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ABSTRACT  

Lately, many different types of pharmacological substances 

have had their pharmacokinetic and pharmacodynamic 

properties physically changed and enhanced by the use of 

particulate systems such as nanoparticles. They have been 

utilised in vivo to safeguard the drug entity in the systemic 

circulation, limit drug access to the targeted areas, and deliver 

the drug to the site of action at a regulated and sustained pace. 

There is little doubt that drug delivery research is transitioning 

from a small to a very small scale. Therefore, nanotechnologies 

are becoming a medical sector that is anticipated to yield major 

therapeutic advantages. One of the trickiest problems for the 

pharmaceutical industry is the making of efficient tiny delivery 

devices that can carry medicine precisely and securely to a 

specific location of activity. To preserve beneficial scientific 

results and therapeutic discoveries, they are striving to 

reformulate and add additional indications to the currently 

available blockbuster medications. Liposomes, lipid or 

polymeric nanoparticles, and nanoemulsions are the basic 

components of nano-delivery systems. The development of 

novel drug delivery methods utilising particulate vesicle 

systems as drug carriers for both small and big molecules has 

been focusing of in-depth study over last few years. 

Nanotechnology has been improving the therapeutic 

effectiveness of drugs and minimising their side effects. Either 

ionic gelation co-acervation dispersion of premade polymers, 

hydrophilic polymers and polymerization of monomers are a 

few of the procedures commonly used to create nanoparticles. 
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INTRODUCTION 

The core elements of nanoparticles are an aspect of nanotechnology. Metal, iron natural 

materials, oxides and carbon make up the 1 to 100 nanometre-sized nanoparticles. The 

medication is either dissolved, trapped, enclosed, or joined to a nanoparticle matrix. 

Depending on the preparation technique, one can produce nanoparticles, nanospheres, or 

nano capsules1, Compared to other carrier systems, nanoparticles have more benefits. The 

ability to extravasate and occlude terminal blood arteries due to nanoparticles' submicron size 

is a key benefit that makes them an effective delivery mechanism2. Although nanotechnology 

does not always mean small structures, it should not be thought of as a straightforward 

approach that just affects certain areas. Applying features at the nanoscale to broad surfaces. 

Nanoparticles are categorised in nanotechnology depending on their physical characteristics 

(size, form, etc.) makeup, and chemical composition (for example, carbon-based 

nanoparticles, semiconductors, lipid-based nanoparticles, and polymeric nanoparticles). 

These days, we have seen the creation of novel processes for creating new chemicals, 

materials, and goods. Additionally, it replaces existing experimental techniques with 

emerging experimental techniques. Cut back on the use of resources and energy. The least 

number of excipients employed in the way they formulate, the simplicity of production, the 

great stability of the body, and the potential for continuous drug release, which might be 

useful in the management of persistent illnesses, are further characteristics of nanoparticles. 

One may successfully listen in to different controlled release features, enabling modest 

consistent dosages over extended periods of time, by altering the polymer content of the 

particle and shape. According to Liversidge and Cundy, the accessibility to a therapeutic 

particle contained a 77% were nanoparticles greater than it would have been in a formulation 

using microspheres4. The major focus of this review was the production of numerous 

nanoparticle kinds using chemical, physiological, and biological methods. Chemical and 

physical therapies, on the other hand, are costly and harmful, whereas biological options are 

simple, non-toxic, rapid, and ecologically friendly benign. Additionally, it describes the 

properties of nanoparticles and ends with a list of applications. 

Advantages 5 

➢ Toxicities and side effects must be minimised. 

➢ It is straightforward to modify the surface characteristics and particle size of nanoparticles 

after parenteral administration to target medications passively and actively. 
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➢ Because drug loading is fairly high and medicines may be incorporated onto systems 

without producing any chemical reactions, this is a critical feature for maintaining drug 

activity. 

➢ Drug release can be regulated or maintained, which will improve a drug's therapeutic 

effectiveness. 

➢ Mall-sized nanoparticles may enter smaller capillaries, allowing for effective medication 

accumulation at the target sites. 

➢ Liposomes and polymer nanoparticulated are normally biodegradable, never build up in 

our bodies, and can therefore be risk-free. 

➢ Solubility rises with bioavailability and provides tailored medication delivery. 

Disadvantages 

➢ Encapsulation efficiency is low and manufacturing costs are high. 

➢ Physical manipulation of nanoparticles in their dry and liquid states is difficult. 

➢ Toxic effects might be caused by the preparation process's solvent system. 

➢ One of the major issues might be medication leakage and unexpected release. 

Types of Nanoparticles 

According to their structures, sizes, or other physical and chemical characteristics, 

nanoparticles can be divided into a number of different categories. Some of these include 

polymeric nanoparticles, carbon-based nanoparticles, and nanoparticles based on lipids. 

1. Ceramic Nanoparticles 6 

These are composed of phosphates, carbonates, and oxides. They have strong heat and 

chemical resistance. Ceramics nanoparticles may be used as a medicine delivery agent 

adjusting their dimensions, surface area, porosity, area-to-volume ratio, and other parameters 

other properties. Such nanoparticles have effectively been used to deliver drugs for a range of 

diseases, including cancer, glaucoma, and infection by bacteria. 
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2. Carbon-based Nanoparticles 7 

Carbon may be found in these nanoparticles. The two main constituents are compounds and 

carbon nanotubes. CNTs are tubes made from grapheme sheets that have been folded up. 

