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ABSTRACT
Nanosuspension formulation and production techniques are currently undergoing remarkable 
growth in pharmaceutical industries to address poor aqueous solubility and low bioavailability 
of active pharmaceutical ingredients. It has some distinct character and benefits over other 
methodologies used to enhance aqueous solubility. The controlled process including formulation 
and processing variables provide the requisite shape and size of the drug particles in the form 
of nanosuspension. Generally, drug particles in the form of nanosuspension can be obtained 
in the size range of 200 to 1000 nm by manipulating various parameters. The pharmacokinetic 
parameters of the drugs can also be altered by changing the size of drug particles by developing 
them in the form of nanosuspension. The current review aims to address the physico-chemical 
characteristics of nanosuspensions, including various formulation considerations. This review also 
includes potential applications and recent advancements in the field of nanosizing technology.

Keywords: Nanoparticles, Nanosuspension, Nanosizing approaches, Saturation solubility, 
Pharmacokinetics.

INTRODUCTION

The pharmaceutical market comprises various therapeutic classes 
of drugs being developed in large capacity by pharmaceutical 
industries, however poor aqueous solubility and low GI 
permeability are the biggest hurdles leading to poor bioavailability 
and compromised efficacy. The current formulation challenges 
cannot be addressed by conventional formulation approaches 
because they are unable to enhance the dissolution of poorly 
water-soluble drugs. The conventional solubility-enhancing 
approaches suffer from known limitations such as undesirable 
drug release patterns, some unwanted effects as well as toxicity.1 
Nanotechnology, a potential tool for various novel and smart 
drug delivery systems with uniform and required shapes and 
sizes as well as acceptable release patterns, can solve the problem 
encountered with conventional drug delivery systems. It helps 
in the development of safe and effective nanomedicines.2 The 
solubility, release pattern, and undesirable side effects or 

toxicity can be easily altered, and targetability can be achieved 
after using nanotechnology in formulation development. In 
the last two decades, outstanding progress has been noticed in 
the drug delivery and imaging area using various nano vectors 
in the pharmaceutical field; for example, liposomes, micro and 
nanoparticles have been the subjects of intense research and 
development. In the current era, nanosizing is hastily growing 
and becoming a potential approach due to the continuous efforts 
of scientists and researchers from different fields.

Nanosizing is an approach in which the particle size of drug 
substances is reduced to the submicron or nano range. The 
particles (nano or micron range) thus obtained can be further 
stabilized with the application of different surfactants and 
polymers, which help to retard the regrowth of the particles. 
Thus, it can be formulated in the form of any dosage form, such 
as tablets, capsules, and suspensions for oral administration. 
The resulting formulations show high dissolution and solubility 
of drug substances.3 Among various nanosizing techniques, the 
probability to formulate a stable suspension of the plain drug 
with a uniform nano-size range of particles using different new 
approaches and equipment is more. It minimizes the use of other 
excipients in the formulation in very high concentration.4 It 
requires a very minimum concentration of suitable surfactants 
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or suspending agents to stabilize the in aqueous or non-aqueous 
media.5 A conventional pharmaceutical suspension may be a 
coarse dispersion in which uniform particles are dispersed in any 
vehicle. The absorption of the medicine from GIT or extracellular 
fluid to cells of different organs particularly depends upon their 
solubility within the extra and intracellular fluid, their partitioning 
within the cell membrane, and developed concentration gradients 
with very low drug concentration. Varieties of formulations of 
nano- or microsized drugs have been developed to overcome 
these problems which are shown in Figure 1.

Formulation development with poorly water-soluble drugs 
is a challenging task for pharmaceutical industries, and this 
challenging task is further augmented when drugs are also 
insoluble in nonaqueous media (Figure 2). In the condition 
where the drug substances are insoluble in both aqueous and 
nonaqueous media, nanosuspension technology is very simple 
and easy and plays an important role in enhancing the solubility 
of drugs in both media.6-8

Nanosuspension is a dispersion of nanosized (below 1 µm) or 
colloidal range drug particles preferably below 200 nm that are 
dispersed and stabilized by a stabilizer in any liquid vehicle. It 
can be prepared by different methods and delivered by different 
routes of administration, mainly oral, nasal, ocular, and parenteral 
routes (Figure 2).9 This review highlights the physico-chemical 
background of nanosuspensions. This review also illustrates 

potential applications and recent advancements in the field of 
nanosizing technology.

PHYSICO-CHEMICAL BACKGROUND OF 
NANOSUSPENSIONS

Nanosuspensions were developed to enhance the dissolution or 
solubility of the drug to increase the bioavailability and reduce 
the dose and cost of the formulation10 It is a new strategy that can 
help to overcome the drawbacks of conventional drug delivery 
systems, such as biocompatibility, toxicity, and stability.11,12 
Some theoretical aspects should be applied to design an ideal 
nanosuspension. The reason behind solubility or dissolution 
enhancement through nanosuspension is that the increase in 
the surface of drug substances upon size reduction leads to an 
enhanced dissolution rate of drug particles, principally from 
microsizing to nanosizing, as per the Noyes-Whitney equation 
with slight modification according to Nerst-Brunner and Levic13 
the rate of dissolution can be expressed as given equation-1.

​​​ dX _ dt ​ = ​[​​​(​ 
DA _ h ​ )​ × ​(Cs − ​ X _ V ​)​​]​​​​---------------------------(1)

Where dx/dt is the rate of dissolution, ‘A’ is particle surface area, 
‘D’ is the diffusion coefficient, ‘h is’ the thickness of the diffusion 
layer, ‘Cs’ concentration of the drug at saturable level, ‘X’ is the 
concentration of drug in bulk media and ‘V’ is the total volume of 
the dissolution media.

