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Abstract: Nanomedicine is an emerging tool in biological science with a more prior application against no different disease conditions. The
prefix 'nano’ is a Greek prefix meaning something very small and near to around one thousand millionth of a meter (10~° m). The American
physicist and Nobel Prize laureate Richard Feynman introduced the concept of nanotechnology in 1959. During the annual meeting of the
American Physical Society, Feynman presented a lecture entitled "There's Plenty of Room at the Bottom" at the California Institute of
Technology (Caltech). This topic mainly emphasizes various Nano size ranges of medicine, especially Nanocarriers as Rigid & Non-rigid
systems. Non-rigid nanocarrier systems are primarily of relatively soft structures that an external force can easily disrupt. Rigid nanoparticles
are understood to retain the same form. Nanomedicines are employed in all different areas across the world in the field of Agriculture,
Medicines & Cosmetics; Nanomedicines are best employed or designed for critical disease conditions such as Cancer, Diseases associated
with the Brain, etc. Nanomedicine plays an active role in their therapeutic & diagnostic application. The selection of matrix materials depends
on many factors such as Biocompatibility and toxicity, Degree of biodegradability, surface characteristics (charge and permeability),
Antigenicity of the final product, Inherent properties of the drug (aqueous solubility and stability). The current topic particularly emphasizes
different methods of preparation available in the market for Nanomedicine, Various methods of its characterization, such as Microscopy-
Based Nanoparticle Characterization & Spectroscopy-Based Characterization Techniques. At the same time, High-resolution transmission
electron microscopy imaging is an excellent methodology for differencing between micro or nano-crystalline diphasic and rigid polycrystalline
and single crystalline phases. This methodology has been employed specifically for the surface study of nanostructure using the different
chemical compositions of atoms and molecules in Nanoparticles to image the surface/body at the microscopic level.
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I INTRODUCTION

The term Nanoscience and Nanotechnology varies
considerably. Nanoscience broadly can be defined as studying
structures and molecules on a specific nanometer-scale
ranging between | to 100 nm. Nanotechnologyis the same
molecular study by utilizing it in practical applications such as
various devices, healthcare applications, etc. It is called
nanotechnologyl. The origin of this nanoscience can be
found back to the moment of the Greeks and Democritus in
the 5th century B.C. Only. When there is a big question of
whether the matter is continuous or divisible into smaller
pieces or consists of small, indivisible, and indestructible
particles in a scientist's mind, which scientists now call atoms.
The bottom-up approach gives references specifically to the
figure-up of nanostructures from the lowermost atom- by
atom or molecule- by- molecule by physical and chemical
methodologies, which are in a nanoscale range | nm to 100
nm) employing constrained manipulation of character-
gathering of atoms and molecules. Self-gathering is a bottom-
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up passage in which molecules or atoms are arranged
together and arranged in nanostructures by chemical-physical
relations between them'. Nanotechnology gives drugs in
minute nanometer size ranges, increasing the medicinal
activity in various dosage forms. A nanoparticle formulation's
size, shape, surface charge, and concentration profoundly
affect particle uptake, bio-distribution, or payload-carrying
efficiency®. Various advantages of the nanocarrier system are
mentioned as follow?.

Decreased fasted variability

Decreased patient-to-patient variability
Enhanced solubility

Increased oral bioavailability

Increased rate of dissolution

Increased surface area

Less amount of dose required

More rapid onset of therapeutic action

Poly:

Micelle Nanoparticles

Solid Lipid Carrier

Polymer micelle

Nanogel Nanocage Quantum Dots Amphiphilic Cyclodextrins Viral Carrier
Fig. I: Various nanocarrier system classification®.
I.1 Nanoparticle Distinctive size-dependent properties of nanoparticles often

Nanotechnology is the science that deals with matter at the
scale of | billionth of a meter (i.e., 10~ °m = | nm) and the
study of manipulating matter at the very basic molecular
scale. A nanoparticle is the major fragment in the
nanostructure fabrication and is far smaller than the world of
everyday objects described by Newton's laws of motion. The
National Nanotechnology Initiative (NNI) & United States
instituted the back in 2000, which was soon followed (2001)
by a plethora of projects in nanotechnology in nearly all of
the U.S. Departments and Agencies. About 20 Research
Centres were subsequently funded by the National Science
Foundation (NSF), an agency responsible solely to the
President of the United States and whose mandate is to fund
the best fundamental science and technology projects. NSF
was the lead U.S. agency to carry forward the NNI. The
word "nanotechnology" soon caught the attention of various
media (TV networks, the internet, etc.) and the imagination
and fascination of the community at large®. Nanoparticles,
microscopic samples with at least one dimension less than
100 nm, have attracted considerable scientific attention.

exist, which are mainly due to their relatively large surface
area’. The nanoparticles are the framework for adjuncts of
chemical moieties that perform a specific medical function
(e.g., hydrophilic coatings that improve solubility targeting
ligands, drugs, imaging agents, etc.). Maintaining such a
complex entity's safety and efficacy is difficult. Eventually, the
achievement of the wuse of these multicomponent
nanoparticles in clinical trials is
largely suspended on rigid preclinical characterization®.
Nanoparticles show different mechanical properties related
to micro particles and bulk materials, providing more
effective options for the surface modification of many devices
in the mechanical strength or improving the quality of Nano
manufacturing/nanofabrication, etc. To be more specific, on
the other hand, the mechanical effects of nanoparticles can
affect the tribological properties of lubricants with
nanoparticles®. The small Nano size range is very effective in
many characteristic advantages; hence, slight changes in these
features can lead to significant variation in retention times,
bio distribution, uptake, and cellular toxicity’.
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2, TYPES OF NANOPARTICLES
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Nanoparticles are broadly classified into the 3 following mentioned ways.

Tvpes of Nanoparticles

One dimensional
nanoparticles

Two-dimensional
nanoparticles

Three-dimensional
nanoparticles

Fig. 2: Diagrammatic Presentation of Types of Nanoparticles.

2.1 One dimensional nanoparticles

Chemical and biological sensors, information storage
systems, magneto-optic and optical devices, and fiber-optic
systems.

2.2 Two dimensional

Carbon nanotubes etc.

2.3 Three dimensional

Quantum Dots, Dendrimers, Fullerenes, etc.

3. THREE DIMENSIONS OF NANOPARTICLE
Nanoparticle systems are classified into two broad categories
such as |) Non-rigid Nanocarrier system, which encompasses

liposomes and solid lipid nanoparticles, and 2)
RigidNanocarrier system, which encompasses polymeric and

inorganic  nanoparticles. The most common 3D
nanostructures incorporate different nanoscale
characteristics into a single construction. These

nanomaterials are frequently believed to be more efficient in
bio-sensing, signal amplification, and focusing on particular
analytes of interest because they have a larger electroactive
surface area. Nanocomposites and intricate hierarchical
structures are among the principal categories of 3D
materials. Inverse opals (IOs) and photonic crystals (PCs)
with ordered 3D nanostructures are good candidates for
detecting biomarkers and developing innovative biosensors,
claims a study®.

3.1 Fullerenes (Carbon 60)

Carbon 60 Comprised of 28 to 100 carbon atoms, fullerenes
are spherical cages. A part of fullerenes is C60. This is a
hollow, football-like object formed of intertwined pentagons
and hexagons of carbon’. One of the strategies employed by

Kroto and colleagues to produce fullerene derivatives, such
as fullerenes C60 and C70, is the laser evaporation of
graphite. They were discovered to be Cn clusters (n 20), the
most prevalent of which was C60. Then, other useful
fullerenes, like C76, C80, C240, etc., were produced using
many carbon atoms. Numerous research has examined
fullerene nano heterostructures almost three decades after
their discovery'®.

3.2 Dendrimers

Dendrimers are a novel family of controlled-structure
polymers with nanometric dimensions. Dendrimers are the
best drug delivery vehicles since they typically range in size
from 10 to 100 nm and have many functional groups on their
surface’. With increasing dendrimer production, dendritic
macromolecules often acquire a more globular form and
linearly expand in diameter. To study the effects of polymer
size, charge, and composition on biologically relevant
properties like lipid bilayer interactions, cytotoxicity,
internalization, blood plasma retention time, biodistribution,
and filtration, dendrimers emerged as an ideal delivery
vehicle candidate'.

3.3 Quantum Dots (QDs)

Quantum dots are small, dense particles that contain a tiny
droplet of free electrons. The diameter of QDs, colloidal
semiconductor nanocrystals, ranges from 2 to 10 nm. From
several types of semiconductor materials, QDs can be
produced by electrochemistry and colloidal synthesis’.
Quantum dots (QDs) are semiconductor nanometer-scale
crystals constructed of elements from groups II-VI or IlI-V.
QDs are particles with physical dimensions smaller than the
exciton Bohr radius. When a photon of visible light impacts
such a semiconductor, some electrons are encouraged into
higher energy states; when they return to their ground state,
they emit a photon at a frequency particular to that
substance'”.
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4.

4.1.

