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Abstract:-

Typically, nanoparticles are microscopic particles with sizes between 1 and 100 nm. are typically
categorised into inorganic, organic, and carbon-based particles at the nanometric scale, which have superior
properties compared to the enormous sizes of the respective materials. Because skin tissue plays a crucial
physiological and cosmetic role, treating skin wounds is a crucial area of research. Nanoparticles have become
crucial platforms for treating skin wounds over the past year. They were created using a variety of techniques for
research, which can be divided into three categories: mechanical, chemical, and physical.
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Introduction:-

The science and engineering behind the design, characterisation, and use of materials and devices whose
smallest functional organisation in at least one dimension is on the nanometre scale, or one billionth of a metre,
is known as nanotechnology (1). The essential building blocks of nanotechnology are nanoparticles. Metal, metal
oxides, organic materials, and carbon are the main components of nanoparticles, which have sizes between 1 and
100 nm (2). Drug carriers that are solid, submicron-sized (less than 100 nm in diameter), and either biodegradable
or not are referred to as pharmaceutical nanoparticles. Nanospheres and nano-capsules are together referred to as
nanoparticles. While the medication is encased by a distinctive polymeric membrane in a nano-capsule, the drug
is uniformly spread in nanospheres (3). These particles are utilised to increase a drug's bioavailability. review
mostly concentrated on the creation of various nanoparticle kinds utilising various techniques. The biological
process is straightforward, non-toxic, quick, and environmentally benign. Additionally, the classification and
application are explained in this review (4).
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Classification Of Nanoparticles:-

» Generaly nanopatrticles are classified into following points

1. One dimension
- Nanoparticles
2. two dimension

- Nanoparticles (Carbon nanotubes)

3. three diamention

-Nanoparticles (fellerens)

4. Quantum dots (QDS)

>Nanoparticles:

1. organic 2. inorganic
a) Metal NPs

b) Semiconductor NPs
€) Metal oxide based

3. carbon based
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A) Nanomaterial classification

1) One Dimension Nano-particles:-

One dimensional system, such thin films or synthetic surfaces, have been employed for years in chemistry,
engineering, and electronics. In the realm of solar cells or catalysis, the production of thin films (Size 1-100) or
monolayers is currently standard practise (7).

2) Two Dimension Nano-particles :-

Two-dimensional nanoparticles called nanotubes (CNTSs). The carbon allotrope in the form of CNTs is very
versatile. two-dimensional (2-D) nanoparticles: These nanomaterials, such as nanosheets, nanofilms, and
nanolayers, have two dimensions that are not part of the nanoscale (8).

3) Fullerens (Carbon 60): Three-dimensional nanoparticles:-

Fullerens are spherical cages that contain C60 and range in size from 28 to more than 100 carbon atoms. This
is a hollow ball that resembles a soccer ball made of linked carbon pentagons and hexagons. Potential uses for
fullerens can be found in the broad field of nanoelectronics. Fullerens can be filled with a variety of substances
and have potential medical uses since they are empty structures with dimensions that are close to those of various
biologically active molecules (9).

4) Quantum Dots, or QDs) :-

A tiny droplet of free electrons is contained in quantum dots, which are compact objects. Colloidal
semiconductor nanocrystals known as QDs have a diameter of 2 to 10 nm. Colloidal synthesis or electrochemistry
can be used to create QDs from a variety of semiconductor materials. Cadmium selenide (cdse) and cadmium
telluride are the most widely used QDs (cdte) (10).

B) Classification of Nano-particles
1) Organic Nano-particles:-

Examples of well-known polymers r organic nano-particles are liposomes, ferritin, dendrimers. These
particles are non-toxic, biodegradable, and some of them like micelles and lioposomes have hollow centre hat are
also called nanocapsules and are sensitive to electromagnetic radiation ike heat and light (11). Their special
qualities make them the best option for medicine delivery. Aside from the usual properties ike size, shape,
composition, surface morphology, etc., the drug carrying capacity, it's stability, and delivery system whether
entrapped drug r adsorbed drug system determine their field f application and their efficiency (12).

