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! Nanosuspension-based drug delivery has emerged as a promising strategy
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to overcome these challenges by enhancing the dissolution rate and
systemic absorption of poorly water-soluble antipsychotics. This review
explores recent advancements in nanosuspension technology, including
top-down and bottom-up fabrication methods, surface modification
strategies, and targeted delivery approaches. Emphasis is placed on the
role of nanosuspensions in optimising the pharmacokinetic profiles of
atypical antipsychotics such as risperidone, olanzapine, and quetiapine.
Furthermore, we highlight preclinical and clinical data supporting their
use, discuss regulatory considerations, and propose future directions for
personalised nanosuspension-based schizophrenia therapy. Overall,
nanosuspension formulations offer a transformative avenue for improving
drug bioavailability, therapeutic efficacy, and patient adherence in
schizophrenia management.

INTRODUCTION: Schizophrenia is a chronic
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Schizophrenic  patients  typically  experience

and serious neuropsychiatric condition marked by
abnormalities in perception, thoughts, emotions,
and social interactions. The disease affects roughly
24 million individuals throughout the world and
continues to be the major cause of disability among
young people.
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positive symptoms, such as hallucinations and
delusions, negative symptoms, for example, social
isolation and affective flattening, and cognitive
deficits, which may include difficulty focusing,
remembering information, and planning actions.

Antipsychotics have been the gold standard
treatment for schizophrenia until today; however,
their efficacy is compromised by poor adherence,
toxicity, and inadequate pharmacokinetics *. For
the last few decades, both conventional and
atypical antipsychotic medications have proved
successful in the control of psychosis. Nonetheless,
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numerous antipsychotic drugs present undesirable
physicochemical and biopharmaceutical
characteristics limiting their therapeutic potential.
In particular, such widely used antipsychotic
medicines as olanzapine, quetiapine, aripiprazole,
lurasidone, ziprasidone, and zotepine lack adequate
aqueous  solubility and  dissolution-limited
absorption. These compounds mostly belong to the
group of BCS Class Il drugs because of low
solubility and high permeability. Inability to
dissolve rapidly may lead to poor bioavailability,
irregular plasma drug levels, delayed action, and
poor therapeutic response 2>,

Apart from the solubility issues, another problem
for many antipsychotics is their extensive first-pass
effect, which further limits systemic bioavailability.
For instance, olanzapine and quetiapine are
extensively metabolised in the liver; aripiprazole
displays dissolution-limited absorption as well as
considerable pharmacokinetic variability. As a
result, it may be necessary to administer an
increased dosage or frequency, which may cause
adverse events such as sedation, metabolic
syndrome, weight gain, cardiovascular effects, and
extrapyramidal ~ symptoms.  Therefore,  the
development of more effective drug delivery
systems for antipsychotics remains an urgent
necessity without compromising their biological
efficacy .

Nanotechnology offers exciting prospects for
improving poorly soluble drugs' performance by
means of innovative drug delivery systems. In
particular, nanosuspensions represent a simple,
flexible, and effective way to improve drug
dissolution rate and bioavailability.
Nanosuspensions refer to submicron dispersions
containing pure drug crystals or amorphous
particles stabilised by surfactants or polymers. In
contrast to liposomes, polymeric nanoparticles,
solid lipid nanoparticles, nanostructured lipid
carriers, and micelles, nanosuspensions do not
involve encapsulation of the drug substance into
carriers but consist of free particles suspended in a
suspension vehicle. Consequently, this approach
ensures extremely high drug loading levels while
using minimal amounts of other ingredients *°,
Advantages of nanosuspensions as therapeutic
agents mainly lie in the reduction in particle size to
the nanometre level. The basic premise is that
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reduced particle size increases surface area, leads to
faster dissolution rates, and increases apparent
saturation solubility according to the Noyes—
Whitney and Ostwald—Freundlich equations. These
benefits contribute together to improved absorption
and systemic exposure of the active compound.
Several studies have reported the ability of
nanosuspensions to increase the dissolution rates,
oral  bioavailability, —and  pharmacokinetics
efficiency of poorly soluble drugs. Additionally,
there is an option to develop nanosuspensions to
suit different routes of administration, such as oral,
parenteral, ocular, pulmonary, or intranasal
administration.

Studies in recent years have investigated the use of
nanosuspensions as drug delivery systems for
antipsychotic drugs to increase bioavailability,
decrease pharmacokinetic variability, increase
brain exposure, and develop alternative routes of
administration. Despite the positive results obtained
during preclinical testing and formulation
development, several problems are still relevant,
such as stability, large-scale production, regulatory
gequirements, safety, and translation into the clinic

In other words, this narrative review aims to
critically analyse the importance of the
nanosuspension technique for enhancing the
delivery of antipsychotics for schizophrenia
treatment. Specifically, this review covers aspects
such as formulations, modes of increasing
bioavailability, physicochemical characteristics,
delivery capabilities, safety aspects, limitations,
and prospects concerning the application of
nanosuspensions of antipsychotics for clinical
applications °.