Fig. 3: Types of nanoparticles in drug delivery based on the integrity of the particles

TYPES OF NANOPARTICLES

Non-rigid Nano-carrier system

Rigid Nano-carrier system

MORPHOLOGY OF SOME NANO-CARRIER SYSTEM

Fullerenes
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Fullerenes have a spherical, icosahedral shape and comprise 12 regular pentagons and 20 regular hexagons and sp2-hybridized
conjugated bonds, contributing to their special physical and chemical characteristics. Due to the high degree of symmetry, C60
single crystals are frequently packed most tightly in face-centered cubic, which can improve the interaction between layers and
increase the stability of the structure'’. Fullerene C60 has great antioxidant capability and stability'* and is soluble in common

solvents at room temperature.

4.2.

Dendrimers

Fig.4: Morphology of Fullerenes'®

Dendrimers are three-dimensional macromolecules that are highly branched, perfectly monodisperse, and have well-regulated
chemical structures. Dendrimers' internal structure, in which all bonds emanate radially from a central core with repeat units
contributing a branching point that enables the potential to attach at least two monomers, gives them their globular shape'.
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Fig.5: Morphology of Dendrimers '’
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4.3. Quantum dots
We observe that for the two most popular deposition processes, self-assembly and contact printing, the QDs are significantly

depressed into the organic layer for the typical organic films used in QD-LEDs. To spin-cast the QDs and organic material into a
suspension for self-assembly, a common solvent is needed'®.
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Fig.6: Morphology of Quantum dots'’
4.4. Carbon nanotubes

Each carbon atom in CNTs is bonded with an sp? hybridization, stronger than the sp® bonds in diamond, and gives these
compounds exceptional mechanical, electrical, optical, and thermal properties. Carbon nanotubes have been tested as drug
transporters because of their ability to cross the cell membrane. Their large surface area, needle-like shape, and residual metal
impurities are distinguishing characteristics. The carbon nanotube (CNT), a particular form of carbon, has a micrometer length
and a nanometer diameter (where the length-to-diameter ratio is more than 1000). The atoms are arranged in hexagons, similar
to the structure of graphite. The seamless cylinder of CNT's cylindrical graphitesheet, also known as graphene, with a diameter
of the order of a nanometer, is formed by rolling up the material. It is well known that the substance that falls between
fullerenes and graphite is CNT, a relatively new member of the family of carbon allotropes®.

Fig.7: Morphology of carbon nanotubes®
4.5. Solid lipid nanoparticle
The normal shape of SLNs is spherical, and their diameter ranges from 50 to 1000 nm. The primary elements of SLN

formulations are lipids, solids at room temperature, emulsifiers, and occasionally a combination of both, as well as active
pharmaceutical ingredients (APIs) and a suitable solvent system?'.
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Surfactant Solid lipid matrix

Drug

Fig.8: Morphology of Solid lipid nanoparticle?

4.6. Liposomes

Liposomes are made up of lipids and phospholipids. Diacyl-chain phospholipids (lipid bilayer) self-assemble in aqueous solutions
to form multilayered, spherical, or spherical vesicles called liposomes. For hydrophilic substances, the efficacy of liposome
encapsulation only declines with the number of bilayers and increases with liposome size. The size of the cysts significantly
influences the duration of liposomes' circulation. The amount of medication contained depends on the size and quantity of
bilayers. The necessary vesicles for using liposomes for medication delivery are typically between 50 to 150 nm in size®.

Phospholipid
Bilayer

W72

7
\’

Fig.9: Morphology of Liposomes**
5. PREPARATION AND INTRODUCTION OF VARIOUS NANOCARRIER SYSTEM
The selection of the appropriate method is primarily based on the physicochemical character of the polymer and the drug to be

loaded. Nanoparticles can be designed/formulated using various materials such as proteins, polysaccharides, and synthetic
polymers?. The selection of matrix materials depends on many factors' as mentioned below in the Tree diagram.
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Biocompatibility
and toxicity

Antigenicity of the
final product.

Inherent properties
of the drug
(aqueous solubility
and stability)

The selection of
matrix materials
is dependent on

Degree of
biodegradability,
surface characteristics
(charge and
permeability)

many factors,
including.

Size of
nanoparticles
required

Drug release
profile desired

Fig. 10: Selection of matrix materials is dependent on factors including Nano-carrier system formulation

5.1. Non-rigid Nanoparticles

The Non-rigid nanoparticles primarily consist of relatively
soft structures that an external force can easily disrupt.
Lipids-based nanoparticles such as liposomes and solid-lipid
nanoparticles are generally categorized as non-rigid.

5.1.1. Solid lipid nanoparticles

Solid lipid nanoparticles are the next generation of colloidal
drug carrier systems containing solid surfactant-stabilized
lipids at body and room temperatures. They give major
advantages to liposomes, polymeric nanoparticles, and
emulsions, minimizing disadvantages. This consists of a
hydrophobic solid matrix core with a phospholipid coating.

Core especially possesses a hydrophobic nature arrangement
due to the presence of the hydrophobic tail regions of the
phospholipid, which is deep inside the core matrix. Due to
such an arrangement, solid lipid nanoparticles have a higher
entrapment efficiency for hydrophobic drugs in the core. The
parenteral route is one of the most commonly accepted
routes of drug administration for lipid-based Nano systems,
followed by the oral route. Both types of route
administration are responsible for achieving systemic
behaviour of the different encapsulated drugs. Still, the trend
described is opposite to the present distribution of
pharmaceutical products in the market, where the oral route
of administration is the preferred and most widely used
route for drug administration.*

Table - I: Lipid & Surfactant use for most of the Nano-formulation system.

Category Examples
Lipid Triglycerides Tricaprin, behenicacidtrilaurin, trimyristin, tripalmitin, Glycerylmonostearate (Imwitor 900),
glycerylbehenate (Compritol 888 ATO), W 35, cetylpalmitate, stearic acid, palmitic acid, decanoic acid,
glycerylpalmitostearate (Precirol ATO 5)
Surfactant Egg lecithin (Lipoid E 80), phosphatidylcholine, poloxamer 188, 182, and 407, Tyloxapol, polysorbate 20,
use poloxamine 908, 60, and 80, sodium cholate, sodium glycocholate, taurocholic acid sodium salt,

Soylecithin,taurodeoxycholic acid sodium salt, butanol, butyric acid, dioctyl sodium sulfosuccinate, monooctyl
phosphoric acid sodium

6. METHODS TO PREPARE SOLID LIPID
NANOPARTICLES

a. Hot Homogenization

This is the most common method for the preparation of
solid lipid nanoparticles. The solid lipids are melted by
heating to a temperature range of 5°C-10°C. Originally the
active ingredient is dissolved, dispersed, & solubilized in
the hot melted lipid, followed by dissipation of the medicine
lipid melt into a polar surfactant solution (heated for specific)
to produce an o/w pre-emulsion. A homogenizer properly
homogenizes the pre-emulsion to obtain a nano-emulsion.
Homogenizers Specifically in Lab scale batch, different
homogenizer such as the Biozed Homogenizer 30000 psi,
Avestin B3 homogenizer, Micron lab 40 homogenizer, M-
I 10L, high-pressure pneumatic lab homogenizer is preferred
for formulations of Nano-emulsion. For large-scale products,

there are different homogenizers commercially accessible.
Homogenization, similar to RETSCH Laboratory
Homogenizers, M- | l0EH or M- 700 series micro fluidizers.
After completion, the consequent Nanoemulsion is chilled to
room temperature to raise the recrystallization of the lipids
to attain the SLN. The recrystallization procedure can be
advanced by methods similar to lyophilisation; eventually, this
methodology may not be capable of hydrophilic active
ingredient as the active ingredient may partition between the
polar phases and lipid. Pre-emulsion is formulated by adding
the lipid melt-containing drug and aqueous emulsifier with
the help of high mixing homogenizer at 500-1500 bar
pressure, decreasing the emulsion globules' size. Minimum 5
cycles of homogenization are required to get the desired size
of the globules. The colloidal hot oil in water emulsion is
formed after homogenization, which upon cooling leads to
the crystallization of the lipid in globules and solid lipid
nanoparticles2,26. For the Nanoparticle preparation method,
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continuous stirring was maintained for at least a 5-10 time
limit with the rpm ranging from 2000 to 20,000. The increase
in the rpm or stirring time may not directly affect the particle
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size, but it may cause minor
dispersibility index (PDI) %.

variations in the poly-

.

Aq. phase |

Lipid phase Step 1: Heating

Emulsion

Step 2: Dispersion of lipid
melt in Aq.

Step 5: Cooling

Pre emulsion

U
<p

.