2) Inorganic Nanoparticles:-

Inorganic Nanoparticles are those without carbon atoms. Typically, inorganic Nanoparticles are those made
of metal ormetal oxides.

a) Metal-based nanoparticles:-

Metal-based nanoparticles Using either destructive or constructive methods, nanoparticles can be produced
to nanometric sizes. Nearly all metals have synthesizable nanoparticles 18 (13). Metals such iron (de), copper
(cu), gold (Au), lead (pb), silver (Ag), and zinc, as well as Cadmium (cd), Cobalt (Co), and Cademium (zn). The
nanoparticles have distinct characteristics, including sizes between 10 and 100 nm, high surface area to volume
ratio, pore size, surface charge, and density, crystalline and amorphous structure, spherical and cylindrical shape,
colour reactivity, and sensitivity to environmental factors like air, moisture, sunlight, etc (14).
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b) Based on Metal Oxide:-

The based on metal oxide In order to change the properties of the corresponding metal-based nanoparticles,
nanoparticles are created. For instance, iron nanoparticles instantly oxidise to iron oxide (Fe203) at room
temperature when exposed to oxygen, which increases their reactivity in comparison to iron nanoparticles (15).
These oxides include aluminium oxide, titanium oxide, zinc oxide, and silicon dioxide (SiO2) (Al203).

¢) Semiconductor nanoparticles:-

Semiconductor nanoparticles exhibit characteristics similar to those of metals and nonmetals. They can
be found in groups I1-VI, 1lI-V, or IV=VI of the periodic table. These particles have bandgaps, which exhibit
various properties depending on tuning. They have applications in photocatalysis, electronics, photo optics, and
water splitting. GaN, GaP, InP, and InAs are examples of semiconductor nanoparticles from group 111-V; ZnO,
ZnS, CDs, Cdse, and Cdte are semiconductors from group I1-VI; while silicon and germanium are semiconductors
from group IV.

3) Nanoparticles Made of Carbon:-

When it comes to the growth of human civilisation on Earth, carbon has been crucial. It produces
connections with other materials that are unrivalled in strength (16). Carbon nanotubes (CNTs) and fullerenes are
the two major components of carbon-based nanoparticles. CNTs are nothing more than rolled-up graphene sheets.
Given that they are 100 times stronger than steel, these materials are primarily employed for structural
reinforcement. Single-walled carbon nanotubes (SWCNTSs) and multi-walled carbon nanotubes (MWCNTS) are
two different types of CNTs. Because they are both thermally and electrically conductive along their length, CNTs
are special in a way. The structures of C-60 are referred to as Buckminster fullerence and resemble football fields.
These formations have pentagonal and hexagonal configurations of carbon units (17). Due of its electrical
conductivity, structure, high strength, and electron affinity, they have commercial applications. Rolls of carbon
nanotubes with one, two, or more walls are referred to as single-walled carbon nanotubes (SWNTSs), double-
walled carbon nanotubes (DWNTS), or multi-walled carbon nanotubes (MWNTS), respectively. These materials
are used not only in pure form but also in nano composites for many commercial applications such as fillers,
effective gas adsobents for environmental remediation, and support medium for various inorganic and organic
catalysts due to their special physical, chemical, and mechanical properties (18).

a) Charcoal or activated carbon:

A type of carbori that has been processed so that the pores are incredibly small and the volume is very
low is called activated carbon, also known as charcoal. Its synthegis aims to produce a material with a large surface
area for adsorption or chemical reaction. As a result, activated carbon is frequently used as an adsobent in water
purification processes to eliminate impurities. It is frequently employed in the purification of colours and gases
as well as the extraction of minerals from water (19). Due to the high-quality pore form (micropores or
(micro+mesopores) and heteroatoms of nanoporus activated carbon, it is widely used (including oxygen, nitrogen
and Sulphur) (20) .
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Synthesis of Nanopaticles:-

Bottom - Up method Top - Down Method

a) Sol-gel a) Mechanical milling

b) Spinning b) Laser ablation

C) Chemical Vapour Deposition (CVD) c) Sputtering

d) Pyrolysis d) Thermal decomposition

1) Bottom-up approach:-

The building up of material from atoms to clusters to nanoparticles is known as the bottom-up or constructive
method. The most widely utilised bottom-up techniques for producing nanoparticles are sol-gel, spinning,
Chemical Vapour Deposition (CVD), pyrolysis, and biosynthesis.