Limitations of Conventional Antipsychotic
Formulations: Several drugs that are used today in
the treatment of schizophrenia have very low
aqueous solubility and limited dissolution rates as
their rate-controlling step. Examples include
olanzapine, quetiapine, aripiprazole, ziprasidone,
lurasidone, and several others, which are all BCS
Class Il drugs that have low solubility but high
permeability. Lack of adequate solubility may lead
to insufficient drug absorption and variability in
plasma concentrations ***2.
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Moreover, the hepatic first-pass effect results in
reduced systemic bioavailability. These factors
often lead to increased dosages, which in turn cause
various side effects like metabolism problems,
drowsiness, and extrapyramidal reactions. One
such  promising strategy is the use of
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nanosuspensions. Nanosuspensions reduce the
particle size of drugs to the nanometre scale, thus
significantly increasing their surface area, rate of
dissolution, and apparent saturation solubility while
maintaining the unchanged molecular structure of
the substance ***°,

TABLE 1: BIOPHARMACEUTICAL LIMITATIONS OF COMMON ANTIPSYCHOTIC DRUGS

Drug Major Limitation Potential Benefit of Nanosuspension
Olanzapine Poor solubility, first-pass metabolism Improved dissolution and absorption
Quetiapine Extensive hepatic metabolism Enhanced bioavailability

Aripiprazole Dissolution-limited absorption Improved systemic exposure
Lurasidone Food-dependent absorption Reduced variability
Ziprasidone Poor aqueous solubility Faster dissolution
Zotepine Low oral bioavailability Improved absorption
Need for Bioavailability = Enhancement: agents available; however, obtaining a constant

Enhancing the bioavailability of antipsychotic
drugs is a key step towards maximising treatment
effectiveness, decreasing dosing intervals, and
reducing side effects. Nanotechnology-based drug
delivery systems, specifically nanosuspensions,
present a strong solution to this problem.
Nanosuspensions are colloidal suspensions of sub-
micron drug particles stabilised by surfactants or
polymers in a water-based medium. They increase
the surface area of poorly soluble drugs
significantly, resulting in faster dissolution rates
according to the Noyes—Whitney equation °.

Aside from enhanced dissolution and absorption,
nanosuspensions can be designed for targeted
delivery, e.g., intranasal delivery for direct nose-to-
brain delivery of drugs, avoiding the blood-brain
barrier and first-pass metabolism. This s
particularly useful in psychiatric treatment, where
quick onset and CNS selectivity are critical.
Moreover, nanosuspension formulations can be
incorporated into a variety of multiple dosage
forms such as oral, injectable, or inhalation
systems, and thus offer flexibility in clinical use *'.

Ultimately, the application of nanosuspension
technology in schizophrenia pharmacotherapy
holds great promise for enhancing drug efficacy,
tailoring therapy, and enhancing patient quality of
life. Continuing progress in formulation science,
surface engineering, and nanocarrier hybrid
systems should drive the clinical translation of
these emerging therapies into the near future 2,

Clinical Need for Enhanced Antipsychotic
Delivery System: There are several antipsychotic
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therapeutic effect from them in patients suffering
from schizophrenia is difficult due to high
interindividual differences associated with the
pharmacokinetics of the drug and poor patient
compliance. Several antipsychotics need to be used
over an extended period; moreover, their
concentrations in  blood plasma experience
variations owing to low aqueous solubility,
irregular gastrointestinal uptake and extensive first-
pass effect. These variations may have an impact
on poor therapy results and potential side effects.
Hence, developing a system of delivery for an
antipsychotic medication that can provide efficient
drug dissolution, bioavailability increase, dose
standardisation, and alternative ways of drug
delivery would be highly beneficial **%.

Review Methodology: The current manuscript is a
narrative review that aims to assess the efficacy of
the use of drug delivery based on nanosuspensions
as an approach towards enhancing the
bioavailability and improving the therapeutic effect
of antipsychotic drugs for the treatment of
schizophrenia.

Literature Search Strategy: Literature related to
this topic was extensively searched across several
electronic databases, including PubMed, Scopus,
Web of Science, ScienceDirect, Google Scholar,
and CrossRef. Literature covering January 2010 —
March 2026 was selected through a systematic
search process. Keywords and MeSH terms were
utilised for conducting the literature search. Some
of the key search terms include:

1. Antipsychotic nanosuspension

2853



Gupta et al., IJPSR, 2026; Vol. 17(10): 2851-2866.

2. Schizophrenia AND nanosuspension

3. Antipsychotic drugs

>

Bioavailability enhancement and

nanosuspension
Risperidone nanosuspension
Olanzapine nanosuspension

Quetiapine nanosuspension

© N o O

Aripiprazole nanosuspension

Brain delivery of antipsychotics

10. Nanosuspension formulation

11. Drug nanocrystals

12. Intranasal delivery of antipsychotics

Inclusion Criteria: The following studies were
included: original articles published in scientific
journals, Articles dealing with nanosuspensions or
nanocrystals of antipsychotic medications, research
related to in-vitro, ex-vivo, in-vivo,
pharmacokinetic, formulation development, and
stability studies, Papers written in English and
Research published from 2010 to 2026.

Exclusion Criteria: The following articles were
excluded: Conference papers, editorials, letters,
patents, Papers published not in English, Papers
describing only nanosuspension content, and
duplicate articles. Articles that did not contain
enough formulation data.

