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The preparation methods for nanosuspension formulation include both top-down
methods like wet milling, dry milling, high-pressure homogenization, and co-
grinding, and bottom-up methods. These methods help in enhancing the solubility
of poorly water-soluble drugs, providing a promising alternative to traditional
formulations. Additionally, the evaluation of nanosuspensions involves assessing
various formulation parameters to determine factors such as enhanced dissolution
and bioavailability. By considering components, preparation methods, process
parameters, and administration routes, researchers aim to optimize
nanosuspension formulations for different applications. These strategies help in

developing effective nanosuspensions for various administration routes.

© KESS All rights reserved

INTRODUCTION

A colloid is a substance that generally consists of
two phases of matter - the dispersed phase and
the continuous (dispersion) medium. The
dispersed phase will have particles with
dimensions in the region of 1 nm to 1 pm,
compared with atomic makeup of the dispersion
medium. It is due to this combination often
having very unique properties, similar to both
heterogeneous and homogeneous mixtures.

Nanocolloids

Over the last two to three decades, there has
been a growing interest in the formation of
highly dispersed systems, which are frequently
referred to as “micro — and nanosystems i.e. both
“regular colloidal systems” and “nanocolloidal
systems” are actually colloidal systems.
Nanocolloidal systems, in spite of their special
features, fall into the realm of colloid and
interface science [11.

A nanosuspension is technically a submicron
colloidal dispersion of drug particles. A
pharmaceutical nanosuspension is defined as
very finely colloid, biphasic, dispersed solid drug
particles in an aqueous medium having size in
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range of 10-1000 nm without any matrix
material that are stabilized by surfactants and
polymers, prepared by suitable methods and
used for drug delivery through various routes of
administration [2l. Nanosuspension technology
has proven a unique and lucrative approach to
improve the bioavailability of poorly soluble
drugs. Nowadays, nanosuspension has become
an integral part of nano-carriers by a dint of their
several advantages such as reduced toxicity,
improved bioavailability, targeted drug delivery
to a specific site, reduced dosing frequency,
sustained and controlled release effects, high
patient compliance, better stability, ease of
administration through different routes, etc [31.

The particle-size distribution of the solid
particles in nanosuspensions is usually less than
one micron with an average particle size ranging
between 200 and 600 nm [4l.

Nanosuspensions have revealed their potential
to solve the problem associated with the delivery

of poorly water soluble and lipid soluble drugs
(51,

A nanosuspension not only solves the problem of
poor solubility and bioavailability but also alters
the pharmacokinetics of drug and that improves
drug safety and efficacy. In case of drugs that are
insoluble in both water and in organic media
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instead of using lipidic systems,
nanosuspensions are used as a formulation
approach. Nanosuspension formulation

approach is most suitable for the compounds
with high log P value, high melting point, and
high dose. The wuse of nanotechnology to
formulate poorly water-soluble drugs as
nanosuspension offers the opportunity to
address nature of the deficiency associated with
this class of drugs.

Nanosuspension has been reported to enhance
absorption and bioavailability; it may help to
reduce the dose of the conventional oral dosage
forms. Drug particle size reduction leads to an
increase in surface area and consequently in the
rate of dissolution as described by the Nernst-
Brunner and Levich modification of the Noyes-
Whitney equation. In addition, an increase in
saturation solubility is postulated by particle size
reduction due to an increased dissolution
pressure explained by the Ostwald-Freundlich
equation. An increasing amount of amorphous
drug fraction could induce higher saturation
solubility. In nanosuspension technology, the
drug is maintained in the required crystalline
state with reduced particle size, leading to an
increased dissolution rate and therefore
improved bioavailability. Drugs encapsulated

within nanosuspensions exist in
pharmaceutically acceptable crystalline or
amorphous  state.  Nanosuspensions can

successfully formulate the brick dust molecules
for improved dissolution and good absorption [l
The feature of nanosuspension is the increase in
saturation solubility and consequently increases
in the dissolution velocity of the compound [71.

During nanosuspension production, a large
number of small size particles are produced
having increased surface area. This leads to
significantly increase in the Gibb'’s free energy of
the system. Thus due to the high interfacial
tension, the system becomes thermodynamically
unstable. The nanoparticles ultimately tend to
minimize their total energy by undergoing
agglomeration. The increase in free energy is
given by the Gibb’s free energy equation:

AG=YAA-2TAS (D
Where, AA is the change in surface area, y is the

surface tension, T is the absolute temperature
and AS are the change in entropy.

