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Abstract  Nanosuspensions (NSs) are systems of
colloidal particles that are nanoscale in size. This paper
investigates how the characteristics of NSs are impacted by
formulation and process conditions, as well as underlines
current developments, new methodologies, and helpful
advice for adapting NSs to diverse routes of administration.
In the field of nanomedicine, they have quickly become
one of the most fascinating materials. The low solubility of
certain drug molecules poses a significant issue in
formulating drugs. Drug NSs have arisen as a potential way
to administer hydrophobic drugs. Reducing nanoparticles
boosts drug solubility and availability in water by
expanding the drug's surface area that interacts with
biological fluids. NSs stabilized by steric polymers, such as
polyethylene glycol (PEG), and ranging in size from 10 to
100 nm, are of special significance. With little collateral
damage to healthy tissues, these nanoparticles may encircle
tumors and infarct zones. Some commercially available
nanosuspension methods include top-down and bottom-up
procedures, media milling, emulsification, melt
emulsification, high-pressure  homogenization, and
emulsification. Additional methods used to improve
certain properties in advanced treatments include
solidification and surface modification procedures
performed after production. This review will first discuss
techniques for preparing NSs. In conclusion, we emphasize
common methods of character portrayal and various
practical applications for designing drug delivery systems
and utilizing different routes of administration including,
pulmonary, parenteral, oral, and ocular routes.

Keywords Drug Delivery, Drug Release,

Nanosuspension, Pharmacotherapy, Solubility

1. Introduction

The range of knowledge in pharmaceutical research and
development has grown significantly over the previous two
decades [1]. Mechanization of the drug unearthing
procedure, enabled by mechanisms such as high-yield
screening, combinatory  chemistry, and CAAD
(computer-aided drug design), led to the development of a
huge number of very operative therapeutic entrants [2].
The main tasks are that the dose-response
one-dimensionality of less water-soluble active ingredients
may worsen and unexpected drug breakdown may occur
after administration, which leads to a decrease in patient
acquiescence and bioavailability [3]. In addition, due to the
less water dissolution of the drug, there can be variations
due to changes in the absorption of drugs between fasting
and eating [4]. Nanosuspension is different from
nanoparticles and nanoparticles are usually polymeric
colloidal drug transporters. In nanotechnology, the active
ingredient is kept in the required crystal-like state, and the
size of the particle is reduced, resulting in an upsurge in
dissolution proportion and thus improving the
bioavailability [5]. They help progress the solubility of less
dispersible drugs in lipid as well as aqueous media. NSs are
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tiny colloidal suspensions of distinct nanoparticles, and
they are maintained equilibrium by using polymers,
surfactants, inorganic particles, or their mixtures. They are
well-defined as a two-phase classification comprising drug
particles discrete in a liquid medium and the suspended
particle width is <1 pm. Nanosuspensions can be
freeze-dried or injected, besides nanoparticles from the
nanosuspension can be implanted into a solid medium [6].
For all therapeutic molecules that belong to class II and
class IV of the biopharmaceutical classification system, a
nanosized particle formulation could be used to develop
the dissolution rate and thus distribution through a
digestive barrier [7].

1.1. Nanosuspensions

Nanosuspensions are microfine colloidal dispersals of
distinct nanoparticles, which are stabilized with the help of
polymers, surfactants, and/or inorganic particles or a blend
of them. They can be further categorized as a two-phase
arrangement consisting of drug particles distributed in an
aqueous medium whose particle size is <lum. Reducing
drug units to the nanometre range leads to a faster
dissolving rate, owing to increased surface area and also
due to saturation solubility[8]. A rise in the saturation
solubility and dissolution rate of nanoparticles is associated
with a rise in their vapor pressure. Nanosuspension
revealed the challenges of delivering less water-soluble
and less lipid-soluble drugs and it was unmatched for its
simplicity and advantages over other strategies (Fig. 1).

1.2. Advantages of Nanosuspensions

The nanosuspensions have the following assets [9]:

In addition to improving adhering to cell surface
membranes, NSs increase the saturation and
solubility of the active ingredient, which increases the
oral bioavailability of pharmaceuticals.
Nanosuspension also provides passive targeting due
to the nanometre particle size.

