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Abstract  The formulation development of a drug is 
majorly based on the solubility of drugs. Nearly 40% of 
newly developed drugs show poor water solubility. Several 
approaches are used for the increasing solubility of such 
drugs for formulation development. Nanosuspension is one 
such attractive tactic which can be used for the 
enhancement of solubility, stability as well as 
bioavailability of such drugs. Nanosuspension can be 
defined as a two-phasic dosage form where solid drug 
particles of size less than 1 μm are dispersed in an aqueous 
phase with the help of a stabilizer. Particle size reduction in 
the nanoscale causes an increase in the surface area leading 
to an increase in dissolution rate and ultimately 
bioavailability is increased. A variety of excipients are 
used for the formulation of nanosuspension. Stabilizers, 
surfactants, co-surfactants, natural as well as organic 
solvents, buffers, salts, polyols, osmogents, and 
cryoprotectants are used in the formulation of 
nanosuspension. Various methods used in the formulation 
of nanosuspension can be classified into top-down and 
bottom-up approaches. Wet milling, high-pressure 
homogenization, anti-solvent techniques, melt 
emulsification, supercritical fluid extraction and ultrasonic 
homogenization are some of the methods for the 
preparation of nanosuspension. These methods are easy 
and appropriate for all poor water-soluble drugs. 
Nanosuspensions technology can be applied for the 
preparation of oral, pulmonary, injectable, ocular as well as 

targeted drug delivery. This review emphasizes various 
advantages and disadvantages of nanosuspension, its 
methods of preparation, formulation approaches, 
evaluation parameters, pharmaceutical applications, 
marketed products and patents of nanosuspension. 

Keywords  Solubility Enhancement, Nanosuspension, 
Stabilizers, Top-down Method, Bottom-up Method 

1. Introduction
Solubility is one of the important and main parameter 

studied during the preformulation of any dosage form. 
Water soluble drugs are easy for formulation development. 
But drugs which show poor water solubility will impose a 
variety of problems for formulation and development. 40% 
of drug molecules newly screened show poor water 
solubility. Drugs having low solubility are classified in 
BCS class II and IV [1]. Many orthodox methods like the 
formation of a salt of API, solid dispersions, crystal 
synthesis with co-former, the addition of co-solvents, and 
complexation with cyclodextrin are used to solve the 
limitation of solubility [2,3,4,5,6,7]. One of the drawbacks 
of these methods is that these methods are not universally 
applicable to all Active Pharmaceutical Ingredients (API). 
One of the common approaches for the preparation of 
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formulation of APIs with solubility problems is 
nanosuspension. A colloidal dispersion of one phase which 
is a solid having a particle size less than 1 μm in the 
aqueous phase is called Nanosuspension [8]. The 
bioavailability, safety, dissolution rate, and solubility of 
the drug can be enhanced by the use of nanosuspension. 
Generally, APIs which are having low aqueous solubility, 
higher log P values, higher dose and high melting point are 
ideal drug candidates for nanosuspension [9,10,11,12]. 

Below are some of the advantages of the nanosuspension 
formulation [8, 13, 14]. 
 The key advantage is the increase in solubility and 

dissolution rate of the poorly water-soluble drugs. 
 Nanosuspension reduces variation in fed/fasted 

conditions. 
 With nanosuspension high drug loading is possible. 
 Hydrophilic medicaments can be made in formulation 

form by the use of nanosuspension. 
 Bioavailability can be increased by the use of 

nanosuspension. 
 Nanosuspension also increases the stability of the 

drug. 
 PEGylated nanosuspension can also be used for 

passive targeting. 
 Nanosuspension can also be used for dose reduction. 
 Due to reduced particle size, the absorption from the 

absorption window is increased. 

 For specific organ targeting surface alteration of 
nanosuspension API particles are possible. 

 Nanosuspension preparation is possible in batch 
mode as well as continuous mode. 

 Various routes can be used for the administration of 
nanosuspension. 

Disadvantages of nanosuspension include; 
 Physical instability problems like sedimentation, and 

compaction can occur in nanosuspension. 
 Because of bulkiness, transportation is the problem. 
 Maintenance of dose uniformity is difficult. 

