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ABSTRACT

Nanotechnology is gaining popularity in the medical field right now. Nanotechnology is branch of science that focuses
on the preparation, characterization, and application ofnanoscale molecules with sizes ranging from 1 to 100
nanometers in a variety of fields. Nano particle are with shape like spherical, round, triangular, pentagonal.
Nanoparticle formulations are stable in nature, and they can be made via a biological process. Nanoparticle
formulations are designed to target certain cells while avoiding non-targeted cells. Nano particle formulations have
small size particle or molecule which gives large surface area and hence increases solubility of the formulations
because of these pharmaceutical companies use nano particle formulations to improve solubility, stability,
bioavailability, and pharmacokinetic qualities in some circumstances. Nano particle formulations may be used to treat
cancer, to diagnose disorders, and treat patients with fewer negative side effects and risks.The purpose of this review is
to list the different types of nano particle formulations as well as the methods used for formulation and evaluation.
Index Terms - Nano emulsion, Nanosponge. Nano sphere, nano suspension, nanocapsule, nano crystal prepration
methods, evaluation parameters, applications.

INTRODUCTION

“Nanotechnology has gained huge attention over time.”™ “Nanoparticle are solid submicron sized that may be
biodegradable or non-biodegradable. Nanoparticle having size range 1 nm to nm made up of carbon, metal, metal oxide
or organic matter.”™™! “The applications of nanoparticlenanotechnology in medicine could create a remarkable change
in diagnosis and treatment of disease in the future.”

There are several type of nano formulations Nano emulsion, Nano sponge, Nano sphere, Nano capsule, Nanocrystal,
Nano suspension. These are formulations which are made by using nanoparticle for novel drug delivery system. These
are of different size and shape and structure. Nanoparticle are used in targeted drug delivery because of their small size
and provide large surface area which enhance the solubility of poorly soluble drug and enhance the bioavailability of
drug.

NANOEMULSION

“Nanotechnology refers to technological advancements on the Nano scale, which usually ranges from 0.1 to 100 nano
meters. Nano emulsions have been studied extensively as drug delivery devices.Nano emulsions are a
thermodynamically stable isotropic system in which two immiscible liquids (water and oil) are combined to produce a
single phase using appropriate surfactants or a droplet diameter in the range of nanometers0.5-100 um is a
measurement of the distance between two points.”®They are the most advanced nanoparticle systems for the
regulated or sustained administration of active pharmaceuticals and therapeutic targeting.”“Advanced strategies for
delivering and enhancing the bioavailability of hydrophobic medicines and medications with a high first pass
metabolism are nanoemulsion drug delivery devices.Nanoemulsion drug delivery systems are lipid-based formulations
that boost the solubility and bioavailability of hydrophobic medicines and bioactive food ingredients.”
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“The size of Nano emulsion droplets is typically 20-200 nm, with a narrow distribution. O/W type (oil dispersed in
aqueous phase), water-in-oil (W/O) type (water dispersed in oil phase), and bi-continuous (micro domains of water and
oil are interdispersed within the system) are the most recent classifications for nanoemulsions.An adequate combination
of surfactants and/or cosurfactants stabilises the interface in all three types of nanoemulsions.”!

“These nanoemulsion systems have large interfacial areas and stabilities, which protect molecules from harsh
environmental conditions while also increasing their stability.Drugs can be delivered via mucosal and transdermal
routes using nanoemulsion devices. As a result, these methods can significantly increase bioavailability.

NANOSPONGE

“Nano sponge technology is newer and rising technologies that use a targeted medication delivery system to deliver the
drug to the specified location during a controlled manner.Nano sponges are a type of fabric that have a tiny, sponge-
like structure with a narrow hollow that is a few nanometres wide and only one metre in diameter.""“The three-
dimensional polyester scaffold (backbone) or network made of nano sponges will deteriorate spontaneously.To create
Nano sponges, these polyesters are combined with a cross linker during a solution.”®®!

“The term "nano sponge" describes minuscule sponges having a porous structure.”™ “They will bind poorly soluble
prescription drugs among the matrix and improve their bioavailability by ever-changing the pharmacokinetic
characteristics of drug molecules because of their small size and porous structure. Nano sponge may be a revolutionary
technique to cancer treatment that permits for regulated drug distribution. Nano sponge may be a new cancer drugs
delivery device. Encapsulating nanoparticles, complexing nanoparticles, and conjugating nanoparticles area unit all
sorts of encapsulating nanoparticles that encapsulate the drug molecule among the core by numerous ways of
connection.”®

“Nano sponges area unit nanoparticles having a core that may encapsulate a high variety of healthful compounds.
These minuscule particles area unit capable of transporting each lipotropic and hydrophilic chemical, likewise as
enhancing medication molecule solubility.”™ “Nano sponges area unit insoluble in water and organic solvents as
compared to alternative nanoparticles. They are administered through oral, parenteral, topical.”™"

NANO SUSPENSION

“A pharmaceutical nano suspension is a very finely colloidal, biphasic, dispersed solid drug particle in an aqueous
vehicle with a particle size of less than 1m.”“Solid particles in nano suspensions typically have a particle size
distribution of less than one micron, with an average particle size ranging between 200 and 600 nanometers.”!**!

“A nano suspension not only solves the problem of poor solubility and bioavailability, but it also changes the drug's
pharmacokinetics, improving its safety and efficacy. The nanosuspension formulation method is best for substances
with a high log P value, melting point, and dosage. Nanosuspension has been shown to improve adsorption and
absorption, which could lead to lower doses in convectional oral dosage forms.”[**°!

The pace of flooding of the active substance rises as a result of higher solubility, and therefore the most plasma level is
achieved quicker. This method is effective for substances that are poorly soluble, porous, or both.”*®!