Moreover, saturation solubility can be enhanced by minimizing 
the particle size of the drug. The saturation solubility of the 
drug is limited in the case of coarse powders, which is affected 
by the concentration of the drug substance, the volume of 
dissolution media, and temperature. The saturation solubility 
is size-dependent, as postulated by the Ostwald-Freundlich 
equation. On decreasing the particle size of drug substances, the 
increase in the saturation solubility concept is clearly explained 
by the theory of Ostwald-Freundlich’s equation-2.

​log​(​ 
Cs _ C ​)​ = ​(​ 

2V _ 2.303 ​)​ × RTr​----------------------------(2)

where Cs represents the saturated drug concentration, ‘C’ and ‘V’ 
is the solubility and particle volume of large particles, R is the gas 
constant, T is the absolute temperature and r is the radius.

The Kelvin equation generally expresses the changes in the 
physical form of drug substances from liquid to gas and this 
principle is utilized to describe the phase transition of drug 
molecules from solid nanocrystal to solution form with a suitable 
dissolution media.14 Enhancement in saturation solubility 
may lead to enhanced concentration gradients across the GI 
membrane, resulting in improved drug transport from the GI 
lumen to systemic circulation for a drug that is otherwise poorly 
absorbed in the gastrointestinal tract.15Figure 1: The types of pharmaceutical nano-formulations.
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PROPERTIES OF NANOSUSPENSION

Nanosuspensions show interesting properties that can be 
described as (i) Upon nanonization of drug substances, a large 
surface area is available for solvent action, resulting in high 
dissolution and saturation solubility of the drug, (ii) The use of 
stabilizers (polymers or surfactants) with the amorphous form of 
active ingredient further improves the stability of drug particles 
and minimizes the chances of Ostwald ripening, (iii) A change 
in the physical state from crystalline to amorphous after the 
nanonization process gives a better solubility profile, (iv) The 
use of stabilizers (polymers or surfactants) with the amorphous 
form of active ingredient further improves the stability of drug 
particles and minimizes the chances of Ostwald ripening, and (v) 
Surface modification of drug particles of nanosuspension can be 
easily achieved by conjugating a targeting moiety directly on the 
particle surface with the help of a suitable linker, and site-specific 
delivery can be achieved.17

Merits of Nanosuspensions

Nanosuspension technology is a potential tool not only for 
solubility enhancement but also offers the hope of developing 
formulations of potent drugs that cannot be formulated 
in conventional dosage forms by conventional methods. 
Nanosuspension provides some meritorious attributes, as shown 
in Figure 3.18-20 It provides ease of manufacturing due to its 
simple production method, lower fed/fasted variability, provide 
a high dissolution rate and high saturation solubility for both 
poorly aqueous and nonaqueous soluble drugs. It also improved 
the biological compatibility of the drug by minimizing toxicity 
and undesirable side effects and improved the physiochemical 
stability of drug substances due to the presence of stabilizers. 
Nanosuspension has the highest adsorption to epithelial cells 
or tissue. It can incorporate and formulate nanosuspensions in 
the form of tablets, capsules, suspensions, hydrogels, etc… It 
may enhance retention time on the mucus membrane of the GI 
tract because its nanosized particles increase the likelihood of 
absorption and augment bioavailability. In addition, it improves 

Figure 2: Types of nanosuspensions.
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dose proportionality or increased drug loading and provides 
better patient compliance.

Demerits of Nanosuspensions

Some of the disadvantages of nanosuspension formulations 
are (i) In the form of a suspension, cake formation after the 
sedimentation of drug particles is a common problem, and (ii) 
Nanosuspension formulation is massive. In addition, Uniformity 
and accuracy in dose cannot be achieved unless the suspension 
is stabilized.

FORMULATION CONSIDERATION

It is necessary to have the proper knowledge to select excipients 
for the formulation of nanosuspensions. The important excipients 
that are generally used in the formulation of nanosuspensions are 
suitable stabilizers, such as polymers, surfactants, cosurfactants, 
and solvents (Table 1).16,17

Stabilizers

Stabilizers play a very significant role in nanosuspension 
formulation. This helps to reduce the surface free energy of 
particles and prevent particles from agglomerating. It works 
on three mechanisms: the wetting of drug particles, the 
development of a steric or an ionic barrier, and the retardation 
of Ostwald’s ripening. The physical stability and in vivo behavior 
of the nanosuspension depend on the selected stabilizer type 
and quantity for formulation. Some stabilizers most preferably 
used for the formulation development of nanosuspensions 
are poloxamers, polysorbates, povidones, some types of 
biocompatible cellulose, and lecithins. Lecithin is a chemically 
stable excipient upon autoclaving and is also suitable for the 
development of nanosuspensions for parenteral administration.18

Solvents

If the drug is a potential target for the development of drug 
nanosuspensions and is not soluble in water, then organic 
solvents are the second choice. It is required for nanosuspension 
that the drug should be soluble in any of the solvents, either 
aqueous or nonaqueous. Organic solvents may be required if 
nanosuspensions are prepared by the emulsification method. 
Solvents are usually selected based on their toxicity and 
evaporation rate. Water-miscible and poorly water-miscible 
solvents, such as isopropanol, ethanol, ethyl acetate, and benzyl 
alcohol, are generally preferred in these techniques to prepare 
nanosuspensions.18,19