2. Techniques for Formulation of 
Nanosuspension 

Currently, nanosuspensions can be formulated by 
bottom-up technology and top-down. Different methods 
for formulation of nanosuspension are indicated in figure 1. 
The principle of micronization can be utilized in media 
milling or jet milling which are frequent techniques used 
for the preparation of nanosuspension. Micronization has 
numerous advantages and disadvantages. For example, 
micronization enhances the dissolution rate but the drug 
lacks in saturation solubility. In upcoming sections, some 
novel, and conventional methods for the formulation of 
nanosuspensions, are described [15, 16, 17]. 

 
Figure 1.  Different approaches for the preparation of nanosuspension 
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2.1. Bottom-up Technique 

The basic idea behind this procedure is to prepare an API 
supersaturated solution, which is then precipitated into a 
nano size. As indicated by the name bottom-up technique, 
it comprises initiation from the molecular level followed 
by growing particle size in the nano range. In this 
technique, the solvent level is gradually decreased to 
precipitate API in nanosize, or the drug substance is 
solubilized in a solvent followed by the addition of an 
anti-solvent to cause precipitation of the drug substance in 
nanosize. Anti-solvent is a liquid in which a drug substance 
is insoluble [18]. 

The bottom-up technique involves various methods like 
the supercritical fluid process, solvent anti-solvent method 
and emulsification-solvent evaporation technique. 

Solvent-Antisolvent Method 

As this method involves the precipitation of solute by 
the addition of an anti-solvent, this method is also known 
as the precipitation method. A suitable solvent is used to 
dissolve a drug substance to form a solution which is 
usually water. Anti-solvent which is miscible with the first 
solvent but in which drug substance is insoluble is then 
added in presence of surfactant. Rapid mixing of 
antisolvent and drug solution causes fast supersaturation of 
drug in mixture as depicted in figure 2. 

This generates either amorphous or crystalline ultrafine 
API. Nuclei formation followed by crystal growth are the 
two main phases in which this method proceeds. In order to 
formulate nanosuspension high nuclei growth and low 

crystal growth are desired. Both phases are dependent on 
temperature. Hence in this method optimization of 
temperature is essential for the formulation of 
nanosuspension [19]. This method has several advantages 
like easy, scalable, economic and simple. This method has 
limitations like the drug is required to be soluble in at least 
one solvent and also, and crystal growth needs to be 
checked outside the nano-range with the help of an 
appropriate solvent.  

Supercritical Fluid Method 
A fluid whose critical temperature and critical pressure 

are beyond the values, then such type of fluid is called a 
supercritical fluid [20]. The density of the supercritical 
fluid is like liquid and diffusivity is like gases. 
Nanosuspensions can be formulated by the methods like 
Rapid Expansion of Supercritical Solution (RESS), 
Supercritical anti-solvent, and Precipitation with 
Compressed Anti-solvent (PCA). In this process, the 
supercritical fluid comprising the API in a suitable solvent 
is expanded rapidly by flowing through the jet which 
causes evaporation of the solvent and leads to the 
precipitation of API as nanoparticles. In precipitation with 
a compressed anti-solvent method carbon dioxide in 
supercritical form can be used for the manufacturing of 
nanoparticles. This method involves injecting the 
medicament solution into a chamber that contains 
compressed CO2 [21]. Nanoprecipitation results from 
supersaturation when the solvent is removed [22]. PCA has 
benefits such as being devoid of organic solvents and 
making it simple to purify precipitated nanoparticles. 

 
Figure 2.  Formulation of nanosuspension by the solvent-antisolvent method 
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2.2. Top-Down technique 

The disintegration strategy is applied by the top-down 
method. Methods like media milling, high-pressure 
homogenization, melts emulsification, and emulsion 
diffusion are included in the top-down approach. This 
method reduces large particles to nanosized particles. 

Media Milling 

Liversidge et. al. invented this method in the year 1992 
and “Nanosystems” patented it in 1992. Currently, the 
patent is at “Elan drug delivery” [23, 24]. Particle size is 
reduced due to the high shear rate. Controlled temperature 
conditions are used to carry out the whole process because 

a high share rate can cause an increase in temperature 
which may degrade the heat liable drug substance as well 
as excipients. A “High share media mill” or “Pearl mill” 
named equipment is used for media milling. Schematic 
diagram of media milling process is shown in figure 3. The 
pearl mill is composed of the milling chamber, milling shift 
and recirculation chamber. Size reduction in the pearl mill 
occurs due to impaction. Impaction reduces particle size on 
the nanoscale. Continuous production is possible in a 
media mill because it is connected to the recirculation 
chamber. Batch as well as continuous mode operation is 
the advantage of this method. 30 to 60 minutes of operation 
time of the media mill causes a reduction of particle size in 
the range of less than 200 nm [25].  