NANO CAPSULE

“A Nanocapsule is a spherical, hollow nanoparticle with a diameter of less than 200nm into which a desired substance
can be inserted.”™"“Nano capsules are nonmetric structures that have an inner core and an outer shell. Nano capsules
have been classified as lipid nano capsules, which have an oily core stabilizedby PEGylated amphiphilic molecules, or
polymeric nano capsules, which have an oily nucleus stabilized by a polymeric shell.”(*%]

“Nano capsules differ from conventional nanoparticles in that their core and shell are highly defined, whereas the latter
do not.Nano capsule were originally thought to be good transporters for lipophilic medicines because of their lipid core.
Because of their ability to release medications, nano capsules are considered active vectors; their subcellular size allows
for larger intracellular vectors. They can also help to increase the stability of active ingredients.”?*“When ingested
through various mucosal routes, nano capsules can increase the bioavailability of a range of drugs.Nano capsules can
be utilized as smart medications that only bind to specific cells and have specialized chemical receptors. This receptor
gives the medicine its ‘smart' properties, allowing it to target cancer or sickness.Nano capsules that can be used to
target anti-cancer medications to tumors while avoiding negative effects on healthy tissue.”*!

“Two types of polymers, such as natural and synthetic polymers, may be employed in the production of
nanocapsules.Natural polymer like muscle fiber, enzyme,protein and polysaccharides. Theknown natural polymers
used in pharmacy are carrageenan, acacia, chitosan, gelatin, guar gum, and agar. Synthetic polymer isman-made
polymer. Some synthetic polymer are used in industries are like Teflon in non-sticky pan,nylons in textile and fabrics,
polyvinyl chloride in pipe, Bakelite for electric switch.”*!
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“The nano capsule is employed in a variety of sectors, including drug delivery in tumors, as nano capsule Bandages to
Fight Infection, as a liposomal nano capsule in Food Science and Agriculture, and as a self-healing material. To lessen
drug toxicity and increase drug stability, nanocapsules are used as drug delivery systems for a variety of drugs through
a variety of routes of administration, including oral and parental.”*"

NANOCRYSTALS

“Pure solid drug particles with a mean diameter of less than 1000nm are known as drug nanocrystals. The name drug
nanocrystal indicates that the discrete particles are crystalline, however they can alternatively be partially or fully
amorphous, depending on the manufacturingbecause of the enhanced surface area to volume ratio and improved
dissolving rgg(]e associated with nano sizing, nano crystalline drug technology increases the solubility of hydrophobic
medicines.”

“Nano crystal drug formulations, also known as nano crystal colloidal dispersions (NCDs), have been demonstrated to
be stable in suspensions. The dispersions serve as a foundation for rapid scale-up and production of extremely stable
and commercial products.”®?! “Nano crystals are employed as a physical approach to improve medication molecule
pharmacokinetics and bioavailability. They've been employed in vivo to keep the drug entity safe in the
bloodstream.”*®*“Nanocrystal formulations have several major advantages, including increased oral bioavailability,
improved dose proportionality, reduced food effects, compatibility for all modes of administration, and the potential of
sterile filtering due to the smaller particle size range”.[*"!

NANOSPHERE

“Nano spheres are particles with a diameter ranging from 10 to 200 nanometers. Nano spheres can be either amorphous
or crystalline in form, and they can protect drugs from enzymatic and chemical destruction. The tiny capsule of drug
store house is called vesicles and the solid skeleton structure is called Nano spheres. Albumin nanospheres, modified
starch nanospheres, gelatin nanospheres, polypropylene dextran nanospheres, and polylactic acid nanospheres are
examples of biodegradable Nano spheres.”®®“Nano spheres can be amorphous or crystalline in form, and they can
protect drugs from enzymatic and chemical degradation. Essentially, the medicine is dissolved, entrapped,
encapsulated, or linked to a polymer matrix. The medication is physically and evenly disseminated in the polymer
matrixsystem, 2%

“It can be separated into biodegradable nano spheres and non-biodegradable nano spheres based on biodegradability.
Albumin nano spheres, modified starch nano spheres, gelatine nano spheres, polypropylene dextran nano spheres, and
polylactic acid nano spheres are examples of biodegradable nano spheres. Polylactic acid is the only polymer approved
for human usage as a controlled-release agent, according to current literature reports on non-biodegradable nano
spheres. In addition, in recent years, there have been numerous reports of immunological nano spheres and magnetic
nano spheres™**3*,

FORMULATIONS AND METHOD OF PREPRATION

Table no: 1
Sr.no Formulation Method of Preparations
1 NANO EMULSION a-High pressure homogenization

b-Micro fluidization

c-Solvent evaporation technique
d-Spontaneous emulsification
e-Ultra sonication

2 NANO a-Hyper cross linked  cyclodextrins
SPONGE b-Emulsion solvent method
c-Solvent used method
d-Ultrasound-assisted synthesis

e- Loading of drug into nano sponge
3 NANO SUSPENSION 1)Bottom up technology

2)Top down technology

a-High pressure homogenization
b-Milling

c-Micro emulsion template

d- Melt emulsification

e-Dry co-grinding

4 NANO CAPSULE a-Nano precipitation
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b-Emulsion solvent method
c-Emulsion coacervation method
e-Layer-by-layer

f-Double emulsification method
g-Drug release
h-Polymer-coating method

5 NANOSPHERE a-Emulsification polymerization
b-Solvent evaporation technique

c- Solvent displacement technique
d-Phase inversion temperature method

6 NANOCRYSATL 1)Bottom up technology

a-Nano precipitation

2)Top down technology

a-High pressure homogenization
b-Milling

3)Top down and bottom up

4) Spray drying

5) Other techniques used for the production of drug nano crystal
a-Rapid expansion from a liquid
b-Nano pure XP technology

c-Spray Freezing into liquid technology

FORMULATION METHOD’S

High-pressure homogenization-(used for Nano emulsion, Nano suspension, Nano crystal)
A high-pressure homogenizer/piston homogenizer is used to generate Nano emulsion, Nano withextremely small
particle sizes (up to 1nm).