Step 3: Ultrasonication

Step 4: Homogenization

Cold
Emulsion

Fig.12: Hot Homogenization Method of Preparation®

b. Cold Homogenization

The solid lipids are melted by heating to a specific temp 5°C — 10 °C. The active pharmaceutical ingredient is dissolved,
dispersed, or solubilized in the hot melted lipid succeeded by chilling to RT. The substance is then ground to gain lipid micro-
particles. The lipid micro-particles are also suspended in a cool aqueous surfactant solution to gain a. pre-suspension. Finally, the
lipid micro-particle suspense is homogenized below room temperature to gain the SLN to minimize the loss of hydrophilic
drugs; the aqueous phase can be replaced with liquids in which the dispersed drugs have low solubility, similar to choice oils or

PEG 600% %,
Solid-Lipid drug mixture
- Lipid microparticles
— w—
Lipid phase
Step 1: Heating Step 2: Rapid Step 3: Milling Step 4:
cooling Dispersion of \
fine powder
SLN Step 4: Homogenization

Fig.13: Cold Homogenization Method of Preparation?

c. Micro-emulsification

The surfactants / co-surfactants, such as bile salts, lecithin &
butanol, are mixed in water to form an aqueous phase. This
aqueous phase is heated to the same stable temperature as
molten lipids, which is adjoined to the different molten lipids
under stirring to gain a thermodynamically stable micro
emulsion. This admixture is transferred to a

cold aqueous medium 2 °C- 3 °C)
under mild stirring to gain the solid lipid nanoparticles by
precipitation 2. One of the ways to tackle this major problem
is to use a mixture of ionic and non-ionic surfactants, as ionic
surfactants are effective with a broad area of temperature,
whereas non-ionic surfactants exhibit high solubilizing power.
A proper admixture of ionic and non-ionic surfactants could
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accelerate the
microemulsion? 3.

temperature range for delivering O/ W

d. Solvent Emulsification Evaporation Method

This method is mainly applicable to heat-sensitive
compounds. The lipids are mixed in an organic solvent that is
immiscible in water, such as toluene or chloroform. Also, the
lipid result is made over to a polar phase to form the direct
emulsion succeeded by the evaporation of organic detergent
under degraded pressure or vacuum. After finishing off the
evaporation, the lipids precipitate to form solid lipid
nanoparticles %

e. Solvent Emulsification Diffusion

Organic solvents are usually partially miscible with water.
First, the organic solvent, such as ethyl formate or benzyl
alcohol, allows for saturation with water, and then the lipids
are mixed in it. This surfactant solution is added to a lipid
solution in an organic solvent at elevated temperatures.
Ultimately, adding extra water leads to the diffusion of the
organic phase from the emulsion globules to the continuous
phase and precipitation of the solid lipid nanoparticles?.

f. Drug Incorporation

In this type, the active drug may be incorporated into the
solid lipid nanoparticles in three major pathways grounded
on the properties of the active drug and excipients and their
relation(s). The three models are the homogenous matrix
model, the Drug enriched shell model, and the Drug-
enriched core model. Homogenous matrix entrapment
results when employing cold homogenization or hot
homogenization with highly. Emerging Nanotechnologies for
Diagnostics, Drug Delivery, and Medical Devices lipophilic
drugs. Drug release by this model is very fast & is desirable
when the formulation is intended for external application.

6.1. Liposomes

a. Lipid Film Hydration Method for Preparation of
Liposomes

Liposome preparation involves four basic steps. First, the
lipids (either natural or synthetic) are dissolved in suitable
organic solvents. Types of liposomes depend upon the size
and number of layers. Nano particulate Systems
for Therapeutic and Diagnostic Applications  solution  is
placed against an appropriate surface with agitation/rotation,
and the organic solvent from the lipid solution is evaporated
to generate a thin layer of spread-out lipids. The evaporation
of the organic solvent is promoted either by increased
temperature or by vacuum. Later, the dried thin lipid layer is
hydrated with an aqueous phase (usually at or slightly above
the transition temperature for the lipids), typically
accompanied by agitation. Due to the hydrophobic nature of
the tail zones of phospholipids, the liposomes are formed by
the proceeding of self-assembly as small portions of the lipids
come waterlogged in contact with the aqueous medium.
Eventually, the liposomes are cleansed using styles similar to
ultracentrifugation, gel saturation chromatography, cross-
flow microfiltration, liposome extruder purification, etc.
Liposome drug loading can be done by either passive or

active loading methods**'.
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b. Drug Loading Liposomes by the Passive Loading
Method

The hydrophobic or hydrophilic drugs are directly added to
the thin film of lipids during the formation of cysts. 100%
trapping efficiency is achievable for hydrophobic drugs. At the
same time, trapping the effectiveness of hydrophilic drugs.
Due to the small volume of the enclosed water component
in the liposome core, the physical and chemical nature is
relatively low (30%). The passive encapsulation method adds
a drug candidate to the dried lipid film before hydration.
Based on the physical and chemical nature of the drug, it can
either be incorporated into the lipid bilayer or trapped in the
central aqueous core or aqueous spacing between the
bilayer. Highly water-soluble drugs show lesser encapsulation
efficiency than poorly water-soluble (lipophilic) drugs in
passive loading techniques®®?. Several passive loading ways for
liposome preparation involve mechanical dispersion, solvent
dispersion, and detergent disposal manners.

Mechanical Dispersion Sonication Method

e Dispersion Extrusion Method

Dispersion Freeze-Thaw Technique

Solvent Dispersion Ether Injection Method

Solvent Dispersion Ethanol Injection Method

Solvent Dispersion Reverse Phase Evaporation Method

6.2. Rigid Nanoparticles

Rigid nanoparticles are known to have more mechanical
strength compared with lipid-based non-rigid nanoparticles.
Rigid nanoparticles are divided into three major
subcategories: biodegradable polymeric nanoparticles, carbon
nanotubes, and iron nanoparticles.

6.2.1. Biodegradable polymeric nanoparticles

Biodegradable polymer nanoparticles can be formulated into
various formulations, such as core-shell structures, solid
nanoparticles, polymeric micelles, and polyplexes. The
nanoparticle formulation and synthesis method depends upon
the different properties of the selected polymer, but either
self-assembly or emulsion generally forms polymeric
nanoparticles. Self-assembly methods include intermolecular
and intramolecular interactions between the polymer itself,
such as complexation of cationic polymers with anionic
nucleic acids to form poly-plexes, as well as spontaneous
micelle assembly, when amphiphilic block co-polymers reach
a critical micelle concentration (CMC) and form particles due
to hydrophobic interactions. Nanoparticles can also be
formed by methods such as emulsification, where
nanoparticles are formed as droplets of one phase dispersed
in a second phase. Typically, the polymer is mixed in an
organic phase that is then mixed with a surfactant and
sonicated in an aqueous phase with high intensity to form a
nano-droplet. The emulsion is stirred until the solvent
evaporates, leaving behind hardened polymer nanoparticles.
These hard nanoparticles can also be coated with another
material to form core-shell nanoparticles with favourable
surface properties. Preparation method®.

a. Solvent Evaporation Method
In this system, the preformed polymers similar to polylactic

acid or poly (D, L- lacticco-glycolic acid) are dissolved in an
organic solvent such as chloroform, acetone, or ethyl
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acetate. The drug is generally dissolved in the polymer
solution, which is transferred to a polar phase that contains a
surfactant similar to polyvinyl alcohol to form an oil-in-water
emulsion. The evaporation of the organic solvent can be
supported by continuing the homogenization procedure for a
sufficient period. At the end of the homogenization period,

Pharmacy

the nanoparticles are re-collected by ultracentrifugation. A
schematic of this system is mounted. Procedure variables
similar to polymer-to-organic solvent rate, organic solvent
class, homogenization speed, and time duration can be
qualified to attain the particle size and distinctive
properties®.

Organic solution:

Polymer + Drug in
Water non - miscible O @)

Solvent o O Evaporation Ooooofﬁ?)&o
oll © PP GIO %
ll O S Il o C%Oooooo =
fon: i Step 2 00%000°°°o

Aqueous solution: O O P =X 8
0~° 0 SO0 oF
Stabilizer in water 9 O ®) ) 00080 800 o (9)}

7

Solvent

Step 1

Fig.14: Solvent Evaporation Method Methods of Preparation®*

b. Spontaneous Emulsification/Solvent Diffusion Method

This is a modification of the solvent evaporation technique. In
this system, water-miscible solvents like Methanol and
acetone are employed in the Organic phase, and water-
immiscible solvents like dichloromethane or chloroform are
used in the organic phase Il. The interfacial turbulence
created when these two phases are crossed leads to the
conformation of nanoparticles. Indeed, though this system
produces significantly lower-sized patches, some in
commodities are similar to the sight of residual organic
solvent 3,

c. Salting Out/Emulsion Diffusion Method

Mechanical mixing is being carried out to form an oil-in-
water emulsion of two phases. The oil phase is a solution of a

water-insoluble polymer and an active admixture in a water-
soluble solvent. In contrast, the aqueous phase is a solution
or gel containing a colloidal stabilizer and a high
concentration of salting-out the agent. The solvent diffusion
is hindered by the presence of the salting-out agent in the
aqueous phase. The resulting oil-in-water (o/w) emulsion is
then diluted with a sufficient amount of pure water to lower
the concentration of the salting-out agent below a threshold,
enabling the organic solvent to diffuse further into the
aqueous phase rapidly and leading to interfacial turbulences
and the formation of Polymeric Nanoparticles(PNP) in next
step, the solvent is being removed from the Polymeric
Nanoparticles (PNP) suspension through distillation at
reduced pressure. The subsequent ultracentrifugation and
repeated washing steps remove the salting-out agent and the
remaining stabilizer; alternatively, the solvent and the salting-
out agent can be eliminated by cross-flow filtration®.