The agglomeration process depends on the
energy of activation that is in turn influenced by
the addition of stabilizers to the system like
surfactants and polymers.

The stabilizers cause a reduction in the
interfacial tension between the particles and the
dispersion medium. For achieving maximum
stability, nanosuspensions are added at the early
stages of preparation. These stabilizers are
required to reduce interfacial tension and to act
as wetting agents. Similarly, they are also
required to provide a barrier between the drug
particles to prevent agglomeration. Possible
mechanisms for providing a barrier are
electrostatic repulsion and steric stabilization.
The particles do not get agglomerated because of
electrostatic repulsion due to charge of the
particles. Steric stabilization is achieved with
polymeric additives such as Hydroxypropyl
methylcellulose (HPMQ) and Poly
vinylpyrrolidone (PVP). In this approach, a high
concentration of polymers is added to the
colloidal system. These polymers are adsorbed
onto the drug particle and their long hydrophilic
chains that are extended into the water, prevent
the particles from agglomerating [2].

Advantages [6.8-11]

= Increase drug solubility and bioavailability

» [tis possible to reach a higher drug loading

= Itis possible to reduce the dose

» Improve medication physical and chemical
safety

*  Only drugs that are poorly soluble can be
used

=  The IV route allows for rapid dissolution
and tissue targeting

» Reduced tissue irritation

» Increased drug dissolution rate and
saturation solubility improve biological
efficiency

= Physical consistency over time in the
presence of a stabilizer

= In the case of ocular administration and
inhalation drug delivery, bioavailability is
higher

= Nanosuspension can be used in cream, gel,
pellet, pill, and tablet formulations

[t is used for compounds that are water insoluble
but which are soluble in oil. On the other hand,
nanosuspensions can be used in contrast with
lipidic systems, and successfully formulate
compounds that are insoluble in both water and
oils.
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Nanoparticles can adhere to the gastrointestinal
mucosa, prolonging the contact time of the drug
and thereby enhancing its absorption.

A pronounced advantage of nanosuspension is
that there are many administration routes for
nanosuspensions, such as oral, parenteral,
pulmonary, dermal and ocular.

Nanosuspension has low incidence of side effects
by the excipients.

Nanosuspensions overcome delivery issues for
the compounds by obviating the need to dissolve
them and by maintaining the drug in a preferred
crystalline state of size sufficiently small for
pharmaceutical acceptability.

Increased resistance to hydrolysis and oxidation
and increased physical stability to settling.

Due to the particle size reduction, the
penetration capability of topical nanosuspension
preparations increases significantly.

Formulation Consideration of
Nanosuspension [12-14]
To formulate nanosuspension some

compositions should be added in the preparation
method. The consideration of composition is
important for the formulation as given in Table 1.

Temperature

The optimized temperature of formulation is an
important role in achieving the desired and
anticipated characteristics of nanosuspensions.
The temperature should be kept low when
nanosuspensions are  produced through
homogenization. During production of emulsion
nanosuspension, when the organic solution of
drug is added to aqueous phase containing
surfactants, the homogenization process is
carried out in ice or low temperature should be
used. Since the organic solvents are actively
involved in formulation, they get quickly
evaporated, resulting in irregular particles
formation. When the temperature is kept low,
the organic solvents diffuse slowly out of the
system resulting in the formation of spherical
and complete nanoparticles [51.

Table 1: Formulation Considerations of Nanosuspension

S.No Composition Reasons Examples
1 Stabilizers To perform the formulations stability by wetting Cellulosics, povidones, poloxamers,
the drug particles and preventing the Ostwald’s polysorbates, lecithins
ripening and agglomeration of nanosuspensions
2 Organic solvents Pharmaceutically acceptable and less hazardous Methanol, ethanol, chloroform,
Preferred over the conventional solvents isopropanol
3 Surfactants To enhance the disperse by decrease the interfacial Tweens and Spans
tension
4 Co surfactants Affect the phase behaviour of the system Bile salts, dipotassium
glycerrhizinate, transcutol,
glycofurol, ethanol,glycofurol,
ethanol, isopropanol
5 Other additives Depends on either the route of Administration Salts, polyols, buffers, osmogent,
/properties of the drug delivery cryoprotectant
Stirring Speed Methods of Production of Nanosuspension

To get nanosuspension with good quality,
stirring speed is an important process
parameter. To maintain the particle size in small
size, homogenization is crucial. This can be
achieved either through the process of High-
Pressure Homogenization (HPH) or High-Speed
Homogenization (HSH). The stirring speed
increases during HSH/HPH leads to reduction in
particle size. The recommended speed for
HPH/HSH is 20,000 RPM/around 5-8 cycles (2,

