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                                                   Abstract 

There are number of innovations have been made in the field of medicine to give the ill patient 

the best of the treatment. As such the use of nanoparticles has also become an increasing demand 

because of their remarkable actions on the edge of targeted drug therapy. There are number of 

disorders that must be treated by the way as a specific treatment for the diseases like cancer in 

which the main purpose of the formation of these particles is to protect the healthy cells from the 

harmful effects of the drugs. And this could be only possible by making the drugs as specific in 

their action so these can only target the cells of interest as the abnormal one. Nano medicines are 

small particles which when given to the patient cause san improvement in the abnormality by 

better absorption and better distribution to the cells like abnormal one. So it is need of hour to 

make such drugs which have remarkable effects on the diseased part of body. 
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 Introduction of nanoparticles: 

A nanoparticle is a small particle that ranges between 1 to 100 nanometres in size. Undetectable by the 

human eye, nanoparticles can exhibit significantly different physical and chemical properties to their 

larger material counterparts. 

Nanomaterials are particles that have their size in 1-100 nm range at least in one dimension. There are 

different sources of these particles. For example [1], we can get these particles as engineered particles, as 

incidental components and via natural sources. There are several forms of nanomaterials. 

1. Nanomaterials – They have all their dimensions in 1-100 nm scale. 

2. One dimensional nanostructure – one dimension has its size outside the nanoscale. 

3. Two-dimensional nanostructures – two of the dimensions are not in nanoscale. 

4. Bulk nanostructures – none of the dimensions is in the nanoscale (all are above 100 nm). 

 The table below shows the size of nanoparticles compared to other structures: 

Particle Type Diameter Size Range 

Atoms and small 

molecules 

0.1 nm 

Nanoparticles 1 to 100 nm 

Fine particles (also called 

particulate matter - PM2.5) 

100 to 2,500 nm 

Coarse particles (PM10, or 

dust) 

2500 to 10,000 nm 

Thickness of paper 100,000 nm 

 

 

The material properties change as their size approaches the atomic scale. This is due to the surface area to 

volume ratio increasing, resulting in the material’s surface atoms dominating the material performance. 

Owing to their very small size, nanoparticles have a very large surface area to volume ratio when 

compared to bulk material, such as powders, plate and sheet. This feature enables nanoparticles to possess 



unexpected optical, physical and chemical properties, as they are small enough to confine their electrons 

and produce quantum effects. 

For example, copper is considered a soft material, with bulk copper bending when its atoms cluster at the 

50nm scale. Consequently, copper nanoparticles smaller then 50nm are considered a very hard material, 

with drastically different malleability and ductility performance when compared to bulk copper [2]. The 

change in size can also affect the melting characteristics; gold nanoparticles melt at much lower 

temperatures (300 °C for 2.5 nm size) than bulk gold (1064 °C). Moreover, absorption of solar radiation 

is much higher in materials composed of nanoparticles than in thin films of continuous sheets of material. 

Bulk Materials: 

Bulk materials are particles that have their size above 100 nm in all dimensions. Most of the times, we use 

this term in order to name a substance that is granular or lumpy and exists in free-flowing form. we use 

the grain size and grain distribution in characterizing these materials. Moreover, we can explain their 

properties using the bulk density, moisture content, temperature, etc. There are two forms of these 

materials as follows: 

1. Cohesionless, free-flowing bulk materials 

2. Cohesive bulk materials 

Bulk materials include the material we use in the construction field; plaster, sand, gravel, cement, etc. 

Moreover, it includes raw materials that we use for various industries such as ore, slag, salts, etc. In 

addition to that, this includes powdmaterials such as pigments, fillers, granules, pellets, etc. 

How to differentiate nanoparticles from matter: 

 

• Nanomaterials are particles that have their size in 1-100 nm range at least in one dimension. We 

cannot see their particles through the naked eye. Moreover, examples of these materials include 

nanozymes, titanium dioxide nanoparticles, graphene, etc [2]. Bulk materials are particles that 

have their size above 100 nm in all dimensions. We can see their particles through the naked eye. 

The examples of these materials include plaster, sand, gravel, cement, ore, slag, salts, etc. The 

below infographic presents the difference between nanomaterials and bulk materials in tabular 

form. 

https://www.differencebetween.com/difference-between-rutile-and-anatase-titanium-dioxide/
https://www.differencebetween.com/difference-between-graphite-and-graphene/#Graphene


• Nanomaterials are invisible to the naked eye. But the bulk materials, we can see their particles. 

The difference between nanomaterials and bulk materials is that nanomaterials have their size in 

1-100 nm range at least in one dimension whereas bulk materials have their size above 100 nm in 

all dimensions [3]. 

• Nanoparticles are usually distinguished from microparticles (1-1000 µm), "fine particles" (sized 

between 100 and 2500 nm), and "coarse particles" (ranging from 2500 to 10,000 nm), because 

their smaller size drives very different physical or chemical properties, like colloidal properties 

and optical or electric properties. 