They are inexpensive, basic, and simple
manufacturing  yield, rapid and repeatable
compositions.

Production is economical, for minor needs of
excipients during their preparation. In addition, their
production can become more efficient.

They minimize fluctuations in bioavailability caused
by the effect of food in the fasted/fed state.

They reduce inter-individual variability in
bioavailability.

They reduce the amount of drugs used in the therapy
as they have high drug concentrations.

Enriched nanosuspensions have improved physical
stability and can provide solid preparations for patient
roles in solid dosage forms.

Nanosuspensions are prepared for parenteral
administration, pulmonary administration, topical
administration, and ocular administration.

It is purified by several methods, including filtration,
dry heat, steam, and radioactivity.

Numerous benefits of NSs have directed the invention
of several marketable confections created utilizing
nanocrystal methods in therapeutic companies.
NS-based preparations are extensively utilized for the
treatment of malignancies, pain, nausea, asthma,
hypertension, hypercholesterolemia, inflammatory
disorders, cardiovascular illnesses, bronchiectasis,
depression, skin diseases, and other diseases.

Coarse Suspension

ENHANCED
BIOAVAILABILTY

Nano suspension

Figure 1. Nanosuspension
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1.3. Advantages of Nanosuspensions in Comparison
with Other Nanosystems

The merits of NSs in contrast to other nanosystems [10]

are as follows:

*  Enhanced Solubility and Bioavailability: Increases
solubility and dissolution rates.

*  Simple and Cost-Effective Manufacturing: Easier and
cheaper production methods.

e Stability without Extensive Stabilizers: Minimal
stabilizers are needed for stability.

*  Versatility in Drug Delivery Routes: Suitable for
multiple administration routes.

e Improved Drug Loading Capacity: High drug loading
without carrier limitations.

*  Reduced Risk of Toxicity from Carriers: No use of
potentially toxic carriers.

* High Physical Stability and Shelf-Life:
long-term stability and shelf life.

*  Scalability and Ease of Commercial Production:
Easily scaled up for mass production.

e Controlled and Sustained Drug Release: Achieves
controlled release without complex carriers.

*  Flexibility in Drug Formulation: This can be
formulated into various dosage forms.

Good

1.4. Disadvantage of Nanosuspensions

Nanosuspensions provide various benefits in drug
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administration based on their small particle size and large

surface area, but they also come with significant downsides.

Here are a few frequent limitations along with suggested

solutions to address them [11].

*  Physical constancy, sedimentation & compaction
might pose complications.

¢ Improper dosage.

*  Uniform & correct dosing cannot be achieved.

e It is massive so appropriate maintenance should be
followed when treating and transporting.

*  Even accurate doses cannot be obtained until halted.

2. Methods of Preparing
Nanosuspensions

Various approaches are established by study research
laboratories and therapeutic professionals for the
manufacture of NSs, and these approaches are essentially
categorized into different headings. They are a bottom-up
method, a top-down method, and a mixture of them. In
addition to these approaches [12], additional preparation
procedures, such as the supercritical fluid method,
emulsification—solvent evaporation, and melt
emulsification, have also been effectively established as
per advanced research (Fig. 2).

Preparation methods of
Nanosuspension

|

l !

Combination
technology

‘ Bottom-up technology ‘

I

l

Top-down
technology

l

*Liquid antisolvent precipitation
*Precipitation assisted by acid-

base method homogenization)

*High gravity-controlled *Wet bead milling
precipitation *Laser ablation

*Supercritical fluid method *Ultrasound

*High-pressure homogenization

(Micro fluidization and piston gap

*Nano edge technology

+Smart Crystal technology

*Precipitation - lyophilization - homogenization
method

*High gravity antisolvent precipitation process

*Microjet reactor technology

*Evaporative precipitation into aqueous solution

*Antisolvent precipitation ultrasound method

Figure 2. Various techniques for making nanosuspensions
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2.1. Bottom-up Technology

The method begins from the base level which means at
the molecular level and finally advances to a Molecular
synthesis for the development of colloidal particles. This
process is frequently exploited and aimed at the creation of

NSs equally in individual droplets and large solution media.