Cosurfactants

The selection of a cosurfactant is important in the case of the 
microemulsion method used to formulate nanosuspensions of 
drugs. It influences the phase behavior of the microemulsion. 
Commonly employed cosurfactants, such as bile salts and 
dipotassium glycyrrhizinate, and a variety of surfactants, 
including transcutol, glycofurol, ethanol, and isopropyl alcohol 
(are widely used).20

MANUFACTURING TECHNIQUES FOR 
NANOSUSPENSIONS

Nanosuspension can be produced by two inverse processing 
techniques: the ‘bottom-up’ and ‘top-down’ technologies and both 
methods can also be used in combination (Figure 4). Bottom-up 
techniques include precipitation, Microemulsification, and 
melt emulsification, while top-down technologies may be a 
breakdown process from giant particles and include media 
milling (nanocrystals) techniques, high-pressure homogenization 
techniques (Disso 6 cubes), high-pressure homogenization 
techniques in nonaqueous media (Nanopure) and combined 
precipitation with high-pressure homogenization (Nanoedge).

Bottom-up Processes

In these techniques, nanosized drug particles are developed 
by the aggregation of drug molecules in a suitable vehicle. 
In bottom-up technology, it is required to dissolve drugs in 
organic solvents followed by nonsolvent (water) mixing, which 
results in the precipitation of drugs that can be controlled by 
the homogenization process. Rapid precipitation by adding 
an anti-solvent to the drug solution followed by high-speed 
homogenization is preferred to obtain small particles.

This technique involves crystal growth after nuclei formation 
under suitable temperature conditions, and drug substances 
precipitate in amorphous form from a supersaturated solution of 
drugs (Figure 5).21 This method is very simple, cost-effective, and 
provides a high saturation solubility of the product. However, it 
is necessary for drug substances to be soluble in at least a solvent, Figure 3: Advantages of drug nanosuspensions.
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either aqueous or non-aqueous. The solvent residue present in 
the final product is another issue with this technique.

Controlled precipitation or microprecipitation

The precipitation method is a general method used for nanosizing 
poorly soluble drugs. Nanosuspension developed by this method 
using a surfactant as a stabilizer in which drug substances are 
required to dissolve in a suitable solvent in the presence of a 
stabilizer followed by the addition of another solvent (non-solvent 
for drug) that leads to the sudden precipitation of drug in the 
form of very fine particles. The precipitation of the drug occurs 
in this method, followed by temperature-dependent nuclear 
development and crystal growth. An ideal nanosuspension with 
a minimum and uniform particle size requires a high rate of 
nucleolus formation with slow crystal growth, and this process 
depends only on temperature.22

Microemulsion technique

The microemulsion technique is another way of manufacturing 
nanosuspensions. The microemulsion technique is employed in 
the case of drug substances that are soluble either in aqueous 
or nonaqueous solvents (highly volatile solvents are preferable). 
In this technique, the drug is generally dissolved in the organic 
solvent, and this drug solution is emulsified in aqueous media in 
the presence of a surfactant. The internal phase (organic solvent) 
is allowed to evaporate under reduced pressure, leaving behind 
an aqueous suspension of fine drug particles. A nanosuspension 
of griseofulvin was prepared using the same technique 
with butyl acetate as the internal phase and lecithin sodium 
taurodeoxicholate as the emulsifier.23

Melt Emulsification Methodology

The melt emulsification method is another technique for 
preparing nanosized formulations. Kocbek et al. 2006 first 
prepared ibuprofen nanosuspension by using this technique.24 In 
this technique, ibuprofen was dispersed or dissolved in double 
distilled water and then heated over the melting point of the drug. 
Under the same temperature conditions, the solution was further 
homogenized at high-speed using a high-speed homogenizer to 
obtain a fine dispersion of the drug. Then, the fine dispersion 
of melted ibuprofen was allowed to cool, after which ibuprofen 
was precipitated in the form of very fine particles, and finally, 
a nanosuspension of finely divided particles of the drug in 
water was obtained. The size of the particles depends on the 
concentration of the drug and stabilizer, temperature and speed 
of homogenization. The organic solvent is not used in this 
technique, and it is the advantage of this technique over other 
techniques.

Top Down Technology

This technique is preferable over the precipitation method and 
is also known as the disintegration (size reduction) method. 

It includes media milling and high-pressure homogenization 
techniques. High-pressure homogenization was developed 
in the mid-1990 and is preferably used in the pharmaceutical 
industry. The different names of this technique depend upon the 
material or facility used; for example, nanopure is a technique 
in which the whole process is carried out in nonaqueous media, 
and in dissocubes, the whole process is carried out in aqueous 
media with high-pressure homogenization.25,26 It is a very simple 
and cost-effective technique that can be utilized for large-scale 
production. The major disadvantage of this technique is that 
erosion occurs from the milling equipment which leads to 
decontamination of the final product.