a) sol-gel:-

Sol-gel is a term used to describe a sol-a colloidal suspension of particles in a liquid phase. A solid
macromolecule dissolved in a liquid is the gel. Due to its simplicity and the ease with which most nanoparticles
may be produced, sol-gel is the most favoured bottom-up approach. A chemical solution serving as a precursor
for an integrated system of discrete particles is used in this wetchemical process. In the sol-gel process, metal
oxides and chlorides are frequently utilised as precursors (21). After the precursor is distributed in the host liquid,
either by shaking, stirring, or sonification, a liquid and a solid phase are present in the system. With the help of
different techniques, including filtration, sedimentation, and further drying of the moisture, a phase separation is
performed to recover the nanoparticles by drying (22).

b) Spinning:-

A spinning disc reactor spins up nanoparticles as part of the spinning process (SDR). It has a rotating disc
inside of a chamber or receptor that can be adjusted for physical characteristics like temperature. In order to
prevent chemical reactions and eliminate oxygen from the reactor, it is often filled with nitrogen or other inert
gases. The liquid, such as the precursor and water, are pumped into the rotating disc at various speeds. This causes
the atoms or molecules to fuse together and become precipitated, collected, and dried (23). The features of the
nanoparticles produced by SDR are determined by the many operating parameters, including liquid flow rate, disc
rotation speed, liquid/precursor ratio, location of feed surface, etc.

c) Chemical Vapor Deposition:-

The process of depositing a thin layer of gaseous reactants onto a substrate is known as chemical vapour
deposition. By mixing gas molecules, the deposition is carried out at room temperature in a reaction chamber.
When combined gas and heated substrate come into contact, a chemical reaction takes place (23). The result of
this reaction, which is collected and employed, forms a thin layer on the substrate surface. The affecting factor in
CVD is the substrate temperature. High purity, uniformity, hardness, and strength nanoparticles are a benefit of
CVD. The need for specialised equipment and the hazardous gaseous byproduct are disadvantages of CVD (24).
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d) Pyrolysis (Laser pyrolysis):-

Pyrolysis is the method most frequently utilised in the manufacturing of nanoparticles on a wide scale. It
entails using flame to burn a precursor. The precursor, which can be either liquid or vapour, is introduced under
high pressure through a small hole into the furnace where it burns (25).

2) Top-down Approaches:-

In top-down methods, bulk materials are broken into smaller pieces to create nanostructured  materials.
Mechanical milling, laser ablation, sputtering, and electroexplosion are examples of top-down methods.

a) Mechanical Milling:-

This approach of creating materials at the nanoscale level is both efficient and affordable. Mechanical
milling is a useful technique for creating blends of various phases from bulk materials, and also aids in the creation
of nanoparticles (26).

b) Laser Ablation:-

Laser ablation synthesis produces nanoparticles by irradiating a target material with a strong laser beam.
Due to the high energy of the laser irradiation used in the laser ablation process, the source material or precursor
vaporises, causing the formation of nanoparticles. Given that stabilising agents or other chemicals are required,
laser ablation for the production of noble metal nanoparticles can be viewed as a green technology (27).

c) Sputtering:-

Sputtering is a technique for creating nanoparticles by blasting solid surfaces with energetic particles like
plasma or gas. Sputtering is thought to be an efficient way to create thin films of nanoparticles (28). Enegetic
gaseous ions assault the target surface during the sputtering deposition process, and depending on the incident
gaseous-ion energy, this results in the physical ejection of tiny atom clusters (39,30). On substrates made of SiO2
and carbon paper, magnetron sputtering is employed to create WSe2-layered nanofilms (31). Sputtering is an
intriguing process because, unlike electron-beam lithography, it is less expensive and produces nanomaterials
with a composition that is nearly identical to the target material (32).

d) Thermal decomposition:-

Heat causes thermal decomposition, an endothermic chemical breakdown in which the chemical bonds in the
substance are broken (33). The decomposition temperature is the precise temperature at which an element begins
to chemically break down. The metal is broken down at a specific temperature in a chemical reaction that yields
secondary compounds, creating the nanoparticles.