Nanosuspension technology has been developed
as a promising candidate for efficient delivery of
hydrophobic drug. This technology is applied to
poorly soluble drugs that are insoluble in both
water and oils. Preparation of nanosuspensions
were reported to be a more cost effective and
technically more simple alternative, particularly
for poorly soluble drugs and yield a physically
more  stable product than liposomes;
conventional colloidal drug carriers. For
manufacturing nanosuspensions there are “Top-
down” and “Bottom-up” methods as shown in
Fig. 1.
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Preparation methods of nanosuspension

Bottom-up technology Top-dovn technology

Microemulsion as template Emulsion as template

Precipitation (Hydrosol) Media milling (Nanocrystal)

High-pressure homogenization (HPH)

HPH in water { DissoCubes)

Combination of precipitation
and HPH (Nanoedge)

HPH in nonagqueous media
{Nanopure)

Figurel: Manufacturing technique involved in the preparation of Nano suspensions [39]

The top - down process follows disintegration
approach from large particles, micro particles to
nanosized particles [16].

Examples are:
= High Pressure Homogenization
= Nanoedge
= Nanopure
= Media milling (Nanocrystals)

Bottom - up is an assembly method forms
nanoparticles from molecules (7],

Examples include:
= Solvent-Antisolvent method
= Super critical fluid process
= Emulsification Solvent
technique
= Lipid emulsion/Micro-emulsion template.

evaporation

The principle techniques used in recent years for
preparing nanosuspensions are:

= High pressure homogenization

= Milling techniques

= Emulsification-solvent

= Precipitation

= Supercritical fluid process

= Melt emulsification method

= Lipid emulsion/micro emulsion template

= Solvent evaporation

A. High Pressure Homogenization:

In the high pressure homogenization method, the
suspension of a drug and surfactant is forced
under pressure through a nanosized aperture

valve of a high pressure homogenizer. The
principle of this method is based on cavitation
forces of drug particles in the aqueous phase.
These forces are sufficiently high to convert the
drug micro particles into nanoparticles [18l,

Homogenization in aqueous media (Disso cubes):
Dissocube technology was developed by
R.H.Muller in 1999 using a piston-gap type high
pressure homogenizer [19. In this method, the
formulation of suspension containing a drug and
surfactant is forced under pressure through a
nanosized aperture valve of a high pressure
homogenizer.

Principle

This method is based on cavitation principle. The
dispersion of particles present in cylinder of 3cm
diameter is suddenly passed through a very
narrow gap of 25um. According to Bernoulli’s
law the flow volume of liquid in a closed system
per cross section is constant that leads to
increase in dynamic pressure and decrease of
static pressure below the boiling point of water
at room temperature due to reduction in
diameter from 3cm to 25um. Then water starts
boiling at room temperature and forms gas
bubbles, which implode when the suspension
leaves the gap (which is called cavitation) and
normal air pressure is reached. To convert the
drug microparticles into nanoparticles, the
particles cavitation forces are sufficiently high.
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B. Homogenization in Nonaqueous Media

i. Nanopure:

Nanopure is suspension formulation which is
homogenized in water-free media or water
mixtures like PEG 400, PEG 1000 etc. The
homogenization in the media can be done at
room temperature, 0°C and below freezing point
(-200°C) which is known as “deep freeze”
homogenization 20,

ii. Nanoedge:

Nanoedge technology is the combination process
of both precipitation and homogenization. The
basic principle is same as that of precipitation
and homogenization process. Crystal growth and
long-term stability are the major disadvantages

Impact ring

of precipitation technique which can be
overcome by using the Nanoedge technology.
The smaller size particles and better stability in
short time can be achieved [211,

iii. Nanojet:

It is also called as “opposite stream or nanojet
technology”, in this technology contains a
chamber where a stream of suspension is divided
into two or more parts, which colloid with each
other at high pressure, due to the high shear
forces produced during the process particle size
is reduced 221, The schematic representation of
the high-pressure homogenization process is
shown in Fig. 2.