High-pressure homogenization

It is the most preferable method utilized to prepare 
nanosuspensions of poorly aqueous soluble drugs to increase  
their solubility.26 In this technique, drug substances are dispersed 
in the aqueous phase and homogenized at high speed at low 
pressure in the presence of a suitable stabilizer. This presuspension 
is further homogenized at high speed and high pressure (10-25 
cycles) until nanosuspensions of uniform shape and size are 
obtained.27

Dissocube technique

The dissocube method for nanosuspension formation was  
invented by Muller et al. in 1998. In this method, the drug 
suspension is allowed to pass at high pressure through a small 
aperture of nozzles. Under this condition, static pressure is 
reduced below the boiling pressure of water, and boiling of 
water and gas bubble formation occurs.28 Upon leaving the 
gap, the pressure is normalized, and all the bubbles shrink, 
leading to the association of particles in the center and particle 
size reduction. Some drug particles vary in hardness and 
require multiple cycles of size reduction to reduce the size of 
the particles. Nanosuspensions of atovaquone were prepared 
by Scholar et al. using the same method.29 This method can be 
used for nanosuspension formulations with both low and high 
concentrations of drug and provides aseptic conditions during 
nanosuspension formation.30-32

Nanopure technology

In this technique, a nanosuspension is formulated in water-free 
media such as oils and fatty acids. This type of oily substance 
has a very low vapor pressure and higher boiling point. For such 
material, breakdown by high-pressure homogenization at 800°C 
promoted disintegration, but the technique should not be used 
for heat-unstable substances. In this technology, drug particles 
within water-free media are homogenized at 800°C or below to 
freeze. Homogenization with freezing technology is suitable for 
heat-sensitive materials or drug substances.33
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Piston gap homogenization

The cavitation principle generally works to reduce the particle 
size of drugs in piston gap homogenization. In piston gap 
homogenizers, the high force of shear and collision of the particle 
is responsible for the reduction in particle size. Large-bore 
cylinder pistons develop pressures up to 2000 bar. Generally, 
the dispersion medium of the suspension is water. The large 
drug particles with liquid passed by a very slim ring gap of 

approximately 3-25 µm with 1500-100 bar pressure resulted in 
enhanced dynamic pressure and reduction in static pressure 
on the liquid. Under this condition, boiling with gas bubbles 
starts, which generates cavitations or gaps upon the collapse of 
bubbles, resulting in an increase in high air pressure that results 
in size reduction. The process of size reduction depends upon 
the temperature, homogenization time, and power density of the 
homogenizer and homogenization pressure.33

Excipient Stabilizer Co-surfactant Solvent Other additives

Organic solvent Partially 
water-miscible 
solvents

Remarks Wet the drug 
particle, prevent 
Ostwald 
ripening.

Influence phase 
behavior when 
micro-emulsion is 
used to formulate 
nano-suspension.

Pharmaceutically 
acceptable, less 
hazardous.

Preferred in the 
formulation over 
conventional hazardous 
solvents, such as 
dichloromethane.

According to the 
need of the route of 
administration.

Examples poloxamer, 
cellulosic, 
povidone, 
lecithin, PVP 
K30, SLS.

Bile salt, glycofurol, 
tween-80, span, 
transcutol.

Ethanol, iso-propanol 
methanol, chloroform.

Ethyl acetate, ethyl 
formate, butyl lactate, 
triacetin, propylene 
carbonate, benzyl 
alcohol.

Buffer, salt, polyols, 
osmogens.

Table 1:  Formulation aspects of nanosuspension.

Figure 4: Nanosizing techniques for drug particles.
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Media milling techniques

In media milling, a high rate of shear force generated by pearl 
or media mills is responsible for the size reduction process.34 
At a controlled temperature and high rotation speed of pearls, 
the drug suspension enters the chamber, and then the particles 
are reduced due to impact and attrition with the walls of the 
two opposite jars. The high efficiency of particle size reduction 
in this technique is due to the simultaneous force of impact and 
attrition. High energy and shear forces give the required force that 
breaks the microparticles into a nano range of particles. The main 
drawback of this technique is that the residue from the mill may 
contaminate the end product and cause undesirable effects.31,35

Combination Technology
Nanojet technology

It is also known as stream technology because a stream of 
particulate suspension is entered into a chamber in which it 
divides into multiple streams and further colloids to each other 
at very high pressure. The collision of the stream generates a high 
shear force, which breaks the particles into nanosized particles.36 
Patented nanosuspensions of atovaquone preparation using the 
same technique.37

Nanoedge

The nanoedge production technique is a combination of 
microprecipitation and high-pressure homogenization 
techniques. This method is considered a combination of 
precipitation techniques that creates fragmentation under high 
shear and thermal energy. This method is applicable to the size 
reduction of friable materials. The suspension obtained by this 
method is again homogenized to reduce the size to prevent further 
growth of particles, as the case may be. In the microprecipitation 
method, there are chances of particle growth that may lead 
to stability issues, which are overcome by the combination 

of nanoedge methods. Water-miscible solvents are generally 
used in precipitation methods, such as methanol, ethanol, and 
isopropanol. It is necessary to completely remove the solvent 
from the final product, which is achieved by an evaporation 
step followed by HPH. Thus, an evaporation technique is also 
included in nanoedge technology for the better production of 
nanosuspensions, which will result in solvent-free modified 
starting material.38,39

CHARACTERIZATION OF NANOSUSPENSIONS

Characterization of nanosuspensions was carried out by 
determining their average particle size, appearance, color, odor, 
assay, and related impurities. In addition, the nanosuspensions 
were also evaluated for zeta potential, crystalline status,  
dissolution, in vivo efficacy, saturation solubility, surface 
hydrophobicity, hemolytic activity, and cell and protein 
interaction.