Searching and Selection: In total, 348 studies
were found by database searching. After duplicate
removal, 276 articles were considered for title and
abstract examination. Then, according to the
relevance assessment and inclusion/exclusion
criteria, 124 articles were chosen to be read in full-
text version. As a result, 97 full-text articles were
selected for further review and qualitative study.

Data Extraction: The relevant data, such as drug
candidate, technique, particle size, PDI
(polydispersity index), zeta potential, stabiliser
system, dissolution characteristics,
pharmacokinetics results, safety profile, and
therapy issues, were obtained from selected articles
and reviewed.
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Nanosuspension Technology:

Principles and Advantages: Nanosuspensions are
colloidal dispersions of pure drug particles between
100 and 1000 nanometres in size, stabilised with
surfactants and/or polymers in a water medium. In
contrast to other nanocarriers, which involve
encapsulating the drug into a matrix or vesicle,
nanosuspensions are made up of pure drug crystals
that are dispersed homogeneously to avoid
aggregation and preserve physical stability .

This technology is especially suited for drugs that
are not very water-soluble (BCS Class Il or V),
which make up a large percentage of newly
synthesised pharmaceutical molecules.
Nanosuspensions are designed to increase the rate
of dissolution, enhance drug absorption, and
ultimately systemic bioavailability, particularly
when traditional formulation strategies do not
provide therapeutic efficacy %.

Mechanisms for Improving Solubility and
Absorption: Nanosuspension technology takes
advantage of several physicochemical principles to
improve the solubility and bioavailability of poorly
water-soluble drugs:

Increased Surface Area: Based on the Noyes—
Whitney equation, decreasing particle size results
in a tremendous increase in surface area, thus
speeding up the rate of dissolution in biological
fluids .

Increased Saturation Solubility: As a result of the
higher surface free energy of nanosized particles,
saturation solubility can be increased, leading to a
greater concentration gradient and enhanced
passive diffusion across biological membranes %,

Increased Adhesion and  Mucoadhesion:
Nanosuspensions are more likely to adhere to
mucosal surfaces (e.g., gastrointestinal lining or
nasal mucosa), enhancing residence time and local
absorption .

First-Pass Metabolism Avoidance (in Certain
Routes): Alternative routes of administration like
intranasal, buccal, or pulmonary delivery by means
of nanosuspensions have the potential to avoid
hepatic first-pass metabolism, providing improved
bioavailability for drugs targeting the CNS, like

antipsychotics °.
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Stabilised Pharmacokinetics: Through
enhancement of solubility and dissolution
characteristics, nanosuspensions can minimise
variability in plasma levels of drugs and 7provide
more predictable pharmacokinetic profiles 2’.

Fabrication Techniques for Antipsychotic
Nanosuspensions: Nanosuspension preparation is
very important in attaining maximum particle size,
stability, and drug release profile. The chosen
technique may influence the drug's bioavailability,
pharmacokinetics, and scale-up facility. The
methods are mainly classified as top-down, bottom-
up, and hybrid strategies. All techniques have their
own strengths, weaknesses, and appropriateness
depending on the drug's physicochemical
properties.

Top-Down Approaches: Top-down methods
consist of the mechanical breakdown of coarse
drug particles into the nanometre size range
through external energy. These are the most widely
used and scalable processes among pharmaceutical
industries 2.

High-Pressure Homogenization (HPH): HPH, a
drug suspension is pumped through a thin gap
under high pressure (as high as 1500 bar), resulting
in particle collision, cavitation, and shear that
decrease particle size. Example: HPH-prepared
risperidone  nanosuspensions  have exhibited
enhanced dissolution rates and increased drug
concentrations in the brain in animal models.
Advantages area scalable, reproducible, solventless
process; both oral and parenteral use are suitable %°.

Media Milling (Nano-milling): The drug is milled
in the presence of grinding media (most commonly
zirconium beads) and stabilisers to avoid
agglomeration in this process. Example: Wet
media-milled olanzapine nanosuspensions have
displayed enhanced oral bioavailability and less
frequent  dosing.  Advantages are  strong,
economical, and appropriate for heat-labile drugs.
Limitations include risk of contamination from
milling media and longer processing times *°.

Bottom-Up Approaches: Bottom-up approaches
include precipitation or crystallisation of drug
particles from a supersaturated solution. The
methods are founded on controlled nucleation and
growth of nanocrystals ..
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Antisolvent Precipitation: The drug is dissolved
in a water-miscible organic solvent and mixed
quickly with an antisolvent (most often water with
stabilisers), causing precipitation of nanocrystals.
Example:  Quetiapine  nanosuspensions  were
successfully  prepared  through  antisolvent
precipitation with stabilisers such as poloxamers.
Advantages include highly controllable particle
formation and less energy demanding compared to
top-down processes. Disadvantages are the need for
controlled solvent removal and stabilisation, and
the chance of uncontrolled crystal growth and
aggregation *.

Controlled Crystallisation Techniques: Applied
in thermodynamically stable nanocrystals by fine-
tuning temperature, pH, and solvent proportions
during precipitation. Less practiced in industry
because of the complexity of the formulation *,

Hybrid Techniques: Hybrid methods take the
advantages of both the top-down and bottom-up
methods to overcome the shortcomings of either
method. In general, a drug is precipitated (bottom-
up) first and followed by mechanical size reduction
(top-down) to obtain uniform nanocrystal size
distribution and enhanced stability.

