonary inflammation and potential carcinogenicity. 

6. Inflammation in the alveoli. 

7. Nanoparticles may disrupt autonomic balance, directly affecting heart and vascular functions.  
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CONCLUSION: 

Nanoparticles are seen as a promising drug carrier for various drug delivery systems. Nanotechnology is a 

revolutionary field that is continuously expanding, with new applications being explored globally. 

Nanoparticles help address the solubility and bioavailability issues of drugs, making them suitable for use 

with poorly soluble medications. Transforming a drug into nanoparticle form can increase its saturation 

solubility, dissolution rate, and generally improve its adhesion to surfaces. Nanoparticulate drug delivery 

systems are increasingly recognized as an advantageous solution for biological drugs. Additionally, 

nanoparticles enable efficient treatments by allowing for targeted and controlled drug release, making them a 

promising strategy for the biopharmaceutical industry moving forward. 
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