In vitro Evaluations
Mean particle size and size distribution

Particles in the nano range are the main basic property and 
attribute of nanosuspension formulation. It can affect the 
saturation solubility of nanosuspension particles, the rate of its 
dissolution, stability, GI permeability, and biological performance 
of nanosuspensions. Muller et al., 2001 demonstrated that all the 
above parameters show considerable variation with the changing 
size of drug particles. The particle size and size distribution are 
generally measured by particle size analyzers based on photon 
correlation spectroscopy, laser diffraction, and a Coulter counter.40

The Polydispersity Index (PI) is an important parameter that 
represents the uniformity in size that is directly correlated with 
the stability and dose of the drug. The PDI value should be less 
than or near zero, which means that it is monodisperse and 
uniform in size.

Figure 5: Bottom-up techniques process to formulate nanosuspension.
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If the PI of the nanosuspension is very high, then it is difficult to 
determine the presence of foreign particles and any pathogen or 
part of the pathogen as impurities other than drug nanocrystals. 
These contaminations can be easily detected if drug particles of 
nanosuspension show a low PI. Particles more than 3 μm in size 
are more difficult to determine by PCS. In this case, where the 
particles are more than 3 μm, Laser Diffractometry (LD) analysis 
is a choice of analysis to analyze the size of particles. The LD 
method also measures the size of particles on the basis of particle 
volume and is capable of measuring particles ranging from 0.05 
to 2000 μm. Coulter counter is one of the methods for particle 
size determination that gives the absolute number of particles size 
per volume; thus, it is a more preferable and suitable technique 
than LD, and it can also be used to detect and quantify the 
contamination present in the nanosuspension of microparticulate 
drugs. Three-dimensional visualization of particle shapes can be 
made possible by atomic force microscopy.31,40

Surface charge (Zeta Potential)
Zeta potential provides information on the charge present 
on particles and may directly affect and be responsible for the 
stability of nanosuspensions and interactions with biological or 
blood components in the body. Surface charges can arise from 
(i) ionization of drug molecules on the particle surface or (ii) 
adsorption of ions present in a solvent onto the particle surface. 
A preferred zeta potential plays a major role in the stability of the 
formulation and provides sufficient electric repulsion to prevent 
the particles from aggregating.41 Zeta potential is the potential at 
the hydrodynamic shear plane and can be determined from the 
particle mobility under an applied electric field, and its movement 
due to its electric potential. Usually, the zeta potential value 
should be less than ±40 mV, which represents long-term physical 
stability as well as non-toxic or low biological interactions.40

Crystalline state and its morphology
In a nanosuspension system, it is important to know the crystal 
morphology of the drug. The amorphous forms (high-energy 
metastable form) generally convert back to crystalline forms 
(stable form). Although the amorphous form is not desired when 
considering the stability of a nanosuspension system, the high 
internal energy of the amorphous form of the drug can enhance 
its solubility and vapor pressure.42 The existence of the amorphous 
state of a drug is possible if the amorphous material is stabilized 
using appropriate stabilizers. The stabilizers should be selected 
according to the thermodynamic and kinetic properties of the 
amorphous systems. The chances of polymorphic changes may 
occur during formulation development, and it is necessary to 
determine the crystal habit and morphology for better solubility 
and stability.

Differential Scanning Calorimetry (DSC) is generally used to 
determine the crystalline structure of any substance. When the 
nanonization of a crystalline drug is carried out, the prepared 

crystalline drug converts to a non-crystalline habit; hence, it 
is necessary to identify the particle morphology during the 
preparation of nanosuspensions.43-45 X-ray Diffraction (XRD) 
is another important technique to determine the changes in 
physical state morphological changes in drug particles.29 Scanning 
electron microscopy is also used to obtain the shape and surface 
morphology of drug particles. High-pressure homogenization 
may affect the crystalline structure of the drug, as identified by 
XRD and DSC. Highly efficient techniques, such as Scanning 
Electron Microscopy (SEM), Atomic Force Microscopy (AFM), 
and Transmission Electron Microscopy (TEM), are ideal 
techniques used to characterize the exact particle morphology.

Saturation solubility and rate of dissolution

Nanosized drug particles show enhancement in solubility 
and rate of dissolution. It is well known that increasing the 
temperature and similar nature of solvent enhances the solubility 
of the solutes. Reduction in particle size leads to a large surface 
area interacting with the dissolution medium, resulting in a high 
dissolution rate and solubility. Different physiological solutions 
with varying pH values are reported in standard monographs, 
which are used to carry out dissolution studies with the Kelvin 
equation, and the Ostwald-Freundlich equations can explain the 
increase in saturation solubility.

Stability

Nanosuspension stability depends on the size of the suspended 
particles. A decrease in the size resulted in a high surface energy 
that increased the chances of agglomeration of particles followed 
by crystal growth. Therefore, stabilizers such as poloxamers, 
polysorbates, lecithin, polyoleate, and povidones are used, which 
develop steric barriers to decrease crystal growth (Ostwald 
ripening) with suspended particles. The stabilizer can improve 
the stability of nanosuspensions under different temperature 
conditions or thermal cycling (15, 25, 35 45°C) and mechanical 
shaking.12,31,35 The combination of surfactants and hydrocolloids 
provides long-term stability in nanosuspensions due to the 
formation of a barrier that may be ionic and widen electrostatic 
repulsion between particles.46,47

Drug content

Drug content was determined by extracting the drug from 
the nanosuspension in a suitable solvent mixture followed 
by high-speed centrifugation. Then, the supernatant samples 
were collected and analyzed using spectrophotometry or 
chromatography. The calibration curve was used to calculate the 
drug content.48,49

In vivo Evaluation

The bioequivalence, bioavailability, and plasma drug profile study 
was performed to check the in vivo performance of the prepared 
formulation. It can be affected by the nature of the drug, and 
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its interactions with plasma proteins are generally considered 
important in vivo evaluation parameters.50 In vivo evaluation of 
the nanosuspension involves the determination of plasma drug 
concentration, its pharmacokinetics and pharmacodynamic 
profile, drug interaction with cell adhesion, and interaction with 
body protein cells and other blood components.50,51 The in vivo 
and in vitro correlation studies are necessary to make an ideal 
preparation.