• Being more subject to the brownian motion, they usually do not sediment, like colloidal 

particles that conversely are usually understood to range from 1 to 1000 nm. 

• Being much smaller than the wavelengths of visible light (400-700 nm), nanoparticles cannot be 

seen with ordinary optical microscopes, requiring the use of electron microscopes or microscopes 

with laser. For the same reason, dispersions of nanoparticles in transparent media can be 

transparent, whereas suspensions of larger particles usually scatter some or all visible light 

incident on them. Nanoparticles also easily pass through common filters, such as 

common ceramic candles, so that[4] separation from liquids requires 

special nanofiltration techniques. 

• The properties of nanoparticles often differ markedly from those of larger particles of the same 

substance. Since the typical diameter of an atom is between 0.15 and 0.6 nm, a large fraction of 

the nanoparticle's material lies within a few atomic diameters from its surface. Therefore, the 

properties of that surface layer may dominate over those of the bulk material. This effect is 

particularly strong for nanoparticles dispersed in a medium of different composition since the 

interactions between the two materials at their interface also becomes significant. 

 

Nanomedicine innovation in medical sciene: 

Nanomedicine is the use of nanotechnology in medicine. Nowadays Nano medicine is used for 

patients suffering from a wide range of disorders including kidney disease, chronic pain, fungal 

infection, and many others. 

It is a rapidly increasing interdisciplinary field that seeks to develop new and improved methods 

for screening, diagnosis, and treatments [2] .Begin new and effective nanomedicines need an 

understanding of how basic building blocks arranged at the Nano scale causes unique and 

https://en.wikipedia.org/wiki/Microparticles
https://en.wikipedia.org/wiki/Brownian_motion
https://en.wikipedia.org/wiki/Colloid
https://en.wikipedia.org/wiki/Colloid
https://en.wikipedia.org/wiki/Visible_light
https://en.wikipedia.org/wiki/Optical_microscope
https://en.wikipedia.org/wiki/Electron_microscope
https://en.wikipedia.org/wiki/Electron_microscope
https://en.wikipedia.org/wiki/Scattering
https://en.wikipedia.org/wiki/Filtration
https://en.wikipedia.org/wiki/Chamberland_filter
https://en.wikipedia.org/wiki/Nanofiltration
https://en.wikipedia.org/wiki/Atomic_radius


different features that are not possible with bulk commodities these nanomaterial’s are 

interrelated with biological structure at the scale of molecules, and thus have found wide use of 

biomedical research and applications. Many different tools exist to characterize and predict 

nanomaterial interaction with cells and molecules. For confirmation in vitro, nanomaterials are 

tested in vivo to better understand how their delivery and system contact behavior at the tissue 

scales. Eventually, researcher aims to use these nanomaterial’s to improve the screening, 

diagnosis, and treatment of disorders, given that the nanomaterial’s can be demonstrated to be 

both safe and effective in clinical trials  

• Nanomaterial’s can be used in Nano medicine for medical purposes in three different ways: Nano 

therapy, Nano diagnosis-controlled drug delivery, and regenerative medicine. A new way that 

combines diagnosis and therapy termed theranostics is emerging and is a promising approach that 

holds on in the same system both the diagnosis/ imaging agent and the medicine. A new way 

which combines diagnosis and therapy termed theranostics is emerging and is a promising change 

in clinical practice by the introduction of novel medicines of both diagnosis and therapy or care, 

having enabled to address unsatisfied medical wants [4], by combining effective molecules that 

otherwise could not be used because of their high noxious, increase efficacy and reduce the dose 

and noxious, exploiting different mechanisms of action. 

• This is a result of the inborn properties of nanomaterials that have brought many advantages in 

the pharmaceuticals and other medical fields developments. Due to their small size, nanomaterials 

have a high particular area in connection to volume. Accordingly, the particle surface energy is 

increased, making the nanomaterial much more active. Nanomaterials tend to soak up 

biomolecules example, lipids proteins, and many others when connected with biological fluids. 

One of the most important interactions with the living matter reliefs on the serum biomolecule 

adsorption layer known as “covid” which forms on the top of colloidal nanoparticles. Its mixture 

depends on the portal of entry into the body and on the particular fluid that the nanoparticles 

come across. Further dynamic changes can influence the “covid” framework as the nanoparticles 

cross from one biological section to other. 

• Moreover, optical magnetic and electrical properties can change and be accord through electron 

confinement in nanomaterials. In addition, nanomaterials can be made to have different sizes. 

Shape, dimensions, chemical mixtures, and surface [5] e, making them react with specific 

biological targets. A successful biological result can only be gain resorting to careful particle 

design. As such, a comprehension knowledge of how the nanomaterials interrelated with 

biological systems are required 



• Thus, a piece of great knowledge about how the physicochemical properties of the bio interface 

influence the biological signaling pathways[12], kinetics, and transport will thus provide 

analytical rules to the design of nanomaterials. 