 

Figure 3.  Media milling process: Schematic representation [26] 
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High-pressure Homogenization (HPH) 
Skype pharmaceutical currently owns the patent for this 

process. R. H. Muller discovered the process and the patent 
was owned by DDS Gmbh. Three high pressure 
homogenizers are generally used. First is APV Micron lab 
40, second is piston gap homogenizer and third is Stansted 
homogenizer. 

Pressure up to 100 to 1500 is used in high-pressure 
homogenization which changes the size of particles from 
microns to nano by the collision mechanism. Pressure and 
homogenization cycle are the main processing parameters 
which are controlled to obtain the desired particle size of 
nanosuspension. High-pressure homogenization can be 
performed in batch or continuous mode with a capacity 
ranging from just a few milliliters to hundreds of liters. 
Figure 4 indicates the overall process of high-pressure 
homogenization. 

This method is further classified into Dissocubes 

(High-pressure homogenization in water), nanopure 
(High-pressure homogenization in non-aqueous media) 
and nanoedge (combination of precipitation and 
High-pressure homogenization) [26, 27]. 

Dissocubes 

For the production of weakly water-soluble drug 
nanosuspension, the piston-gap type of high-pressure 
homogenizer is employed. The medication and surfactant 
are initially produced as a micro-sized suspension in an 
appropriate dispersion medium. High pressure is used to 
drive this dispersion through the homogenizer's small 
valve hole. The main principle of this method is 
Cavitization in aqueous media. The cavitation forces of 
particles are suitable enough to change micron-sized 
particles into nano size. This method needs the preparation 
of microsuspension to feed into the homogenizer. This is 
the main disadvantage [26]. 

 
Figure 4.  Schematic representation of the High-pressure homogenization process [11] 
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Nanopure 
This process is also known as the “Deep-freeze method” 

because it is carried out at low temperatures. Generally, the 
process is performed at zero degree celsius or below that. 
Nanosuspension prepared by this method shows analogous 
results to the Dissocubes technique [27]. 

Nanojet 
It is also known as “Opposite stream technology”. This 

method is based on the principle of collision where 
suspension is separated into two or more streams and under 
high pressure of 1000 bar are collided with each other with 
a very high velocity of 1000 m/s [28]. High shear forces are 
caused by this process which causes a reduction of particle 
size in the nanoscale [29]. Some of the equipments based 
on this principle are M110L and M110S microfluidizers 
nanojet. To produce nanosuspension, up to 75 passes are 
required but still product may contain a relatively large 
amount of microparticles [30]. 

Nanoedge 
The Nanoedge technique involves homogenization as 

well as precipitation. The homogenization reduces crystal 
growth and increases long-term stability which are the 
main disadvantages of precipitation. In this method, an 
organic solvent is used to dissolve API and this solution is 
added in an appropriate anti-solvent in which the API is 
insoluble. Drug particles precipitate as a result of this. 
Homogenization is carried out at the same time when 
precipitation occurs. Concurrent precipitation and 
homogenization cause the formulation of nanosuspension 
without the problem of crystal growth. Additionally, 
produced nanosuspension's stability is quickly increased 
[31]. 

2.3. Other Methods 

The use of microemulsion as a template, the use of 
emulsion as a template, and co-grinding in a dry state are 
some other methods used for the preparation of 
nanosuspension. 

An Emulsion as a Template 
For the preparation of nanosuspension, an emulsion can 

be used as a template. Using this technique, APIs that are 
partly water-miscible or soluble in volatile solvents may be 
made into nanosuspension. Formulation of emulsion is 
carried out by dispersing API in these solvents. 
Nanosuspension by emulsion as a template method can be 
prepared in two ways. APIs are first solubilized in an 
organic solvent or combination of organic solvents, and 
then an appropriate emulsifying agent is added to the 
aqueous phase to create an emulsion. In the second step by 
application of reduced pressure evaporation of the organic 
phase is carried out causing the immediate formation of 
nanosuspension in the presence of surfactant. By 
manipulating surfactant concentration, drug loading in the 

nanosuspension can be increased. This method uses 
hazardous volatile organic solvents like methylene 
chloride and chloroform and hence has limited 
applicability for the formulation of nanosuspension. In a 
second way, the API can also be partially dissolved in 
water-miscible solvents such as benzyl alcohol and 
triacetin. Then emulsion is prepared by the conventional 
method which is then followed by dilution with water 
causing the formation of nanosuspension. Due to dilution, 
diffusion of the internal phase into the external phase 
causes the instantaneous formation of nanosuspension. 
Advantages of this method include easy and fast scalability, 
specialized equipment is not required, and by adjusting the 
emulsion's droplet size, it is simple to change the size of the 
nanosuspension. The need for a high amount of surfactant, 
and the use of hazardous solvents, are some of the 
disadvantages of this method. Also, drugs which show 
poor solubility in water as well as organic solvents can’t be 
prepared as nanosuspension by this method [11, 32]. 