Evaluation of the Surface Modified Particles
Surface hydrophilicity

Surface hydrophilicity/hydrophobicity is a significant constraint 
that can affect organ distribution. The surface hydrophobicity 
responsible for cell interactions earlier in phagocytosis is relevant 
to plasma protein adsorption. Thus, it is necessary to determine 
the hydrophilicity of particles to overcome this problem. A 
suitable technique is Hydrophobic Interaction Chromatography 
(HIC), previously used to measure the surface hydrophobicity of 
bacteria, which can be utilized to characterize nanosuspension 
crystal hydrophilicity. The bioavailability of protein and peptide 
drugs was analyzed qualitatively by 2-D PAGE.52

Adhesion properties

The adhesion property of the nanosuspension formulation can 
be determined in an animal model using male Wistar rats. In 
this study, 1.0 mL suspension equivalent to 10 mg of drug was 
administered orally, and then the animals were sacrificed by 
cervical dislocation at 1hr and 3 hr after administration. Organs 
such as the stomach, intestine, and cecum were removed and 
washed twice with PBS pH 7.4. The 2 cm length of each organ 
was immersed into an alkali solution mixed with methanol for 
one day to extract the drug from the formulation followed by 
vortexing and then centrifugation at 3000 rpm for 15 min. The 
supernatant was quantified for drug content using an aliquot (1 
mL) of the supernatant, which was analyzed by using any suitable 
method of drug estimation.53

Interaction with body proteins54

The in vitro interaction between the nanosuspension and mucin 
can be studied by incubating the mucin and nanosuspension (in 
a 1:4 ratio) in the acidic or neutral medium at 37°C with stirring. 
The suspension was then centrifuged, its supernatant (150 μL) was 
placed in a 96-well plate, and 150 μL of BCA protein assay reagent 
was added. The plate was incubated at 37°C±2°C for 120 min. The 
samples were analyzed to quantify mucin by colorimetry using  
λmax of the drug. The amount of mucin adsorbed with drug  
particles can be used to quantify the differentiation of the 
concentration at zero and a suitable time interval after 
incubation.54

NANOSUSPENSION DELIVERY STRATEGIES

Most of the potent drugs discovered by pharmaceutical companies 
fail in the development stage due to their low/poor solubility.55 
The solubility and bioavailability of some hydrophobic drugs 
can be enhanced with the use of nanosuspension technology.56 
Active Pharmaceutical Ingredients (APIs) are being developed as 
nanosuspensions or nanocrystals, and this technique has led to the 
production of several nanosuspension products that are currently 
on the market as well as some innovative nanosuspensions that 
are currently in the development stage.57

Oral Drug Delivery

The oral route of administration is most common and is 
propitious to patients because of safety, painlessness, and 
non-invasive administration.58,59 In addition, oral formulations 
can easily be manufactured, take less time to produce, and have 
low manufacturing costs. The efficacy of drugs administered by 
the oral route mainly depends on their solubility and absorption 
through the GIT. Drug candidates that have low bioavailability 
problems require higher doses to achieve therapeutic 
concentrations, which threatens chances for untoward side 
effects and toxicity, as well as enhancing the treatment cost. The 
same problem was observed with atovaquone and bupravaquone 
antibiotic drugs that are generally administered in high doses by 
the oral route to achieve the desired therapeutic concentration. 
Nanosizing this type of drug creates drastic changes in blood 
plasma concentrations. Furthermore, this amelioration in 
bioavailability may ultimately reduce the dose, increase the 
therapeutic effectiveness, decrease the cost of the final product, 
and reduce the side effects. Nanosuspension of amphotericin B 
(poorly water-soluble drug) was prepared by Jacobs et al., 2003, 
who reported a substantial increase in bioavailability when 
compared to its conventional formulation.60-62

Albendazole nanosuspension prepared by High-pressure 
homogenization technique using different stabilizers shown 
promising drug action in comparison to pure drug products.63 
Ibuprofen nanosuspensions were prepared using the 
ultra-homogenization method. It was shown in the study data 
that the drug particles were significantly reduced by adding 
Tween and Polyvinylpyrrolidone. The Cmax value was found that 
five-fold high in the case of nanosuspension when compared with 
pure ibuprofen untreated suspension. The Tmax value was found 
at 14.8 min which was found to three times decrease to achieve 
Cmax.