Micro fluidization-(used for nano emulsion)

“A micro fluidizer device is used in the patented mixing technique known as "micro fluidization". The product is forced
into the interaction chamber, which is made up of small channels termed "micro channels," by a high-pressure positive
displacement pump (500-20000 psi). The product passes through the micro channels and impinges on the impingement
area, resulting in very small submicron particles. To make a coarse emulsion, the two solutions (aqueous phase and oily
phase) are combined and homogenised in an inline homogenizer. The coarse emulsion is treated further in a micro
fluidizer to produce a stable Nano emulsion. The coarse emulsion is repeatedly pushed through the microfluidizer's
interaction chamber until therequired particle size is achieved. After that, the bulk emulsion is filtered under nitrogen to
remove big droplets, resulting in a homogeneous Nano emulsion.” ¢

Ultra sonication-(used for Nano emulsion)

“In this methodology, a premixed emulsion is agitated at a frequency of twenty rate, reducing the scale of the droplets
to nano droplets. The ensuing emulsion is then pushed through a high shear region, leading to uniformly sized droplets.
This technology uses a vessel to stay the temperature in restraint.

During supersonic emulsification, sonotrodes, additionally referred to as sonicator probes, used electricity quartz
crystals as energy sources. These sonotrodes shrink and expand once alternating electrical voltage is applied. once the
sonicator tip makes contact with the liquid, it causes cavitation, that results in the collapse of vapour cavities generated
within the liquid. once a drop size of but zero. is needed, this approach is often used. Shi et al. used Associate in
nursing supersonic emulsification method with a frequency of twenty-five rate to form Associate in Nursing emo-
loaded Nano emulsion with a mean diameter of 10-30 nm.”[*"!

Hyper cross linked cyclodecxtrins-(used for nanosponge)

“Nano sponges are constructed from materials that produce non-porous molecules called cyclodextrins, which are
transporters for drug release. These cyclodextrins are hyper-cross-linking agents that build multiple networks in micro
networks or can even be spherical in shape with many networks of protein channels, pores, and other molecules. Based
on the chemicals included in them, these cross linkers stabilise the sponge with specific surface charge density,
porosity, an[‘(lzll]pore diameters. The cross linker’s aid in the retention of Nano sponges at various acidic and even neutral
pH levels.”
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Method of emulsion solvent-(used for nano sponge)

“Ethyl cellulose and polyvinyl alcohol, in various quantities, are the major polymers employed in this process. The
dispersed phase is created by combining ethyl cellulose with the available medication, which has been dissolved in
20ml of dichloromethane. The continuous phase drop wise addition is made by dissolving polyvinyl alcohol in 150 mL
of distilled water. The mixture is then allowed to agitate for around 2 hours at 1000rpm. Nano sponges are collected,
filtered, and dried in an oven for about a day before being kept in desiccators.”*

Bottom up technology-(used for nano suspension, nano crystal)

“Bottom-up technology is defined as starting at the molecular level and progressing through molecular association to
the production of a solid particle. That is, we are talking about traditional precipitation approaches that include
lowering the solvent quality, such as pouring the solvent into a non-solvent, decreasing the temperature, or a
combination of both. In pharmaceutical chemistry and technology, precipitation is a well-known process.”*’!

Dry co-grinding-(used for nano suspension)

“Wet grinding techniques with a pearl ball mill are wont to create nano suspensions for an extended time. Dry edge
processes will currently be wont to create nano suspensions. once dispersing during a liquid medium, stable nano
suspensions area unit created by dry grinding weak soluble medicine with soluble polymers and copolymers. several
weak soluble medicines, like Procardia, antimycotic, and glibenclamide, manufacture mixture particles once stabilized
with sodium dodecyl sulphate and polyvinyl pyrrolidone, in line with Itoh et.al.”*4°!

Solvent evaporation-(used for nano capsule, nano sphere)

“The initial approach for the preparation of nanoparticles was solvent evaporation in which polymer solutions were
created in the presence of a solvent. The emulsions and volatile solvents were created by previously, it was done with
dichloromethane and chloroform, but currently it is done with substituted by ethyl acetate, which has a significantly
greater performance. To obtain polymeric particles with toxicity profile of less than the size is 500 nm. The emulsion is
made during the preparation process.transformed into a suspension of nanoparticles on The solvent is evaporated, and
the solution is then permitted to percolate during the continuous phase emulsion to carry out traditional ways, e.g. Oil-
in-water (o/w) and double emulsions are examples of single emulsions.(water-in-oil)-in-water, (w/o)/w areexamples of
emulsions. Highspeed homogenization or other techniques are used in these methods.Continuous magnetic stirring at
room temperature or under reduced pressure results in the creation of solidified Nanosized particles, which are
collected by ultracentrifugation, washed to remove surfactants, and finally lyophilized.”*""!

Emulsification polymerization-(used for nano sphere)

“Polymeric substances like polymethylmethacrylate and polyethylcyanoacrylate area unit blended for emulsification
polymerisation, whereas surface polymerisation of polyalkylcyanoacrylate is another polymerisation. Monomers are
polymerized to produce Nanospheres in an aqueous solution during the polymerization process. Basically, the medicine
is introduced into the polymerization media by dissolving it in it or by adsorption onto the Nanospheres once the
polymerization is complete. After that, Nano spheres are purified by centrifugation or resuspension surfactant is added
in an isotonic surfactant free media to remove stabilisers and for polymerization.” %2

Nano pure technology-(used for nano crystal, nano suspension)

“Another method for manufacturing nano crystals that utilises the piston-gap homogenizer is the Nano pure technology,
which was invented and is owned by Pharm Solution GmbH/Berlin. High-pressure homogenization in non-aqueous or
low vapour pressure dispersion media achieves effective particle reduction. This is especially useful if the nano
suspension is eventually going to be turned into traditional dosage forms like pills and capsules. By lowering the water
content in the dispersion, the required drying stage can be avoided or completed at gentler settings, a medium that is
helpful for temperature-sensitive pharmaceuticals.”®*%°!