In this technique, the active ingredient stands
systematically dissolved in a solvent. The resulting
solution of solvent is subsequently mixed with a
non-solvent, leading to the precipitation of the particles
[13].

2.2. Precipitation Method

First, the drug is added and liquified in a solvent, and
then this resultant is combined through a miscible
antisolvent with surfactants. The supersaturation of the
drug occurs when the drug solution is added to the
antisolvent and the formation of ultrafine crystals or
amorphous drug solids [14]. There are many advantages
which include a straightforward method, simplicity of
scale-up, and affordable manufacturing and the
disadvantages include the formation of crystals which has
to be minimized by the addition of the surfactant. The drug
must dissolve in at least one solvent (Fig. 3).

2.3. Media Milling (Nanocrystal / Nanosystems)

Nanosuspensions are generated by the approach of

581

dropping particle size utilizing pearl and media milling.
The process comprises largely of tubes, a milling cabinet,
and the recirculation cabinet. This process is relatively easy
and economical and it may be able to scale up. It is a simple
process that is not complicated. This method has a problem
of eroding the mill materials which can lead to product
contamination [15]. Additionally, bacteria can grow after
prolonged circulation over the aqueous phase (Fig. 4).

2.4. Dry Co-Grinding

*  Improve surface polarity that changes the drug from
crystalline to amorphous nature. Co-grinding
advances the physicochemical properties and
solubility of pharmaceuticals that were previously
insoluble in water. The co-grinding procedure has the
potential to reduce particle size to submicron levels.

*  The surface polarity of pharmaceuticals may be
enhanced using this method.

*  Since it is easy, cheap, and doesn't need any organic
solvent, this method is often used.

2.5. High-Pressure Homogenization

Drugs with poor solubility are treated using this method.
Using a small area of high pressure (<1500 bar) to apply
suspension promotes the dynamic pressure and tumbling
the static pressure causes the water's boiling point to drop
to normal (room temperature) (Fig. 5).

DRUG +
SOLVENT

/
\

MISCIBLE
ANTISOLVENT +

SURFACTANT

——

saturation

Rapid
super-

N ULTRAFINE CRYSTALS

Figure 3. Precipitation method
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Figure 5. Homogenization

2.6. Homogenization in Water (Dissoi Cubes)

The solution of the drug particles passes through a tiny
opening, and the static pressure reduces to less than boiling
water, triggering the water to boil and leading gas bubbles
to come to the surface. Particle size is reduced when the
outside segment carrying the particles rushes towards the
center once the bubbles burst, bringing with them colloids.
The primary benefit of high-pressure homogenization over
medium resistance [16]. It may be applied for both
condensed suspension and concentrated suspensions

facilitating sterile dispensation as well.

2.7. Homogenization in Nano Aqueous Media (Nano
Pure)

It includes homogenization in aquatic mixes /
non-aqueous medium that yields the thermolabile chemical
[17]. Nano purity is frequently dubbed intense freezing as
homogeneity of suspension is done in the non-aqueous
medium at 0°C.
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2.8. Combined Precipitation and Homogenization /
(Nano Edge)

The main concept is analogous to individuals of
precipitation and homogenization. A blend of these tactics
leads to reduced particle sizes and improved stability in a
minimal period. The precipitate of suspensions was
additionally homogenized in this process; yielding
condensed particle size and avoiding the development of
the crystals. The precipitate is reached in water employing
liquid-soluble solvents such as methanol, chloroform,
ethanol, and so on.

2.9. Nano Jet Technology

It is the recurrently used process in which higher
pressure is given to a suspension separated into a minimum
of 2 sec. These are impacted by the high shear pressure
created during the operation to lower the particle diameter.
Microfluidizers are employed here. Lower the size of the
method. The primary constraint of this technology is the
large number of microfluidizers (up to 75 runs) and the fact
that the resulting product comprises a much greater
quantity of microparticles and costs a lot of manufacturing
time [18].

2.10. Melt Emulsification Method

The substances are combined in a stabilized solution
with water that is heated overhead at the melting point of
the preparation and then combined to form an emulsion. In
this process, the sample vial was enfolded in heat-sealing
tape and the temperature of the emulsion was maintained
overhead the melting point of the drug. The emulsion was
air-conditioned to room temperature or in an ice bath. This
is equated to metal casting methods, and this method
eliminates the use of diluents, which are organic
characteristics, across the production process. Production
of bigger particles with special compliance chemicals in
addition to the solvent evaporation method is cost-oriented
by this technique [19].