 

Nanoparticles used as targeted drug delivery  

• Nanoparticles used as drug delivery channels are generally less than 100nm in at least one 

dimension and made up of different biodegradable materials such as natural or synthetic 

polymers, metals, or lipids. Nanoparticles are taken up by cells more effectively than larger micro 

molecules and therefore, could be used as a channel and delivery system. For therapeutic 

applications, drugs can either be integrated into the matrix of the particles or attached to the 

particles or attached to the top of the particles. A drug targeting system should be able to control 

the destiny of a drug entering the biological environment [6]. Nanoparticles with different 

constitutions and biological properties have been extensively looked into drug and gene delivery 

applications. An effective approach for achieving systematic drug delivery would be to rationally 

develop Nano system based on the understanding of their interactivity with the biological 

environment, target cell population, target cell surface reporters, change in the cell that takes 

place with the progression of the disease, procedure, and site [11] of drug action, drug retention, 

multiple drug administration it is also important to understand to hurdles to the drug such as 

stability of therapeutic agents in the living cell habitat. Reduced drug effectiveness could be due 

to instability of drug inside the cell, unavailable due to multiple targeting or chemical properties 

of delivering molecules, alterations in the genetic makeup of cell’s top receptors, overexpression 

of efflux pumps, changes in signaling pathways with the development of disease, or drug 

degradation [7]. A better understanding of the mechanism of absorption, intracellular trafficking 

retention, and protection from humiliation inside a cell are required for enhancing the efficacy of 

the encapsulated therapeutic agent. 

 

Future innovation of nanoparticles in the medical field: 

In recent years nanoparticles have appears as important players in modern medicine, with 

application vary from variance agents in medical imaging to carriers for gene delivery into single 

cells. Nanoparticles have several properties that differentiate them from bulk materials simply by 

the integrity of their sizes, such as chemical reactivity, energy intake, and biological portability 



The benefits of nanoparticles to modern medicine are many more. Indeed, there are some 

instances where nanoparticles enable analyses and therapies that simply cannot be carried out 

otherwise [8]. However, nanoparticles also take a unique environment with them and different 

social challenges, particularly regarding toxicity.  

Nanoparticles can be provided notable improvements in traditional biological imaging of cells 

and tissues using a different microscope as well as in MRI of various body parts. Chemical 

composition differentiates the nanoparticles used in two different types of techniques. A summary 

of them is provided in the table [10].  

 

 

 

 

Area Nanoparticle type Major in vivo 

applications 

Significant characteristics 

 

Imaging(optical) Quantum dots Site-specific imaging 

in-vivo 

Imaging of lymph forks, lung 

blood artery, and tumors. 

 

 

Magnetic resonance 

imaging 

Super 

paramagnetic iron 

oxide 

(nanoparticles) 

Cancer observation Enhanced variance for imaging of 

liver, lymph nodes, and bone 

marrow. 

 

 

Drug and heredity 

characters   delivery 

Polymer- and 

liposome-based 

(nanoparticles) 

Cancer treatment Targeted delivery by surface 

functionalism. 

Strategies for soluble water-

insoluble drugs, (paclitaxel). 

 

Neurodegenerative 

disease treatment 

Transport across blood–brain 

hurdles (egg, by PEG 

incorporation Therapies for 

diseases unresponsive to small 

 



Area Nanoparticle type Major in vivo 

applications 

Significant characteristics 

 

molecule drugs (gene treatment). 

HIV/AIDS treatment Solubilizing water-insoluble drugs 
 

Ocular disease 

treatment  

Ability to prolong drug residence 

times within ocular mucus coating 

or retina 

  

Respiratory disease 

treatment 

Mitigation of provoking responses 

in respiratory tract. 

 

 

Use of nanoparticles in medicine: 

The use of engineered nanomaterials (nanoparticles) offers the ability to carry therapeutics to specific 

sites of a disease, thus reducing the off-target toxicity of many drugs. This is especially true in the use 

of chemotherapeutics where off-target reactions cause harmful side effects in cancer patients as 

mentioned above, one of the main uses of nanoparticles in the medical field has been the area of 

targeted drug delivery. It is a critical condition to deliver a drug to the desired target site in a 

controlled manner while not causing additional adverse health effects to the patient or cause any 

injury. We can control the absorption of the drug at the targeted side like cancer Nanoparticles has 

been present for improved systems in medical imaging for disease diagnosis. Much of the potential 

for nanomaterials as diagnostic agents comes from their ability to enhance the difference in 

spectroscopy. In particular, super paramagnetic [9] iron oxide has been shown to enhance magnetic 

resonance imaging and as an outcome, can aid in the detection of liver disease. Angiogenesis is a key 

hallmark of cancer and thus its observation would be of importance. Nanoparticles can be used for 

targeting sites of angiogenesis and variance diagnostic imaging. For example, cyanoacrylate micro 

bubbles can be conjugated to ligands specific to biomarkers, such as vascular endothelial growth 

factor receptor and αvβ3integrin, which are more plentiful with increased angiogenesis. НLS 

conjugation allows for ultrasound observation of tumor phenotypes and quantification of these 

biomarkers, as well as, indicating responses to surgery. 
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