Valve seat

Pdiaraas p;lrl'.id_'ll_'x-

MMicro e rticles

Figure 2: Schematic cartoon of the High-Pressure Homogenization Process [40]

Recirculation chamber

Coolent

Large drug

-y

Milling media

Nanocrystals

N
Screen-retaining milling
media chamber

Figure 3: Schematic representation of the media milling process [40]

Milling Techniques:
A. Media Milling:
Media milling (nanocrystals) is an important
technique used to prepare Nanosuspensions.
Nanocrystal is a patent-protected technology and

developed by Liversidge et al. In this technique,
the drug nanoparticles are obtained by
subjecting the drug particles to media milling. As
a result of impaction of the milling media with
the drug particles high- shear forces are
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generated which provide the necessary energy
input to disintegrate the microparticulate drug
into nanosized drug particles. In the media
milling process, the milling chamber has a
milling shaft and a recirculation chamber and
charged with the milling media, water or suitable
buffer, drug and stabilizer. Then the milling
media or pearls are rotated at a very high shear
rate at a controlled temperature (331,

B. Dry Co-Grinding:

The media milling process is wet milling method.
But recently, Nanosuspension is obtained by dry
milling techniques. Dry co-grinding can be
completed out easily and economically and can
be conducted without organic solvents. The dry
co-grinding technique can reduce particles to the
submicron levels and a stable amorphous solid is
obtained [24-25],

C. Emulsification-solvent
Technique:

This technique involves preparing a drug
solution followed by its emulsification in another
liquid that is a nonsolvent for the drug.
Evaporation of the solvent leads to drug
precipitation. Crystal growth and particle
aggregation of nanoparticles can be controlled by
creating high shear forces using a high-speed
stirrer. The method utilizes organic solvents like
methylene chloride and chloroform. Due to
environmental hazards and human safety
concerns, their use has been restricted but
comparatively some safer solvents like ethyl
acetate and ethyl formate can be used [26-27],

Evaporation

D. Precipitation

Precipitation Technique (Solvent-Antisolvent
Method):

Precipitation method has been used for long
years for the preparation of submicron particles.
It is mainly used for the poorly soluble drugs.
First, drug is dissolved in a suitable solvent. This

Gas supply Pump

solution is then mixed with a miscible
antisolvent system in the presence of surfactants.
Rapid addition of drug solution into the
antisolvent leads to the sudden super saturation
of drug in the mixed solution and forms ultrafine
drug solids. Precipitation method involves two
phases - nuclei formation and crystal growth.
When preparing a stable suspension with the
minimum particle size, a high nucleation rate and
but low growth rate is necessary. Both rates are
depending on temperature. In this technique the
drug needs to be soluble in at least one solvent
which is miscible with nonsolvent [26],

E. Supercritical Fluid Process:

Supercritical fluid technology can be used to
produce nanoparticles from drug solutions. The
various methods attempted are rapid expansion
of supercritical solution process (RESS),
supercritical anti-solvent process and
precipitation with compressed anti-solvent
process (PCA).The RESS involves expansion of
the drug solution in supercritical fluid through a
nozzle, which leads to loss of solvent power of
the supercritical fluid resulting in precipitation
of the drug as fine particles. Young et al
prepared cyclosporine nanoparticles in the size
range of 400-700 nm using this process. In the
PCA method, the drug solution is atomized into a
chamber containing compressed CO,. As the
solvent is removed, the solution gets
supersaturated and thus precipitates as fine
crystals. The supercritical anti- solvent process
uses a supercritical fluid in which a drug is
poorly soluble and a solvent for the drug that is
also miscible with the supercritical fluid. The
drug solution is injected into the supercritical
fluid and the solvent gets extracted by the
supercritical fluid and the drug solution gets
supersaturated. The drug is then precipitated as
fine crystals. The hazardous solvents and high
proportions of surfactants and stabilizers are the
major drawbacks of this method [28l,

Super critical solution with

polymer and drug )
Nanoparticles

Heater

Figure 4: Schematic representation of supercritical fluid technology [2]
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F. Melt Emulsification Method:

In this method drug is dispersed in the aqueous
solution of stabilizer and heated above the
melting point of the drug and homogenized to
give an emulsion. During this process, the sample
holder is enwrapped with a heating tape fitted
with  temperature controller and the
temperature of emulsion is maintained above the
melting point of the drug. The emulsion is then
cooled down either slowly to room temperature
or on an ice-bath. The main advantage of melt
emulsification technique relative to the solvent
diffusion method is total avoidance of organic
solvents during the production process. Nano
suspension of ibuprofen is prepared by this
method. Formulating ibuprofen Nano suspension
by melt emulsification method show greater
dissolution rate than formulating by solvent

diffusion method4. Parameters like drug
concentration, concentration and type of
stabilizers used; cooling temperature and

homogenization process greatly affect the
particles size of the nanosuspensions [19],