Salting out agent in water
(Potassium phosphate)

Aqgueous SF solution

SF nanoparticles

Fig.15: Salting Out/Emulsion Diffusion Method of Preparation®
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d. Non-aqueous Phase Separation Method

This system is capable of both hydrophilic and lipophilic
active ingredients. Commonly, the hydrophilic active
ingredient is mixed in water and also adjoined to the organic
phase. On a different aspect, the lipophilic active ingredient is
mixed in a polymer solution. Once the aqueous and organic
phases are mixed to form an emulsion, a second organic non-
solvent, such as silicone oil (miscible with the first organic
phase but doesn't dissolve the drug), is adjoined under
dynamic motion. This results in the extraction of the
foremost organic solvent, which causes a decrease in the
solubility of the polymer, succeeded by phase separation of a
polymer coacervate. This polymer coacervate adsorbs onto
the drug granules to form drug-loaded nanoparticles®.

Pharmacy

e. Nanoparticle Preparation by the Emulsion

Polymerization Method

In this system, monomers similar to poly alkyl cyanoacrylates
are mechanically polymerized in the sight of active
ingredients to gain active ingredient-loaded nanoparticles.
The monomers are primarily spread in an aqueous acidic
medium in the sight of a surfactant and improving agent
similar to polysorbate- 20. The active ingredient can be
adjoined to the surfactant solution before or after the
polymerization procedure. The mechanism of polymerization
has been explained schematically *.

Oxl Phase (monomer-PCM)

y S

< - PCM
Surfactant Core
Macelles
Continuous magnetic
stiming Charge in tothe reactor A
Polymenzation
i
Aqueous Phase (DI H Hydrophobic ends
Water = Surfactant H ~ of surfactant MECPCMs
+ utiator) /: adsorbs oil Phase Emulsion

Polymenc Shell

Fig.16: Nanoparticle Preparation by the Emulsion Polymerization Method*’

f. Large-Scale Production of Nanoparticles

Supercritical fluid technology is commonly used to formulate
nanoparticles from drug solutions. No different styles can be
used for the supercritical solution procedure, the
supercritical anti-solvent procedure, and precipitation with
the condensed anti-solvent procedure (PCA). In the system,
the drug solution is expanded in supercritical fluid with a
nozzle, which causes the loss of solvent authority of the
supercritical fluid and precipitates the drug as powdery
particles. In the PCA system, the drug solution is powdered
into a closet with compressed CO2 powdery chargers
precipitate out, with the solution getting supersaturated after
the solvent is removed. In the supercritical anti-
solvent procedure, a supercritical fluid in which a drug is
inadequately soluble is employed. The drug is then dissolved
into a miscible solvent with the supercritical fluid. After
injecting the drug solution into the supercritical fluid, the
supercritical fluid extracts all the solvent, and the drug
solution turns supersaturated. Also, the drug will precipitate
as fine chargers. Compared with different methods, the
considerable disadvantage of the discussed methods is that
most solvents employed are dangerous. A large quantum of
surfactants and stabilizers are employed during the
preparation process®.

g. Spray Drying technology*

Spray drying is a quicker and more economical, single-shift
drying manner that can be allowed as a continued drying
procedure. Spray drying is substantially suitable for heat-
sensitive materials, despite the high temperatures of the
drying gas, owing to the chilling effect of the evaporating
solvent, which keeps the droplet temperature low enough.
Besides this, another advantage of spray drying methodology
is its capability to govern the particle size and the dried
powder's morphology by differing the procedure parameters
and formulation agents. This methodology is substantially
similar to the route of administration via inhalation, so this
methodology is of high significance for the pulmonary
discharge of protein pharmaceuticals. However, low powder
yield is quite the major problem with the growth of spray-
dried pharmaceuticals because of the small quantities of
expensive active ingredients accessible after the early stages
of progress. Recent progresses achieved in the different
regions of particle engineering, like spray drying in the last
two decades, were attending with the elaboration of
dissimilar pulmonary rectifiers apportioned traditionally by
injection.
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Fig.17: Spray drying technology Method of Preparation*

h. Carbon nanotubes

Carbon nanotubes (CNTs) were first observed by lijima in
1991 and are characterized by their Nano-sized hollow tube-
shaped structures. Based on the composition of layers, CNTs
can be categorized as either single-walled carbon nanotubes
or multi-walled carbon nanotubes. Both types are more
popular nanomaterials for commercial applications and are
widely used in fuel cell designs, photovoltaic, and
biomedicine. The distinct properties of nanomaterials have
been considerably studied in various actions, and for
example, the objectification of nanotechnology is anticipated
to contribute to defensible energy. Nanotechnology-
predicated consumer products have been commercially
accessible to appointment. Market Research Report data
shows 20,000 tons of CNTs will be produced by 2022. There
are at least 38 marketable products containing CNTs on the
market*'.

i. Iron nanoparticles

Iron oxide nanoparticles can substantially donate to current
imaging, identifying, and therapeutic applications. Magnetic
nanoparticles comprise a magnetic core (iron oxide or
magnetite) and a biocompatible polymeric shell (dextran or
starch). These nanoparticles command superior targeting
capacities compared with dissimilar nanoparticle networks
due to their responsive properties to magnetic waves.
Magnetic nanoparticles are undertaken to retain advantages

beyond the improved permeability and retention effect, a
common Yielding targeting methodology for tumor-targeted
nanoparticles. The iron oxide core in the magnetic

nanoparticle contains magnetite or magnetite or a
nonstoichiometric ~ composition of both.  Magnetic
nanoparticles are produced using traditional solution-

grounded wet chemistry, laser pyrolysis, aqueous co-
precipitation, and high-temperature decomposition of
organometallic precursors*.

6.3. Methods of Preparation*?

i. Co-precipitation
ii. Thermal decomposition
iii. Micro emulsion
iv. Hydrothermal synthesis
v. Sono-chemical synthesis

6.4. Co-precipitation

This method, Fe304 or Fe20O3 is synthesized by mixing
ferrous and ferric ions (usually in a 2:1 molar ratio) in basic
solutions at a basic RT or elevated temperatures. The size
and shape of the nanoparticles produced by this system
depend on the ferrous or ferric salt used, the ferrous/ ferric
ions rate, temperature, etc. This method produces
nanoparticles with a wide size distribution. As the process
requires high-pH solutions, the by-products of this process
require further purification.
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Fig.18: Co-precipitation Method of Preparation Co-precipitation®
6.5. Thermal Decomposition
This process involves the thermal decomposition of organic composites similar to Fe (CO) 5, Fe (N-
nitrosophenylhydroxylamine) 3, or Fe (acetylacetonate) 3. The corruption is followed by oxidation, which produces high-quality
monodispersed iron oxide nanoparticles. The drawbacks of this system include high-temperature conditions and the production

of nanoparticles that disperse and disappear only in nonpolar solvents.

nc{—_tao— Outlet (N, or Ar gas)

Thermometer

Heating/Stirring Plate

Fig.19: Thermal Decomposition Method of Preparation**

6.6. Microemulsion crystallization can be facilitated using various wet chemical
technologies,  producing  nanoparticles  with  good

In this system, first, the microemulsion in the aqueous phase monodispersity.

is prepared with ferric and/ or ferrous ions in the presence

of 0. M HCI to avoid oxidation of the ions. The 6.7. Sonochemical Synthesis

microemulsion is additionally precipitated by injecting organic

precipitating agents such as cyclohexylamine or oleylamine. This system involves the operation of sonochemical ways

The disadvantages of this method include aggregation and similar to the sonication of an aqueous solution of ions

stability issues with the nanoparticle's Hydrothermal to developed nanoparticles.  For  example, = magnetite

Synthesis. This system involves the production of nanoparticles can proceed by sonicating an iron (ll) acetate

nanoparticles by crystallization from an aqueous solution of aqueous solution. Other iron oxide nanoparticle preparation

ions at a high temperature under high vapor pressure. The

p33



ijpbs 2023; doi 10.22376/ijpbs.2023.14.3.p21-41

methods include electrochemical synthesis, laser pyrolysis
technique, and microorganism or bacterial synthesis*.