EVALUATION PAPRAMETER FOR FORMULATIONS

Table no: 2
Sr. No. | Formulations Evaluation parameter
1 NANO EMULSION i- DyeSolubilization

ii- Conductance Measurement Dilatability Test
iii- Measurements of Dynamic Light Scattering

iv- Index of polydispersity

V- Analyze the phases

Vi- Analysis of Particle Size

vii- Measurement of interfacial tension viscosity
viii- Index of Refraction

iX- Transmission Electron Microscopy (TEM)
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X- Skin Permeation Studies in Vitro
Xi- Studies of Thermodynamic Stability
2 NANOSPONGE i- Determination of particle size

ii- Index of polydispersibility (PDI)
iii- Potential zeta

iv- Microscopy investigations of Nano spongeloading
efficiency (percentage)
V- Solubility research
Vi- Infrared spectroscopy (IR spectroscopy) is a technique
Vii- Diffractometry with X-rays
3 NANO SUSPENSION i- Size distribution of particles

ii- The structure of crystals
iii- Saturation solubility

iv- dissolution velocity
V- pH Value Viscosity Measurement
Vi- Zeta Potential
Vii- Nano suspension Biological Performance Stability in
Vivo
4 NANO CAPSULE i- Capsule size analysis

ii- Thermal stability of capsules
iii- Capsule - Zeta-potential measurement
Shell wall thickness

iv- Capsule fills content analysis
5 NANOSPHERE i- Estimation of amount of drug incorporated
6 NANOCRYSATL i- Size and Particle Size Distribution

ii- Morphology and Shape
iii- Crystalline State of Particle Surface Charge

EVALUATION PARAMETRS

Particle size determination-(used for nano emulsion, nano sponge, nanocrystal)

“Nano particle formulation particle size is an important parameter in the optimization process. The drug's particle size
can have an impact on its release as well as its solubility. The instrument, laser light diffractometry, or a Zeta seizer can
be used to determine particle size. To investigate the effect of particle size on drug release, the cumulative percentage
drug release from nanoparticles of various sizes can be plotted versus time. Particles bigger than 30 m can have a gritty
feel, hence particles between 10 and 25 pm are preferable for topical medication administration. "]

Refractive index-(used for nano emulsion)

“The index of refraction describes however lightweight travels through a fabric and the way clear a nano emulsion is
.The index of refraction (n) of a media is outlined because the magnitude relation of the wave speed (c) within the
reference medium to the wave part speed (vp) within the medium: n=c/vp. AN Abbes kind measuring instrument set to
250.5° are often wont to verify the nano emulsion's index of refraction by inserting a drop of nano emulsion on a slide
and scrutiny it to the index of refraction of water (1.333). once the index of refraction of a nano emulsion is up to that
of water, the nano emulsion is claimed to be clear.”®**]

Surface morphology-(used for nanoemulsion, nano suspension, nano sponge, nano crystal)

“The shapes and surface structures of nanoparticles play an important role in utilizing their characteristics. Spherical,
flat, cylindrical, tubular, conical, and irregular shapes with crystalline or amorphous surfaces with uniform or
imperfections on the surface are some of the shapes. Electron microscopy imaging techniques like as SEM and TEM
are commonly used to determine the surface. Particles in the liquid phase are deposited on a surface and analyzed,
whilst particles in the gaseous phase are captured electrostatically or by filtration for electron microscope imaging.”*”

Surface charge-(used for nano suspension, nano sponge, nano crystal)
“A nanoparticle's interactions with the target are governed by its surface charge or charge. Typically, a visual symbol
potentiometer is used to measure the stability of the dispersion of surface charges during a very solution.”

Crystallography-(used for nano sponge, nano crystal)

“The study of the arrangement of atoms and molecules in crystal solids is known as crystallography. To evaluate the
structural arrangement of nanoparticles, powder X-ray, electron, or neutron diffraction is used to determine the
crystallography.”[®?
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Interfacial tension-(used for nano emulsion)

“The production and characteristics of nanoemulsions can be studied by measuring interfacial tension. The coexistence
of surfactant phase or middle-phase nanoemulsions with aqueous and oil phases in equilibrium corresponds to very low
values of interfacial tension. The spinning-drop apparatus is used to determine ultralow interfacial tension. Interfacial
tensions are measured by rotatin? a low-density phase drop in a cylindrical capillary filled with high-density phase and
evaluating the form of the drop.”l®’l

Poly dispersibility- (used for nano sponge)

“The poly dispersibility index (PDI) is a measurement of particle size distribution variation in terms of breadth or
spread. The PDI is calculated using a dynamic light scattering instrument. A higher PDI value implies that the sample
has a larger particle size distribution and is polydisperse, whereas a monodisperse sample has a low PDI.

The following equation can be used to compute PDI.

PDI = average of d/d

Where d Avg is the average particle size given by MV (nm) in the particle size data sheet, and SD is the width of the
distribution.”®4

Infrared spectroscopy (IR spectroscopy)-(use for nano sponge)
“In the solid state, IR spectroscopy is utilized to estimate the interaction between drug molecules and drug and
nanosponge.

If a small portion of the drug molecule is encapsulated in complex less than 25% band and assigned to include part of
another molecule that is designated by bands in the spectrum of nanosponges, the IR changes. Some medicines with
carbonyl or sulfonyl groups have a restricted applicability for IR. The information provided by an IR research is for a
functional group that contains a medication.”*®

Transmission Electron Microscopy with High Resolution (HRTEM)-(used for nano capsule)
“The shell/core structure of the nanocapsules is clearly visible in the detailed morphology of the corresponding
nanocapsules investigated using high-resolution transmission electron microscopy.”®®!