They are mostly used for structural strengthening because of their 100 times higher strength 

than steel. CNTs come in two distinct varieties: single-walled and multi-walled. CNTs are 

exceptional in this sense since they are thermally conductive along the tube's length but non-

conductive above the tube. A carbon allotrope are called fullerenes. Below containing sixty 

or more carbon atoms. The composition of C-60, which resembles a hollow football, is 

known as Buckminsterfullerene. The carbon atoms in these structures are arranged in 

pentagonal and hexagonal shapes. 

3. Metal Nanoparticles 8 

These nanoparticles can be produced by chemical, electrochemical, or photochemical 

techniques. By utilising chemical reducing agents to reduce the metal-ion precursors in 

solution, we may produce metal nanoparticles by chemical means. These can absorb small 

molecules due to their high surface area. They are frequently utilised for bio analytical, 

environmental, and research purposes, including the detection and imaging of biomolecules. 

4. Lipid-Based Nanoparticles 9 

Their diameter ranges from 10 to 100 nanometre, and they are typically spherical in form. It 

is composed up of a network of soluble lipophilic particles and a solid centre comprised of 

lipid. Surfactants and emulsifiers serve to stabilise the outer layer of these nanoparticles. 

These nanoparticles are used in the therapy of cancer as RNA release agents, drug carriers, 

and delivery systems. 

5. Semiconductor Nanoparticles 10 

They possess qualities comparable to those of both metals and non-metals. They may be 

located in a periodic table's groups II–VI, III–V, or IV–VI. Germanium, silicon, InP, InAs, 

GaP, and GaN are a few examples. These are employed in applications for electronics and 

photonics, photocatalysis, also breaking water. 
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Classification of Nanoparticles 

1. One dimension nanoparticle 11 

They are either manmade surfaces or thin films. They having worked for a long time in the 

fields of engineering, chemistry, and electronics. Solar cells and catalysis both make 

extensive use of thin films or monolayers with a size range of 1-100nm. Additionally, 

information storage systems, fibre optic systems, magneto-optic and optical devices, and 

chemical and biological sensors. 

2. Two-dimension nanoparticle12 

Carbon atoms are arranged in hexagonal networks in carbon nanotubes (CNTs), which range 

in size from 1 nm to 100 nm. Single-walled carbon nanotubes (SWCNTs) and multi-walled 

carbon nanotubes (MWCNTs) are the two different forms of CNTs. Their compact size and 

unique physical, mechanical, and electrical characteristics set them apart from others. Carbon 

nanotubes are more capable of absorbing molecules. Incredibly stable carbon nanotubes. 

3. Three-dimension nanoparticles 

a. Quantum Dots 13 

Quantum dots are very tiny objects that contain little drops of unbound electrons. They are 

colloidal semiconductors made up of nanocrystals with sizes ranging from 2 to 10 nanometer. 

Created using colloidal synthesis to create several types of semiconductors. Size and form of 

QDs may be easily modified for cadmium telluride (CdTe), indium phosphide (InP), and 

cadmium selenide (CdSe). QDs can be created as metals, insulators, metals, metal oxides, and 

semiconductors. Used for information storage and optical quantum computing. Application of 

coloured QDs for quick DNA testing. 

b. Dendrimers 14 

Having a nanometric range, it belongs to a novel family of controlled structural polymers. 

Dendrimers used for visualising medication delivery. Multiple functional group-surfaced 

dendrimers are regarded as carriers for targeted distribution. Dendrimers contain functional 

molecules at their core and can be used as diagnostic or therapeutic tools. It ranges in size 

from 1 to 100 nm. DNA and dendrimers are quite compatible. Such that it may be utilised in 

the biological and medicinal fields. It is utilised in medicine as a pro drug, antibacterial, 

antiviral, anticancer, and non-steroidal anti-inflammatory agent. Consider dendrimer as 
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poisonous if it has the potential to damage cell membranes and leave a positive charge on its 

surface. 

4. Organic nanoparticles 15 

Micelles, Dendrimers, ferritin, and liposomes, among other natural nanoparticles, are well-

known polymers. Those nanoparticles are harmless, biodegradable, with a few of them, such 

liposomes, micelles, have hollow cores are also referred to as nano capsules and are sensitive 

to thermal and electromagnetic radiation, including light and heat. Since they may be 

administered on specific areas and are efficient body locations, Natural nanoparticles, 

additionally referred to as targeted medication delivery, are most often used in the biomedical 

sector, such as drug delivery systems. Liposomes, dendrimers, and micelles are a few 

examples of organic nanoparticles. 

5. Synthesis of Nanoparticles 

Top-down and bottom-up methodologies may be used to categorise the many methods 

utilised to make the nanoparticles. Condensed descriptions of the steps are used in the 

synthesis process. 

I. Bottom-up method 16 

The nuclei of clusters, and nanoparticles are constructed from the inside out or constructively. 

The most widely used bottom-up processes for creating nanoparticles include pyrolysis, 

chemical vapour deposition (CVD), spinning, biosynthesis, and sol-gel. 

1. Sol-gel 17 

A sol is a colloidal dispersion of particles in a liquid phase. The gel is a solid macromolecule 

that is dissolved in a liquid. Sol-gel is the most popular bottom-up strategy because of how 

easy it is to generate the majority of nanoparticles and how straightforward it is to utilise. 

This wet-chemical technique makes use of a chemical solution that acts as a precursor for an 

integrated system of discrete particles. Metal oxides and chlorides are typically precursors for 

the sol-gel process. The host liquid and the precursor are then blended together via 

sonication, shaking, or stirring to create a system with a liquid and solid phase. A phase 

separation is performed to recover the nanoparticles utilising a number of methods, such as 

sedimentation, filtration, and centrifugation, and the moisture is further eliminated by drying. 
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2. Spinning 18 

A rotating disc reactor creates nanoparticles by spinning them together. The physical 

parameters, such as temperature, can be adjusted via a disc within a vessel or reactor rotating. 