7. NANOPARTICLE CHARACTERIZATION
TECHNIQUE®

7.1  Microscopy-Based Nanoparticle Characterization
7.1.1

Scanning Electron Microscope Mechanism and
Principles

In scanning electron microscopy, an electron beam is
directed toward the specimen instead of a light beam, as in
the case of an optical microscope. A largely concentrated
electron ray is shot at the device's lid from an electron gun.
The two main electron gun types are field emigration guns,
which induce a strong electric field that rips electrons from

Pharmacy

the atom, and thermionic guns, in which the filament is
heated until the electrons stream away. The SEM scans the
initial surface of the sample with high-energy electron beams.
Therefore, SEM makes some diversity from standard glow
microscopes by using light swells to create a magnified image.
In SEM, when the electron beam strikes the sample surface, it
interacts with the surface. When the incident ray of
electrons hits the sample, X-rays and three types of
electrons are emitted backscattered (or immediate),
derivative, and Auger electrons. SEM makes exercise of the
primary, or backscattered, and the secondary electrons.
High-resolution images are delivered by SEM discovering
items of about | — 5nm employing the secondary electrons.
For relating beginning pieces, distinct rays are utilized by a
methodology understood as EDX. The backscattered
electrons are likewise exercised to form the image in this
methodology®.
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Fig. 20: Scanning Electron Microscope*

7.1.1 Energy Dispersive X-Ray Analysis

EDX is used in combination with SEM. An electron ray with an energy of 10 — 20 keV strikes the channeling sample’s surface,
causing X-rays to expel initially from the material & energy of emitted rays on the material under test. EDX doesn't suit under a
methodology for surface wisdom, as the X-rays are generated in a region of about 2 micrometersin depth. Moving the electron
ray across the material can give an image of each factor in the sample. It typically takes extended hours to develop the icons, as
the emphasis of the X-ray is tropical. The number or quantity of nanoparticles near and at the prime surface can be evaluated
employing the EDX, delivered if they hold some massive metal ions. For example, surface nanoparticles like silver, gold, and
palladium can subsist fluently by exploiting EDX. Elements of low infinitesimal numbers are delicate to describeby EDX*.
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Fig. 21: Energy Dispersive X-Ray Analysis*’

7.1.2 Atomic Force Microscopy

AFM is a scanning probe microscope employed to compute
properties similar tocrest, magnetic force, surface
eventuality, and conflict, and it also can measure
intermolecular forces. AFM amplifies the images of specimens
and uses a stake made from silicon or silicon nitride with a
low spring constant to image the sample. AFM contains an
optic head, a portable scanner, and a multimode base. The
head contains the probe, laser, photodiode array, and

adaptation cloudsemployed to align the network. The
sampling is deposited on the scanner holding the piezo tube,
which controls the shifting of the sampler. The base controls
the raising and lowering of the probe. A laser ray is reflected
from the cap of the stake continually, and the ray detects the
bend in the stake and calculates the effective capacity of the
stake. AFM records a three-dimensional image of the
sample's surface topography under a steady applicable force,

resulting in a full-resolution image *.
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Fig. 22: Atomic Force Microscopy*’

7.1.3 Transmission Electron Microscopy

This is another applied methodology for the characterization
of Nanomaterials. It's a quantitative system to rule shape
distribution (PDI) & size of particles. TEM is also an
electronic spectroscopic imaging methodology with a higher
resolution than SEM. The advantages of TEM over SEM are
more spatial determination with the additional capability of
logical dimensions. Many boundaries of this methodology are
a demand for high vacuum, slim sampler district, and sample

preparation is time-consuming. The sample preparation is
extremely consequential for getting high-class images for
sample information®°.

Electron

7.1.4 High-Resolution Transmission

Microscopy
HRTEM imaging is an excellent methodology for differencing

between micro or nano-crystalline diphasic, rigid
polycrystalline, and single crystalline phases. The composite
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of radiant field black field imaging is specifically applicable in
adjudicating crystallite size divisions. Two boundaries to this
avenue are (i) the small quantity of a substance that can be
imaged and (ii) the expenditure and complication of sampler
preparation. There's also the potentiality of fluctuations in
morphology during sample preparation or under electron ray
imaging. In addition to furnishing immediate imaging, cross-
sectional HRTEM likewise provides an accessible way for

Sample
1
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carrying diffraction data. The sign of the diffraction pattern
discriminates between on-crystalline, micro- or nano-
crystalline, polycrystalline, and single crystalline phases.
Reflection high-energy electron diffraction (RHEED) provides
another way of probing morphology, but because of the
grazing prevalence employed, it's especially applicable for
actual slim films®'.

Exit-plane wave (EW)

............

Objective lens

Backfocal plane
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Magnification M + aberrations

Image

Image-plane wave

Fig. 23: High-Resolution Transmission Electron Microscopy®*

7.1.5 Scanning Tunneling Microscopy

This methodology has been employed specifically for the
surface study of nanostructure using different chemical
compositions of atoms and molecules in Nanoparticles to
image the surface/body at the microscopic level. STM was the
first methodology exploited to study nanostructure
morphology and size. STM cannot simply work at ultra-high
vacuum provisions but likewise in air, liquids, and gases at a
range of temperatures from near 0 K to over 1000 °C. The
STM working principle is quantum tunneling, where a tip is
moved across the surface area of a sample. An image is
formed due to variation in tunnelling current as the tip
moves across the surface. STM offers a good side resolution
of 0. nm and a deepness resolution of 0.0l nm. At this
resolution, respective atoms within materials are routinely
pictured. STM can be an exacting technique, as it requires
veritably clean, firm surfaces and sharpened channeling tips®

7.2 Spectroscopy-Based Characterization Techniques

Following mentioned are some Spectroscopy-Based
Characterization Techniques.

Ultraviolet-Visible Spectroscopy

Raman Spectroscopy

Fourier Transform Infrared Spectroscopy
X-Ray-Related Characterization Techniques
X-Ray Diffraction

7.2.1 X-ray diffraction

X-ray diffraction (XRD) is an extensively used methodology
to impose the crystallinity and structure of solid samples. In
summary, the crystal X-ray diffraction phenomenon results

from a dispersing process in which X-rays are dispersed by
the electrons of atoms present in the sample without
modifying the wavelength. Since X-rays have wavelengths
(between 0.2 and 10 nm) similar to the interatomic distance
of a crystalline solid, the incident X-ray ray diffracts in special
directions, called to Bragg's law. The functional diffraction
design, given by the connections and emphasis of the
diffraction holdings, is a beginning material property of the
material, delivering not only the identification but also the
comprehensive explanation of its building®.

7.2.2 X-Ray Photoelectron Spectroscopy

This surface analysis methodology is extensively used to
decide the essential composition and oxidation countries of
essentials at the surface/Phase of MNPs by excitation of inner
orbital and relating electrons by a focused-ray ray. The XPS
spectrum is obtained by measuring electrons' kinetic energy
and volume. Energy dispersive spectroscopy (EDS) is a
surface microanalysis technology in which an electron ray
irradiates nanoparticles to excite diagnostic X-rays. EDS
provides data about the fundamental analysis, chemical
composition, and forecast particle structure®.

7.2.3 Dynamic Light Scattering

This provides a means of the size of the particles from the
scattered light as a result. DLS can determine the alteration
in the configuration of the DNA due to intercalation because
of the difference in the size allocation caused by it. The DLS
study on the intercalation of ethidium bromide to calf thymus
DNA exemplified two binding modeswhere one is low, and
the other one is stronger. The stronger binding mode was
deemed intercalation, and the weaker was the outside-set
stat®.
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7.2.4 Zeta Potential

The zeta potential ({ [ =] mV) of slurry particles is often used
as a metric to gauge the particles' stability in the colloidal
sense; it is the electric potential at the slipping plane relative
to a point in the bulk medium and is not similar to the
holding potential or the surface potential as those are
detected at different locations on and about the particle. lons
within the Stern layer and slipping plane are generally

Pharmacy

conveyed with the particle in transport proceedings. Thus
the zeta eventuality is frequently counted as the operative
complaint on the particle. These two layers, with which the
particle's surface possibly decays to path the eventuality of
the body solution, are inclusively applied as the electric
double-layer. Particles of like charge will have a lower
propensity to agglomerate as their absolute zeta eventuality
increases, and slurries with particle zeta capabilities 7>|30|
are counted as colloidal stable®’.

Table - 7. Principal techniques for evaluation of the physicochemical characterization of Nanocarrier system

Sr Technique Characterization References
No
l. Differential scanning calorimetry (DSC) Melting point confirmation 58
2. Dynamic light scattering (DLS) Hydrodynamic size distribution 59
3. Fluorescence spectroscopy Ciritical association concentration (CAC) 60
determination
4. High-performance liquid chromatography Drug content, In-vitro drug release 6l
(HPLC)
5. Infrared spectroscopy (IR) Functional group detection 62
6. Mass spectrometry (MS) Molecular weight 63
7. Near-field scanning optical microscopy Shape, Size of nanomaterials 64
(NSOM)
8. Nuclear magnetic resonance (NMR) Structure Composition 65
9. Scanning electron microscopy (SEM) Morphology of sample, Fracture analysis 66
10. Scanning tunneling microscopy (STM) Size and size distribution Shape Aggregation 67
I1. Transmission electron microscopy (TEM) Particle Size & Size distribution 68
12. Zeta potential Particle size, Charge identification 69
13. X-ray diffraction (XRD) Nature of crystallinity 70
Table - 8. Application of nanotechnology in the different fields
Sr.no Applied field Application References
l. Healthcare Ocular disease condition, Breast cancer in diagnostics, real-time in vivo bio-imaging 71
sector
2. Agriculture Nanotechnology has the potential for precise delivery of agrochemicals for improving 72
disease resistance, plant growth, and nutrient use
3. Food Industry Silver is mixed with polymers to preserve the quality of fresh food during extended 73
storage.
4. Cosmetic Nanocrystals 74
allow safe and effective passage through the skin
5. Textile Nano-Tex improves the water-repellent property of fabric by creating nano-whiskers, 75
which are hydrocarbons and 1/1000 of the size of a typical cotton fibre,
6. Chemical chemical sensor: a self-contained analytical device that may provide information 76
Industry about the precise chemical composition of its environment

8 HEALTH IMPLICATION OF NANOPARTICLES
8.1 Nano-carrier system in Skin disease

Controlled drug delivery, improved bio-distribution, effective
targeted accumulation, and skin medication physicochemical
stability””. The responsiveness of certain NPs allows for the
regulated release of encapsulated cargos, reducing adverse
effects and increasing the efficacy of the therapy.