Microemulsion as a Template 
The microemulsion is defined as a biphasic dosage form 

which is thermodynamically stable. The plus point of the 
microemulsion method can be employed for the 
formulation of nanosuspension. For the preparation of 
nanosuspension by this method, O/W microemulsions are 
preferred. A suitable organic solvent is preferred as the 
internal phase in microemulsion. First, the microemulsion 
is prepared which is followed by dilution to form a 
nanosuspension. A suitable surfactant-to-co-surfactant 
ratio can be chosen for required drug loading in 
nanosuspension. This method desires extra exploration in 
the future [33]. 

Dry Co-grinding 
Wet grinding is a part of high-pressure homogenization 

using a media mill or pearl mill. Similar to wet grinding, 
dry grinding may be used to prepare nanosuspension. Dry 
co-grinding is an easy, less expensive process that may be 
carried out without an organic solvent. With this technique, 
it is possible to produce stable amorphous nanocrystals and 
reduce the particle size to the submicron range. One of the 
advantages of this method is that it increases 
physicochemical properties due to altered surface 
properties and the drug's transformation from crystalline to 
amorphous form [10, 34]. 

Ultrasound-assisted Sonocrystallization Technique 
It is a brand-new technique for making nanosuspension. 

The frequency range for the creation of nanosuspension is 
20 to 100 kHz. The frequency of usage results in a 
reduction in particle size. Additionally, this mechanism 
slows down crystal development and nucleation [35].  

2.4. Post-processing 

The actions taken following the creation of a 
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nanosuspension are referred to as post-processing. 
Post-processing is essential whenever the API cannot stay 
stable in a vehicle owing to hydrolytic decomposition or 
chemical destruction. But it is not required in all cases. 
Post-processing may also be carried out in the absence of 
the best suitable stabilizer. Spray drying or freeze drying 
also known as lyophilization can be carried out as part of 
post-processing which will remove the solvent responsible 
for hydrolytic or chemical degradation. Spray drying is 
economical and convenient and hence used more 
commonly. Once the post-processing is complete, 
consideration must be given to factors including particle 
size and moisture content [36].  

3. Formulation of Nanosuspension 
The kind of excipients to be employed in the formulation 

of a nanosuspension will depend on the technique type. 
Table 1 consists of a list of the most popular excipients 
used in the creation of nanosuspension along with their 
functions; 

Table 1.  Excipients used in the formulation of nanosuspension 

Sr. No. Excipient Use 

1 Stabilizers Prevent agglomeration of particles 

2 Polymers Used for stabilization of 
nanosuspension  

3 Osmotic 
agents 

Used to maintain osmotic pressure in 
case of parenteral nanosuspension. 

4 Surfactants Used for complete wetting of particles 

5 Organic 
solvents 

Used for the formulation of 
nanosuspension  

6 Buffers Used to maintain pH 

7 Preservatives Used for preservation of 
nanosuspension  

8 Organoleptic 
agents 

Used to impart color, odor and taste 

9 Complexing 
agent 

Used for increasing dissolution rate 

Stabilizers 
Active pharmaceutical ingredients having high log P 

value and enthalpy are prone to agglomeration. Stearic as 
well as electrostatic revulsion is mandatory for the 
stabilization of nanosuspension [37]. For the formulation 
of stable nanosuspension, the stabilizer is used which 
prevents Ostwald’s ripening. In absence of stabilizers, 
particles of nanosuspension will come together because of 
higher surface energy. Stabilizers in the formulation of 
nanosuspension should be selected carefully because the 
type of stabilizer will affect the physical stability and the 
in-vivo performance of the nanosuspension. Generally, 
instead of using just one stabilizer, a mixture of stabilizers 
is employed to produce stable nanosuspension. Some of the 

typical stabilizers utilized in the creation of 
nanosuspension include poloxamers, povidone, 
polysorbate, lecithin, and cellulose derivatives [38]. 