To eliminate oxygen and prevent chemical reactions, the reactor is often filled with nitrogen 

or other inert gases. The liquid, the disc is filled with materials as it rotates at various speeds, 

including water and precursors. The atoms or ions are fused together by the spinning, and the 

result is precipitated, collected, and dried. The properties of nanoparticles produced in a 

spinning disc reactor a variety of operational parameters, such as the liquid flow rate, disc 

rotation velocity, and liquid/precursor ratio, feed position, disc surface, etc. 

II. Top-down methods 

a. Nanolithography 19 

The study of building structures having at least one dimension between 1 and 100 nm is 

referred to as nanolithography. There are several different methods for creating 

nanolithography, including optical, electron-beam, multiphoton, Nano imprint lithography 

using scanning probes, and. The process of imprinting a necessary shape or structure on a 

material that is light-sensitive while only partially removing the material is known as 

lithography needed. The primary benefit of nanolithography is its ability to create 

nanoparticles in any number up to clusters of the appropriate size and form. The negatives are 

the requirement for expensive equipment and the associated expenditures. 

b. Mechanical milling 20 

Mechanical milling is the most widely utilised top-down technique for creating different 

nanoparticles. During the synthesis process, mechanical milling is utilised to mill various 

components in an inert environment before annealing the nanoparticles. Plastic deformation, 

which results in particle shape, fracture, which results in a drop in particle size, and cold-

welding, which results in an increase in particle size, are the influencing variables in 

mechanical milling. 

MEHOD OF PREPARATION  

1. Nano precipitation 21 

In this method, polymers are added to solvents like acetone, ethanol, or methanol whether a 

surfactant is present or not. Then the poly-lactic acid spread into this solvent phase. Due to 
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PLA's intermediate polarity, dissolving it in a water-soluble solvent aid in the production of 

nanospheres. After adding polymer to the aqueous phase and then allowing for Nano 

precipitation, nanoparticles with a size of less than 210 nm are produced. Utilise 

biodegradable polymers to lessen the NPs' harmful effects. The 'ouzo effect' refers to the 

dispersion of nanoparticles that occurs in the absence of surfactant in the solution phase. 

Nanoprecipitation has the benefit of minimal energy input. 

2. Solvent Evaporation Method 22 

It was the first technique used to create nanoparticles. Using dichloromethane and 

chloroform, polymer solutions were created using this approach as an emulsion in a volatile 

solvent. Replace the solvent with ethyl acetate instead of water in order to create polymeric 

particles with a size of less than 500 nm due of its significantly superior toxicological profile. 

The preparation process causes the solvent to evaporate, changing the emulsion into a 

suspension of nanoparticles. Then, give the single and double emulsions, such as W/O/W, 

time to disperse. Ultracentrifugation, high speed homogenization, and solvent evaporation are 

required for the double emulsion process. Continuous magnetic stirring at a regulated 

temperature or low pressure produces nanoparticles. The created product is then collected, 

washed using ultracentrifugation, and lyophilized. Extensively utilised single-emulsion and 

double-emulsion methods. Pharmaceutical formulations include the encapsulation of 

hydrophilic and hydrophobic anticancer, anti-inflammatory, antibiotic, amino acid, and 

protein medicines are made using the solvent evaporation process. 

3. Salting Out 23 

Aimed at medicines polar solvents, as well as compounds that are soluble in them, acetone or 

ethanol, this method is appropriate. Aqueous solution containing a salting out agent and 

stabiliser is stirred while the addition of a polymer and medication solution in a barely water-

miscible solvent. For dilution, a little the organic solvent is forced to spread into the aqueous 

phase by the addition of a certain amount of water to the o/w emulsion and creating particles 

in small size range. Comparatively speaking about nano precipitation technology, procedure 

is unlike. In it, organic phase is entirely miscible with the aqueous phase outside; however, 

when using the salting-out procedure, PVA is used to prevent the miscibility of both phases. 
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4. Polymerization method 24 

This procedure involves the aqueous solution of monomers being polymerized to create 

nanoparticles. Drugs are either dissolved in the polymerization media or are otherwise 

introduced. Following polymerization, via the nanoparticles have been fully adsorbent. Next, 

the suspension of nanoparticles is cleaned up to removing different stabilisers and surfactants 

used in Using ultracentrifugation to polymerize re-embedding the particles in an isotonic 

fluid liquid without surfactants. This approach has reportedly been used to create 

polybutylcyanoacrylate or Nanoparticles of poly (alkylcyanoacrylate). 

5. Emulsions- Diffusion Method 25 

This technique is an adaptation of solvent evaporation. This technique offers an alternative to 

the emulsification-evaporation techniques' solvent-toxicity issues. It is highly reproducible 

and easy to apply. Additionally, it is employed to encapsulate a variety of medications, 

including peptides and proteins. To achieve the initial the encapsulating polymer disappears 

in a solvent, and both liquids are in thermodynamic equilibrium that is only slightly water 

soluble, such as propylene carbonate, and saturated with water. Then, depending on the ratio 

of oil to polymer, a stabilising agent is used to emulsify the polymer-water saturated solvent 

phase in an aqueous solution, which causes solvent diffusion to the outer phase and the 

formation of nanospheres or nano capsules. The solvent is eventually eliminated by 

evaporation or filtration, depending on its boiling point. 

6. Emulsion polymerization 26 

Emulsions with water, monomer, and surfactant are included in emulsion polymerization. 