8.2  Nano-carrier system in Brain

These nanoparticles help hydrophobic drugs better cross the
BBB for the goal of brain-related therapy’.

8.3  Nano-carrier System in Lungs

These nanoparticles have found extensive usage in cancer
therapy due to their naturally small dimensions, which allow
them to specifically collect in tumour cells as they permeate

through the leaky vasculature in the area of the tumour cell
mass (increased permeability and retention effect)®.

8.4  Nano-carrier system in Heart

Fluorescent carbon nanoparticles (CNP) have drawn much
interest because of their unique fluorescent properties and
safety. In many studies, PEG-CNP and CNP's potential are
invented for non-invasive cardiac imaging®'.

8.5 Nano-carrier system in Kidney

Nanobubbles (NBs) are ten times smaller than ordinary
microbubbles  (MBs), making them new-generation
UCAs|2,13. Numerous studies have demonstrated that NBs
may achieve significant nonlinear contrast enhancement at
the standard frequency used in clinical US14,15 despites
being off-resonance. Furthermore, it has been shown that
NBs can extravagate from the vasculature into the interstitial
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space® throughout their protracted existence in blood
circulation.

9 FUTURE OPPORTUNITIES AND CHALLENGES

Nanoparticles have been utilizedto deliver medications with
great effectiveness in the past. Nanoparticles are one of the
main tools in nanomedicine due to their potential for
combining diagnostic and therapeutic, drug transport, and
drug targeting. There are many technical difficulties with the
following  strategies: Viral-like intracellular systems;
biomimetic polymer architecture; bioresponsive trigger
systems; systems engaging with me-body smart delivery;
management of sensitive medications; nanochips for
nanoparticle release; carriers for enhanced polymers for
therapeutic delivery of peptides and proteins; etc. Drug
delivery systems were created to provide or control the
dosage and rate. Most famous and ongoing internal drug
delivery formulation and dispersion research efforts use
nanoscale components. Nanomedicine offers greatpromise
for developing novel therapies for diseases once considered
difficult or incurable and for improving already available
medications. Even though there has been extensive research
on medical nanoparticles recently, and several nanomedicines
are currently available, a product breakthrough has yet to
occur.

10 CONCLUSION

Means of an informal survey on several nanocarrier systems
conducted for effective & informative review. We conclude
that nanocarriers are the most cutting-edge tool in medical,
cosmetic, and other fields. The last section of this topic
provides a thorough introduction and descriptive information

14 REFERENCES

l. Bayda S, Adeel M, Tuccinardi T, Cordani M, Rizzolio F.
The history of nanoscience and nanotechnology: from
chemical-biological applications to nanomedicine.
Molecules. 2019;25(1):112. doi:
10.3390/molecules25010112, PMID 31892180.

2. Bhatia S. Nanoparticles types, classification,
characterization, fabrication methods and drug
delivery applications. In: Natural polymer drug
delivery systems. Berlin: Springer; 2016. p. 33-93. doi:
10.1007/978-3-319-41129-3_2.

3. Singh G, Majeed A, Singh R, George N, Singh G, Gupta
S et al. CuAACensembled 1,2,3-triazole linked
nanogels for targeted drug delivery: a review. RSC
Adv. 2023;13(5):2912-36. doi: 10.1039/d2ra05592a.
PMID 36756399.

4. Horikoshi S. A. T. O. S. H. |, &Serpone N. I. C. K.
2013. Introduction to nanoparticles. Microwaves in
nanoparticle synthesis: fundamentals and applications,
1-24. doi: 10.1002/9783527648122.chl.

5. Khan |, Saeed K, Khan |. Nanoparticles: properties,
applications and  toxicities. Arab ] Chem.
2019;12(7):908-31. doi: 10.1016/j.arabjc.2017.05.01 1.

6. McNeil SE. Challenges for nanoparticle
characterization. In: Characterization of nanoparticles
intended for drug delivery. Humana Press; 201 1. p. 9-

I5.  doi: 10.1007/978-1-60327-198-1_2, PMID
21116950.
7. Campbell ], Burkitt S, Dong N, Zavaleta C.

Nanoparticle  characterization  techniques.  In:

Pharmacy

about the Nanocarrier system, including its classification,
introduction, morphology, three-dimensional arrangement,
various preparation and characterization methods, Health
Implications of Nanoparticles & Future opportunities, and
challenges.

11 ACKNOWLEDGEMENTS

We thank all of them who have extended their helping hands
for the successful completion of my review. WE want to Dr.
Abubakar Salam Bawazir&Dr. Mohammed Ismail Mouzam for
their academic guidance, prudent planning, keen interest,
excellent cooperation, and invaluable counsel throughout the
pursuit of this study. We shall forever admire him for his
cooperation throughout my review work & also for the
entire team of Y. B. Chavan College of Pharmacy & R.C. Patel
Institute of Pharmaceutical Education & Research, Shirpur.

12 AUTHORS CONTRIBUTION STATEMENT

All authors from this review article contributed together
with Dr. Abubakar Salam Bawazir&Dr. Mohammed Ismail
Mouzam guided about this entire topic & proper data input.
Ms. Pooja S Murkute designed the entire review article. Mr.
Nakul P Kathar& Mr. Krishna K Deore analysed these data,
and necessary input wasgiven towards the designing of the
manuscript. All authors discussed the methodology and
results and contributed to the final manuscript.

13. CONFLICT OF INTEREST

Conflict of interest declared none.

Nanoparticles for biomedical applications. Elsevier;
2020. p. 129-44. doi: 10.1016/B978-0-12-816662-
8.00009-6.

8. Byakodi M, Shrikrishna NS, Sharma R, Bhansali S,
Mishra Y, Kaushik A et al. Emerging 0D, ID, 2D, and
3D nanostructures for efficient point-of-care
biosensing. BiosensBioelectron X. 2022;12:100284.
doi: 10.1016/j.biosx.2022.100284. PMID 36448023.

9. Pal SL, Jana U, Manna PK, Mohanta GP, Manavalan R.
Nanoparticle: an overview of preparation and
characterization. | Appl Pharm Sci, (Issue). 2011:228-
34.

10.  Nasrollahzadeh M, Sajjadi M, Sajadi SM, Issaabadi Z.
Green nanotechnology. Interface Sci Technol.
2019;28. doi: 10.1016/B978-0-12-813586-0.00005-5.

Il.  Abbasi E, Aval SF, Akbarzadeh A, Milani M, Nasrabadi
HT, Joo SW et al. Dendrimers: synthesis, applications,
and properties. Nanoscale Res Lett. 2014;9(1):247.
doi: 10.1186/1556-276X-9-247, PMID 24994950.

12.  Jamieson T, Bakhshi R, Petrova D, Pocock R, Imani M,
Seifalian AM. Biological applications of quantum dots.
Biomaterials. 2007;28(31):4717-32. doi:
10.1016/j.biomaterials.2007.07.014, PMID 17686516.

13. Yin H, Lin H, Zong Y, Wang XD. The recent advances
in C60 micro/nanostructures and their optoelectronic
applications. Org Electron. 2021;93:106142. doi:
10.1016/j.orgel.2021.106142.

14.  Pan Y, Liu X, Zhang W, Liu Z, Zeng G, Shao B et al.
Advances in photocatalysis based on fullerene C60

p38



ijpbs 2023; doi 10.22376/ijpbs.2023.14.3.p21-41

20.

21.

22.

23.

24.

25.

26.

27.

28.

and its derivatives: properties, mechanism, synthesis,
and applications. Appl Cat B. 2020;265:118579. doi:
10.1016/j.apcatb.2019.118579.

Hansen K, Zettergren H. Clusters of fullerenes:
structures and  dynamics. | PhysChem A.
2022;126(44):8173-87. doi: 10.1021/acs.jpca.2c05366,
PMID 36321908.

Caminade AM, Laurent R, Majoral |P. Characterization
of  dendrimers. Adv Drug Deliv Rev.
2005;57(15):2130-46. doi: 10.1016/j.addr.2005.09.01 I,
PMID 16289434.