Precipitation Followed by Homogenization
(Precipitation—-HPH): This two-stage technique
improves process efficiency with the generation of
smaller particles and less mechanical stress.
Example: Risperidone studies indicated that the
hybrid approach resulted in higher saturation
solubility and quicker onset of action, which is
important for treating acute episodes of
schizophrenia. Advantages are reduced energy
requirements, improved final particle size control,
and greater reproducibility. Disadvantages are that
multi-step processing can be challenging for mass
production *.

Difference between Nanosuspensions and Other
Types of Nanocarrier Systems: Nanosuspensions
are a type of colloidal dispersion, which comprises
only the pure drug dispersed as nanometre-scale
crystalline or amorphous particles and stabilised by
surfactant or polymer molecules suspended in an
aqueous solution. In contrast to many nanocarrier-
based systems, the drug molecules are not
incorporated in the form of the carrier matrix;
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rather, they are present free in a nanoscale
dispersion form. This property allows achieving
extremely high levels of drug loading without using
many other ingredients *. Various nanotechnology-
based drug delivery systems for antipsychotics
include solid lipid nanoparticles  (SLNSs),
nanostructured lipid carriers (NLCs), polymeric
nanoparticles, PLGA nanoparticles, micelles,

E-ISSN: 0975-8232; P-ISSN: 2320-5148

transferosomes, nano capsules, and cyclodextrin
inclusion complexes. However, despite their
possible benefits in improving the drug properties,
they should be distinguished from the
nanosuspensions since the latter are different in
composition, method of drug loading, preparation
procedure, and release profile ***°,

TABLE 2: COMPARISON OF NANOSUSPENSIONS WITH OTHER NANOCARRIER SYSTEMS

System Drug Location Carrier Required Drug Loading Main Advantage
Nanosuspension Pure drug nanocrystals No Very High Improved dissolution
SLN Drug in lipid matrix Yes Moderate Controlled release
NLC Drug in mixed lipids Yes Moderate Improved stability
PLGA Nanoparticle Drug in polymer matrix Yes Moderate Sustained release
Micelle Drug in hydrophobic core Yes Low—Moderate Solubilization
Transferosome Drug in a deformable vesicle Yes Moderate Skin permeation
Nanocapsule Drug in polymer shell Yes Moderate Drug protection

These fabrication techniques provide a toolbox for
tailoring antipsychotic nanosuspensions depending
on the desired therapeutic outcome, drug
characteristics, and route of administration. The
choice of method ultimately depends on the
balance between Efficacy, scalability, and
regulatory compliance .

Case Studies on Specific Antipsychotics:
Nanosuspension  formulations  have  been
extensively explored for various antipsychotic
drugs to overcome limitations such as poor aqueous
solubility, erratic absorption, and high first-pass
metabolism. Below are selected case studies
highlighting key findings and outcomes for
commonly prescribed antipsychotics **.

Risperidone:

Background: Risperidone is a second-generation
antipsychotic employed in the treatment of
schizophrenia, bipolar disorder, and irritability in
autism. Risperidone is water insoluble with about
70% bioavailability and is metabolised in the liver
to its active metabolite, 9-hydroxy risperidone 2.

Nanosuspension Results: Formulation techniques
are high-pressure homogenization and precipitation
ultrasonication methods. Major Findings is
risperidone nanosuspension resulted in a 2-3 times
increase in dissolution rate, enhanced absorption,
and brain delivery in animal models *. Clinical
Implication: Enhanced onset of action and
possibility of decreased dosing intervals in acute
psychotic disorders **.
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Olanzapine: Olanzapine is a commonly prescribed
atypical  antipsychotic ~ with  limited oral
bioavailability (~60%) because of poor water
solubility and extensive first-pass metabolism.

Nanosuspension Results: Formulation Technique:
Wet media milling and antisolvent precipitation “®"
47

Key Results: Investigations demonstrated a
remarkable increase in saturation solubility and oral
absorption, as well as prolonged plasma levels.

Additional Benefit: Potential to create intranasal
olanzapine nanosuspensions for expedited CNS
delivery and decreased systemic side effects 4>,

Quetiapine Fumarate:

Background: Quetiapine is a second-generation
antipsychotic approved for use in schizophrenia
and bipolar disorder. It has low water solubility and
is extensively metabolised in the liver *'.

Formulation Technique: Bottom-up antisolvent
precipitation and hybrid  nanoprecipitation—
ultrasound techniques “.

Key Results:  Quetiapine  nanosuspensions
exhibited enhanced dissolution and permeability
through intestinal barriers, reflecting an increased
C_max and AUC in-vivo.

Therapeutic Potential: Could improve therapeutic
pgotency with reduced dose-dependent side effects
4
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Aripiprazole:

Background: Aripiprazole is a partial agonist of
dopamine D2 receptors with an unusual mechanism
of action. Despite good membrane permeability,
poor solubility hampers absorption.