Drug loading into a nanosponge-(used for nano sponge)

“First, the nano sponges designed for drug delivery ought to be processed to attain a mean particle size of but 500nm.
To avoid the formation of aggregates, the nano sponge’s area unit adorned in water for a amount of your time before
being sonicated. natural process is employed to separate the mixture fraction from the merchandise suspension.The
sample is dried by freeze drying after the supernatant from the completed product is separated.”®”)

“In alternative words, a nano sponge binary compound suspension is formed and distributed over a amount of your
time with steady stirring. Solvent evaporation or freeze-drying area unit accustomed manufacture nano sponge solid
crystals. within the complexation with the medication, the nano sponge crystal structure is extraordinarily vital. The
drug loading in crystalline nano sponge is on top of in Para crystalline nano sponge. Drug loading happens as a
mechanica{lﬁgpixture instead of Associate in nursing inclusion complicated in nano sponges with a poor crystalline
structure.”

APPLICATION OF NANO PARTICAL FORMULATIONS

Cancer Therapy using Nano emulsions

“Nano emulsions can be utilized as a vehicle in cancer treatment to extend the time between intramuscular and
intratumoral injections (W/O systems). It also improves transdermal medication delivery by increasing the transfer of
anti-cancer pharmaceuticals through the skin via lymphatic permeation and it is a non-irritant system.”®7%

Nano emulsion in Cell Technology

“The transport of oil-soluble compounds to mammalian cell cultures using nano emulsion is a novel approach. The
delivery mechanism is based on a nano emulsion with phospholipids to stabilize it. These nano emulsions are clear and
can be sterilized by passing them through 0.1 mm filters. The cells readily absorb the nano emulsion droplets. As a
result, the encapsulated oil-soluble compounds have a high bioavailability in cultured cells. Better uptake of oil-soluble
supplements in cell cultures, improved growth and vitality of cultured cells, and the ability to conduct toxicity tests on
oil-soluble medications in cell cultures are all advantages of employing NEs in cell culture technology. "™

Role of Nano suspension in Bioavailability

“The drug's low oral bioavailability could be related to its low solubility, permeability, or stability in the
gastrointestinal tract (GIT). Nano suspensions tackle the twin challenges of weak solubility and poor permeability
across the membrane, resulting in improved bioavailability. Oral administration of naproxen nanoparticles resulted in
an AUC (0-24 h) of 97.5 mg/h/l, compared to 44.7 mg/h/l for Naprosyn suspensions and 32.7 mg/h/l for naproxen
tablets augmentation.”’”
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Pulmonary administration of Nano suspension

“For lung delivery, agueous nano suspensions can be nebulized utilizing mechanical or ultrasonic nebulizers. Because
of their small size, each aerosol droplet is expected to contain at least one drug particle, resulting in a more equal
distribution of the drug in the lungs. They also improve adhesion 172. July-September 2009 issue of Asian Journal of
Pharmaceutics.

Nano suspension technology causes a longer residence period, according to Arunkumar et al. An ultrasonic nebulizer
was used to successfully nebulize budesonide medicinal nanoparticles.””!

Antiviral treatment by using Nanosponge

“Drugs are targeted with nano sponges in the nose and lungs. It uses nano carriers to carry antiviral drugs to the lungs
or nasal passages, allowing it to target viruses that can cause RTI, such as influenza and rhinovirus.Zidovudine and
Saquinavir are two drugs that utilize nano carriers.”l’*"

Self-Healing Materials using Nanocapsules

“Polymeric coatings, adhesives, microelectronic components, and structural composites can all be damaged over a wide
range of length scales. Large-scale damage (such as that caused by a projectile or a blast) is difficult to repair and, when
possible, necessitates the employment of bonded composite patches over the effective area. However, for smaller-scale
crack damage, self-healing polymers have been used to produce a revolutionary technique of autonomic restoration.
;rnhe healing agent microcapsules must be strong, have a long shelf life, and have great bonding to the host material.”l"®

Nuclear Nano capsules, a New Cancer Weapon
“Chemists have discovered a way to bundle some of nature's most potent radioactive particles into DNA-sized tubes of
pure carbon, which they plan to use to target tiny tumors and even single leukemia cells.”"®

Nano spheres for drug delivery in the brain

“For the development of new medications, the most essential element in the central nervous system is the blood brain
barrier (BBB), which is characterized by impermeable endothelial cells with tight junctions, enzyme activity, and active
transport systems. "l

“Essentially, the BBB only allows for selective chemical trafficking. As a result, if we use nano spheres to deliver
targeted drugs, they will interact with the BBB's particular receptor-mediated transport system. Polysorbate 80/LDL,for
example, is capable of delivery. As a result, medications that can't easily cross the BBB can do so with the help of nano
spheres. 8084

Topical drug nano crystals for ocular delivery

“Topical drug nano crystals for ocular delivery are the most used approach for treating ocular disorders. Some of the
most frequent dosage forms for localized medication administration in the eyes are solutions, suspensions, ointment,
and various drug delivery devices such as inserts, implants, and gelling systems. Due to different anatomical and
pathophysiological barriers inherent in the eye, most of the above-mentioned traditional and innovative dosage
formulations have low ocular bioavailability. Nano crystals have a number of advantages over traditional ocular dosage
forms, including lower doses, longer retention times, lower systemic toxicity, higher drug concentrations in the infected
area, and suitability for medicines that are weakly water soluble.”®

CONCLUSION

Nano technology in nowadays growing in medicinal sector. Nano particleformulations are used in medicinal sector for
enhancing solubilty, stability, bioavaibility and pharmacokinetic property in some case. Nano particle formulations use
in beneficially cancer treatment, diagnosis of desiseas, treatment with fewer side effects and by avoiding toxic effects.