The most typical kind of emulsion polymerization, in which droplets of monomer are 

emulsified in a continuous stage of water, is an oil-in-water emulsion. One of the easiest 

ways to create nanoparticles is using emulsion polymerization. It entails dispersing the 

monomer into a non-solvent—a solvent in which the monomer is not soluble. In the first 

phases of polymerization, aggregation is avoided using surfactants or protective soluble 

polymers. Then, several techniques can be used to start the polymerization process, such as 

providing high energy radiation, such as UV or visible light, which can convert monomers 

into initiating radicals. Initiation occurs when a monomer strikes one of these radicals, 

however. Phase separation and the creation of solid particles may happen before or after the 

polymerization process is complete. 
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7. Coacervation or ionic gelation method 27 

Utilising biodegradable hydrophilic polymers including chitosan, gelatin, and sodium 

alginate, the nanoparticles are created. Creating a technique for ionic gelation to produce 

hydrophilic chitosan nanoparticles. By interacting with the negatively charged 

tripolyphosphate, the positively charged amino-group of chitosan forms coacervates that are 

in the nanometre size range. 

CHARACTERIZATION OF NANOPARTICLES 

1. Zeta potential 28,29 

A nanoparticle's zeta potential is frequently used to describe the surface charge property of 

nanoparticles. It represents the electrical potential of the particles and is influenced by both 

the particle's composition and the medium in which it is dispersed. Phase separation and the 

creation of solid particles may happen before or after the polymerization process is complete. 

Nanoparticles are generally considered to be neutral between 10 and +10 mV, however those 

with zeta potentials of greater than +30 mV or less than 30 mV are considered to be highly 

cationic or anionic, respectively. The zeta potential can be used to detect the presence of an 

encapsulated charged active material or an adsorbate on the surface of a nano capsule. 

2. Structure and Cyclability 30 

Structure and crystallinity may be determined using several techniques. The most popular 

technique for determining structure also crystallinity is x-ray diffraction. A stream of 

extremely energetic electrons collides with a metal target to create x-rays, which is the first 

step in x-ray imaging. Near the x-ray source, a filter blocks. Only the high energy beams, or 

these low energy photons, traverse the patient and continue onto a piece film for 

photography. In the x-ray may pass through solids, gases, and liquids. The strength, calibre, 

the location of penetration is determined by the intensity, wavelength, and X-ray beams.  

3. UV-visible absorption spectroscopy 31,32 

Absorbance spectroscopy is used to determine a solution's optical properties. Light is shone 

on the sample solution, and the quantity of light collected is determined. When the 

wavelength is changed and the absorbance at each wavelength is measured. Using Beer-

Lambert's Law, the absorbance may be used to determine a solution's concentration. There 
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are several absorbance peaks in the optical measurements of UV-visible spectrophotometers, 

such as 410 nm. 

4. Scanning electron microscopy 33,34 

It may be used to visually investigate and measure the surface phenomena. The following 

approach has benefits for morphology and size analysis. Here, first turn the nanoparticle 

solution into a dry powder and set the sample in a sample holder before using a sputter coater 

to coat it with metals like gold. The sample was then focussed and scanned by a fine electron 

beam. Secondary electrons released by the sample are used to determine the characteristics of 

the sample surface. Nanoparticles might survive in a vacuum, but an electron beam can 

destroy polymers. The resulting SEM mean size is thus equivalent to the DSC mean size. The 

time commitment, expensive expense, and requirement for additional size distribution data 

are drawbacks of SEM. 

5. X-ray diffraction analysis 35 

X-ray diffraction is a popular technique for determining the form and structure of crystals. 

Depending on how much of a component is there, the intensity varies. This technique offers 

data regarding the dimension and form of the component cell's translational symmetry from 

peak to valley and is used to detect if a particle is metallic locations, and provides 

information on the density of electrons inside the unit cell, specifically where the atoms are 

placed, from peak intensities. Cu K radiation was used to calculate XRD patterns using an X 

per Rota Flex Diffraction Metre and =1.5406. 

6. Drug Entrapment Efficiency 36,37 

Ultracentrifugation was used to remove the nanoparticles from the aqueous medium for 30 

minutes at 50C at 10,000 rpm. The final supernatant solution was decanted and mixed with 

phosphate buffered saline pH 7.4 after that. To thoroughly eliminate the un-entrapped drug 

molecules, the technique was performed again. The difference between the total quantity of 

drug utilised to generate the nanoparticles and the amount of drug present in the aqueous 

medium was used to calculate the amount of drug entrapped in the nanoparticles. Amount 

released from the lysed nanoparticle multiplied by 100 to calculate drug entrapment 

efficiency (%) initial dosage of the medicine used to create the nanoparticles. 
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7. In-vitro release Study 38 

At a rotational speed of 50 rpm, it is carried out in a USP Type II dissolving equipment. The 

preparation should be placed in a jar with 900 ml of phosphate buffer solution and kept at a 

temperature of 37 0.20 °C. In order to keep the volume constant, the required quantity of 5 ml 

of the medium was taken out at predetermined intervals and reintroduced. A UV 

spectrophotometer is used to analyse the removed samples. 

8. Stability of Nanoparticles 39 

By putting the formulation in the stability chamber for 90 days at 4°C 1°C and 30°C 2°C, 

stability investigations of the produced nanoparticles were conducted. The samples were then 

examined at various intervals, such as 0, 1, 2, and 3 months, to look for any changes in their 

physical characteristics or to determine their drug content and drug release rate. 