Formulation Technique: Media milling and
solvent evaporation-based methodologies.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Major Findings: Attained improved drug
solubility and extended release for 24 hours,
appropriate for long-term therapy.

Clinical Relevance: Provides the possibility of
once-daily or Iong-acting injectable
nanosuspension products °*>°,

TABLE 3: REPRESENTATIVE ANTIPSYCHOTIC NANOSUSPENSION FORMULATIONS REPORTED IN THE

LITERATURE
Drug Preparation Particle  PDI Zeta Stabilizer =~ Major Findings  Pharmacokinetic/l
Method Size Potential n-vivo Outcome
(nm) (mV)
Risperidone  Nanoprecipitation  215.56 + NR -19.84 + Pluronic Significantly Approximately a 2-
12.65 2.55 F127 improved fold increase in oral
dissolution bioavailability in
compared with rabbits compared
the pure drug with marketed
tablets
Aripiprazole  Nanoprecipitation 350 0.20 NR Optimized Enhanced Relative
/Homogenization stabilizer solubility and bioavailability
based on acid— system dissolution rate 123.43% vs
base commercial tablet
neutralisation and 171.41% vs
coarse suspension
Olanzapine RESS/RESSAS 150-350 NR NR PEG + Significant PK data not
nanosuspension SLS (best increase in reported.
process stability) dissolution rate;
stable
nanosuspension
after freeze-
drying
Quetiapine Media milling NR NR NR NR Developed a PK data not
Fumarate nanosuspension reported.

for enhancement
of solubility and

oral delivery of a
BCS Class Il drug

Sustained Release and Nanosuspensions: First

and  foremost, the main  reason  why
nanosuspensions were developed lies in the
possibility of increasing the dissolution rate,

saturation solubility, and bioavailability of poorly
water-soluble drugs by reducing their particle
size.In particular, a decrease in the particles' sizes
will allow increasing the surface area of a
substance significantly, which will accelerate the
process of their dissolution and absorption. Thus,
the use of nanosuspensions cannot be automatically
associated with creating a sustained-release dosage
form because usually, the opposite effect occurs.
Namely, sustained and controlled drug delivery
typically requires specific strategies related to
depot systems, polymeric matrices, extended-action
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formulations, implants, liposomes, etc.Moreover,
while some forms of nanosuspensions can have
sustained release properties under particular
conditions, this feature depends solely on the

fgrrspulation and should not be considered inherent
56-5

At the same time, physicochemical characteristics
such as zeta potential impact only the colloid
stability and particle aggregation, not the drug-
release profile.

Hence, statements about sustained, extended
release, prolonged action, and controlled drug
delivery require appropriate proof from in-vitro and
in-vivo release experiments .
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Delivery to CNS and Intranasal Administration:
Current Knowledge and Its Inadequacies: The
intranasal route has been of great interest as a novel
strategy for the administration of antipsychotic
medications because of the extremely rich
vasculature in the nasal cavity, along with the
possible participation of olfactory and trigeminal
nerves in the drug's transport. The use of
nanosuspensions may help to enhance the drug's
solubility and absorption ® %2 Still, no certainty
using the intranasal route automatically translates
into successful nose-to-brain drug delivery. Proving
the achievement of the nose-to-brain strategy will
involve performing a series of pharmacokinetic
studies with the assessment of such factors as the
ratio of brain-to-plasma concentration of the drug,
the efficiency of drug targeting (DTE%), the
percentage of direct transport (DTP%), behaviour
changes, and safety for the nasal mucosa. Even
though some preclinical studies have shown higher
brain levels of the drug after intranasal
administration, the evidence in this respect is still
insufficient and dependent on the drug formulation
6365 All in all, antipsychotic nanosuspensions
delivered through the nasal route present an
interesting topic to explore further, although further
studies are needed.

Pharmacokinetics and Pharmacodynamics:
Nanosuspension drug delivery systems have a key
function in adjusting the absorption, distribution,
and duration of action of antipsychotic medication.
Nanosuspensions enhance the physicochemical
properties of antipsychotic drugs, which affects
both pharmacokinetic (PK) parameters (i.e., Cmax,
Tmax, AUC) and pharmacodynamic (PD) effects
(e.g., symptom control and occupancy of receptors
in the CNS) .

Absorption Enhancement: Poor solubility in
water is a significant rate-limiting factor for the
oral bioavailability of most antipsychotics (e.g.,
olanzapine, risperidone). Nanosuspensions address
this by decreasing particle size, which enhances
surface area and dissolution rate. Increasing
saturation solubility results in an increased
concentration gradient for passive diffusion °.
Increasing Mucoadhesionenables increased
residence time in the gastrointestinal (Gl) tract.

Pharmacokinetic Impact:
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1 Cmax (peak plasma level)
| Tmax (time to achieve peak levels)

1 AUC (cumulative drug exposure)

| Intra- and inter-patient variability °.