G. Lipid Emulsion/Microemulsion
Template:
Another way to produce nanosuspensions is

to use an emulsion which is formed by the
conventional method using a partially water
miscible solvent as the dispersed phase.
Nanosuspensions are obtained by just diluting
the emulsion. Moreover, microemulsions as
templates can produce nanosuspensions.
Microemulsions are thermodynamically stable
and isotropically clear dispersions of two
immiscible liquids such as oil and water,
stabilized by an interfacial film of surfactant and
co-surfactant.50 The drug can be either loaded

into the internal phase or the pre-formed
microemulsion can be saturated with the drug by
intimate mixing. Suitable dilution of the
microemulsion yields the drug nanosuspension.
The advantages of lipid emulsions as templates
for nanosuspension formation are that they are
easy to produce by controlling the emulsion
droplet and easy for scale-up. However, the use
of organic solvents affects the environment and
large amounts of surfactant or stabilizer are
required 311,

H. Solvent Evaporation:

In the solvent evaporation method, the solutions
of polymer are prepared in volatile solvents and
emulsions. The emulsion is converted into a
nanoparticle suspension on evaporation of the
solvent for the polymer, which is allowed to
diffuse through the continuous phase of the
emulsion. The particle size is influenced by the
concentration of polymer, stabilizer and the
speed of homogenizer. In the conventional
methods, two main strategies are being used for
the formation of emulsions, the preparation of
single-emulsions, e.g, oil-in-water (o/w) or
double-emulsions, e.g., (water-in-oil)-in-water,
(w/o0)/w. These methods require high-speed
homogenization or ultrasonication, followed by
evaporation of the solvent, either by continuous
magnetic stirring at room temperature or under
reduced pressure. By ultracentrifugation, the
solidified nanoparticles are collected which is
washed with distilled water to remove the
additives like surfactants, and then it is
lyophilized [22. The schematic representation of
the solvent-evaporation technique is given below
in Fig. 5.

- 4
Organic solution: | d CC)) 8). Solvent and
1 ~ p
Polymer + Drug ' \-. . Sr-\,b €« O Tresidual
1 I ! .
Polar solvent + ) @’ N {)- o II ‘
/| @0 —<C T—
Surfactant®* + | OO 0@ ® | water .
s | e ‘) evaporation
(011 R O [—— OO/

Aqueous solution:
Stabilizer in water

(surfactant)

Figure 5: Schematic representation of the solvent-evaporation technique [40]
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I. Micro Fluidization Reaction Technology:

Micro fluidization reaction technology (MRT) is a
continuous and scalable micro reactor system,
which utilizes the combination of the “bottom-
up” and “bottom-down” methods. In MRT,
antisolvent and pressurized solutions of drug are
pumped through a micro fluidizer reaction

Re Reactant 2

Feed

pumps

chamber. The streams of the liquids collide with
each other at supersonic speeds up to 300 m/s in
the reaction chamber (Fig. 6). Cavitation and
high shear forces produced during particle
collision are the main factors behind the particle
size reduction in MRT method.

Outlet
exchang

« _': . Impinging

l.')
ump g— " = Jet chamber
7' Pressure
( | gauge
[’_._l_

Figure 6: Schematic representation of micro fluidization reaction technology (2]

Postproduction

Nanosuspensions
Some drugs are considered to be highly
susceptible to hydrolytic cleavage or chemical
degradation; therefore, the processing of their
nanosuspension becomes imperative.
Postproduction processing of the drug
nanosuspensions also become essential when the
employed stabilizers are not enough able to
stabilize the formulations for an extended period
of time or there are acceptability restrictions
with respect to the desired route. The techniques
such as lyophilization or spray drying may be
employed to produce a dry powder of drug with
particles in nanosized range. The most important
thing about the postproduction processing is that
it should not affect the cost effectiveness of the
formulations. In general, the method of spray
drying is more economical and convenient than
lyophilization. The effect of postproduction
processing on the particle size of the
nanosuspension and moisture content of dried
nanosized drug should be taken into
consideration. Lyophilization is used more often
as compared to spray drying. The use of
refrigerator and liquid nitrogen are two ways of
reducing temperature in lyophilization. The
freeze-dried process is accomplished using a
freeze dryer. Centrifugation and ultrafiltration
can also be wused to concentrate drug
nanoparticles for better drying process of the
nanosuspensions redispersants or protective
agents are also added to the suspensions before

Processing of

the drying. They help in preventing the
nanoparticle from agglomeration. This is also
necessary for maintaining the intrinsic
characteristics of the suspensions when they are
redispersed in water. Some sugars such as
sucrose, lactose, trehalose and mannitol are also
added as protective agents. Mannitol has been
found to be more popular protective agents
among all [2]

Characterization Approach/ Technologies for
Nanosuspension

Evaluation of nanosuspension is quite significant
for knowing their unique characteristics as well
as applications. Various evaluative techniques
that can be efficiently utilized for fabricating the
optimum quality products are described as
follows.