63

Bioavailability Enhancement

Nanosuspensions can improve oral bioavailability by enhancing 
the aqueous solubility as well as the permeability of the GIT. 
The bioavailability and therapeutic effect of oleanolic acid 
(hepatoprotective agent) were enhanced by formulating it in 
nanosuspension form. A high rate of dissolution (90% in 5 min) 
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was observed for the lyophilized nanosuspension formulation, 
while its coarse powder counterpart showed only 15% dissolution 
after 20 min.64 Rahim et al., 2019 prepared nanosuspension of 
glimepiride by precipitation ultrasonication method to enhance 
the dissolution and oral bioavailability. The study revealed that 
85% of the drug in nanosuspension form was dissolved within 
10 min. The in vivo study found that the bioavailability (AUC0-24) 
of the drug in nanosuspension form was increased two times 
in 24 hr in comparison to plain drug particles. The above study 
said that the nanosuspension of glimepiride can improve oral 
bioavailability by enhancing solubility and dissolution rate and 
nanosuspension can be utilized for the effective management 
of diabetes by effectively inhibiting α-glucosidase enzymes.65 
Hedaya et al., 2021 prepared ibuprofen nanosuspensions by 
ultra homogenization method and characterized in vivo drug 
absorption and compare with unhomogenized drug particle 
suspension and marketed product by giving a dose of drug 
equivalent to 25 mg/kg of ibuprofen to Rabbit. The group of the 
animal model was administered 5mg/kg of Ibuprofen by the I.V. 
route. Blood samples were taken at a suitable time interval and 
analyzed by HPLC. The  result was found that the Cmax values 
were 14.8±1.64, 9.01±0.761, 7.03±1.38, and 3.23±1.03 μg/mL 
respectively for nano suspension, unhomogenized suspension, 
marketed drug suspension, and untreated drug suspension in 
water. It was found 5 times enhancement of the bioavailability 
with ibuprofen nanosuspension in comparison to untreated drug 
suspension in water and two-time bioavailability enhancement 
was found in comparison to marketed ibuprofen suspension.66

Young-Guk et al., 2020 prepared nanosuspension of ticagrelor 
to enhance its dissolution and oral bioavailability. It is a BCS 
class second drug and has P2Y12 receptor antagonist properties. 
Drug nanosuspension was formulated with D-α-Tocopherol 
Polyethylene Glycol 1000 Succinate (TPGS) and  Poly Vinyl 
Alcohol (PVA) to obtain stable nanosuspension with uniform size 
of drug particles. It was found that these techniques enhanced the 
2.2-fold increase in the bioavailability of ticagrelor.67 Nitrendipine 
is a beta blocker used as a vasodilator but has poor water 
solubility and bioavailability. Their nanosuspension was prepared 
by precipitation–ultrasonication method to increase the oral 
bioavailability. The utilized method was capable to produce the 
drug particles below 200nm and the obtained drug powder has 
no evidence of the crystal form of the drug which was confirmed 
by the P-XRD. The dissolution rate was found to increase due 
to increased surface area upon particle size reduction. The 
bioavailability study of prepared nanosuspension was performed 
on rats and found more than sixfold and fivefold more in 
comparison to the marketed product of tablets respectively.68 
Revaprazan hydrochloride is a proton pump inhibitor having 
low oral bioavailability due to poor aqueous solubility. The 
nanosuspension of revaprazan hydrochloride prepared by 
high-pressure homogenization provides high AUC, Cmax, and a 
decrease in Tmax and MRT.69

Target Drug Delivery

Target drug delivery to a specific site in the body is a novel approach 
to enhance therapeutic effectiveness and reduce the dose of the 
drug and dose-associated side effects. Targeting can be achieved 
by changing the surface properties (conjugating the targeting 
moiety) of suspended drug particles. The surface-engineered 
mucoadhesive nanosuspensions of buparvaquone were explored 
to specifically target Cryptosporidium parvum, the causative 
organism for cryptosporidiosis.70-74 Similarly, amphotericin 
B nanosuspension was used against pneumonic aspergillosis 
targeting in place of stealth liposomes.72 Nanosuspension surface 
properties and the use of stabilizers can simply alter the in vivo 
behavior. In a previous study, surface engineering was used to 
target anti-mycobacterial and leishmanial drugs.73 Shegokar et 
al., 2011 prepared surface-engineered nanosuspension of the 
poorly water-soluble drug Nevirapine. It is a non-nucleoside 
reverse transcriptase inhibitor used in case of HIV infection. It 
was found that its accumulation was significantly enhanced in the 
spleen, brain, and other soft organs when its surface was modified 
with albumin, Polyethylene glycol, and other polysaccharides. Its 
accumulation in these organs was found significantly enhanced 
in comparison with without surface-modified Nevirapine 
suspension. The surface modification of drug nanosuspension 
increases its retention in the systemic circulation and enhanced 
the bioavailability o the drug.74

Ophthalmic Drug Delivery

The eye is an organ that needs high protection against any 
pathogenic contaminated material. Scientists have put in hard 
work to design safe and effective drug delivery by the ocular 
route. Well-established conventional dosage forms for the ocular 
route suffer from poor ocular bioavailability. To overcome the 
problem of conventional dosages, many nanosizing approaches/
techniques have been developed, such as polymeric in situ gels,  
nanoparticulate formulations, microemulsions,  
nanosuspensions, nanoparticles, liposomes, and niosomes, 
for the treatment of ocular diseases.75 Scientific literature 
advocates that nanosuspensions have some benefit among all 
other nanosizing techniques. Moreover, the adhesiveness of 
nanocrystals (due to their nano size) can help to reduce the 
loss of drugs with the outflow of lachrymal fluids.76 Poorly 
water-soluble drugs in nanosuspension form are beneficial 
for delivery through lachrymal fluids. Suspensions provide 
benefits such as prolonged duration that are fascinating for the 
effective treatment of many ocular diseases. The intrinsic rate of 
dissolution for nanocrystalline drugs in lachrymal fluids controls 
ocular bioavailability and performance and depends on the 
outflow of lachrymal fluids. Nanosuspensions of nonsteroidal 
anti-inflammatory drugs supposed for controlled delivery 
have developed that release the drug in a much-sustained 
manner.77,78 Nanosuspensions of hydrocortisone, prednisolone, 
and dexamethasone were developed, which provide sustained 
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release for a longer period and enhance the absorption of the 
drug.79 Sustained release can be easily achieved by incorporating 
nanocrystals in an appropriate hydrogel or ointment base or may 
be incorporated into any ocular inserts. NSAIDs formulation was 
developed for ophthalmic drug delivery using polymers such as 
Eudragit RS 100 and Eudragit RL 100.80,81