Roovers |, Comanita B. Dendrimers and dendrimer-
polymer hybrids. In: Branched polymers; 1999. p. 179-
228. doi: 10.1007/3-540-68310-0_4.

Aidala KE, Panzer M), Anikeeva PO, Halpert JE,
Bawendi MG, Bulovi¢ V. Morphology of contact
printed colloidal quantum dots in  organic
semiconductor films: implications for QD-LEDs. Phys
Status Solidi (©). 201 1;8(1):120-3. doi:
10.1002/pssc.201000667.

Lee KH. Quantum dots: a quantum jump for
molecular imaging? | Nucl Med. 2007;48(9):1408-10.
doi: 10.2967/jnumed.107.042069, PMID 17785725.
Negri V, Pacheco-Torres |, Calle D, Lépez-Larrubia P.
Carbon nanotubes in biomedicine. Surface-modified
nanobiomaterials for electrochemical and biomedicine
applications; 2020. p. 177-217. doi: 10.1007/978-3-
030-55502-3_6.

Duan Y, Dhar A, Patel C, Khimani M, Neogi S, Sharma
P et al. A brief review on solid lipid nanoparticles: part
and parcel of contemporary drug delivery systems.
RSC Adv. 2020;10(45):26777-91. doi:
10.1039/DORA0349 1 F, PMID 35515778.

Jager T, Mokos A, Prasianakis NI, Leyer S. Pore-Level
Multiphase  Simulations of Realistic Distillation
Membranes for water Desalination. Membranes.
2022;12(11). doi: 10.3390/membranes|21 11112, PMID
36363667.

Nsairat H, Khater D, Sayed U, Odeh F, Al Bawab A,
Alshaer W. Liposomes: structure, composition, types,
and clinical applications. Heliyon. 2022;8(5):e09394.
doi: 10.1016/j.heliyon.2022.e09394, PMID 35600452.
Leung AWY, Amador C, Wang LC, Mody UV, Bally
MB. What drives innovation: the Canadian touch on
liposomal therapeutics. Pharmaceutics.
2019;11(3):124. doi: 10.3390/pharmaceutics| 1030124,
PMID 30884782.

Agel A, EI-Nour KMMA, Ammar RAA, Al-Warthan A.
Carbon nanotubes, science and technology part (1)
structure, synthesis and characterisation. Arab |
Chem. 2012;5(1):1-23. doi:
10.1016/j.arabjc.2010.08.022.

Mishra V, Bansal K. K, Verma A, Yadav N, Thakur S,
Sudhakar K, &Rosenholm J. M. (2018). Solid lipid
nanoparticles: Emerging colloidal nano drug delivery
systems. Pharmaceutics, 10(4),
191.https://doi.org/10.3390/pharmaceutics |0040191.
Newton AM, Kaur S. Solid lipid nanoparticles for skin
and drug delivery: methods of preparation and
characterization techniques and applications. In:
Nanoarchitectonics in biomedicine. William Andrew
Publishing; 2019. p. 295-334. doi: 10.1016/B978-0-12-
816200-2.00015-3.

Sukumar UK, Bhushan B, Dubey P, Matai |, Sachdev A,
Packirisamy G. Emerging applications of nanoparticles

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

4].

Pharmacy

for lung cancer diagnosis and therapy. Int Nano Lett.
2013;3(1):45. doi: 10.1186/2228-5326-3-45.

Sastri KT, Radha GV, Pidikiti S, Vajjhala P. Solid lipid
nanoparticles: preparation techniques, their
characterization, and an update on recent studies. |
app pharm sci. 2020;10(6):126-41. doi:
10.7324/JAPS.2020.10617.

Malik MA, Wani MY, Hashim MA. Microemulsion
method: A novel route to synthesize organic and
inorganic nanomaterials. Arab ] Chem. 2012;5(4):397-
417. doi: 10.1016/j.arabjc.2010.09.027.

Zhang H. Thin-film hydration followed by extrusion
method for liposome preparation. In:. Methods in
Molecular Biology (Clifton, N.J.). New York: Humana
Press; 2017. p. 17-22. doi: 10.1007/978-1-4939-6591 -
5_2, PMID 27837527.

Available from:
https://www.sciencedirect.com/topics/nursing-and-
health-professions/energy-dispersive-x-ray-
spectroscopy [cited 24/6/2023].

Karlsson ], Vaughan HJ, Green |J]. Biodegradable
Polymeric Nanoparticles for Therapeutic Cancer
Treatments. Annu Rev ChemBiomol Eng. 2018;9:105-
27. doi: 10.1146/annurev-chembioeng-060817-084055,
PMID 29579402.

Cheaburu-Yilmaz CN, Karasulu HY, Yilmaz O.
Nanoscaled dispersed systems used in drug-delivery
applications. PolymNanomaterNanotherapeutics.
2019:437-68.

Mendoza-Munoz N, Quintanar-Guerrero D, Allémann
E. The impact of the salting-out technique on the

preparation of colloidal particulate systems for
pharmaceutical applications. Recent Pat Drug
DelivFormul. 2012;6(3):236-49. doi:

10.2174/187221112802652688, PMID 22734871.
Zhao Z, Li Y, Xie MB. Silk fibroin-based nanoparticles
for drug delivery. Int ] Mol Sci. 2015;16(3):4880-903.
doi: 10.3390/ijms 16034880, PMID 25749470.

Yadav M, Pasarkar N, Naikwadi A, Mahanwar P. A
review on microencapsulation, thermal energy storage
applications, thermal conductivity and modification of
polymeric phase change material for thermal energy
storage applications. Polym Bull. 2023;80(6):5897-927.
doi: 10.1007/s00289-022-04369-x.

Zhang |, Xie Z, Zhang N, Zhong ]. Chapter [3.
Nanosuspension drug delivery system: preparation,
characterization, postproduction processing, dosage
form, and application. In: Micro and nano technologies,
nanostructures for drug delivery. Elsevier; 2017. p.
413-43. doi: 10.1016/B978-0-323-46143-6.00013-0.
Haggag YA, Faheem AM. Evaluation of nano spray
drying as a method for drying and formulation of
therapeutic peptides and proteins. Front Pharmacol.
2015;6:140. doi: 10.3389/fphar.2015.00140, PMID
26217227.

Dobry DE, Settell DM, Baumann JM, Ray R}, Graham
L), Beyerinck RA. A model-based methodology for
spray-drying process development. | Pharm Innov.
2009;4(3):133-42. doi: 10.1007/s12247-009-9064-4,
PMID 20234866.

Zhang C, Wu L, De Perrot M, Zhao X. Carbon
Nanotubes: a Summary of Beneficial and Dangerous
Aspects of an Increasingly Popular Group of
Nanomaterials. Front Oncol. 2021;11:693814. doi:
10.3389/fonc.2021.693814, PMID 34386422.

P39



ijpbs 2023; doi 10.22376/ijpbs.2023.14.3.p21-41

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Kammari R, Das N. G, & Das SK. 2017.
Nanoparticulate  systems for therapeutic and
diagnostic applications. Emerging nanotechnologies for
diagnostics, drug delivery and medical devices, 105-
144.10.1016/b978-0-323-42978-8.00006- | .

Rane AV, Kanny K, Abitha VK, Thomas S. Methods for
synthesis of nanoparticles and fabrication of
nanocomposites.  In:  Synthesis of inorganic
nanomaterials. Woodhead publishing; 2018. p. 121-39.
doi: 10.1016/B978-0-08-101975-7.00005-1.

Khan LU, Khan ZU. Bifunctional nanomaterials:
magnetism, luminescence and multimodal biomedical
applications. Complex magnetic nanostructures:
synthesis, assembly and applications; 2017. p. 121-71.
doi: 10.1007/978-3-319-52087-2_4.

Titus D. Characterization and applications of
nanoparticles. doi: 10.1016/b978-0-08-102579-
6.00012-5.

Available from:

https://www.scimed.co.uk/education/sem-scanning-
electron-microscopy/ [cited 24/6/2023].

Available from:
https://www.sciencedirect.com/topics/nursing-and-
health-professions/energy-dispersive-x-ray-
spectroscopy.

Asmatulu R, Khan WS. Chapter |3. Characterization
of electro spun nanofibers. In: Synthesis and
applications of ElectrospunNanofibers; 2019. p. 257-
81. doi: 10.1016/B978-0-12-813914-1.00013-4.
Available from: https://www.nanoandmore.com/what-
is-atomic-force-microscopy [cited 24/6/2023].

Padhi S, Behera A. Biosynthesis of Silver
Nanoparticles: synthesis, mechanism, and
characterization. In: Agri-waste and microbes for
production of sustainable nanomaterials. Elsevier;
2022. p. 397-440. doi: 10.1016/B978-0-12-813914-
1.00013-4.

Lucovsky G, Misra V. Gate oxides: properties and
characterization. Encyclopedia of materials. Sci
Technol. 2011:3478-86. doi: 10.1016/B978-0-12-
823575-1.00008-1.