1. Particle Size Analyzer

Particle size is a crucial parameter for the
evaluation of nanoparticles of nanosuspension.
Particle size analyzer is an ideally favorable
technique utilized for the determination of
particle size in nanometer (nm) range. For this
purpose, the series of Malvern zeta analyzer is
exclusively used that exhibits high sensitivity to
estimate the minute particle size of the sample
even in nano-range that possesses low
concentration. Dynamic Light Scattering (DLS)
approach is a widely employed technique for
estimating the dispersed nanoparticles of
nanosuspension. Another important
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characterization parameter for the
nanosuspension is the width of particle size
distribution (called polydispersity index/PDI)
which governs the physicochemical properties
like saturation solubility, dissolution velocity,
physical  stability and also  biological
performance. The different methods for
determining particle size distribution are photon
correlation spectroscopy (PCS), laser diffraction
(LD) and coulter counter multisizer [241.

2. Zeta Potential

Zeta potential is used to estimate the nature and
intensity of the surface charge of the dispersed
nanoparticles of nanosuspension. Zeta potential
is the potential difference existing between the
surface of solid particles immersed in a
conducting liquid and bulk of the liquid. It is
estimated in volts (V) or milli-volts. Colloidal or
storage stability of dispersed nanoparticles can
be predicted through zeta potential. It may also
provide information about the nature of material
encapsulated or coated on the surface of the
particle. For a nanosuspension to be
electrostatically stable, it should have a
minimum zeta potential of 30 mV. Surface charge
usually arises from ionization of adsorption of
ions like surfactants onto the surface or the
particle surface. This surface charge is assessed
through measurements of the zeta potential. Zeta
potential is the potential at the hydrodynamic
shear plane and can be determined from the
particle mobility under an applied electric field.
The mobility will depend on the effective charge
on the surface. Zeta potential is also a function of
electrolyte concentration [26-27],

3. Differential Scanning Calorimetry (DSC)

Differential scanning calorimetry is a thermal
analytical technique which involves the
measurement of the difference to the extent of
heat necessary to increase the temperature of
sample and reference as a function of
temperature. Both the reference and sample are
kept at an identical temperature during the
experiment. In DSC, the temperature of the
sample holder increases linearly. Lesser amount
of material is needed to perform the analysis.
DSC is based on the principle that when a sample
comes under a physical transformation like a
phase transition, high or low amount of heat will
be required by the sample in comparison to
reference in order to maintain both at the similar
temperature and this process depends upon the
type of process i.e. exothermic or endothermic B31.

4. Fourier Transform Infrared (FTIR)
Analysis
Fourier transform infrared analysis was

conducted to verify the possibility of interaction
of chemical bonds between drug and polymer in
solid state. Samples were scanned in the range
from 400-4000 cm-1.

5. Scanning Electron Microscopy (SEM) and
Transmission Electron Microscop

Scanning Electron Microscopy (SEM) and
Transmission Electron Microscopy (TEM) were
used to analyze particle size, shape and surface
morphology and surface topography of the drug
(3],

6. In vitro Dissolution Study

The dissolution rate for nanosuspension can be
defined as amount of drug that goes in the
solution per unit time under standard conditions
of liquid/solid interface, temperature and
solvent composition. It is considered as a specific
type of certain heterogeneous reaction in which
a mass transfer results as a net effect between
escape and deposition of solute molecules at a
solid surface.42 Evaluation of in vitro dissolution
is used as first - line investigations for
biopharmaceutical parameters of
nanoformulations. Since oral nanoformulations
are designed to be dispersed in the stomach
contents, dissolution tests should be carried out
in simulated gastric fluid and leads to extraction
of real results and will help to evaluate the
effects of gastric contents on the dissolution
behavior of the nanosuspensions. For insoluble
compounds, where dissolution is expected to
mainly occur in the intestinal region, further in
vitro testing in simulated intestinal media will
provide additional insight on expected
bioperformance of nanosuspensions. It has been
observed that nanosized drugs show an
increased in vitro dissolution rate. The
undissolved drug particles should be removed
before subjecting the nanosuspensions to in vitro
dissolution tests. Filtering through smaller pore
size filters or ultracentrifugation of drug
particles are widely used for separation of
undissolved drug particles 201,

7. Colour and Odour

The characteristic and specific colour and odour
of the API should be maintained. These
characteristics should be monitored when
nanosuspension is intended for  oral
administration. Changes in taste of active
constituents occur due to alterations in particle
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size, crystal habit and subsequently particle
dissolution. The changes in color, odor and taste
can also due to chemical instabilities.