REFERENSES

[1]. Nahas E, Fakhry G, Shereen et al. effect of various penetration enhancers on diclofenac sodium .Asian J
pharma.2011;5:33.z

[2]. Rao TD, Vishnupriya V. NANOCAPSULES-A REVIEW. PalArch's Journal of Archaeology of
Egypt/Egyptology. 2020 Nov 28;17(7):17 Available from: http://www.azonano.com/. [last updated on 2009 July

1

[3]. Awvailable from: http://www.azonano.com/.[last updated on 2009 Jul 15].[Last cited on 2009 Jul 29].

[4]. Savardekar P, Bajaj A. Nanoemulsions-a review. Inter J Res Pharm and Chem. 2016;6:312-22.

[5]. Kumar M, Bishnoi RS, Shukla AK, Jain CP. Techniques for formulation of nanoemulsion drug delivery system:
a review. Preventive nutrition and food science. 2019 Sep;24(3):225.

Page | 146



[8].
(9l

[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].

[21].
[22].

[23].
[24].
[25].
[26].
[27].
[28].
[29].
[30].

[31].
[32].

[33].
[34].
[35].
[36].

[37].

International Journal of Enhanced Research in Educational Development (IJERED)
ISSN: 2320-8708, Vol. 10 Issue 5, September-October, 2022, Impact Factor: 7.326

Nigade PM, Patil SL, Tiwari SS. Self-emulsifying drug delivery system (SEDDS): A Review. Int J Pharm Biol
Sci s2012;2:42-52.

Bolmal VB, Manv FX, Rajkumar K, Palla SS, Paladugu A and Reddy KR. (2013). Recent advances in
nanosponges as drug delivery systems. International Journal of Pharmaceutical Sciences and nanotechnology,
6(1), 1934-1944,

Trotta F, Tumiatti V, Cavalli R, Rogero C, Mognetti B, Berta G. Cyclodextrin-based nanosponges as a vehicle
for Antitumoral drugs. WO 2009/003656 A1; 2009.

Renukaivalya*, D. Prasad, Dr. M. Sudhakar, Dr. S.B.Bhanja and M. Tejaswi. A REVIEW ON
NANOSPONGES .Department of Pharmaceutics, Malla Reddy College of Pharmacy, Affiliated to Osmania
University, Hyderabad-500100.

F.Trotta, R. Cavalli, V. Tumiatti, O. Zerbinati, C. Roggero and R. Vallero, Ultrasound Assisted Synthesis of
Cyclodextrin Based Nanosponges, EP Pat 1786841A1, 23May, 2007.

Jenny A, Merima P, Albert F, FracesioT. (2011). Role of B- cyclodextrinnanosponges in propylene photo
oxidation. Carbohydrate Polymers, 86(1) 127-135.

Nayak S, Panda D, Sahoo J; Nanosuspension : A novel drug delivery system, Journal of pharmacy research,
2010; 3:2, 241-246.

J. Chingunpituk, “Nanosuspension technology for drug delivery,” Walailak Journal of Science &Technolog, vol.
4, no. 2, pp.139-153, 2007.

Xiaohui P, Jin S, Mo L, Zhonggui H, Formulation of Nanosuspensions as a New Approach for the Delivery of
Poorly Soluble Drugs, Current Nanoscience 2009; 5: 417-427.

Wagh KS, Patil SK, Akarte AK, Baviskar DT, Nanosuspension - A New Approach of Bioavailability
Enhancement, International Journal of Pharmaceutical Sciences Review and Research, 2011; 8: 61-65.
Nanosuspension systems, Hamamatsu Nano technology. Available from:
http://www.hamanano.com/e/products/c3/c3_1 /.[cited 2011 Mar 5].

www.Azonano.com

Al KhouriFallouh N, Roblot-Treupel L, Fessi H, DevissaguetJP,Puisieux F. Development of a new process for
the manufacture of polyisobutylcyanoacrylatenanocapsules. Int J Pharm. 1986;28(2-3):125-132.
https://doi.org/10.1016/0378-5173(86)90236-X.

C.Mayer, Nanocapsules as drug delivery system, International Journal of artificial organs, 2005: 11, 1163-1171.
SrikanthPilla(15 September 2011). Handbook of Bioplastics and Biocomposites Engineering Applications.John
Wiley & Sons.p. 154.1SBN 978-1-118-17704-4.Retrieved 15 July2012.
https://en.wikipedia.org/wiki/List_of_synthetic_polmrs.

Thilakarathna SH, Rupasinghe H. Flavonoid bioavailability and attempts for bioavailability enhancement.
Nutrients. 2013;5:3367-87.

Shaktish TK. Enhancement ofsolubility and dissolution property of griseofulvin by Nanocrystallization.
Int).DrugDev& Res, 3(2), 2013, 180-191.

Pawar VK, Singh Y, Meher JG, Gupta S, Chourasia MK. Engineered nanocrystal technology: in-vivo fate,
targeting and applications in drug delivery. J Control Release. 2014;183:51-66.

George J, Sabapathi SN. Cellulose nanocrystals: synthesis, functionalproperties, and applications.
NanotechnolSci Appl. 2015;8:45-54.

V.Weissig, T.K. Pettinger, N. Murdock, Nanopharmaceuticals (part 1): products on the market, International
journal of nanomedicine, 9 (2014) 4357.

Desu PK, Sindhuja M, Thriveni K, Nagalakshmi V, Rao PV.A review on significance of nanocrystals in drug
delivery. World J. Pharm. Pharm. Sci.. 2017 Sep 29;6:347-58.

Singh A, Garg G, Sharma PK. Nanospheres: a novel approach for targeted drug delivery system. International
Journal of Pharmaceutical Sciences Review and Research. 2010;5(3):84-8.

1-Mohan raj VJ, Chen Y. Nanoparticles - A review, Tropical Journal of Pharmaceutical Research, 5, 2006, 561-
573.