APPLICATION OF NANOPARTICLES 

1. Tumour targeting using Nanoparticulate delivery system 40 

The ability of nanoparticles to provide concentrate dosage of medication in region of tumour 

objectives using improved permeability and retention impact of active nanoparticles. This is 

the basis for the rationale for employing nanoparticles for tumour targeting.  By restricting 

medication distribution to the target organ, nanoparticles will lessen the risk of exposing 

healthy tissues to drugs. According to an investigation, mice given doxorubicin mixed with 

poly (isohexylcynoacrylate) nanospheres had higher levels of drug than mice treated with free 

doxorubicin did in their livers, spleens, and lungs. 

2. Medicine 41 

The disciplines of drug/gene delivery and medical imaging have profited significantly from 

nanoparticle technology in clinical medicine. Magnetite (Fe3O4) and its oxidised equivalent, 

hametite (Fe2O3), are the most often utilised iron oxide particles for biomedical purposes. Ag 

NPs are now more often used in wound dressings, catheters, and other household products 

because of their antibacterial qualities. In the fight against cancer, gold nanoparticles have the 

potential to act as radiosensitizers, contrast agents, photothermal agents, and medication 

transporters. The development of biodegradable nanoparticles (NPs) as effective medication 

delivery vehicles has received a lot of attention in recent years. Various polymers have been 
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used in drug delivery studies because they may effectively convey drugs to the target 

location, enhancing the therapeutic benefit while lowering side effects. 

3. In Tumour Therapy 42 

In vitro studies have shown that heparin-binding proteins including VEGF165 and bFGF are 

blocked by bare gold nanoparticles, while in vivo studies have shown that VEGF induces 

angiogenesis. Heparin-binding proteins are absorbed and then denatured on the surface of 

AuNPs, according to more research in this field. The researchers also demonstrated that the 

therapeutic impact of AuNPs is significantly influenced by surface size. Mukherjee and 

associates also examined how gold nanoparticles affected VEGF-mediated angiogenesis in a 

mouse ear model that had received injections of an adrenoviral vector producing VEGF. Mice 

treated with AuNPs had less oedema than mice treated with the same substance one week 

after AdVEGF injection. Eom and Colleagues described how 50 nm AgNps have anti-tumour 

properties. Both in vitro In vivo. 

4. Environmental Remediation 43,44 

Since nanoparticles may be utilised for uses in watery media both in situ and ex situ 

environments, they are frequently used for environmental cleanup. Due to their antibacterial, 

antifungal, and antiviral properties, silver nanoparticles (AgNPs) have been widely employed 

as water disinfectants. Owing to their well-known low-cost, non-toxicity, TiO2 nanoparticles 

have been investigated increasingly for the treatment of waste, purifying air, cleaning 

themselves of surfaces, and as a the photo catalyst in water treatment due to its 

semiconducting, photocatalytic, technological gas detecting, and energy conversion 

characteristics and applications. 

5. In Photo Thermal Therapy 45 

Light is highly absorbed by gold nanoparticles, which effectively and swiftly transform 

photon energy into heat. An invasive therapy called photo-thermal therapy (PTT) uses photon 

energy to create heat in order to destroy cancer. Gold is a great X-ray absorber, thus when 

tumours are loaded with gold during radiotherapy, more X-rays are absorbed. Thus, more 

beam energy is deposited, increasing the local dosage that is directed particularly at the 

cancer cells. Gold nanoparticles have proven to be more effective in treating cancer. 
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6. In Rheumatoid Arthritis 46 

Researchers’ Australian researchers from the University of Wollongong have created a new 

kind of anti-arthritic medication that is less likely to cause adverse effects and might be used 

with gold nanoparticles. Rheumatoid arthritis is an autoimmune condition that develops when 

the immune system malfunctions and targets the joints of a patient. According to recent 

studies, gold particles can enter macrophages and prevent them from causing inflammation 

without really killing them. It was reported in the Journal of Inorganic Biochemistry that 

making gold into smaller nanoparticles (50 nm) allowed for more uptake of the metal by 

immune cells with less toxicity. 

7. peptide and protein distribution through nanoparticles in the mouth 47 

Numerous bioactive compounds and peptide- and protein-based vaccinations have been 

found thanks to significant developments in biotechnology and biochemistry. The theses’ 

bioavailability compounds is constrained by gastrointestinal tract's epithelial defences, and 

they are vulnerable to gastrointestinal breakdown by digestive enzymes, which makes the 

development of effective carriers difficult. Bioactive compounds can be encapsulated in 

polymeric nanoparticles, which shield them from enzymatic and hydrolytic destruction. For 

instance, insulin-loaded nanoparticles were found to maintain insulin activity and reduce 

blood sugar levels for up to 14 days following oral therapy in diabetic rats. Human mucosa 

has a surface area that is 200 times more than skin's 62. Several physiological and physical 

hurdles, including (a) Pepsin, trypsin, and chymotrypsin are examples of proteolytic enzymes 

in the gut lumen; endopeptidases are proteolytic enzymes at the brush border membrane; 

bacteria in the gut flora; and the mucus layer and epithelial cells themselves, prevent the 

delivery of proteins or peptides. The mucosa's histological architecture is created to 

effectively block the intake of environmental particle materials. Delivering the medication 

nanoparticles or another colloidal carrier system, is a key tactic for overcoming the 

gastrointestinal barrier because it can improve the processes of interaction between the drug 

delivery system and the epithelia cells in the GI tract. 

8. Energy Harvesting 48 

Scientists have been refocusing their research efforts on the creation of various solutions that 

might aid in the generation of renewable energy from readily available resources at low cost 

as a result of the shortage of fossil fuels. Due to their enormous surface area, optical 
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behaviour, and catalytic nature, NPs are a good option for this use. NPs are often utilised in 

photoelectrochemical (PEC) and electrochemical water splitting to produce energy.  Solar 

cells, piezoelectric generators, and other cutting-edge solutions such electrochemical CO2 

reduction to fuel precursors is also used to provide energy. Reported energy production from 

graphene as well as the development of smart energy storage technology. 