8. Resuspendability

The investigation of resuspendability of the
nanosuspension is very important because
various pharmaceutical formulations are
aqueous suspensions or nanosuspensions of
poor water-soluble drug containing different
excipients. The sedimentation issue is always
expected to be associated with them;
sedimentation upon storage gives rise to
nonuniform distributions of drug and cause
failure or side effects due to overdosing. To study
the sedimentation phenomenon in
nanosuspension, optical analysis, ionizing
radiation absorption and electrical sensing are
employed [21.

9. Saturation Solubility and Dissolution
Velocity

The saturation solubility is considered as prime
importance to predict the changes in the in vivo
performances like blood profiles, plasma peaks
and bioavailability of the drug. Nanosuspension
increases the dissolution velocity and saturation
solubility. Size reduction leads to increase in the
dissolution pressure. An increase in solubility
that occurs with relatively low particle size
reduction may be mainly due to a change in
surface tension leading to increased saturation
solubility [31.

Nanosuspensions Instabilities
Nanosuspensions have been extensively studied
for drug delivery; still they are facing certain
instability issues caused by nucleation and
particle growth. Their increased surface area has
been their unique characteristic and makes them
able to exhibit their unique biopharmaceutical
behaviour. But on other hand, it also renders
them thermodynamically unstable and promotes
agglomeration and crystal growth. The high
surface energy of nanosized crystals results in
particle size growth, a phenomenon known as
Ostwald ripening, in the absence of appropriate
stabilizers.

1. Aggregation

The use of inappropriate stabilizers causes
permanent instability in nanosuspensions and
thus leads to aggregation during storage or
solidification process due to the Ostwald
ripening phenomenon. When nanosuspensions
are prepared through the top-down approach,

the nanosized drug particles tend to aggregate
due to the thermodynamic effect, ultimately
reducing the efficiency of the process.

2. Sedimentation and Flocculation

Flocculation is a type of sedimentation that
occurs in nanosuspension when the gravity of
the drug particle becomes greater than buoyancy
force of dispersion system, an out of equilibrium
phenomenon of a colloidal nanosuspension,
which results from attractive interactions
between particles. Its Kkinetics can be
quantitatively related to the so-called DLVO
potential. Polymer bridging, polymer particle
surface complex formation, charge
neutralization, depletion flocculation, or the
combination of these mechanisms leads to the
phenomenon of flocculation in nanosuspensions.

3. Polymorphism/Crystallinity

The drug molecules in nanocrystal forms happen
to be relatively thermodynamically unstable as
compared to their crystalline states. Due to this
thermodynamic instability, the amorphous
nanocrystals of the drugs tend to transform to a
crystalline state, which limits their
commercialization. The transformation of
nanocrystals from amorphous form to some
specific crystalline form is an inevitable problem
occurring during the storage stage of the
nanosuspensions [21.

General Strategies to Enhance Stability of
Nanoparticle Formulations

Strategies to address different stability issues are
usually tailored according to different aspects
such as therapeutic requirements, dosage form
and manufacturing complexity. As the particle
size is reduced, the sedimentation rate is
decreased so that particles can stay suspended
longer in nanosuspensions. The use of stabilizers
is the most commonly used technique in
achieving a stable nanoparticle formulation. The
challenging is the selection of stabilizer. The
challenge stems mainly from two aspects: (i) lack
of fundamental understanding of interactions
within nanosuspensions and (ii) lack of an
efficient and high throughput stabilizer screening
technique. In the case of aqueous
nanosuspensions, it is relatively easy to select
stabilizers given that water-based stabilizing

moieties such as PEG and PVA are well known
[38],

100



Marabathuni Jhansi Priya and Chennu Prasada Rao / Indian Journal of Novel Drug Delivery 16(2), Apr-Jun, 2024, 91-103

Applications of Nanosuspensions

1. Oral Delivery

Oral route is considered safe and convenient for
drug delivery purposes. The in vivo performance
and therapeutic efficacy of the orally
administered drugs depends on their solubility
and absorption through the gastrointestinal
tract. Nanosuspensions as delivery vehicles have
been unique formulations strategies for such
poor water-soluble drugs as they efficiently
address the solubility issues. Mechanisms like
the adhesiveness of drug nanoparticles to the
mucosa, the increased saturation solubility
leading to an increased concentration gradient
between gastrointestinal tract lumen and blood,
and the increased dissolution velocity of the drug
are involved in improving the drugs
bioavailability when they are delivered as oral
nanosuspensions. Aqueous nanosuspensions can
be used directly in a liquid dosage form or they
may be converted to dry dosage form like tablet
or hard gelatin capsule with pellets.