2.Langer R. Biomaterials in drug delivery and tissue engineering: one laboratory's experience, Accounts of
Chemical Research, 33, 2000, 94-101.

Bhadra D, Bhadra S Jain, Jain NK. Pegnology: a review of PEG-ylated systems, Pharmazie, 57, 2002, 5-29.
Kommareddy S, Tiwari SB, Amiji MM. Longcirculating polymeric nanovectors for tumorselective gene
delivery, Technology in Cancer Research and Treatment, 4, 2005, 615- 25.

Lee M, Kim SW. Polyethylene glycol-conjugated copolymers for plasmid DNA delivery, Pharmaceutical
Research, 22, 2005, 1-10.

Illum L, Davis S.S. The organ uptake of intravenously administered colloidal particles can be altered using a
nonionic surfactant (Poloxamer 338), FEBS Lett, 167, 1984, 79-82.

Mu L, Feng SS. A novel controlled release formulation for the anticancer drug paclitaxel (Taxol(R)):PLGA
nanoparticles containing vitamin E TPGS, Journal of Controlled Release, 86, 2003, 33-48.

Zonghua L, Yanpeng J, Yifei W, Changren Z, Ziyong Z. Polysaccharides-based nanoparticles as drug delivery
systems, Advanced Drug Delivery Reviews, 60, 2008, 1650-1662.

Lieberman HA, Rieger MM, Banker GS. Pharmaceutical dosage forms:Disperse systems; Vol. 3, 2nd ed. Marcel
Dekker Inc. p. 339,340,343,344.

Page | 147



[38].

[39].
[40].

[41].

[42].

[43].
[44].
[45].
[46].
[47].
[48].
[49].
[50].

[51].

[52].
[53].
[54].
[55].
[56].
[57].

[58].
[59].

[60].

[61].
[62].

[63].

[64].

[65].

[66].

[67].

International Journal of Enhanced Research in Educational Development (IJERED)
ISSN: 2320-8708, Vol. 10 Issue 5, September-October, 2022, Impact Factor: 7.326

Lachman L, Lieberman HA, Kanig JL. The Theory and Practice of Industrial Pharmacy; 3rd ed. p. 510-
1.0’Hagan DT. Vaccine Adjuvants. Humana Press; p. 214.

Available from: http://www.microfluidicscorp.com/. [last updated on 2009 Aug 2]. [last cited on 2009 Aug 5].
ShiY, Li H, Li J, Zzhi D, Zhang X, Liu H, et al. Development, optimization and evaluation of emodin loaded
nanoemulsion prepared by ultrasonic emulsification. J Drug DelivSciTechnol 2015;27:46-55.

Sharma R, Roderick B and Pathak K. (2011). Evaluation of Kkinetics and mechanism of drug release from
econazole nitrate nanosponges loaded carbopol Hydrogel. Indian Journal of Pharmaceutical Education and
Research, 45(1), 25-31.

Aritomi H, Yamasaki Y, Yamada K, Honda H and Khoshi M. (1996). Development of sustained release
formulation of chlorpheniramine maleate using powder coated microsponges prepared by dry impact blending
method. Journal of Pharmaceutical Science and Technology, 56(1), 49-52.

Patil SA, Rane BR, Bakliwal SR, Pawar SP, Nanosuspension: At A Glance, International Journal of
Pharmaceutical Science, 2011; 3(1): 947-960.

Wongmekiat A, Tozuka Y, Oguchi T, Yamamoto K. Formation of fine drug particles by co-grinding with
cyclodextrin: I: The use of B-cyclodextrin anhydrate and hydrate. Pharm Res 2002;19:1867-72.

Itoh K, Pongpeerapat A, Tozuka Y, Oguchi T, Yamamoto K. Nanoparticle formation of poorly water soluble
drugs from ternary ground mixtures with PVP and SDS. Chem Pharm Bull 2003;51:171-4.

Mura P, Cirri M, Faucci MT, Gines-Dorado JM, Bettinetti GP. Investigation of the effects of grinding and co-
grinding on physicochemical properties of glisentide. J Pharm Biomed Anal 2002;30:227-37.

Koushik O S, et al. Nano Drug Delivery Systems to Overcome Cancer Drug Resistance - A Review. J
NanomedNanotechnol.7, 2016, 378.

Salager J L. Pharmaceutical emulsions and suspensions, formulation concepts for the emulsion maker. Marcel
Dekker Inc, New York. 2000, 19-72.

Hwi Jin Ko. Recent Update of Nanobiosensors Using Olfactory Sensing Elements and Nanomaterials.Biosens J.
4, 2015, 129.

Zaman H. Addressing Solubility through Nano Based Drug Delivery Systems .J NanomedNanotechnol.7, 2016,
376.

Boudad H, Legrand P, Lebas G, Cheron M, Duchene D, Ponchel G. Combined hydroxypropyl-[beta]-
Cyclodextrins and poly(alkylcyanoacrylate) nanoparticles intended for oral administration of saquinavir,
International Journal of Pharmaceutics, 218, 2001, 113-124.

Reis CP, Neufeld RJ, Ribeiro AJ, Veiga F. Nanoencapsulation I. Methods for preparation of drug-loaded
polymeric nanoparticles, Nanomedicine, 2, 2006, 8-21.

N. Bushrab, R. Miiller, Nanocrystals of poorly soluble drugs for oral administration, J New Drugs, 5 (2003) 20-
26.

S. Katteboinaa, V. Chandrasekhar, S. Balaji, Drug nanocrystals: A novel formulation approach for poorly
soluble drugs, International journal of pharmtech research, 1 (2009) 682-694.

J. Kreuter, Nanoparticulate systems for brain delivery of drugs, Advanced drug delivery reviews, 47 (2001) 65-
81.

Martin A., Swarbrick J., and Cammarrata A., In: Physical Pharmacy-Physical Chemical Principles in
Pharmaceutical Sciences, 2003, 3rd Ed. 1991: 527.