Pharmacodynamics  Issues and  Existing
Evidence: The advantages that are being gained
from nanosuspension technology are mainly
focused on formulation issues, including poor
solubility, poor dissolution, and inadequate
bioavailability. Even though enhanced
pharmacokinetic profiles could lead to better drug
exposure at both systemic and tissue levels,
pharmacodynamic responses cannot be determined
just by achieving higher bioavailability. Issues like
D2 receptor occupancy, modulation of 5-HT2A
receptors, improvement of symptoms, avoidance of
relapses, cognitive functioning, and extrapyramidal
side effects must still be assessed separately .
Currently available scientific evidence on
antipsychotic nanosuspensions has been mostly
derived from formulation studies, physicochemical
analysis, dissolution experiments, and preliminary
pharmacokinetics. Thus, any claim about better
clinical performance, better symptom management,
or reduced side effects of antipsychotics in

nanosuspensions can only be regarded with caution
71-73

CNS Targeting:

Delivery to the CNS and Intranasal
Administration:  The use of intranasal
administration is increasingly gaining prominence
as a novel method of delivery of antipsychotic
drugs to the central nervous system. Intranasal
administration does not necessarily mean that the
drug will be transported from the nose directly to
the brain. There must be supporting documentation
to prove efficacy in terms of brain to plasma ratio,
drug targeting efficiency (DTE), direct transport
percentage  (DTP),  pharmacokinetics, bio-
distribution, and behaviour ™. Presently, there is
sufficient evidence to prove that intranasal
nanosuspensions increase brain exposure to
antipsychotic drugs; however, further clinical trials
are necessary to prove their efficacy over
conygntional forms. Sustained release mechanisms
are .
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Ilustrative Example: An intranasally
administered risperidone nanosuspension in rats
exhibited a 3-fold brain concentration increase over
oral tablets, with prolonged plasma levels up to 24
hours. This equated to improved control of
behaviour in rodent psychosis models at lower total
doses .

Regulatory and Safety Considerations: The use
of nanosuspensions has shown considerable
promise in enhancing the bioavailability of poorly
soluble antipsychotic drugs; several technical
hurdles need to be overcome during the
development process.

Particle Size Distribution and Physical Stability:
Particle size distribution is an important
characteristic of nanosuspensions as it has a direct
effect on bioavailability and efficacy. Regulatory
bodies typically require extensive particle analysis
and assessment in terms of mean particle size,
polydispersity index (PDI), and particle size
distribution throughout the entire development
process. Aggregation, crystal growth, and Ostwald
ripening are some phenomena that can have
negative effects on product quality ",

Polymorphic Transformation and Crystalline
Stability: Crystals in drug nanosuspensions are
highly susceptible to transformation due to physical
forces applied in particle size reduction processes
such as wet milling and high-pressure
homogenization. The phenomenon of polymorphic
transformation affects the solubility, dissolution
characteristics, stability, and bioavailability of
drugs. Therefore, characterisation methods such as
XRD, DSC, and FTIR should be employed during
the formulation development process *°.

Stabiliser Selection and Toxicity: Stabilisers are
instrumental in inhibiting aggregation and
providing long-term nanosuspension stability.
Poloxamer 188, Poloxamer 407, PVP, HPMC, and
Tween 80 are common stabilising agents.
Excessive amounts of surfactants or polymers, or
improper selection, can induce toxicity and alter
biological response. Hence, safety assessment of
excipients is imperative when formulating
nanosuspensions .

Residual Solvents: Organic solvents used for the
synthesis of precipitated nanosuspensions need to
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be eliminated to reduce toxicity. Appropriate
analytical techniques should be considered to
ensure that the amount of residual solvent is below
recommended maximum limits &.

Sterility Criteria: For parenteral or nasal routes of
administration, sterility is crucial. Processes should
be performed under aseptic conditions to ensure
that the product does not contain microorganisms,
endotoxins, and other particulate contaminants.
Proper sterilisation procedures should be chosen
without  adversely  affecting particle and
formulation properties .

Redispersibility and Stability Tests: Storage
causes particle aggregation or sedimentation in
nanosuspensions. It is hence essential to conduct
tests for redispersibility to ascertain that the
suspension is easily reversible. Stability should be
assessed for changes in particle size, zeta potential,
crystallinity, and solubility .

Evaluation of Neurotoxicity and Safety: With the
possibility of increased exposure of drugs to the
brain, a thorough safety evaluation of antipsychotic
nanosuspensions is needed. The effects on
neurotoxicity, neuroinflammation, oxidative stress,
and tissue accumulation over time should be
assessed appropriately in-vitro and in-vivo before
any potential clinical usage ®*.

TABLE 5: MAJOR REGULATORY AND SAFETY
CONSIDERATIONS FOR ANTIPSYCHOTIC
NANOSUSPENSIONS

Aspect Regulatory/Safety Concern
Particle size Affects dissolution, stability and
distribution bioavailability

Polymorphism
Stabilizer toxicity

May alter drug performance
Potential biological and safety
concerns
Toxicity risk if above limits
Essential for parenteral and
intranasal products
Important for product usability
Prevents aggregation and crystal
growth
Requires comprehensive evaluation
Manufacturing reproducibility
challenges
Required for commercialisation
Ensures consistent product quality

Residual solvents
Sterility

Redispersibility
Long-term stability

Neurotoxicity
Scale-up

GMP compliance
Batch-to-batch
reproducibility

Issues Relating to Up-Scale Production: Despite
the successful development at the lab scale,
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upscaling nanosuspension fabrication can present
several difficulties. Critical parameters for process
optimisation include homogenization pressure,
milling time, stabilisers' concentration, and batch
sizes ®°.