2.11. Emulsification-Solvent Evaporation Technique

It encompasses the preparation of a drug solution and
concentrates it in an additional solution in which the drug is
not soluble. When a solvent evaporates, the drug
precipitates. High-speed stirrers can be used to generate
high shear forces to control crystal growth and particle
aggregation [20].

2.12. Supercritical Fluid (SCF) Method

The supercritical fluid process helps yield nanoparticles
from pharmaceuticals. Many of these technologies
examined include the rapid scale-up supercritical solvent
Process (RESS), the SCF antisolvent process, and
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deposition employing the pressurized antisolvent process.
The Rapid supercritical solvent method involves the
amplification of a drug solution in a supercritical fluid in a
nozzle, the solution is lost to the supercritical fluid, and the
drug particle is precipitated into particles. In the
pressurized antisolvent process method, a drug solution is
injected into a compartment comprising pressurized carbon
dioxide. The solution penetrates and the small crystals
precipitate when the solvent is removed [21].

2.13. Microemulsions as Templates

This system involves product-laden biological solvents /
mixed solvents dispersed in an aqueous phase with an
appropriate surfactant to build an emulsion [22].

2.14. Hydrosol Method

The process resembles the emulsion solvent evaporation
method, but there is a slight difference in that the drug
solvent is mixed with the antisolvent. High shear stress can
cause problems such as glass growth and Ostwald ripening
[23].

3. Characterization of Nanosuspension

The required characteristics of nanosuspensions are
particle size distribution, dissolution rate, particle charge
(zeta potential), crystallinity, and solubility.

3.1. Particle Size Distribution

The most relevant characteristic of nanosuspensions is
the moderate particle diameter, and the circumference of
the particle size distribution is related to physical
parameters such as solubility, disintegration, dissolution
rate, stability, and biological activity. Changes in particle
diameter affect solubility and dissolution rate. The smaller
the particle diameter, the greater the diffusion and
dissolution [24].

3.2. Zeta Potential (Particle Charge)

This affects the stability of the nanosuspension. This
method is a secondary estimate of the thinness of the
diffusion layer which can be omitted to forecast enduring
stability. To develop NSs with excellent stability, the zeta
potential of the electrostatically stabilized NSs has a least
value of £ 30 mV, while the zeta potential of mutual
electrostatic and steric stabilization has the minutest value
of £+ 20 mV.

3.3. Crystalline State and Particle Morphology

The NSs require high-pressure homogenization, a
change that occurs in the case of the structure of the
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crystalline preparation, which changes to moreover
amorphous or other forms. The physical state changes of
the yield particles' diameter and the extent of the
amorphous component are analyzed by X-ray Diffraction
analysis method in addition to following differential
scanning calorimetry [25].

3.4. In-vitro Drug Release

In-vitro studies are performed in a dissolution apparatus.
It utilizes a vane method with a speediness of 50 rpm. The
volume is 900ml and the temperature of the dissolution
medium is 37+0.2 °C. Trials were taken at determined time
intervals. The solution is filtered with a < 0.46 pm filter.
The volume of the dissolved drug is estimated by
performing absorbance using UV spectroscopy analysis or
the HPLC. This is designated as a relationship between
in-vitro behavior and in-vivo behavior, increasing the
effectiveness of in-vitro studies. Aqueous media, buffer
media (pH 6.8, 7.4), or other fluids (organic) can be used as
the solvent [26].

3.5.PH

The pH is measured with a digital pH meter at 20+1°C).
The content is contacted with the electrode of the pH meter
and equilibrated for 1 minute. This process runs thrice,
with the average and standard deviation measured [27].

Revolutionizing Pharmacotherapy: The Role of Nanosuspensions in Drug Delivery Systems

3.6. Stability

A lessening in particle diameter results in a higher
surface effect, which is associated with an increase in
uneven superficial atoms and particles. Assessment of
saturated solubility helps in the analysis of possible
changes in drug effects in vivo. The purpose of stabilizers
is to prevent the formation of subdivision masses and to
limit the possibilities of Ostwald formation. Mixing
surface-active agents and polymers is useful for the
extended period of stability of NSs.