Poloxamers 
These are artificial polymers that the FDA has listed as 

generally recognized as safe (GRAS) compounds for 
parenteral, oral as well as topical use. The stabilizers from 
this class that are most often employed are poloxamer 188 
and poloxamer 407. The stability of nanosuspension and 
Ostwald's ripening are mostly influenced by the 
hydrophilic-lipophilic ratio, kinds of functional groups, 
and shape of the polymer [39]. 

Amino Acid Based Stabilizers 
Leucine copolymer was used to create stable 

nanosuspension in aqueous environments [40]. Because it 
endures sterilizing processes, lecithin is also utilized as a 
stabilizer for parenteral nanosuspension formulation. 
Albumin, in concentrations ranging from 0.003% to 5%, 
can be employed for the production of nanosuspension for 
surface stabilization as well as drug targeting. Other forms 
of amino acids and stabilizers based on amino acids include 
arginine, proline, and transferrin [41]. 

Miscellaneous 
For the creation of stable nanosuspension, several 

additional agents are also applied. A modified derivative of 
vitamin E is polyethene glycol succinate. Due to its low 
toxicity and great physical stability, it can be utilized to 
make nanosuspensions for use in ocular, parenteral, and 
oral applications [42]. BASF Company created Soluplus®, 
a new stabilizer made from a co-polymer of polyvinyl 
acetate, polyvinyl chloride, and PEG. The stability, rate of 
dissolution, and bioavailability of the designed 
nanosuspension are all improved by Soluplus® polymer 
[43]. The stability and dissolution rate are shown to be 
increased by certain popular stabilizers like polyvinyl 
alcohol (PVA), polyvinyl pyrrolidone (PVP), and 
PEGylated chitosan. 

Surfactant and Co-surfactant 
Surfactants and co-surfactants are needed when 

techniques like using an emulsion as a template or a 
microemulsion as a template are used. In order to get the 
proper drug loading and phase behavior, one parameter to 
consider is the ratio of surfactant to co-surfactant. A 
number of surfactants, like sodium dodecyl sulphate, 
tweens, with co-surfactants including Transcutol, bile salt, 
Glycofurol, ethanol, dipotassium glycerrhizinate, and 
isopropyl alcohol, are effectively employed in the 
fromulation of stable nanosuspension [44, 45]. 

Organic Solvent 
For the preparation of nanosuspension by precipitation 

method, organic solvents are generally used. Criteria like 
toxicity, ease of removal, and availability should be 
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applied while choosing organic solvent. Because they are 
thought to be less hazardous to human health, class III 
organic solvents such alcohol, ethyl acetate, ethyl formate, 
butanol, ethyl ether, methyl acetate, triacetin, and methyl 
ethyl ketone are advised. Organic solvents which are 
water-miscible are employed to develop nanosuspensions 
using an emulsion as a template [26]. 

Other Excipients 
Complexing agent like β-cyclodextrin enhances the 

bioavailability and dissolution rate of the active 
pharmaceutical ingredients in nanosuspension. Other 
excipients used in formulations include buffers, 
preservatives, osmotic agents, organoleptic agents, and 
cryoprotectants, depending on the formulation's demands 
and taking into consideration the type, route, and 
physicochemical characteristics of the API [6]. 

4. Characterization of Nanosuspension 
The characterization of nanosuspension is done using a 

variety of techniques, such as organoleptic characteristics, 
particle size, assay, crystalline state, dissolution, zeta 
potential, and in-vivo dissolution investigations. The next 
section discusses the most notable characterization studies 
of nanosuspension. 

Mean Particle Size and Size Distribution 
The size-based measure of sample heterogeneity is 

called the Polydispersibility index (PI). Mean particle size 
and size distribution are measured by the use of PI. PI will 
have an impact on a number of nanosuspension properties, 
including in-vivo performance, dissolving rate, physical 
stability, and saturation solubility. A Low PI value 
indicates narrow size distribution while a high PI suggests 
that particles are distributed throughout a wide size range. 
Values of PI 0.1 to 0.25 indicates narrow size distribution 
while value more than 0.5 indicates broad size distribution. 
In order to formulate stable nanosuspension, low PI values 
are favorable. Photon Correlation Spectroscopy (PCS), 
laser diffraction and coulter counter are some methods 
used for the determination of PI. For the analysis of size 
distribution, PCS is often used. PCS is able to precisely 
count particles between 3 nm and 3 μm in size. This 
method is not accurate for particles having a size below 3 
nm [47, 48]. The essential idea behind this approach is that 
particles move in random directions (Brownian motion) as 
a result of time. The determination of particle sizes ranging 
from 0.05 to 80 μm also uses laser diffraction (LD). The 
Coulter counter is the most effective and appropriate 
technique among all of them. 