Renuka S., Kamla P., Polymeric nanosponges as an alternative carrier for improved retention of econazole
nitrate onto the skin through topical hydrogel formulation Pharm Dev Technol.2011, 16(4):367-37.

Kumar S. Role of nano-emulsion in pharmaceutical sciences-a review. AJRPSB 2014;2:1-15.

Baboota S, Shakeel F, Ahuja A, Ali J, Shafig S. Design development and evaluation of novel nanoemulsion
formulations for transdermal potential of Celecoxib. Acta Pharm 2007;57:315-32.

Hodoroaba V, Rades S and Unger W E S 2014 Inspection of morphology and elemental imaging of single
nanoparticles by high- resolution SEM / EDX in transmission mode.

Marsalek R 2014 Particle Size and Zeta Potential of ZnO APCBEE Procedia 9 13-7.

Yano F, Hiraoka A, Itoga T, Kojima H, Kanehori K and Mitsui Y 1996 Influence of ionimplantation on native
oxidation of Si in a clean-room atmosphere Appl. Surf. Sci. 100-101 138-42.

Bhosale RR, Osmani RA, Ghodake PP, Shaikh SM, Chavan SR. Nanoemulsion: A Review on novel profusion in
advanced drug delivery. Indian J Pharm Biol Res 2014;2:122-7

Uday B.B., Manvi F.V., Kotha R., Pallax S.S., Paladugu A. and Reddy K.R., Recent Advances in Nanosponges
as Drug Delivery System, International Journal of Pharmaceutical Sciences and Nanotechnology, Volume-6,
April-June 2013;1934-1944.

Maravajhala V., Papishetty S., Bandlapalli S., Nanotechnology in the development of drug delivery system,
International journal of pharmaceutical sciences & research, 2012, Vol. 3, Issue 1, 84-96.

Pohlmann R, Beck RCR, Lionzo MIZ, Coasta TMH, Benvenutti EV, Re MI, et al. Surface morphology of spray-
dried nanoparticle-coated microparticles designed as an oral drug delivery system. Braz J ChemEng, 25(2),
2008,389-98.

Lala R, Thorat A, and Gargote C. (2011). Current trends in beta- cyclodextrins based drug delivery systems.
International Journal of Research in Ayurvedha and pharmacy, 2(5), 1520-1526.

Page | 148



[68].
[69].
[70].
[71].
[72].
[73].
[74].
[75].

[76].
[77).

[78].
[79].
[80].
[81].
[82].

[83].

[84].

International Journal of Enhanced Research in Educational Development (IJERED)
ISSN: 2320-8708, Vol. 10 Issue 5, September-October, 2022, Impact Factor: 7.326

Subramanian S, Singireddy A, Krishnamoorthy K, and Rajappan M. (2012). Nanosponges: a novel class of drug
delivery system- review. Journal of Pharmacy and Pharmaceutical sciences, 15(1), 103- 111.

Tamilvanan S. Submicron emulsions as a carrier for topical (ocular and per cutaneous)and nasal drug delivery.
Indian J. Pharm. Educ. 2004; 38(2):73-8.

Heidi MM, Yun-Seok R, Xiao W. Na nomedicine in pulmonary delivery. Int. J.Nanomed. 2009; 4: 299-3109.
Available from: http://www.mib-bio.com/. [last updated on 2009 Jul 7]. [last cited on 2009 Aug 15].

Setler P. Identifying new oral technologies to meet your drug delivery needs for the delivery of peptides and
proteins and poorly soluble molecules. IIR Limited, Drug delivery systems London: 1999.

Muller RH, Jacobs C. Production and Characterization of Budenosidenanosuspension for pulmonary
administration. Pharm Res 2002;19:189-94.

YadavGeeta, PanchoryHiten, Nanosponges : a boon to the targeted drug delivery system, Journal of drug
delivery & therapeutics, 2013, 3(4), 151-155.

Rosalba M, Roberta C, Roberto F, Chiara D, Piergiorgio P, Leigh E, Li S, Roberto P. Antitumor activity of
nanosponge-encapsulated Camptotechin in human prostate tumors. Cancer Res,2011; 71:4431.

Qing Wang, Jianfeng Dai,,Weixue Li, Zhigiang Wei and Jinlong Jiang.

The effects of CNT alignment on electrical conductivity and mechanical properties of SWNT/epoxy
nanocomposites Composites science and technology 68 (2008): 978-986.Science daily (aug. 28, 2007).
Scherrmann JM, Temsamani J. The use of Pep: Tran’s vectors for the delivery of drugs into thecentral nervous
system, International Congress Series, 1277, 2005, 199-211.

Chen Y, Dalwadi G, Benson H. Drug delivery across the blood-brain barrier, Current Drug Delivery,1, 2004,
361-376.

Kreuter J. Influence of the surface properties on nanoparticle-mediated transport of drugs to the brain, Journal of
Nanoscience and Nanotechnology, 4, 2004, 484-8.

Pardridge WM. Drug and gene targeting to the brain with molecular Trojan horses, Nature Reviews Drug
Discovery, 1, 2002, 131-9.

Ji B, Maeda J, Higuchi M, Inoue K, Akita H, Harashima H, Suhara T. Pharmacokinetics and brain uptake of
lactoferrin in rats, Life Sciences, 78, 2006, 851-855.

Gabathuler R, Arthur G, Kennard M, Chen Q, Tsai S, Yang J, Schoorl W, Vitalis TZ, and Jefferies WA..
Development of a potential protein vector (NeuroTrans) to deliver drugs across the blood brain barrier,
International Congress Series, 1277, 2005.

S. Das, P.K. Suresh, Nanosuspension: a new vehicle for the improvement of the delivery of drugs to the ocular
surface. Applica tion to amphotericin B, Nanomedicine: Nanotechnology, Biology and Medicine, 7 (2011) 242-
247.

Page | 149