3.7. Total Drug Content

Collect an appropriate amount of the nanosuspension
and allow it to evaporate. The resulting crop is diluted in an
appropriate carbon-based solvent and filtered with a < 0.46
pm filter. The maximum drug concentration is calculated
using appropriate systematic methods.

4. Application of Nanosuspension

The nanosuspensions have numerous applications [28]
as described in Fig. 6.

The past successful attempts made on nanosuspensions
by QbD along with inputs and the responses are
summarized in Table 1.

e

Application of
Nanosuspension

.7.

Figure 6. Various applications of nanosuspensions
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Table 1. Drugs that were tried as QbD-based nanosuspension

Drug Independent Variables (X) Dependent Variable (Y) Design Reference
Indomethacin | X;: Solvent flow rate (SFR) Y : The particle size (PS), Central cubic design [29]
X,: Inlet temperature (IT) Y,: Moisture content (CCD)
Xs: Aspiration rate (AR) Y;: Percent yield (% yield)
Y.: crystallinity
Clotrimazole X,: Drug concentration (DC) Y:: PS Box-Behnken design [30]
X,: Polymer concentration (PC) Y,: Poly dispersibility index (BBD)
Xj: Surfactant concentration (SC) (PDD),
X4: Process parameter (antisolvent: Ys: and zeta potential (ZP)
solvent ratio [A:S ratio])
Furosemide X;: Stirring time (ST) Y.: PS 22 factorial design (22 [31]
X,: Injection rate (IR) Y,: PDI FFD)
Xs: A:S ratio
X4: Stabilizer: drug ratio
Glibenclamide | X;: DC Y.: PS TFD [32]
Y,: PDI
Flurbiprofen X;: Flurbiprofen% Y.: PS 2% and 3° FFD [33]
X,: Flurbiprofen: Plantacare 2000 Y,: PDI
X;3: Homogenization cycles (HC) Y;: ZP
Hesperidin X;: IT Y.: PS screening model and [34]
X,: Protectant response surface model
(RSM)
Bosentan X;: Stabilizer type (ST) Y,:PS D-optimal design [35]
X,: Drug content (DC) Y,: PDI
X3: Volume of aqueous phase Y;: %yield
Meloxicam X;: Milling time (MT) Y,: PDI BBD [36]
X,: Milling speed (MS) Y,: ZP
Y;: scalability
Indomethacin | X;: DC Y.: PS 26"V FFD [37]
X,: ST Y;: Physical form of the drug
X;: Stabilizer concentration (SCT)
X4: Temperature (T)
Xs: MT
Xe: Micro fluidization pressure
Telmisartan X,: HPMC E15 Y.:PS 22 FFD [38]
X,: Stirring speed (SS) Y,: Cumulative percentage of
drug release (%CDR)
Ritonavir X,: Polymer type Y: PS Univariate ANOVA [39]
X,: Polymer ratio Y,: PDI
Xs5: number of passes Y;: ZP
Nifedipine X;: DC Y.:PS BBD [40]
X, PC Y,: PDI
X5:SC Y;: ZP
Valsartan X;: SC Y.: PS 32 FFD [41]
X, PC Y,: ZP
X5 T Y;: %CDR
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Table 1 continued
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Acyclovir X,: Percentage of Pluronic® F68 Y: PS 32 full factorial design [42]
X: Tween® 80 Ys: PDI (3* FFD)
Ys: ZP
Y4: Entrapment efficiency (%)
(EE)
Ys: %CDR
Amorphous X 1T Y:: %CDR BBD [43]
clotrimazole X % aspiration
X;: feed rate
Oleanolic acid | X;: MS Y.: PS 22FFD [44]
Xyt MT Y,: PDI
X;: SEL: SEP ratio Y;: saturation solubility
X4: SE: OA ratio
Olmesartan X;: DC Y,:PS BBD [45]
medoxomil X,: SC Y,: ZP
X;: PC on the number of HC Y;: %CDR