CONCLUSION 

Nanoparticles are a promising drug delivery technology for a variety of medications. 

Nanotechnology is a ground-breaking technology that has revolutionised several industries. 

Newer uses for this technology are being investigated all around the world. Drugs with low 

solubility and bioavailability can all benefit from the use of nanoparticle technology, which 

can be used in general. Any drug may be converted into drug nanoparticles, enhancing the 

saturation solubility, the rate of dissolution, and generally bringing about a property of 

enhanced adhesiveness to surfaces. An effective method for delivering biological medications 

is being recognised more and more as Nano particulate drug delivery system. Additionally, 

nanoparticles provide focused and controlled release, which makes them an effective 

treatment method. For these reasons, Systems for Nano particulate medication delivery seem 

to be a workable and hopeful strategy for the biopharmaceutical business. 

REFERENCES 

(1) Dubchak, S.; Ogar, A.; Mietelski, J. W.; Turnau, K. Influence of Silver and Titanium Nanoparticles on 

Arbuscular Mycorrhiza Colonization and Accumulation of Radiocaesium in Helianthus Annuus. Spanish J. 

Agric. Res. 2010, 8 (SPL ISS.). https://doi.org/10.5424/sjar/201008s1-1228. 

(2) Grandgirard, J.; Poinsot, D.; Krespi, L.; Nénon, J. P.; Cortesero, A. M. Costs of Secondary Parasitism in the 

Facultative Hyperparasitoid Pachycrepoideus Dubius: Does Host Size Matter? Entomol. Exp. Appl. 2002, 103 

(3), 239–248. https://doi.org/10.1023/A. 

(3) Murray, C. B.; Kagan, C. R.; Bawendi, M. G. Synthesis and Characterization of Monodisperse 

Nanocrystals and Close-Packed Nanocrystal Assemblies. Annu. Rev. Mater. Sci. 2000, 30 (August), 545–610. 

https://doi.org/10.1146/annurev.matsci.30.1.545. 

(4) Alex, R.; Bodmeier, R. Encapsulation of Water-Soluble Drugs by a Modified Solvent Evaporation Method. 

I. Effect of Process and Formulation Variables on Drug Entrapment. J. Microencapsul. 1990, 7 (3), 347–355. 

https://doi.org/10.3109/02652049009021845. 

(5) Sapra, P.; Tyagi, P.; Allen, T. Ligand-Targeted Liposomes for Cancer Treatment. Curr. Drug Deliv. 2005, 2 

(4), 369–381. https://doi.org/10.2174/156720105774370159. 

(6) Thomas, S.; Harshita, B. S. P.; Mishra, P.; Talegaonkar, S. Ceramic Nanoparticles: Fabrication Methods 

and Applications in Drug Delivery. Curr. Pharm. Des. 2015, 21 (42), 6165–6188. 

https://doi.org/10.2174/1381612821666151027153246. 

(7) Zaytseva, O.; Neumann, G. Carbon Nanomaterials: Production, Impact on Plant Development, Agricultural 

and Environmental Applications. Chem. Biol. Technol. Agric. 2016, 3 (1), 1–26. https://doi.org/10.1186/s40538-

016-0070-8. 

(8) Chandrakala, V.; Aruna, V.; Angajala, G. Review on Metal Nanoparticles as Nanocarriers: Current 



ijppr.humanjournals.com 

Citation Rushikesh Hingmire  et al. Ijppr.Human, 2023; Vol. 28 (2): 209-225. 224 

Challenges and Perspectives in Drug Delivery Systems. Emergent Mater. 2022, 5 (6), 1593–1615. 

https://doi.org/10.1007/s42247-021-00335-x. 

(9) Thanh, T.; Thi, H.; Suys, E. J. A.; Lee, J. S.; Nguyen, D. H.; Park, K. D.; Truong, N. P. Lipid-Based 

Nanoparticles in the Clinic and Clinical Trials : From Cancer Nanomedicine to COVID-19 Vaccines. Vaccines 

2021, 1–31. 

(10) Virginia, W. Synthesis of Semiconductor Nanoparticles and Characterization of Physical and Optical 

Properties. 2009. 

(11) Machín, A.; Fontánez, K.; Arango, J. C.; Ortiz, D.; De León, J.; Pinilla, S.; Nicolosi, V.; Petrescu, F. I.; 

Morant, C.; Márquez, F. One-Dimensional (1d) Nanostructured Materials for Energy Applications. Materials 

(Basel). 2021, 14 (10). https://doi.org/10.3390/ma14102609. 

(12) Chen, Y.; Fan, Z.; Zhang, Z.; Niu, W.; Li, C.; Yang, N.; Chen, B.; Zhang, H. Two-Dimensional Metal 

Nanomaterials: Synthesis, Properties, and Applications. Chem. Rev. 2018, 118 (13), 6409–6455. 

https://doi.org/10.1021/acs.chemrev.7b00727. 

(13) Jha, S.; Mathur, P.; Ramteke, S.; Jain, N. K. Pharmaceutical Potential of Quantum Dots. Artif. Cells, 

Nanomedicine Biotechnol. 2018, 46 (sup1), 57–65. https://doi.org/10.1080/21691401.2017.1411932. 

(14) Sandoval-Yañez, C.; Rodriguez, C. C. Dendrimers: Amazing Platforms for Bioactive Molecule Delivery 

Systems. Materials (Basel). 2020, 13 (3), 1–20. https://doi.org/10.3390/ma13030570. 