Applications :-

1) Applications of nanoparticles in medicine:-

Since nanoparticles are the fundamental building block of nano-biomaterials, nanotechnology raises
attention among scientists and researchers in the medical and therapeutic fields. Bio-pharmaceutical (35), surface
disinfectant, nanobarcodes for bioanalysis, acticoat bandages (34), manipulation of cells and biomolecules (36),
multicolor optical coding for biological tests, protein detection, and more medical applications use nanoparticles.
Drug delivery (37) therapeutic techniques (38) diagnostic techniques (49), anti-microbial techniques (40), as well
as cell repair, tumour cell targeting, and gene transfer are some frequent applications of nanoparticles in medicine
(41). Bioimaging and diagnosis (42). Polymeric nanoparticles (43,44), are used to deliver drugs because they have
been concentrated at tumours, inflammatory sites, and antigen sampling sites. These nanocarriers have enhanced
permeability and retention (EPR), which enables controlled drug release and disease-specific localization (45).
Combination therapy for the treatment of cancer, efficient drug delivery that has enhanced pharmacokinetics and
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fewer adverse effects, and nanoparticle-based chemotherapeutics that are now undergoing preclinical or clinical

development are the main uses of nanoparticles in therapy procedures. are renowned for their ability to treat
practically all Gram-positive and Gram-negative bacteria, fungi, and viruses thanks to their antimicrobial
characteristics. Different metal nanoparticles, including gold, silver, zinc oxide, copper oxide, and iron oxide
nanoparticles, have been studied for their antimicrobial properties. Different types of metallic nanoparticles are
well known for their antibacterial uses as a result of the rise in microbial organisms that are resistant to medication
therapy and the urgent need to find new antimicrobial medicines (46).

2) Use of nanoparticles in medication delivery:-

One of the main challenges in the treatment of many diseases is getting the therapeutic component to the
desired place. Poor biodistribution, limited efficacy, unfavourable side effects, and a lack of selectivity define
conventional medication use (47). These restrictions may be over came by methods like regulating medication
distribution that deliver the drug to the site of action. Additionally, the medication delivery method offers defence
against quick degradation or clearance. Additionally, it improves the medicine's absorption into the target tissues,
requiring lower drug doses. When there is a mismatch between a drug's dose or concentration and its therapeutic
effects or harmful consequences, this sort of therapy is necessary. A more dependable method of medication
delivery involves using specially developed carriers that are connected to drugs to target cells or particular tissues.
This strategy is referred to as cell- or tissue-specific targeting. A more fundamental and effective strategy that
forms the foundation of nanotechnology is size reduction of targeted formulation and creating its pathways for an
appropriate medication delivery system (48).

3) Nanoparticles are targeted by antibodies:-

Numerous studies have shown the use of nanoparticles mediated by antibodies to create tailored drug delivery
systems, particularly in the context of cancer treatment. The therapeutic effectiveness of a medicinal substance
can be enhanced by targeting antibodies, which can also enhance drug distribution and concentration at the
intended site of action. In order to produce immune nanoparticles with increased therapeutic impact against
colorectal carcinoma cells, McCarron et al. examined two innovative techniques. To target nanoparticles, they
employed CD95/APO-1 antibody and poly (lactide) polymers. Dendrimer-magnetic nanoparticles were employed
by Pan et al. to deliver gene-targeted cancer therapies effectively. The use of nanostructured calcium nano
phosphates for non-viral gene delivery has been described by Olton et al. They have also investigated how
synthesis parameters affect transfection effectiveness (49).

* Marketed Preparations Of Nanoparticles:-

Name Active Ingredients Used for RA
Megace ES® Megestron acetate Anorexia Oral
Emend® Aprepitant Emesis, Antiemetics Oral
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Rapamune® Rapamycin Immunosuppressants Oral

Copaxone® Polypeptide Multiple sclerosis SC

Composed of four amino
acids (glatiramer)

Abraxane® Nanoparticles (130nm) form Metastatic breast cancer L.V.

y albumin with conjugated

pacitaxel
Ferumoxytol® Superparamagnetic iron oxide | Treatment of iron deficiency LV.
nanoparticles coated with anemia n adult with chronic
dextran. kidney disease.

Conclusion:-

The discussion above demonstrates the immense potential of nano particulate systems, which can transform
biologically unstable, poorly soluble, and poorly absorbed substances. medications that are delivered with active
ingredient. The This system’s core can contain a range of medications, DNA, enzymes, and has a lengthy
circulation. because of the hydrophilic shell's ability to the reticular-endothelial system's recognition. To enhance
this drug delivery mechanism and gain more knowledge of the several biological interaction mechanisms, there
is still a need for particle engineering. Further Advancements are required to transform the idea of incorporating
nanoparticle technologies into an actual, usable use as the next-generation medication delivery system.
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