Furosemide Xi: Process parameters (ST, SS, T, and IR) | Y,: PS Linear regression and [46]
X,: Material attributes (DC, ST, Drug: Y,: PDI ANOVA
stabilizer ratio (STR), A:S ratio)
Irbesartan X: poloxamer 407 Y.: ZP 32FFD [47]
X,: zirconium dioxide beads Y,: PS
Y;: PDI
Y4: %CDR
Ys: stability study
Enzalutamide | X;: Homogenization time Y: PS BBD [48]
X,: Stabilizer Y,: ZP
X;: Homogenization time Y;: %CDR
Flurbiprofen X;: Percentage of FB Y,: PS 22 FFD [49]
X,: FB: STR Y,: PDI
X5: ST Y;: ZP
X4: Homogenization cycle
Risperidone X: Feed pump speed (RPM) Yi: PS 32FFD [50]
X,: IT (°C) Y,: %EE
Rutin X,: The ratio of surfactant to rutin Y.: PS BBD [51]
X,: Ratio of polymer to rutin Y,: ZP
X;3: MT
X4Z MS
Diacerein X: Stabilizer Y.: %CDR 32FFD [52]
X,: Milling media Y,: Saturation solubility (SS)
Y3: PS
Felodipine X,: Diffusing DC Y.: PS 32FFD [53]
X,: SCT Y,: %CDR
Y;: PDI
Aceclofenac X;: Tween 80 Y.: PS 32FFD [54]
X,: Combination of Eudragit RL 100 and Y,: EE
RS 100 Ys: %CDR
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Ndh-4338 X: The antisolvent/solvent ratio (A/S) Y:: PS BBD [55]
X,: Dose concentration Y,: PDI
X5: Drug/STR
Febuxostat X,: Bead volume Y.:PS 23 CCD [56]
X,: MT, polymer Y,: PDI
X3I SC Y3Z zP
Simvastatin X,: PVPK30 Y,: PS 23 FFD [57]
X,: SLS Y,: %CDR
Xj: Organic to aqueous solvent ratio
Cilnidipine X;:DC Y.: PS BBD [58]
X;: Tween 80 Y,: ZP
Y;: PDI
Y.: EE (%)
Ys: %CDR
Cefdinir X;: PVPK30 Y.: PS 2% FFD [59]
X,: Poloxamer-188 Y,: %CDR
Xs: Stirring rate
Valsartan X,: SCT (60% to 20%) Y: PS 3’BBD [60]
X,: Homogenization pressure (1500 bar to
500 bar)
X}I HC
Simvastatin X;: SLS Y: Total drug content TFD [61]
X,: PVPK-30 Y,: PDI
X;: Poloxamer-188
Lacidipine X;: Stabilizer-to-drug ratio Y: PS 3°BBD [62]
X,: Sodium deoxycholate percentage Y,: ZP
X3: Sonication time (C). Y;: PDI
Resveratrol Xi: PVP VA64 Y.: PS BBD [63]
X,: PVP K12 Y, ZP
X;5: SLS
Simvastatin X: Stabiliser ratio Y.:PS 32CCD [64]
X,: Zr0, Y>: %CDR in 10 min.
Etravirine X;: DC Y,: %CDR BBD [65]
X, PC Y,: PDI
Xs: Cross-linking agent Y;: EE
Cefixime X: Surfactant type Y.: PS 52 FFD [66]
X,: Surfactant Y,: %yield
X3: Solid content
X4: Sonication power input
Xs: Interval of acid addition
Ketorolac Xi: SS Y:: EE Two surface linear [67]
tromethamine X,: Sonication time Y,: PS models and a quadratic
model
X3I PC Y3Z zP
X4 SC
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5. Conclusions

Nanosuspensions (NSs) give the impression to be a new
and thus far economically practicable resolution to
overcome the complications associated with hydrophobic

drug delivery,

ie., low Dbioavailability. Production

technologies involving high-pressure homogenization and

media grinding are used to

extensively produce

nanosuspensions, including suspensions least soluble in
water, aqueous phase, and organic media. NSs can be
administered in several dosage forms, including oral,
ophthalmic, topical, parenteral, and pulmonary. Therefore,
nanotechnology can offer both great benefits to patients
and research opportunities in the field of pharmaceuticals.
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