(15) Virlan, M. J. R.; Miricescu, D.; Radulescu, R.; Sabliov, C. M.; Totan, A.; Calenic, B.; Greabu, M. Organic 

Nanomaterials and Their Applications in the Treatment of Oral Diseases. Molecules 2016, 21 (2), 1–23. 

https://doi.org/10.3390/molecules21020207. 

(16) Chan, H. K.; Kwok, P. C. L. Production Methods for Nanodrug Particles Using the Bottom-up Approach. 

Adv. Drug Deliv. Rev. 2011, 63 (6), 406–416. https://doi.org/10.1016/j.addr.2011.03.011. 

(17) Mann, S.; Burkett, S. L.; Davis, S. A.; Fowler, C. E.; Mendelson, N. H.; Sims, S. D.; Walsh, D.; Whilton, 

N. T. Sol-Gel Synthesis of Organized Matter. Chem. Mater. 1997, 9 (11), 2300–2310. 

https://doi.org/10.1021/cm970274u. 

(18) Mohammadi, S.; Harvey, A.; Boodhoo, K. V. K. Synthesis of TiO2 Nanoparticles in a Spinning Disc 

Reactor. Chem. Eng. J. 2014, 258, 171–184. https://doi.org/10.1016/j.cej.2014.07.042. 

(19) Pimpin, A.; Srituravanich, W. Reviews on Micro- and Nanolithography Techniques and Their Applications. 

Eng. J. 2012, 16 (1), 37–55. https://doi.org/10.4186/ej.2012.16.1.37. 

(20) Maruyama, T.; Fujimoto, Y.; Maekawa, T. Synthesis of Gold Nanoparticles Using Various Amino Acids. J. 

Colloid Interface Sci. 2014, 447, 254–257. https://doi.org/10.1016/j.jcis.2014.12.046. 

(21) Martínez Rivas, C. J.; Tarhini, M.; Badri, W.; Miladi, K.; Greige-Gerges, H.; Nazari, Q. A.; Galindo 

Rodríguez, S. A.; Román, R. Á.; Fessi, H.; Elaissari, A. Nanoprecipitation Process: From Encapsulation to Drug 

Delivery. Int. J. Pharm. 2017, 532 (1), 66–81. https://doi.org/10.1016/j.ijpharm.2017.08.064. 

(22) G. Nava-Arzaluz, M.; Pinon-Segundo, E.; Ganem-Rondero, A.; Lechuga-Ballesteros, D. Single Emulsion-

Solvent Evaporation Technique and Modifications for the Preparation of Pharmaceutical Polymeric 

Nanoparticles. Recent Pat. Drug Deliv. Formul. 2012, 6 (3), 209–223. 

https://doi.org/10.2174/187221112802652633. 

(23) Sailaja, P. B.; Jyothi, B. J. Design and Evaluation of Sorafenib Tosylate Nanoparticles Including 

Assessment of IC50 Values Using PC Cell Lines. J. Pharm. Res. Int. 2022, 34, 32–41. 

https://doi.org/10.9734/jpri/2022/v34i36b36190. 

(24) Sahoo, S.; Gopalan, A.; Ramesh, S.; Nirmala, P.; Ramkumar, G.; Agnes Shifani, S.; Subbiah, R.; Isaac 

Joshuaramesh Lalvani, J. Preparation of Polymeric Nanomaterials Using Emulsion Polymerization. Adv. Mater. 

Sci. Eng. 2021, 2021, 1–9. https://doi.org/10.1155/2021/1539230. 

(25) Kwon, H. Y.; Lee, J. Y.; Choi, S. W.; Jang, Y.; Kim, J. H. Preparation of PLGA Nanoparticles Containing 

Estrogen by Emulsification-Diffusion Method. Colloids Surfaces A Physicochem. Eng. Asp. 2001, 182 (1–3), 

123–130. https://doi.org/10.1016/S0927-7757(00)00825-6. 

(26) El-hoshoudy, A. N. M. B. Emulsion Polymerization Mechanism. Recent Res. Polym. 2018. 

https://doi.org/10.5772/intechopen.72143. 

(27) Sacco, P.; Pedroso-Santana, S.; Kumar, Y.; Joly, N.; Martin, P.; Bocchetta, P. Ionotropic Gelation of 

Chitosan Flat Structures and Potential Applications. Molecules 2021, 26 (3). 

https://doi.org/10.3390/molecules26030660. 



ijppr.humanjournals.com 

Citation Rushikesh Hingmire  et al. Ijppr.Human, 2023; Vol. 28 (2): 209-225. 225 

(28) Biriukov, D.; Fibich, P.; Předota, M. Zeta Potential Determination from Molecular Simulations. J. Phys. 

Chem. C 2020, 124 (5), 3159–3170. https://doi.org/10.1021/acs.jpcc.9b11371. 

(29) Das, S.; Mitra, S.; Khurana, S. M. P.; Debnath, N. Nanomaterials for Biomedical Applications. Front. Life 

Sci. 2013, 7 (3–4), 90–98. https://doi.org/10.1080/21553769.2013.869510. 

(30) Ullah, H.; Ahmad, R.; Khan, A. A.; Lee, N. E.; Lee, J.; Shah, A. U.; Khan, M.; Ali, T.; Ali, G.; Khan, Q.; 

Cho, S. O. Anodic SnO2Nanoporous Structure Decorated with Cu2O Nanoparticles for Sensitive Detection of 

Creatinine: Experimental and DFT Study. ACS Omega 2022, 7 (46), 42377–42395. 

https://doi.org/10.1021/acsomega.2c05471. 