Particle Morphology 
Particle morphology like size and shape is a vital 

consideration which affects flow properties, rate of 
dissolution, as well as other physical and chemical 

characteristics of the drug. Atomic force microscopy 
(AFM), scanning electron microscopy (SEM), and 
transmission electron microscopy (TEM) are all used to 
investigate the size, shape, and morphology of 
nanoparticles [45, 49, 52, 53]. Other methods, such as Flow 
Field Flow Fractionation (FIFFF) and Nanoparticle 
Tracking Analysis (NTA) are also used to investigate 
particle size distribution [52, 53]. 

Zeta Potential 
Zeta potential value decides the stability of 

nanosuspension. The amount of charge created during the 
transition between the dispersed solid and liquid 
continuous phases is known as the zeta potential. Millivolt 
is the zetapotential unit. In order to repel particles from 
each other particles must have an electric charge on their 
surface. This will not form agglomeration and 
nanosuspension will remain stable. The minimal value of 
the zeta potential needed to create a stable nanosuspension 
is 30 mv [54]. Electrostatic stabilization can lessen the zeta 
potential value of ± 20 mv which is adequate for the 
avoidance of aggregation of nanoparticles [55]. “Zetasizer” 
is used to measure the zeta potential value of 
nanosuspension. 

Crystal Morphology Analysis 
Identification of the particle's condition, whether 

amorphous or crystalline, is crucial when it comes to the 
stability of nanosuspension. A drug's crystalline to 
amorphous or polymorphic morphology may transform as 
a consequence of the reduction of particles to the nanoscale 
level. The characteristics of API are influenced by changes 
in polymorphic form or degree of crystallinity. The drug's 
high energy makes it likely to transform from its 
amorphous form into a crystalline one. However, the 
amorphous form is taken into consideration for improved 
nanosuspension action since it has a faster dissolving rate 
and greater bioavailability [56]. Hence by using techniques 
like X-ray powder diffraction (XRPD) state of API can be 
determined. XRPD is used for the identification of 
crystalline structures [59]. Terahertz spectroscopy, which 
is a relatively new method, is also employed to establish 
the crystal structure. Occasionally, DSC and XRPD are 
used together to explain the transition from crystalline to 
amorphous state [60, 61]. 

Stability 
Because of the reduction in size, the surface area of the 

suspended particle becomes very large. An increase in 
surface area causes an increase in surface free energy. This 
enhanced surface free energy makes nanosuspension's 
stability issue worse. Nanosuspension particles try to 
reduce the surface free energy, in order to do so particles 
form agglomeration and crystal growth starts. Hence to 
reduce agglomeration and increase stability different 
stabilizers are used. The accelerated stability testing 
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recommendations of ICH can be used to study the stability 
of nanosuspension. Thermal cycling may be used to store 
nanosuspensions under various stress conditions at 
temperatures such as 15, 25, 35, and 45 °C. The effect of 
thermal cycling on mean particle size can also be 
periodically investigated [64]. 

Saturation Solubility and Dissolution Study 
To determine the in-vitro behavior of nanosuspension, 

the study of dissolution rate and saturation solubility is 
vital. Saturation solubility in different physiological 
buffers as well as at different temperatures can be 
determined by using various methods described in the 
literature. Drug release can be predicated by dissolution 
rate which is significant in the case of the sustained-release 
dosage form of nanoparticles [11]. 

In-vivo Biological Performance 
An analysis of in-vitro/in-vivo correlation (IVIVC) and 

in-vitro performance is required to monitor the in-vivo 
behavior of nanosuspension. To get an impression of 
in-vivo performance, appropriate methods are being used 
for the valuation of surface properties and protein 
interaction. Particularly in the case of intravenous 
nanosuspension, this feature is crucial [63]. For in-vivo 
performance, a suitable route of administration for the 
nanosuspension is used, and the plasma level is assessed 
using techniques like HPLC and UV. 

Other Parameters 
Other criteria such as pH, osmolarity, and drug content 

can be checked by use of a suitable method. 