Jinschek JR, Yucelen E, Freitag B, Calderon HA,
Steinbach A. Still ”plenty of room at the bottom” for
aberration-corrected TEM. Micros Today.
2011;19(3):10-4. doi: 10.1017/S155192951100023X.
Nasrollahzadeh M, Atarod M, Sajjadi M, Sajadi SM,
Issaabadi Z. Plant-Mediated Green Synthesis of
Nanostructures: Mechanisms, Characterization, and
Applications. Interface Sci Technol. 2019;28. doi:
10.1016/B978-0-12-813586-0.00006-7.

Manaia EB, Abugafy MP, Chiari-Andréo BG, Silva BL,
Oshiro Junior JAO, Chiavacci LA. Physicochemical
characterization of drug nanocarriers. Int |
Nanomedicine. 2017;12:4991-5011. doi:
10.2147/1JN.S133832, PMID 28761340.

Hu B, He M, Chen B. Magnetic nanoparticle sorbents.
In: Solid-phase extraction. Elsevier; 2020. p. 235-84.
doi: 10.1016/B978-0-12-816906-3.00009-1.

Mukherjee A, Sasikala WD. Drug—-DNA intercalation:
from discovery to the molecular mechanism. Adv
Protein ChemStruct Biol. 2013;92:1-62. doi:
10.1016/B978-0-12-411636-8.00001-8, PMID
23954098.

Pate K, Safier P. Chemical metrology methods for
CMP quality. In: Advances in chemical mechanical

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

Pharmacy

planarization (CMP). Woodhead Publishing; 2022. p.
355-83. doi: 10.1016/B978-0-12-821791-7.00017-4.
Taheri A, Dinarvand R, Atyabi F, Ahadi F, Nouri FS,
Ghahremani MH et al.. Enhanced anti-tumoral activity
of methotrexate-human serum albumin conjugated
nanoparticles by targeting with Luteinizing Hormone-
Releasing Hormone (LHRH) peptide. Int | Mol Sci.
201 1;12(7):4591-608. doi:  10.3390/ijms12074591.
PMID 21845098.

Kianpour S, Ebrahiminezhad A, Heidari R, Khalvati B,
Shahbazi MA, Negahdaripour M et al. Enterobacter sp.
mediated synthesis of biocompatible nanostructured
Iron-Polysaccharide =~ complexes: a  nutritional
supplement for iron-deficiency anemia. Biol Trace
Elem Res. 2020;198(2):744-55. doi: 10.1007/s12011-
020-02101-2, PMID 32157632.

Parang Z, Keshavarz A, Farahi S, Elahi SM,
Ghoranneviss M, Parhoodeh S. Fluorescence emission
spectra of silver and silver/cobalt nanoparticles. Sci
Iran. 2012;19(3):943-7. doi:
10.1016/j.scient.2012.02.026.

Zhang L, Li Z, Zhang Y, Paau MC, Hu Q, Gong X et al.
High-performance liquid chromatography coupled
with mass spectrometry for analysis of ultrasmall
palladium nanoparticles. Talanta. 2015;131:632-9. doi:
10.1016/j.talanta.2014.08.032, PMID 25281 151.

N SN, N B, B N VH, Sankaran R, D RD. Performance
of Cutting Tool with Cross-Chevron Surface Texture
Filled with Green Synthesized Aluminium Oxide
Nanoparticles. Sci  Rep. 2019;9(1):17803. doi:
10.1038/s41598-019-54346-0, PMID 31780736.
Chakraborty P, Pradeep T. The emerging interface of
mass spectrometry with materials. NPG Asia Mater.
2019;11(1):s41427-019-0149-3. doi: 10.1038/s41427-
019-0149-3.

Page |, Berrios S, Rufas JS, Parra MT, Suja JA, Heyting
C et al. The pairing of X and Y chromosomes during
meiotic prophase in the marsupial species
Thylamyselegans is maintained by a dense plate
developed from their axial elements. ] Cell Sci.
2003;116(3):551-60. doi: 10.1242/jcs.00252, PMID
125081 I5.

Marbella LE, Millstone JE. NMR techniques for noble
metal nanoparticles. Chem Mater. 2015;27(8):2721-39.
doi: 10.1021/cm504809c.

Vakurov A, Pchelintsev NA, Gibson T, Millner P.
Development of polymeric nanoparticles showing
tuneable pH-responsive precipitation. | Nanopart Res.
2012;14(12):1-9. doi: 10.1007/s11051-012-1302-x.
Kano S, Tada T, Majima Y. Nanoparticle
characterization based on STM and STS. ChemSoc
Rev. 2015;44(4):970-87. doi: 10.1039/C4CS00204K,
PMID 25306971.

Fernandez-Arias M, Zimbone M, Boutinguiza M, Del
Val ], Riveiro A, Privitera V et al. Synthesis and
deposition of Ag nanoparticles by combining laser
ablation and electrophoretic deposition techniques.
Coatings. 2019;9(9):571. doi:
10.3390/coatings9090571.

Wang W, Ding X, Xu Q, Wang J, Wang L, Lou X.
Zeta-potential data reliability of gold nanoparticle
biomolecular conjugates and its application in sensitive
quantification of surface absorbed protein. Colloids
Surf B Biointerfaces. 2016;148:541-8. doi:
10.1016/j.colsurfb.2016.09.021, PMID 27690243.

p40



ijpbs 2023; doi 10.22376/ijpbs.2023.14.3.p21-41

70.

71.

72.

73.

74.

75.

76.

Thakar MA, SaurabhJha S, Phasinam K, Manne R,
Qureshi Y, Hari Babu VV. X ray diffraction (XRD)
analysis and evaluation of antioxidant activity of
copper oxide nanoparticles synthesized from leaf
extract of Cissusvitiginea. Mater Today Proc.
2022;51:319-24. doi: 10.1016/j.matpr.2021.05.410.
Anjum S, Ishaque S, Fatima H, Farooq W, Hano C,
Abbasi BH et al. Emerging applications of
nanotechnology in healthcare systems: grand
challenges and perspectives. Pharmaceuticals (Basel).
2021;14(8):707. doi: 10.3390/ph14080707, PMID
34451803.

Pramanik P, Krishnan P, Maity A, Mridha N,
Mukherjee A, Rai V. Application of nanotechnology in
agriculture. In: Environmental nanotechnology. Vol. 4;
2020. p. 317-48. doi: 10.1007/978-3-030-26668-4_9.
Singh T, Shukla S, Kumar P, Wahla V, Bajpai VK,
Rather IA. Application of nanotechnology in food
science: perception and overview. Front Microbiol.
2017;8:1501. doi: 10.3389/fmicb.2017.01501, PMID
28824605.

Raj S, Jose S, Sumod US, Sabitha M. Nanotechnology
in cosmetics: opportunities and challenges. | Pharm
Bioallied Sci. 2012;4(3):186-93. doi: 10.4103/0975-
7406.99016, PMID 22923959.

Wong YWH, Yuen CWM, Leung MYS, Ku SKA, Lam
HLI. Selected applications of nanotechnology in
textiles. Autex Res J. 2006;6(1):1-8.
Talawadekar A, Hande R, Mandake
Nanotechnology: Fueling the Chemical
Future. 362508583.

MB 2022.
Industry’s

77.

78.

79.

80.

8l.

82.

Pharmacy

Qu F, Geng R, Liu Y, Zhu J. Advanced nanocarrier-
and microneedle-based transdermal drug delivery
strategies for skin diseases treatment. Theranostics.
2022;12(7):3372-406. doi: 10.7150/thno.69999, PMID
35547773.

Tiwari N, Osorio-Blanco ER, Sonzogni A,
Esporrin-Ubieto D, Wang H, Calderon M.
Nanocarriers for skin applications: where do we
stand? AngewChemint Ed Engl.

2022;61(3):e202107960. doi: 10.1002/anie.202107960,
PMID 34487599.

Li X, Tsibouklis J, Weng T, Zhang B, Yin G, Feng G et
al. Nano carriers for drug transport across the blood—
brain barrier. ] Drug Target. 2017;25(1):17-28. doi:
10.1080/1061186X.2016.1184272, PMID 27126681.
Dinnhaupt S, Kammona O, Waldner C, Kiparissides
C, Bernkop-Schniirch A. Nano-carrier systems:
strategies to overcome the mucus gel barrier. Eur |
Pharm Biopharm. 2015;96:447-53. doi:
10.1016/j.ejpb.2015.01.022, PMID 25712487.
Ardestani MS, Zaheri Z, Mohammadzadeh P,
Bitarafan-Rajabi A, Ghoreishi SM. Novel manganese
carbon quantum dots as a nano-probe: facile synthesis,
characterization and their application in naproxen
delivery (Mn/CQD/SiO2@naproxen). Bioorg Chem.
2021;115:105211. doi: 10.1016/j.bioorg.2021.10521 1,
PMID 34364048.

Huang X, Ma Y, Li Y, Han F, Lin W. Targeted drug
delivery systems for kidney diseases. Front
BioengBiotechnol. 2021;9:683247. doi:
10.3389/fbioce.2021.683247, PMID 34124026.

p4l