(31) Beard, E. J.; Sivaraman, G.; Vázquez-Mayagoitia, Á.; Vishwanath, V.; Cole, J. M. Comparative Dataset of 

Experimental and Computational Attributes of UV/Vis Absorption Spectra. Sci. Data 2019, 6 (1), 1–11. 

https://doi.org/10.1038/s41597-019-0306-0. 

(32) Neelagund, S.; Meti, R. S.; Chikkanna, M. M. Novel Metal Oxide Nanoparticles. 2020, No. April. 

(33) Sharma, S. K.; Verma, D. S.; Khan, L. U.; Kumar, S.; Khan, S. B. Handbook of Materials 

Characterization; 2018. https://doi.org/10.1007/978-3-319-92955-2. 

(34) Iswanti, F. C.; Nurulita, I.; Djauzi, S.; Sadikin, M.; Witarto, A. B.; Yamazaki, T. Preparation, 

Characterization, and Evaluation of Chitosan-Based Nanoparticles as CpG ODN Carriers. Biotechnol. 

Biotechnol. Equip. 2019, 33 (1), 390–396. https://doi.org/10.1080/13102818.2019.1578690. 

(35) Mourdikoudis, S.; Pallares, R. M.; Thanh, N. T. K. Characterization Techniques for Nanoparticles: 

Comparison and Complementarity upon Studying Nanoparticle Properties. Nanoscale 2018, 10 (27), 12871–

12934. https://doi.org/10.1039/c8nr02278j. 

(36) Jabar, A.; Madni, A.; Bashir, S.; Tahir, N.; Usman, F.; Rahim, M. A.; Jan, N.; Shah, H.; Khan, A.; Khan, S. 

Statistically Optimized Pentazocine Loaded Microsphere for the Sustained Delivery Application: Formulation 

and Characterization. PLoS One 2021, 16 (4 April), 1–17. https://doi.org/10.1371/journal.pone.0250876. 

(37) Vishwakarma, V.; Samal, S. S.; Manoharan, N. <Vishwakarma et Al 2010.Pdf>. 2010, 9 (5), 455–459. 

(38) Sipos, E.; Csatári, T.; Kazsoki, A.; Gergely, A.; Bitay, E.; Szabó, Z. I.; Zelkó, R. Preparation and 

Characterization of Fenofibrateloaded PVP Electrospun Microfibrous Sheets. Pharmaceutics 2020, 12 (7), 8–10. 

https://doi.org/10.3390/pharmaceutics12070612. 

(39) Muthu, M. S.; Feng, S. S. Pharmaceutical Stability Aspects of Nanomedicines. Nanomedicine 2009, 4 (8), 

857–860. https://doi.org/10.2217/nnm.09.75. 

(40) Kommareddy, S.; Shenoy, D. B.; Amiji, M. M. Long-Circulating Polymeric Nanoparticles for Drug and 

Gene Delivery to Tumors. Nanotechnol. Cancer Ther. 2006, No. December, 231–242. 

https://doi.org/10.1201/9781420006636.ch13. 

(41) Carnovale, C.; Bryant, G.; Shukla, R.; Bansal, V. Identifying Trends in Gold Nanoparticle Toxicity and 

Uptake: Size, Shape, Capping Ligand, and Biological Corona. ACS Omega 2019, 4 (1), 242–256. 

https://doi.org/10.1021/acsomega.8b03227. 

(42) Cheng, Z.; Li, M.; Dey, R.; Chen, Y. Nanomaterials for Cancer Therapy: Current Progress and 

Perspectives. J. Hematol. Oncol. 2021, 14 (1), 1–27. https://doi.org/10.1186/s13045-021-01096-0. 

(43) Zhang, C.; Hu, Z.; Li, P.; Gajaraj, S. Governing Factors Affecting the Impacts of Silver Nanoparticles on 

Wastewater Treatment. Sci. Total Environ. 2016, 572, 852–873. https://doi.org/10.1016/j.scitotenv.2016.07.145. 

(44) Haider, A.; Al-Anbari, R.; Kadhim, G.; Jameel, Z. Synthesis and Photocatalytic Activity for TiO2 

Nanoparticles as Air Purification. MATEC Web Conf. 2018, 162 (September). 

https://doi.org/10.1051/matecconf/201816205006. 

(45) Kim, M.; Lee, J. H.; Nam, J. M. Plasmonic Photothermal Nanoparticles for Biomedical Applications. Adv. 

Sci. 2019, 6 (17). https://doi.org/10.1002/advs.201900471. 

(46) Tsai, C. Y.; Shiau, A. L.; Chen, S. Y.; Chen, Y. H.; Cheng, P. C.; Chang, M. Y.; Chen, D. H.; Chou, C. H.; 

Wang, C. R.; Wu, C. L. Amelioration of Collagen-Induced Arthritis in Rats by Nanogold. Arthritis Rheum. 

2007, 56 (2), 544–554. https://doi.org/10.1002/art.22401. 

(47) Cao, S. jun; Xu, S.; Wang, H. ming; Ling, Y.; Dong, J.; Xia, R. dong; Sun, X. hong. Nanoparticles: Oral 

Delivery for Protein and Peptide Drugs. AAPS PharmSciTech 2019, 20 (5). https://doi.org/10.1208/s12249-019-

1325-z. 

(48) Pozo, B.; Garate, J. I.; Araujo, J. Á.; Ferreiro, S. Energy Harvesting Technologies and Equivalent 

Electronic Structural Models - Review. Electron. 2019, 8 (5), 1–31. https://doi.org/10.3390/electronics8050486. 