GMP Standards and Batch-to-Batch
Consistency:  Manufacturing  nanosuspensions
commercially involves adhering to certain GMP
regulations. Achieving batch-to-batch
reproducibility in terms of particle properties,
dissolution rates, safety, and efficacy becomes
mandatory. Advanced QbD concepts and process
validation strategies might prove helpful in this
respect %%, In conclusion, while the use of
nanosuspensions holds many advantages in
antipsychotic drug delivery systems, overcoming
several barriers associated with regulation, safety,
process design, and quality control can become
crucial to success %%,

Stability, Scalability, and Excipient Safety:
Physical stability is a critical parameter, as
nanoparticles have a natural tendency to
agglomerate due to high surface energy. Stabilisers
(e.g., poloxamers, HPMC, PVP) and surfactants
(e.g., Tween 80, SLS) are essential to prevent
particle growth, sedimentation, and Ostwald
ripening. Storage conditions (temperature, light,
and pH) significantly affect formulation shelf life.
Regulatory guidelines mandate stability testing
under ICH conditions for determining product
shelf-life and ensuring consistent performance .

Scalability Challenges: Top-down processes such
as high-pressure homogenization and wet milling
are scalable but demanding with respect to process
parameter control, e.g., pressure, cycle time, and
bead contamination. Bottom-up approaches include
the use of solvents and solvent evaporation steps
that could be problematic in terms of residual
solvent toxicity and reproducibility of the process.
Hybrid approaches need to show batch-to-batch
reproducibility and could have difficulty securing
standard operating procedures that are acceptable
for regulatory purposes %

Excipient Safety: Regulatory bodies demand
complete safety information on all inactive
ingredients employed in nanosuspensions. GRAS
(Generally Recognised as Safe) listing or listed

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

excipient databases (e.g., FDA Inactive Ingredient
Database) are usually referred toas Surfactants and
polymers employed in CNS-directed
nanosuspensions need to be non-toxic, non-
irritating, and must not disrupt the blood-brain
barrier or CNS homeostasis *.

Regulatory Guidelines for Nanosuspensions in
Neurotherapeutics: The regulatory environment
for nanosuspensions continues to develop,
particularly in the case of neurological or
psychiatric drug delivery, where brain penetration,
systemic safety, and long-term exposure become
key considerations %'

FDA and EMA Positions: Although there are no
independent guidelines per se for nanosuspensions,
both the FDA (U.S.) and EMA (Europe) offer
frameworks under nanotechnology-based drug
products. Nanosuspensions are assessed as
traditional dosage forms, but with added attention
to:

1. Particle size distribution (D90, PDI)
2. Surface charge (zeta potential)
3. Dissolution enhancement[98]

Key Documents & Expectations:

FDA Guidance on Nanotechnology (2014):
Stresses risk-based evaluations, with full disclosure
of particle engineering practices and performance
attributes.

ICH Q8-Q11 Guidelines: Relevant for
formulation development, process control, and
quality risk management of nanosuspensions.

EMA Reflection Paper (2013): Discusses
nanomedicine product features, such as toxicology,
biodistribution, and risk management *.

Special Considerations for CNS Applications:
Any nanoparticle destined for CNS delivery must
undergo neurotoxicity tests. Preclinical studies
would normally  require in-vivo  brain
biodistribution, behavioural toxicology, and BBB
integrity testing. Long-term neurobehavioral safety,
immunogenicity, and accumulation risks must be
taken into consideration, particularly for chronic

schizophrenia drugs %°.
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TABLE 6: EXAMPLES OF REGULATORY APPROVED NANOSUSPENSION/NANOCRYSTAL PRODUCTS

(GENERAL)

Product Active Pharmaceutical Indication Route of Regulatory
Name Ingredient (API) Administration Status
Rapamune® Sirolimus Prevention of organ transplant Oral FDA Approved

rejection
Tricor® Fenofibrate Hypertriglyceridemia and Oral FDA Approved
dyslipidemia
Emend® Aprepitant Chemotherapy-induced nausea Intravenous FDA Approved
and vomiting
Megace ES® Megestrol Acetate Anorexia and cachexia Oral FDA Approved
Zanaflex Tizanidine Muscle spasticity Oral FDA Approved
Capsules®

For successful clinical and commercial adoption of
nanosuspension-based antipsychotics, formulation
developers must focus on:

e Scientific rigour in
characterisation

physicochemical

e Early and continuous regulatory consultation

e Comprehensive safety and neurotoxicity
profiling

e Scalable,  GMP-compliant  manufacturing
processes

These factors ensure that nanosuspension

technologies are not only effective but also
regulatory-ready and é)atient-safe for real-world
schizophrenia therapy *°%.