5. Applications 

 

Figure 5.  Applications of nanosuspension in various drug deliveries 

As indicated in figure 5 nanosuspensions can be utilized 

for various applications. 

Oral Drug Delivery 
The oral route has several advantages and hence it is 

famous and mostly used for drug administration. The two 
main factors that contribute to the drug's activity when 
taken orally are solubility and absorption through the 
digestive system. Therefore, drug candidates from BCS 
class II that have poor solubility and low dissolution rates 
are the best candidates for formulation into nanosuspension 
form. The enhanced oral absorption of BCS class II drugs 
through the nanosuspension form can be ascribed to a 
number of factors, including improved nanosuspension 
adhesiveness, a larger surface area, jump in saturation 
solubility, and improvement in dissolution rate. The dose 
will be reduced as a result of the increased bioavailability, 
making therapy more affordable. Nanosuspension of the 
anti-malarial drug Atovaquone was formulated by 
Looareesuwan et. al. in 1999. Since only 10 to 15% of 
atovaquone is bioavailable orally at the recommended 
dosage was 750 mg twice a day. However, compared to the 
commercially available medicine, atovaquone's 
bioavailability in the nanosuspension form was 2.5 times 
greater [64, 65]. In another example, the gonadotropin 
inhibitor Danazol had an oral bioavailability of just 5.2% in 
suspension form but increased substantially to 82.3% when 
it was made into nanosuspension. Additionally, it was 
discovered that both fed-fasted condition and intersubject 
variability were decreased [66]. Amphotericin B, an 
antibiotic, has an extremely low oral bioavailability. 
However, compared to the traditional dosage form, 
Amphotericin B's oral bioavailability has been 
significantly increased by its nanosuspension form [67]. 
Another well-known example is the non-steroidal 
anti-inflammatory medicine Naproxen, which requires a 
shorter time to reach Cmax in nanosuspension than in 
suspension or tablet form. Also, the oral bioavailability of 
naproxen nanosuspension was increased by 2.5 to 4.5 
times [68]. 

Parenteral Drug Delivery System 
Drug distribution via the parenteral route faces a number 

of difficulties, including a restricted selection of excipients 
in restricted doses, the severe requirement of aseptic 
processing, problems with safety and patient compliance, 
and numerous biological complications such as allergic 
responses. The parenteral route is one of the most often 
utilized when it comes to its superiority, despite the fact 
that it has several drawbacks. Drugs that want to bypass 
capillary constriction should either be soluble or have 
particles less than 5 µm [69]. An ideal dosage form for the 
parenteral route of medication delivery is nanosuspension. 
The parenteral tolerable dose is greatly increased by 
nanosuspension, which lowers the cost of therapy and 
improves therapeutic outcomes. The rate of tumour 
inhibition increased from 42.49% (traditional dose form) to 
60.23% with oridonin nanosuspension [70]. 
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Pulmonary Drug Delivery 
Using pulmonary medication delivery, pulmonary 

system diseases like asthma and COPD are treated [71,72]. 
The issues with traditional pulmonary medication 
administration include lack of selectivity, short residence 
times, and rapid drug release. Nanosuspension can solve 
these issues by directing medications to a more exact spot 
and enhancing drug solubility in pulmonary secretions [67]. 
Nanosuspension enhances API deposition in the lungs and 
enhances the dissolution rate while decreasing drug 
deposition in the mouth and throat. Additionally, 
nanosuspension delivers the maximum amount of 
medicine into the lungs by the use of a device [73]. 
Particles with a size of 0.5 μm internalize far more quickly 
into epithelial cells than particles with a size of 1 to 3 µm 
[74, 75]. 

Ocular Drug Delivery 
High drainage rates, poor drug solubility in lachrymal 

fluid, and frequent instillations that result in systemic 
adverse effects are a few disadvantages of the conventional 
ocular drug delivery method [76]. There are numerous 
advantages of using nanosuspension for the ocular delivery 
of drugs. The residual duration of the drug in the cul-de-sac 
cavity of the eye will be extended by nanosuspension 
particles modified by the use of appropriate polymers, such 
as poly-(alkyl cyanoacrylates), polycaprolactone, and 
poly(lactic acid)/poly(lactic-co-glycolic acid) [77]. 
Nanoparticles with positive charges, such as flubiprofen 
nanoparticles covered with eudragit RS 100, can be 
adhered to negatively charged mucin to lengthen the 
duration of the drug's residence period [78]. As 
demonstrated in albino rabbit studies, the use of 
nanosuspension may also improve the therapeutic 
effectiveness and rate of absorption of glucocorticoids 
[79]. 