2. Pulmonary Drug Delivery

Pulmonary diseases are complex human airway
disorders and generally accompanied by local
lung inflammation. The pulmonary drug
administration has been advantageous over
systemic delivery, i.v. or oral. Pulmonary drug
delivery is considered to be the first-line
therapeutic strategy for controlling symptoms,
improving lung function, and reducing morbidity
and mortality. The nanosuspensions offer quick
onset of action initially and then controlled
release of the active moiety. Nanosuspensions
can be used in all available types of nebulizer.
However, the extent of influence exerted by the
nebulizer type as well as the nebulization
process on the particle size of nanosuspensions
should be optimized properly.

3. Ophthalmic Delivery

When drugs are taken through oral or iv.
administration, their concentrations are always
low in ocular tissues due to the restrictive blood
ocular barrier. Factors like solution drainage,

lacrimation, conjunctival absorption, tear
dilution, and turnover induce poor ocular
bioavailability of drugs in conventional

ophthalmic dosage forms. For overcoming the
problems of the low ocular bioavailability, short
duration of drug action and adverse reactions,
different ophthalmic delivery formulations like
using viscous solutions, suspensions, ointments,
hydrogels, and polymeric particles have been
investigated for ocular application. As reduction

in the particle size enhances the surface area and
increases the solubility and dissolution rate.
Nanosuspensions are excellent in both increasing
the solubility and bioadhesion, so they can be
efficiently exploited for ophthalmic delivery.

4. Intravenous Delivery

Intravenous route delivers the drug directly into
the blood circulation and preferable route of
drug administration in emergency times. The
limitation of this route is that poor water soluble
drugs cannot reach the desired concentration in
typical injection (1-10mL) or infusion volumes
(100mL). Nanosuspensions can be used as an
alternative approach for addressing the
insufficient solubility of drugs and excipients
associated side effects. By virtue of well-
tolerated excipients in their compositions and
their increased drug loading capacity (up to
100% w/w), nanosuspension formulations have
been the subject of greater interest for
intravenous administration. Nanosuspensions
containing relatively large particles (larger than
200 nm) dissolve slowly and thus will be rapidly
recognized and taken up by phagocytic cells of
macrophages in liver, spleen and lung within 5
min after intravenous injection.

5. Subcutaneous Delivery

Subcutaneous drug delivery avoids the “first
pass” effect and improves systemic exposure of
the drugs as compared to oral and iv.
administration. Also it acts as a precursor of the
delivered drug and ensures its slow release of
drug to the bloodstream, providing a longer and
sometimes steady drug level in vivo. Drug
delivery through SC route is still limited due to
the absorption, stability, dissolution rate, and
solubility of the drug. Nanosuspensions without
the interference of toxic excipients can be a good
selection for SC drug delivery. Nanosuspensions
drug delivery through SC can reduce the
frequency of administration and dose quantity,
thus provides an advantage for treatment of a
chronic disease in which reduced manpower is
desired.

Other Applications
= Targeting for

system, tumors
= Transport across the blood-brain barrier
= P-glycoprotein (P-gp) efflux inhibition

mononuclear phagocytic
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CONCLUSION

Nanosuspensions are a promising alternative to
improving the solubility and bioavailability of
drugs. They can be prepared using a variety of
techniques, including wet milling, high-pressure
homogenization, ultrasound assisted
sonocrystallization, and lyophilization.

Wet milling is a method that combines HPMC
with Tween 80 to prepare
nanosuspensions. Lyophilization before high-
pressure homogenization can reduce particle
size, which can improve solubility and
dissolution. Ultrasound assisted
sonocrystallization can reduce particle size and
control the size distribution of active
ingredients.

Nanosuspensions can be administered orally,
parenterally, pulmonally, ocularly, or
topically. They can improve drug safety and
efficacy by modifying drug pharmacokinetics and
enhancing the solubility of poorly water-soluble
compounds.
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