Parenteral Administration

The purpose of developing a parenteral drug delivery system 
is to avoid the first-pass effect and achieve high bioavailability 
and fast and sustained action.82-84 Similar to other formulations, 
nanosuspensions are appropriate for parenteral administration 
due to some special characteristics, such as high drug loading 
with a small volume of injection, low toxicity because of the low 
concentration of additives and passive (by RES uptake) or active 
(after surface modification with a targeting moiety) targeting can 
be easily achieved.

Pulmonary Drug Delivery

Drug nanosuspensions can be administered directly by the 
pulmonary route for effective and fast therapeutic effects. The 
pulmonary route is beneficial if any trace amount of organic  
solvent remains with nanoparticulate formulation, as organic 
solvents can be easily expelled from pulmonary excretion and 
protect the body from any potential toxicological effects of 
organic solvents in vivo. Another advantage of this route is that a 
large quantity or dose of the drug can be administered this route. 
In addition, the adhesive features of nanosized drug crystals  
reduce drug loss through clearance by cilia movement.85 
Nanosuspensions of the drug in an aqueous vehicle base can 
be nebulized because of the tiny size of the particles. Several 
drugs with poor water solubility have been administered via 
the respiratory route in the form of nanosuspensions for the 
management of a variety of diseases; examples of such drugs are 
budesonide, ketotifen, ibuprofen, Indocin, nifedipine, antimycotic 
agents, interleukin-2, p53 gene, leuprolide, antibiotics, etc.86

OTHER APPLICATIONS OF NANOSUSPENSION

Use in cosmetics

Nanoparticles are widely utilized in cosmetics, as active 
constituents that are absorbed effectively to provide effectual 
action because of the small size of the formulation and scale back 
the water loss from the skin. Nanosized preparations are used as 
moisturizers and creams. Further nanosized preparations resulted 
in elegant and stable products.87-89 Use as anti-microbial Agent: 
Antimicrobial nanosizings are O/W preparations that contain 
a broad spectrum of activity against microorganisms, engulfed 
viruses (e.g., HIV), fungi, and spores. Nanosizings are droplets 
consolidated with lipid-containing organisms and unleash a part 
of the energy cornered inside the emulsion. The lipid membrane 

of infectious organisms is destabilized by active ingredients, and 
therefore, the free energy results in microbic cell lysis.90

Nanosuspensions in Cancer Therapy
Nanosuspensions are used as vehicles in cancer therapy to 
prolong the rate of drug release with contractile organs and 
intratumoral injection (W/O systems). It additionally enhances 
the transport of anticancer drugs through the vascular system.91 
Prophylactic in bioterrorism attack: Nanoemulsions are used as a 
prophylactic drug and are used against bioattack pathogens such 
as anthrax and viral hemorrhagic fever. In the broad spectrum, 
it can be used as a chemical decontamination agent for anthrax, 
gangrene, etc.92

Nanosuspension as Mucosal Vaccines
Nanosuspensions can be used for needle-free immunization 
by delivering recombinant macromolecules and inactivated 
organisms to the membrane surface. Nanosuspensions themselves 
work like an inert adjuvant along with the protein moiety, thus 
facilitating uptake by antigen-presenting cells and thus finding 
applications in cell culture.92

Marketed Product
There are some marketed nanosuspension formulations that were 
formulated and patented by different manufacturing companies 
and are listed in Table 2.

CONCLUDING REMARK AND FUTURE 
PERSPECTIVES

Poorly water-soluble drugs in nanosuspension form offer a 
large surface area, surface modification, and controlled size that 
make nanosuspensions suitable for targeting and drug delivery. 
Nanosuspension-based formulation approaches offer potential 
benefits for solubility enhancement and delivery of drugs with 
low aqueous solubility. The therapeutic concentration of the drug 
can be controlled by changing the size of the drug particles as well 
as surface modification of the drug particles. Nanosuspension can 
change the pharmacokinetics and pharmacodynamics parameters 
of the drugs. Hydrophilic and hydrophobic drugs can be converted 
into the form of nanosuspensions and can be administered in 
the form of suspensions, tablets, and capsules. The high rate of 
dissolution, high saturation solubility, and ease of modifying its 
surface properties make nanosuspension formulation appropriate 
for administration through various routes. This has necessitated 
the exploration of nanosuspension applications in the buccal, 
nasal, and topical delivery fields. Hence, for the next few years, 
there have been various promising areas of research, which 
need more emphasis, particularly on the preparation of stealth 
nanosuspensions fastened with modification of surface properties 
and adaptable features to elicit passive or active targeting. The 
difficulty of dealing with the inherent instability and the use of 
nanosuspensions to meet the requirements for increasing its 
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stability will encourage the advancement of nanosuspension 
technology. Most likely, pharmaceutical nanosuspension can be 
considered a resurgence in formulation technologies in the future 
that could potentially have a major impact on human health. 
Nanosuspension technology is able to fetch massive applications 
and transform research in the drug delivery field.
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