Targeted Drug Delivery 
Targeting nanosuspension in different organs may be 

accomplished using a variety of surface coatings. Kayser 
prepared aphidicolin nanosuspension to target 
macrophages harboring leishmaniasis. According to the 
study, aphidicolin's effective concentration (EC50) 
dropped from 0.16 mcg/ml in traditional dose form to 
0.003 mcg/ml [80]. In a novel mouse model with 
Toxoplasma gondii infection, Scholer et al. effectively 
demonstrated excellent medication localization into the 
brain for the management of toxoplasmic encephalitis by 
using nanosuspension [81]. In order to effectively target 
the brain in Sprague-Dawley rats for the treatment of 
Alzheimer's disease, donepezil nanosuspension was 
employed. The delivery of the nanosuspension with 
particles ranging in size from 150 to 200 nm via the 
intranasal route was successful. According to the findings, 
donepezil concentration increased significantly in the brain 
when administered in nanosuspension form as opposed to 
regular suspension [82]. 

Transdermal Drug Delivery 
Transdermal medication administration depends 

significantly on infiltration through the skin barrier. Drug 
penetration through the skin is improved by a reduction in 
particle size to the nano-scale, producing a greater effect. 
The transdermal efficacy of methotrexate in non-ionic 
surfactant-coated nanosuspension was 2-3 times more than 
that of the control [83]. 

6. Marketed Products 
Table 2 contains some of the currently marketed 

nanosuspension dosage forms. 

Table 2.  Various Nanosuspensions in the market 

Company/ Trade Name API Method of Nanosuspension formulation Used for 

Novartis / Giris-PEG® Griseofulvin Coprecipitation  As an Antifungal 
Abraxia Biosciences / 
Abraxane® Paclitaxel nab™ For the treatment of Metastatic 

breast cancer 
Merck / Emend® Aprepiant Nanocrystal®Elan Nanosystems As an Antiemetic 

Lilly / Cesamet® Nabilone Coprecipitation As an Antiemetic 

Wyeth / Rapammune® Sirolimus Nanocrystal®Elan Nanosystems As an Immunosuppressant 

Abbott / Tricor® Fenofibrate Nanocrystal®Elan Nanosystems For treatment of 
Hypercholesterolemia 

Eagle Pharmaceuticals / 
Ryanodex® Dantrolene sodium Freeze-dried powder for 

injection/intravenous 
For the treatment of Malignant 
hypothermia 

Stryker / Vitoss® Calcium phosphate  Foam packs, Foam strips/Injection a As a Bone Substitute 

Novartis / Focalin®XR Dexmethylphenidate 
hydrochloride Nanocrystal®Elan Nanosystems As a CNS Stimulant 

Acorda / Zanaflex™ Tizanidine HCl Nanocrystal®Elan Nanosystems As a Muscle Relaxant 

Novartis / Ritalin® Methyl Phenidate HCl Nanocrystal®Elan Nanosystems  As a Muscle Relaxant 
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7. Patents 
Table 3 comprises various patents based on 

nanosuspension.  

Table 3.  Patents based on nanosuspension technology 

Nanosuspension Company 

Hydrosol Novartis 

Nanomorph™ Soligs/Abbott 

NanoCrystal™ Élan NanoSystems 

DissoCubes® SkyePharma 

Nanopure PharmaSol 

Nanoedge™ Baxter 

8. Conclusions 
API can have a number of limitations, including less 

aqueous solubility, limited concentration at site of action, 
large log P values, strong hydrophobicity, melting point, 
and large molecular weight. A practical and scalable 
solution is the formulation of nanosuspension. Numerous 
production techniques that are readily available, like as 
media milling and high-pressure homogenization, have 
been utilized successfully to create nanosuspension on a 
large scale in both batch and continuous modes. A simple 
and quick approach for the formation of nanosuspension 
has been provided by additional techniques including 
solvent evaporation and using an emulsion/microemulsion 
as a template. 

Although frequently investigated as a medication 
delivery mechanism, nanosuspension is still in its infancy. 
There are numerous ways to administer nanosuspension, 
including oral, parenteral, pulmonary, ocular, and topical. 
One of the potential drug delivery methods for the future, 
nanosuspension has advantages including improved 
saturation solubility, higher dissolving velocity, increased 
bioadhesion, targeting by surface modification, and 
various post-production operations. 
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