Future Directions and Challenges: The
technology of nanosuspensions has remained an
interesting  approach  towards  developing
antipsychotic drugs with improved deliverability
for years now. Future research is expected to
revolve around optimising stability properties,
scaling up production, designing efficient intranasal
and extended-release systems, and implementing
reliable methods of quality control. Modern
technologies, such as artificial intelligence,
machine learning, quality by design principles, and
other advances in the field of process analysis, may
prove useful in optimising formulations and
managing manufacturing procedures. At the same
time, they have not been tested extensively and
thus should be used with great caution in practice.
Personalised drug treatment, digital twins, and
three-dimensional printing also have a great deal of
potential for further pharmaceutical innovations.
Despite that, such approaches still pose serious
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technical, regulatory, and economic issues that
should be solved at the research level. All future
advancements will require close collaboration
between experts of different disciplines:
formulation scientists, pharmacologists, engineers
responsible for production, and many more.
Translational research and appropriate regulation
will become essential aspects in bringing
antipsychotic nanosuspensions into practical use.
To summarise, the technology under discussion
provides promising opportunities but faces
numerous challenges both in terms of science and
business. As the therapeutic demands in
schizophrenia evolve, the future of nanosuspension
technology lies in personalisation, intelligent
design, and patient-centric approaches. While
nanosuspensions have already shown significant
promise, several transformative innovations and
ongoing challenges will shape their clinical and
commercial trajectory %2,

Future Directions and Challenges

= 1>

Patient
variability

Regulatory
clarity

Long-term Scalable
neurotoxicity customization

FIG. 1: FUTURE DIRECTIONS AND CHALLENGES

There is still a high potential in nanosuspension
technology in improving the delivery of
antipsychotics that are highly insoluble in water.
The future research would focus on advancing
formulations, refining the methods of production,
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increasing scalability, and ensuring quality control
in order to advance clinical research. Formulation
technology will continue evolving, thereby creating
opportunities for advancing formulations and
manufacturing of nanosuspensions. Moreover, QbD
techniques and PATs may assist in controlling the
quality attributes during formulation development
and scale-up. Innovations, such as Al, machine
learning, digital modelling, and 3D printing, are
gaining momentum in pharmaceutical research.
These technologies can be used for drug
formulation optimisation, manufacturing process
monitoring, and personalised medicines in the
future.

Nevertheless, they require significant validation to
be used in the development of antipsychotic
nanosuspensions. Advances in this domain would
hinge upon rigorous pharmacokinetics, toxicity,
and clinical studies, as well as overcoming issues
related to manufacturing and regulation. It will be
crucial to focus more on translational research to
assess if the positive results demonstrated by
antipsychotic  nanosuspensions in  preclinical
studies could eventually translate into a safe and
efficacious therapy.

Nanosuspensions seem to be a highly promising
means of enhancing the delivery of antipsychotics;
nevertheless, much more work is needed before
their long-term safety, efficacy, and practicality can
be assessed .

Patient-Centric  Delivery Systems: Modern
schizophrenia treatment demands not just efficacy
but also convenience and adherence. The future of
nanosuspensions lies in formats and routes that
minimise  invasiveness  while  maximising
therapeutic engagement %%,

Patient Benefits: Lower pill burden and better
adherence, less stigma and improved quality of life,
boetter therapeutic alliance and outcome monitoring
105

Challenge:

Regulatory Clarity: There is a need for
harmonised international guidelines dedicated to
nanosuspension-based CNS treatments.

Long-term Neurotoxicity: Full safety information
over extended use continues to be limited.
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Scalable Customisation: Personalisation needs to
be GMP and commercial batch-manufacturing-
compatible.

Patient Variability: Knowledge about how disease
subtype, comorbidities, and lifestyle influence
nanosuspension performance. The future of
nanosuspension-based  antipsychotics is in
precision, personalisation, and technology-driven
innovation. With the addition of Al, adaptive
delivery systems, and patient-specific formulations,
these next-generation platforms have the potential
to revolutionise  schizophrenia  management
providing quicker relief, fewer side effects, and
improved long-term control %617,

CONCLUSION: Nanosuspensions have shown
great promise in formulating poorly soluble
antipsychotic medications that are commonly used
for the treatment of schizophrenia. Due to the
extremely small size of particles, the use of
nanosuspensions could increase the rate of drug
dissolution and bioavailability and address
important biopharmaceutical challenges related to
the pharmacokinetics of certain antipsychotics. The
research reviewed in the current article presents
promising results in such aspects as formulation
development, physicochemical properties of
nanoparticles, dissolution rate, and
pharmacokinetic performance.

In addition, the ability of nanosuspensions to
deliver drugs via various administration routes
(oral, parenteral, and intranasal) is worth noting.
Despite all these benefits, there is still a lack of
scientific data on the use of nanosuspensions for
antipsychotics in humans. An improvement in
dissolution rate and bioavailability does not prove
any therapeutic superiority of the formulations
tested in terms of effectiveness,
pharmacodynamics, adverse reactions, and other
factors. There are still several challenges that
prevent antipsychotic nanosuspensions from being
used in clinical practice effectively, namely issues
of physical stability, scale-up and production
processes, consistency between batches, regulations
and regulatory affairs, safety considerations, and
toxicity studies. It is also necessary to conduct
more extensive long-term research into the safety
of the nanoparticle formulations.
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In  conclusion, nanosuspensions have much
potential as a drug delivery system in antipsychotic
treatment. However, further research should be
conducted to validate its efficacy, safety, and
usefulness for routine use in the treatment of
schizophrenia.
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